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RESUMEN

Las bacterias 4cido lacticas producen sustancias antimicrobianas que pueden
perder su actividad debido a factores extrinsecos. En este estudio se determina-
ron los efectos de temperatura, pH, tiempo de exposicion y enzimas sobre la acti-
vidad antimicrobiana del metabolito W10b producido por la bacteria acido lactica
Weissella confusa. W10b es activo contra Staphylococcus aureus y Streptococ-
cus agalactiae. W. confusa se produjo mediante fermentacion a 32°C por 4 horas y
el metabolito W10b se obtuvo a partir del sobrenadante libre de células mediante
centrifugacion, filtracion y liofilizacion. W10b se sometio a pH 4cido, neutro y
basico, para dos tiempos de exposicion (10 y 30 minutos) y diferentes tempera-
turas (27, 40, 60 y 100°C). Ademds se midio el efecto de las enzimas pepsina y
amiloglucosidasa sobre W10b. Se encontro diferencias significativas (p<0,05)
de la actividad antimicrobiana de W10b por efectos de pH y temperaturas, donde
la mayor actividad antimicrobiana se obtuvo, contra S. aureus en medio basico
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a 27°C y contra S. agalactiae en medio neutro a 27°C. W10b presento
sensibilidad frente a las enzimas pepsina y amiloglucosidasa, indicando la
naturaleza proteica y complejidad quimica del metabolito. Estos resultados
orientan el uso industrial o comercial del compuesto antimicrobiano y se-
nala el camino de futuras investigaciones.

ABSTRACT

Antimicrobial substances produced by lactic acid bacteria (LAB) may lose
activity due to extrinsic factors. This study determined the effects of tempe-
rature, pH, and exposure to enzymes, on the activity of antimicrobial com-
pounds (W10b) isolated from LAB Weissella confusa. W10b were active
against Staphylococcus aureus and Streptococcus agalactiae. W. confusa
was obtained by fermentation at 32°C for 4 h and W10b by centrifugation,
microfiltration, and lyophilization from the resulting cell-free supernatant.
W10b was exposed to acidic, neutral and basic pH, for two residence times
(10 and 30 minutes) and four temperatures (27, 40, 60, and 100°C). The
effect of the enzymes pepsin and amyloglucosidase on W10b was also
determined. Significant differences (P<0,05) on the antimicrobial activity
of W10b due to pH and temperature were found. The highest antimicrobial
activity was obtained against S. aureus at basic pH and 27°C, and against
S. agalactiae at neutral pH and 27°C. W10b presented sensitivity to the
pepsin and amyloglucosidase enzymes, indicating the proteinaceous natu-
re and chemical complexity of the compounds. Although further research is
needed, antimicrobial compounds from W. confusa have a strong potential
to be used in industrial setups.

RESUMO

As substéncias antimicrobianas produzidas por bactérias do 4cido lactico
(LAB) podem perder a atividade devido a fatores extrinsecos. Este estudo
determinou os efeitos da temperatura, pH, exposicdo a enzimas, sobre
a actividade dos compostos antimicrobianos (W10b) isoladas da LAB
Weissella confusa. W10b tinham atividade contra Staphylococcus aureus
e Streptococcus agalactiae. A W. confusa foi obtida por fermentacdo a
32°C durante 4 h e W10b por centrifugacao, a microfiltragdo e liofilizagéo
a partir do sobrenadante resultante de células livres. W10b foi exposta a
pH acido, neutro e basico, emdois tempos de residéncia (10 e 30 minu-
tos) e quatro temperaturas (27, 40, 60 e 100°C). O efeito das enzimas
pepsina e amyloglucosidase sobre W10b foi também determinada. Foram
encontradas diferengas significativas (P <0,05) da atividade antimicro-
biana de W10b devido ao efeito de pH e temperatura. A maior actividade
antimicrobiana foi obtida contra S. aureus, no pH basico e 27°C, e con-
tra S. agalactiae no pH neutro e 27°C. W10b apresentou sensibilidade
a pepsina e enzimas amloglucosidase, indicando a natureza proteica e
complexidade quimica dos compostos. Embora seja necessarias mais
pesquisas, 0s compostos antimicrobianos de W. confusa tém um forte
potencial para ser usados nas industriais.
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INTRODUCTION

Bacteriocins are proteinaceous compounds ribosoma-
Ily synthesized by bacteria, which are important due to
their bacteriostatic and/or bactericidal effect [1]. These
compounds are effective against bacterial strains clo-
sely related to the strain producing the antimicrobial or
to other less related bacterial populations [1]. These
characteristics make of bacteriocins, particularly tho-
se produced by lactic acid bacteria (LAB), of special
interest for the food and pharmaceutical industries.

The antimicrobial activity of bacteriocins is highly variable
and affected by enzymatic activity, temperature, and pH
among others; being the last two factors the most impor-
tant in affecting bacteriocin stability. This is because envi-
ronmental factors promote differential structural changes
[2], even in bacteriocins that are structurally similar [3].

The total or partial loss of antimicrobial activity in the
presence of proteolytic enzymes is consistent with the
protein nature of bacteriocins. However, loss of acti-
vity may also occur in the presence of glycolytic and
lipolytic enzymes [4] due to their structural complexity
(e.g., presence of carbohydrates or lipids in their struc-
ture). Similarly, pH affects the stability of bacteriocins.
Some bacteriocins are effective in certain pH ranges
(e.g., acidic, neutral, or basic) whereas others (e.g.,
Pediocin AcM) are effective in pH ranging from 1,0 to
12,0 [1]. Most bacteriocins lose partial or total anti-
microbial activity when subjected to high temperatu-
re, but the sensitivity varies depending on the specific
bacteriocin. Although the combination of environmen-
tal factors may result in a synergistic effect over the
activity of a given bacteriocin, changes in antimicrobial
activity may be strain specific and cannot be extrapo-
lated to all the susceptible bacterial populations [5].

Weissella strains have been isolated from various
sources, such as wheat, garlic, carrot juice, banana
leaf, fermented vegetables like kimchi, kimraw milk
and liquid rumen from cattle [6, 7, 8]. Its metabolites
were tested with promising results against the bacte-
ria Staphylococcus aureus, Streptococcus agalactiae
and Escherichia coli [9, 8] and the fungi Penicillium
roqueforti and Aspergillus niger, been reported on the
effect of extrinsic factors on the antimicrobial activity
of metabolic compounds produced by W. confusa.

The objective of this study was to determine the effect
of the extrinsic factors temperature, pH, and exposu-
re to enzymes on the antimicrobial activity of W10b,

a group of metabolic compounds isolated from W.
confusa, to assess their potential use by the food and
pharmaceutical industries.

METHOD
Strains and culture conditions

A cryo-preserved W. confusa strain previously isolated
by Serna-Cock et al., (2011) [8] was used. Ten percent
(v/v) of the W. confusa culture was inoculated in 5 mL
of MRS broth (Scharlau Microbiology, Barcelona, Spain)
supplemented with 40 g/L of glucose (Merck, Darm-
stadt, Germany) and then incubated at 32°C for 24 h.

To assess the antimicrobial activity of the W. confusa
metabolic compounds W10b, two indicator strains,
S. aureus ATCC 2592 and S. agalactiae ATCC 13813,
previously shown to be susceptible were used [8]. The
indicator strains were grown in 5 mL nutrient broth
(Scharlau Microbiology, Barcelona, Spain), which was
inoculated with 10% (v/v) of each microorganism and
subsequently incubated at 32°C for 24 h.

Isolation of W10b metabolic compounds

The W10b compounds were isolated as described by
Serna-Cock et al. [8]. W. confusa, culture grown for
24 h was inoculated (10% v/v) in 500 mL MRS broth
supplemented with 40 g/L glucose. Fermentation was
then conducted under continuous agitation in an ellip-
soidal shaker (VWR, Radnor, PA) set at 32°C and 100
rom for 4 h, regularly adjusting the pH to 6,0 using
NaOH 1M (Mol Labs, Bogotd, Colombia). The fermen-
ted substrate was centrifuged (Eppendorf, Hamburg,
Germany) at 2700xG and 4°C for 2 h. After centrifu-
gation, the precipitate (biomass) was removed and
the cell-free supernatant was filtered using a 0,45 um
crossflow filter (Titan, Pittsburgh, PA) and concentra-
ted by lyophilization (Labconco, Fort Scott, KS) (sam-
ple frozen at -70°C, -50°C condenser temperature,
0,120 mbar vacuum pressure). The cell free lyophi-
lized isolate was labeled “W10b” and stored at -4°C.

Effect of pH, temperature and residence time on the
antimicrobial activity of W10b

The antimicrobial activity of W10b against indicator
microorganisms was evaluated at various pH (4,5,
5,0, 7,0, 8,0, and 9,0), temperature (27, 40, 60 and
100°C), and two residence times (10 and 30 min). For
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statistical analysis, the results were grouped into three
pH levels: basic (8 and 9), neutral (7) and acidic (4,5
and 5). For controls, microorganisms were exposed to
27°C and 0 min residence time at each pH.

The Iyophilized W10b was reconstituted in phosphate
buffer (1:9 W10b in buffer v/v) and adjusted to the di-
fferent pH values. The temperature and residence time
were evaluated by pouring 200 uL of the reconstituted
W10b at each pH, in 2 mL vials. Then 9 hermetically
sealed vials were placed in a container with water (Ju-
labo, Germany) and inside an oven set to 40, 60, or
100°C (Binder, Germany) for 10 min or 30 min. Once
the residence time of each treatment was reached, an-
timicrobial activity tests were performed.

Effect of enzymes on the antimicrobial activity of
W10b

The effect of the enzymes pepsin (Merck, Darmstadt Ger-
many) and amyloglucosidase (Sigma Aldrich, Steinheim,
CITY, Germany) on the antimicrobial activity of the W10b
was evaluated. S. aureus was considered the indicator
microorganism since preliminary experiments showed
that this bacterium had greater susceptibility to W10b.

W10b was reconstituted in phosphate buffer at pH 6,0,
since it was demonstrated from preliminary trials that the
compounds have the best stability at this pH. 200 uL of
rehydrated W10b and 2 L of each selected enzyme (100
mg/mL concentration) were combined. The dilution of
the pepsin and amyloglucosidase enzymes was done in
phosphate buffer at pH 4,5 (optimal pH of activity). Sub-
sequently, the vials were placed in water bath (Julabo,
Germany) at 37°C for 1 h, simulating the gastrointestinal
temperature. The control treatment consisted on rehydra-
ting W10b at pH 6,0 without the addition of any enzyme,
and incubating at 37°C for 1 h. After the incubation time,
the antimicrobial activity was determined.

Determination of the antimicrobial activity

The antimicrobial activity was determined using the
diffusion method [10]. Nine holes with a sterile 7 mm
diameter punch were done in Petri dishes containing 20
mL of solidified agar. Beard Parker Agar (Scharlau Mi-
crobiology, Barcelona, Spain) was used for S. aureus
and M-17 Agar (Merck, Darmstadt, Germany) for S.
agalactiae. Using a sterile swab, 100 uL of a 24 h cul-
ture of the indicator strain (108 CFU/mL) were spread
in each Petri dish. For each treatment, 60 uL of the an-
timicrobial media were poured in each hole. The inocu-

lated Petri dishes were incubated at 32°C for 24 h. The
quantification of the antimicrobial activity was done by
measuring the inhibition diameter (mm). Inhibition was
expressed as the diameter of inhibition less the diame-
ter of the hole. In addition, the retention of antimicrobial
activity (percent basis) was calculated using equation 1.

AcT
- (Eq. 1)

AcT,

%RAc = x100

Where:
% RAc. = Retention of antimicrobial activity (%).

Ac.T = Inhibition diameter at a given temperature, pH
and residence time (mm).

Ac.T, = Inhibition diameter in the control treatment
(mm).

Experimental design

To evaluate the effect of pH, temperature and resi-
dence time on the antimicrobial activity of the W10b,
an unbalanced completely randomized design was
used in a factorial array (3x4), with three factors: pH
(three levels: basic, neutral, and acidic), temperature
(four levels: 27, 40, 60, and 100°C), and residence
time (three levels: 0, 10, and 30 min). To evaluate the
effect of the two enzymes on the antimicrobial activi-
ty of W10b, an unifactorial design was used with two
levels: pepsin and amyloglucosidase. In both cases,
each treatment was conducted in triplicate, with anti-
microbial activity as the response variable. Analysis of
variance was done using SAS software (version 9.1.3,
SAS, Cary, NC). The comparison of means was done
with the Duncan multiple range test (o= 5%).

RESULTS

Effect of pH, temperature, and residence time
on the antimicrobial activity of W10b against
Staphylococcus aureus

The analysis of variance showed a significant effect of
the interaction of pH and temperature on the antimicro-
bial ability of W10b (P<0,05). However, no significant
effect due to residence time (0, 10 and 30 min) was
found (P=0,2383; table 1).

The best antimicrobial activity of W10b against S. au-
reus was found at basic pH and 27°C (9,5 mm inhi-
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Table 1. Analysis of variance for the effect of pH, temperature,
and residence time on the antimicrobial activity of W10b against

Staphylococcus aureus and Staphylococcus agalactiae.

Mean
Factor df | square | Pvalue
error
pH 2 | 0,0033 | <,0001
Temp. 2 | 00070 | <,0001
S | pH*Temp. 40,0013  <,0001
§ Time 1 | 0,0002 | 0,2383
8 | pH*Time 2 | 0,0001 | 0,7103
8 | Temp.*Time 2 | 0,0002 0,2498
-E: pH*Temp.*Time 4 | 0,0001 | 0,8477
& | Coef. Variation (%) | 1,54
Average 13
inhibition (mm) ’
pH 2 | 00001 | 0,5052
o | Temp. 2 | 0,0014  0,0012
£ | pH*Temp. 4 | 0,0005 | 0,0429
S | Time 1| 0,0002 | 0,3809
@ | pH*Time 2 | 00001 | 0,4843
S | Temp.*Time 2 | 0,0002 | 0,4635
£ | pH*Temp.*Time | 4 | 0,0001 | 0,5728
= | Coef. Variation (%) | 1,73
ﬁﬁl;?[?gn (mm) 0.7

bition diameter; figure 1). This temperature is close to
the growth temperature of W. confusa. However, for
the same temperature (27°C), no significant differen-
ces were found on the antimicrobial activity when the
W10b was exposed to acidic and neutral pH, sugges-
ting similar antimicrobial activity against S. aureus at
these conditions. Under basic, acidic and neutral pH
levels and 40°C, there was a significant reduction
(P<0,05) in the antimicrobial activity against S. au-
reus, with inhibition diameters averaging 5,0, 2,4, and
1,0 mm, respectively. At 60°C and 100°C the loss of
antimicrobial activity was total (figure 1). Inhibition dia-
meters of 3,0 mm and 2,4 mm were observed in acidic
pH at 27°C and 40°C, respectively. When compared to
the control sample (27°C, 100% of antimicrobial acti-
vity), a 69,3% retention of antimicrobial activity was
observed at 40°C. Similarly, in the neutral pH at 27°C
and 40°C, inhibition diameters of 6,0 mm and 1,0 mm
were observed, respectively, indicating 15,6% reten-
tion of antimicrobial activity at 40°C.

Effect of pH, temperature, and residence time
on the antimicrobial activity of W10b against
Streptococcus agalactiae

Significant interaction effects (P<0,05) due to pH and
temperature were found, suggesting a synergistic ac-
tion of the two factors on the antimicrobial activity of
W10b against S. agalactiae. However, when only pH
varied, no effect on the antimicrobial activity was ob-
served (P=0,5052). On the other hand, no significant
differences (P=0,3809) were found on the antimicro-
bial activity of W10b against S. agalactiae at different
exposure times (0, 10 and 30 min; table 1).

Figure 1. (A) Effect of temperature on antimicrobial activity (measure as inhibition diameter) of W10b against Staphylococcus aureus under acidic,
neutral, and basic pH; (B) Percent retention of antimicrobial activity in comparison to control treatment (antimicrobial activity at 27°C).
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Figure 2. (A) Effect of temperature on antimicrobial activity (measure as inhibition diameter) of W10b against Streptococcus agalactiae under acidic,
neutral, and basic pH; (B) Percent retention of antimicrobial activity in comparison to control treatment (antimicrobial activity at 27°C).

=]
>

=

T u
* b

60 100

Inhibition diameter $. agalactice [mm)

Temperature °C
----#--- pH acidic

At neutral pH and 27°C, W10b showed strong antimi-
crobial activity with @ 5 mm inhibition diameter against
S. agalactiae (Figure 2). However, at 40°C no antimi-
crobial activity was observed. Under acidic pH at 27°C
and 40°C, the antimicrobial activity was 4,0 and 2,6
mm, respectively (with 54,5% retention of antimicrobial
activity at 40°C). Whereas the best antimicrobial activi-
ty against S. aureus was found at basic pH and 27°C
(9,5 mm; figure 1), the same conditions resulted in the
lowest antimicrobial activity against S. agalactiae (inhi-
bition diameter = 3,8 mm). When W10b was exposed
to basic pH and 40°C, the inhibition diameter was 1,1
mm (23,3% retention of antimicrobial activity).

Results for both strains were analogous for the effect
of temperature on retention of antimicrobial activity.
The W10b antimicrobial compounds showed the best
retention activity at 40°C and acidic pH with 65,3% for
S. aureus and 54,5% for S. agalactiae. The lowest re-
tention activity was obtained at 40°C and neutral pH
with rates of 15,6% for S. aureus and 0% for S. agalac-
tiae. However, the best antimicrobial activity resulted
from the exposure of W10b to basic pH and 27°C for
S. aureus and neutral pH and 27°C for S. agalactiae
(figures 1 and 2).

Effect of enzymes on the antimicrobial activity of
W10b against Staphylococcus aureus

Significant differences for the antimicrobial effect of
W10b against S. aureus were found between treated
(exposed to enzymes) and control samples for both
enzymes amyloglucosidase and pepsin (P<0,05; ta-
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8
&
g 40 -
“
20 -
0 » » .
> 20 60 100
Temperature °C
...... & pH Basic

ble 2). However, no significant differences between
treated samples (exposure to amyloglucosidase vs.
exposure to pepsin) were found.

W10b treated with amyloglucosidase showed ave-
rage inhibition diameters of 5 mm while the control
treatment showed diameters of 11,3 mm (44% re-
tention of antimicrobial activity). When W10b was
treated with pepsin the inhibition diameter was 4,5
mm, a 39,8% retention of antimicrobial activity vs.
the control treatment.

Values followed by different letters are significantly di-
fferent using the multiple range Duncan test (a=0,05)

DISCUSSION

The objective of this research was to determine the
potential commercial use of the antimicrobial W10b
metabolic compounds from LAB W. confusa by stu-
dying changes in antimicrobial activity when exposed
to extrinsic factors (temperature, pH, and enzymes).

Table 2. Effect of exposure to enzymes on the antimicrobial activity
(measured as inhibition diameter) of W10b against Staphylococcus
aureus.

Treatment Average inhibition diameter
Control 11,3amm
Amyloglucosidase 5,0b mm
Pepsin 4,5b mm
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W10b was able to inhibit S. aureus under a wide range
of pH (from 4,5 to 9,0) and temperature (27°C and
40°C). W. confuse metabolic products can potentially
be used as biological preservatives in foods suscepti-
ble to contamination with S. aureus (e.g., yogurt, jui-
ces, vegetables, fermented foods, eggs, fresh meat,
cheese and pasta) as well as in the therapeutic sector
for products developed under the pH and temperature
range studied in this work.

Since the exposure to temperature equal or higher than
60°C destroyed the antimicrobial activity of W10b aga-
inst S. aureus, further research (e.g., protective en-
capsulation) is needed for agro industrial processes
were higher processing temperatures are needed.

The antimicrobial activity of W10b against S. aureus
in a wide pH range was comparable to previous stu-
dies using bioactive peptides. Todorov ef al. [11] found
that the ST16Pa bacteriocin produced by Lactobacillus
plantarum maintained their activity after 2 h of incu-
bation in pH ranging from 2 to 12 [12] reported that
the stability of Bacteriocin F1 was not affected by a
pH range from 3 to 9. Although, it has been reported
that some bacteriocins are generally stable at acidic,
neutral, and basic pH [13], the antimicrobial activity
of W10b against S. agalactiae was dependent of the
interaction between pH and temperature, similarly to
results by Borges et al [14].

When W10b was exposed to neutral, acidic and basic
conditions and exposed to temperatures of 60°C and
100°C, no antimicrobial activity against S. agalactiae
and S. aureus was found. These results contrast with
those obtained by Todorov et al. [15], who reported
that the activity of the bacteriocin produced by Lacto-
bacillus sakei R1333 isolated from smoked salmon,
was not affected when exposed to 100°C and pH 5,5.
Similarly, Papagianni et al. [16] found that Wessellin A,
a bacteriocin produced by Weissella paramesenteroi-
des DX, was resistant to commercial sterilization con-
ditions (121°C for 1 h) and pH ranging from 2 to 10.

Since differences in the antimicrobial activity of
W10b against S. aureus and S. agalactiae were
found (W10b best performed when exposed to basic
pH against S. aureus and neutral pH against S. aga-
lactiae). It was hypothesized that different receptor
structures are needed in each microorganism [2] and
different mechanisms of action are triggered when
W10b is subjected to specific environmental and res-
trictive conditions.

A reduction on the antimicrobial activity against S. au-
reus was observed when W10b was exposed to the
enzymes pepsin and amyloglucosidase. As previously
reported, most bacteriocins are polypeptides, but
others are sensitive to amylases [13] that evaluated
Cell-free supernatants of Lactobacillus plantarum and
loss of its activity when these were treated with protei-
nase K, trypsin, pronase E, suggest it is proteinaceous.

The partial loss of antimicrobial activity when using
pepsin also suggests that the W10b is associated to
other non-protein compounds (possibly carbohydra-
tes) which surround the molecule and restrict the hy-
drolytic action of the enzyme. For this reason, the loss
of antimicrobial activity found in the treatment with
pepsin was not total. On the other hand, the treatment
with amyloglucosidase alters the compound structure
affecting its activity.

CONCLUSIONS

The antimicrobial activity of the W10b metabolic com-
pounds produced by W. confusa was affected by the
extrinsic factors pH, temperature, and enzyme activity.
The greatest antimicrobial activity against S. aureus
and S. agalactiae was obtained at 27°C under basic
and neutral pH, respectively. The greatest retention of
antimicrobial activity for the two pathogens was ob-
tained with acidic pH and the lowest activity retention
was found with neutral pH. Therefore, future research
should focus on assessing the antimicrobial activity of
W10b at temperatures below 27°C, pH below 4,5, and
exposure times longer than 30 min. These investiga-
tions will allow understanding changes in W10b sta-
bility, therefore expanding the application spectrum for
this antimicrobial. Similarly, a thorough analysis of W.
confusa genome and its mechanism of adaptation to
temperature would allow understanding whether this
bacterium and its metabolites can be used for the con-
trol foodborne pathogens.

These results focus on providing a potential industrial
or commercial use of W10b to a wide range of pro-
ducts, which require moderate, or no heat treatments.
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