NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Gambieroxide, a novel epoxy polyether
compound from the dinoflagellate Gambierdiscus
toxicus GTP2 strain ”

Ciguatera fish poisoning is one of seafood poisonings
which mainly occurs in tropical and subtropical coral reef
areas in the world. Typical symptoms of ciguatera fish
poisoning are gastrointestinal, neurologic and/or
neuropsychiatric disorders for days to years. The
causative agents are ciguatoxin (CTX) and its congeners,
which act on voltage sensitive sodium channels as
agonists. CTXs from the Pacific Ocean are originally
produced by the benthic dinoflagellate Gambierdiscus
toxicus and accumulated in fish through marine food
webs. Besides the ciguatoxins responsible for ciguatera
fish poisoning, the dinoflagellate produces several
bioactive ladder-frame polyether compounds such as
gambierol showing CTX-like symptoms against mice,
gambieric acids having potent antifungal activities, and
maitotoxin enhancing calcium ion influx across cell
membrane. During our search for the CTX-producing
strains, a novel epoxy ladder-frame polyether compound
named gambieroxide (Fig. 1, 1) was isolated from the
dinoflagellate G. toxicus. Gambieroxide had a
ladder-frame polyether structure resembling yessotoxin
(YTX, 2) strikingly, one of the lipophilic toxins in
shellfish produced by entirely a different dinoflagellate
group Protoceratium reticulatum.

Fig. 1 Structures of gambieroxide (1) from Gambierdiscus
toxicus and yessotoxin (2) from Protoceratium reticulatum.
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(2) “Gymnocin-A carboxylic acid and gymnocin-A2,
new cytotoxic polyethers from the vred tide
dinoflagellate, Karenia mikimotoi”

Red tides due to blooms of phytoplankton result in
massive fish kills in the fields. Dinoflagellate Karenia
mikimotoi is one of the most notorious red tide species,
causing devastating damage to aquaculture and marine
ecosystems worldwide, and the mechanism of its toxic
effect on fish remains unknown. Using a cytotoxicity
assay instead of the elusive ichthyotoxicity assay led to
isolate ladder-frame polyethers, termed gymnocins. The
structures of gymnocin-A (1) and gymnocin-B (2) were
determined by the complementary use of NMR and FAB
tandem mass spectrometry with collision-induced
dissociation  experiments.  Their  structures were
characterized by saturated contiguous ether rings and a
2-methylbut-2-enal side chain. Gymnocin-A possesses 14
contiguous ether rings in the molecule, while gymnocin-B
is constructed with 15 contiguous ether rings. In our
continued efforts to clarify other congeners, the structures
of gymnocin-A carboxylic acid (3) and a new analog,
gymnocin-Az2 (4) were elucidated.

The aldehyde in the side chain and ring A are
nonessential, but a terminal electrophilic conjugated
system and hydroxyl groups on the ether rings are
essential for cytotoxicity of gymnocins. Although known
gymnocins may have shown relatively weak activity
compared with other cytotoxic marine natural products, K.
mikimotoi produces much more potent congeners.
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Fig. 2 Structures of gymnocins.
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