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Amelogenin (Continued)
mouse, 519, 522
nanospheres, see Nanoparticles (or -spheres)
porcine, 521, 522, 531
self-assembly, 521, 522, 530
Amelotin, 519, 520, 524, 525
gene, 524
Ammonium oxalate, see Oxalates and
Oxammite
Amorphous calcium carbonate, 10, 24, 41, 42,
50, 53, 63, 96, 114, 169, 172, 173, 176,
194, 619, 621, 632
as precursor phase, 180-182, 185
Amorphous mineral phases
thermodynamically unstable, 96-98
Amphibia (see also individual names)
tooth, see Tooth
Anhydrite, 208, 209
Animal(s) (see also individual species)
chemically mutant models, 530
ferritins, see Ferritin(s)
knockout models (see also Mouse), 527,
528
transgenic models, 528-530
Ansocalcin, 98, 114
Antisense oligonucleotides, 46-49, 64
Ants (see also individual names)
heavy metals in, 308
leaf-cutter, 307-309, 313
Apatites (in), 473, 523
biological, 14, 18
carbonated, 12, 47, 104, 419, 442, 448
chiton teeth, 298, 311
chloro-, 13
demineralization, see Demineralization
fluoro-, see Fluoroapatite
formation, 19, 20
hydroxy-, see Hydroxyapatite
ion incorporation in crystals, 517, 518
lead in, 14
nanocrystallites, 424, 444
nucleation, see Nucleation
potassium in, 517
Arachnids, 307
Avragonite (in), 10, 23, 24, 39, 45, 84-86, 105,
169, 173, 174, 176, 178, 179, 181, 186,
233, 549
barium in, 171
biogenic, 179, 194
—calcite polymorphism, 199
corals, 11
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crystal structure, 170-172
inducing proteins, 114
lead in, 171
nacre, 44, 568, 569
nanocrystals, 631
nucleation, see Nucleation
otoliths, 48
strontium in, 171
Araneus diadematus, 308
Arcanite, 236
Archaean era, 4
Archea (see also individual names), 10, 15,
128, 134
Arsenic
as biomarker, 392
as microbial substrate, 135, 392
Arthropods (see also individual names), 102,
306
heavy metals in, 308, 313
mandibles, 309, 310, 313, 315, 319, 320
manganese in, 307-311, 319
zinc in, 307-311, 319, 320
Aschemonella ramuliformis, 214
Ascidians (see also individual
names), 194
Ascorbate (or ascorbic acid), 103, 588
biosynthesis, 230
D-erythro-, 232
oxidation, 240
Aspein, 45
isoelectric point, 44
Association constants, see Stability constants
Aspergillus niger, 237
Astrangia danae, 11
Astrophytum ornatum, 229
Atacamite, 301-304, 314, 315, 319, 320
clino-, 302
parat-, 302
Atherosclerotic plaques, 474
Atomic absorption spectroscopy, 214
Atomic emission spectrometry (studies of)
otoliths, 210
statoliths, 210
Atomic force microscopy (studies of)
amelogenins, 512
bone, 448
brushite, 436, 437, 441
calcite, 187
calcium oxalate monohydrate, 429, 430
calcium phosphate, 439, 442
dental enamel, 442, 443
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Atomic force microscopy (studies of)
(Continued)
dentin phosphoprotein, 478
dissolution, see Dissolution
silica, 272, 278
step dynamics, 426-428
5’-ATP, 11, 100
ATPases
Ca®*-, 77, 93, 514, 516
H*-, 516
Mg?*-, 516
myosin, 104
Atrina sp., 177
rigida, 44
Atta sexdens rubripilosa, 308, 309, 313
Aurelia aurita, 210, 211, 213
Avian egg shell, 25-27, 31, 45, 46, 91, 102,
104, 106, 114

B

B. anthracis, 333
Baboon bone, 446, 448, 449
Bacillus sp., 331
cell wall, 131, 139-141
selemitirduces, 155
subrilis, 131, 138, 157, 381, 389
Bacteria(l) (see also individual names), 10,
15, 128
cell wall, see Cell
control of metal speciation, 129
cyano-, see Cyanobacteria
ferritin, see Ferritin
formation of biominerals, see Biominerals
fossils, see Fossils
genome, see Genome
hematite in, 390, 394
iron-oxidizing, 142, 143, 383, 390,
393, 399
iron-reducing, 129, 394
lepidocrocite in, see Lepidocrocite
magnetotactic, 79-81, 297, 298, 343-371,
385, 394, 395, 414
manganese in, 388
manganese-oxidizing, 403
—metal interactions, 127-160
methanogenic, 135, 136
—mineral interactions, 380
neutrophilic, 384
nitrate-reducing, 142
oxalotrophic, 245, 246
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phototrophic, 398
silicification, 386
sulfate-reducing, 345, 388, 397, 401
surface-associated growth, 129
technetium in, 388
uranium in, 388

Bambusina brebissonii, 209

Banded iron formations, 396
formation, 404
precambrian, 396

Barbara colfaxiana, 310

Barite (in), 208, 214
algae, 214
crystals, 426

Barium ion (in)
aragonite, 171
carbonate, see Carbonates
chromate, 617, 622, 627-629
sulfate, see Sulfates
titanate, 622

Basalt, 7

Bassanite, 208-213

Beetles (see also individual names)
heavy metals in, 308

Beggitoa, 134

Beryllium sulfate, 208

Bicarbonate, see Carbonates and Hydrogen

carbonate

Biglycan, 519, 525, 528
gene, 525

Binding constants, see Stability constants

Bioavailability of metals, 144

Biofilm, 147-160, 384, 393, 398, 400
Gallionella ferruginea, 390
geochemical interactions, 150-159
laboratory, 151
metal distribution, 156
—metal interactions, 147, 150, 151
microbial communities, 147-150, 397
microenvironment, 150-159
modes of growth, 158, 159
multi-species, 149
nickel in, 156

Biogenic
aragonite, see Aragonite
calcite, 179, 194
carbonates, see Carbonates
iron oxides, 390
phosphates, see Phosphates
silicates, see Silicates
sulfate, see Sulfate
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Biogenic minerals
role in Earth’s geology, 3-14
Biogeochemistry and biogeochemical
cycles (of)
bacterial biofilms, 147
bacterial influence, 134, 137, 156
calcium, 39
carbon, 39, 243-245
metal ions, 138
Bioinspired
fabrication of mineralized tissue,
594-600
materials, 169
mineralization additives, 617-632
Biomarkers, 240, 247, 395-398, 400
arsenic, 392
intracellular minerals, 388
isotopic composition of elements,
400, 401
magnetosomes, 349, 385, 386, 393-395
Biomimetic
materials, 169
mineralization, 112-114, 414, 416, 425,
449, 577-635
Biomineralization (of) (see also
Mineralization)
accumulation of nanospheres, 185
and cell metabolism, 73-76
calcium carbonates, see Calcium
carbonates
coccolithophores, see Coccolithophores
control of, 173-176
controlled by a fixed polymer matrix,
18-21
controlled extracorporeal, 16, 17
controlled in an extracellular compartment,
17,18
crystal assembly, 185
dynamics of, 413-450
enamel, 509, 530, 531, 535
enzymes in, see Enzymes
evolution, see Evolution
ferritin, see Ferritin
fixed extracellular compartments, 21-24
global effects, 3-14
interplay with biosubstrates, 167-200
iron, 142-146, 297-300, 319, 327-338
magnetosomes, 355, 356
microbial mats, 397, 398
mimicking nature, 112-116
molecules involved, 90
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non-calcium based, 295-297
organic matrix-mediated, 227
presence of polymers, 189-191
role of magnesium, 490
role of potassium, 490
role of silicate, 392, 490
role of sodium, 490
silica, 616
stages, 75
step-wise pathway, 101
uranium, 403
useful hydrophilic polymers, 616
vertebrates, see Vertebrates
Biomineralized tissues, 547-570
bioinspired growth, 577-606
fabrication, 584
fracture resistance, 563, 564, 568
mechanical design, 549
mechanical function, 563-569
preventing crack initiation, 564-567
preventing crack propagation, 568, 569
progenitor cells, 584-588
stiffness, 548, 563
structural elements, 563-569
toughening mechanism, 563, 564
Biominerals (see also Minerals and individual
names)
active formation, 381-384
as biosignatures, 389-398
formation by bacteria and viruses,
380-388
iron-rich, 378, 400
metal sulfide, 396, 397
oxalates, see Oxalates
pathological, 220, 232, 240-242
recorders of the past, 377-404
sulfate in, 207-215
Biomphalaria glabrata, 63
Biosignatures
biominerals as, 389-398
tools to study, 398-404
Biosilicification (in)
bacteria, 386
diatoms, 255-288
microbial, 392
Biosynthesis of
ascorbate, 230
bone, 414
calcium carbonate, 226
Biotite, 157
Birnessite, 387, 403
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Bivalves (see also individual names), 43-45,

60, 96, 174, 176, 181, 191
Black Sea
geochemical processes, 136
sediments, 136, 149
Block copolymers, 613
as matrix, 619-823
concept of, 620
double-hydrophilic, 619-632
face-selective adsorption, 624-626
—mineral interactions, 627-632
particle stabilization, 623, 624

Bone (containing) (see also Skeleton), 12-14,
87, 91, 96, 108, 109, 420, 448, 470, 509,

548-550
aluminum, 490
baboon, 446, 448, 449
biosynthesis, 414
calcium source, 459
cancellous, 558-561, 565, 593, 594
carp, 473
cell types, 466
collagen fibril orientation, 557
collagen, see Collagen
copper, 296
crystals in, 468
decalcification, 474
deformation mechanisms, 565-567
demineralization, see Demineralization
deposition, 561
development, 484, 580-584, 589-592
embryonic, 559
fiber composites, 568
fluoride, 490
formation, 578
-forming cells, see Osteoblasts
function, 448
Galileo Galilei’s description, 551, 564
growth, 462, 577-606
growth factors, 487, 581, 588-592
hierarchical structure, 551-561
human cortical, 556, 557, 569, 593
iron, 296, 490
irregular growth, 461
lamellar, 555-558, 569
lead, 490

list of non-collagenous matrix proteins, 465

magnesium source, 459

marrow, 582, 584, 585
mechanism of formation, 582-584
mineralization, 20, 61, 296, 484

0steoporosis, see Osteoporosis
properties, 464-468
rachitic, 474
re-calcified, 474
regeneration, 550, 596
repair, 578, 589-592
resorption, 561, 578
sialoprotein, 477, 479, 487, 528, 583, 593
strontium, 490
structural properties, 593, 594
thoughening mechanism, 563, 564
tissue engineering, 577-606
tissue engineering strategies, 679, 680
trabecular, 559-561, 565, 581, 593
vertebrate, 20, 257, 313
zinc, 296

Botallackite, 302

Braunite, 238

Brittle bone disease, see Osteogenesis

imperfecta
Brushite (see also Calcium phosphate), 14,
436, 437, 441

dissolution, see Dissolution
growth rate, 436
interaction with citrate, 434-437

Buffer
N-ethylmorpholine, 318
phosphate, 275

Butyrate, 243

Cc

Cactus
calcium oxalate in, 226, 229
magnesium oxalate in, 235
Saguaro, 235

Cadherin, 316

Cadmium(ll) (in)
carbonate, see Carbonates
detoxification, 231, 388
sulfide, 623, 624
tungstate, 622

Calanus pacificus, 307

Calcification
cartilage, see Cartilage
cell-mediated, 486
de-, see Decalcification
initial, 474
microbial mats, 105
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Calcite (in), 8, 10, 11, 39, 49, 53, 54, 63, 83,

85, 86, 109, 146, 169-171, 173, 174,
176, 177, 180, 181, 183, 187, 189, 320,
549, 563, 626

aggregates, 191

—aragonite polymorphism, 199

biogenic, 179, 194

cleavage, 175

crystal structure, 170, 171, 188, 190, 192

crystalline phases, 422

deposition on self-assembled monolayers,

197-199

dissolution, see Dissolution

formation, 22, 25-27, 48, 93

growth, 96, 187, 191

hollow spheres, 630, 631

iron(1l) in, 171

magnesium(ll), 30, 40, 105, 171, 174, 176,

186, 428

modified morphology, 194

monohydro-, 169

nucleation, see Nucleation

particle size, 623

plates (see also Coccoliths), 28-30, 80

prisms, 22-24, 44, 45

single crystal, 41

synthetic crystals, 193

tunicates, 234

Calcium(1) (in), 10, 16, 102, 332, 482

amorphous carbonate, see Amorphous
calcium carbonate

apatite crystals, 518

ATPase, see ATPases

-binding proteins, see Proteins

biogeochemical cycle, see Biogeochemistry
and biogeochemical cycles

bone, see Bone

carbonate, see Calcium carbonate

channel, 93, 108

flux, 491

homeostasis, see Homeostasis

hydrous oxide colloid, 624

hydroxyapatite, see Hydroxyapatite

minerals, 146

organic phosphate complexes, 476

osteocalcin, see Osteocalcin

oxalate, see Calcium oxalate

phosphate, see Calcium phosphate

plasma membrane pumps, 93

reservoir, 593

seawater, see Seawater
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secretion, 50, 53
silicate, 7
sulfate, see Calcium sulfate
tartrate tetrahydrate crystallization, 627
transport, 50, 53
Calcium carbonates (in), 7, 21, 37-64, 78, 79,
84, 100, 102, 105, 106, 167-200, 208,
244, 617-619, 622
amorphous, see Amorphous calcium
carbonate
crustaceans, 182, 307
crystal growth, 186-200
crystal shape, 174
crystallization, see Crystallization
hexahydrate, 169, 189
morphologies, 190
nucleation, see Nucleation
plants, 226
sediments, 402
structures of biominerals, 169-173
Calcium oxalates (in), 100, 220, 240, 244,
246, 428, 622
biosynthesis, 226
cactus, see Cactus
crystals in plants, 228, 229
dehydrate, 626
dihydrate, see Weddellite
insects, see Insects
kidney stones, 241, 242
monohydrate (see also Whewellite), 428,
429-434
morphologies, 228
nanocrystals, 624
pathological biomineral, 220, 232, 240-242
plants, 226-231, 233-236
radiocarbon dating, 244
solubility product, 227
structural characteristics, 226-230
tunicates, see Tunicates
urinary stones, 241, 242
Calcium phosphate (see also Brushite), 47, 92,
208, 423, 425, 428, 439, 442, 446, 476,
532, 617, 622
dissolution, see Dissolution
Calcium sulfates
dihydrate, see Gypsum
hemihydrate, see Bassanite
Calenia triseptata, 233
Callus formation, 587, 589
Calmodulin, 60, 92
Calopla callopsima, 238
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Calothrix sp., 140
Calreticulin, 316
Cambrian (era), 9, 74, 392
diversification, 110
explosion, 4, 6, 393
pre-, 4, 396
Camellia siniensis, 236
Carbon
13C NMR, see NMR
biogeochemical cycle, see Biogeochemistry
and biogeochemical cycles
radiocarbon dating, 244
Carbonates (in)
apatite crystals, 517, 518
barium, 617, 631
biogenic, 6-12, 14, 21
cadmium, 621
calcium, see Calcium carbonates
cycles, 7
distribution, 8
hydrogen, 514, 515, 517
lead, 622, 624
manganese, 621
minerals, 398
Carbonic anhydrase, 44, 58, 59, 73, 79, 93, 99,
107, 110, 316
genes, see Genes
in enamel fluid, 517
vy-Carboxyglutamic acid, 114, 476
proteins, 472, 482-484
Caries, 518
Carnegiea gigantea, 235
Carp
bone, 473
Cartilage, 482
calcified, 459-464, 475, 478, 482-485, 589
collagen, 459, 474
development, 484, 485
formation, 587, 590
growth, 559, 590
list of non-collagenous proteins, 464
mineral deposition, 484
tissue engineering, 597, 598
Carybdea sp., 209, 211
Caspartin, 98
Cassiopeia andromeda, 211, 212
Cataract
formation, 480
patients, 425
cDNA, 58
cloning, 42, 59, 64
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genes, 46-50
libraries, 39, 40, 42-44, 48, 49, 54, 60
sequences of amelogenin, 519
sequences of enamelin, 523
Celestite, 208, 213, 214
aggregation, 214
Cell
cycle, 260, 261, 266, 267, 268, 283
dentin-forming, see Odontoblasts
division, 261
magnetic dipole, 350-352
—matrix interaction, 585
-mediated calcification, 486
metabolic diversities, 134-137
metabolism and biomineralization, 74-76,
101
microenvironment, 146
planktonic, 127-160
primary mesenchyme, see Primary
mesenchyme cells
progenitors of connective tissues, 584-588
stem, see Stem cells
surface, 132-134, 138, 141
types in bone, 466
wall of bacteria, 131, 132, 138-141, 379,
383, 393
wall synthesis, 266, 267, 281-283
Cellulose, 93
silicified, 100
sulfate, 617
synthase, see Synthases
Cementum
properties of, 471, 472
Centruroides sp., 308
exilicauda, 309
Cerium oxalate, see Oxalates
Chaetoceras decipiens, 274
Channels
calcium, see Calcium(ll)
ion, 107
osteon, 557
Chara fragilis, 214
Chemiosmotic theory, 76
Cherax quadricarinatus, 171, 176
Chicken, 25, 46
egg shell, see Avian egg shell
Chiropsalmus sp., 210
Chitin, 39, 93, 100, 102, 299, 300, 310, 311,
313, 596, 616
a-, 308
B-, 177, 199, 200
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Chitin (Continued)
-based compartments, 31
-binding proteins, see Proteins
matrix, 176
synthase, see Synthases
synthesis, 104, 105
Chiton(s)
apatite, 298, 314
denticles, 297
iron biomineralization, 297-300
lepidocrocite, 298, 299, 312, 314
magnetic teeth, 320
magnetite in teeth, 296-298, 311, 312, 314,
319, 320, 419
teeth, see Tooth
Chitosan
as scaffold, 596
Chloride in
enamel fluid, 514, 515
Chloroapatite, 13
Chondrocytes, 110, 480, 483
bone regeneration, 584
differentiation, 580, 581, 587, 596
Chondroitin sulfate, 422
Chromate
barium, see Barium
Chromatography
high-performance liquid, see High-
performance liquid chromatography
ion exchange, 39
Chromosomes
human, 520
Chrysaora hysoscella, 210, 211
Citrate (or citric acid), 12, 14, 100, 230, 231,
237, 242, 428
interaction with brushite, 434-437
interaction with calcium oxalate
monohydrate, 429-433
Clathrina sp., 194
spicule, 180, 181
Climate
paleo-, 244, 395
Closterium Ehrenbergii, 209
Cobalt(ll), 316, 318
oxalate, see Oxalates
Coccolithophores (see also individual
names)
mineralization, 182-185
Coccoliths, 80, 174-176, 183, 185, 187
calcareous, 10
structure, 184
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Cocconeis sp., 258
Collagen(s) (in), 9, 25, 58, 59, 102, 111, 316,
457-492

abnormal formation, 492

as scaffold, 597

as template, 473, 474, 476

-based connective tissues, 457-492

binding proteins, see Proteins

bone, 103, 459, 592

cartilage, 459, 474

dentin, 103, 527

fibrils (or fibers), 18-20, 104, 414, 422,
448, 459, 467, 469, 471, 476-482,
491, 492, 550, 552-556, 558,
565, 567

function, 459, 472-475

matrix, 19-21, 446, 467, 474, 491, 583

nucleation, see Nucleation

structure, 459

synthesis, 471

type |, 459, 467, 470, 472, 475, 478, 524,
553, 583, 593, 595, 599

type 11, 459, 485, 581, 587

type I, 472
types of, 459
Colloids

aluminum hydrous oxide, 624
calcium hydrous oxide, 624
copper hydrous oxide, 624
lanthanum hydrous oxide, 624
nano-, 631
nickel hydrous oxide, 624
zinc hydrous oxide, 624
Compartmentalization (of), 10, 15-30, 112,
114, 115, 158
calcium(ll), 11, 226
Confocal scanning laser microscopy
(studies of)
biofilms, 152, 153, 157-159
Connective tissues
collagen-based, 457-492
mineralization, 457-492
progenitor cells, 584-588
Copper (various oxidation states) (in)
at cell walls, 138
bone, 296
detoxification in plants, 231
mineralization cofactor, 296
oxalate, see Oxalates
seawater, see Seawater
worm jaws, 300-304
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Copper(l) (in), 316
Glycera jaw, 303
Copper(ll) (in), 318
cross-linking, 317
histidine binding, 316
hydrous oxide colloid, 624
peptide complexes, 317
sulfide, 238
Corals (see also individual names), 80, 84,
91, 93
aragonite skeleton, 11
calcareous spicules, 10
Cornitermes cumulans, 308
Coscinodiscus sp., 275, 278
granii, 288
wailesii, 258
Coskrenite, 239
Cotylorhiza tuberculata, 210-212
Crassostrea sp., 181
gigas, 86
Crayfish (see also individual names), 171, 175
gastroliths, see Gastroliths
Crustaceans (see also individual names), 76,
96, 307, 314, 596
calcium carbonate deposition, 182, 307
cuticles, 172, 616
storage organs, 172
Crystal(s)
and life, 1-32
barium sulfate, 627
dissolution, see Dissolution
growth, 114, 186-194, 425-428,
448, 449
growth inhibition, 98-100, 114, 187,
428, 436
growth propagation, 99, 100, 114
liquid precursors, 614, 615
meso-, see Mesocrystals
nano-, see Nanocrystals and Nanoparticles
(or -spheres)
nucleation, see Nucleation
single, see Single crystals
structures, see Crystal structures
Crystallization (of)
amorphous precursors, 614, 615
calcium carbonate, 623
calcium oxalate monohydrate, see
Whewellite
classical, 610, 611, 613
constant composition method, 425, 426,
428, 430, 436, 439, 443-446, 448
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hydroxyapatite, 613
in organic matrix, 449
modification, 609-615
modulation by impurities, 428-437
nanoparticle-mediated, 610, 612
non-classical, 610-615
oriented attachment, 612, 613, 620, 628
polymer-controlled, 615-632
zinc oxide, 622
Crystal structures
calcite, see Calcite
aragonite, see Aragonite
hydroxyapatite, 13
spiral, 427
Cuticles
insect, 313, 557
Cyanea
capillata, 211
lamarckii, 211
Cyanobacteria (see also individual names), 74,
107, 110, 146, 157, 232, 392
coccoid, 105
gold in, 388
photosynthetic, 145, 396
Cyclophilins, 58, 59
Cylindrotheca fusiformis, 80, 82, 258, 259,
261, 263, 265, 266, 274-276, 278, 286
Cytokines, 486-489, 583, 585
list of, 486, 487
Cytoliths, 172

D

Danio rerio (see also Zebrafish), 38, 48, 49,
109
Decalcification (of)
acid, 473
bone, 474
Decarboxylase
oxalate, 245, 246
Degradation of
ameloblastin, 535
amelogenin, 533-535
Demineralization (of)
apatite, 439
bio-, 413-450
bone, 446-449
dynamics of, 413-450
ferritin, 334-336
kinetics, 439, 446
tooth enamel, 442-446, 449
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Dendrimers
as organic matrix, 619
Dentin, 17, 19-21, 31, 47, 61, 91, 313, 459,
471, 474, 508, 527, 548, 549
collagen, 103, 527
development, 484
fiber composites, 568
formation, 468
forming cells, see Odontoblasts
list of non-collagenous matric proteins, 470
matrix protein 1, 461, 477, 479
mineralization, 470, 484
organic content, 470
phosphoprotein, see Phosphophoryn
properties, 468-471
sialoprotein, 477-479, 526, 527, 616
surface, 17
Dentin—enamel junction, 18, 19, 47, 314, 442,
470, 471, 508, 511, 518, 526, 536
Dentinogenesis imperfecta, 528
Dentin sialophosphoprotein, 48, 49, 58, 61,
109, 477, 478, 526-528
gene, 526
Dexamethasone, 588, 598
Diatoms (see also individual names), 10, 80,
92, 96, 109, 384
biosilicification, 255-288
cell cycle, 260, 261, 266-268, 275, 281, 283
cell division, 261
cell wall synthesis, 266, 267, 281-283
model organisms, 258, 259
silica structures, 258-260
silicious skeletons, 9, 307, 561
Diderma, 105
Didymium, 105
Differentiation of
ameloblasts, see Ameloblasts
chondrocytes, see Chondrocytes
stem cells, see Stem cells
3,4-Dihydroxyphenylalanine, 16, 317, 319
Dioxygen
as oxidative substrate, 330, 331, 337
Diploschistes muscorum, 237
Dissolution (of)
brushite, 440-442
calcium phosphates, 439, 442
crystals, 437-448
dynamics, 449, 450
EDTA-mediated, 442
enamel, 443-446
models, 438-442
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rates, 443, 445
suppression, 442
Ditylum brightwellii, 258
DNA
as extracellular polymeric substance, 148,
153
c-, see CDNA
sequence polymorphism, 55
synthesis, 143, 260
Dolomite, 7, 8, 171, 238
Dopa, see 3,4-Dihydroxyphenylalanine
Double-hydrophilic block copolymers, see
Block copolymers
Drosophila melanogaster, 102
genome, 38
Dwarfism, 482, 590
Dynamic light scattering (studies of)
amelogenins, 521, 522, 534
colloids, 624

Earth
age, 4
aluminum in crust, 237
biogenic minerals, 3-14
biota, 30
history, 74, 392, 397
magnetic field, 385
prebiotic, 3
silicon in crust, 257
surface, 4-8, 128, 392
Echinoderms (see also individual
names), 182
matrix proteins, 62
tooth, see Tooth
Echinoplaca strigulacea, 233
EDTA, see
Ethylenediamine-N,N,N’,N’-tetraacetate
EDXA, see Energy dispersive X-ray
spectroscopy
Electrode
calcium-selective, 173
Electron cryotomography studies of
magnetosomes, 353, 354
Electron diffraction studies (of)
apatite nanoparticles, 447
barium chromate, 629
gold nanoparticles, 625
selected area, see Selected area electron
diffraction studies
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Extended absorption fine structure
spectrsocopy (studies of)
ferritin, 332
Nereis jaw, 306
oxalates, 224, 237
zinc, 306
Extracellular polymerix substances, 130, 148,
150-157
—metal interactions, 153

F

Fagopyrum esculentum, 236
Faucaria stomatium, 229
Ferns
calcium oxalates in, 233
Ferrihydrite (in), 157, 297-299, 328, 333, 379,
382, 383, 399
bacterial cells, 384, 386, 390, 391, 400
precursor, 419
Ferritin(s), 60, 140, 298, 300, 379
animal, 328, 329
bacterial, 328-337, 386, 387
biomineralization, 327-338
demineralization, 334-336
ferroxidase site, 330-333
human, 335
iron entry, 330-333
maxi-, 329-337
mini-, 328-332, 334-337
mitochondrial, 330
nucleation, 333
occurrence, 328, 336
plant, 328, 330
Ferroxidases (see also individual names),
330-334
Fibroblast growth factor, see Growth
factors
Ficus microcarpa, 172
Fish (see also individual names)
otoliths, see Otoliths
tooth, 509
zebra-, see Danio rerio and Zebrafish
Flagellates
silico-, 257
Flavin mononucleotide, 335
Fluoride(s) (in), 13
apatite crystals, 517, 518
bone, 490
enamel fluid, 514, 515
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enamel, 428

tooth, see Tooth
Fluoroapatite, 13, 428, 532

solubility product, see Solubility product
FMN, see Flavin mononucleotide
Foraminifera

barite in, 214

calcium carbonate in, 214
Formica sp., 308, 309
Fossils, 4, 9, 10, 74-76, 384, 404

bacterial cells, 386

magneto-, 349

micro-, 392, 393, 396, 403

microbial, 392, 393
Francolite, 299

Frataxin, 330
Frog
ferritin, 329

Fruit fly, see Drosophila melanogaster
Formation constants, see Stability constants
Fungi (see also individual names), 10, 239,
240
alumnium oxalate in, 237
lead oxalate in, 237
pathogenic, 105, 231, 235

G

Galactose, 135, 136, 138, 230
Galatheammina sp., 214
Galectins, 9
Gallionella sp., 384, 391, 399, 400
ferruginea, 383, 390
Gallus gallus, 25
Gastroliths
crayfish, 96, 172, 175
Gastropods (see also individual names), 174
Gel filtration, 39
Gel electrophoresis, 39, 42, 56, 353
Gene(s)
amelotin, 524
biglycan, 525
calcium carbonate biomineralization, 37-64
carbonic anhydrase, 58
cDNA, 46-50
dentin sialophosphoprotein, 526
enamelin, 523, 524, 530
in silicon metabolism, 285
matrix, 61
matrix metalloproteinases, 525
regulatory networks, 50-54, 59, 64, 92
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Gene(s) (Continued)
silicic acid transporter (SIT), 263
SPARC, 62
starmaker, 49
Genomes, 54-60
Danio rerio, 48
diatoms, 259
Drosophila melanogaster, 38
invertebrate, 64
Lottia, 60
Magnetospirillum gryphiswaldense, 355
Magnetospirillum magneticum, 353, 355
Magnetospirillum magnetotacticum, 80, 353
marine coccus MC-1, 353
sea urchin, 54-58
Strongylocentrotus purpuratus, 31, 43,
54-58
Thalassiosira pseudonana, 80, 263, 276,
280
Geobacter sp., 144, 145
sulfurreducens, 388
Germanic acid, 263
Gibbs’ free energy, 418
change, 440
Glass
hierarchical structure, 561-563
spicules, see Spicules
sponges, see Sponges
use in the biological world, 561
Global
effects of biomineralization, 3-14
warming, 2
Glushkinshite, 229, 235, 238-240
Glycera sp., 300, 301
dibranchiata, 312
jaw, 301-304, 306, 311-316, 319, 320
Glycolate, 230
Glycolipids, 353
Glycoproteins (see also individual names), 42,
48, 99, 100, 110, 176, 472, 476, 479,
480, 483, 492, 616
small, integrin-binding ligand, N-linked, see
SIBLING proteins
Glycosylation
protein, 54
Glyoxalate, 230
oxidation, 240
Goethite (in), 142, 382, 396-398, 399
bacterial cells, 383, 384, 386, 390, 391
limpet teeth, 102, 104, 298, 299, 312, 314,
319
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Gold (various oxidation states) (in)
AU, 141, 157
cyanobacteria, 388
nanocolloids, 631
nanocrystals, see Nanocrystals
secondary grains, 4
Gold(l11), 157
tetrachloride, 4
Golgi apparatus, 182, 183
Gonatocygon brebissonii, 209
Graft copolymers
double-hydrophilic, 622, 623
Gravity sensors, 210
Greigite, 370
crystal shape, 348
magnetic easy axis, 351
magnetosomes, see Magnetosomes
Growth factors, 486-489, 581, 584, 588-592,
596, 597
bone, see Bone
connective tissue, 589, 590
fibroblast, 581, 585, 589, 590, 592, 596, 597
function, 589-591
insulin-like, 589-591
list of osteoinductive, 591
list of, 486, 487
platelet-derived, 589-592
transforming, 589, 590, 598
vascular endothelial, 581, 589-592
Guano, 220, 236, 238, 239
Gymnocallycium platense, 229
Gypsum (see also Calcium sulfates), 146,
208-213
Gyrosigma balticum, 258

H

Hadrurus arizonensis, 308
Halimeda sp., 74
Haliotis sp., 58, 85
asinina, 60
rufescens, 174
Halistaura sp., 210
Halitosis laevigata, 24
Halobacterium salinarum, 333, 334
Halogeton glomeratus, 234
Heavy metals (see also individual elements) (in)
ants, 308
arthropods, see Arthropods
beetles, 308
invertebrate jaws, see Jaws
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Heliocidaris
erythrogramma, 59
tuberculata, 59
Heliotis zea, 308
Hematite (in), 142, 157, 382-384, 386, 391,
399
bacterial cells, 390, 394
banded iron formations, 396
Hemoglobin, 335
Hierarchical materials, 547-570
interfaces, 550
self-repair, 549, 550
structures, 549, 550
High-performance liquid chromatography
reversed phase, 30
High-resolution transmission electron
miscroscopy (studies of), 24
biosignatures, 400
calcium phosphate, 423
magnetosomes, 347, 348, 350, 370
Homarus americanus, 172
Homeostasis (of) (see also Metabolism)
calcium, 92, 233
mineral, 459, 465, 593
osmotic, 92-95
phosphate, 461
Homo sapiens (see also Human), 88
Hormone
parathyroid, 483
Hot springs, 379, 391, 392
HRTEM, see High-resolution transmission
electron miscroscopy
Human
amelogenin, see Amelogenin
bone, see Bone
chromosomes, 520
enamelin, 523
ferritin, see Ferritin
kidney stones, 428
vertebra, 559, 560
Humboldtine, 224, 239, 240
structure, 224
Humic acids, 144, 148, 238, 239, 243
Hyaluronic acid
as scaffold, 596, 597
synthase, 103
Hydrogen carbonate (in) (see also Carbonates)
enamel fluid, see Enamel fluid
Hydrogen peroxide
as oxidative substrate, 330-333, 337
formation, 245
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Hydrogen phosphate in
apatite crystals, 517
Hydrothermal vents
bacteria, 379, 382, 391, 403
mollusks, 297, 299
Hydroxides
aluminum, 237
iron, 392, 393, 396, 398
Hydroxyapatite, 25, 26, 112, 113, 428, 442,
457-492, 548, 554, 583, 593-597, 599,
600
adsorption of amelogenin, 531
-based skeleton, 21
calcium, 12, 549
carbonated, 17, 509, 553, 599
crystal structure, 13
crystalline phases, 422
crystallites, 469, 528
crystallization, 613
fluorinated crystals, 536
formation, 334, 473, 481
geologic, 458
growth inhibition, 473, 477-482
solubility product, see Solubility product
supersaturation, see Supersaturation
tooth enamel, 302, 311, 515, 517
unit cell, 12, 13

Idioblasts, 227, 228, 230, 236, 244
Indole
dihydroxy-, 317
Infrared spectroscopy (studies of), 305
oxalates, 225, 235, 236
Insect(s) (see also individual names and
species), 307, 311
calcium oxalate in, 233
cuticle, 313, 557
Insulin
zinc in, 306, 316
a-Integrin, 316
Intraocular lens, 425
Invertebrates (see also individual names and
species), 39, 41
jaws, see Jaws
matrix proteins, 62
teeth, see Tooth
use of calcium carbonate, 169
lon channel, 107
lon exchange chromatography, 39
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Iponea batatas, 234
IR, see Infrared spectroscopy
Iron (various oxidation states) (in), 129, 142,
143, 383, 390, 393, 394, 399
at cell walls, 138
biofilms, 156
biomineralization, see Biomineralization
bone, 296
bone, see Bone
chaperone, 330
deficiency, 329, 336
hydroxides, 392, 393, 396, 398
intracellular oxides, 386, 387
mats, 383
metabolism, see Metabolism
mineralization cofactor, 296
minerals, 142
oxalate, see Oxalates
oxides, see individual names
redox transformations, 142-146
silicate, see Silicate(s)
solubility, 328
-sulfur clusters, 330
Iron(11) (in), 103, 135, 137, 356, 387
calcite, 171
oxidation, 142, 143, 157, 214, 333, 335,
381-383, 389, 401
redox potential, see Redox potentials
Iron(I11) (in), 135, 141, 316, 318, 381, 387
as terminal electron acceptor, 129, 144
cross-linking, 317
minerals, 386
oxalate, 225, 238, 239, 247
oxides, 383
phosphate, 298
precipitates, 156
redox potential, see Redox potentials
reduction, 137, 143-146, 317
triscatecholate complex, 319
Iron-sulfur clusters, 330
Isomerase
peptidyl prolyl cis/trans, 59

J

Jarosite, 214, 215

Jaw(s)
copper in, 300-304
heavy metals in, 295-321
invertebrate, 295-321
marine worms, 300-306

mechanics, 311-313

structural organization, 302

zinc in, 300, 304-306
Jurassic period, 396, 397

K

Kallikrein, 520, 525, 526, 534, 535

Kebira sp., 180

a-Ketoglutaric acid, 103

Keutel syndrome, 483

Kidney stones
calcium oxalate in, 241, 242
formation, 240-242, 246, 428
human, 428

L

Langmuir films, 194-199
Lanthanum(111)
hydrous oxide colloid, 624
hydroxide, 623
oxalate, see Oxalates
Lead (various oxidation states) (in)
apatite, 14
aragonite, 171
bone, see Bone
carbonate, see Carbonates
detoxification in plants, 231
oxalate, see Oxalates
poisoning, 490
Lecanora atria, 235
Lectins, 110
C-type, 42, 106
Lepidocrocite (in), 382, 383, 391, 398
bacterial cells, 384, 389
chiton teeth, 298, 299
limpet teeth, 311
Leptogorgia virgulata, 10
Leptospirillum ferrooxidans, 383
Leptothrix sp., 134, 383, 390, 391, 400
discophora, 79, 80, 82
Levinsonite, 239
Lichen(s) (see also individual names),
237-240, 244, 301
calcium oxalates in, 220, 232, 233
forms of symbiosis, 232
magnesium oxalate, 235
manganese-sensitive, 238
metal hyperaccumulator, 237
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Life
crystals and, 1-32
history of, 398
Ligaments
collagens in, 472
development, 484
proteoglycans in, 472
Ligases, 77
Limestone, 7, 238
Limpet(s) (see also individual names), 54,
295-321
goethite in, see Goethite
iron biomineralization, 297-300
lepidocrocite in, see Lepidocrocite
radular teeth, 102, 104, 298, 299, 311, 314,
319
Lindbergite, 238
Lipid(s), 484, 485
as extracellular polymeric substance, 148
glyco, see Glycolipids
phospho-, see Phospholipids
sulfo-, 353
Lipopolysaccharides, 133, 139, 154, 159
Lipoproteins, 133
Lithosphere, 3-6
Lobster (see also individual names)
American, 172
Locusta migratoria, 308
Lottia
genome, see Genomes
scuta, 54, 58
Loxidiae, 214
Lustrin, 44, 45, 60, 102
Lysozyme, 100
Lysyl oxidase
copper(l1)-dependent, 104
Lytechinus variegatus, 27, 28, 32

Mackinawite, 350
to greigite conversion, 370
Macroconstants, see Stability constants
Maghemite, 400
Magnesium(ll) (in), 10, 16, 96, 100,
242, 332
abundance in Earth’s surface, 7
apatite crystals, 517
at cell walls, 138
ATPase, see ATPases
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bone, see Bone
calcite, see Calcite
deficiency, 490
enamel, see Enamel
enamel fluid, 514, 515
oxalate, see Oxalates
phosphate, see Phosphate(s)
RNA stabilization, 316
role in biomineralization, 490
sulfate, see Sulfates
tooth, 29, 514
Magnetism, 343-371
Magnetite (in), 79, 81, 385, 391, 400
banded iron formations, 396
chitons, see Chiton(s)
crystal shape, 348, 349
magnetic easy axis, 351, 366
magnetosomes, see Magnetosomes
Martian, 395
nanoparticles, see Nanoparticles
Magnetosomes, 79, 80, 98, 99, 111, 345-371,
384-386
as biomarkers, see Biomarkers
biomineralization, see Biomineralization
chain formation, 353-358
crystal shapes, 348
filaments, 345
genetic regulation, 354-358
greigite, 345, 348-350, 359-361, 368-371,
385, 395
greigite to pyrite transformation, 350
iron-sulfide, 350, 368, 371
magnetic dipole moment, 365, 366, 371
magnetic induction map, 365-367
magnetic microstructure, 362—-371
magnetic properties, 359-371
magnetite, 345, 347-354, 359-361, 371,
385, 394, 395, 404
membrane, 345, 353, 354
molecular biology, 353-358
superparamagnetic, 359-361, 365, 394
synthesis, 356, 357
Magnetospirillum, 111
gryphiswaldense, 79, 81, 347, 353-358
magneticum, 353-358
magnetotacticum, 80, 346, 348, 352, 353,
356, 357, 364, 365
Magnetotaxis, 343-371
geomagnetic field, 360
migration along the magnetic field, 352
Malate, 231, 237



SUBJECT INDEX

MALDI-TOF, see Matrix-assisted laser

desorption ionization time-of-flight mass

spectrometry
Mammalian enamel, 507-536
Mandibles
arthropod, see Arthropods
Manganese (various oxidation states) (in)
arthropods, 307-311
as microbial substrate, 135
at cell walls, 138
bacteria, see Bacteria
biofilms, 156
carbonate, see Carbonates
intracellular oxides, 386, 387
oxalate, see Oxalates
oxidase, see Oxidases
Manganese(ll) (in), 103
bioreduction, 403
oxalate decarboxylase, 245
oxalate oxidase, 245
Manganese(lV)
oxides, 387, 403
reduction, 137
Mannose, 230
Mars, 240
magnetite, 395
meteorite, 395
Mascagnite, 236
Material
design, 113
inorganic, 607-635
Matrilins, 461
Matrix (see also Scaffold), 27, 31
(extracellular) vesicles, 474, 484, 485
chitin, see Chitin
collagen, see Collagen
degradation, 18, 533-535
extracellular, 18, 76, 78, 105, 510, 513,
522, 524, 536, 580-584, 588, 590,
592, 594-596, 599, 600
functional insoluble, 609
genes, 61
glue-like, 565, 567
polymeric, 304, 400, 619-623
proteins, see Matrix proteins
proteoglycan-rich, 461
structural insoluble, 609, 616
Matrix-assisted laser desorption ionization
time-of-flight mass spectrometry, 317,
318
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Matrix metalloproteinases, 60, 476, 520, 525,
526, 533, 534, 581, 588
genes, 525
Matrix proteins (see also individual names),
19, 24, 39-43, 45, 46, 48, 50, 54-58,
60-64, 97, 98, 111
extracellular, 73-76, 78, 79, 91, 475-484,
488
vy-carboxyglutamic acid, see
vy-Carboxyglutamic acid
modification, 488, 489
Medusae (see also individual names)
statoliths, 210, 211
Melanin, 304, 313, 315, 317
Mercenaria sp., 181
Mesocrystals, 610, 614, 618
calcite, 618
crystallographic fusion, 614
Metabolism (of) (see also Homeostasis)
cell, see Cell
iron, 143
microbial, 135
silicon, 259, 285-287
Metal ion(s) (see also individual elements)
affinity columns, 316
as cross-linkers, 315-319
—bacteria interactions, see Bacteria(l)
bioavailability, 144
—biofilm interactions, see Biofilm
mineralization, 137-141
precipitation, 137-141
surface sorption, 137-141
Metazoans, 74, 80, 102
Methane
formation, 135
monooxygenase, 337
Methanospirillum sp., 134
Methanothrix sp., 134
Mice, see Mouse
Micelles (see also Vesicles), 623, 624
Microbes (or microbial) (see also individual
names)
ecology, 129
metabolism, see Metabolism
Microbial mats, 392
biomineralized, 397, 398
calcification, 105
Microscopy
confocal scanning laser, see Confocal
scanning laser microscopy
electron, see Electron microscopy

Met. Ions Life Sci. 2008, 4, 645-671



662

Microscopy (Continued)
high-resolution transmission electron, see
High-resolution transmission
electron microscopy
multi-photon laser scanning, see
Multi-photon laser scanning
microscopy
scanning, see Scanning electron microscopy
transmission electron, see Transmission
electron microscopy
Mineral(s) (in) (see also individual names)
bio-, see Biominerals
calcium, 146
carbonate, 398
homeostasis, see Homeostasis
interactions with double-hydrophilic block
copolymers, 627-632
iron, 142, 386
living systems, 14-30
magnetic iron, 343-371
microenvironment for formation, 146, 147
Mineralization
additives, 617-632
bio-, see Biomineralization
biologically-controlled, 74
biologically-induced, 15, 74, 174, 239, 345
biomimetic, see Biomimetic
cofactor, 296
collagen-based mechanism, 489, 491
connective tissues, see Connective tissues
inhibition, 477, 482
inorganic material, 607-635
matrix-controlled, 100, 101
matrix-induced, 100, 101
mechanism, 489, 491
metals, 137-141
nacre, see Nacre
organic matrix-mediated, 15, 299
polymer-controlled, 607-635
pyrophosphate as inhibitor, 475
vertebrate, 489-492
vitamin D-induced, 480
Minguzzite, 239
Molecular simulation of proteins, 94
Molgula manhattensis, 234
Mollusk(s) (see also individual names), 28, 48,
50, 61, 62, 80, 85, 106, 110, 191-194,
199, 314
bivalves, see Bivalves
calcium carbonate deposition, 182
chitons, see Chiton(s)
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limpets, see Limpet(s)
nacre, 114
shell, 21-24, 31, 39, 45, 48, 63, 93, 96,
99-102, 104, 113, 174, 179, 181, 200,
414, 563, 616
shell proteins, 43-45, 58, 91, 93, 94, 97, 98,
109, 111
Monooxygenase
methane, 337
Moolooite, 238, 240, 301
Mouse, 38, 80
amelogenin, see Amelogenin
amelogenin-null, 520, 532
biglycan-null, 481
bone sialoprotein-null, 479
cartilage matrix deficiency, 482
dentin-matrix protein-null, 479
enamelin, 523
fetuin-null, 480
fro/fro, 485
matrilin-null, 463
matrix gla protein-null, 483
osteocalcin-null, 484
osteopontin-null, 477
transforming growth factor-null, 487, 488
transgenic, 112
Mucoperlin, 60
Multi-photon laser scanning microscopy
studies of biofilms, 153
Mus musculus (see also Mouse), 80, 86
Mussel (see also individual names) byssus,
317-319
Mutagenesis
site-directed, see Site-directed mutagenesis
Myosin, 105, 109, 111
ATPase, 104
Mytilus sp., 105
californianus, 191
Myxococcus xanthus, 214
Myxomycetes, 105

N

Nacre, 23, 24, 45, 108, 113, 114, 174, 179,

181, 185, 548, 569, 616

abalone, 174, 177

aragonite in, see Aragonite

formation, 98, 100, 102, 103

mineralization, 28, 176-179

mollusk, 114

organic matrix, 177, 178
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Nacrein, 44, 79
Nanocages
ferritin, 329-331, 333-336
gated pores, 334-336
structures, 329, 330
Nanocrystals
aragonite, 631, 632
barium sulfate, 624
cadmium sulfide, 623, 624
calcium oxalate, 624
gold, 623-625, 631
lanthanum hydroxide, 623
lead carbonate, 624
lead, 623
palladium, 623
platinum, 623
semiconductor, 608, 623
silver, 623
zinc oxide, 624-626
Nanomaterial
tailoring, 608
Nanoparticles (or -spheres) (of), 17
accumulation, 185
aggregation, 382, 384, 620, 622, 632
amelogenin, 31, 521-523, 531, 534
apatite, 444, 447
barium chromate, 627-629
directed fusion, 612
face-selective adsorption, 621
ferrihydrite, 383
magnetite, 99
-mediated crystallization, see Crystallization
nucleation, see Nucleation
optimization, 450
silicalite, 618
stabilization, 620, 621
U0, 388
vaterite, 96
Nanotechnology, 288, 414
Nanowires
iron reduction strategy, 145
one-dimensional, 698
Natroxalate, 235, 240
Navicula pelliculosa, 259, 272
Nematode
genome, 38
Neodymium oxalate, see Oxalates
Nephrocalcin, 242
Nephrolithiasis, 240
Nereis, 300, 301, 311
jaws, 304-306, 312, 313, 315, 316, 319, 320
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limbata, 304, 312
zinc in, 304-306, 310, 319, 320
Neutron diffraction studies of
oxalates, 223
Neutron scattering studies of
collagen fibrils, 554
proteins, 94
Nickel (various oxidation states) (in)
biofilms, 156
complexation in bacteria, 153
Nickel(ll) (in), 316-318
hydrous oxide colloid, 624
oxalate, see Oxalates
peptide complexes, 317
Nitrate reduction, 137
reductase, 286, 287
Nitzschia alba, 259, 265
NMR
2TAl, 236
8¢, 25
H, 25
Nontronite, 379, 382
Novgorodovaite, 236
Nuclear magnetic resonance, see NMR
Nucleation (of), 173, 174, 176, 180, 183,
415-426, 428, 437, 438, 448, 449, 472,
509
activation, 415
akaganeite, 384
apatite, 422, 423, 599
aragonite, 177, 179
(bio)minerals, 380, 388
calcite, 179, 195, 630
calcium carbonate, 102, 194-200
calcium oxalate monohydrate, 434
classical theory, 416, 418-420, 440
collagen fibrils, 554
controlled, 533
crystals, 98, 99, 422
enamel, 533
extracellular polymeric substances
as templates, 150-156
ferritin, 333
heterogenous, 381, 415, 420-425, 473
homogeneous, 381, 415, 418-420
hydroxyapatite, 479, 485, 487, 491, 527,
583, 600
iron oxides, 382, 389
iron silicates, 382
kinetics, 422, 425
nanoparticles, 384
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Nucleation (of) (Continued)
on self-assembled monolayers, 197-199
secondary, 478
supersaturation, see Supersaturation
vaterite, 195

(0

Octadecylamine, 195
Octadecylsulfate, 196, 197
Odontoblasts, 17, 19, 27, 47, 468, 470,
471, 478, 483, 485, 487, 511-513, 526
Oligonucleotides
antisense, 46-49, 64
Oolithic ironstone, 396, 397
Opal in
limpet teeth, 298, 299
plants, 226, 233
Opuntia
ellisiana, 235
ficus india, 230
lindenhemi, 229, 235
penicilligera, 229
Orchestia sp., 97
cavimana, 172
Ossification
endochondral, 581-584, 587, 589, 591
intramembranous, 583, 584
Osteoarthritis, 461, 463
Osteoblasts, 21, 460, 464-466, 481, 483, 485,
487, 512, 550, 553, 560, 582, 584, 585,
587, 588, 590-592, 598
differentiation, 580, 581, 583, 586, 590,
591, 596
precursors, 589

Osteocalcin, 471, 472, 482-484, 492, 588, 593

calcium, 316

synthesis, 483
Osteoclasts, 21, 465-467, 484, 550, 559, 560,

581

Osteocytes, 21, 464, 466-468, 583
Osteogenesis imperfecta, 476, 485, 492
Osteomalacia, 490
Osteon, 556, 560

channel, 557
Osteonectin, 101, 479, 480, 487, 593
Osteopenia, 490

Osteopontin, 61, 110, 242, 471, 477, 528, 588, 593

Osteoporosis, 559
Otoconia, 110

Met. Ions Life Sci. 2008, 4, 645-671

SUBJECT INDEX

shark, 169

Otoliths, 99, 172, 210

aragonite in, 48
zebrafish, 48, 49, 109, 110

Otopetrin, 110, 113
Oxalate(s) (or oxalic acid) (in), 221

aluminum, 236, 237, 247

ammonium (see also Oxammite), 220, 223,
234-236

biominerals, 219-247

biosynthesis, 228, 230

calcium, see Calcium oxalates

cerium, 239

cobalt, 224, 225, 239

copper, 220, 224, 225, 238

decarboxylase, 245, 246

degradation, 227, 244-247

environment, 242-244

inhibitor, 100

iron, 224, 225, 238, 239, 247

kidney stones, see Kidney stones

lanthanum, 239

lead, 237

magnesium (see also Glushinskite), 220,
224, 229, 235

manganese, 220, 224, 225, 238-240

neodymium, 239

nickel, 224, 225, 239

oxidase, see Oxidases

pathological, 240-242

plants, 234-236

potassium, 223, 224, 234-236

sodium, 223, 224, 234-236

sodium-copper, 239

strontium, 235, 236

structural properties, 221-226

thermal degradation, 225

transition metals, 238-240

vibrational spectra, 225

zinc, 224, 225, 237-239

Oxalis sp., 234

Oxalobacter formigenes, 246
Oxammite, 220, 223, 224, 236, 240
Oxidases (see also individual names)

lysyl, 104
manganese, 134
oxalate, 245, 246

Oxides, see individual elements
Oxidoreductases, 77
Oyster(s) (see also individual names), 45, 102

pearl, 44, 79, 80
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P

Paleoclimate, 244, 395
Palladium nanocrystals, 623
Paralepetopsis ferrugivora, 299
Particle-induced X-ray emission, 310
Patella vulgate, 312
Pavlova sp., 209
Pecten maximus, 233
Penicillus sp., 233
Peptide(s)
—solvent interactions, 95
stability constants of complexes, 317
Peptidoglycans, 132, 133, 139
Peptidyl prolyl cis/trans isomerase, 59
Periphylla periphylla, 211-213
Perlinhibin, 100
Perlucin, 60, 98, 103
Pertusaria corallina, 238
Phaeodactylum tricornutum, 259
Phenazine, 144
Phialidium sp., 210
Phosphate(s) (in)
biogenic, 6, 11-14
calcium(ll), see Calcium phosphate and
Brushite
enamel fluid, 514, 515
flux, 491
B-glycerol, 475, 588
homeostasis, see Homeostasis
hydrogen, see Hydrogen phosphate
iron(l11), 298
local concentrations, 475
magnesium(ll), 92
reservoir, 593
skeletogenesis, 12
Phospholipase A2, 97
Phospholipids, 20, 139, 345, 353, 476,
485
as extracellular polymeric substance, 148
Phophophoryns, 32, 93, 100, 334, 471, 475,
526, 616
Phosphoproteins, 31, 46, 476-479
secreted, see Osteopontin
secreted calcium-binding, 58, 61-63
Phosphoric acid, 12
Photosynthesis, 101, 107, 109, 142, 144, 146,
147, 233, 243
Phragmatopoma californica, 16-18
Phylogeny of enzymes, 73
Physarum sp., 105
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Phytoplankton
siliceous skeleton, 9
Pinctada fucata, 80, 85
Pinna
nobilis, 22, 177
ragusa, 174
Pista stratiotes, 230
PIXE, see Particle-induced X-ray emission
Plant(s) (see also individual names
and species)
aluminum toxicity, 231, 236, 237
calcium carbonate in, 226
calcium oxalates in, 226-231, 234, 235
detoxification of metals, 231
ferritin, see Ferritin
opal in, 226
pathogenic fungi, 235
polysaccharides, 103
silica in, 257
Platinum nanocrystals, 623
Pleurochrysis carterae, 182—-185
Polychaetes (see also individual names),
300-306
jaws, 317
Polyelectrolytes, 617, 618, 621
Polygalacturonase, 231
Poly-a-hydroxy esters
as scaffold, 598
Polymer(s)
-controlled crystallization, see
Crystallization
—crystal interactions, 616
homo-, 619, 621
hydrophilic, 616, 617
in biomineralization, see Biomineralization
—mineral interactions, 615
synthetic, 615
Polymerase chain reaction
quantitative, 283
real-time, 55, 56, 269, 356, 524
Polymeric extracellular matrix, 9
Poly(propylene fumarate)
as scaffold, 599
Polysaccharides (see also individual names),
31, 39, 101, 148, 151, 176, 177, 183,
184, 393, 397, 398, 400, 595, 596, 616
exo-, 379, 380
in calcification modulation, 185
lipo-, see Lipopolysaccharides
plant, 103
Porcellio scaber, 172
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Potassium (in)
apatite crystals, 517
enamel fluid, 514, 515
iron hydroxide sulfate, 214, 215
oxalate, see Oxalates
pump, 516
role in biomineralization, see
Biomineralization
Potentials, see Redox potentials
Precambrium, 74
Primary mesenchyme cells, 40, 42, 51-54,
56-60, 62
Proboscia alata, 273
Procambarus sp., 97
Prokaryotes (see also individual names), 79,
386
diversities, 135
magnetotactic, 345
metabolic plasticity, 128
Propionate, 243
Proteinases (see also individual names), 18, 60
calcium-dependent, 103
enamel, 524-526
matrix metallo-, see Matrix
metalloproteinases
Protein(s) (see also Enzymes and individual
names)
bone morphogenic, 476, 581-583, 586, 588,
590, 592
bone sialo-, 110, 471, 471
calcium-binding, 45, 92, 227
chitin-binding, 103
collagen-binding, 101
degradation, 509
dentin matrix, see Dentin
dentin sialo-, see Dentin
dentin sialophospho-, see Dentin
sialophosphoprotein
Dps, see Ferritin, mini-
egg shell, 98, 99
gla (y-carboxyglutamic acid), 472, 482-484
glyco-, see Glycoproteins
histidine-rich, 317
intracrystalline, 179-182
lipo-, 133
matrix, see Matrix proteins
—membrane interactions, 112
—mineral interactions, 54, 112, 531-533
nanocages, see Nanocages
non-collagenous, 464, 465, 467, 468, 470,
471, 473-475
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phospho-, see Phosphoproteins
—protein interactions, 54, 62, 64, 112, 357,
477
SIBLING, see SIBLING proteins
silk-fibroin-like, 177, 178
starmaker, see Starmaker
Proteoglycans, 18, 19, 25, 31, 39, 48, 100,
102, 104, 110, 112, 463, 471, 472, 476,
480-482, 583, 593
sulfated, 461
synthesis, 487
Proteolipids, 20, 31
Proterozoic era, 4, 9, 10
Protozoa (see also individual names), 213,
214
Pseudomonas
aeruginosa, 131, 133, 135, 139, 152, 157,
158
biofilm, 152-154, 157
intracellular design, 131
Pyrite, 350
formation, 396, 397
Pyromorphite, 237
Pyrophosphate, 100
as calcification inhibitor, 464, 475
Pyura pachidermata, 172

R

Radicals (see also individual names)
polymerization, 319
tyrosyl, 317
Radiolarians
siliceous skeleton, 9, 213, 257
Ralstonia metallidurans, 4
Raman spectroscopy studies of
oxalate, 225, 235, 236, 240
Redox potentials, 137, 146, 150, 157, 158
extracellular, 156
Fe(l1)/Fe(ll), 143
Reductases
nitrate, 286, 287
ribonucleotide, 337
Reduction potentials, see Redox potentials
Resonance Raman spectroscopy, see Raman
spectroscopy
Rhipocephalus sp., 233
Rhizistoma
octopus, 210
pulmo, 210
Ribonucleotide reductase, 337
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RNA
as extracellular polymeric substance, 148
stabilization by magnesium, 316
Rocks (see also Minerals), 5
Archean, 396
Proterozoic, 396
Rumex sp., 234

S

Salvadora persica, 212
Sarcobatus vermiculatus, 234
SAXS, see Small angle X-ray scattering
Scaffold material (see also Matrix)
alginate, see Alginate
collagen, 597
composite, 599, 600
for tissue fabrication, 594-600
hyaluronic acid, 596, 597
natural, 595-597
poly(propylene fumarate), 599
poly-a-hydroxy esters, 598
synthetic, 597-599
Scanning electron microscopy studies of
amelogenins, 521, 532
apatite, 424
avian egg shell, 25, 26
baboon bone, 447
biosignatures, 398, 399
bone, 556, 593
calcite crystals, 188, 618
calcium carbonate, 174, 190, 630
calcium oxalate (monohydrate), 228, 233,
429
calcium phosphate, 423
chiton teeth, 298
diatoms, 270, 272, 278
echinoderm tooth, 27, 28
enamel, 443, 444, 510
iron ooid, 397
iron-rich sediment, 391
Leptothrix, 383
limpet radula, 299
magnesium oxalate, 235
pyromorphite, 237
sea urchin spicule, 42
statoliths, 213, 214
Scanning transmission X-ray microscopy
(studies of), 402, 404
biofilms, 155, 156, 403
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Scaphander cylindrellus, 233
Schistocerca gregaria, 313
Schwertmannite, 383
Sclerotina sclerotiorum, 235
Scorpions (see also individual names)
heavy metals in, 308
zinc in stinger, 307-310
Scyphistoma sp., 209
Sea urchin(s) (see also individual names),
50-52, 60, 99, 106, 110, 174
adult mineralized tissue, 43
genome, see Genomes
larvae, 96, 181, 182
matrix proteins, 40-43, 62
spicules, see Spicules
spine, 175, 179, 181, 192-194
tooth, see Tooth
Seawater
calcium in, 301
copper in, 301
Secondary ion mass spectrometry, 308
Secreted protein, acidic, rich in
cysteine,
gene, see Genes
Sediment(s), 4-6, 10
anoxic, 137
apatite, 12
Black Sea, see Black Sea
calcium carbonate in, 402
deep sea, 382, 383
iron-rich, 404
lake, 379
river, 382, 383
wetland, 384
Selected area electron diffraction (studies of),
154
biosignatures, 399
magnetosomes, 347, 348, 350, 351, 364,
368, 370
nanominerals, 155
Selenium
as microbial substrate, 135
SEM, see Scanning electron microscopy
Serpentinites, 235
Shark
otoconia, 169
Shells
avian egg, see Avian egg shell
crustacean, 596
mollusk, see Mollusk(s)
sea, 549, 550
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Shewanella, 144
oneidensis, 145
putrefaciens, 386, 387, 393, 394, 400, 402
SIBLING proteins, 19-21, 61, 476-479,
492
Siderite (in), 157
banded iron formations, 396
Siderophores, 144
Signal transduction, 109-111
Silaffins, 92, 259, 274-280, 283
Silica, 208, 213, 257, 272, 278
amorphous, 561, 568
biomineralization, see Biomineralization
matrix, 563
morphology, 272, 277, 278, 280
polymerization, 260, 274-277, 279, 280,
284
structure formation, 281-284
structure manipulation, 284-288
structures, 258, 270-281
Silicase, 9
Silicate(s), 82, 84, 257, 398
biogenic, 6-9
calcium, 7
cycles, 7
iron, 382, 390, 392
magnesium, 235
minerals, 398
role in biomineralization, see
Biomineralization
Silicateins, 9, 79
Silicic acids
complexes, 263
ortho-, 7, 8
polymerization, 92, 257
Silicon(1V) (in)
biological role, 257, 258
bone, see Bone
deposition vesicle, 270-281, 283, 284
environment, 257
metabolism, see Metabolism
regulation of transport, 266-269
responsive genes, 259
transport(ers), 259, 262-269
vertebrates, 257
Silicon dioxide, see Silica
Silk, 306
fibroin, 44, 200
in mollusk shell biomineralization, 103,
104, 111
spider, 104, 109
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Silver (various oxidation states)
Ag®, 141
detoxification, 388
nanocrystals, 623
Simonkolleite, 305, 310
SIMS, see Secondary ion mass spectrometry
Single crystals (in), 223, 236, 613, 614
barium chromate, 629
calcite, 41
one-dimensional, 612
statoliths, 212
tooth, 29, 30
Site-directed mutagenesis of
magnetosomes, 357
Skeleton (see also Bone)
abnormalities, 461
hierarchical structure, 562
vertebrate, 21
Skeletonema costatum, 258, 265
Small angle neutron scattering studies of
colloids, 624
Small-angle X-ray scattering (studies of)
amelogenins, 521, 534
collagen fibrils, 554, 555
Snails (see also individual names)
fresh water, 45
shell, 63
Sodium ion (in)
apatite crystals, 517, 518
biomineralization, see Biomineralization
enamel fluid, 514, 515
oxalate, see Oxalates
pump, 516
Sodium dodecyl sulfate, 39
Solubility constant of
aragonite, 10
calcite, 10
Solubility products (of), 416, 440
barium chromate, 627
calcium oxalate, 227
fluoroapatite, 13
hydroxyapatite, 13
SPARC, see Secreted protein, acidic, rich in
cysteine
Sphaerozoum neapolitanum, 213
Spicules (of)
ascidians, 172
brittleness, 563
Clathrina sp., 180, 181
diatoms, 9
formation, 54-59
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Spicules (of) (Continued)
glass, 550, 569
Kebira, 180
matrix proteins, 40-43
morphology, 42
sea urchin, 40-43, 45, 47, 48, 50, 51,
54-58, 63, 91, 96-98, 181, 194
siliceous, 9, 563
sponges, 9, 79, 91, 181, 194, 568
Sycon, 180
Spiders (see also individual names)
heavy metals in, 308-310
Spinach aluminum oxalate in, 237
Spirogyra, 214
Sponges (see also individual names), 9, 84
calcareous, 179, 180, 194
calcite, 194
coralline, 74
glass, 548, 561-563
siliceous, 80, 96, 257, 549, 561-563
spicules, see Spicules
Squids, 200
Stability constants of
aluminum oxalate, 236
Cu(ll)-peptide complexes, 317
Ni(ll)-peptide complexes, 317
Starmaker, 48, 49, 99, 109, 113
Statoliths
in medusae, 210-213
single crystalline, 212
Stearic acid, 195
Stem cells
differentiation, 585, 586, 588, 589, 598
embryonic, 584, 585, 587, 588

mesenchymal, 584-588, 590, 595, 597, 598

Stepanovite, 239

Stepanopyxis turris, 258

Stromatoliths, 74, 93, 107, 397, 398, 404
Strombus Sp., 96

Strongylocentrotus purpuratus, 27, 31, 30-43,

45, 59, 60, 175, 194

genome, see Genome
Strontium ion (in)

apatite, 14

aragonite, 171

bone, 409

detoxification in plants, 231

oxalate, see Oxalates

sulfate, see Celestite
Stylophora pistillata, 84
Suberites domuncula, 9, 79, 80, 84

Succinate, 237
Sulfates
alkaline earth ions, 208
barium (see also Barite), 208, 209, 613,
617, 622, 624, 627
beryllium, 208
biogenic, 208
calcium, see Calcium sulfates
chondroitin, 422
containing biominerals, 207-215
magnesium, 208
reduction, 137, 400
strontium, see Celestite
Sulfide(s)
cadmium, 623, 624
copper, 238
Sulfolipids, 353
Sulfolobus solfataricus, 334
Sulfur
343, 400
oxidation, 135
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Supersaturation, 416-419, 421, 422, 424, 425,

427, 429-432, 435, 448, 449, 532
hydroxyapatite, 417, 515
seed particles, 420, 435
Sycon sp., 180
Synchrotron powder diffraction studies of
statoliths, 211
Synchrotron radiation methods, 401, 402
Synchrotron radiation micro computer
tomography studies of statoliths, 213
Synechococcus GL24, 146
Synthases
cellulose, 103
chitin, 105, 109
hyaluronan, 103

T

Tapinoma sessile, 308—-310
Taylorite, 236
Technetium in bacteria, 388
Teichoic acid, 139
Tellurium, 155
Template monolayers, 195
Tendon, 482
collagens in, 472
mineralized, 550
proteoglycans in, 472
Termites
heavy metals in, 308
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Thalassiosira
genome, see Genomes
pseudonana, 80-82, 258, 259, 261-265,
267-269, 271, 272, 276, 278-280,
283, 285, 286
weisflogii, 261
Thiobacillus ferrooxidans, 143, 214
Time-of-flight secondary ion mass spectrocopy
study of
sea urchin tooth, 30
Tissue(s)
biomineralized, see Biomineralized tissue
connective, see Connective tissue
engineering, 73-113, 577-606
mechanical design, 547-570
Titanate
barium, 622
Titanium(IV), 315
TOF-SIMS, see Time-of-flight secondary ion
mass spectroscopy
Tomes process, 17, 18, 512, 524, 528-530
Tooth
amphibia, 508
cementum, see Cementum
chiton, 298, 311, 313, 314, 419
collagen synthesis, 471
development, 18
echinoderm, 27-30, 43
enamel, see Enamel
fish, 509
fluoride in, 514
hardening by heavy metals, 313-315
heavy metal content, 312
invertebrate, 312
limpet, see Limpet
magnesium in, see Magnesium
proteins, 461
sea urchin, 27-30, 43, 171, 314
single crystals in, 29, 30
vertebrate, 18, 24, 43, 47, 313
Transcription factors, 51-53, 60, 61, 581, 583,
586, 587
Transferases, 77
Transmission electron miscroscopy (studies of)
amelogenins, 521, 522, 532
atacamite, 302, 303
bacterial cell, 379, 381, 387, 388, 394
barium chromate, 629
biofilms, 153, 154, 157
biosignatures, 399, 400
coccolithosomes, 183, 185
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collagen fibrils, 554
colloids, 624
cryo-, 101, 153, 177, 399, 624
dentin, 471
diatoms, 270, 272
enamel, 530
Glycera jaw, 302, 303
gold nanoparticles, 625
high-resolution, see High-resolution
transmission electron microscopy
iron oxides, 381, 387
limpet tooth, 299
magnetotactic bacteria, 346, 350, 351, 360,
362-364, 367, 385
nacre, 177, 179
statoliths, 210, 214
virus particles, 390
Tricaria carnea, 233
Tuftelin, 100
Tungstate
cadmium, 622
Tunicates (see also Ascidians and individual
names)
calcium oxalate in, 234

U

Udotea sp., 233
Uranium (in)
bacteria, 388, 403
biomineralization, see Biomineralization
mines, 215
U0, 388
Urea
N-ethyl-N-nitroso-, 530
Urinary stones
calcium oxalate in, 240-242
Urolithiasis, 240-242, 246, 247
Ustilago, 105

Vv

Vaejovis spinigeris, 309
Valerate, 243
Vaterite, 10, 96, 169, 172, 173, 197, 619, 629,
620
crystal structure, 170
modification, 626
nucleation, see Nucleation
spherulitic, 189
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Vertebrate(s) (see also individual names), 12,
41, 60, 61, 80, 86, 93, 108, 110
(bio)mineralization, 472-475, 489-492
bone, see Bone
matrix proteins, 61-63
mineralized tissues, 458-460
silicon in, 257
skeleton, see Skeleton
tooth, see Tooth
use of calcium phosphate, 169
Viruses
formation of biominerals, see Biominerals
in aquatic systems, 389, 390
Vitamin
D, 483, 485
K, 483
Volvox, 102, 110

w

Weddellite, 222, 225, 228-230, 232, 235, 238
Wheatleyite, 239
Whewellite, 222, 225, 228-230, 232, 235, 238,
243
crystallization, 428-434
growth rates, 430
modification by citrate, 428-433
morphology modification, 429
Whitlockite, 14
Worms (see also individual names)
arrow, 308
blood, see Glycera
clam, see Nereis
marine, 300-306
meal-, 89
polychaete, see Polychaete worms

X

XANES, see X-ray absorption near edge
structure spectroscopy
XAS, see X-ray absorption spectroscopy
Xenopus
laevis, 263
oocytes, 263
X-ray absorption spectroscopy (studies of)
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amorphous calcium carbonate, 172
biosignatures, 401-404
Glycera jaw, 303
Nereis jaw, 305, 306
X-ray absorption near edge structure
spectroscopy, 402, 403
X-ray diffraction spectroscopy (studies of),
210, 213
Glycera jaw, 301, 302
grazing incidence 195, 197
magnetite, 297
oxalates, 223, 233, 235
single crystals, 223, 236
X-ray photoelectron emission spectroscopy,
402
X-ray powder diffraction (studies of)
barite microcrystals, 214
high-resolution, 211, 212
protozoa, 213
pyromorphite, 237
statoliths, 211, 212
X-ray spectroscopy
energy-dispersive, see Energy-dispersive
X-ray spectroscopy

V4

Zebrafish (see also Danio rerio), 38
mutant, 49
otolith, 48, 49
Zhemchuzhnikovite, 239
Zinc(ll) (in), 264, 316, 318
arthropods, see Arthropods
biofilms, 153
bone, 296
dispersed in protein matrix, 305
hydrous oxide colloid, 624
insulin, 306, 316
mineralization cofactor, 296
nanocrystals, see Nanocrystals
Nereis, see Nereis
oxalate, see Oxalates
oxide, 622
scorpion stinger, 307-310
worm jaws, 300, 304-306
Zirconium in tooth enamel, see Enamel
Zugshunstite, 239
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