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Development of small molecule drug candidates based on binding kinetics
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Enzyme-inhibitor binding/disassociation has thermodynamic and kinetic aspects. Enzyme inhibitors have traditionally been
evaluated by comparing their thermodynamic parameters such as inhibition constant (X;) values. However, it is important to
evaluate enzyme inhibitors based on not only thermodynamic parameters but also kinetic ones. For example, disassociation
rate (kor) is regarded as an important kinetic parameter because inhibitors with a small ko value exert prolonged
pharmacological effects. Moreover, the kot values estimated in in vitro assay systems are less susceptible to assay conditions
and better reflects the strength of enzyme-inhibitor interaction in cells. Indeed, a number of clinically used enzyme inhibitors
show long residence time on their target enzymes, and the length of the residence time strongly correlates with their
outstanding pharmacological activity. Thus, drug discovery studies based on kinetics should be important to identify useful
enzyme inhibitors although they have never received great attention so far.

In drug discovery, it is also important to develop isoform-selective enzyme inhibitors which have fewer side effects. However,
in many cases, it is quite difficult to identify isoform-selective inhibitors because the structural difference between the
isoforms is too small. Even in such cases, we considered that it might be possible to identify kinetically isoform-selective
inhibitors although it is thought to be difficult to identify thermodynamically selective inhibitors. If the ko value on enzyme
isoform X (kofrx)) of an inhibitor is smaller than that on enzyme isoform Y (kosy)), the isoform X should be selectively
inhibited after the binding/disassociation between the inhibitor and the isoforms reaches equilibrium.

To demonstrate the hypothesis, in this study, we attempted to identify small molecules that kinetically differentiate between
the histone deacetylase (HDAC) isoforms, which are the ultimate example of structurally similar isoforms. Specifically, we
identified kinetically selective HDAC?2 inhibitors and HDACS inhibitors by screening a focused library and biological
evaluation. These kinetically selective HDAC isoform inhibitors showed potent neurite outgrowth-promoting activity without
cytotoxicity in cell-based assays and exerted potent antidepressant activity without causing severe toxicity in in vivo studies.
This study should provide a new concept to identify selective small molecule inhibitors that are expected to show beneficial

effects in clinical practice.



