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Gonyol: Methionine-Induced Sulfonium Accumulation
in a Dinoflagellate Gonyaulax polyedra
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Abstract: Gonyol, 3S-5-dimethylsulfonio-3-hydroxylpentanoate, was isolated from a dinoflagellate Gonyaulax polyedra
cultured in a medium containing methionine and the structure was elucidated by spectroscopic method and confirmed by
chemical synthesis. Gonyol was shown to be biogenetically derived from methionine and acetic acid.

Unicellular algae as well as marine and terrestrial plants produce sulfonium compounds such as
S-methylmethionine (vitamin U) and S-adenosylmethionine. Sulfoniums are shown to be a major
source of atmospheric sulfur compounds such as dimethyl sulfide and methanthiol from ocean.” We
reported that a dinoflagellate Gonyaulax polyedra contains a large amount of gonyauline (1) (about 10
mg/1 g wet cells), which shortens a period of bioluminescent circadian thythm of Gonyaulax polyedra.”?
During our course of studies on biogenesis and metabolisms of gonyauline in the cells, we found that a
new sulfonium compound named gonyol was accumulated in the cells when methionine was added to
the culture medium at a high concentration. We wish to report the isolation, structure elucidation,
synthesis, and biogenesis of gonyol (2).
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Because it was estimated, on the basis of structural similarity between gonyauline and methionine,
that gonyauline might be derived directly from methionine by methylation and deamination-
cyclopropanation reactions accompanied with an inversion of configuration at C-2 position, we have
examined feeding experiments of labelled methionine or its analogues to G. polyedra® As a result,
methyl groups of methionine or S-methylmethionine were efficiently incorporated into a sulfonium
group of gonyauline, however, carboxyl carbons of methionine or S-methylmethionine at C-1 position
were not incorporated into gonyauline even at a high concentration. On the other hand, in the
presence of methionine-">C-methyl (10-100 pM), a set of labelled signals for methylsulfonium group
(8:24.5,24.7, 8,2.9) in addition to two for that of gonyauline (8:26.8, 26.7, §,2.89, 3.01) was observed
in the crude water-soluble extracts of cultured G. polyedra at about 1:2 ratio (100 uM) whereas almost
only the signals for gonyauline were found in the extracts of G. polyedra cultured in the normal
medium.

Gonyol was isolated from 70% EtOH extracts of G. polyedra (1.26 g wet weight from 2 L x 3
flasks) cultured in a medium containing 100 uM L-methionine by monitoring NMR signals as follows.
The extracts were partitioned with water and EtOAc and the water-soluble portion was chromatographed
on a cation exchange column (SO,H form) with hydrochloric acid (0.5 M, 0.8 M, and 1.0 M) as eluate.
The 0.8 M HCI fraction was separated on an ODS column (0.1% trifluoroacetic acid) to give 2 as an oil

of trifluoroacetic acid salts (4.9 mg, 0.39% isolation yield), [a]3 +3.7 ° (¢ 0.30, H,0). HR-EIMS of 2
established a molecular formula of C;H,,0,S (m/z 178.0662, AM -0.2 mmu) and the structure was
deduced on the basis of 'H and "°C NMR spectra.”
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The structure of gonyol was confirmed by chemical synthesis started from methyl-5-methylthio-
3-oxopentanoate (3). Reduction of 3 with Baker's yeast gave 3S-hydroxy compound 4 with 20% e.e. as
reported by M. Hirama et @/ The alcohol 4 was hydrolyzed with NaOH in H,0-MeOH at 0 °C for 1 h
to give carboxylic acid 5 (38% yield).” The acid 5 was methylated with methyl p-toluenesulfonate in
formic acid at 35 °C for 3 h, and purified by the method described for natural gonyol to afford pure

synthetic 2 (68% yield). The synthetic gonyol showed [a]¥ +0.75 ° (¢ 1.95, H,0), which corresponds
to +3.8 © of the optically pure compound. These data prove the structure of gonyol as 3S-5-
dimethylsulfonio-3-hydroxypentanoate.
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As same as gonyauline, no carboxyl carbon of methionine was incorporated into gonyol. However
the carbons at C-1 and C-2 was labelled (1%) with sodium acetate-’C, (50 pM) in the presence of
methionine (100 uM). The fact suggests that gonyol might be biogenetically derived from methionine
and acetate through dimethyl-B-propiothetin (6) or its analogous intermediates. Dimethyl-B-propiothetin
was found in several algae including dinoflagellates as a major water soluble component and believed
to display important roles such as regulation of cellular osmotic pressure'® and biomethylation'” in
algae.

Although gonyol was found as a minor component in G. polyedra under normal culture conditions,
other dinoflagellates such as Amphidinium sp. and Symbiodinium sp. contained gonyol at a different
content from a trace to one of major components. Dimethyl- -propiothetin might be a common precursor
for methionine cascade to sulfonium compounds including gonyauline and gonyol. Further studies on

biogenesis of gonyauline and gonyol are in progress at our laboratory.
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