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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 strin-
gently controlled. This complex distribution of lipids sug-
gests that the targeting of lipids is highly regulated and
that cells require a complex lipid supramolecular organi-
zation within their membranes. Of particular interest is
the microdomains composed of sphingolipids and choles-
terol. These domains, called “lipid rafts”, are suggested to
be involved in various biological events as diverse as sig-
nal transduction and membrane traffic. Our aim is to un-
derstand the organization, assembly and function of lipid
rafts.

1. Characterization of sphingomyelin-specific
toxin, lysenin

Lysenin is a sphingomyelin-specific toxin isolated from
the coelomic fluid of the earthworm Fisenia foetida. Lys-
enin comprises a family of proteins together with lysenin-
related protein 1 (LRP-1, lysenin 2) and LRP-2 (lysenin
3). We characterized LRP-1 and LRP-2 together with
lysenin using maltose-binding protein-tagged recombinant
proteins. LRP-2 specifically bound sphingomyelin and in-
duced hemolysis like lysenin. In contrast, the binding and
hemolytic activities of LRP-1 was ten times less than those
of lysenin and LRP-2. Lysenin and LRP-2 share 30 com-
mon sites of aromatic amino acids. Among them, only
one position, phenylalanine®'? is substituted for isoleucine
in LRP-1. The activity of LRP-1 was dramatically in-
creased by introducing a single amino acid substitution of
isoleucine?!? to phenylalanine, suggesting the importance
of aromatic amino acids in the biological activities of lys-
enin and LRPs. The importance of aromatic amino acids
was further indicated by a systematic tryptophan to ala-
nine mutation of lysenin. Lysenin contains 6 tryptophan
residues of which 5 are conserved in LRP-1 and -2. We
showed that the conserved tryptophans but not the non-
conserved one were required both in the recognition of sph-
ingomyelin and in the hemolytic activity of lysenin. Our
results suggest the importance of aromatic amino acids of
the toxin for the recognition of sphingomyelin and for the
interaction with the membranes leading to hemolysis.

2. Organization and dynamics of sphingomyelin

Little is known about the heterogenous organization of
lipids in biological membranes. Sphingomyelin is a major
plasma membrane lipid that forms lipid domains together
with cholesterol and glycolipids. Using the sphingomyelin-
specific toxin, lysenin, we showed that in cultured epithe-
lial cells the accessibility of the toxin to sphingomyelin is
different between the apical and basolateral membranes.
Apical membranes are highly enriched with glycolipids.
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The inhibitory role of glycolipids in the binding of lys-
enin to sphingomyelin was confirmed by comparing the
glycolipid-deficient mutant melanoma cell line with its par-
ent cell. Model membrane experiments indicated that gly-
colipids altered the local density of sphingomyelin so that
the affinity of the lipid for lysenin was decreased. Our re-
sults indicate that lysenin recognizes the heterogenous or-
ganization of sphingomyelin in biomembranes and that the
organization of sphingomyelin differs between different cell
types and between different membrane domains within the
same cell. Isothermal titration calorimetry suggests that
lysenin binding to sphingomyelin is presumably the result
of a sphingomyelin-lysenin complex formation of specific
stoichiometry, thus supporting the idea of the existence of
small condensed lipid complexes consisting of just a few
lipid molecules in living cells.

We have generated a truncated lysenin that recognizes
a sphingomyelin-rich membrane but does not oligomerize
and is thus non-toxic. Using this mutant lysenin, we have
shown that plasma membrane sphingomyelin-rich domains
are spatially distinct from ganglioside GM1-rich membrane
domains. Like T-cell receptor (TCR) activation and the
cross-linking of GM1, cross-linking of sphingomyelin in-
duces calcium influx and ERK phosphorylation. However,
unlike CD3 or GM1, cross-linking of sphingomyelin did not
induce significant protein tyrosine phosphorylation. The
combination of lysenin and sphingomyelinase treatment
suggested the involvement of a G-protein coupled recep-
tor in sphingomyelin-mediated signal transduction. These
results thus suggest that the sphingomyelin-rich domain
provides a functional signal cascade platform that is dis-
tinct from those provided by TCR or GM1. Our study
therefore elucidates the spatial and functional heterogene-
ity of lipid rafts.
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