13

The Role of Phosphorylated Proteins in the Chemistry of Bone
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Bone is a complex biological system composed of an organic framework of the protein
collagen (20% by weight), small hydroxyapatite-like crystals (69%), water (9%), and other
non-collagenous proteins (2%), of which some are highly phosphorylated.] Collagen, a triple
helix of a-helical chains consisting of repeat units of glycine-X-Y units, where X and Y are
often proline and hydroxyproline, respectivel g' is the macromolecule that defines the shape and
structure of the mineralizing compartment.2-> This matrix interacts with cells, mineral, and
other components of the matrix. 4

The mineral in bone, poorly crystalline apatite, provides animals with structural support
and has tremendous mechanical strength.3-5 It is structurally very similar to the mineral
hydroxya Eatlte Ca10(PO4)6(OH)2, but vibrational data obtained from bone samples indicate
that CO3<- and HP04 substitute for OH- as well as for PO43- . 3,5,6 Mg2+ and Nat are
sometimes seen as substitutes for Ca2+.3 The apatite crystals are extremely small,
approximately 4 nm x 40 nm x 300 nm in size, form in spaces between collagen chains, and
have their c-axes aligned with the long axis of the collagen molecules (figure 1).7

Figure 1

Current research shows that control of mineral formation and growth is due to the
presence of phosphorylated proteins in the organic matrix. 8-12 Two of the most prominent
phosphorylated proteins in the bone matrix are bone sialoprotein (BSP, figure 2a) and
osteopontin (OPN, figure 2b). They are both sulfated and highly acidic glycoproteins. BSP
contains repeat glutamic acid sequences, OPN contains repeat aspartic acid sequences, and each
protein contains an RGD (Arg-Gly-Asp) cell binding sequence. Researchers have been
attemnpting for many years to ascertain the exact function of these two proteins. Their efforts
have included studies to determine the role of phosphate and carboxylate groups with respect to
facilitation of hydroxyapatite nucleation or the inhibition thereof, as well as how these functional
groups affect cell binding.8-13 BSP is believed to facilitate nucleation, while the role of OPN is
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still unclear. Studies show that OPN does inhibit nucleation in certain environments. Recent
studies have also examined the actual phosphorylated sites.14:15 However, because of the
complex nature of both the organic and inorganic phases of bone, the roles of these proteins
remain uncertain.<»%-
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Figure 2

Understanding bone chemistry could facilitate discovery of bone regeneration
technology or development of more biocompatible synthetic implant material. Some of the
problems associated with current implants are rejection by the body, wear, and corrosion. !
Hydroxyapatite is biocompatible and can bond to bone, therefore hydroxyapatite can be used as
a bone graft or the coating of a metal implant. However, its mechanical properties are fairly
poor so it is best used only to repair small bone defects. 1,16 There is promise of incorporating
natural bone mineral into implants and grafts due to the successful removal of the organic
matrix.17 To be able to regenerate bone, the growth of the mineral must be regulated and the
implant needs to interact with cells and other tissue. Phosphorylated proteins may provide a
viable means for this to occur.14

]

References

1. Suchanek, W.; Yoshimura, M., “Processing and Properties of Hydroxyapatite-based
Biomaterials for Use as Hard Tissue Replacement Implants,” J. Mater. Res. 1998, 13,
94-117.

2. Veis, A., “Mineral-Matrix Interactions in Bone and Dentin,” J. Bone Miner. Res.

1993, 8(s2), S493-5497.

4, Robey, P.G.; Boskey, A L., Osteoporosis, Academic Press: New York 1996, pp 95-
98, 127-141.

4. Fujisawa, R.; Kuboki, Y., “Affinity of Bone Sialoprotein and Several Other Bone and
Dentin Acidic Proteins to Collagen Fibrils,” Calcif. Tissue Int. 1992, 51, 438-442.

5. Miller, L.M.; Carlson, C.S.; Carr, G.L.; Chance, M.R., “A Method for Examining the
Chemical Basis for Bone Disease: Synchrotron Infrared Microspectroscopy,” Cell.
Molec. Biol. 1998, 44, 117-127.



10.

L

12.

13.

14.

15.

16.

17.

15

Rey, C.; Kim, HM,; Gerstenfeld, L.; Glimcher, M.J., “Structural and Chemical
Characteristics of the Calcium-Phosphate Crystals Formed During the Calcification of
the Organic Matrix Synthesized by Chicken Osteoblasts in Cell Culture,” J. Bone Miner.
Res. 1995, 10, 1577-1588.

Landis, W.J.; Song, M.J.; Leith, A; McEwan, L.; McEwan, B.F., “Mineral and
Organic Matrix Interaction in Normally Calcifying Tendon Visualized in Three
Dimensions by High-Voltage Electron Microscopic Tomography and Graphic Image
Reconstruction,” J. Struct. Biol. 1993, 110, 39-54.

Cowles, E.A.; DeRome, M.E.; Pastizzo, G.; Brailey, L.L.; Gronowicz, G.A.,
“Mineralization and the Expression of Matrix Proteins During Ir. Vivo Bone
Development,” Calcif. Tissue Int. 1998, 62, 74-82.

Stubbs III, J.T.; Mintz, K.P.; Eanes, E.D.; Torchia, D.A.; Fisher, L. W,
“Characterization of Native and Recombinant Bone Sialoprotein,: Delineation of the
Mineral Binding and Cell Adhesion Domains and Structural Analysis of the RGD
Domain,” J. Bone Miner. Res. 1997, 12, 1210-1222.

Hunter, G.K.; Kyle, C.L.; Goldberg, H.A., “Modulation of Crystal Formation by
Bone Phosphoproteins: Structural Specificity of the Osteopontin-mediated Inhibition of
Hydroxyapatite Formation,” Biochem. J. 1994, 300, 723-728.

Hunter, G.K.; Goldberg, H.A., “Modulation of Crystal Formation by Bone
Phosphoproteins: Role of Glutamic Acid Rich Sequences in the Nucleation of
Hydroxyapatite by Bone Sialoprotein,” Biochem. J. 1994, 302, 175-179.

Hunter, G.K.; Hauschka, P.V.; Poole, A.R.; Rosenberg, L.C.; Goldberg, H.A.,
“Nucleation and Inhibition of Hydroxyapatite Formation by Mineralized Tissue
Proteins,” Biochem. J. 1996, 317, 59-64.

Landis, W.J., Northeastern Ohio Universities College of Medicine, personal
communication, 1998.

Salih, E.; Zhou, H.Y.; Glimcher, M.J., “Phosphorylation of Purified Bovine Bone
Sialoprotein and Osteopontin by Protein Kinases,” J. Biol. Chem. 1996, 271, 16897-
16905.

Salih, E.; Ashkar, S.; Gerstenfeld, L.C.; Glimcher, M.J., “Identification of the
Phosphorylated Sites of Metabolically **P-Labeled Osteopontin from Cultured Chicked
Osteoblasts,” J. Biol. Chem. 1997, 272, 13966-13973.

Yan, W.Q.; Nakumura, T.; Kobayashi, M.; Kim, H.M.; Miyaji, F.; Kokubo, T.,
“Bonding of Chemically Treated Titanium Implants to Bone,” J. Biomed. Mater. Res.
1997, 37, 267-273,

Kim, H.M.; Rey, C.; Glimcher, M.J., “Isolation of Calcium-Phosphate Crystals of
Bone by Non-aqueous Methods at Low Temperature,” J. Bone Miner. Res. 1995, 10,
1589-1601.



16



	1998-1999 fixed 17
	1998-1999 fixed 18
	1998-1999 fixed 19
	1998-1999 fixed 20

