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Elucidation of control system of CaCOj3; polymorphism in marine invertebrate skeleton
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Abstract. Molluscan shell consists of complicated structure called shell microstructure, which is composed
of two polymorphisms of calcium carbonate crystals, aragonite and calcite together with a tiny amount of the
organic matrix (OM) secreted from the mantle tissue. Experiments have been conducted specifically to
investigate the nacreous layer, which comprises aragonite, and has a specific geometry, in order to gain an
understanding of the effect of OM on shell formation. In contrast to the nacreous layer, information about
mineralization of the calcitic foliated layer is very limited. In spite of the recent report on the genes encoding
the OM components in the foliated layer (Sarashina and Endo, 2001; Samata et al., in press), the process of the
foliated layer formation is left a matter open.

In the present study, we attempted to elucidate the process of the microstructure formation of the foliated
layer, focusing on the function of the specific molecules in the oyster organic matrix by in vitro crystallization
experiment. After decalcification by acetic acid, the soluble and insoluble OMs were extracted from the
foliated layer of Crassostrea nippona. SDS-PAGE of these OM fractions resulted in a consecutive band with
size of approximately 52 kDa, which could be visualized with stainsall, negative and methyl green stainings.

The crystallization experiment was performed by adding OM components in the supersaturated crystallizing
solution. When the 52 kDa component and the WISM were added to the crystallizing solution, calcite crystals
with similar morphology of thin plate to those of the foliated layer of C.nippona were inducted on the WISM.

These results may present new concepts that we think may well have implications to the biomineralization
process of oyster shell.
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Fig.1: SDS-PAGE electrophoretogram of MESM in OM of C.
nippona. A same amount of approximately 50 xg samples was
applied to each lane. Lane M, molecular weight standards;
Lane A, CBB staining; Lane B, Stainsall staining; Lane C,
Negative staining; Lane D, Methyl Green staining; and Lane E,
Alcian Blue staining. The arrows on the left side of the gels
indicate the position of the 52 kDa component.
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Fig. 2. Surface views of crystals induced by crystallization
experiment, and X-ray diffraction profiles of the induced tabular
oval crystals in comparison with those of synthesized calcite
and aragonite. Left: A-1, Spontaneously formed rhombohedral
calcite crystals; A-2, Tabular oval crystals induced on the ISM
membrane after addition of the 52 kDa component at 5 ug. B,
Fine structure of the edge of a tabular oval crystal under SEM
observation (X 7500). Right: C-1, X-ray diffraction profiles of
crystals in A-1. Reflections corresponding to the mineral calcite
(2 6 and hkl) 29.60 (104) and aragonite (2 6) 26.40, 27.40,
31.90, 33.30, 36.35, 37.50, 38.10 and 38.60 were detected. C-
2, X-ray diffraction profiles of crystals in A-2. Reflections
corresponding to the mineral calcite (2 6 and hk/) 29.60 (104)
were detected. The lateral axis shows scattering angle (2 6)
and the longitudinal axis shows intensity (arbitrary units). The
experiment was carried out in the crystallizing solution, which
resulted in spontaneous formation of the mixture of calcite and
aragonite as is shown in C-71. The presence of residual
undissolved CaCOj crystals was carefully checked using SEM,
energy dispersive X-ray spectrometer, FT-IR and X-ray
diffractometer. Experiments were repeated at least 10 times for
each batch. The use of acetic acid instead of EDTA for
decalcification greatly contributed to the removal of remaining
crystals and unknown aggregates of OM components and
EDTA.
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Fig. 3. Crystal precipitation experiment. A, Reference
experiment performed by the addition of DW to the
crystallizing solution, B, D, E, Addition of the 52 kDa
component to the crystallizing solution at 2.5 ug (B), 10
©g (D) and 50 wug (E), EC, Addition of phosphovitin to
the crystallizing solution at 50 ug.
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