
@

 STUDY OF THE INTERACTION BETWEEN GENERAL ANESTHETICS AND 
A BACTERIAL HOMOLOGUE TO THE HUMAN NICOTINIC RECEPTOR.

[1] Bocquet et al. X-ray structure of a pentameric ligand-gated ion channel in an apparently open conformation. Nature (2008) vol. 457, 111
[2] Nury et al. One-microsecond molecular dynamics simulation of channel gating in a nicotinic receptor homologue. PNAS (2010) vol. 107, 6275
[3] Hilf et Dutzler. X-ray structure of a prokaryotic pentameric ligand-gated ion channel. Nature (2008) vol. 452, 375
[4] Bocquet et al. A prokaryotic proton-gated ion channel from the nicotinic acetylcholine receptor family. Nature (2007) vol. 445, 116
[5] Nury et al. X-ray structures of general anaesthetics bound to a pentameric ligand-gated ion channel. Nature (2011) vol. 469, 428
[6] Brannigan et al. Multiple binding sites for the general anesthetic isoflurane identified in the nicotinic acetylcholine receptor transmembrane domain. PNAS 
(2010) vol. 107, 14122
[7] Chen et al. Anesthetic binding in a pentameric ligand-gated ion channel: GLIC. Biophys J (2010) vol. 99, 1801
[8] Delalande et al. Multi-resolution approach for interactively locating functionally linked ion binding sites by steering small molecules into electrostatic 
potential maps using a haptic device. PacSympBiocomput (2010) pp. 205-15

Benoist LAURENT, Samuel Murail and Marc Baaden
Institut de Biologie Physico-Chimique, CNRS UPR9080, Paris, France. 

Contact: baaden@smplinux.deProject website: http://www.baaden.ibpc.fr/projects/glic/

Conclusion - Perspectives

This work is supported by

Lequel choisir? DEUX LOGOTYPES : 

Nous vous recommandons d'utiliser le logotype institutionnel

• pour les plaquettes institutionnelles

• pour les cartons d'invitation

• pour les gravures des médailles et trophées

Nous vous recommandons d'utiliser sa déclinaison

• pour les outils commerciaux

• pour les signatures et co-signatures de documents internes 

• pour la presse

• pour tous vos usages de logotype de petite taille

FONDAT ION
BE T T E NCOURT

SCH U E LLER

Benoist Laurent1, Samuel Murail1, Pierre-Jean Corringer2, Marc Delarue3, Marc Baaden1. 
1 Institut de Biologie Physico-Chimique, CNRS UPR9080, Paris, France, 2 Institut Pasteur, Channel-Receptor G5 Group, CNRS URA 2182, Paris, France, 
3 Institut Pasteur, Unit of Structural Dynamics of Macromolecules, CNRS URA 2185, Paris, France. Contact: baaden@smplinux.deProject website: http://www.baaden.ibpc.fr/projects/glic/

A more detailed contact map

Fig 8: Cavity colored with respect to 
the number of contacts with 
desflurane

Overview
• Bacterial homologues of eukaryotic pentameric 

ligand-gated ion channels (LGICs, Fig.1) [1,3]

• Structural and functional models of signal 

transduction in the nervous system. 

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

• Crystallized at acidic pH [4] with an open pore

• 2 structures of GLIC with general anesthetics (GA) 

bound to it: desflurane & propofol [5]

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 high B 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.

90°Des!urane Propofol

Y119, P120, F121

T255

Y254

I258

I259

I202I201

M205

L206

F303

Y254

I201

I202

N307

V242 T255

Side view

Top view

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 (left): Side view of 
G L I C i n c a r t o o n 
r e p r e s e n t a t i o n 
(anesthetics shown as 
spheres).

Fig. 2 (right): Propofol 
(top) and desflurane 
(bottom) bound to GLIC 
(charged residues in 
green, hydrophobic in 
white).

2 binding sites? 3 sites? more?

Fig. 7: Propofol density averaged over 
an 8 ns MD. Highlighting both intra and 
inter-subunit sites.

• Small desflurane enters an inter-subunit site

• Bigger propofol enters this site too!

Fig. 6: Evolution of the distance between propofol and the 
center of the inter-subunit site.

• E. Lindahl et al. see this site too! (poster B351)

• Several other binding sites suggested[6,7]

• Fig. 6 shows sampling of propofol for all subunits for 25 

(out of 75) simulations

• Intra-subunit site shown in crystallography (Fig.2 & 7)[5]

Methods: Extensive Sampling Close To The Crystal Structure

WT T255A

Desflurane x 5

Propofol x 5

Desflurane x 1

25 x 8 ns = 200 ns 25 x 8 ns = 200 ns

25 x 8 ns = 200 ns
(ongoing) 3 x 25 x 8 ns = 600 ns

30 x 8 ns = 240 ns
(ongoing) -

Table 1: Amount of time computed for each system

• Setup

• All atom MD simulations: anesthetic + GLIC + membrane

• Either 1 or 5 GAs bound to GLIC

• 125 different GA configurations determined by clustering

• Protonation state same as in [1]

Production

• NAMD + CHARMM27

• 8 ns to sample crystal structure

• 310K, 1bar
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Fig. 5: RMSD per subunit for all simulations (average 
appears in red, standard deviation in orange).

Fig. 6: Sampling of the cavity 
by desflurane.

• Y197 and I198 could play a key role

• 2 «key» residues (red on Fig. 5) might not be as 

important as anticipated

• GAs «pushing» M2 seems unlikely as we don’t 

see any difference between the contacts of the 

WT and mutant channels (Fig. 5 & 8)
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Fig. 3: Distribution of the distances 
between the desflurane and the center 
of the cavity.

   



















 






 


Fig. 5: Normalized number of contacts between the protein 
and the desflurane. Comparison between WT and T255A 
mutant. Key residues suggested by crystallography are 
highlighted in red, contributing residues in blue.






























































































• Hypothesis: «an allosteric effect could prevent GA molecules to go deep inside a cavity once a 

neighbor cavity is filled»

• Fig. 3 does not show such a behavior, a cooperative effect could even exist (ongoing work).

• More statistics is needed to conclude on the potential effect of 

anesthetic concentration

• More statistics is needed to study the GLIC-propofol interaction 

(with WT MD simulations

• Long simulations could provided additional informations on 

anesthetic induced conformational changes

• Interactive simulations using virtual reality could provide a 

additional insight in the paths from the solvent to the cavity.































































Fig. 4: Decision tree that aims to split WT and mutant channels.

• Statistical clustering methods can’t discriminate wildt-type  

from mutant channels using MD-based descriptors.
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