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A self-consistent charge density-functional based tight binding method (SCC 
DFT TB) [1] is applied to study the phosphoryl-transfer reaction in the active 
site of protein kinase A (cAMP-dependent protein kinase). Test SCC-DFTB 
calculations for a model phosphoester system were compared with more 
advanced DFT B3LYP/6-31D+(d,p) calculations. It appeared that the much 
faster SCC-DFTB method provides satisfactory results for phosphate-transfer 
reactions. Therefore this method was chosen for further calculations. 
The 3D structure of the active site domain was taken from PDB [2]. It consists 
of about 390 atoms. 40 atoms form a flexible subdomain, the rest form a rigid 
scaffold. The flexible subdomain is presented below. Protonation states of all 
residues have been taken from a virtual titration study [3], based on a Poisson-
Boltzmann model. 

 

 
The reaction path is denoted by the dotted line. The phosphate group and the 
serine hydroxyl group of the substrate molecule were forced to approach each 
other with a restrained potential. Other degrees of freedom of the flexible 
domain were optimized in the course of the reaction. This procedure simulates 
the nucleophilic attack resulting in the phosphoryl transfer process. Results of 
the calculations, including dissociative and associative mechanisms, will be 
discussed. 
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