
SYNAPTIC MECHANISMS

Deletion of TASK1 and TASK3 channels disrupts intrinsic
excitability but does not abolish glucose or pH responses
of orexin ⁄hypocretin neurons
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Abstract

The firing of hypothalamic hypocretin ⁄ orexin neurons is vital for normal sleep–wake transitions, but its molecular determinants are
not well understood. It was recently proposed that TASK (TWIK-related acid-sensitive potassium) channels [TASK1 (K2P3.1)
and ⁄ or TASK3 (K2P9.1)] regulate neuronal firing and may contribute to the specialized responses of orexin neurons to glucose and
pH. Here we tested these theories by performing patch-clamp recordings from orexin neurons directly identified by targeted green
fluorescent protein labelling in brain slices from TASK1 ⁄ 3 double-knockout mice. The deletion of TASK1 ⁄ 3 channels significantly
reduced the ability of orexin cells to generate high-frequency firing. Consistent with reduced excitability, individual action potentials
from knockout cells had lower rates of rise, higher thresholds and more depolarized after-hyperpolarizations. However, orexin
neurons from TASK1 ⁄ 3 knockout mice retained typical responses to glucose and pH, and the knockout animals showed normal
food-anticipatory locomotor activity. Our results support a novel role for TASK genes in enhancing neuronal excitability
and promoting high-frequency firing, but suggest that TASK1 ⁄ 3 subunits are not essential for orexin cell responses to glucose
and pH.

Introduction

In mammals, appropriate matching of behaviour and brain state to the
environment critically relies on neurons containing peptide transmit-
ters hypocretins ⁄ orexins (de Lecea et al., 1998; Sakurai et al., 1998;
Sakurai, 2007). These cells (hereafter called orexin neurons) are
located in the lateral hypothalamus but innervate most of the brain,
where orexins cause neuronal excitation by acting on specific
G-protein-coupled receptors (Peyron et al., 1998; Sakurai, 2007).
The firing of orexin neurons stimulates awakening (Adamantidis et al.,
2007), and is so critical for sustained arousal that loss of orexin cells
causes severe narcolepsy ⁄ cataplexy (Hara et al., 2001). In addition,
orexin neurons play key roles in reward-seeking and stress-induced
drug relapse (Winsky-Sommerer et al., 2004; Boutrel et al., 2005;
Harris et al., 2005).

Despite the importance of orexin neurons for behavioural coordi-
nation, much remains unknown about the molecular mechanisms
controlling their firing. Orexin cells generate spontaneous

Na+-dependent action potentials in vitro (Li et al., 2002; Eggermann
et al., 2003), but little is known about the molecular identity of ion
channels that determine the shape of these action potentials. In turn,
several ion channels have been proposed to underlie stimulus-induced
control of orexin cell firing (e.g. Burdakov et al., 2006; Li & van den
Pol, 2008; Tsunematsu et al., 2008), but their identities have not been
explored by manipulation of candidate channel genes.
‘Two-pore-domain’ K+ (K2P) channels, encoded by the KCNK gene

family, are the largest but functionally least understood group of
K+ channels (Lesage & Lazdunski, 2000; Goldstein et al., 2001; Patel
& Honore, 2001). Recently, two members of this family, TASK1
(K2P3.1) and TASK3 (K2P9.1), which form ‘leak’ channels inhibited
by low pH, have been proposed to play key roles in the control of
neuronal firing. Based on data from cerebellar granule neurons,
Brickley et al. (2007) proposed that TASK3-containing channels have
a novel effect of increasing membrane excitability. Based on biophys-
ical and pharmacological data from orexin neurons, we hypothesized
that in these cells, TASK (TWIK-related acid-sensitive potassium)-like
channels may contribute to K+ currents triggered by elevations in
extracellular glucose levels and by falls in extracellular proton
concentration (Burdakov et al., 2006; Williams et al., 2007).
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In the present study, we examine these theories in identified orexin
neurons by creating transgenic mice that lack TASK1 ⁄ 3 channels and
express green fluorescent protein (GFP) under the control of the
pre-proorexin promoter.

Methods

Generation of transgenic mice

To rule out probable compensation between TASK1 and TASK3
channels, we used TASK1 ⁄ 3 double knockout mice, which were
generated and validated as previously described (Mulkey et al., 2007).
To create TASK1 ⁄ 3 knockout mice with GFP-labelled orexin neurons,
we crossed the knockout mice with orexin-eGFP mice, generated and
validated as described in (Burdakov et al., 2006). F1 breeder mice
expressing eGFP were identified by PCR amplification of tail tip DNA
using primers specific for the orexin-eGFP construct and backcrossed
to TASK1 ⁄ 3 knockout mice. F2 mice expressing eGFP were tested for
the TASK1 and TASK3 knockout mutations by multiplex PCRs using
primers across loxP sites and spanning the deleted regions as
previously described (Mulkey et al., 2007). Finally, eGFP-expressing
mice with homozygotic disruption of the TASK1 and TASK3 genes
were intercrossed, and genotyped offspring were used for experiments.

Electrophysiology

Preparation of acute brain slices and subsequent whole-cell patch-
clamp recordings were performed as described in Burdakov et al.
(2006). Animals were killed by cervical dislocation. All procedures
were in accordance with the Animals (Scientific Procedures) Act 1986
(United Kingdom). All recordings were performed at 36�C. In all
experiments except those detailed in Figs 4A–C and 5, extracellular
solution was standard artificial cerebrospinal fluid (ACSF), containing
(in mm): NaCl 125, KCl 2.5, MgCl2 2, NaH2PO4 1.2, NaHCO3 21,
CaCl2 2 and glucose 1, bubbled with 95% O2 and 5% CO2. In the
experiments detailed in Figs 4A–C and 5, we used a HEPES-buffered
ASCF to attain greater pH control (Williams et al., 2007), which
contained (in mm): NaCl 118, KCl 3, MgCl2 1, CaCl2 1.5, HEPES 25
and glucose 1, pH adjusted with NaOH, and bubbled with 100% O2.
Voltage-clamp recordings (and current-clamp recordings in Fig. 5A,
B) were performed using a potassium chloride pipette solution (in
mm): KCl 130, HEPES 10, EGTA 1, MgCl2 2, K2ATP 5 and NaCl 2.
Current-clamp recordings were performed using a potassium gluco-
nate pipette solution (in mm): K-gluconate 120, HEPES 10, KCl 10,
EGTA 1, MgCl2 2, K2ATP 4 and Na2ATP 1. Experiments detailed in
Figs 1–3 were performed in the presence of blockers of synaptic
communication (added to ACSF: d-AP5 50 lm, CNQX 10 lm,
picrotoxin 50 lm). To create similar conditions for all cells during the
analysis of action potential firing, in Fig. 2 all cells were held at
)60 mV before the current injection (see Fig. 2A), while in Fig. 3 the
action potentials were recorded from the same baseline potential
()30 mV), adjusted by sustained current injection. An EPC-10 patch-
clamp amplifier operated using patchmaster software (both from
HEKA, Freiburg, Germany) was used for data acquisition. All the
chemicals were from Sigma (St Louis, MO, USA), except for CNQX
and d-AP5, which were from Tocris (Ellisville, MO, USA).

Data analysis

Resting membrane potentials were taken as zero-current potentials
in whole-cell current–voltage relationships obtained using the

voltage-clamp ramps shown in Fig. 1 (in spontaneously spiking
neurons, this method is more accurate than current-clamp). Input
resistance was measured as the inverse of the slope (linear fit) of the
current–voltage relationship between )80 and )60 mV. Firing-current
relationships (Fig. 2B, C) were obtained from firing caused by slow
ramp-like excitatory current injections (Fig. 2A), by plotting the
inverse of each inter-spike interval (in seconds, y-axis) against the
corresponding current (x-axis). For statistical analysis, these data were
normalized to cell size, by dividing the current applied by the
membrane capacitance, and then binned into 1-pA ⁄ pF bins (Fig. 2C).

Fig. 1. Effect of TASK1 ⁄ 3 knockout on whole-cell current of orexin cells.
(A) Voltage-clamp ramp protocol used to obtain whole-cell I–V relationship.
The current trace is an example of raw data from one cell, and the protocol is
shown schematically below the trace. (B) I–V relationships of WT (n = 6) and
KO cells (n = 16). Values are means ± SEM; the SEM values are shown
shaded around the bold lines showing means.

Fig. 2. Effect of TASK1 ⁄ 3 knockout on excitability of orexin cells. (A)
Illustration of the current-clamp protocol used to measure firing-current
relationships; a typical raw-data trace from a WT cell is shown above the
protocol schematic. (B) An example of a firing-current plot, calculated from
inter-spike intervals of the recording shown in A. (C) Mean firing-current
relationships in WT and KO cells (ten cells in each group). *P < 0.01.
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Standard phase-plane analysis (plot of rate of change of membrane
potential at each value of the membrane potential, Fig. 3C) was
performed as described in Bean (2007). To calculate action potential
thresholds, we used the ‘3rd deriviative’ method described in Henze &
Buzsaki (2001) and shown diagrammatically in Fig. 3D.
In Figs 4C and 5E, the net current–voltage relationship was fitted

with the Goldman–Hodgkin–Katz (GHK) current equation in the
following form

I ¼ PKz2
VF 2

RT
½Kþ�i � ½Kþ�oexpð�zFV =RT Þ

1� expð�zFV =RT Þ

Here, I is current (in A), V is membrane potential (in V), z is
the charge of a potassium ion (+1), [K+]i is the pipette K+ concentra-
tion (in mm), [K+]o is the ACSF K+ concentration (in mm), T is
temperature (Kelvin), and R and F are standard parameters (Hille,
2001). PK (a constant reflecting the K+ permeability of the membrane)
was the only free parameter during fits. The value of PK used to obtain
the fit shown in Fig. 4C was 3.22 · 10)17 cm ⁄ s, and that for Fig. 5E
was 8.73 · 10)18 cm ⁄ s. Values are presented as means ± SEM.
Statistical significance was evaluated using Student’s t-test for two
independent samples, unless stated otherwise.

Locomotor activity recordings and food restriction paradigm

Behavioural experiments were approved by the University of Virginia
Animal Care and Use Committee and were in compliance with the
Association for Assessment of Laboratory Animal Care guidelines.
Male and female mice (�9 months of age) were housed in individual
running wheel cages inside light-tight boxes under a 12 ⁄ 12-h light–
dark cycle (lights on at 05 : 00 and off at 17 : 00 h). Temperature and
humidity inside the boxes were maintained at 21�C and 50%,
respectively. Wheel revolutions were recorded in 1-min bins, and
analysed with clocklab software (Actimetrics, Wilmette, IL, USA).
Water was available ad libitum throughout the experiment.
Animals were introduced to a 4-h food restriction paradigm as

follows. A dish containing 5 g of powdered rodent breeder chow
(Harlan-Techlad, 8664) mixed with water and 20% peanut butter was
placed on the floor of each animal’s cage at 08 : 00 h and removed
10 hours later at 18 : 00. Over the next 6 days, the time of food
availability was decreased by removing food at progressively earlier
times until food was available for 4 h only, from 08 : 00 to 12 : 00 h.
After 3 days of 4-h food restriction, peanut butter was removed from
the food mix and the 4-h restriction paradigm was continued for 15
more days. Animals were fasted for 2 days at the end of the
experiment.

Results

Passive membrane properties of orexin neurons

Comparison of membrane current–voltage relationships of knockout
and wild-type orexin neurons (hereafter KO and WT cells, respec-
tively) showed a reduction in current with a reversal potential close to
that of K+ (Fig. 1B). The outward current at )20 mV was significantly
reduced in KO cells relative to WT cells (263 ± 23 and 452 ± 87 pA,
respectively, t20 = 2.96, P = 0.008). KO cells had slightly more
positive resting membrane potentials than WT cells ()60.6 ± 2.1
and )68 ± 3.9 mV, respectively, t20 = 1.78, P = 0.09, n > 5 for each

Fig. 3. Effect of TASK1 ⁄ 3 knockout on individual action potentials of orexin
cells. (A) An example of raw data used for analysis; spikes initiated from the
same resting potential ()30 mV) were analysed. (B) Top traces: action
potentials in WT and KO cells (mean values of 193 and 153 spikes,
respectively, obtained from nine WT and ten KO neurons). Bottom traces: first
deriviative values of corresponding top traces, used to produce the plots in C.
(C) Phase-plane plots of action potential shape in WT and KO cells (mean
values of 193 and 153 spikes, respectively). (D) Graphical illustration of the 3rd
derivative method used to determine the action potential threshold.
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Fig. 4. Effect of TASK1 ⁄ 3 knockout on glucose-sensing and food-anticipatory activity. (A) A typical membrane potential response of a KO cell to glucose and
subsequent extracellular acidification. Breaks in the trace are due to pauses in the recording during which voltage-clamp measurements were taken. (B) A typical
membrane current response of a KO cell to glucose and subsequent extracellular acidification (measured using the ramp protocol as in Fig. 1). (C) Current–voltage
relationship of the net glucose-activated current in KO cells. Mean values are shown in grey (n = 4 cells), SEMs are in lighter shading. The black line shows a fit of
the Goldman–Hodgkin–Katz equation to the data. (D) Typical records of median wheel-running activity from four WT and four KO mice during days when food was
only available for 4 h per day (grey box). Animals were maintained on a 12 ⁄ 12-h light–dark cycle (indicated by white and black bars). Arrows indicate the 3-h
period where food-anticipatory activity (FAA) was measured. (E) Mean total FAA (18 days) in WT and KO mice. n.s. = not significant (t6 = 0.01, P = 0.99).
(F) Mean body weights for WT and KO mice during the restricted feeding (RF) and subsequent fasting. No significant differences were found (P > 0.05, anova,
Tukey’s posthoc comparison).
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Fig. 5. Effect of pH on WT and TASK1 ⁄ 3 KO orexin cells. (A) Amiloride does not prevent the reversal of glucose response by acid pH. Left trace: example of acid-
induced reversal of membrane potential response. Right trace: example of acid-induced block of glucose-stimulated K+ current (representative examples of n = 6
cells). (B) Alkaline pH does not occlude the response to glucose (n = 4 cells). (C) The firing of KO cells remains sensitive to extracellular pH (n = 6 cells).
(D) Example of the effect of pH on the current–voltage relationship of a KO cell. (E) Net current inhibited by acid in KO cells, obtained from data such as
shown in D; mean values (n = 4 cells) are shown in dark grey and SEM values in lighter shading; the black line is a fit of the Goldman–Hodgkin–Katz equation to
the data.
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group), while their input resistance tended to be higher (KO,
504 ± 70 MX; WT, 264 ± 59 MX; t20 = 2, P = 0.06, n > 5). These
alterations are consistent with removal of a leak K+ channel from the
orexin cell membrane, and suggest that postsynaptic TASK channels
may contribute to the electrical properties of orexin neurons.

Active membrane properties of orexin neurons

Spontaneous firing rates tended to be slightly higher in WT cells
(13.8 ± 2.1 Hz) than in KO cells (9.4 ± 2.6 Hz), but this did not reach
significance (P = 0.21, n = 7 for each group). The relationships
between firing rate and stimulus current in KO and WT cells were
similar at low stimulus levels, but diverged significantly at higher
stimulus intensities, where KO cells were unable to reach the high
firing rates seen in WT cells (Fig. 2). Phase-plane analysis of action
potentials initiated from the same baseline potential (Fig. 3A–C)
revealed significantly lower rates of action potential rise in KO cells
relative to WT (13.1 ± 0.4 and 16.5 ± 0.5 mV ⁄ ms respectively,
t344 = 4.85, P < 0.001, n > 150 spikes in each group). Rates of
action potential fall (repolarization) were also reduced in KO cells
(KO, )11.4 ± 0.2 mV ⁄ ms; WT, )16.7 ± 0.4 mV ⁄ ms; t344 = 11.66,
P < 0.001, n > 150 spikes in each group). In turn, action potential
threshold (Fig. 3D) was significantly more positive in KO cells than in
WT cells ()18.5 ± 0.3 and )21.4 ± 0.2 mV, respectively, t344 = 7.97,
P < 0.001, n > 150 spikes in each group). The after-hyperpolarization
potential (Fig. 3B) was also more positive in KO cells
()40.7 ± 0.3 mV in KO and )47.3 ± 0.3 mV in WT, t344 = 16.67,
P < 0.001, n > 150 spikes in each set). These data indicate that
TASK1 ⁄ 3 deletion reduces the intrinsic excitability of orexin cells,
and disrupts their ability to generate high-frequency firing.

Responses of orexin neurons to glucose

The percentage of orexin neurons that responded to glucose with
hyperpolarization (Fig. 4A) was similar in KO mice (n = 10 out of
10 cells, 100%) and WT mice (95%; Burdakov et al., 2005, 2006). The
magnitude of glucose-induced hyperpolarization was also similar in
WT and KO orexin neurons (25.1 ± 3.7 and 21.8 ± 2.3 mV, respec-
tively, t10 = 0.76, P = 0.46). As previously described for WT orexin
cells (Burdakov et al., 2006), the glucose-induced postsynaptic current
in orexin neurons from TASK1 ⁄ 3 knockout mice displayed key
hallmarks of a leak-like K+ current: a reversal potential corresponding
to EK and current–voltage rectification well approximated by the GHK
equation (Fig. 4C). The amplitudes of glucose-induced current in WT
and TASK knockouts were also not significantly different (at )60 mV,
WT, 53.5 ± 11.5 pA; KO, 61.9 ± 15.0 pA; n = 6 in each group,
t10 = 0.44, P = 0.67). Similar to WT orexin cells (Burdakov et al.,
2006), in KO cells extracellular acidification reversed both glucose-
induced hyperpolarization (Fig. 4A) and activation of K+ currents
(Fig. 4B). Together, these data suggest that TASK1 ⁄ 3 channels are not
critical for glucose responses of orexin neurons.

Locomotor responses to restricted feeding

Mice lacking orexin neurons display diminished food-anticipatory
locomotor activity under restricted feeding paradigms, consistent with
a role for these cells in linking metabolic state to behaviour (Yamanaka
et al., 2003; Mieda et al., 2004). We reasoned that if TASK1 or
TASK3 channels were critical metabolic sensors in orexin neurons, a
similar disruption of food-anticipatory activity would be observed in
TASK1 ⁄ 3 knockout mice. However, we found that food-anticipatory
activity, measured as wheel revolutions during the 3-h period before

the daily meal, was indistinguishable in TASK1 ⁄ 3 KO and WT mice
(Fig. 4D, E, statistics are given in the figure legend). Body weights
also did not differ significantly between TASK1 ⁄ 3 knockouts and
controls at any time during the 18 days of restricted feeding, or after
the subsequent 2 days of fasting (Fig. 4F, statistics are given in the
figure legend).

Responses of orexin neurons to acid

In the presence of high glucose concentration, the membrane potential
of KO cells remained sensitive to extracellular pH (Fig. 4A), due to
the inhibitory action of acid on K+ currents (Fig. 4B). Apart from acid-
sensitive K+ channels, other acid-sensitive channels exist, for example
acid-activated Na+-permeable channels, ASICs (Krishtal, 2003;
Putnam et al., 2004). However, acid-induced reversal of glucose
effects on the membrane potential and K+ currents persisted when
ASICs were blocked with 100 lm amiloride (Fig. 5A, n = 6 cells). In
the presence and absence of amiloride, acidification to pH 6 (in 5 mm

glucose) was equally fast in depolarizing the cells back to potentials
exhibited in 1 mm glucose (209 ± 38.5 and 223 ± 49.5 s, respec-
tively, P = 0.82, t10 = 0.233). These results suggest that ASIC
channels are not essential for the depolarizing action of acid on
orexin cells, although they do not rule out that acid might modulate
channels ⁄ transporters other than acid-inhibited K+ channels.
To examine further the interplay between acid and pH sensing in

WT orexin cells, we examined their response to glucose in alkaline
solutions (pH 9), and found that the effects of glucose and high pH
were additive rather than occlusive (Fig. 5B, n = 4 cells), as
previously suggested by a related experiment examining the response
to alkaline pH in high glucose (Burdakov et al., 2006). This may
suggest that glucose and pH act on separate channels; alternatively,
however, it may mean that glucose and pH act on the same channel(s),
but that neither of these modulators can by itself attain the maximum
open probability, e.g. as reported for the effects of halothane on K2P

channels (Sirois et al., 2000). Finally, we examined the sensitivity of
KO cells to changes in extracellular pH in low glucose (1 mm)
solutions. We found that responses of KO cells to pH were similar to
those found in WT orexin cells (Fig. 5C, n = 6 cells). The firing rate of
KO cells was 0.3 ± 0.1 Hz at pH 7.4 and 2.2 ± 0.6 Hz at pH 6.9
(t5 = 4.45, n = 6, P = 0.007, paired-sample t-test), i.e. about a seven-
fold increase, similar to that for WT orexin cells (�10-fold increase,
Williams et al., 2007). Voltage-clamp analysis of membrane current–
voltage relationships (Fig. 5D) revealed, as in WT cells (Williams
et al., 2007), that in KO cells acid inhibited a net current with
properties of a leak-like K+ current (Fig. 5E). This suggests that
TASK1 ⁄ 3 channels are not essential for the responses of orexin
neurons to changes in extracellular pH.

Discussion

Our study presents a genetic dissection of the ion channel mechanisms
regulating the firing of orexin ⁄ hypocretin neurons. The results suggest
that postsynaptic TASK1 ⁄ 3 channels enhance membrane excitability
of orexin cells and their ability to generate high-frequency firing, but
that these channels are not essential for the responses of orexin cells to
glucose. The lack of any differences in activity or body weight in
response to food restriction supports the latter conclusion. Typical pH
responses of orexin cells are also maintained in TASK1 ⁄ 3 KO mice.
Basic membrane biophysics predicts that removal of a leak

K+ current would shift the membrane potential away from EK, i.e.
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closer to the threshold for action potential (Koch, 1999; Hille, 2001).
This would make the membrane more excitable, and thus leak K+

channels such as TASK are traditionally thought to limit neuronal
excitability (Goldstein et al., 2001). However, in the present study,
TASK channel deletion made orexin cell membrane less able to
generate action potentials. Specifically, KO cells displayed (i) reduced
ability to generate high-frequency firing, (ii) reduced rate of action
potential rise and (iii) a more positive action potential threshold.
Although TASK channel deletion also led to a slight depolarization of
the membrane potential, the latter changes were independent of this, as
we corrected for this effect by collecting action potential data at the
same resting potentials.

Our results are thus in support of the idea, recently proposed by
Brickley et al. based on data from cerebellar granule cells, that TASK
K2P channels, in addition to their classical role of limiting excitability
through membrane hyperpolarization, also have a novel effect of
increasing excitability and supporting high-frequency firing, an effect
traditionally associated with Kv3 rather than K2P channels (Lien &
Jonas, 2003; Brickley et al., 2007). TASK channels may enhance
excitability by reducing the degree of inactivation developed by
voltage-gated Na+ channels during excitatory drive, for example
by increasing spike after-hyperpolarization (our data) and also by
reducing the membrane time constant (see discussion in Brickley
et al., 2007). It should be noted that, while theoretically it is also
possible that TASK deletion may affect firing indirectly by altering
expression of other channel(s), this is unlikely because re-introduction
of a TASK-like conductance via dynamic current-clamp restores
normal firing in TASK KO cells (Brickley et al., 2007).

In vivo data on orexin cell firing are scarce (Lee et al., 2005;
Mileykovskiy et al., 2005), and it remains unknown under which
physiological conditions orexin neurons may attain the high firing
frequencies where the effects of TASK channels become evident
(>70 Hz, Fig. 2C). Orexin cell firing associated with exploration and
feeding occurs at a lower frequency range (�10 Hz, Mileykovskiy
et al., 2005), consistent with our finding of the lack of effect of
TASK1 ⁄ 3 channel knockout on feeding-related locomotor activity.
However, there are data suggesting that higher firing rates are generated
by mildly stressful situations such as sudden noises (Mileykovskiy
et al., 2005). It is thus possible that more stressful and ⁄ or dangerous
situations would make orexin cells fire at the high frequencies where
TASK channels become important; this remains to be tested by in vivo
recordings from identified orexin neurons in behaving animals.

We have shown that glucose hyperpolarizes orexin cells in a manner
not requiring conventional glucose-sensing machinery and involving
activation of postsynaptic leak-like K+ currents (Burdakov et al.,
2006). The molecular composition of the underlying channels is
difficult to address, because there are currently no selective modulators
of leak K+ channels and at least 15 genes encoding these channels,
theoretically giving rise to even more dimeric subunit combinations
(Lesage, 2003; Talley et al., 2003; Goldstein et al., 2005). In our
original study, we cautioned that resolution of the channel(s)
molecular identity would require manipulation of multiple KCNK
genes, but hypothesized that TASK1 and TASK3 subunits might be
involved, based on functional data such as reversal of glucose effects
by acidification (Burdakov et al., 2006).

The present study directly addressed this hypothesis by genetic
deletion of TASK1 ⁄ 3 subunits, which showed that these subunits are
not essential for glucose-induced activation of leak-like K+ currents
or their inhibition by acid (Fig. 4A–C). One could argue that
TASK1 ⁄ 3 channels do mediate glucosensing in WT mice but that
some compensation takes place in the KOs to maintain normal
sensitivity to glucose. However, such a conclusion would require that

the compensatory current has properties that are the same as the
TASK1 ⁄ 3 current it is replacing. Although possible, this seems
unlikely, and the simplest conclusion is that TASK1 ⁄ 3 channels are
not involved. Thus, other genes encoding leak-like channels, e.g.
TASK5, are likely to be more critical, and furthermore, it cannot be
ruled out that proteins outside the KCNK family may also contribute.
Useful information about this issue may potentially be provided by
analysing the levels of expression of different K+ channel subunits in
orexin neurons using quantitative PCR techniques. This is beyond
the scope of the present study, and a truly definitive test of candidate
channels will require reconstitution of the glucose response in
heterologous systems, which will need to await better characteriza-
tion of other molecular players in the glucose-sensing pathway of
orexin neurons, e.g. the nature of the putative extracellular glucose
receptors and intracellular signalling pathway(s) (González et al.,
2008).
Finally, we found that pH responses of orexin neurons were

maintained in TASK1 ⁄ 3 KO mice (Fig. 5C). This is similar to the
mouse retrotrapezoid nucleus neurons, which fully maintain their pH
sensitivity in a TASK1 ⁄ 3 null background (Mulkey et al., 2007).
Thus, a pH-sensitive non-TASK K+ channel is likely to contribute to
chemosensitivity of both orexin and retrotrapezoid neurons (see
discussion in Mulkey et al., 2007).
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ª The Authors (2009). Journal Compilation ª Federation of European Neuroscience Societies and Blackwell Publishing Ltd
European Journal of Neuroscience, 30, 57–64


