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Abstract: Intracellular delivery of messenger RNA for the therapeutic production on proteins can transform 
modern medicine. While lipid-based nanoparticles (LNPs) remain in the forefront of delivery of nucleic acids, 
there endosomal sequestration remains a formidable barrier for cytosolic delivery. In studies with siRNA, even 
the most potent cationic lipids (the active ingredients within LNPs) enable a mere <2% release of nucleic acid to 
its cytosolic target. We have identified novel naturally occurring lipid that can enhance cytosolic delivery of 
nucleic acids and decoded structural activity relationships using analogues of these lipids to reveal the nature of 
endosomal escape processes. We found that these inclusions of these endosomal escape agents can lead to LNP 
mediated mRNA delivery (eLNPs) to about ~200-fold. Cryo-TEM, X-ray scattering, and state-of-the-art imaging 
were used to interrogate nanoparticle shape, internal structure, and intracellular trafficking, respectively. eLNPs 
were of polyhedral morphology with a disordered internal structure, in contrast to the spherical LNPs, which 
possessed an inverse hexagonal phase.  3D-Dynamic Photon Localization Tracking showed that eLNPs had 
improved diffusivity inside cells as compared to LNPs which remain in a mostly immobile state suggesting 
endosomal entrapment. eLNP-delivered mRNA also exhibited substantial cytosolic localization as visualized 
through single-molecule RNA-FISH, confirming that these agents guide in overcoming endosomal barriers by 
inducing structural polymorphism within LNPs. In this talk, I will further discuss the application of LNPs based 
mRNA therapeutics for the treatment of lung and eye disorders.  Understanding the overall structure of 
nanoparticles and their internal networks will enable new designs that lead to the improved subcellular release of 
cargo and boost gene delivery.  
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