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Accurate assessment of protein-ligand interaction energy in seconds with quantum mechanics

The understanding of binding interactions between any protein and a small molecule is a cornerstone of any efficient 
structure-based drug design (SBDD) process. X-ray crystallography and homology modeling are the main source of 

structural information required for rational SBDD. However, even with the crystal structure in hand, visual inspection and 
force field-based molecular mechanics calculations often used for the rationalization of ligand-protein potency cannot always 
explain the full complexity of the molecular interactions. Quantum mechanical (QM) approach was always considered as 
promising direction to achieve this goal, however; traditional QM is not feasible for large biological systems, due to their 
high computational cost. FMO method offers a considerable computational speed-up over traditional QM methods. One 
of the key features of the FMO approach is that it can provide a list of the interactions formed between the ligand and the 
receptor and a chemically intuitive breakdown of these interactions. Such information is essential for medicinal chemists to 
be able to rationally approach modification of lead compounds in order to increase favorable interactions. Recently, we have 
demonstrated that FMO can be even faster (sec instead of hours) without compromising the accuracy of the calculations by 
combining it with density-functional tight-binding (DFTB) method. We will demonstrate the prospective application of FMO 
method in drug-discovery programs and in study of ligand-receptor residence time.
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