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Abstract of Thesis

Lipid-based self-assembling nanomaterials hold significant promise across a range of applications.
The organization of lipid molecules into distinct nanomaterial phases is influenced by specific lipid
formulations and preparation techniques, enabling transitions between different states. In this study, we
prepared lipid nanoparticles in various phases and assessed their impact on the cell plasma membrane
during incubation. Interactions with these lipid nanoparticles induced alterations in the lipid composition
and biophysical properties of the cell plasma membrane.

Chapter 1 introduces the fundamental concepts of lipid-based self-assembling nanoparticles and key
properties related to the biophysical properties of cytoplasmic membranes. It also reviews studies on
membrane polarity and fluidity, providing insights into the interactions between lipid nanoparticles
(LNPs) and cell membranes.

Chapter 2 focuses on the preparation and characterization of lipid nanoparticles in different lyotropic
phases. Techniques such as Small-Angle X-Ray Scattering (SAXS), Transmission Electron Microscopy
(TEM), and Cryo-TEM were employed to comprehensively analyze LNP lyotropic phase status and
morphologies. Key parameters of the LNPs across various phases were calculated and compared.

Chapter 3 investigates the properties of lipid membranes across different LNP phases. These
properties were characterized using fluorescence probes (Laurdan and DPH) and Raman spectroscopy.
The 2-OHOA/MO binary component system served as an ideal model for studying membrane properties
during the transition from lamellar to cubic phases. The results provided insights into changes in lipid
packing, membrane-water interfacial polarity, and phase transitions.

Chapter 4 examines the polarity of the cell plasma membrane using Laurdan two-photon microscopy
(TPM). The study reveals that different cell types exhibit distinct lipid membrane polarities. Additionally,
the high resolution of TPM enables the visualization of heterogeneity in membrane fluidity and polarity.
Basing on this methodology, we further investigated how the LNPs modulates the biophysical properties
of cell plasma membranes. We propose that nanoparticle internalization influences membrane
characteristics.

Chapter 5 elucidates the impact of LNPs on membrane dynamics from both physical and biological
perspectives. Building on these findings, we introduce a novel strategy for coating cubic-phase lyotropic
liquid crystalline nanoparticles (Cubosomes) with cell membranes. This biomimetic surface modification
aims to create a stabilized, immune-evasive nanodrug delivery system (DDS).

Chapter 6 presents the general conclusions of this work. The findings enhance our understanding of
how lipid nanoparticles influence cell plasma membranes, potentially leading to more effective drug
delivery systems utilizing these nanomaterials.
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