ABSTRACT

Determination of Forcefield Parameters to Evaluate the Binding of Porphyrin  Structures  to c-type Cytochrome Architectures. ADRIENNE EASTLAND(Chicago State University, Chicago, IL 60628) KRISTY L. MARDIS (Chicago State University, Chicago, IL 60628) DAVID TIEDE (Argonne National Laboratory, Argonne, IL 60439).

The binding of porphyrin-like molecules to the surface of c-type cytochrome  proteins allows the initiation of electron transport.  In order to develop biomimetic photosynthetic devices, the initiation step must be tuned by the choice of substituents on the porphyrin molecules.  Computational docking studies combined with experimental fluorescence studies allow the evaluation of  the effects of substituent changes on electron transport rates. The aim of this work is to develop a scoring function that is fast enough to be successfully applied to the prediction of the binding energy of a c-type cytochrome to a porphyrin-like ligand. Docking studies depend heavily on the scoring function employed.  By using ab initio calculations at the Hartree Fock//6-31G* level, bond, angle, and dihedral parameters for the CHARMM scoring function were developed for a series of small molecules, representative of functional groups found in organic and biochemical systems.  Upon parameterization, the dihedral force constant, kФ, for the CA-CC-OC-OC dihedral in carboxybenzene was determined to be 3.66 kcal/mol/degree with n = 2 (n is the multiplicity of the function). For naphthalene dicarboxylate kФ = 1.16 kcal/mol/degree with n = 4. The magnitudes of the kФ values are in good agreement with existing CHARMM forcefield parameters. Furthermore, these values reproduce the quantum mechanical energy profiles as a function of angle with R2 values of 0.97 and 0.94 for the carboxybenzene and naphthalene dicarboxylate molecules, respectively. A successful method will bridge the gap between expensive free-energy simulations and empirical scoring functions that are currently used to predict binding energy.
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