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Abstract

Marine organisms are rich source of biologically active compounds that are useful for therapeutic
agents and research tools. Their scarcity, complex structures, and diverse bioactivities make it
challenging to elucidate the molecular mechanisms of natural products. Recent studies indicate microbes
like cyanobacteria and dinoflagellate living in a symbiotic relationship with marine organisms, such as
sponge and ascidian, produce a number of bioactive molecules. We have particularly focused on marine
cyanobacteria as a source of novel bioactive molecules.

First chapter describes isolation and structure determination of biselyngbyasides. Biselyngbyasides
were isolated from the marine cyanobacterium Lyngbya sp. collected in Tokunoshima Island at
Kagoshima prefecture. The best studied is biselyngbyaside, which was originally isolated from Okinawan
cyanobacterium in 2009. Gross structures of its analogues, biselyngbyolide A and biselyngbyasides B, C,
and D were determined based on NMR spectral analyses and mass spectrometry. The absolute
stereochemistries of BLSs were established based on comparing their CD data with that of
biselyngbyaside whose absolute stereostructure was previously determined.

Second chapter describes biological activities of biselyngbyasides. Growth-inhibitory activities of
biselyngbyasides against HeLa cells, human cervical cancer cells, are evaluated and the result provides
new insights into structure-activity relationships of biselyngbyasides. MTT assay indicated that a
glycoside showed much weaker growth inhibition than its aglycon with lack of sugar moiety.
Furthermore, the conjugated diene part in biselyngbyasides was revealed to be essential for
growth-inhibitory activity against HeLa cells. Previously, biselyngbyasides were submitted to JFCR39
anticancer drug screening system. Based on its profile of bioactivity, biselyngbyasides were suggested to
be inhibitors of SERCAla and 2a, ATP-powered Ca*"-pumps in sarco/endoplasmic reticulum membrane.
In vitro assay of ATPase activity showed BLSs strongly inhibited SERCA1a at low concentration.

Third chapter describes binding modes of biselyngbyasides to SERCA1la. Structures of SERCAla
with bound BLSs were investigated by X-ray crystallographic analyses. It is noteworthy that BLSs bind
in novel manner to the boundary domain between transmembrane and cytoplasm of SERCAla. The
crystal structures of the complexes of SERCA1la and biselyngbyasides with and without a sugar moiety
and activity measurements of several analogs allow us to identify important components that confer high
potency to biselyngbyasides as Ca®" inhibitors. The crystal structures form a solid basis for designing

Ca*"-pump probes and pharmaceutical leads for SERCA-related diseases.




