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Molecular alignment is an essential prerequisite for many ligand-based drug design (LBDD) 

techniques such as 3D-QSAR, pharmacophore elucidation, receptor modeling and 3D similarity 

searching. [1] Molecular alignment prior to these approaches represents an approximation to the 

binding orientation of the investigated ligands in the biological target, whose structure is 

unknown. The quality of the alignment greatly influences the results and performance of these 

LBDD approaches; for example the results of 3D-QSAR are very sensitive to the manner in 

which the different ligands are aligned. [2] We now present a workflow for rigid-body molecular 

alignment using quantum-mechanics-derived electron density (ρ) and molecular electrostatic 

potential (MEP) calculated on a grid around the ligands to be aligned. The alignment algorithm 

depends on maximizing the similarity between the template molecule and the other dataset 

ligands. The similarity between the two molecules’ properties on the grid is calculated using 

Hodgkin’s similarity index [3] and the Simplex algorithm [4] is used to maximize the similarity. 

The use of quantum-mechanics-derived properties makes this alignment protocol more accurate 

and more efficient in describing molecular steric and electrostatic properties than conventional 

molecular-mechanics-based methods, which use atom-centered charges and Lennard-Jones 

potentials. They consider important features for CADD which cannot be described by 

conventional methods such as σ-holes (responsible for halogen bonding) and polar flattening. 

Being field based, the method presented is efficient in aligning chemically diverse ligands and 

finding chemically different ligands with similar binding properties, an important feature for 

scaffold hopping and finding new chemical entities (NCE) to overcome patent limitations. 

Although it uses quantum-mechanics-derived properties, the method presented is computationally 

efficient and so it can not only be used for molecular alignment prior to 3D-QSAR or 

pharmacophore elucidation campaigns but also for 3D similarity searching in databases.      
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