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of the general-anaesthetic binding site during gating, in line with its
location on the backside of the pore-liningM2helices, at the level of the
gate, and close to the transmembrane-domain–extracellular-domain
interface. We note that the hypothetical gating mechanism4 previously
suggested from the comparison ofGLIC and ELIC12 structures involves

a strong reorganization of the general-anaesthetic binding site as a
consequence of M2 and M3 helix tilting.
Another important feature of theGLIC–general anaesthetic structures

is that binding occurs to a site where nearby ordered lipids are identified.
One lipid lying in the crevice betweenM1 andM4 is observed in the apo
and desflurane structures and is displaced in the propofol structure.
These lipids co-purify with the solubilized protein, indicating tight bind-
ing within protein subsites known to be critical for the transmembrane
domain structure13,14. It is known that lipids contribute to pLGIC func-
tion15,16, and those observed in the present electron-density maps are
good candidates for such a role.Aperturbationof interactionswith lipids
caused by general-anaesthetic bindingmight thus contribute to the func-
tional inhibition, suggesting that general anaesthetics may compete with
endogenous allosteric modulators17, lipids in this case, but also possibly
fatty acids, cholesterol and/or neurosteroids18 in the case of eukaryotic
pLGICs.
It is striking that the pharmacology of GLIC inhibition resembles

that of nicotinic acetylcholine receptors (nAChRs), which are also
inhibited by general anaesthetics and are unusually sensitive to volatile
anaesthetics19. The general-anaesthetic binding site described here is
thus a primary candidate for promoting nAChR inhibition. In contrast,
Gly/GABAA receptors are mostly potentiated by general anaesthetics.
Experimental data involving chimaeric constructs show that GlyRa1
S267 (M2), A288 (M3) and I229 (M1) contribute to general anaesthetic
and alcohols potentiation2,20. The general anaesthetic etomidate
labelled brain GABAA receptors at residues a1M236 and a3M28621,
the latter corresponding toGlyRa1A288. This labellingwas only partly
inhibited by propofol and neurosteroids22, consistent with an allosteric
interaction between several binding sites. Overall, the interpretation
of these data using homology models based on the cryoelectron-
microscopy nAChR structure at medium resolution23–25 suggests that
intra-subunit and/or inter-subunit sites in the upper part of the trans-
membrane domainmediate general-anaestheticmodulation of anionic
pLGICs.
The sequence of GLIC can be readily aligned with that of GABAAR

and GlyR (Supplementary Fig. 3). From the GLIC three-dimensional
structure and this alignment, the three residues identified in GABAA/
Gly receptors can be seen to point towards the inter-subunit cavity
(Fig. 1c) close to the intra-subunit general-anaesthetic binding site
described here. Amarked reorganization of these cavities was observed
in the initial steps of channel closing during our 1-ms molecular
dynamics simulation of GLIC at neutral pH26 (Supplementary Fig.
4). This involves transient communications between the inter- and
intra-subunit cavities caused by M2 and M3 motions, which further
supports the notion that the shape and volumeof the cavity are coupled
to channel gating, and could suggest that a cross-talk between both
cavities might underlie general-anaesthetic-mediated potentiation.
pLGIC and particularly nAChRs are not only the target of general

anaesthetics27 but also of natural and synthetic allosteric modulators
that are developed for their therapeutic potential28,29. Mutational data
suggest that ivermectine30 and PNU-120596, which behave as positive
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Figure 3 | Electrophysiological characterization of binding-site residues.
a, Traces of currents evoked by 30-s applications of low extracellular pH
separated by 30–60 s wash. b, Corresponding plots for currents normalized
with respect to the value at pH 4. Mean6 s.d. of 4 to 12 cells per construct.
c, Inhibition by 0.5mM desflurane (left) or 10mM propofol (right) applied for
60 s during the plateau of GLIC activation by a pH near EC20 (EC10–30).
d, Corresponding concentration–inhibition characteristics of desflurane (left)
or propofol (right). e, Current traces showing the effect of 10mM propofol on
GLIC currents corresponding to proton EC3,23,59 (WT, left traces) or EC14,32,57

(T255A, right traces) of each cell.Xenopus laevisoocytes, holdingpotential260
to240mV.
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Figure 4 | Molecular dynamics simulation of propofol bound to GLIC.
a, View from the ECD domain depicting propofol positions as green sticks,
superposed at 0.5-ns intervals onto the starting (cartoon andmolecular surface)
and final (transparent cartoon) conformation of the protein, during the 30-ns
molecular dynamics runs. The scheme on the left explains the colour code, and

the three panels correspond to theWT,T255AandV242Msystems.b, Distance
distribution between the propofol centre of mass and the pore centre. The
distribution is shifted closer to the pore centre for the mutants showing an
increased inhibition.
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Fig. 7: Propofol movements in its cavity. Mutants T255A and V242M are more active than wild type, 
which seems correlated with the contacts to the M2 helices.

Tab. 1: Propofol activity on wild 
type and GLIC mutants.

inhibition by propofol but decreases the inhibition by desflurane at all
proton concentrations. Altogether,mutationof selected residueswithin
the general-anaesthetic binding site affects (1) the intrinsic ionic res-
ponse of GLIC, illustrated by the marked gain of function of I202Y and
T255A,whose phenotypes are similar to that of the canonical I233(99)A
mutation3,10, and (2) the pharmacology of general anaesthetics, illu-
strated both by V242M, which displays an increased sensitivity to pro-
pofol but not to desflurane, and T255A, which has an increased
sensitivity to propofol but a decreased sensitivity to desflurane.
These data support thehypothesis that the general-anaesthetic bind-

ing site described here contributes to general-anaesthetic-mediated

inhibition of GLIC. For desflurane, mutagenesis data match the char-
acteristics of its binding site in the X-ray structure well, with no sig-
nificant effect when the relatively distant positions 202 and 242 are
mutated, and a strong impairing effect when mutating T255, which
extensively contacts desflurane, into an alanine. In contrast, for pro-
pofol, both positions 202 and 255 contact propofol, but only mutation
at position 255 alters its effect.More surprisingly, position 242 is not in
direct contact with propofol but V242M modifies its response. These
data suggest a significant mobility of propofol within the cavity, a
feature that may be reflected by the high B factors of general anaes-
thetics in the crystal structure (Bdesflurane5 121 Å2, Bpropofol5 135 Å2,
mean values), although highB factors and partial occupancy of the site
cannot be discriminated at 3.3-Å resolution.
To examine this possibility further, we performed 30-ns molecular

dynamics simulations of propofol bound to the WT protein, T255A,
V242M and I202Amutants. At this timescale, propofol remains in the
cavity, but shows substantial mobility (Fig. 4a). T255A andV242M are
associated with (1) reduced propofol fluctuation (root mean square
fluctuation of propofol non-H atoms of 36 1.1 Å, 2.46 0.8 Å,
2.36 0.8 Å, 2.7 Å for the WT, T255A, V242M and I202A runs,
respectively), (2) deeper penetration inside the cavity (Fig. 4b) and
(3) more frequent interaction with residue 242 compared with the
WT and I202A (data not shown). Altogether, these simulations pro-
vide complementary interpretations to account for the higher sensiti-
vity of T255A and V242M to propofol inhibition that could not have
been deduced from the static structure alone.
The X-ray structure of GLICwas formerly interpreted in terms of an

apparently open conformation4,5. But general anaesthetics behave as
inhibitors of the ionic response and are therefore expected to stabilize
a closed conformation. Our data unravel a general-anaesthetic site in
the open conformation, andmolecular dynamics simulations show that
propofol and desflurane are stable in this site conformation at the 30-ns
timescale. This apparent contradiction can be readily explained by a
non-exclusive (differential) binding of general anaesthetics to the open
and closed states, with general anaesthetics displaying a higher affinity
for the closed state than for the open one11. Interestingly, theT255Aand
I202Y gain-of-function phenotypes suggest a structural rearrangement
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Figure 1 | Propofol and desflurane binding sites. a, General view of GLIC
from the plane of the membrane in cartoon representation with a bound
general-anaesthetic molecule in space-filling representation. The molecular
surface is represented in the insets and coloured in yellow for the binding
pocket. b, Cartoon and surface representation of the general-anaesthetic cavity
seen from the membrane (left) and from the adjacent subunit (right, M1
removed for clarity) with propofol (green), desflurane (yellow) and lipids of the
two structures (green and orange respectively) depicted as sticks. For this
representationCa atomswere superimposedwith a rootmean square deviation
of 0.13 Å. c, Molecular surface of the general-anaesthetic intra-subunit cavities
(yellow) and neighbouring inter-subunit cavities (pink) for the whole
pentamer. In one of the subunits, the communication tunnel between the two
cavities is depicted in orange, and its constriction indicated by an arrow in the
inset.
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Figure 2 | Residues of the binding site. Sites for propofol (right) anddesflurane
(left), viewed from the membrane (top panels with M4 helix removed), and from
the ECD domain (lower panels with ECD removed). Residues bordering the
pocket and contributing to binding are depicted as blue or red (mutated positions)
sticks. SigmaA weighted Fourier difference maps 2Fo2Fc contoured at 1.5s
around the anaesthetics molecules are represented as a blue mesh.
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Fig 8. Desflurane movements in its cavity. Left: 
Desflurane position (circles) relative to its cavity center 
(red crosses). Coloring is a function of the ligand-cavity 
distance. Right: tunnel (orange) that links two adjacent 

subunits (yellow and purple). To the best of our knowledge, our study is the only one supported by 
a crystal structure.

inhibition by propofol but decreases the inhibition by desflurane at all
proton concentrations. Altogether,mutationof selected residueswithin
the general-anaesthetic binding site affects (1) the intrinsic ionic res-
ponse of GLIC, illustrated by the marked gain of function of I202Y and
T255A,whose phenotypes are similar to that of the canonical I233(99)A
mutation3,10, and (2) the pharmacology of general anaesthetics, illu-
strated both by V242M, which displays an increased sensitivity to pro-
pofol but not to desflurane, and T255A, which has an increased
sensitivity to propofol but a decreased sensitivity to desflurane.
These data support thehypothesis that the general-anaesthetic bind-

ing site described here contributes to general-anaesthetic-mediated

inhibition of GLIC. For desflurane, mutagenesis data match the char-
acteristics of its binding site in the X-ray structure well, with no sig-
nificant effect when the relatively distant positions 202 and 242 are
mutated, and a strong impairing effect when mutating T255, which
extensively contacts desflurane, into an alanine. In contrast, for pro-
pofol, both positions 202 and 255 contact propofol, but only mutation
at position 255 alters its effect.More surprisingly, position 242 is not in
direct contact with propofol but V242M modifies its response. These
data suggest a significant mobility of propofol within the cavity, a
feature that may be reflected by the high B factors of general anaes-
thetics in the crystal structure (Bdesflurane5 121 Å2, Bpropofol5 135 Å2,
mean values), although highB factors and partial occupancy of the site
cannot be discriminated at 3.3-Å resolution.
To examine this possibility further, we performed 30-ns molecular

dynamics simulations of propofol bound to the WT protein, T255A,
V242M and I202Amutants. At this timescale, propofol remains in the
cavity, but shows substantial mobility (Fig. 4a). T255A andV242M are
associated with (1) reduced propofol fluctuation (root mean square
fluctuation of propofol non-H atoms of 36 1.1 Å, 2.46 0.8 Å,
2.36 0.8 Å, 2.7 Å for the WT, T255A, V242M and I202A runs,
respectively), (2) deeper penetration inside the cavity (Fig. 4b) and
(3) more frequent interaction with residue 242 compared with the
WT and I202A (data not shown). Altogether, these simulations pro-
vide complementary interpretations to account for the higher sensiti-
vity of T255A and V242M to propofol inhibition that could not have
been deduced from the static structure alone.
The X-ray structure of GLICwas formerly interpreted in terms of an

apparently open conformation4,5. But general anaesthetics behave as
inhibitors of the ionic response and are therefore expected to stabilize
a closed conformation. Our data unravel a general-anaesthetic site in
the open conformation, andmolecular dynamics simulations show that
propofol and desflurane are stable in this site conformation at the 30-ns
timescale. This apparent contradiction can be readily explained by a
non-exclusive (differential) binding of general anaesthetics to the open
and closed states, with general anaesthetics displaying a higher affinity
for the closed state than for the open one11. Interestingly, theT255Aand
I202Y gain-of-function phenotypes suggest a structural rearrangement

General 
anaesthetic 
cavity

Inter-subunit
cavity

Linking tunnel

M2

Cys loop

M4

P
or

e

M3

Lipids

90°

M
em

br
an

e

Propofol

Des!urane

F F OH

OF3C F

c

b

a

Figure 1 | Propofol and desflurane binding sites. a, General view of GLIC
from the plane of the membrane in cartoon representation with a bound
general-anaesthetic molecule in space-filling representation. The molecular
surface is represented in the insets and coloured in yellow for the binding
pocket. b, Cartoon and surface representation of the general-anaesthetic cavity
seen from the membrane (left) and from the adjacent subunit (right, M1
removed for clarity) with propofol (green), desflurane (yellow) and lipids of the
two structures (green and orange respectively) depicted as sticks. For this
representationCa atomswere superimposedwith a rootmean square deviation
of 0.13 Å. c, Molecular surface of the general-anaesthetic intra-subunit cavities
(yellow) and neighbouring inter-subunit cavities (pink) for the whole
pentamer. In one of the subunits, the communication tunnel between the two
cavities is depicted in orange, and its constriction indicated by an arrow in the
inset.
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Figure 2 | Residues of the binding site. Sites for propofol (right) anddesflurane
(left), viewed from the membrane (top panels with M4 helix removed), and from
the ECD domain (lower panels with ECD removed). Residues bordering the
pocket and contributing to binding are depicted as blue or red (mutated positions)
sticks. SigmaA weighted Fourier difference maps 2Fo2Fc contoured at 1.5s
around the anaesthetics molecules are represented as a blue mesh.
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Fig. 1: Side view of GLIC in 
cartoon representation 
(anesthetics shown as 

spheres).

• Bacterial homologues of eukaryotic pentameric ligand-gated ion channels (LGICs, Fig.1 & 2) [1,3]

• Structural and functional models of signal transduction in the nervous system. 

• Two crystal structures in distinct conformations. 

• Gloeobacter violaceus (GLIC) [1] is gated by protons

• Crystallized at acidic pH [4] 

• Open pore 

• MD simulations: protein is stable on a 20 ns timescale [1] (Fig. 2) 

• M2 helices that form the wall of the pore fluctuate around an open (Fig. 2 & 4) water-filled pore (Fig. 6a).

receptor, the ion permeation pathway consists of a wide extra-
cellular vestibule (more than 6 Å diameter) and of a narrower
transmembrane pore (less than 4 Å diameter; labeled M2). By
taking into account conformational fluctuations (represented
as error bars), the overall shape of the outer vestibule and of
M2’s cytoplasmic intracellular mouth region can be considered
constant. In contrast, the extracellular mouth of M2 undergoes
a major reorganization during the first 100 ns; especially, the
I9′ to I16′ region shows a radius drop from 4 Å to less than
1 Å, thereby fully closing the pore. Thereafter, this initially highly
flexible region becomes rigid. An exhaustive plot of the whole
channel pore profile is given by Fig. S2a. Fig. 2A further provides
side views of two M2 helices with the pore volume shown as a
mesh, confirming its obstruction in the upper part of M2 during
the simulation.

A Global Quaternary Twist Movement During the 1 μs Simulation. The
overall conformational transition of the channel is illustrated by
superposing the initial and final inertial axes of each helix of the
TMD (Fig. 3A) and of the whole ECD (Fig. 3B). The behavior of
each subunit is unique, and the evolution of the inertial axes dis-
plays asymmetry. However, the closing transition features an
overall twist movement where ECD and TMD move in opposite
directions (see arrows in Fig. 3A and B and ref. 15). This twist can
be further quantified by analyzing cumulated rotations of z slices
of the protein as presented in Fig. 3C, reachingþ8° counterclock-
wise rotation in the TMD and −6° clockwise rotation in the ECD.
The twist follows the initial tilt direction of the axes of inertia and
is the same as in the comparison of the two known crystal con-
formations of GLIC and ELIC (13). As previously inferred from
this comparison, the ECDs rather move as rigid bodies (Fig. S2b).

Two Asymmetric but Concerted Transitions Occur Within the Channel
During the 1 μs Simulation. The transition of M2 helices can be
described by following their axis orientation characterized by
two angles: δ (inclination with respect to the protein symmetry

axis) and θ (azimuthal orientation of the helix in the plane of
the membrane). The stereographic projection plots shown in
Fig. 4A display the trajectories defined by following δ and θ angles
of each M2 helix, as seen from the extracellular region. Time-
independent clusters of helix orientation can be defined. For each
helix, these clusters are arbitrarily named A, B, C, and D accord-
ing to their sequential apparition during the simulation. Fig. 4B

Fig. 1. Schematic representation of the simulation protocol. Starting from
the crystal structure at pH 4.6, a brief equilibration is carried out (step a,
20 ns). Then, an instantaneous change in pH (step b) is made (Fig. S1a and
Table S1), followed by the relaxation towards a closed conformation (step c,
1.06 μs). Only results from step c are discussed in this work. The curves with
broken and plain lines represent energy landscapes for pH 4.6 and 7.0, re-
spectively. Cross-sections of the channel illustrate each state involved in this
scheme: an equilibrated open state at pH 4.6, an open state at pH 7 (simula-
tion at 0 μs), and a state at pH 7 (simulation at 1.06 μs) on the way to the
closed conformation. The protein’s surface is represented in light blue with
residues changing charge during the pH jump in red. The protein’s cross-
section is shown in black. The approximate position of the membrane is in-
dicated by a gray rectangle.

Fig. 2. Pore radius. (A) Side and top views of GLIC M2 helices are shown for
the start (Top) and end (Bottom) of the simulation; side chains facing the pore
are depicted. Hydrophobic, polar, and negative residues are colored yellow,
blue, and red, respectively. In the side view, only two subunits are shown,
including the S5 subunit with a particular motion towards the channel axis
resulting in partial unwinding at its top. The channel pathway is represented
as a mesh. The central panel shows the pore radius along the channel axis for
the GLIC crystal structure (Black, Broken Line) and for several stretches of the
molecular dynamics simulation. The simulation results are averages over 20-ns
windows, starting at 0.0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 (blue to orange) and
at 1.04 μs (red). Standard deviations are shown as error bars for the 0.0- and
1.04-μs windows. The radii of Naþ and Kþ ions liganded in a protein environ-
ment are indicated. (B) Pore structureof theA13′Fmutant,whose crystal struc-
ture was solved at 3.15 Å resolution. Same views as above with the density
from initial Fourier difference maps contoured at 4σ represented as green
mesh around the mutated A13′F position. The primed residue numbers
are a common numbering scheme for all cys-loop receptors in the M2 helices,
starting at its cytosolic end. GLIC’s V225 is V1′.

6276 ∣ www.pnas.org/cgi/doi/10.1073/pnas.1001832107 Nury et al.

Fig. 5: Energy landscape as a function 
of the conformations (that are relative 

to pH).
Fig. S6. GLIC channel hydration and cation reservoirs. (a) Cumulated views of the water density in the ionic channel at the beginning (Left) and end (Right) of
the simulation, respectively. All observed water positions during a 20-ns interval are depicted as blue dots. The transmembrane M2 helices are shown as red
ribbons. This view is a zoom of the rectangle represented in b. (b) Cation reservoirs detected during the simulation. Cation densities are depicted as pink dots.
The locations of reservoirs R1–R3 and of the cation free gating region G are indicated. The molecular surface of a cross-section of the whole protein is shown.
On the right, the ion density is shown in arbitrary units (Pink). The blue curve illustrates an estimation of the energy of the cation basins with respect to bulk.

Analysis of results: Channel hydration was analyzed by accumulating the positions of all water molecules in a 20-ns window at the beginning and end of the
simulation (Fig. S3a). This analysis confirms that the simulation initially samples an open-like state, with a continuous water column enabling permeation of
ions across the channel. This water column is disrupted in the upper half of M2 early on in the simulation, at about 0.07 μs until the end. Movie S1 illustrates this
process. The loss of channel hydration underlines the presence of a hydrophobic gate in this region and confirms that the receptor is fully closed. Fig. S3b
illustrates which parts of the channel pore are visited by cations. Interestingly, cations are attracted by the channel and accumulate within three distinct
reservoirs (R1–3), with an entirely cation-free gating region (G). The cation density along the channel axis can be used to estimate the stabilization of
the ions within the reservoirs compared to bulk. The highest −15 kJ∕mol stabilization is observed for R3, the smallest of the reservoirs. The larger reservoirs
R1 and R2 are stabilized by about −8 and −10 kJ∕mol, respectively.

Nury et al. www.pnas.org/cgi/doi/10.1073/pnas.1001832107 7 of 10

Fig 6: Pore hydratation at pH=4.6 and pH=7.0.

• GLIC undergoes large motion at neutral pH
• 1 µs MD simulation of the channel’s pH stimulated gating mechanism [2]
• Open channel equilibrated instantly set to 

neutral pH (Fig. 5)
• Simulations show:

• channel closure rapidly takes place at the 
level of the hydrophobic furrow

• quaternary twist  increases progressively
• two-step domino-like mechanism 

suggested by observed transitions (Fig. 3)
• channel dehydratation (Fig. 6b)
• cation reservoirs at specific places (Fig. 6c)

• We crystallized G.A. bound to GLIC (Fig.1) [5]
• MD simulations:

• contacts between G.A. and M2 helices correlated with activity 
(Tab. 1 & Fig. 7)

• desflurane can enter a connection tunnel between 2 adjacent 
subunits (Fig. 8)

• Related work by Tang et al. [7]: 
• theoretical & experimental methods
• halotane & thiopental
• multiple binding sites including pore

• Related work by Klein et al. [6].:
• MD simulations
• isoflurane
• multiple binding sites (transmembrane, extracellular, pore)

b c

• Related work by Murail et al. (private communication): 
ethanol binding to GlyRa receptor bears some similarities
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Fig. 4: Pore radius as a fonction of the pore 
distance.

receptor, the ion permeation pathway consists of a wide extra-
cellular vestibule (more than 6 Å diameter) and of a narrower
transmembrane pore (less than 4 Å diameter; labeled M2). By
taking into account conformational fluctuations (represented
as error bars), the overall shape of the outer vestibule and of
M2’s cytoplasmic intracellular mouth region can be considered
constant. In contrast, the extracellular mouth of M2 undergoes
a major reorganization during the first 100 ns; especially, the
I9′ to I16′ region shows a radius drop from 4 Å to less than
1 Å, thereby fully closing the pore. Thereafter, this initially highly
flexible region becomes rigid. An exhaustive plot of the whole
channel pore profile is given by Fig. S2a. Fig. 2A further provides
side views of two M2 helices with the pore volume shown as a
mesh, confirming its obstruction in the upper part of M2 during
the simulation.

A Global Quaternary Twist Movement During the 1 μs Simulation. The
overall conformational transition of the channel is illustrated by
superposing the initial and final inertial axes of each helix of the
TMD (Fig. 3A) and of the whole ECD (Fig. 3B). The behavior of
each subunit is unique, and the evolution of the inertial axes dis-
plays asymmetry. However, the closing transition features an
overall twist movement where ECD and TMD move in opposite
directions (see arrows in Fig. 3A and B and ref. 15). This twist can
be further quantified by analyzing cumulated rotations of z slices
of the protein as presented in Fig. 3C, reachingþ8° counterclock-
wise rotation in the TMD and −6° clockwise rotation in the ECD.
The twist follows the initial tilt direction of the axes of inertia and
is the same as in the comparison of the two known crystal con-
formations of GLIC and ELIC (13). As previously inferred from
this comparison, the ECDs rather move as rigid bodies (Fig. S2b).

Two Asymmetric but Concerted Transitions Occur Within the Channel
During the 1 μs Simulation. The transition of M2 helices can be
described by following their axis orientation characterized by
two angles: δ (inclination with respect to the protein symmetry

axis) and θ (azimuthal orientation of the helix in the plane of
the membrane). The stereographic projection plots shown in
Fig. 4A display the trajectories defined by following δ and θ angles
of each M2 helix, as seen from the extracellular region. Time-
independent clusters of helix orientation can be defined. For each
helix, these clusters are arbitrarily named A, B, C, and D accord-
ing to their sequential apparition during the simulation. Fig. 4B

Fig. 1. Schematic representation of the simulation protocol. Starting from
the crystal structure at pH 4.6, a brief equilibration is carried out (step a,
20 ns). Then, an instantaneous change in pH (step b) is made (Fig. S1a and
Table S1), followed by the relaxation towards a closed conformation (step c,
1.06 μs). Only results from step c are discussed in this work. The curves with
broken and plain lines represent energy landscapes for pH 4.6 and 7.0, re-
spectively. Cross-sections of the channel illustrate each state involved in this
scheme: an equilibrated open state at pH 4.6, an open state at pH 7 (simula-
tion at 0 μs), and a state at pH 7 (simulation at 1.06 μs) on the way to the
closed conformation. The protein’s surface is represented in light blue with
residues changing charge during the pH jump in red. The protein’s cross-
section is shown in black. The approximate position of the membrane is in-
dicated by a gray rectangle.

Fig. 2. Pore radius. (A) Side and top views of GLIC M2 helices are shown for
the start (Top) and end (Bottom) of the simulation; side chains facing the pore
are depicted. Hydrophobic, polar, and negative residues are colored yellow,
blue, and red, respectively. In the side view, only two subunits are shown,
including the S5 subunit with a particular motion towards the channel axis
resulting in partial unwinding at its top. The channel pathway is represented
as a mesh. The central panel shows the pore radius along the channel axis for
the GLIC crystal structure (Black, Broken Line) and for several stretches of the
molecular dynamics simulation. The simulation results are averages over 20-ns
windows, starting at 0.0, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06 (blue to orange) and
at 1.04 μs (red). Standard deviations are shown as error bars for the 0.0- and
1.04-μs windows. The radii of Naþ and Kþ ions liganded in a protein environ-
ment are indicated. (B) Pore structureof theA13′Fmutant,whose crystal struc-
ture was solved at 3.15 Å resolution. Same views as above with the density
from initial Fourier difference maps contoured at 4σ represented as green
mesh around the mutated A13′F position. The primed residue numbers
are a common numbering scheme for all cys-loop receptors in the M2 helices,
starting at its cytosolic end. GLIC’s V225 is V1′.
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Fig. 3: Our one microsecond long simulation lead to the 
closure of 2 subunits by a sequential «domino mecanism»

timescale
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Many questions concerning GLIC still remain unsolved.

• Ion selectivity
• ion permeation 
• protonation state of all key residues. 
• classical pKa calculations yield contradictory results and original approaches will be necessary.

• Gating mechanism
• observe the full transition
• twist movement central in the process
• which interactions initiate this movement?
• how do forces propagate across the structure ?

• Anesthesia. 
• crystal structure of general anesthetics bound to GLIC provides important insight
• how do these small molecules operate? 
• how is the channel inactivated? 
• why are some molecules more efficient  than others?

Fig. 2: M2 helices fluctuations 
during MD simulation.
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