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The thesis of David Davidovi¢ deals with a microscopic phase separation of
gangliosides (a class of sialic acid containing glycosphingolipids) in phospholipid bilayers
leading to the formation of nanosized domains, also referred to as lipid rafts. While this
phenomenon is of great importance for understanding the function of biological membranes,
its investigation is difficult because the length scale of the lipid rafts is far below the
resolution of optical microscopy. To unravel the organization of the phospholipid bilayer on
the nanometer length scale, the author uses Forster resonance energy transfer (FRET) between
fluorescently labeled gangliosides in giant unilamellar vesicles (GUVSs) serving as a model of
the cell membrane. For extracting information about the distance distribution of donor-
acceptor pairs and thus about the microphase separation of gangliosides in GUVS,
fluorescence decays are analyzed by means of a Monte-Carlo algorithm (MC-FRET).

The thesis is divided into three chapters. The first chapter is the introduction to lipid
self-assembly (membranes, GUVs, lipid rafts, gangliosides), the second overviews the
principles of the used experimental techniques (fluorescence, fluorescence lifetime imaging,
FRET and MC-FRET). The third chapter is a summary of results published in three papers
(2x Biophys. J., J. Phys. Chem. Lett.) of which D. Davidovi¢ is a co-author, focusing on the
mechanism of forming ganglioside nanodomains in GUVs and the influence of ganglioside
headgroup modifications on the nanodomain formation.

The presentation of the results in the third chapter is clear and well written, providing
a nice summary of David Davidovi¢’s research achievements. On the other hand, | would
appreciate a more detailed discussion of the MC-FRET algorithm in the second chapter,
considering that this technique is essential for the research the thesis is based on. Moreover,
the second chapter also omits mentioning basic technical information about MD simulations
of membranes, despite a large amount of MD data shown in the third chapter. Besides that, |
mentioned several minor errors:

1) The scheme of a micelle (Fig. 2, p. 12) is misleading as it suggests that there is a cavity
inside which is not true.

2) p. 12. “The excited state electron rapidly (on the order of 10™2 s) vibrationally relax to the
lowest vibrational level of the first excited state S1, through process called internal
conversion.” This statement is inaccurate: Internal conversion and vibrational relaxation are



different processes, even though both occur consecutively during radiationless decay of the
excited state.

3) p. 18. “This [fluorescence lifetime] is an intrinsic property of a fluorophore and it does not
depend on fluorophore concentration.” This is not entirely true, some fluorophores are prone
to dynamic self-quenching by excimer formation.

| have several questions for the defense:

1) According to the description of MC-FRET algorithm in Chapter Il, donors and acceptors
are randomly distributed between the nanodomains and the rest of the phoshoplipid bilayer
based on the known values of partition coefficients, Kp(D) and Kp(A). How are these values
obtained or estimated? Can they depend on the radius of the domains, considering the
increasing contribution of interfacial interactions with the decreasing radius of the domains?
How much the uncertainty in Kp(D) and Kp(A) values affect the results of the fit, that is the
domain radius and the surface density?

2) p. 57: “The presence of the sialic acid residues in the glycan headgroup enhances
electrostatic interactions between gangliosides and other membrane lipids, thereby promoting
the segregation into domains.” How does the repulsion between negatively charged sialic acid
residues drive them to segregate into domains? Intuitively, one would expect an exactly
opposite effect.

3) The author reports the average numbers of hydrogen bonds per individual sugar molecules
obtained from MD simulations. Is the probability to form hydrogen bond equal for all OH
groups in the sugar moieties or is there any preference?

In conclusion, my general opinion is that the work of David Davidovi¢ described in
his thesis represents a sound and significant contribution in the field of biophysical chemistry
of phospholipid membranes and | thus fully recommend accepting the submitted thesis for the
defense.
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