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Annual Research Highlights

(1) “Structures of the Largest Amphidinol
Homologues from the Dinoflagellate Amphidinium
carterae and Structure-Activity Relationships

Amphidinols (AMs) are polyketide metabolites
produced by Amphidinium spp. dinoflagellates.
Amphidinols and the related compounds have been
isolated from dinoflagellates collected in Japan, New
Zealand, Taiwan, Spain, and the US. The dinoflagellate
Amphidinium carterae was collected in South Korea, and

21.4 mg of amphidinol 20 (AM20,  Cg7H152027, 1)

and 4.7 mg of amphidinol 21 (AM21, Co4H166030, 2)
were isolated from 112 L of cultures cells using
successive column chromatography. Their structures were
elucidated by detailed NMR analyses as amphidinol
6-type compounds with remarkably long polyol chains.
Amphidinol 21 (2) has the longest linear structure among
the amphidinol homologues reported so far. The general
structure of AMs is best characterized by a very long
carbon chain encompassing multiple hydroxy and olefinic
functionalities. All AMs and congeners have a common
central core structure that consists of two
tetrahydropyrans linked by a C6 alkyl chain spacer.
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Fig. 1 Structures of amphidinol-20 (AM20, 1), -21 (AM21, 2),
and -3 (AM3, 3)

AM20 and AM21 showed hemolytic activity against
human erythrocytes. The dose dependency of hemolysis
of AM20 or AM21 was very weak as compared with
other AM homologues. Additionally, AM20 and AM21
did not inhibit the growth of Aspergillus niger at 15
pg/disk in an antifungal activity assay. Membrane
disrupting activities of AM20 and AM21 were examined
by using artificial liposomes consisting of 1-palmitoyl-2-

oleoyl-sn-glycero-3-phosphocholine (POPC) or
POPC/cholesterol (Chol). Results indicated that both
AM20 and AM21 have significantly weaker activities
compared with other AM analogues with a maximum of
dye leakage even at the highest AM concentration. The
potent analogue was reported to cause 100% calcein
leakage at about 10 uM.

The hemolysis activity of AM21 was weak compared
with shorter chain homologues. This difference is likely
caused by their longer polyol chains as the only structural
difference between AM20/AM21 and AMG6 resides in the
polyol moiety. The longer chain of AM20/AM21 may
prevent their penetration into the membrane interior,
which is considered necessary for forming the
barrel-stave pore as illustrated in Fig. 2. Another
interesting feature of their activity is sterol dependency;
the potency of AM20/AM21 was not dependent on the
level of Chol in the membrane. This finding supports that
the polyol chain of AM3 with potent activity can
penetrate membranes in the presence of sterol, and its
terminal portion reaches the opposite side of the bilayer
as shown in Figure 2A. Their weak activity, on the other
hand, can be explained by the carpet model-type
mechanism, in which the shallow interaction of the polyol
portion somehow disrupts the integrity of lipid packing in
bilayers (Figure 2B). Another possible cause of the
reduced biological activities of AM20 and AM21 may be
their higher solubility due to a longer polyol chain and
more hydroxy groups. As seen in AM homologues such
as AM4 and AMO9, higher water solubility due to a sulfate
substitution always results in reduced biological activity.
Heavier hydration also prevent the polyol chain from
approaching the membrane surface, which is a necessary
step to disrupt membrane either by carpet or barrel-stave
mechanism.
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Fig. 2. Schematic illustration of mode of action. A) A
barrel-stave channel formed by short chain AMs, such as
dsAM7. B) A longer polyol chain hampers penetration of an
AM molecule into the membrane interior. Instead, disruption of
membrane packing may occur by the binding of longer AMs,
such as AM21, which somewhat mimics the “carpet-model”
proposed for membrane-active peptides.
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