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Elucidation of molecular mechanism of molluscan nacreous layer formation
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Abstract. The organic matrix of molluscan shells is one of the best studied of all CaCO3; biomineral
structures, and about 10 genes encoding the matrix proteins have been isolated. In them, nacrein, N16 and
MSI60 were reported to be involved in the nacreous layer formation of Japanese pearl oyster, Pinctada fucata.
Here we report the result based on the comparative analysis of the primary structures of these 3 proteins among
10 molluscan species. In addition, cDNA cloning of the newly found 25 kDa component and new informations
from in vitro studies of the crystallization experiment will be discussed.

High homology was determined at CA domain of nacrein, particularly the active site of CA, and sulfation
site of N16 in contrast to low homology at NG repeat region of nacrein and N16. MSI60 was highly
conservative through its whole structure among 10 species. Crystallization experiment clarified that nacrein
and N16 may be involved in crystal form regulation and not be in crystal nucleation. MSI60 was thought to be
important as base membrane for crystal layer formation but no relation to regulation or nucleation of crystal.

On the basis of these results, we proposed a new model for nacleous layer formation. According to our
hypothesis, it includes the processes 1) concentration of Ca?* and COs%~ ions to the site for crystal nucleation
2) crystal nucleation and 3) regulation of crystal form. For all these processes, several kinds of proteins may
play important roles; 1) compartment and Ca?*- and CO32”-ion concentrators, 2) nucleator and 3) regulator.
We propose MSI60 as a component for compartment, the active site of CA in nacrein as CO3?~ concentrator
and sulfation site of N16 as Ca?* concentrator. In addition, newly found MSI25 was thought to be a candidate
of nucleator as it can be a Ca?* and CO3%~ binding protein. We suppose nacrein and N16 as regulator through
reaction of their NG repeat region and crystals.

The model for nacreous layer formation will give a new insight into the process of molluscan shell formation
and will give important information to CO; fixation by marine creatures.
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Fig.1: Crystals induced from supersaturated CaCOj3 solution

1-A; spontaneously formed aragonite crystals
1-B; crystals induced by addition of nacrein or N16

1-C; crystals induced by addition of nacrein or N16 on the basement MSI60 membrane (under normal light)
1-D; crystals induced by addition of nacrein or N16 on the basement MSI60 membrane (under polarized light)
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