
Biological Calcification

Normal and Pathological Processes in the Early Stages

Bearbeitet von
Ermanno Bonucci

1. Auflage 2006. Buch. xxii, 592 S. Hardcover
ISBN 978 3 540 36012 4

Format (B x L): 15,5 x 23,5 cm
Gewicht: 1082 g

Weitere Fachgebiete > Chemie, Biowissenschaften, Agrarwissenschaften >
Biowissenschaften allgemein > Evolutionsbiologie

Zu Leseprobe

schnell und portofrei erhältlich bei

Die Online-Fachbuchhandlung beck-shop.de ist spezialisiert auf Fachbücher, insbesondere Recht, Steuern und Wirtschaft.
Im Sortiment finden Sie alle Medien (Bücher, Zeitschriften, CDs, eBooks, etc.) aller Verlage. Ergänzt wird das Programm
durch Services wie Neuerscheinungsdienst oder Zusammenstellungen von Büchern zu Sonderpreisen. Der Shop führt mehr

als 8 Millionen Produkte.

http://www.beck-shop.de/Bonucci-Biological-Calcification/productview.aspx?product=303523&utm_source=pdf&utm_medium=clickthru_ihv&utm_campaign=pdf_303523&campaign=pdf/303523
http://www.beck-shop.de/trefferliste.aspx?toc=9262
http://www.beck-shop.de/trefferliste.aspx?toc=9262
http://www.beck-shop.de/fachbuch/leseprobe/9783540360124_Excerpt_001.pdf


Contents

1 Introduction 1
References .................................................................................. 2

2 Historical Notes 5
2.1 Introduction....................................................................... 5
2.2 Before 1960 ........................................................................ 7
2.3 After 1960 .......................................................................... 11
2.4 Calcification or Mineralization? ............................................. 13
References .................................................................................. 13

3 Methodology 23
3.1 Introduction....................................................................... 23
3.2 Biophysical Methods............................................................ 23

3.2.1 X-ray Diffraction...................................................... 24
3.2.2 Neutron Diffraction.................................................. 27
3.2.3 Selected-area Electron Diffraction (SAED)................... 27
3.2.4 Energy Dispersive X-ray Elemental Analysis (EDX)....... 28
3.2.5 Nuclear Magnetic Resonance (NMR) Spectroscopy ....... 28
3.2.6 Proton Nuclear Magnetic Resonance Microscopy .......... 29
3.2.7 Electron Spin Resonance (ESR) .................................. 30
3.2.8 Energy Filtering Electron Microscopy (EFEM).............. 30
3.2.9 Infrared Spectroscopy (IRS)....................................... 31
3.2.10 Raman Microspectroscopy ........................................ 31
3.2.11 Atomic Force Microscopy (AFM) ................................ 32
3.2.12 Other Biophysical Techniques .................................... 33

3.3 Biochemical Methods .......................................................... 33
3.3.1 Electrophoresis ........................................................ 33
3.3.2 Chromatography...................................................... 34
3.3.3 Enzyme-linked Assay................................................ 36
3.3.4 Density Gradient Fractionation .................................. 36
3.3.5 Sequential Dissociative Extraction.............................. 38
3.3.6 In Vitro Systems....................................................... 38

3.4 Morphological Methods ....................................................... 39
3.4.1 Preparative Procedures ............................................. 40
3.4.2 Fixation .................................................................. 40



XII Contents

3.4.3 Embedding ............................................................. 42
3.4.4 Decalcification ......................................................... 43
3.4.5 Histochemistry and Immunohistochemistry ................ 49

3.5 Concluding Remarks ........................................................... 50
References .................................................................................. 51

4 The Nature and Composition of the Inorganic Phase 67
4.1 Introduction....................................................................... 67
4.2 Vertebrates ......................................................................... 68

4.2.1 Bone ...................................................................... 68
4.2.2 Cartilage, Dentin, Cementum, Tendon ........................ 73
4.2.3 Enamel ................................................................... 74

4.3 Lower Vertebrates ............................................................... 77
4.3.1 Enameloid .............................................................. 78
4.3.2 Isopedine ................................................................ 79

4.4 Invertebrates ...................................................................... 79
4.5 Unicellular Organisms ......................................................... 81
4.6 Pathological Calcifications .................................................... 83

4.6.1 Mitochondria .......................................................... 84
4.6.2 Vascular Calcification ............................................... 85

4.7 Congenital or Acquired Diseases;
Genetically Engineered Animals ............................................ 86

4.8 Concluding Remarks ........................................................... 88
References .................................................................................. 89

5 The Shape of Inorganic Particles 105
5.1 Introduction....................................................................... 105
5.2 Vertebrates ......................................................................... 105

5.2.1 Bone ...................................................................... 105
5.2.2 Tendons .................................................................. 116
5.2.3 Dentin .................................................................... 118
5.2.4 Cementum .............................................................. 118
5.2.5 Cartilage ................................................................. 119
5.2.6 Enamel ................................................................... 120

5.3 Lower Vertebrates ............................................................... 121
5.3.1 Enameloid .............................................................. 121
5.3.2 Isopedine ................................................................ 122

5.4 Invertebrates ...................................................................... 122
5.5 Unicellular Organisms ......................................................... 125
5.6 Pathological Calcifications .................................................... 126

5.6.1 Calcified Mitochondria ............................................. 127
5.6.2 Vascular Calcification ............................................... 127

5.7 Congenital or Acquired Diseases;
Genetically Engineered Animals ............................................ 128



Contents XIII

5.8 Concluding Remarks ........................................................... 129
References .................................................................................. 130

6 The Size of Inorganic Particles 145
6.1 Introduction....................................................................... 145
6.2 Vertebrates ......................................................................... 146

6.2.1 Bone ...................................................................... 146
6.2.2 Tendon ................................................................... 149
6.2.3 Dentin .................................................................... 150
6.2.4 Cementum .............................................................. 151
6.2.5 Epiphyseal Cartilage ................................................. 151
6.2.6 Enamel ................................................................... 152

6.3 Lower Vertebrates ............................................................... 155
6.4 Invertebrates ...................................................................... 155
6.5 Unicellular Organisms ......................................................... 157
6.6 Pathological Calcification ..................................................... 157
6.7 Congenital or Acquired Diseases; Genetically Modified Animals 158
6.8 Concluding Remarks ........................................................... 159
References .................................................................................. 160

7 Calcifying Matrices: Bone and Tendons 167
7.1 Introduction....................................................................... 167
7.2 The Organic Matrix of Bone: Collagen .................................... 168
7.3 The Organic Matrix of Bone: Non-collagenous Components ...... 175

7.3.1 Proteoglycans .......................................................... 176
7.3.2 Gla-proteins ............................................................ 180
7.3.3 Glycoproteins (Phosphoproteins) ............................... 184
7.3.4 Lipids ..................................................................... 197
7.3.5 Matrix Vesicles ........................................................ 199

7.4 The Organic Matrix of Tendons ............................................. 200
7.5 Concluding Remarks ........................................................... 202
References .................................................................................. 204

8 Calcifying Matrices: Dentin and Cementum 231
8.1 Introduction....................................................................... 231
8.2 Collagen of Dentin .............................................................. 231
8.3 Dentin Non-collagenous Proteins: Proteoglycans ..................... 233
8.4 Dentin Non-collagenous Proteins: Gla-proteins ....................... 236

8.4.1 Osteocalcin ............................................................. 236
8.4.2 Dentin Matrix Gla-protein ......................................... 237

8.5 Dentin Non-collagenous Proteins: Phosphoproteins ................. 237
8.5.1 Phosphophoryn ....................................................... 238
8.5.2 Osteonectin............................................................. 240
8.5.3 Osteopontin ............................................................ 240



XIV Contents

8.5.4 Dentin Sialoprotein .................................................. 241
8.5.5 Acidic Glycoprotein-75.............................................. 242
8.5.6 Dentin Matrix Protein-1 ............................................ 242
8.5.7 Matrix Extracellular Phosphoglycoprotein ................... 243
8.5.8 α2HS Glycoprotein ................................................... 243

8.6 Dentin Lipids...................................................................... 243
8.7 Dentin Matrix Vesicles ......................................................... 244
8.8 Cementum ......................................................................... 245
8.9 Concluding Remarks ........................................................... 247
References .................................................................................. 248

9 Calcifying Matrices: Cartilage 261
9.1 Introduction....................................................................... 261
9.2 Collagen ............................................................................ 264
9.3 Non-collagenous Components .............................................. 267

9.3.1 Proteoglycans .......................................................... 267
9.3.2 Glycoproteins .......................................................... 272
9.3.3 Lipids ..................................................................... 273

9.4 Matrix Vesicles.................................................................... 274
9.5 Concluding Remarks ........................................................... 283
References .................................................................................. 285

10 Calcifying Matrices: Enamel 303
10.1 Introduction....................................................................... 303
10.2 Morphology of Decalcified Matrix ......................................... 306
10.3 Matrix Components............................................................. 308

10.3.1 Proteoglycans .......................................................... 309
10.3.2 Lipids ..................................................................... 310
10.3.3 Amelogenins ........................................................... 311
10.3.4 Non-amelogenins ..................................................... 314

10.4 Proteinases......................................................................... 319
10.5 Concluding Remarks ........................................................... 321
References .................................................................................. 323

11 Calcifying Matrices: Lower Vertebrates 335
11.1 Introduction....................................................................... 335
11.2 Endoskeleton...................................................................... 335
11.3 Dermal (or Integumental) Skeleton........................................ 336

11.3.1 Enameloid .............................................................. 338
11.4 Concluding Remarks ........................................................... 340
References .................................................................................. 341

12 Calcifying Matrices: Invertebrates 345
12.1 Introduction....................................................................... 345
12.2 Mollusk Shells .................................................................... 345



Contents XV

12.3 Echinoderm Skeleton........................................................... 352
12.4 Crustacean Cuticle .............................................................. 355
12.5 Corals................................................................................ 358
12.6 Concluding Remarks ........................................................... 359
References .................................................................................. 360

13 Calcifying Matrices: Non-skeletal Structures 367
13.1 Introduction....................................................................... 367
13.2 Otoliths and Otoconia .......................................................... 367
13.3 Pineal Gland ....................................................................... 369
13.4 Avian Eggshell .................................................................... 369
13.5 Unicellular Organisms ......................................................... 373

13.5.1 Bacteria .................................................................. 374
13.5.2 Foraminifera ........................................................... 376
13.5.3 Coccolithophorids.................................................... 376

13.6 Concluding Remarks ........................................................... 378
References .................................................................................. 378

14 Calcifying Matrices: Pathological Calcifications 385
14.1 Introduction....................................................................... 385
14.2 Urinary Tract Stones ............................................................ 385
14.3 Ectopic Calcifications........................................................... 387

14.3.1 Calcification of the Kidney......................................... 388
14.3.2 Calcification of the Myocardium and Skeletal Muscles ... 389
14.3.3 Calcification of the Skin ............................................ 391
14.3.4 Calcification of Other Soft Tissues .............................. 392
14.3.5 Calcification of Arteries ............................................ 394
14.3.6 Calcification of Implanted Cardiac Bioprosthetic Valves . 401

14.4 Concluding Remarks ........................................................... 403
References .................................................................................. 404

15 Calcifying Matrices: Acquired or Experimental Diseases;
Heritable Disorders; Genetically Modified Animals 417
15.1 Introduction....................................................................... 417
15.2 Acquired or Experimentally Induced Diseases ......................... 417

15.2.1 Rickets ................................................................... 417
15.2.2 Fibrogenesis Imperfecta Ossium................................. 420
15.2.3 Scurvy .................................................................... 420
15.2.4 Lathyrism ............................................................... 422

15.3 Heritable Disorders ............................................................. 423
15.3.1 Osteogenesis Imperfecta ........................................... 423
15.3.2 Dentinogenesis Imperfecta ........................................ 425
15.3.3 Amelogenesis Imperfecta .......................................... 426
15.3.4 Hypophosphatasia.................................................... 428



XVI Contents

15.4 Animals with Genetic Defects ............................................... 428
15.4.1 Oim/oim Mice ......................................................... 429
15.4.2 TNSALP −/− Mice.................................................... 429
15.4.3 Mice Defective in Non-collagenous Proteins ................. 430

15.5 Concluding Remarks ........................................................... 433
References .................................................................................. 433

16 The Organic-inorganic Relationships in Calcifying Matrices 443
16.1 Introduction....................................................................... 443
16.2 Organic-inorganic Relationships in Bone

and Related Collagenous Tissues ........................................... 443
16.2.1 Organic-inorganic Relationships

in Calcification Nodules of Bone ................................. 448
16.2.2 Organic-inorganic Relationships

in Calcification Islands of Bone .................................. 453
16.3 Organic-inorganic Relationships in Cartilage .......................... 453
16.4 Organic-inorganic Relationships in Enamel ............................ 460
16.5 Organic-inorganic Relationships in Lower Vertebrates.............. 462
16.6 Organic-inorganic Relationships in Invertebrates..................... 464
16.7 Organic-inorganic Relationships

in Calcified Non-skeletal Tissues............................................ 468
16.7.1 Organic-inorganic Relationships in the Eggshell ........... 468
16.7.2 Organic-inorganic Relationships

in Unicellular Organisms........................................... 469
16.8 Organic-inorganic Relationships

in Pathologically Calcified Tissues ......................................... 471
16.9 Concluding Remarks ........................................................... 472
References .................................................................................. 474

17 Main Suggested Calcification Mechanisms: Cells 491
17.1 Introduction....................................................................... 491
17.2 Cells and Calcification:

Tissue-nonspecific Alkaline Phosphatase (TNSALP)................. 492
17.3 Cells and Calcification: Matrix Vesicles ................................... 494
17.4 Cells and Calcification: Cytoplasmic Vacuoles ......................... 497
17.5 Cells and Calcification: Mitochondria..................................... 498
17.6 Concluding Remarks ........................................................... 499
References .................................................................................. 500

18 Main Suggested Calcification Mechanisms: Extracellular Matrix 507
18.1 Introduction....................................................................... 507
18.2 Extracellular Matrix and Calcification: Collagen Fibrils............. 508
18.3 Extracellular Matrix and Calcification: Acid Proteoglycans ........ 517
18.4 Extracellular Matrix and Calcification: Crystal Ghosts .............. 523



Contents XVII

18.5 Extracellular Matrix and Calcification: Lipids .......................... 530
18.6 Extracellular Matrix and Calcification:

Non-collagenous Proteins..................................................... 531
18.7 Concluding Remarks ........................................................... 539
References .................................................................................. 541

19 Conclusions 559
19.1 Introduction....................................................................... 559
19.2 Organic Components Play a Primary Role in Calcification......... 559
19.3 The Earliest Stage of Calcification is an Epitaxial Process .......... 561
19.4 Compartments are not an Absolute Prerequisite

for Calcification .................................................................. 562
19.5 Calcification is not a Process of Heterogeneous Nucleation ........ 563
19.6 Crystal Development is a Template-guided Process .................. 564
19.7 Crystal Growth and Maturation Imply the Degradation

of Organic Components ....................................................... 566
19.8 A Unified Theory of Calcification........................................... 566
References .................................................................................. 567

Subject Index 569


