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Figure 2 | Residues of the binding site. Sites for propofol (right) and desflurane
(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 2Fo 2 Fc contoured at 1.5s
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inhibition by propofol but decreases the inhibition by desflurane at all
proton concentrations. Altogether, mutation of selected residues within
the general-anaesthetic binding site affects (1) the intrinsic ionic response 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, illustrated both by V242M, which displays an increased sensitivity to propofol but not to desflurane, and T255A, which has an increased
sensitivity to propofol but a decreased sensitivity to desflurane.
These data support the hypothesis that the general-anaesthetic binding site described here contributes to general-anaesthetic-mediated

Conclusion - Perspectives

(Tab. 1 & Fig. 7)
VOL 469 | 20 JANUARY 2011
inhibition
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acteristics of its binding site in the X-ray©2011
structure well,
with no sigsubunits
(Fig.distant
8) positions 202 and 242 are
nificant effect
when the relatively
mutated, and a strong impairing effect when mutating T255, which
work by Klein et al. [6].:
• Related
extensively
contacts desflurane, into an alanine. In contrast, for propofol, •
bothMD
positions
202 and 255 contact propofol, but only mutation
simulations
at position 255 alters its effect. More surprisingly, position 242 is not in
isoflurane
direct •
contact
with propofol but V242M modifies its response. These
data suggest a significant mobility of propofol within the cavity, a
multiple binding sites (transmembrane, extracellular, pore)
feature•that may be reflected by the high B factors of general anaesthetics in the crystal structure (Bdesflurane 5 121 Å2, Bpropofol 5 135 Å2,
Related
work by Tang et al. [7]:
• values),
mean
although high B factors and partial occupancy of the site
cannot•be theoretical
discriminated at 3.3-Å
& resolution.
experimental methods
To examine this possibility further, we performed 30-ns molecular
halotane
& thiopental
dynamics
simulations of propofol
bound to the WT protein, T255A,
•
V242M and I202A mutants. At this timescale, propofol remains in the
multiple binding sites including pore
cavity,•
but shows substantial mobility (Fig. 4a). T255A and V242M are

•

associated with (1) reduced propofol fluctuation (root mean square
fluctuation of propofol non-H atoms of 3 6 1.1 Å, 2.4 6 0.8 Å,
2.3 6 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 provide complementary interpretations to account for the higher sensitivity of T255A and V242M to propofol inhibition that could not have
been deduced from the static structure alone.
The X-ray structure of GLIC was 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, and molecular 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, the T255A and
I202Y gain-of-function phenotypes suggest a structural rearrangement

Related work by Murail et al. (private communication):
ethanol binding to GlyRa receptor bears some similarities

To the best of our knowledge, our study is the only one supported by
a crystal structure.

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.
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• 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?
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Å2, a,
desflurane
Then,
analthough
instantaneous
pHpartial
(step b)
is made (Fig.
S1a
and
values),
high Bchange
factorsinand
occupancy
of the
site
closure of20mean
2ns).
subunits
by a sequential
«domino
mecanism»
S1),be
followed
by the relaxation
towards a closed conformation (step c,
cannot
discriminated
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residues
changing
charge during
theatoms
pH jump
red.
two structures (green and orange respectively) depicted as sticks. For this
2.3 6 0.8
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