Gβγ dually regulates the M‑current via increased PIP2 sensitivity and trafficking
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Introduction
Heterotrimeric G protein βγ subunits (Gβγ) are responsible for a variety of physiological processes, including associated signaling pathways downstream of G protein‑coupled receptors (GPCRs) and direct modulation of ion channels, thereby regulating neuronal excitability and diverse cellular functions. The neuronal M‑current, carried by Kv7.2/7.3 channels, is a key determinant in regulating the excitability of neurons and seizure susceptibility, and its disruption contributes to epileptic disorders and altered network excitability. Pathogenic variants in GNB1, which encodes the Gβ1 isoform, cause a neurodevelopmental encephalopathy characterized by developmental delay and epileptic‑like seizures, further underscoring the importance of Gβγ‑dependent regulation of neuronal excitability. Previous work on Kv7.4 channels demonstrated that Gβγ interacts with and positively regulates channel activity, prompting us to determine whether, and how, Gβγ interacts with M‑current channels.
Methods
Two‑electrode voltage clamp (TEVC) recordings were performed in Xenopus laevis oocytes to assess Kv7.2/7.3 currents under different Gβγ conditions. Giant membrane patches (GMPs) were immunostained to quantify plasma‑membrane (PM) Gβ and Kv7.2/7.3 channel abundance. Proximity ligation assay (PLA) was used to assess protein–protein interactions in HEK293 cells, and peptide array mapping was employed to identify Kv7.2/7.3 regions interacting with Gβγ. A voltage‑sensing phosphatase (VSP) was used to deplete PIP2 and probe Gβγ effects on PIP2‑dependent channel regulation.
Results
Coexpression of Kv7.2/7.3 with Gβγ produced an approximately 2‑fold increase in current amplitude without significant changes in standard biophysical parameters. Gβ isoforms differentially enhanced Kv7.2/7.3 current, with Gβ1 producing the largest increase, followed by Gβ2 and then Gβ3. Disease‑associated Gβ1 mutants K78R and I80T increased Kv7.2/7.3 similarly to wild‑type (WT), whereas I80N was loss‑of‑function. Sequestration of Gβγ from the plasma membrane (PM) by myristoylated phosducin (myr‑phosducin) reduced Kv7.2/7.3 current and induced a depolarizing shift of ~4 mV in the voltage dependence compared with channels coexpressed with Gβγ. Coexpression of Gβγ with Kv7.2/7.3 significantly increased channel abundance at the PM, whereas coexpression of myr‑phosducin reduced PM abundance, indicating that membrane‑associated Gβγ is critical for efficient Kv7.2/7.3 trafficking and surface stability. Using peptide array mapping and PLA, we found that Kv7.2/7.3 interacts directly with Gβγ. Furthermore, VSP‑mediated PIP2 depletion revealed that Gβγ slowed the rate of Kv7.2/7.3 current rundown compared with control, consistent with stabilization of channel-PIP2 interactions.
Conclusions
Our results show that Kv7.2/7.3 channels are dually regulated by Gβγ: Gβγ increases current by enhancing channel abundance at the plasma membrane and by stabilizing Kv7.2/7.3-PIP2 interactions, indicating that Gβγ acts as a trafficking regulator and direct physiological gating modulator of Kv7.2/7.3.
