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The two-faced 
plant viruses: 

from plant 
pathogen to smart 

nanoparticles 



Infectious agent capable of replicating exclusively within a cell (animal,

vegetable, bacterial) in a highly host-specific manner

Obligate intracellular parasite

Nucleic acid

Capsid

Surface
glycoprotein

EnvelopeXX



1- Cell entry, disassembly, viral genome release.

2- Viral genome translation to immediately produce viral proteins

involved in replication.

3- Subgenomic RNAs production (if requested).

4- Production of proteins involved in movement and assembly.

5- Virion assembly.

6- Virion movement and systemic infection spreading.



1- Few ORF coding for multifunctional 
proteins

2- Adoption of several strategies to 
produce different polyproteins, as leaky 
stop codons, frameshift….

3- Subgenomic RNAs 

• Viral genome organization • Uses

- “cross-protection” or “mild strain 
protection” systems

- Viral vectors for heterologous 
proteins expression or epitope 
presentation

-Vectors for host gene silencing and
functional genomics analysis

- Nanotechnology



Plant viruses as expression vectors





Plant viruses for biopharmaceuticals production



Mammals cells lines E. coli Insect cells lines Yeast

Bioreactors



Plant Molecular Farming

Eukaryotic expression system Low costsEasy and rapid scale-up Biosafety





Vertical farming



Plant viruses in 
nanotechnology

Drug delivery

Diagnosis
Imaging

Pest Control

Vaccines
Immunotherapy

Gene therapy

Thermal therapy

Enzyme 
nanocarriers

Tissue 
engineering

Biomedicine

Nanoreactors

Agriculture

Energy storage

Photovoltaic

Biosensors

Nanomaterials

Plasmonic 
metamaterials



• Very different in shape and dimension

• Easy, safe, rapid production in plants

• Self-assembly

• High surface/volume ratio

• Modification of the surface

• Modification of the inner

• Genetic engineering

• Bioconjugation

• Standard chemistries



How can we 
modify plant 

viruses ?

EncapsulationBioconjugationGenetic modification



   PVXPlant Viruses @ ENEA

Alphaflexiviridae
Potexvirus

Filamentous, flexible

Lenght: 500 nm 
Diameter: 13 nm

ss(+) RNA 6400 nt

1300 Coat Protein (CP)

POTATO VIRUS X - PVX



PVX in Biotechnology @ ENEA

Plant virology 
CVPs stability

Virus movement 
CP-Virion structure 

Antimicrobial 
peptides

PVX wt

PVX mutant



New Vaccine Formulations
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Antigen

Epitope



Diagnostic kit for Sjogren’s Syndrome

Lipocalin is the major lipid binding protein
in human tear fluid

Lipo peptide

Lipo peptide is recognized 
by autoantibodies present 

in patients sera

Fusion of Lipo peptide to 
PVX CP



How does it work ?

Sjӧgren Patient

Healthy Patient

Does it work ?

SPECIFICITY

Ability to identify healthy people

SENSITIVITY

Ability to identify sick people

Specificity

False positives

90%

Sensitivity

False negatives

98,8%



Easy, rapid, not invasive → ELISA test

Reliable, sensible, specific, stable for at least 60 days → lipocalin peptide, PVX

Cheap → in planta production

 



AVIan viral disease prevention and control with 
plant vaccines for the MEDiterranean area (AVIAMED) 

21

http://aviamedproject.net/

NDV

IBDV

Vaccine

DIVA test
(Differentiating Infected from Vaccinated Animals)

http://aviamedproject.net/


Tomato Bushy Stunt Virus

TBSV
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Tombusviridae
Tombusvirus

Icosahedral
Symmetry T=3

Diameter: 30 nm

ss(+) RNA 4788 nt

180 Coat Protein (CP)

Genetic engineering

Bioconjugation

Infusion

Prof. Luca Santi

Plant Viruses @ ENEA



Biodistribution Evaluation
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The NANOCROSS project
Plant virus nanoparticles for blood-brain barrier crossing and medulloblastoma targeting

Medulloblastoma is a brain tumor affecting mainly young children, with the highest risk of unfavorable outcome and/or 
severe and life-long side effects for the aggressive nature of currently used therapy (surgery/radiotherapy/chemiotherapy)



In vivo therapeutic efficacy
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Enzyme nanocarriers (ENCs)

virusvirus

A B BBA A

virusvirus

A

B

A

B

A

B

A

B

A

B

A

B

Coiled-coil interaction
Prof. Heribert Warzecha

Lichenase

Tissue Egineering

Nucleation cages, mineralization, crystals production

Liquid crystals systems

Biosensors

Photovoltaic devices

Viruses as nanomaterials



Chiara Lico
chiara.lico@enea.it 

https://bioag.sspt.enea.it/ 

Than you for your attention
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