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In recent years, lipid nanoparticles (LNPs) have attracted considerable attention because of their ability to 
efficiently deliver sensitive biomolecules such as RNA. In particular, LNPs have been used as drug delivery 
systems (DDS) in the COVID-19 vaccine to deliver mRNA.[1] Previous studies have shown how both the pH 
and the buffer used for their preparation affect the phase of the bulk phase of the LNPs and the transfection 
efficiency of the LNPs in the cells.[2] However, the effect of the preparation buffer on the interaction between 
LNPs and endosomal membranes, a crucial step for endosomal escape and cytosolic delivery, remains poorly 
understood. To better understand the endosomal escape, and whether this process is also influenced by the 
buffer, LNPs have been prepared using 3 different buffers at pH 4.5 and their interactions with a model of the 
late endosomal membrane (LEM) have been studied through different surface techniques. Phosphate and citrate 
buffers were prepared at an ionic strength of 0.1 M to allow direct comparison, while McIlvaine, a phosphate-
citrate buffer prepared by mixing a 0.1 M of citric acid solution with a 0.2 M of disodium phosphate solution 
presented a higher ionic strength (0.2 M) as the concentration was not changed to avoid any modification of the 
original composition. LNPs have been prepared using a microfluidic system and two different lipid 
formulations: an Onpattro-like composition, corresponding to the first FDA- and EMA-approved LNP system 
for siRNA delivery, and a DSPC-rich formulation, known in literature to have an extended circulation lifetime 
and an increased transfection. [3] The lipids used for the nanoparticles are D-Lin-MC3-DMA, Cholesterol, 
DSPC and DMPE-PEG2000 in a molar ratio of 50:38.5:10:1.5 for the Onpattro composition and 50:10:38.5:1.5 
for the High-DSPC composition. The LEM mimic has been prepared using POPC,DOPE,Cholesterol and 
BMP18:1 in a 61:16:17:6 molar ratio.[4] All interaction studies were carried out in McIlvaine buffer at pH 5.5 to 
reproduce the acidic environment of late endosomes.[5] Quartz Crystal Microbalance with Dissipation 
monitoring (QCM-D) experiments were performed by forming a supported LEM bilayer on the sensor surface, 
followed by LNP injection. LNPs prepared in phosphate buffer gave the highest adsorption (467 ± 67 ng/cm2 
and 437 ± 70 ng/cm2 for High-DSPC and Onpattro formulation respectively), followed by citrate-LNPs (343 ± 
35 ng/cm2 for High-DSPC formulation and 290 ± 41 ng/cm2 for Onpattro formulation) and McIlvaine-LNPs 
(243 ± 39 ng/cm2 and 193 ± 42 ng/cm2 for High-DSPC and Onpattro formulation respectively). Using QCM-D, 
the adsorption isotherm of LNPs prepared in citrate buffer pH 3 has been studied as a function of the LNPs 
concentration. The data has been fitted using a Freundlich isotherm, giving a KF of 855 ± 85 mL/mg and an n 
value of 1.68 ± 0.09. Complementary Langmuir Blodgett (LB) experiments were carried out by depositing a 
LEM monolayer on the surface of the McIlvaine buffer pH 5.5 placed in the LB trough and the LNPs have been 
injected underneath the monolayer to study their influence on the surface pressure (SP). Phosphate-LNPs gave 
the highest rise in SP (43 mN/m and 47 mN/m for High-DSPC and Onpattro LNPs respectively), followed by 
McIlvaine-LNPs (33 mN/m and 37 mN/m for High-DSPC and Onpattro LNPs respectively) and Citrate-LNPs 
(29 mN/m and 32 mN/m for High-DSPC and Onpattro LNPs respectively). These results indicate that 
phosphate-LNPs exhibit the strongest fusion capability toward the endosomal membrane model, whereas 
citrate-prepared LNPs display the weakest interaction. The different trends in the strength of interaction between 
LEM-LNPs seen using QCM-D and LB might be attributed to the fact that the former accounts for all the 
interactions between the LNPs and the LEM (that is, binding and fusion), while the latter only shows fusion 
events. Neutron Reflectometry (NR) and Total Internal Reflection Fluorescence (TIRF) microscopy 
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measurements planned in the near future will help to further understand how the differently prepared LNPs 
interact with a LEM mimic. 

 

 
 

Figure 1 – LNP interaction with LEM. Example of QCM-D measurement (A). Areal mass of LNPs (High-DSPC and 
Onpattro) prepared in different buffers and adsorbed on a LEM bilayer in QCM-D analysis (B). Adsorption isotherm of 

citrate LNPs on a LEM bilayer in QCM-D analysis with increasing concentration of LNPs dispersions (C). Interaction of 
LNPs prepared with different buffers on a LEM monolayer on LB measurements (D). 
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