NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Novel toxins from the New Zealand red tide
dinoflagellate Karenia brevisulcata ”

A red tide dinoflagellate bloomed in Wellington
Harbour, New Zealand in 1998. This caused mass
mortalities of fish and invertebrates within the harbour.
Over 500 cases of human respiratory distress were also
reported. The causative dinoflagellate was identified as
the new species, Karenia brevisulcata, and its cell extract
showed strong mouse lethality and cytotoxicity.

The extract was partitioned between organic solvents

and aqueous methanol under neutral and acidic conditions.

From the neutral lipophilic fraction novel polyether
toxins, brevisulcenals (KBT, Fig. 1) were isolated. The
structure of KBT-F was determined to be a large
polycyclic ether compound with 24 ether rings, including
dihydrofuran, 13 hydroxy  groups, and a
2-methylbut-2-enal side chain that is similar to those of
gymnocins produced by Karenia mikimotoi.

From the hydrophilic acidic fraction different
toxins, brevisulcatic acids (BSXs, Fig. 2) were
obtained. The structures of BSXs consist of nine
contiguous ether rings and contain a 9-membered
ether ring within the central portion of the
molecule. BSX-4 showed cytotoxicity against
neuro-2a cells analogous with brevetoxins and
ciguatoxins.
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Fig. 1 Structures of KBT-F, BSX-1, BSX-4, and brevetoxin-A.
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(2) “Discovery of enzymes related to marine polyether
biosynthesis in dinoflagellate extracts ”

The biosynthesis of ladder-frame polyethers has been
assumed as follows. A trams-polyene precursor is
polyepoxidized and then resultant epoxides are cyclized
in a cascade of an endo-tet epoxide-opening process by
enzymes. However, this mechanism still remains
unproved because of a lack of genetic information of
dinoflagellates and the complexity of these structures.

Biosynthetic enzymes such as epoxidase and an
epoxide-opening enzyme were searched for using
synthesized epoxide and olefine precursor compounds as
substrates for the enzymatic reaction. A monocyclic ether
brevisamide (1) was isolated from the dinoflagellate
Karenia brevis. The proposed biosynthesis of brevisamide
is shown in Figure 2. In order to detect the enzymatic
activity and prove the pathway, plausible biosynthetic
precursors 2 and 3 of brevisamide were synthesized via
Suzuki-Miyaura cross coupling and Katsuki-Sharpless
asymmetric epoxidation and then incubated with
dinoflagellate extracts. In the incubation experiments
performed using synthesized substrates (epoxides and
olefins) with extracts of known polyether producing
dinoflagellates, objective 6-endo  cyclization and
epoxidation was not detected. However, oxidation and
hydrogenation of aldehyde groups, dehydrogenation of a
hydroxyl group, and several additional unknown reactions
that are presumed to be due to isomerization, were
observed. Cyclic ether compounds produced by Karenia
spp. have enal side chain structures. Therefore, these
types of reactions, especially the dehydrogenation of the
hydroxy group, are potentially involved in the
biosynthesis of ladder frame polyethers.
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Fig. 2 Biosynthesis of brevisamide
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