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Introduction
Neuronal excitability dysfunction is a key feature of neurodevelopmental disorders like epilepsy. Understanding the underlying mechanisms associated with this dysfunction is crucial for developing therapeutic strategies. M-type (Kv7) channels, which are low-threshold, slowly activating potassium channels, modulate neuronal excitability and network function. Due to their role in seizure suppression, M-channels are an important drug target, however, available M-channel activators have very adverse side effects and have been withdrawn from clinical use. An alternative approach is to target channel interactors, with restricted brain region expression, to modulate channel activity indirectly and bypass side effects.
We identified a novel Kv7.2 interactor, Stargazin, a Transmembrane AMPA receptor regulatory protein (TARP) family member essential for AMPA receptor regulation and fast excitatory neurotransmission. Our previous studies demonstrated that co-expression of Stargazin with Kv7.2 increased channel surface expression and Kv7.2-mediated currents but also leading to channel activation at less depolarized potentials. Here, we have developed new tools to investigate this interaction and characterize it at the molecular level.


Methods
We used SplitFAST, a fluorescence complementation assay that allows the visualization of protein-protein interactions in live cells, to confirm the Stargazin-Kv7.2 interaction and investigate its regulation upon cellular depolarization and PKC activity.
We generated a three-dimensional computational model of the complex, utilizing Rosetta Dock and leveraging on previous experience with other membrane proteins. Using this model, we developed Stargazin mutants with specific impairment in their interaction with Kv7.2 by utilizing co-immunoprecipitation assays, SplitFAST, electrophysiology and cell surface labeling, we probed the interaction between the different Stargazin mutants and Kv7.2, as well as the functional consequences of disrupting the Stargazin/Kv7.2 interaction. 
Results
Our results revealed the direct Stargazin-Kv7.2 interaction and identified Stargazin mutant(s) that do(es) not bind to Kv7.2 while maintaining interaction with AMPAR. These mutant forms of Stargazin will be instrumental in the non-ambiguous characterization of the functional role of Stargazin-Kv7.2 interaction in input integration, and to distinguish the role of Stargazin in regulating intrinsic excitability and AMPAR-mediated transmission.
Conclusions
Overall, this study provides strong evidence of Stargazin as an interactor and as a bona-fide auxiliary subunit of Kv7.2. The SplitFAST assay enabled real-time analysis, offering spatial-temporal insights, while the biochemistry assays provided a comprehensive molecular characterization of the interaction. This study lays the foundation for exploring modulators targeting newly characterized Kv7.2 regulatory mechanisms.
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