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Abstract

Materials with external dimensions of one or more nanometers are referred to as nanomaterials. These structures result
from a number of manufacturing processes. They are used in many industries, including pharmaceuticals, which is the most
significant one. Numerous variables, including size, shape, surface morphology, crystallinity, solubility, etc., affect
physical properties. While new physical and chemical processes are being created constantly, the biological method is the
ideal strategy for synthesizing nanoparticles since it is straightforward, safe, and economical. Different kinds of
nanoparticles can be metabolically synthesized by a wide variety of biological sources, including plants, bacteria, fungi,
and yeast. There are many biomolecules, including proteins and coenzymes, that can change the metal salts into the
necessary nanoparticles. There were numerous techniques for creating RNA nanoparticles. The first tactic makes use of
the natural RNA nanoparticles' collection process. The second strategy entails extending the widely used DNA
nanotechnology approach to the field of RNA; the third strategy uses computational methods to produce RNA
nanoparticles; and the fourth strategy uses preexisting RNA structures or those with known properties as fundamental
building blocks in the synthesis of RNA nanoparticles. The purpose of this paper is to give an overview of the significance
of RNA nanotechnology, a novel idea in the field of nanotechnology.
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INTRODUCTION

All of the instruments that people have developed to
improve productivity, make life simpler, and alter the
way we learn are collectively referred to as "technology."”
It also contains all the data that is related to these
technologies [1]. The same material can be produced in
a variety of ways and have varied quality, and additional
heating activities can change the material's properties.
Particles mirror the atomic dimensions on the micro scale
and have an impact on all mechanical, physical, and
chemical properties [2]. It has been possible to do more
in-depth research on the properties of both inorganic and
organic substances by fusing engineering technologies
with various biological sciences [3]. Significant
improvements in a variety of fields, particularly in the
fields of medicine and closely linked sciences, have been
made as a result of the development of production and
analytical technologies. Materials with external
dimensions of one or more nanometers are referred to as
nanomaterials. The last material dimension before the
atom is the nanoscale [4]. The fundamental cause of the
observed difference between the particular criteria of the
same material at two distinct scales is an increase in the
surface area to volume ratio when the size of these
materials decreases [5,6].

Nano Structures and Properties

Nanostructures, which are created via a variety of
manufacturing processes, are used in a wide range of
industries, including medicine and the production of
everyday goods [7]. Size, shape, solubility, and other
physical characteristics are examples. Chemical
characteristics include things like hydrophobicity,
photocatalytic activities, and molecular structure [8].

Synthesis of Nanoparticles

On a daily basis, novel physical and chemical techniques
are being investigated to produce nanoparticles. Due to
its simplicity of usage, biocompatibility, and low cost,
the biological method is the best method for synthesizing
nanoparticles [9]. Use of dangerous and extremely
poisonous materials is common in the chemical and
physical processes of synthesizing nanoparticles [10].

Leading-edge synthesis

The method used in this procedure is destructive; the
larger molecules in the bulk material are divided into
smaller ones, which are then converted into
nanoparticles [11].

Pyrolysis

Heating causes a chemical breakdown process, which is
what happens. The entire molecular bonding is destroyed
by the high temperature [12]. Metal breaks down at a
specific temperature, producing nanoparticles [13].

Ball-milling

It is a useful technique for producing vast numbers of
nanoparticles. The simplest mechanical operation is the
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ball mill. Numerous forms of nanoparticles are created
during the ball milling process [14].

Lithographic methods

The bulk of micron-sized features can be produced via
lithographic methods, but they are energy-intensive and
expensive [15].

Laser cutting

With the use of the laser irradiation synthesis in
solution method, producing nanoparticles is a simple
and straightforward process [16].

Sputtering

This method involves ejecting particles to deposit
nanoparticles [17].

Bottom-up approach

This approach is occasionally referred to as a
"constructive methodology.” It goes against the cutting-
edge strategy. This process turns a relatively simple
substance into nanoparticles [18].

Chemical vapor deposition (CVD)

In this method, the substrate is covered with a thin layer
of a gaseous reactant [19].

Sol-gel technique

A sol is a colloid made up of particles suspended in a
liquid stream. A solid macromolecule that has been
dissolved in a liquid is called a gel. This technology is
the preferred bottom-up strategy for nanoparticle
synthesis since it is simple to utilize [20].

Spinning

Nanoparticles are generated through spinning. A
spinning disc reactor (SDR), which aids in temperature
control, is used to create the nanoparticles [21].

Biological synthesis

It entails the production of nanoparticles using a variety
of living cells, including bacteria, fungi, and plant
extracts (Phytonanotechnology). The manufacturing of
nanoparticles in a safe and environmentally acceptable
manner has been made possible by phyto-
nanotechnology. Phytonanotechnology uses water as a
reducing agent to produce materials that are
biocompatible. Microorganisms are nanofactories that
have a great deal of promise as economical tools, are
acceptable to the environment, avoid toxic and harsh
chemicals, as well as the energy requirements for
producing nanoparticles [22, 23]. Microorganisms are
able to accumulate and detoxify heavy metals due to the
presence of many reductase enzymes [24]. These
reductase enzymes are necessary for the synthesis of
nanoparticles from metal salts [25]. In recent years,
yeast, fungus, and bacteria have significantly contributed
to the production of nanoparticles as reducing and
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capping agents [26]. Different kinds of nanoparticles can
be metabolically synthesized by a wide variety of
biological sources, including plants, bacteria, fungi, and
yeast. Proteins and coenzymes, among other
biomolecules, are able to transform the metal salts into
the necessary nanoparticles [27]. The plant's leaves,
stems, roots, and fruits all contain these biomolecules. In
addition, a variety of naturally occurring nanoparticles
are produced by proteins, vitamins, and secondary
metabolites [28]. Bacteria are used to create
nanoparticles because of their capacity to reduce metal
ions. The biological catalysts for the creation of
nanoparticles are fungi. Unicellular microorganisms like
yeast, which are present in about 1500 species, are also
capable of producing nanoparticles [29-31].

RNA Nanotechnology’s and

Distinctiveness

Importance

Although RNA and DNA nanotechnologies are related
fields of science, the distinctive qualities of RNA that
distinguish them from DNA features may call for the
creation of a new field [32,33]. Adenine, cytosine,
guanine, and uridine make up RNA. Furthermore, non-
canonical base pairing in RNA promotes folding into
stiff structural motifs that are distinct from the structure
of single-stranded DNA [34]. The non-canonical
characteristic allows for interactions between loop-
receptors and the production of ribozymes. Now it is
possible to create an RNA with eighty nucleotides that
can display up to 10 different structures [35]. In terms of
thermodynamic stability, RNA nanoparticles are
superior to their DNA counterparts; 4-6 RNA
nucleotides are all that are needed to produce stable RNA
helices in solution. In some cases, RNA can form
complexes with only two nucleotides [36,37].

Defining Features of RNA in the Body

After in vivo treatment, the escape of cell endosomes is
a key concern. Cell surface receptors first identify
therapeutic particles before allowing them to enter the
endosome [38]. Purine bases in DNA undergo
depurination when protonated in an acidic environment,
which makes the resulting apurinic DNA brittle. This
improved stability of RNA in acidic environments is
particularly significant in therapy because RNA travels
throughout the cell after endocytosis and remains in the
endosome after cell entrance [39-42]. Another
remarkable property of RNA is its ability to form
nanoparticles in living cells.

Techniques for Constructing RNA Nanoparticle

When making nanoparticles, controlled building blocks
must be used. The self-assembly of RNA building blocks
in a defined manner to produce bigger structures is an
essential bottom-up strategy for successfully integrating
biological processes and biomacromolecules with
nanotechnology. During a functionalized assembly
process, RNAs interact with one another. Another
method for putting smaller pieces together to build a
larger structure without the aid of outside forces is non-
template assembly. [32,43]. There were numerous
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techniques for creating RNA nanoparticles. The first
method makes use of the assembly of natural RNA
nanoparticles, which are capable of creating distinctive
and intriguing multimers in vivo. To produce dimers and
hexamers, the pRNA of the bacteriophage phi29 DNA
packing motor interacts with two right-and-left
interlocking loops [44]. It was discovered twelve years
ago that it is possible to create RNA nanoparticles in
vitro that resemble their natural counterparts [7]. The
second approach is based on DNA nanotechnology,
which makes use of DNA's complementarity to create
nanomaterials by interacting between molecules of
different DNA strands. [45-47]. The third tactic is to
create RNA nanoparticles by the use of computational
methods [46]. The fourth strategy entails starting with an
existing RNA structure or one with a known function in
order to make RNA nanoparticles. Long-term studies
have focused on the structure of RNA motifs and the
mechanisms underlying RNA folding [48].

Conclusion

Similar to DNA, ribonucleic acid (RNA) can be created
and controlled. Additionally, although RNA and DNA
nanotechnologies are related fields of study, the
distinctive qualities of RNA that distinguish them from
DNA features may call for the formation of a new
discipline.
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