Nucleic acid-loaded lipid nanoparticles optimization and interaction with biological fluids

Lipid nanoparticles (LNPs) are popular tools for delivering genetic materials such as mRNA into cells.
However, when LNPs enter the human body, plasma proteins wrap around their surface to form a
layer called the protein corona, which changes how cells recognize them. In this study, we used a
microfluidic method combined with a Design of Experiments approach to produce two types of
benchmark LNPs: permanently charged cationic LNPs (DDA-LNPs) and pH-sensitive ionizable LNPs
(ALC-LNPs). Both systems successfully loaded a model mCherry mRNA with high efficiency above
80%. We thoroughly characterized the nanoparticles using a multi-instrument approach, and our
results showed that both DDA- and ALC-LNPs formed small and uniform particles. ALC-LNPs, in
particular, maintained good size stability after plasma exposure and showed a slightly lower mean
diameter compared to the cationic counterpart, achieving in any case acceptable size values (< 200
nm). Post-corona mode varies significantly between DDA-LNPs and DDA-mRNA-LNPs (One-way
ANOVA, p < 0.05). This is presumably attributed to the higher exposed positive charge of unloaded
DDA-LNPs, which recruits a different protein profile than mRNA-loaded LNPs, where cargo
encapsulation partially neutralizes surface charge.

Mass spectrometry revealed that the chemical nature of the lipids and the presence of mRNA
strongly influenced the protein corona composition. These findings help us better understand how
surface properties direct protein binding, paving the way for safer and more target-specific RNA

therapies.



