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Understanding the ruling principles of interaction between a target protein and a ligand is of paramount importance in drug discovery efforts. So far, in finding a real ligand for a given target protein, we are limited to experimental screening from a large number of small molecules, or through free energy calculation of assessing a ligand. However, we still lack a clear molecular mechanism to explain the protein-ligand interactions on the basis of electronic structure of a protein and guide novel molecules designing. Here we report two rules on the protein-ligand interactions using the full electronic structure calculation of a protein along with the perturbation theory of the interaction between two wave functions and the pocket calculation. One rule is the interaction only occurs between the lowest unoccupied molecular orbitals (LUMOs) of a protein and the highest occupied molecular orbital (HOMO) of its ligand, not between the HOMOs of a protein and the LUMO of its ligand. The other rule is only those residues or atoms located both on the LUMOs of a protein and in a surface pocket of a protein are activity residues or activity atoms of the protein and the corresponding pocket is the ligand binding site. Complexes FKBP12/FK506 and CypA/CsA were employed to validate our two rules. Results we obtained are in good agreements with experiments. These two rules are supposed to be new tools of drug design. 
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