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Marine organisms aré a rich source of numerous structurally unique and biologically active secondary
metabolites that may find potential use as effective therapeutics. Among the several promising compounds
include the sponge-derived theomellamides (INMs) and dinoflagellate-derived amphidinols (AMs).

Theonellamides are antifungal and cytotoxic bicyclic dodecapeptides isolated from the marine sponge
Theonella sp. Recently, it has been shown thai TNMs recognize 3 8 -hydroxvsierol-containing membranes, induce
glucan overproduction, and damage cellular membranes. However, to date, the detailed mode of sterol-binding
at a molecular level has not beer determined. To gain insight into the mechanism of sterol-recognition of
TNM in lipid bilayers, surface plasmon resonance (SPR) experiments and solid state deuterium nuclear magnetic
resonance (H NMR) measurements were performed on theomellamide A (INM-A). SPR results revealed that the
incorporation of 10 mol% of cholesterol or ergosterol into 1-palmitoyl-2-oleoyl-sz-glvcero-3-phosphochol ine
(POPC} membranmes significantly enhances the affinity of the peptide for the membrane, particularly in the
initial binding process, to thp' membrane surface, while binding to epicholesterol (3 «

.-cholesterol)—containing membranes was significantly weaker. This increase in affinity is due to direct
intermolecular interaction between thé 3 B -hvdroxysterols in membranes and TNM-A as evidenced by
characteristic changes in the solid state ®H NMR spectra. These results demonstrate that TNM-A recognizes
the 38-00 moiety of sterols, greatly facilitating its binding to bilayer membranes.

It has also become apparent that membrane action of TNM-A does not involve the formation of clear and
distinct pores but more likely morphological changes or deformations. To observe these morphological changes, .
solid state ¥'P NMR and differential interference and confocal fluorescence microscopy were performed. Solid
state 3P NMR revealed the presence of isotropic signals both in cholesterol-containing and sterol-free POPC
liposomes indicating disruption of the membrane, consistent with previous dve leakage experiments. These were
most likely due to regions of high membrane curvature than small fast-tumbling structures based on dvmamic
light scaterring (DLS} measurements. Differential interference and confocal microscopy images using giant
unilamellar vesicels (GUVs} showed clear fluctuations in membrane surface structure indicating regions of
high curvature both in cholesterol-containing (5 mol¥) and sterol-iree POPC liposomes, which occurs more

frequently in the former. These deformations also appear to allow the influx of bulk solution into the vesicles



as observed with a fluorgscent ThM-A derivative. Interestingly, a membrane fission.process was also detected
in both types of liposoﬁés that may account for vacuolar fragmentation reported earlier.

Amphidinols (AMs) are polvketide metabolites from the dinoflagellate Amphidinium kiebsiiwhose structure
is characterized by a polyol and polyene chains separated by two tetrahvdropyran rings. These compounds show
potent antifungal and hemolvtic properties which is believed to arise from its interaction with the 1ipid
bilayer. Indeed, amphidinol 3 (AM3) has been demonstrated io permeabilize sterol-containing liposomes and
its membrane-bound structure where the polyol and polyene chains are Iocated in the membrane surface and
interior, respectively, supportied a toroidal pore mechanism. Despite these findings, a detailed molecular
basis on how AMs recognize sterols on membranes and how the pore/lesion forms in still unclear. Here, it was
demonstrated that pore formation by AM3 was found to occur exclusively in liposomes with 3 8-hvdroxysterols
suggesting the importance of sterol in the pore complex. Similarly with TNM-A, SPR analysis showed AM3 to
have very weak affinity towards epicholesterol-containing membrames, in contrast with 3 8
-hydroxystercl-containing liposomes. This is brought about by the lack of direct intermolecular interaction
in the former compared with the latter based on solid state *H NMR data. Interestingly, however, in contrast
to the assumed toroidal pore formed by AM3, mo such structure was apparent based on solid state *'P NMR spectra

indicating that AM3 does not cause significant disruption of surrounding phospholipids.
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