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    Abstract

        TWIK-related K+ channel TREK1, a background leak K+ channel, has been strongly implicated as the target of several general and local anesthetics. Here, using the whole-cell and single-channel patch-clamp technique, we investigated the effect of lidocaine, a local anesthetic, on the human (h)TREK1 channel heterologously expressed in human embryonic kidney 293 cells by an adenoviral-mediated expression system. Lidocaine, at clinical concentrations, produced reversible, concentration-dependent inhibition of hTREK1 current, with IC50 value of 180 μM, by reducing the single-channel open probability and stabilizing the closed state. We have identified a strategically placed unique aromatic couplet (Tyr352 and Phe355) in the vicinity of the protein kinase A phosphorylation site, Ser348, in the C-terminal domain (CTD) of hTREK1, that is critical for the action of lidocaine. Furthermore, the phosphorylation state of Ser348 was found to have a regulatory role in lidocaine-mediated inhibition of hTREK1. It is interesting that we observed strong intersubunit negative cooperativity (Hill coefficient = 0.49) and half-of-sites saturation binding stoichiometry (half-reaction order) for the binding of lidocaine to hTREK1. Studies with the heterodimer of wild-type (wt)-hTREK1 and Δ119 C-terminal deletion mutant (hTREK1wt-Δ119) revealed that single CTD of hTREK1 was capable of mediating partial inhibition by lidocaine, but complete inhibition necessitates the cooperative interaction between both the CTDs upon binding of lidocaine. Based on our observations, we propose a model that explains the unique kinetics and provides a plausible paradigm for the inhibitory action of lidocaine on hTREK1.

      
	h, human
	K2P, tandem pore domain K+
	TREK1, TWIK-related K+
	CTD, C-terminal domain
	PKA, protein kinase A
	HEK, human embryonic kidney
	PCR, polymerase chain reaction
	wt, wild type
	Ad, adenovirus
	GFP, green fluorescent protein
	I-V, current-voltage
	NPo, product of the number of channels (N) in a patch and the probability that the channel would be in the open state, Po
	TCE, 2,2,2-trichloroethanol
	QX314, 2-((2,6-dimethylphenyl)amino)-N,N,N-triethyl-2-oxoethanaminium
	KT 5720, (9S,10S,12R)-2,3,9,10,11,12-hexahydro-10-hydroxy-9-methyl-1-oxo-9,12-epoxy-1H-diindolo[1,2,3-fg:3′,2′,1′-kl]pyrrolo[3,4-i][1,6]benzodiazocine-10-carboxylic acid hexyl ester
	NTD, N-terminal domain
	AA, arachidonic acid
	C, closed state
	O, open state.

Footnotes
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 The online version of this article (available at http://molpharm.aspetjournals.org) contains supplemental material.
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