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Biomineralization

 Types & Uses
 Calcium carbonate

 Calcite & Aragonite (shells, lenses, gravity sensors)
 Vaterite (inner ear of two types of fish)

& Amorphous phases (Ca storage spindles in plants)

 Calcium phosphate (bones, teeth)
 Other Group 2A elements
 Silica (diatom & radiolarian micro shells)
 Iron oxides
 Metal sulfides

 While organic components may be only a few %, they
are critical to the important properties of the materials.



Calcium carbonate

Calcium storageLeavesPlants

Mechanical strengthCrab cuticleCrustateansCaCO3•H2OAmorphous

ProtectionSpiculesAscidians

ExoskeletonShellGastropodsCaCO3Valerite

Gravity receptorHeadFish

BuoyancyShellCephalopods

ReproductionLove dartGastropods

ExoskeletonShellMolluscs

ExoskeletonCell wallCoralsCaCO3Aragonite

ProtectionShells/spinesEchinoderms

Mechanical strengthSpiculesOctocorals(Mg,Ca)CO3Mg-calcite

Gravity receptorInner earMammals

ProtectionEggshellsBirds

Mechanical strengthCrab cuticleCrustaceans

ExoskeletonShellMolluscs

OpticsEye lensTrilobite

ExoskeletonShellForaminiferaCaCO3Calcite

FunctionLocationOrganismFormulaMineral
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Different forms of CaCO3

www.solids.bnl.gov/ ~dimasi/bones/abalone/

 Calcite (prismatic)
 Hardness

 Aragonite (nacre)
 Toughness
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Nacre layers

 Aragonite polygonal
tablets (500 nm thick).

 Protein/polysaccharide
organic matrix (30 nm
thick).
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Calcium phosphate
 Hydroxyapatite Ca10(PO4)6(OH)2 Vertebrates    Bone
                                                             Mammals  Teeth
       Fish Scales
 Octacalcium phosphate     Vertebrates
     Ca8H2(PO4)6  Bone/teeth precursor
 Amorphous various Chitons Teeth
       Gastropods Gizzard plates
    Mammals     Milk (ion storage)

Hydroxyapatite can also contain Sr, Mg, Na, CO3, etc.
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Levels of bone
structure

Hydroxyapatite:
Crystalline calcium phosphate
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 Gypsum CaSO4•2H2O Jellyfish gravity receptor
 Celestite SrSO4 Acantharia micro-skeleton
 Barite BaSO4 Loxedes gravity receptor

Group 2A
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Magnetosomes in Bacteria
U. Heyen & D. Schler Growth and magnetosome formation by microaerophilic

Magnetospirillum strains in an oxygen-controlled fermentor       Appl Microbiol
Biotechnol (2003) 61:536–544
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Magnetosomes in Bacteria

(scale bars = 100 nm)http://magnum.mpi-bremen.de/magneto/
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Mineralization

 Peptide-amphiphile
 pH induced self-assembly
 Fibrous scaffold

 Like “extracellular matrix”
 Reversible cross-links for switchable

stabilization

  Composite formed by
hydroxyapatite mineralization
  some what similar to bone
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Mineralization

 1  hydrophobic alkyl tail
 2  four cysteine residues for SS cross-linking
 3  flexible triglycine linker region
 4  phosphorylated serine for Ca++ binding &

hydroxyapatite crystal organization
 5  cell adhesion ligand Arg-Gly-Asp (RGD)
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Mineralization
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Mineralization
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Stupp
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Stupp



4/25/06 LaBean  COMPSCI 296.5

Stupp

Change
polypeptide
change
crystalline
form.
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Stupp

Add organic
component
change
micro-
structure.
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Stupp

Physical and chemical treatments of composites can have
differential effects on organic and inorganic components.
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Stupp

Molecular
manipulation of
microstructures
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Block co-polymer, silica
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Block co-polymer, silica
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Diatoms

 Silica
 (SiO2)n

 Silicic acid
 Si(OH)4
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Diatoms, peptide, silica

 Polycationic peptides (silaffins) with
modified lysine residues.
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Diatoms, peptide, silica
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Diatoms, peptide, silica

SSXX’SGSYSG(S/Y)
SSXX’SGSYYSYGT
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silica

 Diatoms (microscopic, single-celled algae) create
intricate, highly complex silica structures under
physiological conditions.

 Synthetic attempts have required extreme laboratory
conditions.



4/25/06 LaBean  COMPSCI 296.5

silica
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silica
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 Blah
 Blah


