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The machanism of nuclear formation for calcium carbonate biomineralization: the anal
ysis using a medaka mutant
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Calcium carbonate biominerals participate in diverse physiological functions and h
ave impacts on global carbon and calcium cycles (e.g. coral reef). However, little is known about how mine
ralization is initiated in organisms. The medaka mutant ha lacks a trigger for otolith (calcium carbonate
ear stone) mineralization, and the causative gene was found to encode polyketide synthase (OIPKS), a multi

functional enzyme mainly found in bacteria, fungi and plant including calcified algae. Subsequent experime
nts demonstrate that the products of OIPKS act as nucleation facilitators in otolith mineralization. The g
enerality of this novel PKS function is supported by the essential role of echiderm PKS in calcareous skel
eton formation together with the presence of PKSs in a much wider range of animals from coral to vertebrat
es. The present study first links PKS to biomineralization and provides a genetic cue for biogeochemistry
of carbon and calcium cycles.



ha

ha

PKS
ha

ha

PKS

PKS

B T~ [ (o=«
Q $CoA gcetyl-CoA
\\_) 3 o malonyl-CoA
!
Polyketides

A heterologous expression system to characterize
substances synthesized by OIPKS
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Attempt to isolate the products of OIPKS
LC-MS analyses

Testing of various environmental conditions
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pksZ plays an essential role in spicule formation?

In collaboration with Drs. Masato Kiyomoto and Gen Hamanaka, Marine and Coastal
Research Center, Ochanomizu University
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The spicule comprises a single crystal of CaCO3 mineral, calcite.

Broad but discontinuous distribution of pks genes in the
animal kingdom
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Horizontal gene transfer, gene duplications and gene losses could have
occurred during evolution, as proposed in bacteria/fungi PKSs.

The pks genes of bird and reptile might be involved in production of egg
shells.

Intriguingly, the presence of PKS in Cnidaria appears to be associated with
biomineralization; coral has a couple of pks genes, whereas hydra and sea
anemone do not.
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