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Abstract

Antibiotics is a great invention that helped people to combat various bacterial infections. The infection used to turn into a deadly
disease in the early times. This nano-sized material having antimicrobial power does a great deal in treating the lethal pathogens
by inferring in the microbial system. Their effectiveness totally depends on their shape, size and other properties. The field of
nanotechnology is multidisciplinary and has virtually endless applications in all fields from environment and agriculture to
human health. The list of nanoparticles (NPs) is very large that are utilized in the above-mentioned sectors. These NPs, including
Ag, TiO,, Zn, and ZnO, have been primarily utilized for managing microbial pollutants in plant tissue culture. It is time to delve
deeper into these rich reservoirs of nanotechnology since new-age materials like graphene, graphite, carbon nanotubes, quantum
dots, and atomic clusters are being created and have proven bactericidal and fungicidal properties. The present review deals
with applications of nanoparticles in diverse fields, viz., in human health as well as plant biotechnology. In the field of human
health focus of nanobiotics is on countering antimicrobial resistance in a sustainable manner and in plant biotechnology role of

nanobiotics is discussed in controlling contamination of in-vitro culture.
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Introduction

In the coming future there are high chances of getting
AMR in patients because the new strains of bacteria are
becoming resistant to antibiotics. The invention, which
was once considered a boon, is now being converted into
a curse. This is because of misuse or often indiscriminate
use of antibiotics that has led to the occurrence of these
conditions.

The nanoparticles can have access to antimicrobial
potentialities depending on their multivalent interaction
and surface-to-surface volume ratio (Table 1). Oxides
of metal of nano range and organic nanoparticles with
antibacterial properties can safely treat any infection.
These nanobiotics with various chemical formulations
and intrinsic properties have diverse modes of action on
the target (Chakraborty et al., 2022).

Their mode of action also depends upon external factors
like pH, temperature, and aeration. These factors can
influence their antibiotic activity. These qualities allow

Received: 26™ September, 2024

them to show their action in a different mechanism that
helps to target the bacterial metabolic processes.
Bacterial plant diseases are difficult to manage due to
the large populations of bacterial pathogens in sensitive
plant hosts and the limited availability of bactericides.
Antibiotics have been widely used as an alternative to
control bacterial plant diseases since the 1950s, as they
are effective in reducing bacterial population size and
preventing disease outbreaks in the absence of long-
lasting and powerful host disease resistance (Islam ef
al., 2024).

Utilization of nanotechnology to tackle AMR

The nanobiotics have shown a great performance in
the role of an antibiotic as compared to the traditional
antibiotics we consume. It has been able to be possible by
improving the pharmacokinetics of the drug where the
distribution is only restricted to the target site, and it is
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Table 1: Nanoparticles in plant tissue culture — disclosed and undisclosed

S. No. Nanoparticle (NP) Activity

1. Ag NPs, ZnO NPs, TiO, NPs Disinfection

2. Ag NPs, Cu/Co NPs, C nanotubes, ZnO NPs, Al,O; NPs Differentiation and morphogenesis
3. Ag NPs, Au NPs Somaclonal variation

4. TiO, NPs, Ag NPs, Al,O;NPs Secondary metabolite production
5. Dendrimers, Au NPs, Ag NPs Genetic transformation

only achieved by reducing the volume also, by increasing
the half-life in the serum. This is going to reduce the
number of bacteria at lower drug dosages (Karanwal et
al., 2023).

The nanobiotics can be formed in two ways. In the first
method, multiple numbers of the drug are encased in a
single nanoparticle and another way is where one or more
nanoparticles combine to form a hybrid nanoparticle
(Crofts et al., 2017). This increases the pharmacological
effect of the drug, and it enhances the antibacterial power
while checking the occurrence of resistance (Karanwal
et al., 2023).

Nanomaterials as antimicrobial substances

Use of organic nanoparticles

There are various substances used as organic
nanoparticles. These are liposomes, polymeric micelle
and solid/lipid nanoparticle. These particles can carry
both hydrophilic and hydrophobic antibacterial agents
(Muteeb, 2023)

Liposome and lipid nanoparticle

Liposomes and lipid nanoparticles are made of
phospholipid bilayers. Also, they are spherical vesicles.
Their spherical shape helps them to fuse with the
membranes of bacteria and release the drug in it. Biofilm-
mediated infections can be treated with this technique
as its antimicrobial agents target the microbe causing
infection via this method. Along with that, they have
other features also, like target specificity, low toxicity and
increasing efficiency of antibiotics (Nsairat et al., 2022).

Solid/lipid nanoparticle

They are solid or colloidal lipid-based carriers. These are
known to have very low toxicity and are quite stable. The
drugs released by these particles are in limited amounts
with high efficacy, whose working can be varied by the
nature of the lipids, and temperature (Scioli et al., 2020).

Polymeric micelles

These micelles are a buildup of block copolymers
with colloidal structures. The polymers used to form
polymeric micelles are polystyrene, polylactic acid, poly
(propylene oxide), and poly (ethylene oxide). The micellar
structure is hydrophobic from the core inside, while it is
hydrophilic structure from the core outside (Perumal et
al., 2022).
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Nanotechnological achievements in plant tissue
culture

When it comes to plant tissue culture, microbial
contamination is a significant issue. Even before the
propagation mechanism has initially started, microbial
contamination might end the entire process and reduce
its effectiveness. The sources of contamination include
the explants themselves and the laboratory setting.
Before creating in-vitro cultures, the various explants
obtained from field or greenhouse-grown plants are
typically surface sterilized. However, this has frequently
proven insufficient, leading to the damage of several
experimental setups and the waste of work and time.
Before starting an in-vitro culture, the explants’ surfaces
must be well cleaned because bacteria grow more quickly
in tissue culture medium than the explants do and have
the potential to negatively impact culture initiation.
The disinfectant concentration and exposure period
frequently impact the quality of the explants.

Furthermore, getting rid of indigenous bacteria is
frequently quite difficult. Thus, the culture medium is
supplemented with a number of antibiotics and AgNO,
to either kill the bacteria or stop their growth. Antibiotics’
phytotoxicity to cell, tissue, and organ cultures of
different plant species has also been documented. Some
disinfectants have even been shown to be phytotoxic,
meaning that they have a significant negative impact
on organogenesis rather than removing pollutants
from explants (Hammer and Norskov, 1995). It has been
demonstrated that metal and metal oxide nanoparticles
are effective at killing a variety of bacteria. A wide range
of NPs such as silver (Ag), aluminum oxide (Al,O;), CuQ,
iron oxide (Fe;O,), gold (Au), magnesium oxide (MgO),
nickel (Ni), silicon (Si), SiO,, titanium dioxide (TiO,),
and ZnO have been reported to possess antimicrobial
activities against various microorganisms (Dijaz et al.,
2017; Ruttkay et al., 2017). The addition of AgNPs to the
media, apart from reducing the contamination rate,
may influence the growth and development of explants
(Perzymies, 2021). Ag NPs, for the first time, were used
to control bacterial contamination in Valeriana officinalis
(Abdi et al., 2008). The extensive antimicrobial activity
of nanosilver causes the inactivation of the bacterial
transport chain in-vitro by binding to the sulfhydryl
group of enzymes involved in the metabolic activities and
also cohere to the microbial DNA to arrest the bacterial
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replication (Safavi et al., 2011). Because of their distinct
antibacterial mechanism, nanomaterials are able to
overcome bacterial resistance and are being used in all
biological fields (Qi et al., 2020). Nanomaterials possess
unique properties that make them less likely to cause
bacterial resistance than traditional antibiotics. These
properties include their small size and large specific
surface area (Hammer and Norskov, 1995), their ability to
enter cells and organelles (C), their ease of suspension in
liquid (B), and their large optical and magnetic changes
(Guo et al., 2020). Therefore, nanomaterials have the
potential to become antibacterial drugs. Metal and metal
oxide nanoparticles have been extensively employed in
antibacterial applications in recent years, yielding good
results.

Influence of nanomaterials on somaclonal
variation

Somaclonal variation refers to the alterations seen
in organs and plantlets grown in-vitro. Chromosome
number, chromosome structure, DNA sequencing, DNA
methylation, mitotic crossing over, and activation of
transposable elements are frequently linked to it. In plant
tissue culture, somaclonal variation has both advantages
and downsides. Plant size, flower color, leaf variegation,
fruit ripening, synthesis of secondary metabolites, and
resilience to biotic and abiotic stressors are only a few
of the important traits that variations have. Numerous
studies have shown that NPs, especially when used in
higher quantities, are phytotoxic (Pathak et al., 2023).
Treatments with NP change the protein and DNA
expression in plants, as well as the mitoticindex and DNA
integrity (Doo et al., 2017). On MS medium containing
CNPs, the ploidy level of Linum usitatissimum calli was
considerably impacted. The addition of CNPs increased
the proportion of tetraploid cells. In calli grown on media
containing CNPs, DNA methylation levels were likewise
greater. The effects of Au and AgNPs on somaclonal
variation in L. usitatissimum were examined by Kokina
et al., 2017. Both calli and regenerated shoots grown on
medium containing AuNPs as opposed to AgNPs had a
higher incidence of somaclonal variation. According to
Ewais et al., 2015 the alteration of the protein and DNA
profile in Solanum nigrum calli causes a change in callus
morphology and anatomy when AgNPs are added to
tissue culture medium. To ascertain the impacts of a
variety of NPs on promoting somaclonal variation, more
research is necessary.

Future prospects of nano-integrated plant tissue
culture

The antibiotics developed saved the lives of many people
and still are in high demand. But now in recent times,
there are emerging cases of antimicrobial resistance
where these antibiotics are a huge failure. This condition
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might have been increased in the COVID-19 pandemic
due to the high usage of antibiotics which can later
cause hindrance in treating bacterial infection due to the
genesis of antibiotic-resistant strain microbes. In the past
few years, nanobiotechnology has been placing its feet in
the research field where, with the help of nanoparticles,
various diseases can be treated due to its targeted drug
of various diseases where it may play its role nanobiotics.
In the current scennario nanoparticles playing a vital role
in applied biotechnology in general and in plant tissue
culture in particular. NPs have shown their beneficial
functions from the initial phase through disinfection,
differentiation of the callus, genetic change, somaclonal
variation, and synthesis of secondary metabolites. After
setting the stage, it is time to study and delve further into
nano-resources and incorporate them into plant tissue
culture because nanotechnology has more to offer. The
application of nanotechnology is interdisciplinary and
has virtually no bounds. A few NPs, such as Ag, TiO,,
Zn, and ZnO NPs, have so far been mostly exploited
for controlling microbial contamination in plant tissue
culture despite the fact that a wide variety of NPs have
been shown to possess substantial antibacterial activity.
It is time to go even further into these vast reservoirs
of nanotechnology since cutting-edge substances like
graphene, graphite, quantum dots, carbon nanotubes,
polymer dendrimers, and atomic clusters are being
produced, all of which have shown bactericidal and
fungicidal properties.

Conclusion

Antimicrobial resistance, as well as plant nano-
biotechnology, is undoubtedly becoming a well-known
and promising topic with high potential for plant
improvement, even with all of these unreported facts
casting a shadowy background over the field. More
focused research is needed to explain and streamline the
process so that only the positive features can be utilized
without being exposed to the negative impacts.
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