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Computational Study of Gleevec and G6G Reveals
the Molecular Determinants of Kinase Inhibitor Selectivity
Yilin Meng, Yen-lin Lin, Lei Huang, Wei Jiang and Benoît RouxBeagle Wiki

Gleevec is a potent inhibitor of Abl tyrosine kinase but not of the highly homologous Src
kinase. Because the ligand binds to an inactive form of the protein in which an Asp-PheGly structural motif along the activation-loop adopts a so-called DFG-out conformation,
it was suggested that binding specificity was controlled by a “conformational selection”
mechanism. In this context, the binding affinity displayed by the kinase inhibitor G6G
poses an intriguing challenge. Although it possesses a chemical core very similar to that
of Gleevec, this compound is a potent inhibitor of both Abl and Src kinases. Both
inhibitors bind to the DFG-out conformation of the kinases, which seems to be in
contradiction with the conformational selection mechanism. To elucidate the molecular
mechanism of Gleevec/G6G binding specificity and display the hidden thermodynamic
contributions affecting the binding selectivity, large-scale molecular dynamics free
energy simulations with explicit solvent molecules were carried out on Beagle.
Protein tyrosine kinases are crucial enzymes in cellular signaling pathways regulating
cell growth, proliferation, metabolism, differentiation and migration. In their active state,
protein tyrosine kinases catalyze the transfer of γ-phosphate of an adenosine
triphosphate (ATP) molecule covalently onto a tyrosine residue in substrate proteins
(phosphorylation of a tyrosine residue). Phosphorylation of a substrate protein usually
results in a functional change of the substrate. To maintain normal regulation of cellular
signal transductions, the activity of tyrosine kinases is tightly regulated by multiple
mechanisms. Mutations of certain residues can disrupt normal inhibitory mechanisms
and make tyrosine kinases constitutively active, leading to a number of diseases, such
as cancers, diabetes, and inflammation. For this reason, protein tyrosine kinases
represent attractive drug targets for certain types of cancers. In recent years, many
small-molecule inhibitors of kinases have been developed as possible treatments of
these diseases. Contrary to most standard chemotherapies which act on all rapidly
dividing normal and cancerous cells, kinase inhibitors are deliberately designed to
interact with specific target. They are a cornerstone of the precision medicine, a form of
medicine that uses information about a person’s genes and proteins to prevent,
diagnose, and treat disease. Although successes have been achieved, designing
inhibitors that are targeting specific kinases in the active state is, however, difficult
because they all present structurally similar catalytic pockets owing to the common
enzymatic function requiring ATP binding. Inhibitors that are targeting inactive
conformations of the kinases appear to be more selective. One notable example of
inhibitors targeting an inactive state of tyrosine kinases is Gleevec (developed by
Novartis). Gleevec is found to induce high remission rates in patients with chronic
myeloid leukemia (CML), which is caused by the Bcr-Abl kinase (in this case, Bcr-Abl
kinase is the target). Gleevec is also used in the treatment of gastrointestinal stromal
tumors because it’s also a potent inhibitor of receptor tyrosine kinase c-Kit.
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Computer modeling can provide a wealth of molecular details on the specificity of
Gleevec. In this study, we aimed to quantify the thermodynamics of Gleevec and G6G
binding to the homologous kinases, Abl and Src. We also intended to identify the
physical/chemical determinants governing the differing selectivity of Gleevec and G6G.
The importance of structural variations in the ligands as well as small differences in
amino acid identity in the kinases on selective kinase inhibition was examined. To
address those issues, large-scale molecular dynamics free energy calculations were
performed on Beagle to study the binding of Gleevec and G6G to Abl and Src kinase
domains, in which solute and solvent atoms are treated explicitly with atomic force
fields. We took advantage of Beagle’s supercomputing size and speed to allow for the
rapid simultaneous simulations. The study demonstrates that detailed analyses can
provide valuable information to explain the observed target preference. Information
derived from this study will provide useful principles to guide lead optimization studies
aimed at increasing potency and selectivity of drugs.
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