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Amorphous Calcium Carbonate (ACC)【非晶炭酸カルシウム】: 

ACC is the least stable form of the six known phases of calcium carbonate. It is, however, produced 

and stabilized by a variety of organisms. In recent years, it is widely recognized that the aggregation-

mediated pathway of crystallization by using ACC is important to understand biomineralization. It has 

been proposed that living organisms also use the ACC nanoparticles for storage, transportation, and 

mineralization of CaCO3 in their systems. It is believed that the ACC nanoparticle is an effective vehicle 

for transportation of CaCO3 to construct three-dimensional interpenetrated hybrids.  

Biomineralization 【バイオミネラリゼーション】: 

Biomineralization is the process of the formation of inorganic solids deposited in biological systems, 

such as bone, enamel, ivory, corals, oyster shells. The resultant hard tissues, called biominerals, are 

formed under the control of biomacromolecules in mild condition. The inorganic minerals are intimately 

associated with a complex assemblage of organic macromolecules.  

Calcium Carbonate【炭酸カルシウム】: 

CaCO3 is one of the most abundant minerals found in Nature. There are six calcium carbonate minerals 

with the same composition classified depending on the structures: calcite, aragonite, vaterite, calcium 

carbonate monohydrate, calcium carbonate hexahydrate and amorphous calcium carbonate. The most 

thermodynamically stable structures are calcite and aragonite that are deposited extensively as 

biominerals. 

Calcium Phosphate【リン酸カルシウム】: 

Bone and teeth are made from calcium phosphate in the form of the mineral hydroxyapatite (HAP). The 

ideal composition can be expressed as: Ca10(PO4)6OH2. The biological HAP is very complex because 

many ions including Sr, Mg, Na, CO3, HPO4, F, Cl and so on, replace lattice site. Several other calcium 

phosphate phases have been identified as intermediates in the biomineralization such as octacalcium 

phosphate, and amorphous CaP. 

CAP-1【ザリガニタンパクCAP-1】: 

CAP-1: calcification-associated peptide-1, is the acidic peptide isolated from exoskeleton of a crayfish 

by Nagasawa et al. in 2001, which is involved in the mineralization of the exoskeleton of crayfish. It has 

Rebers-Riddiford consensus sequence in the middle part, which shows chitin binding ability. The acidic 

amino acids including phosphoserine at the C-terminus are thought as calcium binding sequence. 
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Chitin 【キチン】: 

Chitin is one of the most abundant polysaccharides. The monomeric structure is N-acetylgulcosamine 

that is glucose derivatives. It is the main component of fungi, the exoskeletons of crustaceans and 

insects, organic layers of mollusks, and squid pens. 

Cocolithophores【円石藻コッコリス】: 

Cocolithophores are single-celled algae, protists, and phytoplankton belonging to the division of 

haptophytes. They have CaCO3 scales with hierarchical structures on their surface formed by the acidic 

polysaccharides.  

Liquid-Crystalline (LC) Polymer【液晶性高分子】: 

LC polymers are generally categorized into two types: lyotropic LC polymers and thermotropic LC 

polymers. Lyotropic LC polymers: the polymers that show LC properties induced by addition of a 

solvent. The rigid linear polymer main-chains such as polyaromatic amide, polyaromatic ester may 

show the LC properties when the energy of the intermolecular interaction is reduced by solvent. 

Recently, polysaccharides including cellulose are recognized as lyotropic LC polymers when they are 

solved in appropriate solvents like dimethylacetamide or N-methylpyrorridine containing LiCl. 

Nematic Phase【ネマチック相】: 

Nematic phase is one of most conventional liquid crystalline phase. Nematic LCs are composed of 

molecules with long axes aligned along a specific direction while their centers of mass are distributed 

randomly in space. 

Morphology【モルホロジー・形態学】: 

The branch of biology dealing with the form and structure of organisms. We use the term “morphology” 

for the form or structure of obtained hybrids and surface shapes. 

Recombinant Peptides【組換タンパク】: 

Recombinant proteins are made from cloned DNA sequences. The formation of recombinant protein is 

carried out in specialized vehicles known as vectors. In the present study, the nucleotide sequence of 

rCAP-1 was codon optimized for Escherichia Coli (E. Coli) expression and chemically synthesized by 

GENEART (Germany). The rCAP-1 sequence was subsequently inserted into a modified pET28b 

vector containing a His6-tag and a Tobacco etch virus (TEV) protease cleavage site at the N terminal 

side. rCAP-1-CD and rCAP-1-CT expression vectors were produced from the rCAP-1 expression vector 

using a KOD-Plus-Mutagenesis Kit (TOYOBO, Osaka). 
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Self-Organization【自己組織化】: 

Self-Organization is the process by the molecules adopts a defined arrangement without guidance or 

management from an outside source. In chemistry, self-organized materials such as liquid crystals, 

colloidal crystals, micelles, self-assembled monolayers, and microsegregated block copolymers are 

attracted much attentions.  

Supersaturated Solution【過飽和溶液】: 

The term supersaturation refers to a solution that contains more of the dissolved material than could be 

dissolved by the solvent under the solubility amount.  

Scanning Electron Microscope (SEM) 【走査型電子顕微鏡】: 

SEM is a type of microscope that uses high-energy beams of electrons in a pattern to see the signals 

the object is giving off. Its narrow beam of focused electrons scans the specimen. 

Polarizing Optical Microscope【偏光顕微鏡】: 

Polarizing optical microscopy is a method of microscopy that enhances and provides higher image 

quality when using birefrigent specimens. Polarizing optical microscopy is commonly employed by 

geologists, chemists and biologists. 

Hydrophobic interaction, hydrophilic interaction【疎水／親水相互作用】: 

Hydrophobic and hydrophilic forces are interactions that serve to keep chemical groups positioned 

close to one another. Hydrophobic ("water hating") interactions are created because of the uncharged 

nature of the involved chemical groups. The repulsive force of the surrounding water molecules acts to 

force hydrophobic regions into an association with like regions. On the other hands, hydrophilic ("water 

loving) interactions are possible with polar chemical group.  

As for the crayfish peptides CAP-1, nonpolar groups interact with nonpolar parts of the surface of chitin 

fiber through hydrophobic interaction. 

Macromolecular Templates【高分子テンプレート】: 

Templates for the crystallization made from macromolecules. The nucleation of inorganic crystals 

occurs on the surface of templates through the arrangements of functional groups of the 

macromolecules. 

Thin-film Crystals【薄膜結晶】: 

In this study, thin-film crystals mean spherulitic crystals with 1 µm in thickness. We can tune the 

morphology, orientation, and polymorphs through the macromolecular templates. The thin-film crystals 

have an advantage over development of the new functional materials, such as high performance 

structural materials. 
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Exoskeleton【外骨格】: 

The protective or supporting structure covering the outside of the body of animals, such as the thick 

cuticle of crustacean. The exoskeletons of crustacean are mainly made of α-chitin; and are also 

biomineralized with calcium carbonate. In the crustacean cuticle, it is formed by superimposing and 

gradually rotating planes of parallel aligned chitin-protein fibers. To adjust the mechanical properties to 

the requirements on the macroscopic level, the spatial arrangement and the grade of mineralization of 

the fibers can be modified. 

Crustacean【甲殻類】: 

Crustaceans are a group of animals that have a hard exoskeleton, jointed legs, and a segmented body 

that is bilaterally symmetrical such as crabs, lobsters, crayfish and shrimps. Crayfish are also known as 

freshwater lobsters. There are over 540 crayfish species worldwide. 

 

 

 


