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Abstract

Background

The cystic fibrosis transmembrane conductance regulator (CFTR) is a chloride channel whose
dysfunction underlies cystic fibrosis. Despite major advances in therapies, a detailed mechanistic
understanding of CFTR gating remains essential for the rational development of next-generation drugs
and for predicting mutation- and drug-specific effects. While recent cryo-EM structures captured ATP-
bound, phosphorylated CFTR conformations, these experimental structures do not exhibit a continuous
open chloride permeation pathway, limiting their direct use for gating analysis and in silico drug testing.
Recently, open CFTR conformation was generated using molecular dynamics (MD) simulations at
elevated membrane potential and characterized by a pronounced kink in transmembrane helix 8 (TM8)
and a high channel open probability.

Results

We assessed the structural and dynamical validity of this open conformation using a combination of
AlphaFold predictions, targeted MD, and extensive equilibrium MD simulations in lipid bilayers. Our
results demonstrate that the TM8 is intrinsically highly dynamic and that the kink emerges
spontaneously during equilibrium simulations. The open conformation has a substantially higher open
probability as compared to that of the simulations initiated from the phosphorylated CFTR cryo-EM
structure (msm). Furthermore, in the open state, the catalytically active ATP-binding site 2 is
allosterically coupled to TM8, based on analyses of residue motion correlations, suggesting a direct
communication pathway between nucleotide binding and pore opening.

Conclusions

These results support the physiological relevance of the MD-generated open CFTR conformation and
identify TM8 as a dynamic allosteric mediator linking nucleotide binding to pore opening, with lipid
environment tuning the underlying gating mechanism.

Introduction

Cystic fibrosis (CF) is a life-threatening inherited disorder caused by mutations in the CFTR gene
encoding the cystic fibrosis transmembrane conductance regulator [1]. CFTR is a cAMP-activated, ATP-
gated chloride channel belonging to the ATP-binding cassette (ABC) transporter superfamily (ABCC7),
expressed primarily on epithelial surfaces of the airways, pancreas, and intestine [2, 3]. The protein
comprises two transmembrane domains (TMDs), two nucleotide-binding domains (NBDs), and a
regulatory (R) domain phosphorylated by protein kinase A [4]. Loss or reduction of CFTR channel activity
leads to defective chloride and bicarbonate transport, resulting in thick mucus, chronic infections, and
progressive lung damage [5] .
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The introduction of CFTR modulators has significantly improved outcomes for patients carrying frequent
mutations such as G551D and AF508 [6, 7]. However, the exact molecular mechanisms by which these
compounds restore channel function remain incompletely understood. High-resolution cryo-EM
structures have captured CFTR in several inward- and outward-facing conformations, including
complexes with clinically relevant modulators [6—10]. These structures, however, represent endpoints, a
static corrected structure, and the dynamic processes leading to CFTR malfunction upon mutation, and
the molecular mechanisms by which small-molecule modulators restore channel gating remain unclear.

CFTR gating and restoration of the functional conformation involve large-scale conformational
rearrangements transmitted between the NBDs and the TMDs via intracellular loops (ICLs) and coupling
helices (CHs) [11, 12]. The current mechanistic gating model proposes that NBD dimerization upon ATP
binding initiates pore opening, while ATP hydrolysis and NBD dissociation lead to closure [13]. Two key
interfaces — ICL2/NBD2 and ICL4/NBD1 - serve as gating hubs mediating this allosteric communication
[14]. Asymmetric behavior between the catalytic and non-catalytic NBD sites has been reported,
suggesting directional and possibly sequential allosteric coupling within the channel [15].

The extracellular selectivity filter, formed primarily by TM1, TM6, TM8, TM11, and TM12, plays a crucial
role in determining gating stability and ion conductance. Recent mutagenesis and simulation studies
have highlighted residues G103, R334, F337, T338 (TM6), and Y914 (TM8) as key contributors to chloride
coordination and selectivity [12, 16—19]. Notably, the hydroxyl groups of T338 and Y914 can form anion-—
dipole interactions, while R334 stabilizes the permeating ion through salt-bridge formation [18, 20, 21].
The aromatic ring of F337 contributes through anion—-Ttinteractions, and G103 provides additional
stabilization within the filter [18, 21]. Moreover, mutation of Y914C in TM8 alters chloride permeability
and conductance, indicating its importance in coupling the selectivity filter to gating transitions [19].

Despite the growing number of structural and functional insights, an experimentally determined structure
of CFTR in its fully open, conducting conformation is still lacking. This limitation hinders our
understanding of how small molecules stabilize or restore channel activity, and it constrains in silico
evaluation and rational design of improved modulators. In this study, we investigate the dynamics and
allosteric communication underlying CFTR gating by combining AlphaFold-based modeling and all-atom
MD simulations. We specifically focus on the open conformation generated by Pomés et al., obtained
under high membrane potential [22], and compare it to the 6msm cryo-EM structure [23] representing a
low open-probability state. To support the physiological relevance of this open conformation, we also
assessed its dynamics and gating behavior in a pure POPC bilayer rather than in a mixed lipid
environment, as proper CFTR gating has been shown to depend on membrane cholesterol. Because the
Pomes structure features a pronounced kink in TM8, we further applied 3D bioinformatics approaches,
including AlphaFold modeling and MD simulations, to examine the structure and stability of this helical
segment.

Results
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The unusual kink in TM8. Experimental CFTR structures from the Jue Chen laboratory reveal a distinct
kink in TMS, resulting in a unique transmembrane helical arrangement not observed in other ABC protein
structures (Fig. 1A) [10, 24, 25]. AlphaFold predictions incorporating structural templates reproduce this
kinked conformation with high accuracy (https://alphafold.ebi.ac.uk/entry/P13569). However, when
AlphaFold3 is run locally without templates, TM8 appears as a straight helix with high pLDDT scores and
is displaced from the rest of the TM bundle, leading to a likely non-physiological conformation (Fig. 1B).

To better understand the kinked TM8 conformation, we performed targeted MD simulations using
GROMACS patched with PLUMED [26-28]. Gentle steering forces were applied to minimize the RMSD
between the Ca atoms of the simulated protein and those of the 6msm structure. Under these
conditions, TM8 remained intact and did not intercalate between neighboring helices (Fig. 1C).

To further test the stability and dynamics of this conformation, where TM8 is already in contact with
surrounding helices, we ran unbiased equilibrium MD simulations. Interestingly, in one out of two
simulations, TM8 spontaneously unwound and adopted a kinked conformation, intercalating between
other helices like the experimental structure (Fig. 1D).

The gating of the open CFTR structure generated by Pomes et al. Since our targeted simulations involved
motions opposite to those expected during channel gating - namely, starting from a non-physiological
AlphaFold conformation and forcing TM8 inward - we did not consider the resulting conformations
suitable as starting points for studying gating. Instead, we regarded the approach of Pomeés et al. [29],
who applied - 500 mV membrane potential to induce a physiologically realistic open conformation. From
their simulations conducted at a low membrane potential (- 17 mV), we selected a representative open-
channel structure (frame 651, f651). This conformation and the 6msm cryo-EM structure were
embedded in a mixed lipid bilayer, energy-minimized, and used to initiate two independent 2-ps
simulations for each construct in the absence of membrane potential. To identify opening events and
chloride permeation pathways, the resulting trajectories were analyzed using HOLE2.

Based on our previous experience, the high mobility of the extracellular and intracellular regions tends to
obscure the observations of closure events in the transmembrane (TM) region. To address this, we
restricted the HOLEZ2 analysis to the pore segment between residues 192, 985, and 1155 located at the
intracellular leaflet of the membrane bilayer, and residues 104, 335, and 1131 in the extracellular half
(Fig. 2A). Pathways with a minimum pore radius = 1.8 A were classified as open to chloride ions, and the
open probability (PK) was calculated as the ratio of frames with open pathways to all analyzed frames (2
x 200,000). Simulations initiated from the 6msm structure (Fig. 2B) displayed low open probability (Pl =
0.00033). In contrast, conformations from f651 trajectories showed markedly higher fractions of open
states (Fig. 2C), yielding Pl = 0.233 and 0.657.

To further assess the physiological relevance of the open conformations generated by Pomes et al.,, we

performed additional simulations in bilayers composed solely of POPC. As CFTR gating has been shown

to depend on cholesterol [30, 31], we expected lower P, values compared to those obtained in mixed

lipid environments. Indeed, reduced open probabilities (0.227 and 0.166) were observed in the POPC-
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only simulations (Fig. 3A). The difference between P, values obtained in POPC and mixed bilayers was
evaluated using bootstrapping (APN(6msm-f651) = - 0.443,95% Cl = [- 0.657, - 0.232], n = 10,000).

Next, we examined the effect of modeled extracellular loops on gating, as they could potentially bias the
system toward open or closed states. The calculated P, = 0.005 for simulations based on 6msm with

modeled loops (Fig. 3B) was slightly higher than that obtained from the original 6msm runs (P, =

0.00033, Fig. 2B), but the difference was not statistically significant (API(6msm-6msm-loops) = - 0.004,
95% Cl = [~ 0.009, 0.000], n=10,000).

Finally, we identified the bottleneck residues defining the narrowest regions of the chloride permeation
pathway in all open conformations across the simulated systems. Residues located within 4.5 A of the
smallest HOLE2 spheres were considered part of the constriction region. In simulations initiated from
the 6msm structure, which exhibited low open probabilities, the bottleneck residues (a.a. 102, 106, 109,
337, 1134) located in the TM1 and TM6 helices were found in most frames with open conformations (=
30%) and were positioned more extracellularly (Fig. 4A) than in the f561 conformation derived from
simulations by Pomeés et al. [22] (Fig. 4B). In trajectories starting from this open conformation, residues
102, 341, and 1137 consistently formed part of the constriction region in most frames. Interestingly, in
f561 systems embedded in bilayers composed exclusively of POPC lipids, the narrowest segments were
observed at the extracellular ends of the helices (a.a. 109, 334, and 1126; Fig. 4C). An intracellular shift
of the constriction region was detected in the 6msm simulations supplemented with modeled loop
regions (Fig. 4D), where the narrowest section comprised residues 99, 102, 103, 106, 337, 338, and 341,
somewhat similar location of observed for 561 (Fig. 4B).

Allosteric communication in ATP-bound inward-closed CFTR conformations. To explore allosteric
coupling across different CFTR systems, equilibrium MD trajectories were segmented and analyzed
using a mutual information—based approach to quantify residue—residue motion correlations [32]. Based
on these correlations, the shortest communication pathways were computed between residue Q1291
positioning the y-phosphate of ATP and the pore-lining residue Y914, thereby mapping potential routes
connecting the catalytic ATP-binding site to the TMD gating region, defined here as the extracellular pore
bottleneck formed by Y914 and its surrounding pore-lining residues.

In simulations initiated from the low open probability 6msm conformation, the most frequently traversed
allosteric pathways between the two residues involved NBD2 residues (1251, 1255, 1260, 1283, and
1370), coupling helix 2 (272 and 276), and TM6 (333) (Fig. 5A). Most of these residues appeared in at
least half of the identified pathways, except for 1370, which is spatially close to the source residue 1290
and was present in all cases. In contrast, pathways observed in the f651 open-channel simulations
included NBD2 residues (1251, 1255, 1260, 1291, and 1371), residues in the intracellular region of TM8
(946, 950, 954, 958), a hydrophobic stretch in TM9 (988, 992, 996, 1000), and residues in the extracellular
part of TM8 (915, 919, 923, 927) (Fig. 5B). Notably, the shift toward TM9 bypasses the kink-forming
residues in TM8.

Page 5/21



When the same f651 conformation was simulated in a POPC-only bilayer (Fig. 5C), high-frequency
pathway residues (> 0.5) were mainly found in TM5 (282, 290, 294, 298, 302, 305, 306, 310, and 314),
whereas residues in TM8 and TM9 remained involved but with lower frequencies, consistent with
weakened long-range coupling in the absence of membrane cholesterol. Finally, the presence of
modeled loop regions in 6msm had no appreciable impact on allosteric pathway propagation, as similar
routes were observed in the loop-deleted model (Fig. 5D).

Discussion

CFTR gating is a highly dynamic, multiscale process that links ATP binding and hydrolysis at the
nucleotide-binding domains to conformational rearrangements in the transmembrane helices forming
the chloride permeation pathway [2, 11, 19, 20, 24, 33]. While experimental structures have been
indispensable for defining CFTR architecture, their limited representation of fully open states [12, 13, 18,
22, 31, 34] necessitates complementary in silico approaches to capture functionally relevant gating
conformations [12, 13, 22, 31, 35, 36].

We first evaluated the structural basis of the open CFTR conformation proposed by Pomes et al. [22, 34],
focusing on the pronounced kink in TM8. AlphaFold predictions indicated intrinsic flexibility in TM8

(Fig. 1A), suggesting that this region is predisposed to conformational rearrangement. Importantly,
equilibrium MD simulations initiated from remodeled structures demonstrated that the TM8 kink can
develop spontaneously, supporting the notion that this feature is not an artifact of sample preparation
for cryo-EM [37] but rather a dynamically accessible state of the protein.

Consistent with this structural rearrangement, simulations of the open structure generated in high
electric field [22, 34, 38] exhibited a markedly higher channel P, than simulations initiated from the ATP-
bound 6msm structure [13, 22, 29, 34]. Analysis of chloride permeation pathways (Figs. 2 to 4) revealed
a wider and more persistent conductive pathway over the course of the simulations, indicating
stabilization of the open conformation of the putative outer pore and selectivity filter, in agreement with
functional expectations for an open channel [18, 24, 39, 40].

To link these structural changes to CFTR's regulatory machinery, we analyzed residue motion
correlations and allosteric communication pathways. In the open conformations, the catalytically active
ATP-binding site 2 showed strong allosteric connectivity to TM8 and neighboring transmembrane
segments (Fig. 5). This coupling to the gating region was substantially weaker in the low-open-
probability simulations, indicating that TM8 plays a critical role in transmitting nucleotide-binding signals
to the pore region.

To further assess the physiological relevance of these observations, we examined the impact of
membrane composition by performing simulations in pure POPC bilayers. Consistent with experimental
data showing that CFTR gating is modulated by cholesterol [30], POPC-only simulations displayed
reduced open probabilities and weakened long-range allosteric coupling compared to simulations in

mixed lipid bilayers (Figs. 3A and 5C). Importantly, however, both pore opening and allosteric
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communication pathways responded coherently to the altered lipid environment, TM8-centered
communication routes remained detectable, albeit with reduced frequency, indicating that the observed
coupling itself is not specific to a particular membrane composition. Rather, membrane composition
appears to tune the strength of this allosteric coupling.

Beyond open probability, the axial position of the pore constriction differed systematically across the
simulated systems and provided additional mechanistic insight into CFTR gating (Fig. 4). In simulations
initiated from the low-open-probability 6msm structure, the narrowest region of the chloride pathway
was predominantly located toward the extracellular side of the pore, consistent with a labile, partially
conductive state in which closure occurs near the selectivity filter. In contrast, simulations of the f651
open conformation in mixed lipid bilayers exhibited a constriction shifted toward the center of the
membrane (Fig. 4), indicative of a more stabilized open channel architecture. This centralization of the
constriction region was partially reversed in POPC-only bilayers, where the narrowest segment again
localized closer to the extracellular side. This shift mirrors the reduced open probability and weakened
long-range allosteric coupling observed in the absence of cholesterol, suggesting that membrane
composition influences not only how often the channel opens, but also where along the pore axis closure
is most likely to occur. Together, these results indicate that the spatial position of the constriction region
constitutes a sensitive structural marker of gating stability and allosteric reinforcement.

We also assessed the contribution of extracellular loop regions to gating and allosteric signaling by
comparing simulations with and without modeled loops. The presence of extracellular loops did not
substantially alter channel open probability (Fig. 3B), nor did it redirect or focus allosteric
communication pathways toward TM8 (Fig. 5D), however, exhibited an inward shift of the constriction
region toward the bilayer center, partially resembling the behavior of the {651 open conformation

(Fig. 4D). These findings suggest that extracellular loops can bias the spatial positioning of the gating
barrier within the pore, potentially by modulating local pore geometry or extracellular vestibule dynamics
but are insufficient on their own to stabilize a fully open, highly conductive state. We note, however, that
extracellular loops are challenging to model accurately due to their intrinsic flexibility and limited
experimental constraints. Moreover, other unresolved regulatory regions, including the intracellular R
domain and the C-terminal tail, were not included in our simulations and may act cooperatively with
extracellular loops to fine-tune gating. In the absence of these additional elements, models constructed
with or without extracellular loops are therefore expected to sample broadly similar conformational
landscapes in MD simulations and to yield comparable outcomes in gating and allosteric pathway
analyses.

In conclusion, our results support a model in which TM8 acts as a dynamic allosteric mediator of CFTR
gating, with its kinked conformation representing a physiologically relevant open state. The strong
coupling between ATP-binding site 2 and TM8 may provide a mechanistic framework for understanding
how nucleotide binding, mutations, and small-molecule modulators influence channel opening. These
findings underscore the value of integrative computational approaches for dissecting CFTR gating and
offer a validated structural platform for future in silico studies aimed at rational drug design.
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Methods

AlphaFold predictions. CFTR structural model was downloaded from the AlphaFold Structure Database
(https://alphafold.ebi.ac.uk/entry/AF-P13569-F1) [41, 42]. AlphaFold3 was also installed locally to make
predictions without using structural templates.

System preparation for MD simulations. Initial structures for MD simulations with CFTR were the
phosphorylated 6msm structure [23] and open conformation generated by Pomeés et al. A conformation
(frame 651, f651) from the trajectory generated at the lowest membrane potential (-17 mV) [22]. A CFTR
structure with modelled extracellular loops was also generated [43, 44]. All protein structures were
oriented using the PPM server (Orientation of Proteins in Membranes, OPM) [45] and were capped with
acetyl (ACE) groups at the N-termini and N-methylamide (CT3) groups at the C-termini. For lipid bilayer
embedding, two membrane compositions were prepared, including a mixed bilayer to represent a
physiological cell membrane and a pure POPC bilayer. The extracellular leaflet of the mixed bilayer
consisted of cholesterol, POPC (1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphocholine), PLPC (1-palmitoyl-2-
linoleoyl-sn-glycerol-3-phosphocholine), and SSM (Sphingomyelin) in a 25:30:30:15 ratio, while the
intracellular leaflet comprised cholesterol, POPC, PLPC, POPE (1-palmitoyl-2-oleoyl-sn-glycerol-3-
phosphoethanolamine), POPS (1-palmitoyl-2-oleoyl-sn-glycerol-3-phospho-L-serine), and PIP2 (DMPI25,
dimyristoyl-phosphatidylinositol 2,5) in a 24:24:24:14:8:5 ratio. The system was neutralized with 150 mM
KCl and solvated with TIP3P water. Four systems were generated in total: (1) 6msm in a mixed bilayer,
(2) 6msm in a POPC bilayer, (3) 6msm with modelled extracellular loops in a mixed bilayer, and (4) 561
in a mixed bilayer.

Equilibrium MD simulations. System input files for energy minimization, equilibration, and production
runs were generated using the CHARMM-GUI web interface [46]. All simulations employed the
CHARMM36m all-atom force field [47]. Energy minimization was performed using the steepest descent
integrator, with a maximum of 50,000 steps or until convergence was achieved with a force threshold
below 1,000 kJ/mol/nm. The Berendsen thermostat and barostat were used for the equilibration steps,
while the v-rescale thermostat and C-rescale barostat were applied during production runs. Pressure
coupling was semi-isotropic, maintained at 1 ATM with a time constant of 5 ps in the membrane plane
and a compressibility of 4.5 x 10-5 bar-'. Long-range interactions were truncated at 12 A, and
electrostatic interactions were computed using the smooth Particle Mesh Ewald (PME) method [48].
Bond constraints were applied via the LINCS algorithm with a maximum bond length of 1.2 nm [49]. All
simulations were performed in the NPT ensemble (constant particle number, pressure, and temperature)
using a 2-fs time step in GROMACS 2022.5 [47, 50, 51]. Two 2 ps long runs for each system were
initiated with random velocities.

Channel pore analysis. Trajectory frames for all systems were aligned based on Ca atoms to the initial
structure. Every frame was extracted as a pdb file for analysis with HOLE2 to evaluate pore geometry
[52]. From the resulting profiles, the transmembrane region defined by intracellularly (192, 985, and 1155)
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and extracellularly (104, 335, and 1131) located residues was examined. Channels possessing a
minimum radius of 1.8 A (3.6 A diameter) throughout the simulation were identified.

Targeted MD simulation. To drive the AlphaFold-predicted inward-open CFTR structure toward an inward-
closed (6msm-like) conformation, we performed targeted MD simulations using GROMACS 2021
patched with PLUMED 2.8 [26-28]. The AF3-predicted structure was embedded in a mixed lipid bilayer,
energy-minimized, and equilibrated as described above. Targeted MD was then applied by restraining the
RMSD between the Ca atoms of the simulated structure and the 6msm reference structure using the
MOVINGRESTRAINT bias. The target RMSD was progressively reduced from 5.86 A to 0 A over 80 ns,
while the KAPPA (the force constant of the harmonic biasing potential applied to the RMSD collective
variable, defining the strength with which the system is steered toward the target reference structure)
was gradually increased based on continuous monitoring of the simulation stability. Using a maximum
KAPPA value of 22,000, the RMSD could be reduced to approximately 2 A without introducing major
structural distortions.

Allosteric pathway determination. To characterize allosteric communication within CFTR, equilibrium MD
trajectories were analysed using a network-based approach derived from residue motion correlations
[53]. For each system, two independent production trajectories were considered. From each trajectory,
the time window between 1 and 2 ps was extracted and subdivided into overlapping segments of 200 ns
duration, yielding a total of 18 segments per system. This segmentation strategy was chosen to improve
statistical robustness while preserving sensitivity to dynamical heterogeneity across the trajectories.

For each segment, trajectories were aligned to a common reference frame using Ca atoms to remove
global translation and rotation. Residue-residue motion correlations were then calculated independently
for each segment using the generalized correlation formalism based on mutual information, as
introduced by Lange and Grubmiiller [54]. This measure captures both linear and nonlinear correlations
in atomic motions and was computed using the implementation provided in the wordom package [55].
Allosteric networks were constructed by representing amino acid residues as nodes and pairwise motion
correlations as weighted edges. Edge weights were defined as -Iog(Cij), where C;; denotes the
generalized correlation coefficient between residues i and j, such that strongly correlated residue pairs
correspond to shorter effective distances in the network. For each segment, shortest communication
pathways were calculated between predefined source and target residues using the networkx Python
library [56]. Residues participating in the shortest paths were extracted using in-house Python scripts,
and their frequencies of occurrence across all segments were calculated. Pathway statistics were
aggregated over all segments and both trajectories to generate frequency-weighted representations of
allosteric communication for each simulated system.

Analysis. Coordinates from trajectories, pore profiles from HOLE2 output were extracted using in-house
Python scripts. All molecular figures were generated using PyMOL [57].
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ABC

ATP-Binding Cassette

ACE

Acetyl groups

CF

Cystic Fibrosis

CFTR

Cystic Fibrosis Transmembrane Regulator

CH

Coupling Helices

CHL1

Cholesterol

CT3

N-methylamide

DMPI25

dimyristoyl-phosphatidylinositol 2,5

ICL

Intracellular Loops

MD

Molecular Dynamics

NBD

Nucleotide Binding Domain

NPT

Isothermal-isobaric ensemble

OPM

Orientation of Proteins in Membranes

PME

Particle Mesh Ewald

pLDDT

predicted Local Distance Difference Test

PLPC
1-palmitoyl-2-linoleoyl-sn-glycerol-3-phosphocholine
POPC
1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphocholine
POPE
1-palmitoyl-2-oleoyl-sn-glycerol-3-phosphoethanolamine
POPS
1-palmitoyl-2-oleoyl-sn-glycerol-3-phospho-L-serine
PPM

Positioning of proteins in membranes
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SSM

Sphingomyelin

™

Transmembrane

TMD

Transmembrane Domain
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Figure 1

Kink in the TM8 developed in an MD simulation. (A) The cryo-EM structure 6msm was determined under
activating conditions. Yellow, orange, light blue, blue, and green indicate NBD1, NBD2, TMD1, TMD2, and
TM7/8, respectively. (B) AlphaFold3 without structural templates predicts a straight TM8. The structure

is colored according to pLDDT scores. (C) Targeted MD simulation resulted in closed NBDs (orange and
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yellow). TM8 got closer to the other TM helices but remained straight. (D) The output of the targeted MD
was subjected to equilibrium simulations, exhibiting unwinding of TM8 (green).
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Figure 2

The f651 conformation gates more often than the 6msm structure. (A) The channel diameter was
assessed by HOLE between extracellular (a.a. 104, 335, and 1131) and intracellular (a.a. 192, 1155, and
985) residues in all frames. Views from the extracellular space (top) and from the membrane (bottom).
Binary (open/closed) single channel like traces of two equilibrium simulations with the 6msm (B) and
f561 structures(C).
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Figure 3

Membrane bilayer lipid composition affects gating. (A) The P, was significantly decreased in a bilayer

containing only POPC when compared to simulations performed in the presence of a bilayer with a

complex composition. (B) The presence of modelled extracellular loops did not significantly alter the
gating.
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Figure 4

Bottleneck region is located towards the bilayer center in gating systems and in the presence of
extracellular loops. The narrowest region along the chloride pathway in 6msm (A), {651 in mixed bilayer
(B), f651 in pure POPC lipids (C), and 6msm with modelled extracellular loops (D). Residues closest to
the bottleneck regions were counted in all frames and their frequency is color coded. The serial number
of the residues with higher occurrence in the narrowest regions are indicated.
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Figure 5

Allosteric communication pathways between catalytic ATP-binding site and the TMD gating region.
Allosteric pathways (lines in raspberry between spheres of Ca) between Q1291 and Y914 (larger red
spheres) were determined from MD simulations with 6msm (A), 651 (B), {651 in POPC (C), and 6msm
with loops (D). Occurrences of residues in pathways were calculated and their frequences were color
coded (white, light blue, blue, red from low to higher values).
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