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Å Tiny delivery systems (1ï1000 nm)

Å Transport active ingredients (e.g., drugs, fertilisers, pesticides)

Å Improve stability, uptake, and targeting

Å Allow controlled or sustained release

What Are Nanocarriers?

How small is nanoscale small?

Adapted from Yicong Wu and Hari Shroff, Histochemistry and Cell Biology, 2022.



Nanoparticles commonly used for drug 

delivery in mammalian systems 

Å Liposomes

Å Viral vectors/Virus-Like Particles 

Å Self-assembled proteins: ribbon diagram representing the 

structure of the ferritin protein.

Å Polymeric nanoparticle

Å Metallic nanoparticle

Å Single-walled carbon nanotube

Å Astrucôs 54-ferrocene dendrimer

Å Polystyrene-coated magnetic NPs with core/shell structure

Å Micelle formulation as a drug delivery system

Cancer Nano10, 11 (2019). https://doi.org/10.1186/s12645-019-0055-y
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How Nanocarriers Work: Structure, Cargo, and Release Profile



Virus -Like Particles as Nanocarriers

Reducing Pesticide Usage with VLP Protein Cages, 

VLPs as enzyme systems and many more applicationséééé..
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What is Symmetry

Repetition of Identical Units

Å During capsid formation, each protein subunit forms the same interactions 

with its neighbours.

Å This uniform pattern ensures that when many copies come together, they 

naturally fit into a symmetric, closed shell, like an icosahedron.

There are rules for this SYMMETRYé.

Energetic Favourability Through Symmetry

Å Symmetrical assemblies allow multiple pattern-matching contacts with 

minimal genetic complexity.

Å Instead of having different proteins for every corner or edge, viruses use 

one type of subunit that repeats itself to create a stable, highly ordered 

structure.

Basic 3 -fold Axis





TEM Polio virus









How do you make bigger Viruses?

Viruses would not make bigger proteins but make more subunits per particle

Viral capsid proteins are arranged in nearly

identical chemical environments, which is known

as quasi -equivalence .





VLPs as Nano Carriers in Spray -Induced 

Gene Silencing (SIGS)

How are we applying this knowledge of structural virology in Agriculture?
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80% of this increase must come 

from plant products

50-70% more food required by 2050

-To feed nearly 10 billion people
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Up to 40% of global crop yields are lost annually to

pests and diseases, costing over $220 billion

1  Rising global food demand

2  Crop diseases & pests threaten yields



Global pesticide use has risen significantly since 1990,
now reaching nearly 4 million tonnes annually 

Source:FAOSTAT5  Pathogen evolution challenges control

4  Breeding is time -consuming and limited

3  Heavy reliance on chemical pesticides

2  Crop diseases & pests threaten yields

1  Rising global food demand



5  Pathogen evolution challenges control

4  Breeding is time-consuming and limited

3  Heavy reliance on chemical pesticides

2  Crop diseases & pests threaten yields

1  Rising global food demand

6  Sustainable solutions needed

Ç EU Directive 2009/128/EC : Sustainable use of pesticides



The problem is Synthetic 

Pesticide application in 

Agriculture

The solution is employing Biologicals in 

agriculture...

The Challenge: 

How?



ÁPotato (Solanum tuberosum)

ïGlobal staple crop

ïKey role in global food security

ÁLate blight

ïOomycete, Phytophthora infestans

ïPlant wilting, stem lesions & tuber rot

ïIrish famine in the 19th century

Source: NDSU

Target pathosystem : Potato and late blight

Source: Bayer crop science



Virus -like particles (VLPs) as delivery vehicles

What are VLPs?

Å Empty protein shells derived from viral capsid proteins

Å Lack genetic material and are non-infectious

Å High surface to volume ratio, so concentrated delivery Ÿ 

Potential cost reduction

Å High shelf life, stable over a wide range of pH & temperatures

Different types of viral capsids: (A) helical, (B) icosahedral,
(C) spherical, and (D) complex.

Mejía-Méndez et al. 2022

Virion                                       VLP

200nm

Capsid

Genome



VLPs used in this study

Structure Non-enveloped, icosahedral 

capsid

Capsid 

composition

180 coat protein subunits,

T=3 symmetry

Size ~30 ± 3 nm diameter

Why these VLPs?

ω High dsRNA binding via arginine- and lysine-rich domains

ω Scalable, cost-effective production in E. coli

ω Stable under varied environmental conditions

ω Tailorable surface for ligand or peptide functionalization

ω Proven nucleic acid delivery in other systems

ω Biodegradable and non-infectious for safe field use



Expression of VLPs in E.coli



Loading of VLPs

Å Incorporating plant cell wall penetrating components into VLP assembly enhances cell wall penetration

Å Making the resulting VLPs effective nanocarriers

Å Osmotic Shock for Loading: We can also load the dsRNA into already-formed VLPs. 

Å One common method is using osmotic shock. By placing pre-assembled VLPs in a low-ionic-strength solution, the spaces between the

VLP surface subunits increase.

Å This change in conditions allows the dsRNA to enter the VLPs. The positively charged areas inside the VLPs core attract the dsRNA , 

effectively pulling them inside.



Our Innovation is using  tiny yet powerful Virus -Like -Particles

ÅViruses have thermodynamically very stable protein structures known as capsids

ÅThese cages can be Engineered to be produced in bacteria 

ÅVLPs resemble viruses in their structure but are NOT VIRUSES

ÅNon-infectious, biocompatible, and biodegradable in the crop fields

ÅHigh shelf life of up to 5 years

Å70% reduction in pesticide usage

ÅWe made it at a very low cost (approx. 1/100th of making a pesticide formulation)

We make VLPs as Precise Delivery Vehicles by loading them with pesticides or fungicides



Our Innovation



VLPs as Enzyme Carriers

Ongoing/Future projects



ÅEnzymes are proteins that help speed up metabolism, or the chemical reactions in living 

organisms

ÅThey build some substances and break others down

ÅAll living things have enzymes. Enzymes are employed in various industries from food to 

pharmaceuticals

What are Enzymes? How do they work?

Active site



Virus Like Particles as Enzymes

ÅViruses have thermodynamically very stable protein structures known as capsids 

ÅThese proteins can be engineered as enzymatic agents

ÅWe developed Protein cages that can be working as enzyme carriers

ÅWe made it at a very low cost (1% cost compared to making an enzyme formulation)

ṊNon-infectious, biocompatible, biodegradable and non -GMO

ṊHigh shelf life of up to 5 years

ṊProduction of enzymes at very low costs and industrial scale is possible



VirEnzyme can revolutionize the Enzyme industryé..



Revolutionary Spray -On Gene Editing: Harnessing Virus -Like 

Particles as Efficient CRISPR Nano -Carriers for Plants

Ongoing/Future projects





VLPs for pest management ?????


