NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Brevisulcenal-F: A polycyclic ether toxin
associated with massive fish-kills in New Zealand”

A novel marine toxin, brevisulcenal-F (KBT-F, from
karenia brevisulcata toxin) was isolated from the
dinoflagellate Karenia brevisulcata. A red tide of K.
brevisulcata in Wellington Harbour, New Zealand in
1998 was extremely toxic to fish, shellfish and other
marine animals and also caused respiratory distress in
harbour bystanders. An extract of K. brevisulcata showed
potent mouse lethality and cytotoxicity, and laboratory
cultures of K. brevisulcata produced a range of novel
lipid-soluble toxins. A lipid soluble toxin, KBT-F was
isolated from bulk cultures by using various column
chromatographies. Chemical investigation showed that
KBT-F has the molecular formula, Cio7H160038 and a
complex polycyclic ether nature. NMR and MS/MS
analyses revealed the structure for KBT-F which is
characterized by a ladder-frame polyether scaffold, a
2-methylbut-2-enal terminus and an unusual substituted
dihydrofuran at the other terminus (Fig. 1). The main
section of the molecule has 17 contiguous 6- and
7-membered ether rings. Unlike brevetoxins, KBT-F does
not have unsaturated middle sized ether rings. The
molecule consists of two parts, one is the rigid ether ring
assembly, rings A-Q and the other is a flexible acyclic
part and the short ether ring assembly rings S-X. The
majority of the 13 hydroxy groups reside in the flexible
part of the molecule from C-60 to C-94, while all the
angular methyls reside on the rigid ring assembly A-Q.
These structural features must be related to their potent
biological activities which are much higher than those of
other polycyclic ether toxins. From a biosynthetic point
of view, the terminal dihydrofuran is unusual among the
marine polyethers. KBT-F showed potent mouse lethality
and cytotoxicity against mouse leukemia P388 cells.

Fig. 1 Structure of brevisulcenal-F (KBT-F).
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(2) “Origins of oxygen atoms in a marine

ladder-frame polyether”

Yessotoxin is a ladder-frame polyether produced by the
dinoflagellate Protoceratium reticulatum. Previous C
labeling experiments established the unique assembly of
the carbon chain from intact and cleaved acetate units.
The origins of ether and hydroxyl oxygens in the
molecule, which would vyield further information
regarding the assembly of the ladder-frame structure,
have yet to be established. The incorporation experiments
of 180 were conducted. The dinoflagellate was cultured
under 80, atmosphere and the culture media was
supplemented with ['®0,]acetate. Labeled yessotoxin
obtained from these experiments was subjected to
collision-induced dissociation tandem mass spectrometry
to determine the positions of *80-incorporation pattern in
the molecule. Detailed analyses of product ions from the
fragmentation processes led to the identification of
180-labled positions and the incorporation ratios. The data
revealed that the ether oxygens were labeled from 20,
and the hydroxyl oxygen on C32 was derived from
[*8O,]acetate. These results support proposed biosynthetic
mechanism of marine ladder-frame polyethers that a
polyene precursor was oxidized by a monooxygenase
after acetate condensation. Thus an E-polyene precursor
is stereoselctively epoxidized by a monooxygenase to
produce a polyepoxide precursor and then endo-tet
cyclization of the resultant polyepoxide precursor
proceeded successively to biosynthesize a ladder-frame

polyether.
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Fig. 2 Structure of yessotoxin and 80 and 3C labeling patterns.
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