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Protein-protein interactions are at the core of key biological processes such as signal transduction and gene 

regulation. Binding is mostly driven by residues at the protein-protein interface, which are important for forming and 

stabilizing the interaction, denominated hot spots[1]. The identification of these hot spots has received renewed 

attention as it opens the possibility to  design small drug-like molecules to modulate protein-protein interactions[2]. 

We present a method to estimate the energetic contribution of individual residues at the protein-protein interface to 

the global binding energy. It is based on computational alanine scanning of the residues at the interface using free 

energy perturbation techniques and implemented in a multiscale framework for computational efficiency. Briefly, the 

mutation is performed using a simplified coarse-grained model for the protein where the side-chain is represented as 

a sphere, while the backbone is conserved at all-atom detail. The ΔΔG for binding upon mutation is estimated in the 

simplified model using the thermodynamic cycle  
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where we consider the alchemical transformation of the protein in the complex, in the unbound and in the unfolded 

forms. The calculated ΔΔG serves as a reference potential for the properties of the explicit model, an idea proposed 

by Warshel [3,4], which is reached performing a second free energy perturbation of the system to move from the 

coarse-grained to the all-atom potential. The method is validated by comparison against experimental alanine 

scanning results and other mutations reported on the literature. The approach proves to have high accuracy and a 

low computational cost, arising as a reliable tool for hot spots identification.  
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