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For a molecular understanding of the biological membrane with its different constituents, their 

mutual interactions need consideration. Membranes are involved in crucial processes, e.g., 

transport processes across the outer and inner parts of a cell, and in reactions at, or within lipid 

layers which enclose the interior of cells. Bio-membranes are known to constitute various kinds 

of lipid molecules and compositions. Hence, their physico-chemical properties play specific 

roles in the detailed function of cells. 

In particular, the present thesis concerns ganglioside lipids which have been shown to cluster, 

or form domains, in systems prepared to mimic bio-membranes. Pictorially, these formations 

are often referred to as “lipid rafts”. Consequently, a lipid bilayer appears heterogenous, which 

is considered as a useful key for the initialization, guidance and control of membrane processes 

at a molecular level. 

To detect the formation of domains, lipids of gangliosides have been used in the present studies. 

Some of these gangliosides were individually labelled with one chromophore group that either 

acts as a fluorescent donor (D), or an acceptor (A). At short intermolecular distances between 

the D-A moieties, so-called FRET (Förster Resonance Energy Transfer) may occur from D to 

A. The abundance of D and A was controlled by their mutual presence with respect to the total 

lipid amount. In recent years, a new method has been introduced where experimental FRET 

data are analysed in a combination with Monte Carlo (MC) simulations. This approach has 

been developed within Dr. Šachl´s research team. Furthermore, the methodology has been 

applied in the PhD candidate David Davidović´s thesis, as is demonstrated in Paper I (M.J. 

Sarmento et al, Biophys. J., 2021). 
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In the Paper II (B. Chmelová, et al, Biophys. J., 2023), interestingly, silico-time-resolved data 

reveal/suggest that the outer and inner leaflets of the bilayers are asymmetric, i.e., nano 

domains need not obey local mirror symmetry. The FRET-MC studies presented in Paper III 

(D. Davidović, et al, J. Phys. Chem. Letters, 2023) propose that a sialic acid residue located in 

oligosaccharide headgroup introduces hydrogen bonding, that may dominate the interaction 

and clustering among the gangliosides. Anyhow, hydrogen bonding most likely would govern 

the formation of domains. The hypothesis is very interesting, and deserves extended studies.  

After reading the doctoral thesis, I find the presentation clear in the context of summarising the 

FRET-MC parts, as well as the conclusions which are in agreement with those outlined in the 

three published papers to which the respondent refers. 

To summarise, I would recommend the present dissertation for defence as it stands. 

 

 

 

Lennart Johansson 

In Umeå, Sweden, on the 28th of February, 2025  

 

Questions for discussion: 

1. Explain/discuss physico-chemical equilibria connected with the lipid vesicles, in 

particular, the GUV samples that were prepared and studied. What are conceivable 

implications? 

 

2. Some chromophore molecules are well known to form ground-state dimers. How would 

such species influence the FRET experiments and the analyses of FRET-MC data? 


