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Elucidation of the construction mechanism of porphyrin ring essential for
organisms: Formation and cyclization of tetrapyrrole
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In the animal heme biosynthesis ﬁathway catalyzed by eight enzymes,
hydroxymethylbilane synthase (HVBS) that catalyzes the third step forms a product by sequentially
condensing four molecules of substrate with dipyrromethane cofactor. In this study, in order to
well-understand the construction of tetrapyrrole, the reaction mechanism of HMBS was investigated by
structural biology techniques. Holo-HMBS and reaction intermediates (ES1 ~ ES4), in which 1 to 4
molecules of substrate are linked to the cofactor, were isolated, and crystal structures of
holo-HMBS, ES2, and the complexes of them with a substrate derivative were analyzed. From the
obtained crystal structures, the molecular mechanism of the HMBS reaction was considered. In
particular, it was found that the construction of the pyrrole chain proceeds by repeating the
condensation reaction at a single substrate-binding site.
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