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Abstract of Thesis

Lipid rafts show a similar character to the lipid ordered (Lo) phase in artificial membranes, which are often
represented by microdomains enriched with sphingolipids and cholesterol (chol). The physicochemical
properties of the specific lipids are believed to be important for fulfilling the rafts’ functions such as cellular
signal transduction. To gain better insight into the role of lipid rafts in these processes, a direct optical
visualization of these domains is essential. The Raman image can be generated by measuring a specific
molecular vibration to locate the Raman-tagged molecules. Three Raman probes of sphingomyelin (SM) were
synthesized and evaluated for their applicability to imaging experiments. One probe containing a
hydroxymethyl-1,3-butadiyne moiety in the polar head group showed strong scattering. The solid-state
deuterium nuclear magnetic resonance (2Ll NMR) spectra of the probe revealed excellent compatibility with
natural SM in phase behavior by indicating that the probe undergoes phase separation to form raft-like Lo
domains in the raft-mimicking mixed bilayers.

Uncovering the behavior of individual lipids in membranes is necessary for a better understanding of the
molecular mechanisms underlying the biomedical functions of lipid rafts. Dioleoylphosphatidylcholine (DOPC)
is a typical liquid disordered (Ld).component in raft-model membranes, and has often been used to prepare a
ternary mixture with SM and cho! that forms L/Ls-co-existing bilayers. Although incorporation of unsaturated
DOPC into Ly phases is energetically favorable, a small amount of DOPC is always found in L, phases.
However, this phase segregation is difficult to detect using a previously reported DOPC probe ([C11-2Hz]
DOPC). [C6-*H;] DOPC was designed based on molecular dynamics (MD) simulation and synthesized through
a highly efficient synthetic route. [C6-°Hz] DOPC shows clear phase separation and characteristic phase
behavior at various temperatures. It was successfully utilized for the comparison of membrane properties
between SM and dihydrosphingomyelin (DHSM) membranes.

It is of great biological significance to understand how the lipids and proteins interact in membranes.
Bacteriorhodopsin (bR) is the only protein in the purple membrane (PM) of Halobacterium halobium and exits
in trimer form with 6 lipids located within the trimer and 24 lipids surrounding the protein surface.

Phosphatidylglycerophosphate methyl ester (PGP-Me) is the major phospholipid in PM. An analogue of




PGP-Me with two simple straight side chains was selected to prepare the model membranes to mimic the native
cellular environment for the in situ study of lipid-protein interactions. A stereoselective synthetic route to the
analogue was developed using H-phosphonate chemistry. 2H-labled PGP-Me analogue was synthesized and
used as an isotope probe for a mesoscopic investigation of lipid-protein interactions in membranes. Solid-state
3P NMR spectra suggested the formation of multiple phases using the analogue in bilayer preparation on glass

plates. 2H NMR spectra provided useful information of lipid-bR interactions in multilamellar dispersions.
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