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Abstract of Thesis

In order to predict the accurate binding pose as well as the binding affinity for a flexible protein receptor and its
inhibitor drug, enhanced sampling with multicanonical molecular dynamics (McMD) simulations and
thermodynamic integration (TT) were combined as a general drug docking method. Cyclin-dependent kinase 2
(CDK2) is involved in the cell cycle regulation. Malfunctions in CDK2 are thought to cause tumorigenesis, and is
thus a potential drug target. Here, a long McMD simulation for docking the inhibitor CS3 to CDK2 starting from
the unbound conformation was performed. McMD can explore a wide conformational space without
conformational trapping at local minima by applying a bias to the system. This bias enables uniform sampling
over a specific energy range, facilitating a random walk within this energy space, where each energetic state is
equally probable to be sampled. From the multicanonical ensemble, the canonical, i.e. physically accepted
ensemble, can be obtained by the reweighing process. Using McMD, stable binding poses can thus be obtained,
while the simulation is not trapped in local energy minima. However, due to the limited amount of unbound
structures in the canonical ensemble, the affinity is difficult to determine from the McMD simulations. TI
however is very effective at calculating the affinity by measuring the average forces on the ligand along the
binding/unbinding pathway, where integration of these forces produces the binding free energy. Using the
multicanonical ensemble, the predicted bound complex, a potential binding/unbinding pathway connecting the
predicted bound complex with the unbound one, and stable intermediary structures along this pathway were
obtained. Subsequently, the forces along this pathway were sampled, starting from these stable intermediary
structures. Finally, the binding free energy was readily computed by TI. Using this combination, the correct

binding pose of CS3 to CDK2 was predicted, and their affinity coincided well with the experimental value.
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