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G-protein–activated inward-rectifying K+ (GIRK) channels hyper-
polarize neurons to inhibit synaptic transmission throughout the
nervous system. By accelerating G-protein deactivation kinetics,
the regulator of G-protein signaling (RGS) protein family modu-
lates the timing of GIRK activity. Despite many investigations,
whether RGS proteins modulate GIRK activity in neurons by mech-
anisms involving kinetic coupling, collision coupling, or macromo-
lecular complex formation has remained unknown. Here we show
that GIRK modulation occurs by channel assembly with R7-RGS/
Gβ5 complexes under allosteric control of R7 RGS-binding protein
(R7BP). Elimination of R7BP occludes the Gβ5 subunit that interacts
with GIRK channels. R7BP-bound R7-RGS/Gβ5 complexes and Gβγ
dimers interact noncompetitively with the intracellular domain of
GIRK channels to facilitate rapid activation and deactivation of
GIRK currents. By disrupting this allosterically regulated assembly
mechanism, R7BP ablation augments GIRK activity. This enhanced
GIRK activity increases the drug effects of agonists acting at G-
protein–coupled receptors that signal via GIRK channels, as indi-
cated by greater antinociceptive effects of GABA(B) or μ-opioid
receptor agonists. These findings show that GIRK current modula-
tion in vivo requires channel assembly with allosterically regulated
RGS protein complexes, which provide a target for modulating
GIRK activity in neurological disorders in which these channels
have crucial roles, including pain, epilepsy, Parkinson’s disease
and Down syndrome.

Many neurotransmitters, therapeutic agents, and drugs of
abuse activate metabotropic receptors coupled to the Gi/o

family of heterotrimeric G proteins. These agonists modulate
neuronal excitability and synaptic transmission in part by acti-
vating G-protein–activated inward-rectifying K+ channels
(GIRKs or Kir3s) to hyperpolarize neurons (1). The importance
of this mechanism is illustrated by the diverse phenotypes
exhibited by mice lacking GIRK channel subtypes, including
reduced anxiety (GIRK1) (2), hyperactivity (GIRK2) (3), pro-
pensity for seizures (GIRK2) (4), and decreased morphine-me-
diated analgesia (GIRK2/3) (5, 6). Conversely, augmentation of
GIRK activity caused by trisomic expression of the GIRK2 gene
(Kcnj6) causes cognitive impairment and other phenotypes in
mouse models of Down syndrome (7–9).
GIRK activity is controlled in vivo by the regulator of G

protein signaling (RGS) family (10–13). Regulator of G-protein
signaling (RGS) proteins accelerate rates of G-protein de-
activation by acting as GTPase-activating proteins (GAPs) for G-
protein α-subunits (14–16). Thus, rapid deactivation of GIRK
currents requires RGS proteins because GAP activity accelerates
the rate that Gi/oα subunits hydrolyze GTP and reform inactive
GDP-bound Gαβγ heterotrimers.
RGS proteins have been suggested to regulate GIRK gating ki-

netics by several mechanisms, including kinetic coupling, collisional
coupling, and macromolecular complex formation with GIRK
channels. Complex formation between GIRK channels and RGS
proteins has been suggested by several lines of evidence (17). RGS

protein overexpression can accelerate receptor-evoked GIRK
gating kinetics without suppressing steady-state current amplitude
(18, 19). RGS8 overexpressed in sympathetic neurons can regulate
GIRK currents by a GAP-independent mechanism (20). Overex-
pressed RGS4 coimmunoprecipitates with complexes of GIRK1/2
heteromers and various receptors (21), and endogenously
expressed members of the RGS7 (R7) class of RGS proteins
(RGS6, -7, -9, and -11) bound to their obligate partner Gβ5
coimmunoprecipitate with GIRK channels (13). Despite such evi-
dence, whether GIRK channels function in neurons as macromo-
lecular assemblies with regulatory RGS proteins remains unknown.
Here we have addressed this question by analyzing R7-RGS/

Gβ5 complexes because they are expressed preferentially and
widely in neurons throughout the nervous system (22), possess
Gi/oα-specific GAP activity (23), and regulate receptor-evoked
GIRK current gating kinetics in neurons (13). We focus on
elucidating the function of R7 RGS binding protein (R7BP),
a palmitoylated SNARE-like protein that has been suggested to
function as a membrane anchor, scaffold, or allosteric regulator
for R7-RGS/Gβ5 complexes (24–28). Our studies support
a model in which GIRK modulation occurs by channel assembly
with R7-RGS/Gβ5 complexes that are allosterically regulated
by R7BP.

Results
R7BP Controls Modulation of GABA(B) Receptor-Evoked GIRK Currents.
To explore the function of R7BP in neurons, we determined
whether GABA(B) receptor-evoked GIRK currents are dysregu-
lated in hippocampal pyramidal neurons cultured from R7BP−/−

mice (Fig. S1) relative to wild-type controls. Whereas we found
that baclofen-evoked GIRK current density was similar in wild-
type and R7BP−/− neurons (−5.6 ± 1.1 pA/pF and −7.6 ± 1.3 pA/
pF, respectively), R7BP ablation increased the deactivation time
and magnitude of baclofen-evoked GIRK currents (Fig. 1). GIRK
current deactivation kinetics (offset) following baclofen washout
were approximately twofold slower in R7BP−/−neurons (Fig. 1 A
and B), similar to neurons void of all R7-RGS/Gβ5 complexes
(13). R7BP ablation augmented steady-state GIRK current am-
plitude elicited by a submaximal dose of baclofen (Fig. 1 C and D)
relative to that evoked by a maximal dose of this agonist. Im-
portantly, transient expression of red fluorescent protein (RFP)-
tagged R7BP in R7BP−/− neurons restored GIRK current de-
activation kinetics (Fig. 1 E and F). Together these findings
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demonstrate that R7BP controls modulation of GABA(B) re-
ceptor-evoked GIRK currents in hippocampal neurons.

R7BP Allosterically Regulates Assembly of R7-RGS/Gβ5 Complexes
with GIRK Channels. When palmitoylated, R7BP can facilitate
targeting of R7-RGS/Gβ5 heterodimers to the plasma mem-
brane; when unpalmitoylated, R7BP can transport them into the
nucleus (24, 25). Therefore, R7BP has the potential to determine
the subcellular localization of R7-RGS/Gβ5 complexes. Al-
though we found that R7BP coimmunoprecipitated with R7-
RGS/Gβ5 complexes in the hippocampus and striatum (Fig. 2A),
R7BP ablation did not affect expression or plasma membrane
localization of RGS7 in hippocampal neurons (Fig. 2 A and B),
consistent with prior evidence that the absence of R7BP has an
insignificant effect on membrane localization of RGS7 (29).
R7BP therefore is likely to regulate GIRK currents by mecha-
nisms other than anchoring R7-RGS/Gβ5 complexes to the
plasma membrane.
Because R7-RGS/Gβ5 heterodimers have been shown to

coimmunoprecipitate with GIRK channels (13), we determined
whether R7BP affects this interaction, potentially as a scaffold or
allosteric regulator. We found that R7BP enhanced coimmuno-
precipitation of overexpressed GIRK2c and R7-RGS/Gβ5 heter-
odimers two- to fourfold (Fig. 2 C and D and Fig. S2). This effect
required R7BP palmitoylation as a plasma membrane targeting
signal (Fig. S2).
To determinewhether R7BP regulates complex formation in real

time at normal expression levels, we performed bioluminescence
resonance energy transfer (BRET) experiments with living cells
expressing luciferase-tagged GIRK2 as donor and split Venus-

tagged forms of R7-RGS proteins (RGS7 or RGS9) and Gβ5 as
acceptors. Importantly, experiments used the lowest detectable
level of donor to minimize the contribution of BRET signals arising
from simple collisional interaction between overexpressed proteins
in themembrane. Furthermore, acceptors andR7BPwere expressed
at native levels (Fig. S3), and BRET was normalized to the level of
fluorescent acceptor protein expression (net BRET/FL) to eliminate
any potentially confounding effects of R7BP on acceptor expression.
Under these conditions, in cells expressing varying levels of

wild-type R7BP we found that BRET was increased up to ∼10-
fold relative to cells lacking R7BP (Fig. 2 E–H). An unpalmi-
toylated R7BP mutant (CC/SS) had an insignificant effect on
BRET between GIRK2 and complexes containing Gβ5 and
RGS7 (Fig. 2 E and G) or RGS9 (Fig. 2 F and H) because R7BP
must, presumably, associate with the plasma membrane where
the GIRK2 donor localizes. However, simple plasma membrane
targeting of R7-RGS/Gβ5 heterodimers and collisional in-
teraction with GIRK channels do not fully account for the effects
of R7BP on BRET because expression of R9AP, an R7BP-like
transmembrane protein that interacts with Gβ5 complexes con-
taining RGS9 or RGS11 in the retina (30, 31), had no impact on
BRET between GIRK2 and RGS9/Gβ5 heterodimers (Fig. 2 F
and H). Furthermore, insignificant BRET occurred between the
GIRK2 donor and acceptor-tagged R7BP in the absence of the
R7-RGS/Gβ5 heterodimers (Fig. S4), indicating that minimal
collisional interaction occurs and suggesting that R7BP does not
function as a scaffold that bridges interaction between R7-RGS/
Gβ5 complexes and GIRK channels.
In lieu of serving as a scaffold, R7BP may function allosterically

to change the conformation of R7-RGS/Gβ5 complexes and fa-
cilitate interaction of the Gβ5 subunit with GIRK channels. This
hypothesis is supported by evidence indicating that Gβ5 expressed
without an R7-RGS partner coimmunoprecipitates with GIRK
channels (13) and that R7BP alters the fate or functional prop-
erties of R7-RGS/Gβ5 heterodimers (26–28, 32). We tested this
hypothesis by identifying Gβ5 mutants that impair the ability of
R7BP to facilitate complex formation with GIRK2c. Because Gβ5
and other Gβ isoforms potentially interact similarly with GIRK
channels, we analyzed Gβ5 mutants (I88A, K97A, and D241A)
corresponding to Gβ1 mutants defective in GIRK activation (33).
In BRET experiments, we found that R7-RGS complexes con-
taining these Gβ5 mutants impaired the ability of R7BP to pro-
mote interaction with GIRK2c (Fig. 3 A and B). In contrast, these
Gβ5 mutants were normal with respect to complex formation with
R7-RGS subunits (Fig. S5A) and R7BP (Fig. S5 B and C), in-
dicating that they specifically impair GIRK2 interaction. Thus,
these results support the hypothesis that R7BP allosterically reg-
ulates R7-RGS/Gβ5 complexes to facilitate interaction of Gβ5
with GIRK channels.
Because the preceding results suggested that homologous

regions of Gβ5 and Gβ1 mediate interaction with GIRK chan-
nels, we hypothesized that R7-RGS/Gβ5/R7BP heterotrimers
might compete with Gβγ dimers for binding to GIRK2. Indeed,
GIRK2c mutations (L344E or G347H) that impaired Gβγ
binding (Fig. S5D) (34, 35) also blunted the ability of R7BP to
promote interaction with R7-RGS/Gβ5 complexes (Fig. 3 C and
D). However, other results indicated that Gβ5 and Gβ1 interact
noncompetitively with this surface of GIRK2c. We found that
BRET was not diminished significantly in heterotypic competi-
tion experiments using donor-tagged GIRK2c, split Venus-tag-
ged Gβγ as acceptor, and untagged overexpressed R7-RGS/Gβ5/
R7BP heterotrimers as competitor, or when split Venus-tagged
R7-RGS/Gβ5/R7BP complexes were used as acceptor and un-
tagged overexpressed Gβγ as competitor (Fig. 3 E–H). In con-
trast, homologous competition for donor-tagged GIRK2c by
acceptor-tagged and untagged forms of Gβγ was detectable
readily by BRET (Fig. S5E). These results suggested that
GIRK2c can interact simultaneously with Gβγ and R7-RGS/

Fig. 1. R7BP ablation augments GIRK activity. (A) GABA(B) receptor-evoked
GIRK currents in wild-type and R7BP−/− hippocampal pyramidal neurons.
Boxed inset highlights GIRK offset kinetics. (B) Quantification of GIRK cur-
rent onset and offset kinetics in wild-type and R7BP−/− neurons. (C) R7BP
ablation augments GIRK activation by a submaximal concentration of
baclofen. (D) Quantification of GIRK currents elicited by a submaximal
concentration of baclofen. (E) Rescue of GIRK current regulation by ex-
pression of R7BP in R7BP−/− neurons. Representative baclofen-evoked GIRK
currents from R7BP−/− hippocampal pyramidal neurons that were untrans-
fected or transfected with RFP-R7BP or RFP are shown. Arrows indicate
current offset. (F) Quantification of GIRK current offset kinetics in trans-
fected (RFP-R7BP or RFP) and untransfected R7BP−/− neurons. *P < 0.05,
**P < 0.01, ***P < 0.0001.
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Gβ5/R7BP heterotrimers. Consistent with this hypothesis, BRET
between GIRK2c and R7-RGS/Gβ5 complexes containing R7BP
was increased when coexpressed GABA(B) receptors were ac-
tivated with baclofen (Fig. 3I), whereas this agonist had no effect
on BRET between GIRK2c and R7-RGS/Gβ5 complexes in the
absence of R7BP (Fig. 3I). Furthermore, R7BP facilitated in-
teraction between R7-RGS/Gβ5 complexes and a constitutively
active GIRK2c mutant (R201A) irrespective of whether coex-
pressed GABA(B) receptors were activated with baclofen (Fig.
3J and Fig. S6). Thus, by promoting assembly of GIRK chan-
nels with R7-RGS/Gβ5 complexes possessing Gi/o-specific
GAP activity, R7BP should permit GIRK channels to be ac-
tivated efficiently by Gβγ subunits while facilitating G-protein
deactivation and consequent channel closure. Conversely, our
findings indicate that the absence of R7BP results in occlusion
of the Gβ5 subunit, thereby impairing recruitment of R7-RGS/
Gβ5 GAP complexes to GIRK channels and prolonging
channel opening.

R7BP Ablation Augments GIRK-Dependent Antinociception. The
preceding results coupled with prior evidence indicating that
GIRK channels, R7BP, and R7-RGS/Gβ5 complexes are coex-
pressed widely in the nervous system (1, 36) led us to determine

whether R7BP ablation augments GIRK function in vivo, as in-
dicated by phenotypes dependent upon GIRK activity (6, 37–39).
For example, agonists of the μ-opioid receptor, such as enkephalins
and morphine, promote Gβγ-dependent activation of GIRK
channels in GABAergic neurons. The resulting disinhibition of
these neurons has been shown to underlie some of the effects as-
sociated with opioid actions in vivo, including antinociception and
locomotor activity (40, 41).We found that R7BP−/−mice exhibited
enhanced basal latency to a thermal stimulus (Fig. 4A) and aug-
mented morphine-elicited antinociception (Fig. 4B). Similarly,
morphine-evoked locomotor activity was enhanced in R7BP−/−

mice (Fig. 4C). Furthermore, activation of GABA(B) receptors,
which also act via GIRK channels to disinhibit GABAergic neuron
firing in nociceptive pathways (41), also elicited enhanced anti-
nociception in R7BP−/− mice (Fig. 4D). These results support
a model in which R7BP-faciliated assembly of R7-RGS/Gβ5
complexes with GIRK channels modulates inhibitory neurotrans-
mission in vivo.

Discussion
Our findings indicate that GIRK channels assemble with R7BP-
bound R7-RGS/Gβ5 heterodimers to control neuronal excitabil-
ity and antinociception regulated by Gi/o-coupled GABA(B) and

Fig. 2. R7BP facilitates assembly of R7-RGS/Gβ5
complexes with GIRK2c in living cells. (A) Coimmu-
noprecipitation of R7-RGS/Gβ5 complexes with R7BP
from hippocampal (H) and striatal (S) extracts. (B)
R7BP is dispensable for plasma membrane localiza-
tion of RGS7 in cultured hippocampal neurons.
(Scale bar: 10 μm.) (C) R7BP augments coimmuno-
precipitation between GIRK2c and R7-RGS/Gβ5
complexes. (D) Quantification of coimmunoprecipi-
tation between GIRK2c and R7-RGS/Gβ5 complexes
in the absence and presence of R7BP. (E and F) R7BP
augments BRET between GIRK2c-Rluc8 and split
Venus-tagged R7-RGS/Gβ5 heterodimers containing
RGS7 (E) or RGS9 (F), but a nonpalmitoylated R7BP
mutant (CC/SS) or the R7BP-related protein R9AP
does not. Data are expressed as BRET values nor-
malized to the level of net BRET/FL. (G and H)
Quantification of BRET between GIRK2c-Rluc8 and
split Venus-tagged R7-RGS/Gβ5 heterodimers con-
taining RGS7 (G) or RGS9 (H) with increasing ex-
pression of wild-type R7BP, nonpalmitoylated R7BP
(CC/SS), or R9AP. ***P < 0.0005, **P < 0.005, *P <
0.05.
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mu-opioid receptors. As discussed below, these findings reveal
a function for allosteric regulation of RGS proteins, indicate that
GIRK channels function in vivo as macromolecular assemblies
with regulatory R7-class RGS proteins, and suggest a strategy for
modulating GIRK channel activity in neurological disorders.
In conjunction with prior investigations, our findings indicate that

allosteric regulation of R7-RGS/Gβ5 complexes by R7BP has sev-
eral functions. First, this mechanism protects RGS9 from pro-
teolytic degradation in vivo (32, 42, 43). Second, in heterologous
expression systems, it attenuates the ability of Gβ5 complexes con-
taining RGS7 or RGS9 to blunt interaction with and signaling by,
respectively, Gq-coupled m3 muscarinic receptors and Gi-coupled
D2-like dopamine receptors (26–28). Third, our findings indicate
that R7BP facilitates interaction between the Gβ5 subunit of R7-
RGS/Gβ5 heterodimers andGIRK channels to limit the duration of
GIRK activity evoked by GABA(B) receptors in hippocampal

neurons and restrain antinociception elicited by GABA(B) andmu-
opioid receptor agonists, which is GIRK-dependent.
Results of our investigation strongly support the emerging

concept that GIRK channels function as macromolecular sig-
naling complexes including receptors, G proteins, and regulatory
RGS proteins (1). A principal challenge has been to establish the
extent to which such complexes form and execute specific func-
tions in vivo relative to alternative mechanisms such as kinetic
coupling, collisional coupling, or segregation of signaling pro-
teins within membrane microdomains. Our identification of
GIRK2 and Gβ5 point mutants that impair R7BP-faciliated in-
teraction between these channels and R7-RGS/Gβ5 hetero-
dimers supports the existence of macromolecular complexes
rather than the occurrence of simple collisional interaction. Such
macromolecular complexes appear to be critical for regulating
GIRK channel function because R7BP ablation, like elimination

Fig. 3. Mechanism of R7BP-faciliated assembly of
R7-RGS/Gβ5 complexes with GIRK2. (A and B) Gβ5
mutants that impair R7BP-facilitated assembly of
R7-RGS/Gβ5 complexes containing RGS7 (A) or RGS9
(B) with GIRK2c detected by BRET. (C and D) GIRK2c
mutants that impair R7BP-facilitated assembly with
R7-RGS/Gβ5 complexes containing RGS7 (C) or RGS9
(D) detected by BRET. (E and F) R7-RGS/Gβ5/R7BP
complexes containing RGS7 (E) or RGS9 (F) do not
compete with Gβγ for binding to GIRK2c as detected
by BRET. (G and H) Gβγ does not compete for
binding of R7-RGS/Gβ5/R7BP complexes containing
RGS7 (G) or RGS9 (H) to GIRK2c as detected by BRET.
(I and J) R7BP facilitates assembly of R7-RGS/Gβ5
heterodimers containing RGS7 or RGS9 with wild
type (I) or constitutively active R201A (J) GIRK2c
activated by baclofen-stimulated GABA(B) receptors
as detected by BRET. ***P < 0.0005, **P < 0.005,
*P < 0.05.
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of all R7-RGS/Gβ5 complexes (13), delays GIRK current de-
activation kinetics in hippocampal neurons, yet does not disrupt
plasma membrane targeting of RGS7, the principal R7-RGS
isoform in these neurons.
Amodel for GIRK channel regulation by G proteins and R7BP-

bound R7-RGS/Gβ5 complexes (Fig. 5) is suggested by our find-
ings, the structure of RGS9/Gβ5 heterodimers (44), features of
RGS9 that mediate R7BP binding (32), and evidence of distinct
binding sites on GIRK channels for Gi/oα and Gβγ dimers (45).
R7BP binds a linker in RGS9 that occludes one of two surfaces of
Gβ5 required for GIRK interaction (Fig. 5A). By displacing this
linker, R7BP is proposed to facilitate docking of the Gβ5 subunit
near the Gβγ-binding site responsible for GIRK channel activation
(Fig. 5B). Once activated by receptors, the Gi/oα subunit bound at
a distinct docking site releases the Gβγ dimer to interact with the
activation site of the channel. GAP activity of channel-bound R7-
RGS/Gβ5/R7BP complexes accelerates deactivation of Gi/oα
subunits, which captureGβγ subunits to closeGIRK channels. This
model does not preclude the involvement of other RGS proteins
that have been implicated in GIRK channel regulation (1).
Intriguingly, R7-RGS/Gβ5 complexes regulate parasympathetic

activation and GIRK channel deactivation kinetics in atrial car-
diomyocytes (11, 12), which do not detectably express R7BP
(36). Thus, it would be interesting to determine whether
R7-RGS/Gβ5 heterodimers regulate GIRK channels in car-
diomyocytes or other cells normally lacking R7BP by mecha-
nisms involving macromolecular complex formation by R7BP-

independent mechanisms, kinetic coupling, collisional cou-
pling, or segregation within membrane microdomains.
Finally, because GIRK channel dysregulation underlies sev-

eral neurological disorders (1), including pain, epilepsy, Parkin-
son’s disease, and Down syndrome, pharmacological targeting of
allosterically regulated R7-RGS/Gβ5 complexes may provide
a means of modulating GIRK function in these disorders.
Whereas inhibiting complex formation by targeting protein–
protein interfaces could be difficult, inhibiting enzymes re-
sponsible for R7BP palmitoylation or depalmitoylation should
alter the subcellular localization of R7BP (46) and potentially
modulate receptor-evoked GIRK current activity.

Materials and Methods
Detailed methods are described in SI Materials and Methods. Exon 2 of the
R7BP gene was deleted to produce R7BP−/− mice, which failed to express
detectable levels of R7BP protein (Fig. S1). Methods used for electrophysi-
ological analysis of mouse hippocampal pyramidal neurons, BRET assays, and
mouse behavioral pharmacology have been described previously (47–51).
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Fig. 4. R7BP ablation augments behavioral responses elicited by GABA(B) or
μ-opioid receptor agonists. (A) R7BP−/− mice displayed enhanced basal
thermal latencies (n = 5/genotype). (B) A μ-opioid receptor agonist (mor-
phine, 10 mg/kg, s.c.) augments antinociceptive responses in R7BP−/− mice
compared with wild-type mice (interaction of time × genotype: F(6-56) = 6.46;
P < 0.0001; *P < 0.05, **P < 0.01, ***P < 0.001 Bonferroni post hoc analysis).
(C) Morphine enhances ambulatory behaviors in R7BP−/− mice more than in
wild-type mice (interaction of time × genotype: (F(44-360) = 1.61, P = 0.011).
Analysis of the habituation phase (1–45 min) reveals that the R7BP−/− mice
are slightly, but significantly less active before drug treatment (for geno-
type: F(1-720) = 5.59, P = 0.018). (D) GABA(B) receptor agonist (R-baclofen, 2
mg/kg, i.p.) augments antinociceptive responses in R7BP−/− mice compared
with wild-type mice (interaction of time × genotype: F(6-42) = 3.2; P = 0.011;
***P < 0.001 Bonferroni post hoc analysis).

Fig. 5. Model of GIRK channel regulation by G proteins and R7BP-bound
R7-RGS/Gβ5 complexes. (A) Structure of RGS9/Gβ5 heterodimers in the ab-
sence of R7BP suggests that part of the apparent GIRK-binding site of Gβ5 is
occluded. Amino acid residues of Gβ5 (spacefill) corresponding to those in
Gβ1 that are required for GIRK channel regulation are indicated (red). The
linker (yellow sticks) and N-terminal (white sticks) regions of RGS9 occlude
part of the GIRK-binding site of Gβ5. R7BP binding to the linker region is
proposed to displace these regions, facilitating Gβ5 binding to GIRK chan-
nels. (B) Model of GIRK channel regulation by G proteins and R7BP-bound
R7-RGS/Gβ5 complexes. R7BP binds the R7-RGS subunit, facilitating docking
of the Gβ5 subunit near the activation site of GIRK channels where Gβγ
dimers bind. The GAP activity of R7-class RGS proteins tethered by Gβ5 to
GIRK channels facilitates reformation of inactive Gαβγ heterotrimers and
consequent channel closure.
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