Engineered M180KI Mouse Enamel: Simply Hard
Introduction: Enamel formation is based upon a preassembled protein matrix that controls the mineral habitat, creating a ceramic composite with unique material properties that allow it to last a lifetime without renewal. Ameloblast cells synthesize enamel matrix proteins, with amelogenin being the most abundant protein, which undergoes self-assembly to form nanospheres. Nanospheres control crystallite formation and orientation. Amelogenin expression is essential for enamel formation, but the requirement for the various isoforms is unknown. Alternative splicing creates amelogenins of different lengths and potential functions. Although many tooth formation genes and proteins have been identified, their relations to mechanical function are still largely unknown. The unique physical properties of the final mineralized enamel are dependent upon the migration paths of ameloblasts as well as on the proteinaceous matrix which defines the conformation of individual crystallites located within and between rods. Objective: A knock-in approach was used to engineer enamel produced from a single amelogenin isoform; we measured the consequence of this simplified design on enamel hardness and toughness.  Methods: Genetic M180KI mice were created and verified. Vickers micro-indentations were made in enamel and dentin. Ten repetitions per tooth were averaged for 10 teeth in each group; means and SD’s were calculated.  Microscopy was used to measure microstructure. Data were analyzed by T-tests. Results: M180KI enamel was 7% harder, (p=0.01), but 20% less tough (p<0.001), than WT enamel. Microstructure was essentially identical. Conclusion: A marked reduction in the enamel matrix protein complexity produced an engineered enamel with unaltered architecture and acceptable material properties.
