
Abstract  
 
This thesis focuses on how variations in the glycan headgroup of gangliosides influence 
their ability to form nanoscopic domains within synthetic lipid membranes. 
Gangliosides are key components of membrane heterogeneities, often referred to as 
lipid rafts, and their interactions with other lipid species are crucial for cellular 
processes. To study these mechanisms, this work employs MC-FRET (Förster 
Resonance Energy Transfer analyzed through Monte Carlo simulations), a fluorescence 
technique designed to overcome the resolution limits of traditional microscopy. 
 
MC-FRET enables the detection of nanodomains as small as a few nanometers and 
provides precise measurements of their size and surface density. Crucially, it also offers 
trans-bilayer resolution, allowing the differentiation between inter-leaflet coupled 
nanodomains and those that are independent or anti-registered. This capability 
addresses a critical gap in traditional imaging techniques, which cannot resolve the 
nanoscale thickness of lipid bilayers. 
 
The results demonstrate that fine structural variations in the glycan headgroup, and the 
number and arrangement of sialic acid residues, significantly affect ganglioside 
clustering and nanodomain stability. These structural differences influence both lateral 
interactions with lipids and trans-bilayer organization, highlighting the glycan headgroup 
as a key determinant of ganglioside behavior in membranes. 
 
This research advances our understanding of the molecular mechanisms driving the 
spatial organization of gangliosides and their roles in membrane heterogeneities. By 
combining model systems with an advanced fluorescence technique, the work provides 
new insights into how glycan structure impacts ganglioside distribution and function.  
 


