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Abstract

Salmonella is a major cause for serious food infections
prevailing round the world. Growing resistance to most
of the antibiotics makes the strain more problematic and
threatening. Pediocin is known as antimicrobial peptides
(AMPs) which were isolated from several Pediococcus
strains. Peptides were designed to clone and express it in
the commonly growing E.coli cells to produce rDNA
proteins. The proteins were purified and used against the
Salmonella strains. The disc diffusion assay proved the
capable role of the protein in killing the Salmonella strains,
especially typhii. This protein form pores within the
membrane of the target, and so its ability with leakage
assay was screened.
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1. Introduction

Bacteriocins, commonly called antimicrobial peptides (AMPs), are
the proteins which are produced by several bacterial strains
(Abbas, Ghadban, & Alghanim, 2017). These are also called toxin
peptides which are generated from bacteria at the stationary phase
or decline phase mostly to inhibit the growth of other bacterial
species which are or not closely related (Anastasiadou, Papagianni,
Filiousis, Ambrosiadis, & Koidis, 2008). Some strains of yeasts and
Paramecium are also thought to be involved in this production.
Some of the yeasts, like Saccharomyces boulardii are capable of
producing bacteriocins called protein killer (Bhunia, Johnson, &
Ray, 1988; Bhunia, Johnson, Ray, & Kalchayanand, 1991;).

Pediocin are low molecular weight (2.7-17KDa) cationic molecules
which consist of a hydrophilic N-terminal part called pediocin box
(YGNGYV) motif and a hydrophobic C-terminal which is variable in
nature (Biswas, Ray, Johnson, & Ray, 1991) and are produced by
Pediococcus bacteria. It exhibits inhibition properties against most of
the sensitive bacterias and wusually acts on the cytoplasmic
membrane via a pore forming mechanism. It also interferes with
the amino acid absorption by the cytoplasmic membrane of the
target cells (Castellano, Ibarreche, Massani, Fontana, & Vignolo,
2017). It is unique in nature by being more thermostable and with
high resistance to many of the proteases. Pediocin is found to show
inhibition activity against many food spoilage bacteria and even
pathogenic bacteria like Listeria, Clostridium, Bacillus, Aeromonas,
Staphylocoocus, Lactobacillus and Enterococcus (Chikindas et al., 1993;
Kaur et al., 2014).

Pediocin is a class Ila group and is formed from the Pediococcus spp,
which are Gram-positive, homofermentative belonging to the
Lactobacillaceae family (Haakensen ef al., 2009). The bacteriocin
produced from these species is called pediocin. The cytoplasmic
membrane of lactic acid bacterial strains are closely related and are
able to target pediocins. Pediocin inhibits the growth of targets by
making pores within their membranes, collapsing the pH of the
intracellular environment and by inhibiting the proton motive force
for producing energy. Such a protein is linked with the cell target
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through active sites which are possibly the negative charges of the
phospholipid groups (Parret, & De Mot, 2000).

Salmonella is the most common and serious cause of foodborne
infections around the world and also seems to generate a negative
impact on the economic status of the food industry (Fyfe, Harris, &
Govan, 1984). Salmonellosis is a type of zoonotic infection
primarily caused by Salmonella leading to gastroenteritis, typhoid
fever and bacteremia. Transmission is usually by the oral and faecal
route through the infected animal. However, human beings are also
carriers of the Salmonella strains, but they are less likely to transmit
it than animals (Combet, Blanchet, Geoujon, & Deleage, 2000).

There are many reasons which lead to several outbreaks within the
food industry. Meat, dairy products, and fruits and vegetables are
thought to be the primary mode of transmission (Tokuda, &
Konisky, 1978). Undercooked meat allows Salmonella strains to
survive and grow that leads to cross-contamination of other foods
(Lazdunski, et al., 1998; Cascales, et al., 2007). Cross-contamination
usually occurs through direct contact or indirectly by contaminated
kitchen vessels. Salmonella transmission within the food processing
plants is now a major threat to the food industry (Wong, Hald,
Wolf, & Swnenburg, 2002).

The availability of the pediocin sequences enabled to predict the
epitopes and transmembrane regions which could aid in the
production of novel AMPS (Bhunia, Johnson, & Ray, 1988). In this
study, we designed to overexpress the pediocin protein within the
bacterial strains and further purify to screen its efficacy against
Salmonella pathogens. This could further lead to the development of
novel recombinant proteins which could be used in the food
industry.

2. Materials and methods

2.1 Materials and chemicals

All the chemicals used were of molecular grade and purchased
from different vendors. Vector was donated by Stellexer,
Bangalore, restriction enzymes were purchased from HiMedia,
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Tris, SDS, Glycerol, Bromophneol blue, Dithiothreitol (DTT) were
purchased from HiMedia, Bangalore.

2.2 Sequence retrieval

Nucleotide and amino acid sequence of the pediocin protein
(>AAT72009.2MNKTKSEHIKQQALDLFTRLQFLLQKHDTIEPYQ
YVLDILETGISKTKHNQQTPERQARVVYNKIASQALVDKLHFTA
EENKVLAAINELAHSQKGWGEFN) was isolated from the
genebank in FASTA format. The Hierarchical Neural Network
(HNN) was used to screen the secondary structures, and the SOSUI
method was used to screen the trans-membrane protein prediction
of the desired protein. The epitopes for the protein was screened by
using bcepred tool. The BcePred server allows to predict B cell
epitopes based on their physio-chemical properties (hydrophilicity,
flexibility/ mobility, accessibility, polarity, exposed surface and
turns) of amino acids. (Saha, 2004)

2.3 Bacterial strains

Salmonella strains were procured from the MTCC repository for the
study of antibacterial activity Salmonella typii (MTCC 8767). All
these cultures were maintained on nutrient agar plates at 4°C.

2.4 Expression and protein purification

The pediocin gene (AY083244.3; pedA) 532bp, encoding 101aa) was
synthesised (Sigma) and introduced into pTZ57R/T cloning vector
(Fermentas, USA) by double digestion with EcoRI/HindIII
followed by ligation and transformation into E. coli JM109.
Overexpression of protein, PedA, was induced by adding 1mM
IPTG and incubating for 3-4 hours until the culture reaches (OD600
= 0.6-1.0). Following expression, a single colony was isolated, and
the recombinant plasmid was harvested and analysed for the total
protein by SDS-PAGE. The recombinant protein was further
purified by resuspending the cells in 1ml PBS with 10mM
imidazole (pH 7.4) and further analysed by using ultrasonicator
(Stellixir). Following centrifugation, the cell-free lysate was
collected and purified on His Trap™ HP columns (HiMedia)
through (Fast Protein Liquid Chromatography) FPLC. About 5ml
of the fraction was allowed for desalting. Finally, the protein
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fraction was eluted into sample buffer (Tris (1 M, pH 6.8) of 80mM,
SDS  20%, Glycerol 10%, Bromophneol blue 0.1%,
Dithiothreitol (DTT) 1M). The purity and concentration were
measured by SDS-PAGE and Lowry’s method (Lowry,
Rosebrough, Farr, & Randall, 1951) respectively.

3. Antibacterial activity

3.1 Disc diffusion method

The strain was poured plated onto nutrient agar plates, and 20ul of
the fraction was used for the study. It was added into a respective
well. Ciprofloxacin (50mg/ml) was used as a positive control. The
antibacterial activity was initially screened by disc diffusion and
later by tube dilution method (Irayyif, Araghi, & Malla, 2015).

3.2 Tube dilution method

Tube dilution assay was done according to the protocol described.
In brief, about 5ml of broth was added to the boiling tubes, and
20pl of inoculum was added to all the tubes except the negative
control. 20pul of the fraction was used as a test sample.
Ciprofloxacin (50mg/ml) was used as a positive control. The
experiment was done in triplicates, and following incubation, the
samples were observed for absorbance at 600nm in a
spectrophotometer (Shimadzu 1800). Percentage Inhibition (%) =
((dc - dt)/dc) x 100, where dc and dt represent absorbance values of
control and treated sample strains respectively.

3.3 Biofilm Cultivation

In brief, about 180pl of broth was added in their respective wells.
10pl of inoculum (diluted to 1: 200 with broth) was added to all the
wells except the negative control. 10pl of the fraction was used as a
test sample. Ciprofloxacin (50mg/ml) was used as a positive
control. The plate was incubated at 37°C for 24 hrs. Following
incubation, the wells were washed with 200ul of PBS and stained
with 2% crystal violet for 15 minutes. Destaining was done with
200pl of ethanol: acetone 80:20 and the absorbance was recorded at
590nm in a plate reader (Genetix, Germany). The experiment was

done in triplicates (Irayyif, Araghi, & Malla, 2015).
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3.4 Antimicrobial assay by ATP release

To screen for leakage of the nucleic acids (Ling, Saeidi, Rasouliha,
& Chang, 2010) from the bacterial cells after the treatment, the
absorbance was recorded at 260nm (A260) in the cell-free lysate in a
UV spectrophotometer (Shimadzu, 1800). The cells without
treatment served as a negative control.

4. Results and discussion

4.1 Expression and purification of proteins

From the HNN server, around 67 alpha-helixes were seen in the
secondary structure. The transmembrane region prediction from
the SOSUI program indicates that the protein is more soluble in
nature. As such, it is more selectable in terms of purification during
downstream processing. The killing domain obtained was sharing
78% homology with that of penicillin acylase family protein. This
similarity index proposes the desired protein as bacteriocin.

28 48 60 it

TAATPEDICINPARTIALPEDICCCSACIDILACTICIMNK
TKSEHIKQQALDLFTRLQFLLOQKHDTIEPYQYVLDILET

Sequence | ek TKHNQOTPERQARVVYNKIASQALVDKLHFTAE
ENKVLAAINELAHSQKGWGEEN 138
1A ATPEDICINPARTIALPEDICCCSACIDILACTICIMNK
Flexibility | LKSEHIKQQALDLFTRLQFLLOKHDTIEPYQYVLDILET

GISKTKHNQQTPERQARVVYNKIASQALVDKLHFTAE
ENKVLAAINELAHSQKGWGEFN138

Figure 1: Images of the Transmembrane model as shown from HNN server and possible
epitopes (shown in blue) as predicted by bcepred.

Following transformation and expression purification step yielded
a protein fraction which was quantified using Lowry’s method. His
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tag-S tag (about 4.8kDa) was fused onto the N-terminal region to
facilitate the purification of protein. Following purification, about
3.06 mg/ml of pediocin protein was obtained and showed a single
visible band at about 11.8kDa (Fig. 2).
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Figure 2: SDS PAGE gel showing the protein band of interest at about 11.2KDa. M: marker;
P: Protein of Interest.

4.2 Bactericidal activity against Salmonella typhii

In order to estimate the antimicrobial spectrum of the purified
fraction, we examined the susceptibility against the salmonella
strain. A zone of inhibition was found towards the strain and was
equally effective when compared to the positive control. The
diameter of the inhibition zone was found to be dose dependant.
The percent inhibition results also exhibited the same significant
results in accordance with the disc diffusion assay. The percent
inhibition for Salmonella typhii was found to be 45.32 + 0.23, 56.43+
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0.11, 64.32+ 0.05 and 87.67+ 0.10 for 3.5, 7,28 and 112pg/ml
respectively. The inhibition of positive control was found to be
100% at 112pg/ml. Negative control was found to be 0.02.
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Figure 3: Graph showing the zone of inhibition values in mm. All the values are the averages
of triplicates. The values are expressed as value * s.d.
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Figure 4: Graph showing the percent of inhibition by broth dilution assay. All the values are
the averages of triplicates. The values are expressed as value * s.d.
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4.3 Biofilm Cultivation

The biofilm assay also showed significant results on treating with
the fraction. Biofilm inhibition was expressed as a percentage (%) in
relation to the positive control. The biofilm inhibition in Salmonella
typhii was found to be 0.42+ 0.38, 0.61+ 0.23, 0.74+ 0.13 and 0.87+ 0.3
for 3.5pg/ml, 7pg/ml, 28ug/ml, 112pg/ml respectively. On the
other hand, for the positive control, it was found 100% at 28pg/ml.
Negative control was found to be 0.08+ 0.21.
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Figure 5: Graph showing the percentage inhibition values of biofilm cultivation assay of
Salmonella strains. All the values are the averages of triplicates. The absorbance values were
recorded at 590nm, and the values were expressed as value + s.d.

4.4 Membrane leakage and permeability

To screen the leakage of intracellular materials like DNA and RNA
from the bacterial cells upon exposure to treatment with fraction and
positive absorbance values at 260nm of the cell-free lysate was
measured. From the experiment, it was found that positive control
showed complete leakage at 112ug/ml. On the other hand, the
fraction showed a significant effect when compared to the positive
control. The absorbance at 260nm for the sample was found to be
six times more than the negative control (0.02).
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Figure 6: Graph showing the leakage of nucleic acids from the cell into the lysate. A positive
control was shown as 1 at 112pg/ml. All the values were average of triplicates.

To summarise, this study provides fundamental evidence that the
gene sequences of the protein pediocin encode a bacteriocin protein
which could be used as AMPs. We designed to study its effect on
the Salmonella strains, which are a major threat to the food industry.
The cloning and expression were carried out wherein we purified
the protein of interest by SDS PAGE and used the purified fraction
in the study. The zone of inhibition obtained was almost very
promising when compared to a positive control (ciprofloxacin)
(Girish, R, 2013). Even the bacterial inhibition studies using the
broth dilution method also showed the same results. The biofilm
inhibition studies resulted in about 0.87+ 0.3 inhibition for the
fraction, which is very significant in terms of positive control
(Brunner, H,1988).

As stated earlier in the context, pediocin protein works by making
pores within the target cell membrane (Gaussier, 2003). This was
confirmed by the leakage assay, which showed very high
significant results even. The positive control showed complete
leakage at 112pg/ml, which was almost similar to our fraction,
which showed leakage of 6 times more when compared to the
negative control (0.02).

58



Nandhini et al. Expression, Purification and Functional Antibacterial Characterization

5. Conclusion

Given such significant results and possible activity of AMPs against
Salmonella, this study might prove capable for the potential use of
pediocon in the food industry. This novel AMPs protein-peptide
could be used in the rDNA technology to further improve the
residues and capability. This could also be used to study several
other food pathogens and could play a vital role in reducing the
fatal food industry infections.
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