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We have used a combination of the MEAD (macroscopic electrostatics with 
atomic detail) model and DFT methods to investigate states of protonation and 
the catalytic mechanism in the PTPases (protein tyrosine phosphatases). MEAD 
calculations have showed how an arrangement of backbone dipoles and other 
features stabilizes an unusual combination of protonation states (deprotonated 
Cys, protonated Asp) needed for catalysis.  Combining this electrostatic model 
with explicit quantum mechanical (DFT) modeling of the substrate and crucial 
active-site residues, we have calculated reaction profiles for both the protein 
phosphorylation step and the enzyme dephosphorylation step. We address 
several mechanistic questions including protonation states in the first step, 
associative versus dissociative pathways in the both steps, proton transfer as an 
initiating event in the second step, and activated versus direct attack by water in 
the second step. 


