NATURAL PRODUCTS CHEMISTRY

Annual Research Highlights

(1) “Brevisulcatic acids from a marine microalgae
implicated in a toxic vent in New Zealand ”

In 1998, a wide-spread dinoflagellate bloom occurred
in Wellington Harbour, New Zealand that caused
mortality of many species from diatoms to fish. It also
caused human illness with more than 500 harbor
bystanders reporting respiratory distress with a dry cough,
severe sore throat, skin and eye irritations, severe
headaches, and facial sun-burn sensations. A new
dinoflagellate, Karenia brevisulcata was identified as the
causative species. Dinoflagellates within the Karenia
genus are well known to cause red-tide events and have
been shown to produce marine ladder-frame polyethers
with  unsaturated aldehyde side-chains such as
brevetoxins, and gymnocins. Cell culture extracts of K.
brevisulcata showed mouse lethality, cytotoxicity, and
ichthyotoxicity.
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Fig. 1 Structures of brevisulcatic acids-1 (BSX-1, 1), -2 (BSX-2,
2), -4 (BSX-4, 3), -5 (BSX-5, 4), and -7 (BSX-7, 5) and
brevetoxin A

Two new classes of marine ladder-frame polyethers
were isolated from the dinoflagellate extracts.
Brevisulcenals (initially called karenia brevisulcata toxins
(KBTs) were contained in a neutral lipophilic fraction.
KBT-F shows potent mouse lethality and cytotoxicity

against mouse lymphoid P388 cells. Its structure consists
of 24 ether rings including an unusual dihydrofuran, 13
hydroxyl groups, 13 methyl groups, and a
2-methylbut-2-enal terminus. The 17 contiguous ether
rings A-Q are the longest of known polycyclic ethers. In
addition to the KBTs, smaller polycyclic ethers were
isolated from an acidic fraction and the neutral lipophilic
fraction. These were named brevisulcatic acids (BSXs).
Ladder-frame polyethers, brevisulcatic acids (BSX) -1 (1),
-2 (2), -4 (3), -5 (4) and -7 (5) were isolated from the
dinoflagellate Kareia brevisulcata as causative toxins of a
red tide incident in New Zealand in 1998. The structures
of 2, 4, and 5 were elucidated in this study. Brevisulcatic
acids possessed common nine ether ring backbones and
their size and sequence was 8/6/8/9/7/7/6/6/6. Rings B, C,
H, I and J of brevisulcatic acids were similar to those of
brevetoxin A, a well-known polyether toxin and 4 had a
y-lactone as the 5-membered A-ring analogous with
brevetoxin A, while 2 and 5 were carboxylic acids. In
addition to the lactone structure the structural difference
of brevisulcatic acids resided on their side chains. Those
of 2 and 4 were 2-methylenepropionic acids and that of 5
was 2-methylenepropanol. Considering from the
molecular structure of the various BSX side chains, the
biosynthetic conversion within dinoflagellate cells is
proposed as follows (Figure 2): the primary alcohol in
BSX-7 is oxidised to the aldehyde in BSX-3, the
aldehyde is further oxidised to a carboxylic acid in BSX-2.
Alternatively, the aldehyde can also be converted to the
3-hydroxy-4-methylenepentanoic acid side chain (as in
BSX-1) by condensation with acetyl-CoA via an aldol
reaction.

Cytotoxicity of 4 against neuroblastoma cells indicated
that not only the structures, but also activity of
brevisulcatic acids, are similar to those of brevetoxin A.
This indicates that brevisulcatic acids potentially play a
significant role in the toxicity observed during the only
documented Karenia brevisulcata bloom to date.
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Figure 2. Hypothesized biosynthetic conversion of side chains
of brevisulcatic acids. The structure of BSX-3 was deduced
from ESI-MS analysis.
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