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Modern technologies require innovative approaches for controlled fabrication of crystalline
materials with complex forms and novel properties [1-4]. Biomineralization is a widespread
phenomenon among living systems (e.g., egg and mollusk shells, crustacean carapaces, echinoderm
exoskeleton and spines, sponge spicules, pearls, corals, bones, and teeth) [5-7], which leads to the
formation of precisely controlled inorganic-organic composites, where the minute extracellular
matrix component exerts substantial control on the mineralization process, resulting in the
formation of particles of uniform size, novel crystal morphology, specific crystallographic
orientation, and interesting properties [5-11]. Understanding the mechanisms that regulate the
fabrication of such highly ordered biocomposite ceramics may provide procedures for the synthesis
of novel high-performance composite materials.Therefore, biomimetic design for the production of
advanced composites has been explored [12-16]

Biomineralization have been extensively studied in carbonate-based structures. More than 20
different proteins have been described to be involved in the control of biomineralization of egg- and
seashells, crustacean carapaces, echinoderm spines and spicules, pearls, etc [17]. However, no
enough similarities among their aminoacid sequences have been found when such proteins were
analysed. If there is no enough sequence homology between these proteins to propose a simplified
mechanism of biomineralization control, what other features have the different models in common?
By studying egg- and seashells, barnacles, corals and echinoderm structures we have found the
persistant occurrence of specific sulfated macromolecules referred to as proteoglycans. These
macromolecules have a particular calcium affinity and behave as gels. The distribution of these
proteoglycans together with their function on in vitro mineralization assays, showed that they are
involved not only in the nucleation but also in the growth of the calcium carbonate crystalline phase
[18-21]. Such proteoglycans (probably together with the particular proteins already described),
conform a gel compartment were mineralization takes place. However this compartment is limited
by other extracellular matrix macromolecules (such as type X collagen or chitin) which supports
and structures the gel but do not participate directly in the mineralization process.

A commonly used strategy in shell biomineralization is the elaboration of a well organized
extracellular organic matrix, which regulates where, when, and in what form mineralization will
occur [1]. From the comparative studies of the structure and formation of carbonate-based
structures, it is possible to propose a four-step mechanism of biomineralization consisting of a
precise spatio-temporal arrangement of sequentially deposited macromolecules [22]. The first step
is the fabrication of an inert laminar substrate or framework which compartmentalizes a micro-
environment where mineralization will take place. This scaffolding consists of a non-mineralized,
well-ordered hydrophobic organic material and usually is composed of B-chitin, type X collagen, or
other not well characterized biopolymers. The second step is the fabrication of particular
polyanionic macromolecules, which are deposited on the previously formed inert scaffolding, and
where nucleation of the calcium crystals takes place. These macromolecules are aspartate- or
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glutamate-rich proteins or keratan sulfate-rich proteoglycans. The third step is the fabrication of a
gel structure consisting of silk fibroin-like proteins or proteoglycans and containing acidic proteins
or dermatan sulfate. This gel not only controls polymorphism, but also the diffusion-controlled
growth, face-growing rates and habit of the crystal formed. The fourth step is the arrest of crystal
formation and is related to the fabrication of new inert scaffolding or the deposition of particular
hydrophobic inhibitory proteins (e.g., the eggshell cuticle). These four steps open a new field for
designing synthetic processes to build new bio-inspired composites with desirable properties [23].
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