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Abstract Authors

Plant viruses and virus-likeVasudha Sharma
particles (VLPs) have gotten a lot obDepartment of Biosciences & Technology
attention in biotechnology because of theilaharishi Markandeshwar
unique properties and wide range deemed to be University
applications. These entities, which aMullana, Ambala, Haryana, India.
frequently viewed solely as pathogens that
harm plants, have inherent characteristi¥ashika Dhir
that make them valuable tools in a varie@epartment of Biosciences & Technology
of biotechnological applications. One odMaharishi Markandeshwar
the most important applications of plariDeemed to be University
viruses is their ability to act as vectors f(Mullana, Ambala, Haryana, India.
genetic engineering and the introduction of
foreign genes into plants. These viruses c&anny Dhir
be genetically modified to carry andDepartment of Biosciences & Technology
express desired genes, allowing thdaharishi Markandeshwar
development of genetically modified cropPeemed to be University
with improved traits such as diseasMullana, Ambala, Haryana, India.
resistance, yield, and nutritional
content.Furthermore, virus-derived vectors
and VLPs have found widespread
application in the field of nanotechnology.
Because of their self-assembly and
structural stability, they are ideal scaffolds
for nanomaterial synthesis, drug delivery
systems, and as templates for the creation
of novel nanomaterials with tailored
functionalities. Plant viruses and VLPs are
also important in  biopharmaceutical
production. Their ability to express and
produce large amounts of recombinant
proteins in plants has paved the way for the
low-cost  production  of  vaccines,
therapeutic proteins, and antibodies. When
compared to traditional production
methods, this plant-based expression
system provides advantages in terms of
scalability, safety, and affordability.
Furthermore, because of their distinct
structures, VLPs are appealing candidates
for vaccine development against not only
plant viruses but also human and animal
pathogens. These VLPs mimic the native
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structure of viruses without the genetic
material, eliciting a strong immune

response and providing a safer option for
vaccine development.
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INTRODUCTION

Viruses are minute life forms which act as infee agents that occur solely within

the cell and multiply in animal cells, plant celts, bacterial cells. Viruses mostly contains
either of the nucleic acid, may be RNA or DNA, whis encased in a sheath of protein that
shields the viral genes [1]. Viruses are simpleldgmal systems that can evolve highly
effective strategies for damaging cells, commumgattheir genes, and replicating
themselves [2]. Most known viral classes can beetiesly manipulated to make
recombinant viruses that express foreign protéMustly viruses also have a viral encasing
that protects the nucleocapsids by including membigids and proteins of the host cell as
well as glycoproteins of virus that shield viraktteiction outside of the cell and aid in virus
adhesion to the membranes of the host cell. Ove0 Mruses have been thoroughly stated.
However, until the 1950s, there was no advancentententification of virus and its
propagation. When cell culture technology was dgwedl [3, 4]. Animal viruses, because of
their influence on the health of animals as well msnans, and bacterial viruses are
commonly used as a framework to investigate funaaaheconcepts in biological sciences
and virology, have received a lot of attention.nPlruses and algal viruses, despite of their
agricultural importance, are a viral class thatiteagived little attention.

1 Plant Viruses: Like all other viruses, plant viruses are obligatoytosolic infectious

agents that are incapable for reproduction on tbein [5]. The fact that many plant
viruses affect both crop and ornamental plants makem of significant economic
significance. They all include ribonucleic acid (RN but the bulk of them do not have
the fatty membrane that is present in many aninmakgs. RNA viruses are considered to
move from one cell to another through specialisegthmnisms that plants have for
transferring mMRNAs through plasmodesmata. The rsigstificant method of spreading
plant viruses is by insect bites, particularly thamused by aphids and plant hoppers.
Tobacco mosaic virus (TMV), one among the most fapthoroughly researched
viruses, is mechanically propagated by contact wifacted sap. Martinus Beijerinck
first discovered tobacco mosaic virus in 1898.R&nt viruses have gained prominence
in the recent past for various biotechnological lenpentations. Plant viruses are ideal for
vaccine manufacturing because they are recogniggtiedbcongenital immune response
via PAMPs (pathogen associated molecular patteecgptors [7], while not being
harmful to animals including mammals. Plant viruses induce cellular as well as
humoral immunity [8, 9] furthermore, when givendbgh mucosal surfaces, a humoral
immune response [10] or parenteral [11] routesgéne therapy, recombinant viruses
have been employed to deliver specific genes imgben organisms. Improvements in
viral studies and molecular biology have latelylded the construction of levels for the
synthesis of virus-like particles (VLPs) as vactioras which are hostile to emerging
disorders and carrier of viruses for gene therapy.

Virus-Like Particles (VLPs): Virus-like particles (VLPs) are group of two or reor
associated polypeptide chains that form complexgshwnot only look but also behave
like true natural viruses however, they lack thealviDNA. VLPs are made up of
structural proteins associated to viruses thatksélél in reintegration systems. They have
been used as medication and transducing vector amade recently, as tools in
Nanobiotechnology. VLPs have so far mimicked aetgrof viruses, including those with
one or more capsid proteins and may be lipid empesis present (Table -1.)
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Table 1: VLPsarebeing Developed for Preventive Vaccinations

Virus Family Recombinant Envelope | Product | Reference
Proteins
Adeno- Parvoviridae VP1, VP2, VP3 | NO NONE | [12]
associated
virus (AAV)
Ebola Virus | Filoviridae VP40 and Yes there Preclinic | [13]
Glycoprotein are two| al
proteins
Goose Polyomaviridae | VP1, VP2 NO NONE | [14]
haemorrhagic
polyomavirus

The manipulation of viruses and virus-like partc(®LPs) has opened up a novel
pathway for novel applications in the field of l@ohnology. Plant viruses and VLPs are
among the most exciting fields of research andiegipbn. These tiny organisms, which
are frequently regarded as disease-causing adgews,been repurposed and designed to
function as effective instruments for a varietybadtechnological projects. This chapter
examines the various functions of plant viruses\@bEs in biotechnology, ranging from
understanding molecular processes to creating nmes.

II. APPLICATIONSOF PLANT VIRUSAND VLPSIN BIOTECHNOLOGY

1 Role of Plant Virus-based Nanoparticles in Biotechnology: Plant virus-based
nanoparticles (PVNPs) have emerged as potentitddiiaology tools due to their distinct
features and wide range of uses. PVNPs are namdeargenerated from plant viruses,
which are naturally occurring nanoscale entitiepatde of self-assembling into well-
defined shapes. These nanoparticles have severalitsethat make them appealing for a
variety of biotechnological applications: PVNPs aren-toxic and biocompatible in
general, making them appropriate for applicatiora iwide range of biological systems,
including plants, animals, and people. Plant visusave well-defined and homogeneous
structures, as do bacteria. Tobacco mosaic virtdVjTand potato virus X (PVX) are
attractive drug delivery platforms due to theirthagspect ratios. Shape of TMV and PVX
is rod-shaped with capsid proteins encasing RNAogess of single strand that as drug
delivery devices have demonstrated considerablmigeo Icosahedral shape is present in
cowpea mosaic virus (CPMV), which provides distiaclvantages being nanopatrticle
[15]. Heterologous open reading frames are beimgessed by modifying the plant virus
genome. Deciphered virus vectors, for instanceegweeeated first using TMV [16] and
PVX [17; Fig.1].
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Figurel.

Full Viral genome vs. Deciphered virus vectors of A. Tobacco Mosaic Virus (TMV) and B. Potato

Virus X (PVX). RdRp, RNA-dependent RNA polymerase; MP, movement protein; CP, coat protein; GOI,
gene of interest; TGB, triple gene block.

VLPs and VNPs can also be developed using planseg in order to exploit the
as epitope display systems for the manufacturingvaxdcine and scaffolds for tl
amalgamation of medicines or compounds used imdstges (Fig.2). Plant viruses bas

VNPs and VLPs are advantageous since they are not hlammfanimals including
humans and therefore avoid any undesaftereffects.
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o
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Figure - 2.

Graphic representation of TMV and CPMV wild-type virus vs. virus nanoparticles: (A) WT- TMV (left) and TMV
nanoparticle (right) displaying drug moieties conjugated to the surface of virus particle; (B) WT TMV (left)
containing viral RNA and TMV nanoparticle (right) containing drug moieties in the interior of the virus particle;

(C) (i) CPMV intact virion, (ii) empty virus-like particle (eVLP), (iii) drug moieties conjugated to surface of eVLP,
(iv) with drug moieties captured within eVLP.

VNPs are compositions of vir-based nanomaterials that can be utilised a
basis for novel nanomaterials with a rarof molecular characteristics [18]. VNPs
highly symmetrical autgathering systems. They are beneficial becausdingg like
their resilience and abilityo be produced quickly. Several sasembling strategies we
utilised for packaging ligandske small chemical modifiers, peptides, proteinsewen
additional nanostructures within VNPs coupled vdiffierent chemistries [19, 2(
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e Utilisation of TMV in Diagnostic Imaging and Therapeutics: The flat and rounded
form of TMV discs produces a large aspect ratiocase of their flexuous rod-like
forms, TMV particles approach blood vessel waligreasing the possibility that they
will invade sick body regions while gathering insidumour tissues [21, 22]. A
developing area of biomedicine called molecular gmg makes it easier to see,
identify, and assess biological processes in Wagnetic resonance imaging (MRI),
computed tomography (CT), positron emission tomplgya (PET), and optical
imaging are a few of these imaging technologies$ #tlaw for the surveillance of
biochemical and cellular activity in both healthydapathological circumstances in
living subjects. A particular molecular imaging mmed should ideally be able to
provide the best ratios of signal to noise at th&ire@d location while reducing toxicity
[23] .VLPs have a shorter half-life in circulaticemd less retention times than
manufactured nanoparticles, which lessen the hkeld of side effects and make
them more advantageous for molecular imaging tdognes [24] Successful
imaging, targeting atherosclerosis, and thrombbas been done by utilizing TMV
[25]. When TMV was given to mice, it comprised aangRNA that encoded the
green fluorescent protein (GFP), which induced ramunological reaction against
GFP. This demonstrated the viability of using tigshnology for the development of
vaccines [26]. Additionally, TMV has been modifieal exhibit the iLOV protein, a
luminescent probe [27].

Table 2: Givesa Few Instances of How Modified TMV isused for the Treatment of
Diseases
Applicationsof TMV in Medicine

M odifications Outcomes References
On the surface of TMV Mice was protected against muripg28]
particles, coronavirus murinehepatitis virus challenge. Algo
hepatitis virus spike proteinantibody titre was increased.
peptides were displayed. ’n

The 11 amino acid epitope pAnimals were shielded from the[29]
the foot and mouth disease viruEMDV threat with the aid of thi
(FMDV) VP1 protein and thenanoparticle.

extreme C-terminus of the

TMV CP were joined together.

U

» Cowpea Chlorotic Mottle Virus (CCMV) and CPMV Implications in
Biotechnology for Medical Use: The spontaneously reproducing virus CPMV has
been created as a vector for the generation ofrgitptides or polypeptides in plants.
Reproducing and non-replicating viral vectors fapression based on CPMV have
been produced in addition to using it to preseptides [30]. The non-replicating
expression technique is based on a CPMV RNA-2 mtti@at has been deactivated
[31]. High-quality, pure anti-HIV-1 antibodies weproduced in plants using this
CPMV non-replicating technology [32]. In a mouse dalp Patel et al. (2018)
employed radiation and CPMV nanopatrticles to slogvdrowth of an ovarian tumour
[33]. This combined therapy may one day serve as aitu tumour vaccine because
it was able to enhance the number of tumour iafilig lymphocytes (TILs). Plant
VLPs built on the CCMV can be used to administerNAR For instance, utilising
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lipofectamine transfection, CCMV was effectively @oyed for delivering amplified
yellow fluorescent protein (EYFP) mRNA to mammalBiHK-21 cells [34].

2 Virus-Like Particlesin Plant-based Vaccine Development: Virus-like particles (VLPS)
are non-contagious, self-assembled entities tismmble viruses but do not multiply or
cause disease. They are a necessary componeng iorghtion of vaccines based on
plants, which show various benefits over classieatine techniques. Due to its potential
to revolutionise vaccine manufacture and dissenunafplant-based vaccine are used
extensively. Many conventional vaccines must basjparted and stored in cold storage
to keep them stable. In some instances, it has eemnstrated that plant-based VLP
vaccines are more stable at warmer temperaturashudssens the reliance on the cold
chain for distribution and storage. This is esgdbclzelpful in areas without easy access
to refrigerated facilities [35, 36]. Plant-basedtaiae production using VLPs is a cost-
effective and scalable approach because plantbegnown in controlled environments,
providing a stable and reproducible system for \Bt&duction. Additionally, plant-based
production eliminates the need for specialised allture facilities required for
traditional vaccine production methods, which can dostly and limited in capacity.
VLPs outperform vaccinations based on whole orgaria@mulations or subunit antigens
in terms of protection, antigenicity, antigen sli&pi and manufacturing, and have thus
gained substantial popularity as a premier vacpiadorm [37]. VLPs can be made to
surface-display particular antigens. The pathogensh as viruses, can serve as the
source of these antigens. When these antigen-glisgl&/LPs are ingested into the body,
they set off a powerful immune response that resultthe creation of antibodies and
memory cells that offer defence against the actisdase. VLPs are a great antigen
presentation platform for vaccine development bgseanf this. While disabled or dead
pathogens still generate strong immune responsgs@nthe primary source of defence
for many infectious diseases, the possibility oferatated pathogen reversal or
insufficient inactivation of dead pathogen vaccira®sains a severe safety concern. VLPs
are non-infectious and lack viral nucleic acid, mgkthem a secure vaccine alternative
than weakened or inactivated viruses. VLPs derifredh palatable plants present a
uniqgue and economical method of developing gut maicoimmunity by oral
administration [38]. Influenza A HIN1 HA envelopdd P and VLP NVCP non-
enveloped VLPs are one of the examples of PlantetrVLP-based vaccinations that
have progressed to the human clinical investigatitage, as well as approved by the
FDA plant-derived human medications.

3. Plant Viruses. First Generation Vectors. Using plant viruses as transient expression
vectors had numerous benefits over transgenic regstacluding the ability to be used
with different plant species [39]. A gene-replacemapproach in which the GOI
substituted the CP of the brome mosaic virus (BMM} characterised as the first viral-
based vector to be reported. [40] However, themdxnant virus was only able to infect
injected cells because it was lacking the CP, wipokvented it from spreading. In
following studies with TMV-based vectors, the GOasvput ahead of the intrinsic CP
gene and controlled by an additional sub genomi&Rmoter. However, the structure
was unsteady, and homologous recombination restuted deletion of the inserted
sequence and the reversion of the virus to its-tyjhe state [41].
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Plant Viruses in Second-Generation Vectors and Recombinant Expression
Technology: Despite the efficacy of vectors made of virusesetdasn a full genomic
sequence in producing recombinant proteins, strestwith substantial inserts shown
fragility and little widespread dispersion. [42,]43hese disadvantages influenced the
development of next-generation vectors, during Wwhice genome of the virus was
divided into a replication unit containing the stuwral elements essential for gene
expression and replication, and plant invasion weisted externally. Recombinant GOI
was used in this method to replace the viral MP/@n@P genes, and the carrier virus
was injected into plants as part of AgrobacteriufRBNA delivery [44] and also through
biolistic bombardment [45]. Potato virus X (PVX) carifMV [46] were the first
monopartite RNA viruses to be used as deconstructases.

4. The Ddlivery of CRISPR Reagents by Plant Viruses: Since the early days of genetic
engineering, Viruses of plants have been employedaariers to express heterologous
genes. The ability to manipulate the viral genomeplants to express heterologous
proteins and RNAs has been made possible by thelaf@went of molecular biology and
high-throughput sequencing technology. Numerougmnestudies have highlighted the
prospective for employing plant viral vectors aansient means of distribution for
CRISPR-Cas reagents in plants [47]. Plant viruses carrently the most effective
alternate method in which plant cells were infdateth CRISPR-Cas reagents.. Recent
advancements in GE technology have compelled r&fsel@ to using viral vectors to
successfully transfer GE chemicals into plant cells

* Geminiviruses and Genome Editing: What Role Can They Play?: The biggest
viral family, Geminiviridae, is composed of circulasingle-stranded (ss) DNA
viruses that invade a diverse range of hosts, ditucereal and fibre crops such as
cotton fibres, grain, wheat, cucurbits, tomatoes] anany ornamental and weed
species worldwide. [48,49,50] and presently creasegnificant danger to global food
security. Vectors produced frorgeminiviruses have been widely employed to
produce proteins, vaccines, and to silence geriag timnctional genomic techniques
[51]. According to GE, geminivirus-based replicdreve garnered a lot of attention
and successfully applied genome-editing technidi#Zds[ Geminiviruses are
exceptional in the ways listed below, making thetraative vectors for plant genome
editing: (1) being able to simultaneously infedaiae variety of plants from different
kinds; (2) beginning of replication inside hostguges a relatively small amount of
proteins; (3) The intergenic region's native pragn@nd any user-specific inducible
or constitutive promoters control its expressio][%4) autonomously reproduce
inside the host through replication that is basedomologous recombination (HR)
[53]. Geminiviruses have been modified to servevastors for the production of
heterologous proteins in plants [54].

* Challenges and Limitations in using Plant Virus and Virus-Like Particle in
Biotechnology: Biotechnology based on plant viruses and virusi&gicles (VLPS)
has showed considerable potential in a number pficgions, but it also has a
number of drawbacks. Plant viruses and VLPs' stalid a significant problem. The
activity and integrity of these particles may bepaunted by environmental factors as
temperature, humidity, and pH. For practical agtlans, stability during storage and
delivery is essential. It can be challenging toaobsubstantial yields of plant viruses
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and VLPs. These particles are frequently producedlants using a temporary
expression technique, which may produce lower giéhén conventional recombinant
protein expression systems. Also plant viruses \@hies can be difficult to purify.
There is a possibility of recombination with wilgse plant viruses when employing
plant viruses for biotechnology, which could resmtthe development of novel
viruses with unknown features and possibly unfarassnvironmental effects.

[11.CONCLUSION

The diverse roles of plant viruses and VLPs intdmbnology highlight their

importance as powerful tools for driving innovatiofheir contributions in various fields
highlight their potential for addressing agricuétlihealth care, and technological challenges,
paving the way for long-term and significant bidteology advancements. Continued
research and exploration of these entities bodeB foe future breakthroughs and
applications.
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