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Resumen

Las bacterias acido lacticas son conocidas por su potencial uso en la conservacion de alimentos. En este estudio
se utilizaron frutos silvestres de la selva tropical amazonica ecuatoriana para aislar e identificar nuevas especies
de bacterias acido lacticas bacteriocinogenicas. Entre ellas, la cepa Gt4 de Lactobacillus plantarum (GenBank
No. KY041689) que mostrd una capacidad altamente inhibidora; esta se estudio adicionalmente. En el ensayo
de difusién en agar, el extracto crudo (CE) y bacteriocina precipitada (PP) de Gt4 mostraron una actividad an-
timicrobiana elevada hacia varias bacterias patdgenas. Su principio activo fue de naturaleza proteinica, ya que
no se registro actividad al tratar con enzimas proteoliticas y también mostrd estabilidad a temperaturas elevadas.
La adsorcion de la bacteriocina a las células patogénicas se increment6 cuando se traté con EDTA, NaCl, Tween
20, a pH acido y temperatura de 37°C y 45°C. Se registré una disminucion en la adsorcion cuando las celulas se
trataron con SDS. En base a Tricine SDS-PAGE, el peso molecular estimado fue de 10 kDa y mostré el modo de
accion bactericida.

Palabras clave: bacterias acido lacticas, péptidos antimicrobianos, patégenos transmitidos por alimentos, bacte-
riocina
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Abstract

Bacteriocin produced by native lactic acid bacteria. Garzon et al.

Lactic acid bacteria are known for their potential use in food preservation. Wild-type fruits of Ecuadorian Ama-
zon tropical rainforest were used to isolate and identify new bacteriocinogenic lactic acid species. Among several
isolates, Lactobacillus plantarum strain Gt4 (GenBank No. KY 041689) showing highly inhibitory capacity was
further characterized. Using agar-well diffusion assay, the crude-extract (CE) and precipitated bacteriocin (PP)
derived from Gt4 strain displayed elevated antimicrobial activity towards several pathogenic bacteria. Its acti-
ve principle was proteinaceous since the bacteriocin was inhibited by proteolytic enzymes and showed grater
thermostability. Adsorption of the bacteriocin to pathogenic cells was increased when treated with EDTA, NaCl,
Tween 20, at acidic pH and temperature of 37°C and 45°C. A decrease in adsorption was registered when cells
were treated with SDS. Based on Tricine SDS-PAGE the estimated molecular weight was 10 kDa showing bac-

tericidal mode of action.

Keywords: lactic acid bacteria, antimicrobial peptides, foodborne pathogens, bacteriocin

I ntroduction

Natural food preservation might be a satisfactory appro-
ach for the control of spoilage bacteria growth in raw
material. Among many bacteria that produced bacte-
riocins or peptides that confer antimicrobial capacity,
lactic acid bacteria are of interest due to their GRAS
(Generally Regarded as Safe) status and efficiency on
conferring the food safety and security without atering
the product quality (Corsetti et a., 2004; Reis et d.,
2012). Severa lactobacilli species produce active pep-
tides known as bacteriocin-like proteins of low mole-
cular weight that target the pathogenic cells by binding
to their surface receptors (Atrih et a., 2001; Deraz et
al., 2007; Zambou et al., 2013). Among them, Lactoba-
cillus plantarum produce active peptides having broad
range inhibitory capacity (Yang et al., 2012). Howe-
ver, the antimicrobid activity being specie related, the
current investigations are focusing on identification of
novel peptides producing strains (Deegan et al., 2006;
Zendo, 2013; daSilvaet d., 2016).

In Ecuador, the diseases associated with the presence of
pathogensin food, as consequences of defective storage
conditions or poor manufacturing practices was early
reported (Gaona, 2013). Therefore, new methods or
strategies to reduce the contamination by pathogenic
microorganisms are compulsory. With the aiming of
selecting new lactic acid bacteria producer of antimi-
crobia peptides, for further exploited as natural ingre-
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dients in food preservation, we performed a large scale
screening of bacteriocinogenic lactic acid bacteria of
native microbiota of Ecuador (Benavidez et al., 2006;
Tenea and Yépez, 2016). Among them, Lactobacillus
plantarum assigned Gt4 showing highly inhibitory acti-
vity againgt two food pathogens was further characteri-
zed. In this study, the antimicrobial spectrum, theresis-
tance to enzymes, and high heat stability, the molecular
weight of the released peptides along with its possible
mode of action were evaluated.

M aterials and methods

Bacterial strain

Mature fruits of Chrysophyllium oliviforme (tropical
plant) collected from Sucumbios Provence (Amazon
region of Ecuador) were used to selected and purify
individual colonies. Out of thirty purified colonies Gt4
having elevated antimicrobial potential was selected for
further analysis. The strain was identified as Lactobaci-
[lus plantarum based on APIS0CHL strips (Biomerieux,
Marcy I’Etoile France, cat # 50300) and 16S rRNA
gene sequencing conducted using manufacturer guide-
lines (Macrogen Inc., Korea, custom-service). The Gt4
was registered at GenBank under the accession number
KY041689 (Garzon et al., 2017).

Inhibitory spectrum
Antimicrobial activity was performed using the agar-
well diffusion method (Garzén et al., 2017). The in-
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dicator strains. E. coli ATCC 25922, E. coli ATCC
10536, Shigella sonnei ATCC 25931, Samonella en-
terica subsp. enterica ATCC 51741, Salmonella ente-
rica subsp. enterica serovar Abaetetuba ATCC 35640,
Sreptococcus thermophilus ATCC 19258, E. coli UTN
Ecl (isolated fromlocal fresh cheese), Salmonella UTN
Sm2 (isolated from cooked chicken), Enterobacter ae-
rogenes UTN Eagl, Shigella sp. UTN Shgl (labora-
tory collection) were used. Briefly, the Gt4 strain was
grown for 24 hours in MRS broth at 30°C and the crude
extract (CE) collected by centrifugation at 13,000 x g
for 20 minutes at 4°C, was filtered using 0.22um po-
rosity syringe filter. The indicator strain (100ul) grown
in broth medium (7 log CFU/mI) were mixed with 3.5
ml of soft MRS agar (0.75%), overlaid on the nutrient
agar plates and incubated at 37°C for 2-4 hours. The CE
(100pl) was transferred onto the wells (6 mm) on over-
laid agar, incubated at 37°C and subsequently examined
for inhibition zone at different intervas of time (24-48
hours). The experiments were run in triplicate the mean
value of the inhibition zone was estimated.

Effect of temperature and enzymes on peptides ac-
tivity

Crude extract was precipitated with 40% and 60% am-
monium sulfate, incubated overnight at 4°C, centrifu-
ged at 8000 x g for 30 minutes, recovered in ammonium
acetate 25mM, filtered and stored at (-) 80°C before use.
The precipitated bacteriocin was treated with proteinase
K (30 U/mg) and lysozyme (40 U/mg) (Sigma-Aldrich
Corporation, USA) at the final volume of 1 mg/ml, in-
cubated for 2 hours at 37°C and 5 min at 100°C to inac-
tive the enzyme and the residual activity was measured.
In other batch aliquots of bacteriocin were incubated
for 10 minutes at 60, 80, 90, 100 and 121°C before
performing the disk diffusion bioassay. As control, the
precipitated bacteriocin and crude extract without any
treatments has been used. Residua activity was deter-
mined towards E. coli ATCC 25922 strain.

Effect of bacteriocin Gt4 on target bacterial growth
The treatments were performed as following: Set A:
crude-extract of Gt4 at the final concentration of 3200
AU/ml; Set B: same concentrations of precipitated pep-
tides; Set C: precipitated pepti des combined with 20mM
EDTA were added independently to 3 hours old culture
(OD,,, = 0.2) of indicator strain E. coli ATCC 25922
(Deraz et al., 2007). Incubation was performed at 37°C
for 7 hours and optical density (OD_,) was measured
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every hour using spectrophotometer (Nova60, Millipo-
re, Merck) followed by plate-agar method to determine
the viable cell counts. As control, untreated indicator
strain culture have been used.

Adsor ption of bacteriocin Gt4 tothetarget indicator
cels

Adsorption of bacteriocin to indicator cells was perfor-
med following a method described by Yildirim et al.
(2002). Briefly, the target cells, E. coli ATCC 25922
and Salmonella enterica ATCC 51741 were grown
overnight in LB medium, then centrifuge at 8000 x g,
20 min at 4°C and the cells were suspended in 5mM of
phosphate buffer (pH 6.5) to an OD 600=1.0. Each sus-
pension was mixed with the bacteriocin at equal volu-
me and incubated at 37°C for 1 h. After removal of the
cells at 8000 x g, 20 min, the activity of unbound cells
was determined. The percentage of adsorption was de-
termined as following: =100 x [1 - (AU/ml in cell-free
supernatant - AU/ml in control A)]/ (AU/ml in control
B), of which Control A= consisted of 0.1 ml of dH,0
instead of bacteriocin, and control B = had 0.1 ml of
dH_O instead of cell suspension. The effect of pH, tem-
perature and chemicals on adsorption were evaluated.
The experiments were run in triplicates.

Molecular weight deter mination

Precipitated peptideswere analyzed using Tricine-SDS-
PAGE method with pre-casted acrylamide gel's (4-20%)
and Thermo Fisher OWL (10x10) vertical electrophore-
sis system. The gel was stained with Takara CBB Safe
Stain (based on Coomassie brilliant blue G-250, cat #
T9320A, Takara, Bio Company) for 4 hours, distained
with a solution of 30% methanol (v/v) and glacia ace-
tic acid, 10% (v/v) until the bands become clear. The
molecular weight was estimated relative to broad range
protein molecular weight marker (cat # V849A, Prome-
ga Corporation, US).

Results

Antimicrobial spectrum

Theresultsindicated that the bacteriocin producing Gt4
strain displayed broad spectrum of inhibitory activity
(Table 1). Asobserved the activity was grater when cru-
de extract rather than precipitate peptides counterpart
was used, suggesting that the inhibitory activity in vi-
tro depends at least in part, by the presence of organic
acids.
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Table 1. Inhibitory spectrum of bacteriocin-produced by Gt4 strain.

Bacteriocin produced by native lactic acid bacteria. Garzon et al.

Indicator bacteria

Inhibition zone (mm)

Salmonella enterica subsp. enterica (Kauffmann and Ed-
wards) Le Minor and Popoff ATCC 51741

E. coli ATCC 25922

Salmonella UTN Sm2 (laboratory collection)

Shigella sonnei ATCC 25931

Enterobacter aerogenes UTN Eagl(laboratory collection)
Shigella sp. UTNShg1 (laboratory collection)

Salmonella enterica subsp. enterica serovar Abaetetuba
ATCC 35640

E. coli UTN Ecl(laboratory collection)
Sreptococcus thermophilus ATCC 19258
E. coli ATCC 10536

CE PP
20.66 £ 0.942 13.33 £ 0477
18.00 + 0.00° 13.33 +0.47
16.66 + 0.94¢ 12.66 + 0.94%®
16.33 £ 0.47° 12.66 + 0.94%®
15.33 + 0.47 12.66 + 0.94%®
14.33 + 0.47¢ 12.00 + 0.00°
14.00 + 0.00¢ 11.66 + 0.94¢
14.00 + 0.00¢ 12.33+0.33®
13.00 + 0.00¢ 12.66 + 0.94%®
11.66 + 0.47f 11.33 £ 0.47¢

* Data are means + standard error. Mean in the same column that are followed by different small letters are significant different (p < 0.05);

CE: crude-extract, PP-precipitated peptides.

Senshbility of precipitated bacteriocin to enzymes
and heat

The results indicated that the active compounds are
proteinaceous as no activity was registered after the
treatment with proteinase K (Table 2). A dlightly increa-
se in inhibitory activity was observed after treatment
with lysozyme suggesting the non-lipid and no carbo-
hydrate moiety content of released peptides.

Table 2. Characterization of bacteriocin-producing Gt4
Treatment Zone of inhibition (mm)
E. coli ATCC25922

Enzymes (1 mg/ml)
PP + Proteinase K -

PP + Lysozyme 13.33+£0.47
PP 12.41 £ 0.47
CE 16.50 £ 0.41
Heat (10 min)

60°C 12.95+0.40
80°C 12.94+0.47
90°C 12.84+0.27
100°C 12.00+0.00
121°C 12.00+0.00
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Moreover, the bacteriocin activity was maintained sta-
ble after exposure for 10 minto high heat (Table 1). The
activity was not lost after autoclaving 121°C demons-
trating the valuable characteristic if applicable further
in food processing.

Effect of Gt4 on E. cali growth

When crude-extract corresponding to 3200 AU/ml was
added to target E. coli a2 log CFU/ml reduction of via-
ble cells was recorded at 7 hour of incubation, while
combining crude-extract with EDTA the same level
of inhibition was recorded but minimizing the incuba-
tion time (5 hours). Figure 1 illustrates the difference
between the viable cells with and without bacteriocin
added in different forms (CE and PP with / without
EDTA). Same level of reduction was registered when
PP was added to the E. coli célls, while combining with
EDTA the reduction increased (2.87 log CFU/mI) at 7
hours of incubation. EDTA only dightly reduced the
viable cell counts.
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Figure 1. The effect of bacteriocin Gt4 on E. coli growth. Bars represent the log CFU/ml difference reduction between
treatment and control (without bacteriocin); CE: crude-extract. PP-precipitated peptides

Adsorption of bacteriocin to the target cells

The bacteriocin Gt4 was adsorbed 84% to the cells of
E. coli and 73% to Salmonella (Table 3). The optimum
adsorption was recorded at pH 2 towards E. coli and
pH4 towards Salmonella. Temperature has also a posi-
tive impact on adsorption with the maximum registe-
red at 37°C and 45°C towards E.coli and respectively,
Salmonella. Nonetheless, the adsorption was strongly
influenced by Triton X100 (11% towards Salmonella)
and SDS (55% towards E. cali).

Adsorption (%)

Treatment E.coli ATCC  Salmonella ente-
25922 ricaATCC 51741
pH
2 87 77
4 80 80
6 84 73
Heat (°C)
4 69 65
15 80 e}
30 94 92
37 100 95
45 100 100
Chemicals (1%)
NaCl 92 88
Triton X-100 50 11
EDTA 100 95
SDS 55 66
Tween 20 90 81
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Molecular weight estimation

The molecular weight of precipitated bacteriocin was
determined using tricine SDS-PAGE electrophoresis.
The results indicated that the Gt4 has 10 kDa as only
one band was detected in the polyacrylamide gel (Fi-
gure 2).

wa M Gt4
225 4
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35
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Figure 2. SDS-PAGE showing the 10 kDa fragment corres-
ponding to bacteriocin Gt4. M-Molecular marker (Promega)
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Discussion

The bacterial community of tropical plants, a biologi-
cal reservoir of natural resourcesis poorly investigated.
It is considered that microorganisms from this region
might provide a newly source of functional compounds
to be explored (Tenea and Yépez, 2016). The Ministry
of Public Health, Ecuador reported considerable human
illness related to food contaminants such as salmonello-
sisy shigellosis. Most artisanal minimally processed fo-
ods, typical dishes appears to pose significant number of
pathogens, therefore the risk of developing diseases is
elevated. Previously, a full scale identification of lactic
acid bacteria isolated from tropical fruits were perfor-
med for further exploring their benefits in food industry
as natural preservatives (Benavidez et al., 2016; Garzén
et a., 2017). Antimicrobial activity against pathogenic
microorganisms is one of the important properties of a
prabiotic lactic acid bacteria contributing to their colo-
nization and competitive edge over other bacteriafound
in the same niches (Todorov et al., 2013). Lactobaci-
[lus plantarum is known as one of the most versatile
LAB specie with a broad range of antimicrobia acti-
vity against Gram-positive and Gram-negative bacteria
(Hernandez et d., 2005; Georgieva et al., 2009; Ali and
Musleh, 2015; Arenaet al., 2016). In this study, the bac-
teriocin producing Gt4 strain showed wider inhibitory
activity against all pathogenic bacteria tested. Besides,
the organic acids in crude-extract, locally produced in
the bacteria growth, might establish the appropriate
micro environmental condition to activate the antago-
nistic mechanism of produced peptides against harmful
microorganisms founded in the same ecological niche.
Additionally, the presence of organic acids might be
beneficial if use CE in food due to their enzymatic re-
sistance and higher solubility compared with the bac-
teriocin-like peptides. Similar with other investigation
(Banerjee et al., 2013) the maximum production of Gt4
was detected at the end of logarithmic phase of growth
(data not shown). The initial pH of bacterial culture
was 6.0 declined at 3.8 to 4.0 at 24 hours of incubation
which correlates with the optimum production of bac-
teriocin registered at the stationary phase. Sensitivity to
proteolytic enzymes and resistance to heat are conside-
red significant properties of bacteriocins making them
suitable for human consumption (Yang et a., 2012; da
Silvaet a., 2014). In other study it has been shown that
the exposure to higher temperatures decreases the inhi-
bitory activity (Deraz et d., 2007). When the incubation
time increased up to 75 minutes the effectivenessin the
inhibitory activity was maintained stable demonstrating
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the vauable characteristic if applicable further in food
processing (data not shown). The results indicated that
overall activity was influenced by both active peptides
and organic acids, suggesting the effect of possible sy-
nergistic interactions between al components presen-
ted in the bacterial crude extract. The results indicated
that Gt4 act in a bactericidal manner against E. coli asa
significant reduction cells viability overtime was regis-
tered. Theinhibition increase when bacteriocin Gt4 was
combined with EDTA suggesting that EDTA enhanced
thekilling effect of Gt4. Early study revealed that EDTA
enhanced the activity of bacteriocins toward at least
one Gram-negative strain in a concentrati on-dependent
manner (Martin-Visscher et a., 2011). Based on SDS-
PAGE results the Gt4 bacteriocin was small size (<10
kDa), heat stable, activated by chemicals, characteris-
tics similar to bacteriocin belonging to Class I, but
further analysis is required to confirm this statement.
Adsorption of Gt4 to target cells was strongly influen-
ced by heat and chemicals. Previous study showed that
the adsorption of bacteriocin AMA-K produced by L.
plantarum AMA-K to Listeriainnocua LM G13568 was
influenced by temperature (Todorov, 2008). Similarly,
buchnericin-LB produced by Lactobacillus buchneri
was adsorbed to Gram-positive but not Gram-negative
bacteria and the adsorption was pH dependent. Also, the
treatment of cells with some anions, detergents or orga-
nic solvents did not affect the binding of bacteriocin to
the target cells (Yildirin et a., 2002). However, in this
study the adsorption was positively influenced by some
detergents and anionic salt. Alike temperature and aci-
dity strongly influenced the adsorption. The differences
in adsorption might be related with the target indicator
bacteria. Thus, is important to evaluate the optimum
adsorption parametersto further identify its mode of ac-
tion against the target pathogenic cells.

Conclusions

This study demonstrated the valuable potential of bac-
teriocin produced by L. plantarum Gt4 strain to display
abroad inhibition range effective and stable at higher
temperature; regarded safe as been degraded by proteo-
Iytic enzymes, and revea bactericidal mode of action
againgt indicator bacteria. We shal further investigate
the effectiveness of bacteriocin Gt4 on different food
matrices.
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