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FOCUS ON SYNERGISTIC
BACTERIOCIN-NANOPARTICLES ENHANCING
ANTIMICROBIAL ACTIVITY ASSAY

Antimicrobial resistance is one of the most significant threats to public health worldwide. As opposed to using traditional
antibiotics, which are effective against diseases that are multidrug- resistant, it is vital to concentrate on the most inno-
vative antibacterial compounds. These innate bacterial arsenals under the term «bacteriocins» refer to low-molecular-
weight, heat-stable, membrane-active, proteolytically degradable, and pore-forming cationic peptides. Due to their abil-
ity to attack bacteria, viruses, fungi, and biofilm, bacteriocins appear to be the most promising, currently accessible alter-
native for addressing the antimicrobial resistance (AMR) problem and minimizing the negative effects of antibiotics on
the host’s microbiome. Nano-compounds have shown promise in a variety of applications, including antibacterial agents,
drug delivery systems, food and drug packaging elements, functional food formulations, and many more. However, there
are certain disadvantages in the chemical production of nanoparticles (NPs), such as toxicity and other negative impacts.
Due to the dual action of biological sources combined with metallic NPs, the use of conjugated or green-synthesized
nanoparticles has become more widespread during the past ten years. Recently, bacteriocin nanoparticles have emerged
as a viable remedy and the most effective antibacterial agent in vitro to overcome some of these limitations.
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Bacteriocin. A short polypeptide, i.e., a pro- | [1]. Despite the fact that bacteriocin was first
tein, called bacteriocin is synthesized by ribo- | discovered in 1925, interest in the method of
somes and has antimicrobial effects on bacteria | its production and application in medicine has
that are unrelated to the strain that created it | grown only recently [2]. Microbial community’s
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cells can be either bacteriocinogenic (producing
bacteriocin) or resistant to each bacteriocin, de-
pending on whether they are sensitive or resis-
tant to it. Few bacteriocinogenic cells are really
stimulated to produce and release bacteriocin
[3]. Other cells contain mutations that make
them robust to the environment and allow them
to live, whereas certain fragile cells are promptly
killed. Both Gram-positive and Gram-negative
bacteria can create bacteriocins, however lactic
acid bacteria (LAB) are the primary producers.
A wide variety of bacteria produce a large num-
ber of bacteriocins, which are then divided into
groups according to their molecular weights,
sizes, modes of action, producer bacteria, and
range of activity [4]. When opposed to other
antibiotics, bacteriocins have a natural anti-
bacterial effect in addition to having a narrow
spectrum of activity that targets only a few types
of bacteria. Additionally, Gram-positive food-
borne pathogens are among the large range of
microbes against which enterococci bacterio-
cins are recognized to be effective [5]. In anoth-
er study, the effect of bacteriocin produced from
the genus Bacillus spp. was found to be effective
against bacteria that cause skin diseases such as
Propionibacterium acnes [6].

Classification of Bacteriocins. Bacteriocins
from Gram-positive bacteria (G+ve), which are
more numerous and diverse than those found in

Table 1. Classification of bacteriocins

Gram-negative bacteria (G-ve), are comparable
to the antimicrobial peptides generated by eu-
karyotes. They normally come in sizes between
2 and 6 Kd and are cationic, amphiphilic, and
membrane-permeable peptides. The lantibiot-
ics (class I), which are tiny (10 kDa) and heat
stable, are among the several classes of bacte-
riocins. Pediocin-like and anti-Listeria bacte-
riocins (subclass Ila), two peptide bacteriocins
(subclass IIb) [7]. As shown in Table (1), bacte-
riocins from Gram- positive bacteria (G+ve) are
divided into four classes [8].

The Enterobacteriaceae family produces
most bacteriocins found in G-ve bacteria. Based
on their molecular weights, these bacteriocins
are divided into two classes: colicins and micro-
cins [9].

Antimicrobial resistance (AMR) of bacterio-
cins. AMR is an important global health issue
that requires the creation of fresh tactics. Ac-
cording to several writers [10, 11], the interface
between the human and animal environments
is currently being taken into account as part of
the One Health strategy in order to better under-
stand the ecology and spread of AMR.

A fascinating alternative to using traditional
antibiotics is the use of Bacteriocins. These pep-
tides may develop into crucial biological weap-
ons, particularly against newly emerging bacte-
ria that are resistant to antibiotics, and they may

Class Sub class Characters Example
Class I Type A Lantibiotics, small (< 5 kDa) peptides, elongated, globular Nisin
Type B Mutacin I
ClassII | Class IIa Non-lantibiotics, small (<10 kDa) peptides one-peptide, pediocin-
like bacteriocins AcidocinA
Class IIb Two-peptide bacteriocins Lactacin F
Class Ilc Covalently connected N- and C-terminal cyclic bacteriocins Acidocin B
One-peptide, linear, non-pediocin-like bacteriocins Carnobace-riocin A
ClassIIT | — Large (>30 kDa) heat-labile proteins Lacstrepsin
ClasslV | — Bacteriocins with non-protein moieties, i.e. glycoproteins and/or | Lactocin 27
lipoproteins
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find application in various industries, including
the food industry, medicine, veterinary medi-
cine, and agriculture [12].

Antimicrobial peptides known as bacterio-
cins are generated by ribosomes that are fatal to
the cells that make them. These peptides typi-
cally work against species that are closely related
to the bacterium that produced them. The bac-
teriocins produced by Gram-positive bacteria
exhibit a larger spectrum of inhibitory activity,
which may favor a wider range of industrial uses
[13]. Due to their activity against closely relat-
ed bacterial species, bacteriocins are commonly
produced to give the producer a selection ad-
vantage in terms of the niche colonization po-
tential [14]. Bacteriocins have been found to
be potential biopreservatives. Bacteriocin 10A’s
capacity to specifically prevent the development
of diseases and bacteria that ruin food [15].
Bacteriocins, which are peptidic poisons pro-
duced by bacteria, have the potential to replace
or combine with existing medicinal substanc-
es. The multidrug-resistant (MDR) bacteria are
particularly vulnerable to these poisonous pep-
tides, yet producer strains are still resistant to
the bactericidal peptides [16].

Nanotechnology and Nanoparticles. The
study of material properties at the nanoscale
is known as nanoscience, which is particular-
ly focused on the distinct, size-dependent fea-
tures of solid-state materials [17]. For the first

time, the process of nanotechnology was out-
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lined at the Tokyo Science University in 1974.
The primary functions of nanotechnology are
the separation, aggregation, and deformation of
materials by a single atom or molecule. The first
publication on nanotechnology was published
in 1986 [18].

Nanomaterials have become novel antimi-
crobial agents for the treatment, which result in
higher ratios between atoms on the surface and
atoms inside of materials compared to the corre-
sponding bulk materials and have shown efficacy
against resistant bacteria [19]. Currently, nano-
materials manufactured by biological meth-
ods have a synergistic effect with preservatives
against pathogenic bacteria [20].

Properties of Nanoparticles. Metal nanopar-
ticles such as gold, silver, platinum, and others,
as well as non-metallic, inorganic oxides like
zinc oxide and titanium oxide, have been em-
ployed widely due to their exceptional electrical,
magnetic, and optical capabilities. Furthermore,
nanoparticles exhibit peculiar electrical, catalyt-
ic, magnetic, and optical properties in contrast
to bulk metals [18].

Nanoparticles stand apart from other particles
because of their larger surface area-to-volume ra-
tio, larger size, and distinctive shapes like a rod
or a circle. They can therefore be utilized for bio-
logical purposes, cancer cell diagnostics or moni-
toring, display devices, optoelectronics, catalysis,
the production of biological sensors, drug devel-
opment, and therapeutic treatment [21].
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Fig. 2. Schematic illustration of top-down and bottom-
up approaches in nanoparticle synthesis [26]

Classification of Nanoparticles. Based on
their morphology, shape, size, and content,
nanoparticles can be divided into a number of
classes. According to their composition, NPs are
frequently divided into three groups: organic,
carbon-based, and inorganic [22] (Fig.1).

Methods for nanoparticles’ synthesis. The
most common ways for creating nanoparticles
are top-down and bottom-up approaches. At-
om-sized components are assembled bottom-up
to create the final nanoparticles. The precise syn-
thesis procedure varies depending on the chem-
ical being produced, but some frequent tech-
niques include citrate reduction, gas phase, and
microbial synthesis [24]. Milling, laser ablation,
and spark ablation are examples of top-down
processes where a bulk substance is physically
broken down to produce smaller molecules [25].
The methodologies are categorized into three
groups: physical, chemical, and biological pro-
cesses for NP synthesis (Fig. 2).

There are several NP synthesis strategies that
have been developed. The physical method of
synthesizing NP has advantages since it prevents
NP solvent contamination, but it is not insignifi-
cant as it uses a significant amount of energy for
particle condensation and evaporation. Further-
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more, the cost of synthesis of NPs is indirectly
increased by substantially raised temperature
and pressure modulations, which extend the
time for NP fabrication [27].

Green synthesis and mechanism of NP pro-
duction. Milling, laser ablation, and spark abla-
tion are examples of top-down processes where a
bulk substance is physically broken down to pro-
duce smaller molecules. The methodologies are
categorized into three groups: physical, chemi-
cal, and biological processes for NP synthesis for
both top-down and bottom-up approaches [28].
Microbes produce NP using a number of met-
als and metal oxides in both internal and exter-
nal processes [29]. Microbial NP production is
influenced by the biochemical mechanism that
controls the reduction with soluble inorganic or
toxic ions during cellular detoxification. Using
enzymes, microbial species attach to danger-
ous metal ions in the environment and convert
them to elemental metals. The microorganisms
capture these ions on the cell surface during
the extracellular process and then reduce them
through enzyme-catalyzed reactions. The bio-
logical manufacture of nanoparticles made from
bacteria has proven a broad inhibitory effective-
ness. Zinc oxide nanoparticles were produced
from MDR with high ability to swarm, and
strong biofilm producer P. mirabilis isolated by
biological method and these synthesized pep-
tides assemble into stable particulate nanostruc-
tures. The working principle includes electro-
static interaction: positively charged metal ions
are attracted to the negatively charged bacterial
cell membranes [30].

During the extracellular process of NP syn-
thesis, the metal ions are reduced by the en-
zymes, proteins, building blocks of cell walls,
or organic components of the culture medium.
The nearby intracellular enzymes of the micro-
organisms transport the ions, and the microbial
enzymes of those microbes convert the ions into
NPs[31]. One of the most important applications
of nanoparticles was the use of kiwi fruit peel
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Fig. 4. Different inorganic nanosystems as delivery systems

residues in the preparation of zinc nanoparticles
against Staphylococcus aureus isolated from con-
taminated cosmetics [32].

Explain the process of synthesizes silver
nanoparticles using biological method that are
beneficial to the environment and the extent of
their effectiveness against cancerous cells. Syn-
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thesis of silver nanoparticles by the biological
method is demonstrated in Fig.3 [33].
Polypeptides targeted nano delivery sys-
tems. To make the delivery of target pep-
tides more accurate, nano systems have been
adorned or altered with extra moieties [34]. As
seen in Fig. 4, a variety of strategies have been
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used over time. Other drug delivery systems
have used AMPs as ligands to transport oth-
er peptides or conventional pharmaceuticals
while various chemicals have been used to aid
in the dispersion of AMPs. This method allows
organisms to cross boundaries created by na-
ture. Low pH, enzymes, mucosa, and epithelial
layers in the intestine are some of such barriers
that inhibit the proper release of peptides to the
right site [35]. For targeted delivery, polymer-
ic nanoparticles and synthesized peptides were
used [36]. Two mouse dendritic cell lines that
could recognize the target peptide sequence,
DC 2.4 and B3Z hybridoma T cells, were used
to study uptake and intracellular targeted drug
delivery [37].

Nowadays, we have information that met-
al-based nanoparticle synthesis has reached sizes
ranging between 5 and 260 nm suitable for entry
into the mitochondrial matrix, so nanosystems
not only act as antioxidants but are also fabricat-
ed for the delivery of chemotherapeutic agents.
The use of nano-engineered metals and their ox-
ide nanoparticles are targeted at the mitochon-
dria that manage many health issues, including
different cancers [38].

It is important that we meet the requirements
or some conditions for nanoparticles to be used
in the medical area. We should obtain nanopar-
ticles that are biocompatible, cost-effective, and

environmentally friendly for biomedical ap-
plications. The biosynthesis of ZnO NPs was
performed using isolated bacteria strains from
farm soil in Jeddah, and the green production
of NPs has been developed as a viable alterna-
tive to the traditional method. These processes
are eco-friendly and non-toxic. Microorganisms
serve as a nano-factory, converting metal ions
into metal NPs with the help of enzymes manu-
factured by the bacteria [39].

5-Antimicrobial activity of bacteriocin and
nanotechnology

The study into edible coatings with antimi-
crobial compounds is encouraged by the rising
standard of food quality and the concern to
reduce waste in the environment. Hydrocol-
loids (proteins and polysaccharides) used in
edible cheese coatings and films are biopoly-
mers that recently have received the greatest
research attention. They are used to alter the
environment around foods and create a barrier
between the food and the environment without
altering the foods’ organoleptic and nutrition-
al qualities, which helps to improve the food
products’ safety, quality, and functionality [40].
When applied to the covered surface of food,
the combination of nisin and chitosan has an
excellent antilisterial antibacterial effect [41]
and inhibits the growth of undesirable germs.
By immobilizing the antibiotic bacteriocin by

Table 2. Comparison of antibiotics and bacteriocins for antimicrobial potential

Antibiotic used Alternative Potential
P Bacteriocin used | Producing strain | Bioactivity A References
or treatment . application
as (probiotic)
Carbapenems | Plantaricin 423 | Enterococcus Antimicrobial GIT (Kumarasamy et al., 2010) (Dreyer,
mundtii agent infections |2018; Van Zyl, 2018)
Cyclic Piscicolin 126 | Carnobacterium | Antimicrobial GIT (Coates et al.,, 2011) (Ingham et
lipopeptide piscicola agent infections |al., 2003)
Metronidazole |Pediocin PA-1 | Pediococcus Antimicrobial GIT (Persky and Brandt, 2000) (Cintas
acidilactici agent infections | et al., 1998; Dabour et al., 2009)
Penecillin Peptide ST4SA | Enterococcus Antimicrobial GIT (Tan and Tatsumura, 2015) (Kno-
mundtii agent infections | etze et al., 2008; Dreyer, 2018; Van
Zyl, 2018)
100 ISSN 1028-0987. Microbiological Journal. 2023. (6)
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covalent bonding in the packaging method,
stability against proteolytic enzymes is pro-
vided [42]. Additionally, we can create bac-
teriocin nanocapsules using nanoliposomes,
nanoemulsions, nanoparticles, and nanofibers,
which may have been used in the pharmaceu-
tical and food industries. When combined
with carvacrol, curcumin, and cymene, nisin,
podocin, and sublitosin were evaluated against
Candida lusitaniae, E. coli, S. typhimurium, and
L. monocytogen [43]. Nanotechnology impro-
ves the antimicrobial activity, enhances the
physicochemical properties of bacteriocin [44],
increases the applicability of bacteriocins, bro-
adens the antimicrobial spectrum, and promo-
tes stability [45]. Nano-formulated bacterio-
cins were used experimentally in the treatment
of skin injuries, e.g., nisin silver nanoparticles
were used for the treatment of S. epidermidis
skin infection in mice [46].
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! Kagenpa 6ionorii, Haykosuit konemx,

barmancokuit yHiBepcurer, Ipak

2 Kadenpa marororii Ta x80po6 muii,

Konemxk BetepunapHoi Meaniuay, bargancekmit yHiBepcnTet, Ipax
3 Kadenpa 6iomorii, Konmemx nmpupogamdoi ocsitu,

VYuiBepcurer [lisina, Ipak

TOCJIIIKEHHA CMHEPTTYHOT JIIT BAKTEPIOIIHY
TA HAHOYACTMHOK, IO ITOCUIIOIOTD AHTVMMIKPOBHY AKTMBHICTD

CrifiKicTb 10 IPOTUMIKPOOHNUX IpenapariB € OFHIE0 3 HAMOIIBIINX 3arPO3 AJIsI OXOPOHU 3[I0OPOB>SI B YCHOMY CBITi.
Ha monaTtox /10 BUKOPMCTaHHS TPafULIiiiHUX aHTUOIOTHUKIB, Ki eeKTUBHI IpOTK 36YIHUKIB XBOPOO, CTIKMUX KO
6araTboX IIpenaparis, XKUTTEBO BAK/IMBO 30CEPENNTICS Ha HANOIbII iHHOBALIITHUX aHTUOAKTEPIabHIUX CIIONTY-
kax. OfHi 3 TaKUX peYOBVH, IPUPOLHI OaKTepianbHi apceHanu, HO3HAYAITHCS TEPMIHOM «OaKTepioLMHI» 1 ABIS-
I0Tb CO00I0 HM3BKOMOJIEKY/IAPHI, TepMOCTabi/IbHI, MEMOPaHOAKTVBHI 1 IPOTEOMITUYHO PO3IIEIUIIOBaHI KaTiOHHI
MENTUY, 110 YTBOPIOIOTh IIOPH. 3aBIsAKM CBOIN 34AaTHOCTI BIUIMBATU Ha 6a1<Tepi'1', Bipycn, rpl/[61/[ Ta 6iomIiBKY,
OaKkTepionMHN € HANOUIBII [ePCIEKTNBHOK Ta JOCTYIIHOK a/JBTEPHATHBON0 [ BUPILIEHHS IpOOIeMu pesyc-
TEHTHOCTI /{0 aHTUMIKpOOHMX 3ac06iB Ta MiHIMi3al[il HEraTMBHOTO BIUIMBY aHTMOIOTMKIB Ha MIKp06ioM XassiHa.
HaHocmonyku € mepcreKTUBHMMM /IS 3aCTOCYBAHHS B PI3HUX Ta/IyssX, BKIIOYAIOUM aHTUOAKTepiaabHi 3acobu,
CHCTeMM SOCTaBKM JTiKiB, e/leMeHTH YIIaKOBKI XapYOBUX IPOAYKTIB i TiKiB, IpemapaTu A/ QYHKI[IOHATLHOTO Xap-
4yyBaHH:A Ta 6arato iHmoro. OfHak XiMi4HMII cIoci6 cTBopeHHs HaHoYacTMHOK (HY) Mae meBHi HeZOMiKM, Taki K
TOKCUYHICTD Ta iHII HeraTMBHI HaC/IifKu. 3aBAKM TOABIIHII [iil 6i0/TOriYHUX CIONYK Y TOEAHAHHI 3 MeTa/IeBUMMU
HY, BukopucTaHHA KOHIOTOBaHMX a00 CMHTe30BaHVX LIUIAXOM 3e/ieHoro cuHTedy HY cramo 6ibln nmomypeHnm
MIPOTATOM OCTAHHIX iecsTi pokiB. HemofaBHO mokasaHo, 1o moegHants HY ta 6akTepiolnHiB in vitro € mepcrex-
TUBHUM Ta e(peKTUBHMM aHTHOAKTepia/IbHNM 3aC060M /IS O O/IAHHS ICHYI0UNX OOMEKEHb.

Kntouoei cnosa: nanmubiomuxu, 3eneHutl cunmes, pe3ucmeHmHicmo 00 aHMumikpoOHUX 3aco6ie, BUCXIOHUTI CUH-
mes.
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