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The a7 nicotinic acetylcholine receptor (¢7-nAChR) is assumed to be implicated in a variety of neurological
disorders, such as schizophrenia and Alzheimer's disease (AD). The progress of these disorders can be
studied through imaging a7-nAChR with positron emission tomography (PET). [*8F]ASEM is a novel and
potent a7-nAChR PET radioligand showing great promise in recent tests. However, the mechanism of
the molecular interaction between [*®FIASEM and «7-nAChR is still unclear. In this paper, the binding
profile of [®FIASEM to a chimera structure of a7-nAChR was investigated with molecular docking,
molecular dynamics, and metadynamics simulation methods. We found that [*®FIASEM binds at the same
site as the crystallized agonist epibatidine but with a different binding mode. The dibenzo[b,dlthiophene
ring has a different orientation compared to the pyridine ring of epibatidine and has van der Waals
interactions with residues from loop C on one side and - stacking interaction with Trp53 on the other
side. The conformation of Trp53 was found to have a great impact on the binding of [*®FIASEM. Six
binding modes in terms of the side chain dihedral angles x; and x, of Trp53 were discovered by
metadynamics simulation. In the most stable binding mode, Trp53 adopts a different conformation from
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DOI: 10.1039/c7ra00496f that in the crystalline structure and has a rather favorable m—m stacking interaction with [*®FJASEM. We
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Introduction

Nicotinic acetylcholine receptors (nAChRs) are a family of ligand-
gated ion channels that are ubiquitously distributed in the
central nervous system (CNS), peripheral nervous system and
some non-neuronal cells." In the human CNS, nAChRs are pen-
tamers composed of various combinations of o and B subunits,
with the homopentamer o7-nAChR and heteropentamer o4f2-
nAChR being most abundant." «7-nAChR is mainly expressed in
the hippocampus and cortex regions and plays a critical role in
some important physiological functions such as cognition and
memory.> Abundant clinical studies have found that 7-nAChR is
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believe that these discoveries can be valuable for the development of novel PET radioligands.

implicated in a variety of neurological disorders such as schizo-
phrenia, Alzheimer's disease (AD) and traumatic brain injury.**
Post-mortem studies of patients with schizophrenia and AD have
demonstrated a reduced density of «7-nAChR in the brain,”®
which further supports the role of a7-nAChR in these neuropsy-
chiatric diseases. Therefore, a7-nAChR is believed to be an
important target to treat these diseases. Many agonists and
positive allosteric modulators (PAM) of «7-nAChR are currently
under development worldwide in both industry and academia.’™**

The mechanism and progress of CNS diseases related to a.7-
nAChR can be studied with positron emission tomography
(PET), a non-invasive method to visualize and quantify recep-
tors in vivo.'>' PET studies can also facilitate the discovery of
drugs targeting a7-nAChR by measuring receptor occupancies
and dose-response relationships. In the past decade, several
PET radioligands have been developed for the imaging of a7-
nAChR, such as ["®F]NS14492 (ref. 15), ['*F]NS10743 (ref. 16)
and ["'C]CHIBA-1001 (ref. 17 and 18). However, most of these
PET tracers failed in in vivo imaging applications in the human
brain due to factors like low affinity, low specificity or low BPyp
(non-displaceable binding potential).*®

['*F]JASEM  (3-(1,4-diazabicyclo[3.2.2]nonan-4-y1)-6-[ **F]fluo-
rodibenzo[b,d]thiophene 5,5-dioxide, also known as ['*F]
JHUS82132) (Fig. 1), developed by Gao et al.,* is a PET tracer used
for in vivo quantification of a7-nAChR in human CNS.** It is
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Fig. 1 Structures of epibatidine and [*®F]JASEM.

currently the most promising a7-nAChR PET tracer with excel-
lent affinity, specificity, and BPyp, values.’*?* ["®F]JASEM has
a similar framework (a diazobicyclic group connected to an
aromatic group) compared with epibatidine (Fig. 1), which is an
alkaloid agonist with high affinity to «7-nAChR. However, [*°F]
ASEM is an antagonist with high affinity and specificity for a7-
nAChR. This difference is most probably due to the bulkier
aromatic ring of ['®F]JASEM, making it adopt a different binding
mode with the receptor, which in turn is responsible for the
significantly different functions. Up to date, the crystal structure
of a7-nAChR with ['"®F]JASEM is not available. Therefore, it
would be helpful to investigate the binding mode of ['*FJASEM
with a7-nAChR using molecular modeling methods.

Currently, our understanding of the structure of a7-nAChR is
still very limited. Until recently the structural information of
a7-nAChR was inferred from the electron microscopic structure
of the muscle type nAChR from Torpedo marmorata® or the
acetylcholine binding protein (AChBP) from snails Lymnaea
stagnalis,**>® Aplysia californica,””*® and Bulinus truncatus.”® These
structures provide valuable information about the general
configuration and organization of a7-nAChR. However, they have
limited usage in the investigation of the function of «7-nAChR,
especially ligand binding modes, due to the low sequence iden-
tities with @7-nAChR.*" In 2011, a chimera structure of Lys-AChBP
and the extracellular domain of the human a7-nAChR with the
agonist epibatidine was determined.** This chimera structure
(termed as a7-AChBP) has a sequence identity as high as 64%
with the native «7-nAChR and is by far one of the best structure
models for a7-nAChR. More importantly, the ligand binding site
and surrounding areas of this receptor chimera are lined by
a7-nAChR residues,* making the chimera structure a good
model to study the binding profile of a7-nAChR with its ligands.
Sequence alignment between o7-nAChR and 7-AChBP shows
that binding site residues are almost identical (Fig. S17).
Understanding of the binding mode of [**F]JASEM with o.7-nAChR
can provide us with insight into the chemical and biological basis
of its ideal PET properties and facilitate the development and
optimization of future PET radioligands and therapeutic drugs.

In this work, the binding mode of ["*FJASEM with a7-nAChR
was first obtained with the induced fit docking (IFD) procedure
which allows conformational adjustments of the binding site
residues upon ligand binding. The complex structure from IFD
was equilibrated with molecular dynamics (MD) simulations. A
conserved residue Trp53 was found to be important for the
binding of ['*FJASEM and its conformation was then sampled with
metadynamics simulations. Below we will discuss the computa-
tional techniques implemented as well as the results obtained.
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Methods
Induced fit docking

In a standard molecular docking study, the receptor is held rigid,
and the ligand can change its position and conformation freely.
However, this procedure is problematic when the ligand to be
docked is rather different from the crystallized one in shape and
size. In reality, the receptor structure will undergo side-chain or
backbone movements upon ligand binding to conform to the
shape of the ligand, a process known as induced fit.*> The
induced fit docking (IFD) workflow of Schrodinger implements
this idea through a combination of Glide and Prime jobs, which
accounts for the conformational changes of the ligand and
receptor, respectively.*® In this work, the structure of the a7-
AChBP chimera (PDB code: 35Q6)** was used as the protein
target. The protein residues within 5 A of the ligand are opti-
mized in IFD. The «7-AChBP/ASEM complex with the most
favorable binding energy was chosen for subsequent analysis.
The radionuclide fluorine-18 of ASEM, which is used in PET
studies, is not indicated hereafter unless otherwise specified, as
radiation does not affect the binding with a7-AChBP.

Molecular dynamics simulation

The protonation states of the amino acids of a7-AChBP were
determined with the PROPKA module of Schrodinger.®*
According to the calculation of PROPKA, all the acidic and basic
residues, except histidines, were predicted to adopt the charged
states. For histidines, the delta nitrogen of His61 and His112
and the epsilon nitrogen of His148 were protonated, while the
two nitrogen atoms of His147 were assigned to be fully
protonated. The docked complex was subjected to molecular
dynamics (MD) simulations with Gromacs 5.0.4 (ref. 35). The
Amber ff99SB-ildn forced field*® was used for the protein and
the general Amber force field (GAFF) for ASEM. The partial
charges of ASEM were calculated through the restrained elec-
trostatic potential (RESP) fitting procedure using Gaussian (HF/
6-31G*)*” and Antechamber.*®** The complex was solvated in
a cubic box with 45 169 TIP3P* water molecules to have a 12 A
water layer. 140 Na' and 138 Cl1~ were then added to neutralize
the system and make the ion concentration 0.15 M. The system
thus obtained was first minimized with the steepest descent
algorithm. Thereafter, it was subjected to temperature equili-
bration in an isothermal-isochoric (NVT) ensemble at 310 K for
200 ps and density equilibration in an isothermal-isobaric
(NPT) ensemble at 310 K and 1 atm for 500 ps. The heavy atoms
of the protein and ligand were restrained with a harmonic
potential with a force constant of 1000 k] mol * nm ™2 in the
equilibration steps. The equilibrated system was then
submitted to an MD simulation for 100 ns. In the equilibration
and production MD simulations, a time step of 2 fs was used
and the LINCS*' algorithm was applied to bonds involving
hydrogen atoms. A 10 A cut-off was set for van der Waals and
short-range electrostatic interactions and the Particle Mesh
Ewald (PME) method* was used to compute the long-range
electrostatic interactions. Three independent MD simulations
were implemented.

This journal is © The Royal Society of Chemistry 2017
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Fig. 2 Illustration of the side chain dihedral angles x; and yx, of Trp53
which were selected as the collective variables in the metadynamics
simulations.

Metadynamics simulation

Our MD simulations revealed that Trp53 is an important residue
whose conformation has a great impact on the binding of ASEM.
In this work, metadynamics simulations were further carried out
to sample the conformation of Trp53 using its sidechain dihe-
dral angles x; and ¥, as the collective variables (Fig. 2). Well-
tempered metadynamics®® implemented in Gromacs5.0.4-
plumed2.1.2 (ref. 44) was used for the simulation. The initial
Gaussian height was 0.5 kcal mol ™, with a bias factor of 10. The
Gaussian widths were 0.05 rad and 0.08 rad for x; and x,,
respectively. The time step for metadynamics simulations is 2 fs,
and the bias potential was added every 500 steps. The initial
Gaussian height was set to be 0.5 kcal mol ™ and the simulations
were run for 3 ps for convergence, as shown by the Gaussian
HILLS height and the distribution of the collective variables (ESI
Fig. S2a and b¥). The criteria for judging the convergence of
metadynamics simulations have been reported by Sun et al.*>*¢

Results and discussion

Binding mode of ASEM with o7-AChBP from induced fit
docking

Like the crystallized ligand epibatidine, ASEM has a diazo-
bicyclic head group (Fig. 1) and is protonated under physio-
logical conditions. However, the diazobicyclic head group of
ASEM is bulkier than the counterpart of epibatidine (Fig. 1),
which should have an impact on its binding with the receptor.
Besides, the dibenzo[b,d|thiophene ring of ASEM is also much
bigger than the pyridine ring of epibatidine. Actually, these two
structural differences make epibatidine and ASEM have
different functions, namely epibatidine is an agonist and ASEM
an antagonist. This is consistent with the general knowledge
that a7-nAChR antagonists such as MLA and o-bungarotoxin
tend to be much bulkier than the agonists such as nicotine and
acetylcholine."

In a standard docking procedure where the receptor was held
rigid, ASEM could not be docked properly, with a very unfa-
vorable docking score (—4.53 keal mol™"), which is most prob-
ably due to the small size of the binding pocket occupied
by epibatidine. However, with the induced fit docking (IFD)
procedure, ASEM could be docked to the binding site with
a much more favorable docking score (—10.8 kcal mol ™). This
is straightforward as ASEM is bulkier and would need more
space for binding. The residues relaxed most significantly are

This journal is © The Royal Society of Chemistry 2017
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Fig. 3 Binding modes of epibatidine and ASEM with a7-AChBP. (a)
General view of the binding modes of epibatidine and ASEM. (b)
Detailed binding mode of epibatidine. (c) Detailed binding mode of
ASEM. Color scheme: oxygen in red, hydrogen in white, nitrogen in
blue, fluorine in ochre, chlorine in cyan, sulfur in yellow, carbon (crystal
structure) in green and carbon (IFD structure) in green. Non-polar
hydrogens are not displayed for clarity.

Trp53, Tyr91, Trp145, Tyr184, Cys186, Cys187, and Tyr191
(Fig. 3).

In the complex structures of epibatidine and ASEM with «.7-
AChBP, the (di)azobicyclic head groups occupy the same posi-
tion and have similar interactions with the surrounding resi-
dues (Fig. 3). The tip nitrogen (N1, pK, = 9.6) of ASEM is
protonated under physiological conditions and has cation-
interactions with the aromatic rings of Tyr91, Trp145, Tyr184,
and Try191. These cation-w interactions are believed to be
important for the affinity of «7-nAChR ligands.** The proton-
ated nitrogen also forms a hydrogen bond with the backbone
oxygen of Trp145 (Fig. 3). Besides, the diazobicyclic group has
extensive van der Waals interactions with the side chains of
Tyr91, Trp145, Tyr184, and Try191. Glide docking score
decomposition of residues around the binding site shows that
van der Waals interactions from Tyr91, Trp145, and Tyr191 have
a major contribution to the docking score (Table S2t), which
helps to stabilize ASEM in the binding site.

The most significant difference between the binding modes
of epibatidine and ASEM was seen in the aromatic tail part
(Fig. 3). For epibatidine, the chloro-pyridine ring lies in the
cavity formed by Leu106, GIn114, and Leu116 and has van der
Waals or hydrophobic interactions with these residues. Besides,
the chlorine atom is thought to have halogen-bond interaction
with the backbone oxygen atom of Gln114, which also supports
the binding of epibatidine.* However, for ASEM, the dibenzo
[b,d]thiophene ring is too big to fit into the place originally
occupied by the pyridine ring of epibatidine. As a result, it
adopts a different orientation and lies in the cavity on the other
side which is formed by Ser34, Leu36, Trp53, Asp160, Gly163,
Tyr184, Glu185, Cys186, and Cys187 (Fig. 3). The dibenzo[b,d]
thiophene ring is clenched by van der Waals interactions
with Glu185, Cys186, and Cys187 from loop C (residues 180-
193) on one side and m-7 stacking interaction with Trp53 from
the complementary subunit on the other side (Fig. 3). Ser34,

RSC Adv., 2017, 7, 19787-19793 | 19789
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Leul16, and Asp160 also have some contact with the dibenzo
[b,d]thiophene ring. The fluorine and oxygen atoms of ASEM
point towards the solvent and do not have much interaction
with surrounding residues. With induced fit docking we
managed to produce a plausible docking mode of ASEM with
a7-AChBP. However, only limited movements of the residues
close to the ligand are possible in an induced fit docking
procedure, and therefore, it is necessary to analyze the dynamic
behavior of the «7-AChBP/ASEM complex in MD simulations
where the protein and ligand structures can be fully relaxed.

Three states of Trp53 obtained by molecular dynamics
simulations

In order to further relax the a7-AChBP/ASEM complex obtained
from the induced fit docking procedure, the complex structure
was submitted to 100 ns MD simulations. Three independent
MD runs were carried out with different initial velocities in
order to account for the chance of randomness.

In all three MD simulations, ASEM remained in the binding
pocket and did not drift away, which means that the induced fit
docking procedure produced a reasonable initial complex
structure of ASEM and «7-AChBP. Especially, the diazabicyclic
head group bound very stably and was packed tightly by Tyr91,
Trp145, Tyr184, and Tyr191. However, the tail part, namely the
dibenzo[b,d]thiophene ring, has a different behavior in the MD
simulations. In the initial state, this aromatic ring has van der
Waals interaction with Glu185, Cys186, and Cys187 on one side
and m-m stacking interaction with Trp53 on the other side
(Fig. 3). Trp53 lies on the complementary face of the binding
site and is the only residue that is able to form m-m stacking
interaction with the dibenzo[b,d]thiophene ring of ASEM.
Therefore, its conformation should have a great impact on the
binding of ASEM. In this work, we found that Trp53 reached
three different final states (states 1-3, Fig. 4 and 5) in the MD
simulations, which reflects the flexibility of Trp53 in the
binding site. The conformation of Trp53 is determined by the
interactions with ASEM. In state 1, Trp53 has a similar confor-
mation to that in the initial state, which is roughly parallel to
ASEM (Fig. 3b and 4a). However, the indole ring and the dibenzo
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Fig. 4 Binding modes in states 1-3 (a—c) observed in three inde-
pendent MD simulations. ASEM and Trp53 are shown in thick stick
mode while other residues in thin stick mode. Hydrogen bonds are
represented by black dotted lines. Color scheme: oxygen in red,
hydrogen in white, nitrogen in blue, fluorine in ochre, sulphur in
yellow, carbon (ASEM) in green, carbon (principal face) in cyan and
carbon (complementary face) in pink. Non-polar hydrogens are not
shown for clarity.
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Fig. 5 Evolution of the side chain dihedral angles x; and x, of Trp53in
three independent MD simulations (a—c) starting from the a7-AChBP/
ASEM complex structure obtained from induced fit docking.

[b,d]thiophene ring are not strictly parallel but have a crossing
angle of about 30 degrees, which is possibly stabilized by the
hydrogen bond formed between the polar hydrogen of the
indole ring and the backbone carbonyl of Leu116 (Fig. 4a). This
packing mode was rather stable in simulation 1 but was
changed in simulations 2 and 3 after about 25 ns. As indicated
by the x; and x, plots in Fig. 5b and c, Trp53 was stabilized in
two different conformations (states 2 and 3) in simulations 2
and 3. In state 2, Trp53 rotates by about 60 degrees to the left
side. As a result, it points away from Leu116 and towards Tyr91
instead. The hydrogen bond interaction between Trp53 and
Leul16 is broken, and a new water-mediated hydrogen bond is
formed between Trp53 and Tyr91. ASEM has favorable interac-
tions with Trp53 in this state and, therefore, adopts a similar
conformation as in state 1 (Fig. 4a and b). In state 3, Trp53
rotates by about 90 degrees towards ASEM and points towards
the disulfide bond formed between Cys186 and Cys187 (Fig. 4c).
The flipping of the indole ring also causes the dibenzo[b,d]
thiophene ring to rotate by about 60 degrees. Consequently, the
dibenzo[b,d]thiophene ring has weaker interactions with the
disulfide bond than in states 1 and 2 and turns to contact Leu36
with hydrophobic interactions.

The transitions from state 1 to state 2 or state 3 observed in
the MD simulations suggest that the energy barriers between
these states are not high and can be overcome by the thermo-
dynamic fluctuations in unbiased MD simulations. On the
other hand, as shown in ESI Table S1,7 states 2 and 3 were very
stable in unbiased MD simulations and did not transit to other
states, which suggests that the system was trapped in these two
states and was unable to transit to other minima. To investigate
the free energy profile of the conformational changes of Trp53,
to explore other stable states and to find the global minimum,
metadynamics simulations were implemented using the side
chain dihedral angles x; and x, of Trp53 as the collective
variables.

Free energy surface of Trp53 obtained with metadynamics
simulations

Metadynamics simulation is an advanced method to enhance
conformational sampling in MD simulations and can be used to
construct the free energy surface (FES) from a few selected
collective variables.”” In this work, metadynamics simulations
were used to enhance the sampling of x; and x, of Trp53 and to
construct the related FES by adding history-dependent biased
potentials to the system. As shown in Fig. 6, states 1-3 can be
clearly identified in the constructed FES. States 2 and 3 are

This journal is © The Royal Society of Chemistry 2017
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Fig.6 Free energy surface (FES) with respect to the side chain dihedral
angles x; and x, of Trp53 obtained from metadynamics simulation.

energetically more favorable than state 1 with moderate energy
barriers (3-5 kcal mol ™", from state 1), which explains that state
1 can transit to state 2 or state 3 in unbiased MD simulations.
However, the energy barriers from state 2 or state 3 back to state
1 are much higher (>6 keal mol '), which is the reason why state
2 and state 3 were trapped in unbiased MD simulations.
Besides, there are three more states (states 4-6) in the FES,
which were not observed in the unbiased MD simulations
starting from initial IFD complex structure. Moreover, state 5 is
the global minimum, which is separated from states 1-3 with
rather high energy barriers (>10 kcal mol ") (Fig. 6). Therefore,
the system did not arrive at the global minimum in the initial
MD simulations. In these states, ASEM has similar binding
modes, with the diazabicyclic head group tightly fixed by Tyr91,
Trp145, Tyr184, and Tyr191 (Fig. 7). The most obvious differ-
ence is the interaction pattern of the dibenzo[b,d]thiophene
ring of ASEM with the indole ring of Trp53. The stability of each
state was examined by three independent 100 ns MD simula-
tions (ESI Table S17).
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Fig. 7 Binding modes of states 4-6 (a-c) discovered by metady-
namics simulation. ASEM and Trp53 are shown in thick stick mode
while other residues in thin stick mode. Color scheme: oxygen in red,
hydrogen in white, nitrogen in blue, fluorine in ochre, sulfur in yellow,
carbon (ASEM) in green, carbon (principal face) in cyan and carbon
(complementary face) in pink. Non-polar hydrogens are not shown for
clarity.
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In state 4, the indole ring of Trp53 adopts an edge-to-face -
7 stacking mode with the dibenzo[b,d]thiophene ring of ASEM.
In the FES shown in Fig. 6, state 4 has a higher energy than
states 1, 2, 3, and 5, where parallel face-to-face - stacking was
seen. This result reflects that edge-to-face m-m stacking is
energetically less favorable than face-to-face m-m stacking in
solution, possibly due to fewer contact areas. State 4 is an
unstable state and can transit to state 5 at the early stage of
unbiased MD simulations (ESI Table S1t). In state 5, Trp53 is
rotated by about 90 degrees upwards and has face-to-face -
stacking interactions with ASEM. Besides, it is obvious from
Fig. 4 and 7 that the - stacking interaction in state 5 is more
favorable than that in all other states as the indole ring and the
dibenzo[b,d|thiophene ring are in perfect parallel orientation.
The results of docking score and MM/GBSA decomposition,
which are common methods to estimate the contributions of
individual residues,*®** also show that Trp53 has very favorable
interactions with ASEM in state 5 (Tables S2 and S4t). As shown
in Fig. 6, state 5 has the lowest energy and, therefore, corre-
sponds to the global minimum, which means that ASEM most
probably adopts this binding mode with a7-AChBP in reality.
The Glide docking score (an estimation of binding free energy
using empirical methods)* of ASEM is —13.46 kcal mol ' in
state 5, which is consistent with the nanomolar binding affinity
of ASEM in the experiment.” This docking score is much more
favorable than the rigid docking score (—4.53 keal mol™") and
the induced fit docking score (—10.8 kcal mol™ ') mentioned
above, meaning that the complex structure in state 5 is much
more reasonable than the counterparts obtained by the docking
procedures. Therefore, state 5 can serve as a suitable model for
structure-based design and optimization of the compounds
having similar properties as ASEM.

Similar to the case in state 4, Trp53 adopts an edge-to-face -
7 stacking mode with the dibenzo[b,d]thiophene ring of ASEM
also in state 6. However, the indole ring is now rotated by about
180 degrees towards ASEM (Fig. 7c). The flipping of the indole
ring causes the dibenzo[b,d|thiophene ring to move away from
loop C, which is similar to the movement seen in state 3
(Fig. 4c). State 6 is an energetically less favorable state and is
close to state 3 in the FES with a small energy barrier (~3 kcal
mol ) (Fig. 6). As shown in ESI Table S1, state 6 can transit to
state 3 in the unbiased MD simulations.

We have carried out an additional simulation for the apo-
system. The free energy surface demonstrates that there are
also several intermediate states for Trp53 in the apo-system (ESI
Fig. S3ct). However, the energy barriers separating these states
are much lower than those for the holo-system (Fig. 6). Therefore,
the metadynamics simulation for the apo-system converges
much faster (ESI Fig. S2a and bt). The higher energy barriers for
the holo-system are caused by the steric effect of ASEM and -7t
stacking interaction with the dibenzo[b,d]thiophene ring of
ASEM. Due to the limitation of unbiased MD simulations, the
system may stay in a local minimum or transit to another close
minimum in a limited simulation time. Nonetheless, with the
combination of metadynamics and unbiased MD simulations,
we have acquired a better understanding of the binding mode of
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ASEM with a7-AChBP, which indeed will be crucial for future
structure-based drug design.

Conclusions

Owing to the importance of developing potent PET radioligands
which can be used to study the roles of the a7 nicotinic
acetylcholine receptor (27-nAChR), to facilitate drug discovery
and to monitor the progress of diseases related to a7-nAChR,
molecular modelling methods have been used in this work to
investigate the binding profile of [**F]JASEM (a promising PET
radioligand) and «7-AChBP (a structural homologue of the
extracellular domain of ¢.7-nAChR). We found that [**F]ASEM
binds at the orthosteric site of a7-AChBP. Several structural
details of this binding are found to be important. The dia-
zabicyclo[3.2.2]nonane ring has cation-7 and extensive van der
Waals interactions with Tyr91, Trp145, Tyr184, and Try191,
which fixes ['**F]JASEM tightly in the binding site. The dibenzo
[b,d]thiophene ring turns to the other side of the pyridine ring
of epibatidine (the crystallized agonist) and has van der Waals
interactions with residues from loop C on one side and -7
stacking interaction with Trp53 of the complementary subunit
on the other side. The conformation of Trp53 has a great impact
on the binding mode of ['*F]JASEM. Six states in terms of the
sidechain dihedral angles x, and x, of Trp53 were predicted by
metadynamics simulation. State 5 is the global minimum,
where Trp53 is rotated to have favorable m—7 stacking interac-
tions with ['*FJASEM. These findings at the atomistic level of the
binding mechanism of ["*F]JASEM with ¢.7-AChBP can have wide
ramifications for the development of novel PET radioligands for
a7-nAChR.
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