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Development of induced-fit-type small molecules that allosterically inhibit protein-protein interaction
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Protein-protein interactions (PPIs) are central to the pathology of cancer, neuropsychiatric disorders, and many other
diseases, yet the development of small molecule PPI inhibitors remains highly challenging because PPI interfaces are
generally broad and shallow. In this study, we aimed to create a new class of allosteric PPI inhibitors that inhibit PPIs through
an induced-fit mechanism, analogous to conventional allosteric inhibitors that distort enzyme active sites by binding to
allosteric pockets. By applying this concept to targets relevant to neuropsychiatric disease, we sought to establish small
molecules with neuronal selectivity and blood-brain barrier (BBB) permeability.

For protein X, a target implicated in neuropsychiatric disorders, we synthesized 20 click-chemistry derivatives of a known
X inhibitor and evaluated their enzymatic inhibitory activity and kinetic behavior. Kinetic analysis identified one non-induced-
fit inhibitor (A; K; = 7.2 nM) and two induced-fit inhibitors (B; K; = 0.24 nM, C; K; = 0.34 nM). In Neuro2a cells, compound
C disrupted the interaction between X and its partner Z, as shown by immunoprecipitation, TMT-based proteomic analysis,
and western blotting. X-ray crystallography of the X—C complex further revealed that C induced an allosteric conformational
change in X, leading to structural distortion of the Z-binding site and inhibition of the X—Z interaction. Functionally,
compound C enhanced neurite outgrowth in Neuro2a cells and produced robust antidepressant-like effects in a social defeat
stress mouse model, without causing weight loss or hyperlocomotion. Cell-type marker analysis in the nucleus accumbens
suggested that C affected multiple cell populations, including neurons, microglia, astrocytes, and oligodendrocytes. Single-
cell RNA-seq further showed that microglia exhibited the largest transcriptional response, and pathway analysis suggested
involvement of chromatin regulation, autophagy, and immune-related pathways. Among the altered pathways, IL-27 signaling
activation and PD-1 pathway inactivation were notable, and JAK2 emerged as a candidate effector molecule. Although C
showed good peripheral exposure after oral administration, brain penetration was insufficient; therefore, we designed a
derivative with reduced polarity via intramolecular hydrogen bonding. The resulting compound D displayed improved BBB
penetration and retained antidepressant activity after oral dosing, whereas C did not.

For protein Y, another neuropsychiatric disease-related target, click-chemistry derivatization and kinetic analysis identified
an induced-fit inhibitor, E (K; = 17 nM). Compound E showed no neuronal toxicity and promoted neurite outgrowth at 2 nM.
In a stress-induced depression model, E also restored dendritic spine density and improved social behavior without causing
adverse effects. Structure-based optimization guided by docking studies led to compounds F and G, both of which were
confirmed as induced-fit inhibitors. Among them, G showed the strongest neurite-promoting activity and produced clear
antidepressant-like effects, including recovery of social behavior and normalization of spine density, again without detectable
toxicity. Marker analysis in the nucleus accumbens indicated that G influenced neurons, microglia, astrocytes, and
oligodendrocytes, suggesting a broad cellular mechanism of action.

Collectively, these findings demonstrate that induced-fit allosteric inhibition can be exploited to create small molecule PPI
inhibitors with high potency, favorable safety, and in vivo antidepressant efficacy. This work establishes the concept
of allosteric PPI inhibition as a promising new strategy in small-molecule drug discovery, particularly for CNS drug

development.



