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Bio-based agrochemicals play an important role among new crop protection strategies, which should enable 

a more resilient and environmentally friendly agriculture. The intensive use of crop protection products raised 

major concerns due to the increasingly frequent occurrence of antimicrobial resistance in pests and 

pathogens. Exploiting the natural plant immune system proved to be effective against different pathogens 

and represents a valuable alternative for crop protection.  

Plant immunity can be induced through immunity-triggering peptides from both microbial and plant origins. 

However, their application in agriculture is hampered by their poor environmental stability and easy 

degradation. The delivery of peptides to plant cells is one of the most important hurdles faced by this 

approach, and innovative delivery systems are necessary to overcome those obstacles. Plant viruses are 

naturally occurring nanoparticles and have been largely employed to deliver a cargo to the desired target. 

The development of viral nanoparticles made from plant viruses is especially attractive due to their non-

infectivity to human cells and absence of any genetic material; therefore, they are named empty virus-like 

particles (eVLPs). Thanks to their proteinaceous nature, eVLPs can be easily engineered to expose on the 

outer surface a peptide of interest, thus combining the bioactivity of the peptide with the stability of a viral 

capsid. Here, we show the possibility of engineering eVLPs derived from the Cowpea Mosaic Virus (CPMV) 

with immunity-triggering peptides using plants as bio-factories for protein production in an environmentally 

friendly and scalable process. We further demonstrate that such nanoparticles can enter leaf tissues and 

induce plant defence responses in the model plant Arabidopsis thaliana, thus providing the basis for a new 

and innovative strategy for crop protection. 
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