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Dentin matrix protein 1 (DMP1) is a non-collagenous extra-
cellular matrix protein that has been implicated to have a regu-
latory function during mineralized matrix formation1-5. Analysis
of the protein sequence of DMP1 showed three important facts:
(a) The entire secreted protein is hydrophilic and exists as a ran-
dom coil; (b) DMP1 contains a large number of acidic domains
with two or more consecutive aspartic acid or glutamic residues,
and these domains frequently contain one or more serines; and
(c) Many of these serines could be phosphorylated by messenger
independent kinases. A published report demonstrates that
DMP1 could undergo proteolytic cleavage into an N-terminal
and a C-terminal domain6. We have shown that the C-DMP1
can nucleate hydroxyapatite in the presence of type I collagen7.
During the nucleation and growth process, the initially formed
metastable amorphous calcium phosphate phase, transformed
into thermodynamically stable crystalline hydroxyapatite in a
precisely controlled manner. These events were confirmed by X-
ray diffraction (XRD), Selected area electron diffraction pattern
(SAED), Raman spectroscopy and elemental analysis.
However, the N-terminal domain of DMP1 inhibited HAP for-
mation and stabilized the amorphous phase that was formed.

To investigate the role of DMP1 during calcified tissue for-
mation, transgenic mice overexpressing DMP1 under the con-
trol of the CMV promoter was generated. The skeletal and
dental tissues of the transgenic mice were characterized by his-
tology, histomorphometry and immunostaining. Histological
and histomorphometrical analysis indicated that non-targeted
overexpression of DMP1 accelerated dentinogenesis, endo-
chondral and intramembranous ossification processes when
compared with the wild type. In addition, enhanced terminal
differentiation of the epiphyseal growth plate chondrocytes was
also observed. Immunostaining analysis of the dental tissue
showed accelerated expression of the key dentin matrix pro-

teins namely; dentin matrix protein 2 and dentin sialoprotein. 
Together, these data demonstrate that DMP1 is a key reg-

ulatory protein that is required for normal growth and devel-
opment of bone, cartilage and dentin. 

Acknowledgement

This work was supported by NIH- DE 11657.

References

1. Narayanan K, Srinivas R, Ramachandran A, Hao J,
Quinn B, George A. Differentiation of embryonic mes-
enchymal cells to odontoblast-like cells by overexpres-
sion of dentin matrix protein 1. Proc Natl Acad Sci USA
2001; 98:4516-4521.

2. He G, Dahl T, Veis A, George A. Nucleation of apatite
crystals in vitro by self-assembled dentin matrix protein
1. Nat Mater 2003; 2:552-558.

3. Ye L, MacDougall M, Zhang S, Xie Y, Zhang J, Li Z,
Lu Y, Mishina Y, Feng JQ. Deletion of dentin matrix
protein-1 leads to a partial failure of maturation of pre-
dentin into dentin, hypomineralization, and expanded
cavities of pulp and root canal during postnatal tooth
development. J Biol Chem 2004; 279:19141-19148.

4. Gajjeraman S, Narayanan K, Hao J, Qin C, George A.
Matrix macromolecules in hard tissues control the
nucleation and hierarchical assembly of hydroxyapatite.
J Biol Chem 2007; 282:1193-1204.

5. George A, Sabsay B, Simmonian PA, Veis A.
Characterization of a novel dentin matrix phosphopro-
tein. J. Biol Chem 1993; 268:12624-12630.

6. Qin C, Brunn JC, Cook RG, Orkiszewski RS, Malone
JP, Veis A, Butler WT. Evidence for the proteolytic
processing of dentin matrix protein 1. Identification and
characterization of processed fragments and cleavage
sites. J Biol Chem 2003; 278:34700-34708.

7. He G, George A. Dentin matrix protein 1 immobilized
on type I collagen fibrils facilitates apatite deposition in
vitro. J Biol Chem 2004; 279:11649-11656.

DMP1 - a key regulator in mineralized matrix formation

A. George, A. Ramachandran, M. Albazzaz, S. Ravindran

Department of Oral Biology, University of Illinois at Chicago, Chicago, Illinois, USA

Keywords: DMP1, Mineralization, Bone, Hydroxyapatite

37th International Sun Valley Workshop
August 5 - August 8, 2007
DMP1 and Phosphate Regulation Session

The authors have no conflict of interest.

Corresponding author: Anne George, University of Illinois at Chicago, Depart-
ment of Oral Biology (M/C 690), 801 S Paulina, Chicago, IL 60612, USA
E-mail: anneg@uic.edu

Accepted 10 August 2007


