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            Key Points

                	
                  G protein-gated inwardly rectifying K+ (GIRK) channels hyperpolarize neurons, reducing membrane excitability. The basal activity of GIRK channels contributes to the resting potential of neurons, whereas activation of different G protein-coupled receptors (GPCRs) controls the excitability of neurons through GIRK-mediated neuronal self-inhibition (that is, the neurotransmitter released by a given neuron leads to inhibition of that neuron), neuron-to-neuron inhibition (that is, through a slow inhibitory postsynaptic potential) and network-level inhibition (that is, volume transmission).

                
	
                  High-resolution structures of cytoplasmic domains of GIRK channels provide a new 'toolbox' for investigating the molecular mechanisms underlying the gating and function of GIRK channels.

                
	
                  Brain slice electrophysiology provides several examples of plasticity in the slow IPSCs mediated by GIRK channels that are activated by GABAB (γ-aminobutyric acid type B) receptors and D2 dopamine receptors. In addition, activation of GIRK channels by adenosine is implicated in reversing long-term potentiation of glutamatergic transmission (depotentiation).

                
	
                  Studies on GIRK-knockout mice suggest GIRK channels are involved in pain perception mediated by endogenous pain modulators such as endorphins and endocannabinoids, and also analgesic drugs.

                
	
                  GIRK channels have also been implicated in the response to some drugs of abuse, including morphine, γ-hydroxybutyrate, amphetamines and ethanol, as well as some therapeutic drugs.

                
	
                  GIRK channels may contribute to the pathophysiology of several diseases, including epilepsy, addiction, Down's syndrome, ataxia and Parkinson's disease. Loss of GIRK function can lead to excessive neuronal excitability, contributing to epileptic seizures, whereas a gain of GIRK function can substantially reduce neural activity, as is postulated to occur in Down's syndrome.

                


              

Abstract
G protein-gated inwardly rectifying potassium (GIRK) channels hyperpolarize neurons in response to activation of many different G protein-coupled receptors and thus control the excitability of neurons through GIRK-mediated self-inhibition, slow synaptic potentials and volume transmission. GIRK channel function and trafficking are highly dependent on the channel subunit composition. Pharmacological investigations of GIRK channels and studies in animal models suggest that GIRK activity has an important role in physiological responses, including pain perception and memory modulation. Moreover, abnormal GIRK function has been implicated in altering neuronal excitability and cell death, which may be important in the pathophysiology of diseases such as epilepsy, Down's syndrome, Parkinson's disease and drug addiction. GIRK channels may therefore prove to be a valuable new therapeutic target.
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                    Figure 1: Physiology of GIRK channels in the mammalian brain.[image: ]


Figure 2: Structural insights into gating and the formation of a macromolecular GIRK signalling complex.[image: ]


Figure 3: Three types of neuronal signalling pathways for GIRK channels.[image: ]


Figure 4: GIRK channels are implicated in various disease states.[image: ]
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