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Glucose Inhibition Persists in Hypothalamic Neurons
Lacking Tandem-Pore K� Channels
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Glucose sensing by hypothalamic neurons triggers adaptive metabolic and behavioral responses. In orexin neurons, extracellular glucose
activates a leak K � current promoting electrical activity inhibition. Sensitivity to external acidification and halothane, and resistance to
ruthenium red designated the tandem-pore K � (K2P ) channel subunit TASK3 as part of the glucose-induced channel. Here, we show that
glucose inhibition and its pH sensitivity persist in mice lacking TASK3 or TASK1, or both subunits. We also tested the implication of
another class of K2P channels activated by halothane. In the corresponding TREK1/2/TRAAK triple knock-out mice, glucose inhibition
persisted in hypothalamic neurons ruling out a major contribution of these subunits to the glucose-activated K � conductance. Finally,
block of this glucose-induced hyperpolarizing current by low Ba 2� concentrations was consistent with the conclusion that K2P channels
are not required for glucosensing in hypothalamic neurons.
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Introduction
Modulation of neuronal activity by glucose is pivotal in coordi-
nating energy balance and behavior. Changing levels of extracel-
lular glucose can lead to either excitation or inhibition of glucose-
sensitive hypothalamic neurons. Neurons excited by rising
glucose behave similarly to the � cells of the endocrine pancreas
(Ibrahim et al., 2003). In these cells, an increase in glucose me-
tabolism gives rise to elevated ATP levels that promote closure of
ATP-sensitive K� channels (KATP) and depolarization. Other hy-
pothalamic neurons, such as neurons producing orexins/hypo-
cretins, are inhibited by rising glucose (Yamanaka et al., 2003;
Burdakov et al., 2005). They project to all major brain areas, with
prominent innervation of arousal and autonomic regions where
orexins are released and act on specific G-protein-coupled recep-
tors. Defect in orexin signaling results in narcolepsy (Chemelli et
al., 1999), although orexin neurons also regulate appetite and
metabolism (Hara et al., 2001).

Recently, Burdakov et al. (2006) provided a careful descrip-
tion of the glucosensing mechanism in orexin neurons. They
showed that the glucose-activated K� conductance displays

rapid activation and minimal time-dependent decay, as well as a
current–potential relationship exhibiting Goldman–Hodgkin–
Katz (GHK) outward rectification in physiological K� condi-
tions. Burdakov et al. (2006) next tested the sensitivity of the
glucosensing mechanism to external pH and ruthenium red, and
measured the unitary conductance of the glucose-induced chan-
nel. Based on these characteristics, they concluded that the K2P

Twik1-related acid-sensitive K� channel subunit TASK3
(Kcnk9, K2P9.1) was a major constituent of the glucose-induced
channel.

To study the role of this neuronal nutrient sensor on behavior
and metabolism of living animals, we developed TASK3 knock-
out (KO) mice. Surprisingly, the glucose-induced hyperpolariza-
tion of orexin neurons was unaffected in these animals or even in
TASK1 KO (Kcnk3, K2P3.1) and double TASK1/TASK3 KO mice,
ruling out any functional compensation between the two TASK
channel subunits. Gene inactivation of another class of
halothane-activated K2P channels was also without effect on glu-
cosensing. Finally, the dose-dependent inhibition of the glucose
response by low concentrations of Ba 2� in WT mice confirmed
the absence of implication of K2P channels in glucosensing by
orexin neurons of the lateral hypothalamus.

Materials and Methods
Knock-out mice. We targeted TASK3 gene locus for homologous recom-
bination in 129/Sv embryonic stem (ES) cells. The vector was designed to
allow cre-mediated deletion of exon 2, which encodes pore domains P1
and P2, transmembrane domains M2 to M4 as well as the cytoplasmic
C-ter of TASK3. Primers were designed to amplify three contiguous
DNA fragments of 6.6 kb (long arm), 1 kb (containing exon 2), and 2.9 kb
(short arm) from 129/Sv genomic DNA. PCR products were subcloned
into a modified pBluescript (Stratagene) containing a neomycin resis-
tance cassette for positive selection, and thymidine kinase (TK) and
diphtheria toxin (DT) genes to select against random incorporations.
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LoxP sites were added flanking the second exon and the neomycin resis-
tance cassette for further gene inactivation by excision using the cre
recombinase. Relative positions of these different elements are shown in
Figure 1 A. This construct was verified by sequencing TASK3 coding
sequence, and 5� and 3� ends of long and short arms, as well as the loxP
sites and the regions flanking the neo cassette. After linearization, the
targeting vector was transfected by electroporation in ES cells by Geno-
way. DNA extracted from G418-resistant colonies was analyzed by PCR
using a 5� primer overlapping the sequence junction between the loxP
sequence and the 5� end of the short arm (P1, 5�-CCTGCA-
GGCGCGCCGATGTAA-3�) and a 3� primer external to the targeted
sequence (P2, 5�-GAGACACAATAAAGTCCAGTAGTAGG-3�). A pos-
itive clone was further characterized by Southern blot analysis using
probes corresponding to 5� and 3� sequences flanking the targeted re-
gions to ensure integrity of the targeted locus (data not shown). Genoway
performed blastocyst injection. Chimeric animals were identified by coat
color and crossed to C57BL/6J mice. Tail DNA was analyzed by PCR to
select progeny bearing the floxed allele, which was then crossed to a
mouse strain expressing the cre recombinase under the CMV promoter
(CMV-cre). Exon 2 excision in offspring was assessed by PCR using
primers flanking this region (P3, 5�-TGCGAGCTTCAG-
AGAGAGGATG-3� and P4, 5�-ATGCTCTAATCTCCAGTCTG-3�).
TASK �/� mice were generated by crossing TASK3 �/� and TASK1 �/�

mice (Aller et al., 2005). Resulting TASK3 �/�TASK1 �/� animals were
further crossed, and double KO progeny (TASK �/�) was identified by
analyzing tail DNA.

TREK2 was inactivated by gene gap repair (Zheng et al., 1999). A 7.8 kb
DNA fragment containing the 335 bp exon 2 of TREK2 was amplified by
PCR from 129/Sv DNA and subcloned into a pBluescript (Stratagene)

containing a neomycin resistance cassette. Rel-
ative positions of these different elements are
shown in Figure 4 A. An internal fragment of 1.5
kb was removed by NcoI digestion, and linear-
ized plasmid was transfected by electroporation
in 129/Sv ES cells (Genoway). Genomic DNA
from G418-resistant colonies was analyzed by
PCR using a 5� primer absent in the targeting
construct (P3, 5�-GGTCAGATGTCAGTGT-
TAGGTATGTC-3�) and a 3� primer internal to
pBS (P4, 5�-TTAACCCTCACTAAAGGG-
AACAAAAG-3�). A positive colony giving the
expected PCR product of 3 kb was next charac-
terized by Southern blot analysis to ensure in-
tegrity of targeted and flanking regions (data
not shown). Blastocyst injection was performed
by Genoway. Chimeric animals were identified
by coat color and crossed to C57BL/6J mice.
Tail DNA was analyzed by PCR using P3 and P4
primers to identify the recombinant allele, and
P1 (5�-CACTTCTAGCTGCTGAAATGTG-3�)
and P2 (5�-TCTTGGTCTGGCTCACTTGC-
3�) primers external to the targeted locus to
identify the 8 kb wild-type allele. In the recom-
binant allele, P1P2 fragment is 16 kb long and
was no longer amplified by PCR (see Fig. 4 B).
PCR was performed using Hi-Fi polymerase
mix from Fermentas according to the manufac-
turer‘s specifications. Amplification conditions
were 95°C/1 min; [95°C/10 s; 62°C/30 s (�1°C/
cycle); 68°C/3 min] 5�; [95°C/10 s; 57°C/30 s;
68°C/3 min (�5 s/cycle)] 32�; 68°C/7 min.
Mouse brain cDNAs were analyzed by PCR us-
ing primers immediately flanking exon 2 (5�
primer: 5�-ATGAAATTTCCAATCGAGA-
CGCC-3� and 3� primer: 5�-GCAATGCTT-
TTGCCAAAGATGGTT-3�). Multiple PCR
products of 644, 979, and 1314 bp were ampli-
fied from �/� animals that correspond to al-
ternative hybridizations from duplicated exon 2
sequences. Brain proteins were analyzed by

Western blot using anti-TREK2 affinity-purified antibodies raised in
rabbits against the last 60 C-ter residues of TREK2. To get TREK �/�

triple KO mice, we first prepared TREK1 �/�TREK2 �/� and
TREK1 �/�TRAAK �/� mice and then we crossed them. Resulting
TREK1 �/�TREK2 �/�TRAAK �/� were further crossed and triple KO
progeny (TREK �/�) was identified by analyzing tail DNA.

Male C57BL/6J and mutant mice were bred in the local animal facility
and maintained on a 12 h dark/light cycle (7 A.M./7 P.M.) with food and
water ad libitum. All the experiments were performed in accordance with
French standard ethical guidelines for laboratory animals (Agreement
number 75-178, 05/16/2000).

Immunohistochemistry. Immunostaining experiments were per-
formed on C57BL/6J and TASK3 �/� adult mice mouse. They were anes-
thetized with pentobarbital (50 mg/kg) and perfused transcardially with
4% paraformaldehyde in 0.1 M phosphate buffer. Brains were removed
and postfixed overnight in the perfusion solution. Sixty micrometer sec-
tions were obtained on a vibratome (Leica). Free-floating slices were
permeabilized for 10 min in PBS containing 1% Triton X-100 and then
incubated for 30 min in the blocking solution (PBS, 5% horse serum,
0.5% Triton X-100). Slices were incubated with affinity-purified anti-
TASK3 directed against its C-ter (Zanzouri et al., 2006) in the blocking
solution overnight at 4°C (dilution 1:1000). After washing, slices were
incubated with secondary antibodies (Alexa-488 anti-rabbit at 1:1000)
and Hoechst 33342 (5 mg � ml �1) in the blocking solution for 1 h at room
temperature. After washing, slices were mounted on glass coverslips and
viewed on a confocal microscope (SP5, Leica).

Brain slices for electrophysiology. Twelve- to twenty-seven-day-old
mice were anesthetized with 1% halothane. Following decapitation,

Figure 1. TASK3 gene inactivation. A, Inactivation strategy. Open triangles represent loxP sequences. Exon 2 is deleted in KO
mice. B, PCR analysis of genomic DNA. Primer positions are shown in A. C, TASK3 immunodetection in adult mouse cerebellum.
TASK3 expression observed in the molecular layer (Mol) of wild-type (WT) mouse was lacking in KO mouse. Gr, Granule cell layer;
Pk, Purkinje cells.

Guyon et al. • Glucose Sensing by Orexin Neurons J. Neurosci., February 25, 2009 • 29(8):2528 –2533 • 2529



brains were rapidly removed and placed in cold
phosphate/bicarbonate-buffered solution
(PBBS, 4°C) composed of (in mM) 125 NaCl,
2.5 KCl, 0.4 CaCl2, 1 MgCl2, 25 glucose, 1.25
NaH2PO4, 26 NaHCO3, pH 7.4 when bubbled
with 95% O2/5% CO2. Transversal 250-�m-
thick SN slices cut with a vibrating microtome
(Microm) were then transferred to an incubat-
ing chamber maintained at 34°C in oxygenated
PBBS. After 1 h, slices were transferred to an-
other incubating chamber at room temperature
(22–25°C) filled with PBBS containing addi-
tional CaCl2 (final concentration: 2 mM). Be-
fore recording, slices were transferred to an-
other incubating chamber filled with ACSF
[glucose] containing (in mM) 125 NaCl, 2.5
KCl, 2 CaCl2, 2 MgCl2, 0.2 glucose, 1.25
NaH2PO4, 26 NaHCO3, 10 HEPES, pH 7.3
when bubbled with 95% O2/5% CO2. The mod-
est osmolarity changes associated with chang-
ing [glucose] in ACSF were left uncompen-
sated. When indicated, ACSF pH was modified
by addition of NaOH or HCl. All the chemicals
were from Sigma.

Whole-cell patch-clamp recording and data
analysis. Brain slices were placed under a No-
marski microscope (Zeiss) equipped with infra-
red video camera (Axiocam, Zeiss) in a record-
ing chamber superfused at a flow rate of 1 ml �
min �1 with oxygenated ACSF [glucose]. Pic-
tures were taken by using a digital camera
(Axiocam, Zeiss) connected to image-
acquisition software (Axiovision). Recordings
were made at room temperature (25 � 2°C)
using an Axopatch 200B (Axon Instruments).
Patch-clamp pipettes made from borosilicate
glass capillary (Hilgenberg) had a resistance of
4 –10 M� when filled with the internal solution
containing (mM) 130 KCl, 2 MgCl2, 0.1 EGTA,
5 Na2ATP, 10 HEPES (pH adjusted to 7.3 with
KOH). Values of access resistance ranged from 12 to 20 M� and were not
compensated. Measurements were made 2–3 min after obtaining the
whole cell to ensure dialysis. Cell capacitance and resistance were mea-
sured in voltage clamp using the pClamp Clampex software by applying
5 mV voltage steps. Changes of extracellular solution were obtained by a
fast multibarrel delivery system positioned close to the cell tested. All
chemicals were from Sigma. Current-clamp recordings were made in the
IClamp fast mode of the Axopatch 200B. The cytoplasm of the neuron
was sucked at the end of the recording when possible.

Statistical significance between groups (average data expressed as
mean � SEM, n � number of neurons) was tested using either the
Student’s t test or the ANOVA followed by t test, and were considered
significant at p � 0.05. Statistical analysis was done using SigmaPlot
(Jandel) and Origin (Microcal) software.

Results
TASK3 gene targeting and knock-out
Animals bearing floxed alleles of the TASK3 second exon were
generated by standard procedures (Fig. 1A). Resulting mice were
crossed with a CMV-cre mouse strain. Successful recombination
and germline transmission were confirmed by PCR (Fig. 1B) and
Southern blot analysis (data not shown). Deletion of the se-
quence encoding the second exon in TASK3 mRNA was verified
by RT-PCR analysis from adult brain cDNAs (data not shown).
In adult mouse, TASK3 is expressed at a high level in the cerebel-
lum (Aller et al., 2005). As expected, a strong TASK3 immunore-
activity was detected in the molecular layer of the cerebellum.
This labeling was lacking in TASK3�/� mice (Fig. 1C). In hypo-

thalamic neurons, anti-TASK3 antibodies gave only a faint back-
ground labeling with no significant differences between WT and
KO mice indicating that TASK3 expression is too modest in these
cells to be detected by immunohistochemistry in our conditions
(data not shown). TASK3�/� mice were viable and showed no
obvious change in weight or size. TASK3�/� and the other mu-
tant mice used in this study were back crossed with C57BL/6J
mice for 10 generations to get mice with homogenous genetic
backgrounds.

Orexin neuron identification
To study electrical activity of orexin neurons, Burdakov et al.
(2006) made transgenic mice in which the expression of eGFP is
driven by the human pre-pro-orexin promoter (orexin-eGFP
mice). Eighty percent of orexin-containing neurons in brain
slices were labeled with eGFP and fluorescent and were used for
electrophysiology. Here, we identified orexin neurons in acutely
isolated brain slices of the hypothalamus according to electro-
physiological criteria, i.e., by the presence of a hyperpolarization-
activated cation current (Ih) and a very low adaptation in action
potential discharge in response to a depolarizing pulse when re-
cording in the current-clamp mode (Fig. 2A,B). When it was
possible, the cytoplasm was sucked at the end of recording for
single-cell RT-PCR. Orexin mRNA was amplified in all presumed
orexin neurons (n � 14) (Fig. 2C). Mean input resistance of the
whole cells was 620 � 93 M� (n � 36), and mean input capaci-
tance was 55 � 6 pF (n � 36). Orexin neurons usually displayed

Figure 2. Responses to glucose of orexin neurons in K2P channel KO mice. A, Typical current response of a orexin neuron
recorded in the voltage-clamp mode in response to a 500 ms hyperpolarizing pulse to �100 mV from a holding potential of �60
mV. Notice the presence of a slowly activating inward current (Ih). B, Superimposed typical responses to depolarizing and hyper-
polarizing pulses delivered from the resting potential of a orexin neuron recorded in the current-clamp mode. Notice that the
discharge of action potential shows very few adaptation. C, Examples of typical pattern obtained in single cell multiplex RT-PCR
from one presumed orexin neuron. Multiplex RT-PCR was performed as described by Guyon et al. (2005). A negative control
without reverse transcriptase (NRT) was performed. D, Current-clamp recordings showing the effect of increases in glucose
concentration from 0.2 to 4.5 mM in double TASK1 �/�TASK3 �/� (TASK �/�) and triple TREK1 �/�TREK2 �/�TRAAK �/�

(TREK �/�) orexin neurons. E, Mean maximum amplitude (�SEM) of the hyperpolarization recorded in control and KO mice
(number of neurons tested in parenthesis).
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a slow hyperpolarization when glucose concentration was ele-
vated from 0.2 mM to 4.5 mM, as described previously (Burdakov
et al., 2005). This hyperpolarization was not significantly differ-
ent in WT C57BL/6J mice (n � 6) and knock-in (KI) MCH-GFP
mice (n � 18). In MCH-GFP mice, GFP expression is under the
control of the MCH promoter. In the lateral hypothalamus,
orexin neurons neighbor MCH neurons. In these mice, neurons
expressing MCH are fluorescent and adjacent neurons, which are
not fluorescent, are mainly orexin neurons (Guyon and Nahon,
2007). The properties of orexin neurons recorded in these KI
mice and in C57BL/6J mice were similar thus results obtained in
both strains of mice were pooled (mean amplitude of the glucose-
induced hyperpolarization � �12.5 � 1.16 mV, n � 24).

Glucose inhibition in orexin neurons from TASK �/� mice
Five criteria were used to identify TASK channels as part of the
glucose-sensing mechanism: a GHK current–voltage relation-
ship, a single-channel conductance of 40 pS, channel activation
by halothane and external acidification, and resistance to ruthe-
nium red (Burdakov et al., 2006). Burdakov et al. (2006) reported
that 50% of the glucose-induced hyperpolarization is blocked at
pH 6.9, a value closer to those of TASK3 homodimers (IC50 �
6.7) and TASK1/TASK3 heterodimers than TASK1 homodimers
(IC50 � 7.3). Furthermore, resistance to a ruthenium red dose
that blocks TASK3 homomers as well as the unitary conductance
pointed out TASK1/TASK3 heterodimers as the most plausible
molecular substrates for glucosensing in orexin neurons. TASK2
is not a good candidate because in mouse brain its expression
cannot be detected by Northern blot (Warth et al., 2004) or in situ
hybridization (Aller and Wisden, 2008). Moreover, its single-
channel conductance of 59.9 pS in high-K� conditions does not
fit the unitary conductance of the glucose-sensitive channels in
hypothalamic neurons (Reyes et al., 1998). In orexin neurons of
TASK3�/� mice, we could still observe hyperpolarizations in re-
sponse to glucose (�20 � 2.9 mV, n � 3, data not shown). This
response was not significantly different from that of control or

TASK1�/� mice. However, because the
absence of TASK3 in KO mice could be
compensated by TASK1, we also tested
glucosensing in TASK1�/� mice (Aller et
al., 2005). We also crossed TASK3�/� and
TASK1�/� mice to obtain double TASK
KO mice (hereafter termed TASK�/�

mice). In TASK1�/� and TASK�/� mice,
the maximum amplitude of the effect as
well as the kinetics of the response were
not significantly different from that of re-
sponses recorded in orexin neurons from
control mice (Fig. 2D,E).

pH sensitivity of the glucose response in
TASK �/� mice
As illustrated in Figure 3A, extracellular
acid (pH � 6) reversed the effects of glu-
cose on membrane potential in control
C57BL/6J mice (n � 4) similar to what was
observed by Burdakov et al. (2006) in
orexin-eGFP mice. Same effect of acidifi-
cation was observed in TASK�/� mice
(n � 4) (Fig. 3B). Acid-induced depolar-
ization was always slow with kinetics com-
parable to those of the glucose-induced
hyperpolarization. Although the brain

slice tissue has powerful endogenous pH-buffering mechanisms
that could distort the response onset, this does not seem in accor-
dance with the very rapid effect of acidification on cloned TASK1
and TASK3 channels (Duprat et al., 1997; Rajan et al., 2000).
Inhibition of TASK channels is fast because it relies on protona-
tion of a histidine residue lining the external mouth of the con-
duction pathway (Rajan et al., 2000). The slow kinetics of inhibi-
tion suggests that extracellular acidification has an indirect action
on the intracellular pH or on the cascade linking glucose eleva-
tion to K� channel activation rather than a direct effect on the
K� channels opened by glucose.

Glucose-induced inhibition in orexin neurons from TREK �/�

KO mice
Beside pH sensitivity, activation by halothane was another strong
discriminating criterion. Among K2P channels, only members of
TASK and TREK subclasses are activated by the volatile anes-
thetic halothane at clinical doses (Patel et al., 1999; Lesage et al.,
2000). TREK1 (Kcnk2, K2P2.1), TRAAK (Kcnk4, K2P4.1), and
TREK2 (Kcnk10, K2P10.1) form a subfamily of mechanosensitive
and polyunsaturated fatty acid-activated background K� chan-
nels. We prepared TREK2�/� mice by gene gap repair (Fig.
4A–C) and verified that TREK2 protein was not longer detectable
in KO mice (Fig. 4D). We next crossed TREK2�/� mice with
TREK1�/� and TRAAK�/� mice (Heurteaux et al., 2004) to get
triple KO mice, termed TREK�/� mice. In TREK�/� mice,
glucose-induced hyperpolarization persisted in orexin neurons
(n � 3) (Fig. 2D,E), ruling out a major contribution of these
halothane-activated K2P channels in glucosensing.

Inhibition of the glucose response by Ba 2�

K2P are not sensitive to the classical blockers of K� channels such
as TEA, 4-AP, or Cs� (Lesage and Lazdunski, 2000; Lesage,
2003). They are only moderately inhibited by Ba 2�, the most
sensitive being TWIK1 (Kcnk1, K2P1.1) and TWIK2 (KCNK6,
K2P6.1), with Ba 2� concentrations inhibiting 50% of the max

Figure 3. Pharmacology of the glucose-response in orexin neurons. A, B, Current-clamp recordings showing the effect of
external pH (pHe) on glucose-induced hyperpolarization in WT (A) and TASK �/� (B) neurons. C, D, Responses to glucose are
reversed by Ba 2�. Examples of the effects of 200 �M Ba 2� (C) or increasing Ba 2� concentrations (D) are shown. Recordings were
obtained in control C57BL/6J mice.
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currents (IC50) around 100 �M (Lesage et
al., 1996; Patel et al., 2000). Ba 2� IC50 for
TASK1 and TASK3 are much more impor-
tant and comprised between 300 �M and 3
mM (for review, see Goldstein et al., 2005).
We tested the effects of low concentrations
of Ba 2� (10 –200 �M) on glucose-induced
hyperpolarization. Ba 2� alone had a mod-
est depolarizing effect (2.00 � 0.63 mV,
n � 8), suggesting that a few Ba 2�-
sensitive K� channels are spontaneously
active in orexin neurons. In neurons in
which the shift from 0.2 to 4.5 mM glucose
induced a hyperpolarization of 11.29 �
1.64 mV (n � 17), Ba 2� reversed glucose-
induced hyperpolarization by 100% in 15
cells (Fig. 3C) and by 50% in two other
neurons. Ba2� (50 �M) was sufficient to
fully reverse the glucose-induced hyperpo-
larization (n � 3) (Fig. 3D). In the pres-
ence of Ba 2�, the effect of acidification on
the glucose response was prevented (n � 4,
data not shown), confirming that both
treatments probably affected the same
conductance. The kinetics of the Ba 2�

block are slow. Although it is difficult to
infer from kinetics of response onset when
using applications in brain slice tissue, such slow response is con-
sistent with a voltage-dependent block as previously shown for
inwardly rectifying K� channels (Kir). In these channels, Ba 2�

binds to a site located at half the membrane span (Klein et al.,
1999).

Discussion
It has been suggested that hyperpolarizing response to glucose of
hypothalamic neurons is due to the opening of TASK3-
containing K� channels, mainly based on their sensitivity to pH
and halothane (Burdakov et al., 2006). Here, we have demon-
strated that the hyperpolarizing response to glucose persists in
orexin neurons of the lateral hypothalamus of TASK3�/� mice. A
similar response to glucose in double TASK�/� mice ruled out
the eventuality of functional compensations between TASK1 and
TASK3. Also, in orexin neurons of TASK�/� mice prepared in-
dependently, voltage-clamp studies have shown that glucose-
sensitive currents were not changed (D. Burdakov, personal com-
munication). Finally, inhibition of glucose response by low Ba 2�

in WT mice definitely demonstrated that TASK channels are not
involved in glucosensing by orexin neurons. This study and an-
other recent one (Mulkey et al., 2007) using KO mice prove that
it is still necessary to be cautious about the speculated roles of
these channels regarding chemosensing and nutrient sensing.

We also have shown that halothane-activated TREK channels
are not required for glucosensing. What could be the molecular
nature of these glucose-sensitive K� channels? Ba 2� sensitivity
and kinetics of the Ba 2� block point out Kir channels as very
attractive candidates. However, the GHK current–voltage rela-
tionship of the glucose-induced conductance is not in favor of
this hypothesis. K� channels form the largest family of ion chan-
nels with 77 genes encoding pore-forming subunits (Goldstein et
al., 2005; Gutman et al., 2005). Often, different subunits form
heteromultimers with novel properties. Heteromultimers and
homomultimers can also interact with auxiliary and regulatory
subunits that themselves modify the electrophysiological and/or

pharmacological characteristics. K2P channels are not the only
subunits to produce background channels. For example SK chan-
nels, KCNQ subunits associated with KCNE subunits, weakly
rectifying Kir channels can all produce background conduc-
tances. The glucose-induced conductance may be produced by
one of these channels or by a yet uncharacterized combination of
subunits and regulatory proteins. Further works, in particular a
better pharmacological characterization, should help to decipher
the molecular nature of the glucosensing mechanism in orexin
neurons.
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