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Whereas the bilayer organization of biomembranes can be reconstituted in artificial liposomes with a simple lipid
composition, biological membranes contain thousands of different lipid species, whose cellular distribution is stringently
controlled. This complex distribution of lipids suggests that the targeting of lipids is highly regulated and that cells require
a complex lipid supramolecular organization within their membranes. Our aim is to understand the organization, assembly
and function of specific lipids and lipid domains. For this purpose, we developed several lipid-specific probes and a new
inhibitor of sphingolipid biosynthesis. These tools, in conjunction with biochemical, biophysical and cell biological
approaches are now starting to provide valuable information to understand lipid supramolecular organization.

1. Cholesterol controls lipid endocytosis through rab11

Cellular cholesterol increases when cells reach confluency in Chinese hamster ovary (CHO) cells. We examined the
endocytosis of several lipid probes in subconfluent and confluent CHO cells. In subconfluent cells, fluorescent lipid probes
including poly(ethylene glycol)derivatized cholesterol, 22-(N\-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino)-23,24-bisnor-5-
cholen-3B-ol, and fluorescent sphingomyelin analogs were internalized to pericentriolar recycling endosomes. This
accumulation was not observed in confluent cells. Internalization of fluorescent lactosylceramide was not affected by cell
confluency, suggesting that the endocytosis of specific membrane components is affected by cell confluency. The crucial role
of cellular cholesterol in cell confluency-dependent endocytosis was suggested by the observation that the fluorescent
sphingomyelin was transported to recycling endosomes when cellular cholesterol was depleted in confluent cells. To
understand the molecular mechanism(s) of cell confluency- and cholesterol-dependent endocytosis, we examined
intracellular distribution of rab small GTPases. Our results indicate that rabll but not rab4, altered intracellular
localization in a cell confluency-associated manner, and this alteration was dependent on cell cholesterol. In addition, the
expression of a constitutive active mutant of rab1l1l changed the endocytic route of lipid probes from early to recycling
endosomes. These results thus suggest that cholesterol controls endocytic routes of a subset of membrane lipids through
rabl1.

2. Curvature-dependent recognition of ethanolamine phosphololipids by duramycin and cinnamycin

Duramycin is a 19-amino-acid tetracyclic lantibiotic closely related to cinnamycin (Ro09-0198), which is known to bind
phosphatidylethanolamine (PE). The lipid specificity of duramycin was not established. The present study indicates that
both duramycin and cinnamycin exclusively bind to ethanolamine phospholipids (PE and ethanolamine plasmalogen).
Model membrane study indicates that the binding of duramycin and cinnamycin to PE-containing liposomes is dependent
on membrane curvature, i.e., the lantibiotics bind small vesicles more efficiently than large liposomes. The binding of the
lantibiotics to multilamellar liposomes induces tubulation of membranes, as revealed by electron microscopy and
small-angle x-ray scattering. These results suggest that both duramycin and cinnamycin promote their binding to the
PE-containing membrane by deforming membrane curvature.

3. De novo biosynthesis of the late endosome lipid, bis(monoacylglycero)phosphate

Bis(monoacylglycero)phosphate (BMP) is a unique lipid enriched in the internal membranes of the late endosome where
it participates actively in the trafficking of lipids and proteins through this organelle. The de novo biosynthesis of BMP has
not been clearly demonstrated. We investigated whether phosphatidylglycerol and cardiolipin could serve as precursors of
the BMP de novo synthesis using two different cellular models: Chinese hamster ovary (CHO) cells deficient in
phosphatidylglycerophosphate (PGP) synthase, the enzyme responsible for the first step of phosphatidylglycerol synthesis
and human lymphoblasts from patients with Barth syndrome characterized by mutations in tafazzin, an enzyme
implicated in the deacylationreacylation cycle of cardiolipin. The biosynthesis of both phosphatidylglycerol and BMP was
significantly reduced in the PGP synthase-deficient CHO mutants. Furthermore, overexpression of the PGP synthase in
the deficient mutants induced an increase of BMP biosynthesis. However the cellular content of BMP remained unchanged,
most likely because of the slower turnover of the lipid in the phosphatidylglycerophosphate synthase-deficient mutants. In
contrast to CHO mutant, BMP biosynthesis and its fatty acid composition were not altered in Barth syndrome
lymphoblasts. Our results thus suggest that in mammalian cells, phosphatidylglycerol, but not cardiolipin, is a precursor of
the de novo biosynthesis of BMP.

4. EC-STM observation on electrochemical response of fluidic phospholipids monolayer on Au(111) modified with 1-octanethiol

Electrochemical scanning tunneling microscopy (EC-STM) was applied to observe phospholipid layers over
thiol-modified gold substrates as a model biological cell membrane. On a monolayer of 1-octanethiol on Au (111), a synthetic
lipid, 1, 2-dihexanoyl-sn-glycero-3-phosphocholine, was introduced in a neutral 0.05M NH4CIO4 buffer solution. The lipid
molecules formed a fluidic layer at 0.0V vs. RHE of the substrate electrode potential. By cycling the electrode potential
between +0.2V and -0.2V, the lipid layer reversibly changed over between the fluidic phase and a striped/grainy structure.
This structural change might involve partial decomposition and oligomerization of phospholipids. This method will
contribute for molecular biology by revealing the nanometer-scale structure of cell membrane.
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