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ABSTRACT
Aim: Amyloid beta (Ab) 1-42, which is a basic constituent of amyloid plaques, binds with extra-
cellular transmembrane receptor nicotine acetylcholine receptor a7 (nAChRa7) in
Alzheimer’s disease.
Materials and Methods: In the current study, a computational approach was employed to
explore the active binding sites of nAChRa7 through Ab 1–42 interactions and their involvement
in the activation of downstream signalling pathways. Sequential and structural analyses were
performed on the extracellular part of nAChRa7 to identify its core active binding site.
Results: Results showed that a conserved residual pattern and well superimposed structures
were observed in all nAChRs proteins. Molecular docking servers were used to predict the com-
mon interactive residues in nAChRa7 and Ab1–42 proteins. The docking profile results showed
some common interactive residues such as Glu22, Ala42 and Trp171 may consider as the active
key player in the activation of downstream signalling pathways. Moreover, the signal communi-
cation and receiving efficacy of best-docked complexes was checked through DynOmic online
server. Furthermore, the results from molecular dynamic simulation experiment showed the sta-
bility of nAChRa7. The generated root mean square deviations and fluctuations (RMSD/F), solv-
ent accessible surface area (SASA) and radius of gyration (Rg) graphs of nAChRa7 also showed
its backbone stability and compactness, respectively.
Conclusion: Taken together, our predicted results intimated the structural insight on the
molecular interactions of beta amyloid protein involved in the activation of nAChRa7 receptor.
In future, a better understanding of nAChRa7 and their interconnected proteins signalling cas-
cade may be consider as target to cure Alzheimer’s disease.
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Introduction

Amyloid beta (Ab) is a basic constituent of amyloid pla-
ques, contains 1–42 amino acids, and binds with trans-
membrane nicotine acetylcholine receptor a7 (nAChRa7)
receptor in Alzheimer’s disease [1–3]. Ab42 has more
hydrophobic behaviour and the greater propensity to
aggregates into fibrils and plaques compared to Ab40
[4,5]. Prior research showed that the accumulation of
Ab42 results in lysis and selective loss of neurons par-
ticularly from entorhinal cortex and hippocampus [6,7].

The nAChRs are ion channel proteins that are particu-
larly distributed in the neuromuscular junction, auto-
nomic ganglia and mostly in the brain [8–10]. It has

been studied that Ab42 particularly interacts with
nAChRa7 and upregulates it in the hippocampal cultures
[11–13]. Another study also showed that the accumula-
tion of Ab results in an upregulation of hippocampal
nAChRa7 in aged Tg2576 mice [13,14]. Furthermore, the
higher concentrations of Ab42 with longer time results
in dysregulation of nAChRa7 and causes interruption of
extracellular-signal regulated kinase and cAMP response
element-binding protein (ERK1/2-CREB) signaling path-
way [15]. This interfering of Ab42 with nAChRa7 leads
to the activation of phosphorylation of signaling proteins
(ERK and CREB) which results in memory impairment
and causes AD [13,16]. Therefore, physiological concen-
trations of Ab42 in hippocampus impinge upon signal
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transduction cascades which are important for synaptic
plasticity, learning and memory and homeostasis [13].

In the current study, a computational approach was
employed to explore the binding interaction of Ab42
against nAChRa7. The sequences conservation analyses
were performed on the selected nAChRs using a mul-
tiple sequence alignment (MSA) tool. The three-dimen-
sional (3D) structures of Ab42 was accessed from PDB
whereas, nAChRa7 structure was predicted by hom-
ology modelling approach. A detailed structural ana-
lysis on both proteins was performed using various
computational tools and servers. Protein–protein dock-
ing experiment were performed using three online
servers to check the residual involvement in the pro-
tein interactions and their significance in downstream
signaling pathways. Furthermore, a molecular dynamic
(MD) simulation experiment was performed to gener-
ate the RMSD and RMSF graphs to check the stability
of protein backbone in docking experiment. Moreover,
SASA and Gyration analysis was done to check the
overall protein soluble surface area and compactness
of proteins. Our modelling work aims at better under-
standing of nAChRa7 and their interconnected protein
signaling cascades.

Methodology

Repossession of human nAChRs sequences
and analysis

Human nAChRs protein sequences were retrieved
from the UniProt database (http://www.uniprot.org/)
having IDs P02708, Q15822, P32297, P30926, P30532,
Q15825, P36544, Q9UGM1 and Q9GZZ6, respectively.
The MSA analysis was carried out through Clustal
Omega by using standard parameters to observe the
conservation pattern in the selected nAChRs
(nAChR1–7 and nAChR9–10) amino acids sequences
[17]. Moreover, Aliview was employed to visualize the
aligned sequences of all nAChRs proteins [18].

Retrieval of human Ab42 and prediction of
extracellular nAChRa7 protein

The crystal structure of Ab42 fibril was retrieved from
Protein Data Bank (PDBID: 2BEG). Since the nAChRa7
is not available in PDB, therefore, online Swiss model-
ing server was used to predict nAChRa7 structure [19].
In nAChRa7 structure prediction, the human neuronal
acetylcholine receptor subunit a4 was used as struc-
tural template having PDBID 5KXI which showed 45%
sequence identity with target protein (Figure S1). The
accessed protein structures were minimized by using

UCSF Chimera 1.6 by employing conjugate gradient
algorithm and amber force field [20]. Furthermore, the
stereo-chemical properties of targeted structures were
accessed through Molprobity server [21] and ProSA
web [22]. Moreover, their theoretical isoelectric point
(PIs) extinction coefficients, aliphatic and instability
indexes, and Grand Average of Hydropathy (GRAVY)
values were predicted by using Protparam tool [23].
The protein structural reliability was confirmed
through were Molprobity server by generating
Ramachandran plots [24]. The hydrophobicity graphs
for both proteins were generated through Discovery
Studio 4.1 Client [25]. Finally, VADAR 1.8 server was
used to predict the percentage values of a-helices,
b-sheets, coils and turns [26].

Protein–protein docking

To obtain the accurate binding results with minimum
error prediction, we have employed ClusPro 2.0 [27],
HADDOCK [28] and FireDock [29] online protein–pro-
tein docking servers to dock the Ab42 against
nAChRa7. A protein–protein docking experiment was
performed to acquire the best conformation between
Ab42 and nAChRa7 using ClusPro 2.0 server. ClusPro
2.0 predicts docking results in four different categories
of predicted models such as balanced, electrostatic-
favored, hydrophobic-favored and VdWþ Elec. In the
docking results, predicted models were ranked by
cluster size [30] and best models were selected from
all categories. We discarded the complexes with
unacceptable penetrations of receptor atoms to the
atoms of the ligand. Finally, remaining candidates
were ranked according to the geometric shape and
complementarity scores.

Another docking server HADDOCK 2.2 was
employed to check the significant conformational
pose of Ab42 against nAChRa7. The active and passive
amino acids of selected proteins were predicted
through CPROT tool [31]. These predicted active-pas-
sive amino acids are used to define a network of
ambiguous interaction restraints between the mole-
cules to perform docking [32]. The HADDOCK docking
approach is consisted of three stages: (i) the minimiza-
tion of rigid body energy (it0), (ii) refinement in tor-
sion angle space (it1), and (iii) a final explicit solvent
refinement (water). In each docking stage the solu-
tions are ranked on the basis of scoring functions
used in HADDOCK protocol. Finally, all the generated
docked complexes were ranked and evaluated based
on their scoring values.

Another protein–protein docking server FireDock
was used to judge the interaction behaviour between
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both proteins. In FireDock, fast rigid-body docking
algorithm was used to address the protein flexibility
and scoring calculations of generated docked com-
plexes. Finally, 100 docking complexes were selected
for further analysis. All the generated docked com-
plexes were ranked as per generated score values. The
interaction profile between Ab42 and nAChRa7 among
all docking complexes were visualised through
Discovery Studio (4.1) (Accelrys Software Inc., San
Diego, CA) and UCSF Chimera 1.10.1, tools respect-
ively. LIGPLOT was employed for two dimensional
graphical representations of docked complexes [33].
Furthermore, signaling efficacy graphs for all these
best docked complexes were generated by DynOmic
online portal using elastic network models [34].

Molecular dynamics (MD) simulations

MD simulations were carried out by GROMACS 4.5.4
package [35] with GROMOS 96 force field [36] to
understand the protein backbone flexibility. To accom-
plished MD simulation, we adjusted few parameters.
Initially, ions were added to neutralize system charge.
Energy minimization was done by the steepest des-
cent approach (1000 ps) for targeted protein structure.
Moreover, to better perform energy minimization, we
adjusted nsteps ¼50,000 with energy step size
(emstep) 0.01 value. Energy calculations were carried
out by particle mesh Ewald (PME) method. Moreover,
for electrostatic and van der Waals interactions; cut-off
distance for the short-range VdW (rvdw) was set to
14 Å, rlist and nstlist values were fixed as 1.0 and 10,
respectively, in em.mdp file [37]. It permits the use of
the Ewald summation at a computational cost com-
parable with that of a simple truncation method of
10 Å or less. For covalent bond constraints the linear
constraint solver [38] algorithm was employed with
0.002 ps time step. Finally, MD simulation was per-
formed at 50 ns with nsteps 25,000,000 in md.mdp
file. Multiple protein structural analysis such as RMSD/
RMSF, SASA and Rg of protein back bone were ana-
lysed using Xmgrace software (http://plasma-gate.
weizmann.ac.il/Grace/) and UCSF Chimera 1.10.
1 software.

Results

Sequences and predicted structures analysis of
extracellular domains of nAChRs

The human protein sequences of nAChRs (nAChR1–7,
9–10) and their predicted structures were aligned to
observe the residual conversation pattern. The

sequential and structural analyses showed that there
is a close similarity among all nAChRs sequences
which depicted their conservation pattern. The aver-
age sequence identity and similarity among all
selected proteins isoforms (nAChR1–7, 9–10) were cal-
culated as 40% and 66%, respectively. The sequences
of nAChRs results showed that the common residues
may have a significant role in downstream signaling
pathway. The superimposed structures of extracellular
domain of nAChRs showed that there is close hom-
ology and similarity pattern among the structural
architectures such as loops, beta sheets coils and
turns, respectively (Figure 1). The extracellular part of
all nAChRs is known as target template for Ab42 bind-
ing and nAChRa7 is most significant target receptor in
AD, through the interaction with aggregated
Ab42 [39].

Physio-chemical analysis of Ab42 and nAChRa7

The physio-chemical properties such as molecular
weight and theoretical pI of both Ab42 and nAChRa7
structures were calculated through ProtParam tool.
The molecular weight and pI values of both Ab42 and
nAChRa7 structures were calculated by the aggrega-
tion of average isotopic masses and pK values of lin-
ear amino acids sequences. Prior research data is
justified the wide range of pI values (4.31–11.78)
among proteins [40,41]. Our predicted results showed
that both Ab42 and nAChRa7 structures possessed
(4.37 and 4.39, respectively) comparable pI results with
standard values. These predicted values of pIs justified
the reliability of Ab42 and nAChRa7 structures. The
sum of hydropathy values of all residues present in
protein sequence is known as GRAVY value [42]. Prior
scientific data showed that positive and negative val-
ues of GRAVY show the hydrophobic and hydrophilic
behaviour of proteins [40]. Our generate that showed
that both Ab42 and nAChRa7 possessed 1.454 and
�0.405 GRAVY values which justified their hydropho-
bic and hydrophilic behaviour, respectively.
Furthermore, the aliphatic index values of Ab42 and
nAChRa7 were computed from the equation as men-
tioned in supplementary data (Equation i). The pre-
dicted physiochemical properties showed the
reliability, efficacy and stability of the proteins.
Furthermore, ProSA tool depicted the overall quality
scores of both proteins on the basis of z-score value.
Moreover, the predicted structure accuracy is also con-
ducted by VERIFY 3D tool. The VERIFY 3D tool deter-
mines the compatibility of an atomic model (3D) with
its own amino acid sequence (1D) by assigning a
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structural class based on its location and environment
(alpha, beta, loop, polar, nonpolar etc) and comparing
the results to good structures. The graphical depiction
of ProSA graphs of both predicted structures (Ab42

and nAChRa7) are mentioned in supplementary data
(Figures S2, S3). The predicted values of both proteins
(Ab42 and nAChRa7) are mentioned in Table 1.

Structural analysis of predicted Ab42 and
nAChRa7 protein

The Ab42 and nAChRa7 were evaluated to test their
structural architectures on the basis of structural coor-
dinates. The VADAR 1.8 analysis showed that the
residual architecture of Ab42 and nAChRa7 and statis-
tical percentage values of helices, sheets, coils and

Table 1. Structural analysis of protein structures.
Structure evaluation parameters Ab42 nAChRa7

Theoretic-al pI 4.37 5.40
GRAVY 1.454 �0.482
AI 142.31 73.59
II 17.82 44.76
Z-score �1.3 �5.05

AI¼Aliphatic index; GRAVY¼Gran average of hydropathicity;
II¼ Instability index.

Figure 1. Residual conservation pattern and structural overlapping of nAChRs structures. (A) The alignment of amino acids
sequences of human nAChRs (nAChR1–7, 9–10). (B) Three dimensional (3D) predicted structures of nAChRs are shown in different
colors. (C) Superimposed predicted structures of nAChRs in surface format.
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turns. The Ab42 only consists of coils, whereas
nAChRa7 contain helices 5%, beta sheets 54%, coils
40% and turns 21%, respectively. Furthermore, the
Ramachandran graphs and values also confirmed the
reliability and efficacy of Ab42 and nAChRa7 struc-
tures. The Ramachandran plots indicate that 98.50%
and 98.99% of all residues in Ab42 and nAChRa7 were
present in the favoured regions. The overall protein
structure of nAChRa7 is shown in Figure 2. The graph-
ical depiction of Ramachandran and hydrophobicity
graphs of Ab42 and nAChRa7 are shown in supple-
mentary data (Figures S4, S5).

Docking analysis of Ab42-nAChRa7

The protein–protein docking is important and note-
worthy method to explore the functional binding resi-
dues involved in downstream signaling pathways
[43,44]. In our study, three protein–protein docking
servers were employed to predict the functional bind-
ing sites and their interacted residues in Ab42-
nAChRa7 docked complexes.

ClusPro 2.0 docking energy calculation in Ab42-
nAChRa7 docked complexes

To evaluate our docking results, the ClusPro 2.0 server
was employed to obtain the best conformational pos-
ition in Ab42-nAChRa7 docked complexes. The best-
docked complexes were ranked as per best cluster
size. ClusPro 2.0 generates four sets of models using
four different sets of energy coefficients that we call:
(1) balanced, (2) electrostatic-favored, (3) hydrophobic-
favored and (4) van der Waals electrostatics.

Complexes with favorable surface complementarities
are retained and scrutinized on the basis of good elec-
trostatic and desolvation free energies. ClusPro also
generates cluster centers that are a representative set
of complexes that form a cluster. The cluster centers
are ranked according to cluster sizes. Our docking ser-
ver results show that the best-docked complex has
cluster size is 79 having centered and lowest energy
�966.8 and �1226.9, respectively score values
(Table 2).

HADDOCK analysis of Ab42-nAChRa7
docked complexes

In order to persue the accurate docking results,
HADDOCK docking server was used to get the best
conformational poses between Ab42 and nAChRa7
docking complexes. The best-docked complexes were
dissected on the basis of HADDOCK scoring values.
Generally, the HADDOCK score is relay on different
energy values including electrostatic, van der Waals,
desolvation and restraints violation energies, respect-
ively [45–47]. In our results, �104.1 was the best score
value which showed the best conformational position
of Ab42 against the active region of nAChRa7. The z-
scores may also be positive or negative, with a posi-
tive value indicating the score is above the mean and
a negative score indicating it is below the mean.
Therefore, lower and negative z-score values are sig-
nificant copared to positive values [28]. The best pre-
dicted z-score value is �1.6 for Ab42-nAChRa7 among
all docked complexes. The predicted docking energy
and score values are mentioned in Table 3.

Figure 2. The predicted structure of nAChRa7. The structure
is represented in gray color, while interior beta sheets are
depicted in blue color. Red circle shows the transmembrane
region of target structure.

Table 2. Docking energy values for complexes using ClusPro.
Complexes Cluster size Representative Weighted score

1 79 Center �966.8
Lowest energy �1226.9

2 72 Center �1021.1
Lowest energy �1090.3

3 61 Center �1000.4
Lowest energy �1059.0

4 41 Center �1127.3
Lowest energy �1185.3

5 40 Center �1018.4
Lowest energy �1133.2

6 40 Center �1118.0
Lowest energy �1118.0

7 39 Center �977.7
Lowest energy �1096.5

8 37 Center �1032.5
Lowest energy �1082.1

9 36 Center �974.7
Lowest energy �1054.5

10 30 Center �1038.4
Lowest energy �1078.7
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FireDock evaluation of Ab42-nAChRa7
docking complexes

To re-examine our protein–protein docking results, we
further analysed the FireDock docking Ab42-nAChRa7
complexes on the basis of generated energy values.
FireDock docking results, the predicted docked com-
plexes were ranked as per best global energy values
(kcal/mol). Furthermore, both the atomic contact
energy (ACE) and hydrogen bonds (HB) values of
docking complexes were also keenly monitored to
select the best-docked complex. The predicted global
energy value �40.98 showed the best conformation
position of Ab42 against nAChRa7 as compared to all
other docked complexes (Table 4).

Binding interaction pattern between Ab42
and nAChRa7

The interaction (hydrogen/hydrophobic) pattern
among proteins is involved in multiple biological proc-
esses and important to understand the underlying
molecular mechanisms in different diseases [48]. Prior
scientific reports showed that protein stability
depends upon the interactions such as HB among
amino acids in two ineracting proteins. The most suit-
able and favorable HB distance is from 1.9 to 2.5 Å,
however, another research study also described this
distance with this range 1.5–3.8 Å [49–51].

Based on all docking results, a good binding inter-
actions patteren between Ab42 and nAChRa7 was
observed in selected docked complexes. ClusPro 2.0

docking results showed various amino acids of Ab42
such as Leu34, Glu22, Asp23, Ala42, Asn27, Gly29 and
Ala30 forms HB with nAChRa7 residues Trp171,
Tyr217, Ser117, Ser177, Arg42, Asp119, Glu41, Leu40
and Asp47. In more detail, Asn27 and Gly38 (Ab42)
form HB with Ser48 and Asp111 having bonds length
2.85 and 3.05 Å, respectively. Leu34 and Val36 also
make HB with Arg42 and Tyr173 with very bond
lengths 3.12 and 2.64 Å, respectively. Moreover, Gly25,
Glu22, Ala21, Gly33 and Ala30 of Ab42 forms active
HB with Trp176, Lys214, Tyr217 and Asp47 with bond
distances 2.89, 2.61, 2.78, 2.59 and 2.85 Å, respectively.
The binding of these residues ensured the good con-
formation of Ab42 with nAChRa7 and stability of the
docked complex. The binding interactions inside the
active region of Ab42 with nAChRa7 is mentioned in
Figure 3(A).

In HADDOCK results seven HB were detected in
Ab42-nAChRa7 docked complex. The Ab42 residue
Lys28 and Met35 form HB with Asp153 and Asp119
with bond length 2.65 and 2.95Å, respectively. Gly29,
Ile31, Val18 and Glu22 also form good hydrogen inter-
actions with Gln70, Trp171 and Arg208, respectively.
Both Gly29 and Ile31 form the strong HB with single
residue Gln70 having bond length 2.07 and 2.05 Å,
respectively. Further, Val18 makes single bond against
Trp171 with bond length 2.78 Å. Glu22 shows more
interaction behaviour and form the double bond
against Arg208 with bond distances 2.62 and 3.31 Å,
respectively. Glu22 and Trp171 were common inter-
acted residues of Ab42 and nAChRa7 in both docking
servers (ClusPro and HADDOCK) (Figure 3B). The 2D
binding interactions between Ab42 and nAChRa7 is
mentioned in supplementary data Figure S4.

Furthermore, FireDock docked complexes of Ab42
and nAChRa7 were also analyzed on the basis of inter-
action pattern (Figure 3C). Hydrophobic interactions
were observed between Thr99, Leu131 and Gln139
against Ala42 and Ile41, respectively. ClusPro results
show good interactions pattern compared to
HADDOCK and FireDock results. The 2D depictions of
all docking server results are mentioned in in
Figure 4A–C.

Table 3. Docking energy values of docking complexes using HADDOCK.
Complexes HADDOCK score Cluster size RMSD Electrostatic energy Buried surface area Z-score

1 �104.1 11 5.4 �113.0 2137.5 �1.6
2 �80.9 5 6.1 �118.7 1540.8 �0.6
3 �77.9 6 7.6 �28.0 1875.7 �0.5
4 �73.4 37 8.6 �169.6 1534.4 �0.3
5 �58.7 82 8.1 �69.0 1384.7 0.3
6 �38.1 9 10.2 �143.8 827.3 1.1
7 �26.3 4 6.6 �26.0 1215.4 1.6

Table 4. Docking energy values of docking complexes
using FireDock.
Complexes Global energy Attractive Vdw Repulsive Vdw ACE HB

1 �40.98 �35.04 18.13 �4.09 �0.28
2 �38.08 �36.09 23.75 �3.46 �2.86
3 �5.44 �27.15 19.26 �1.31 �2.03
4 �2.16 �6.64 0.84 0.57 0.00
5 0.79 �4.91 1.56 �1.41 �1.71
6 5.37 �6.37 1.02 0.32 �0.35
7 8.99 �1.65 0.20 �0.05 �0.84
8 37.51 �19.76 62.60 0.71 �2.30
9 148.93 �19.88 219.18 �1.10 �2.55
10 5143.22 �66.09 6623.07 �26.79 �13.85
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The common interacted residues Glu22, Ala42 and
Trp171 may show their active participation in the acti-
vation of downstream signaling pathways. The pre-
dicted results showed that these residues may
consider as the active key player in the activation of
downstream signaling pathways. The common inter-
acted docking residues depicted by docking servers
are shown in Table 5.

Signal communication and receiving efficacy of
docking proteins

The DynOmics addresses the dynamic and allosteric
behaviour of biomolecules such as proteins. It also
identify the functional sites and analysing signal com-
munication properties of protein structures. DynOmic
server was used to predict the signal communication
and receiving properties of proteins through residual
interactions in best-docked complexes. The hitting
time of standard deviation displays the standard devi-
ation vs mean value for both response and perturb-
ation sites. The standard deviation of hitting time
displays the standard deviations vs mean value for

both response sites and perturbation sites. The stand-
ard deviation refers to the variation in the hitting time
of both interacted residues. Generally, the residues
exhibiting higher average hitting times also depict a
higher standard deviation value. In all three docking
complexes, the average standard values for interacted
residues in communicating site is fluctuated while for
receiving site is quite similar in all docking com-
plexes. HADDOCK and FireDock complexes display
higher standard deviations values with respect to
average signaling rate of communicating sites com-
pared to Cluspro docking complex. However, sites
with low average hitting time and standard deviation
are distinguished by their efficient and precise func-
tion with regard to signal transmission. The standard
deviation values for hitting site are range from 50 to
150 in all docking complexes. The Cluspro results
showed that Ab42 residues (black circles) displayed
little scattered pattern against nAChRa7 (Figure 5A),
while FireDock and HADDOCK results showed Ab42
residues were accumulated in unique pattern
(Figures 5B, C).

Figure 3. Docking interactions between Ab42 and nAChRa7. (A) ClusPro docking complex, (B) HADDOCK docking complex and
(C) FireDock results. The surface structure of nAChRa7 is shown in purple color, while Ab is highlighted in gray, brown and yellow
colors in ClusPro, HADDOCK and FireDock server, respectively. The red dotted lines represent HB distance in angstrom (Å).

672 M. HASSAN ET AL.



Molecular dynamic simulation analysis

Root mean square deviation and
fluctuation analysis

MD simulation study at 50 ns by using Gromacs 4.5.4
tool was employed to interpret the amino acids flexi-
bility among best-docked structures by generating
RMSD and RMSF graphs. Furthermore, SASA (A2) and
Rg analysis were also determined to check the com-
pactness of protein structure. The RMSD results
showed that protein backbone deviation and fluctua-
tions with the passage of simulation time frame from
0 to 50 ns.

In ClusPro results, the graph line showed minor
fluctuations from 0 to 2500 ps with RMSD value
0.45 nm (Green). While from 2500 to 10,000 ps the
graph line remains stable having little fluctuations
with average RMSD value 0.3 nm. After that, from
10,000 to 20,000 ps little increasing trend was
observed whereas, a sudden increasing trend fluctua-
tions were observed at time 22,000 ps and RMSD value

raised up to 0.5 nm. From 22,000 to 30,000 ps the
decreasing and increasing trend with little fluctuations
was observed while the RMSD value remains same
0.5 nm. From, 30,000 to 50,000 ps graph line remain
stable compared to previous time. At time 45,000 ps
little increasing trend was observed while after that
again downward trend was seen in graph line. The
overall results depict the stability of the protein in the
simulation time because the average RMSD values
remain same with little deviations.

In HADDOCK results, the graph line is highlighted
in red color. The overall result showed that the gener-
ated graph line was comparatively much fluctuated
and showed increasing trend in the starting simulation
time frame. From 0 to 5000 ps the graph line shows
an increasing trend with RMSD value 0.75 nm. After
that, from 5000 to 10,000 ps decreasing and increasing
trends were observed in graph line having RMSD
approximately 0.5 nm. After that, from 10,000 to
14,000 ps time again increasing trend was observed
with higher RMSD value 0.55 nm. From 14,000 to

Figure 4. 2D graphical depiction of docking complexes: (A) ClusPro docking complex, (B) HADDOCK docking complex and (C)
FireDock results. The green dotted lines represent hydrogen bonding among residues. The Ab42 and nAChRa7 residues are men-
tioned by pink and green color respectively.

INTERNATIONAL JOURNAL OF NEUROSCIENCE 673



20,000 ps time frame the graph trend line shows a
decreasing and increasing pattern, respectively; how-
ever, their RMSD value remains the same. From 20,000
to 30,000 ps time a little stable with increasing trend
in graph line was observed with little fluctuations.
After that, from 30,000 to 50,000 ps stable pattern was
observed with very little fluctuations and surprisingly
the RMSD value also remains same in this time period.
Both ClusPro and HADDOCK graphs line remained sta-
ble after 30,000 ps time with little fluctuations.

FireDock results graph line (purple color) is a stable
throughout the simulation time frame. Initially, the
graph line shows an increasing trend from 0 to
2500 ps, while after that little decreasing trend was
observed and remains stable up to 12,000 ps. From
12,000 to 25,000 ps the graph line remains stable with
little fluctuations with the average value of RMSD
0.35 nm. After that little increasing trend was observed
up to 30,000 ps and from 30,000 to 50,000 ps the
graphs line remains stable which depicts good stability
of protein. The comparative analyses justified that
ClusPro showed good stable results compared to

HADDOCK and FireDock results during the simulation
time period. A correlated result were observed in both
docking servers (ClusPro and FireDock) and also simi-
lar pattern was in simulation results (Figure 6A). The
RMSF results of all three docking protein structures
dynamically fluctuated from residues N to C terminals
(2 to 215 AA). Three fluctuation peaks higher than
0.8 nm appeared in the graph. Residues around 110
and 210 positions showed higher fluctuations in loop
regions. The comparative results justify that HADDOCK
loop regions showed higher fluctuations compared to
ClusPro and FireDock (Figure 6B).

Radius of gyration and solvent accessible surface
area analyses

In protein structures, the structural compactness was
calculated by the Rg graph. It has been observed that
the firmly folded proteins show steady value of Rg,
whereas the misfold/unfold regions of proteins depicts
highly fluctuated Rg value in MD simulation time. The
generated results depicted that the Rg value of all the

Table 5. Residual analyses were through HB interactions in docking structures.

Complexes Target proteins

Residues involve in hydrogen/hydrophobic bindings in docking complexes

ClusPro HADDOCK FireDock

1 Ab42 Leu34, Glu22, Asp23, Ala42, Asn27,
Gly29, Ala30

Met35, Gly29, Lys28, Ile31,
Val18, Glu22

Ile41, Ala42

nAChRa7 Trp171, Tyr217, Ser117, Ser177, Arg42,
Asp119, Glu41, Leu40, Asp47

Asp153, Asp119, Gln70,
Trp171, Arg208

Thr99, Leu131, Gln139, Arg101

2 Ab42 Leu17, Ser26, Lys28, Ala30, Ile31, Gly33,
Met35, Val36

Gly33, Ile32, Ala30, Gly29 Glu22

nAChRa7 Asn38, Leu40, Glu41, Asp47, Tyr86,
Glu120, Ser177, Trp171, Tyr217

Gln70, Ser172, Lys68, Ala280 Gln61

3 Ab42 Phe19, Ala21, Glu22, Asp23, Asn27,
Lys28, Gly29, Val136, Val40

Gly38, Val39, Phe19, Leu17 Leu17, Phe19, Val36

nAChRa7 Asp111, Phe119, Glu120, Arg121,
Phe122, Lys147, Trp171,
Lys214, Tyr217

Val154, Glu281, Glu67,
Asp64, Asp66

Lys68, Asn69,

4 Ab42 Leu17, Phe19, Glu22, Gly25, Asn27,
Lys28, Gly29, Ala30, Gly38, Ala42

Asn27, Met35, Asp23, Ala42 Gly37

nAChRa7 Lys68, Asn69, Gln70, Tyr151, Ser117,
Phe122, Tyr173, Asp111,
Arg42, Lys68

Trp171, Lys165,
Trp156, Arg155

Asn69,

5 Ab42 Leu17, Ala21, Gly29, Asn27, Ala30,
Asp23, Ala42, Leu34

Lys28, Gly29, Ala30, Gly33 Val36

nAChRa7 Tyr37, Tyr173, Asn36, Glu41, Trp171,
Asn38, Gly105, Tyr115,
Lys109, Leu40

Glu67, Lys68, Glu281, Val154 Ile201

6 Ab42 Lys28, Gly38, Val124, Ile41, Gly29, Ile31,
Asp23, Met35, Val39

Phe20, Glu22, Met35, Val39 Ala30, Gly29, Asn27

nAChRa7 Asp64, Asp66, Ser177, Asp111, Ser172,
Lys147, Thr125, Tyr173, Glu120,
Phe122, Arg121

Gln70, Tyr151, Arg155 Val199, Arg227

7 Ab42 Leu34, Phe19, Leu17, Ala21, Val40,
Ile41, Gly38, Asp23, Glu22

Asp23 Gly37, Gly33, Val24

nAChRa7 Glu120, Asp111, Trp171, Tyr173,
Tyr115, Asp119, Arg121, Phe122

Tyr151 Asp119, Lys68, Tyr151

8 Ab42 Asn27, Gly38, Leu34, Val36, Gly25,
Gly33, Ala21, Ala30, Glu22

Gly33, Val40, Ile32,
Ala30, Gly29

Ile31, Gly37, Val39

nAChRa7 Asp111, Ser48, Ser172, Tyr173, Arg42,
Trp176, Ser177, Lys214,
Tyr217, Asp47

Gln70, Lys68, Ser172, Ala280 Asn193, Asp66, Asn69
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Figure 5. Communicating and efficacy sites for all three docking complexes. (A) Cluspro (B) HAADDOCK (C) FireDock. The black
dot represents Ab42 while blue for nAChRa7.
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docked proteins showed little variation from 1.95 to
2.05 nm. A stable behaviour was observed from 0 to
10,000 ps, whereas from 10,000 to 2000 ps time little
fluctuation was observed. Later on, in whole simula-
tion time, no higher fluctuations were observed in
graphs lines and Rg value remains stable at 2 nm. The
comparative results showed that FireDock and ClusPro
(purple and green) structures depict more stability as
compared to HADDOCK graph line (red). The fluctua-
tions in Rg value of docking structure of (HADDOCK)
showed its unstable behaviour in the binding complex
which may results in disturbance of active binding
region nAChRa7, leading to the conclusion that dis-
turbance in receptor may disturb the downstream sig-
naling pathways (Figure 7A).

The SASA results showed that the values of ClusPro
and FireDock complexes are centered on 127 nm2 in
the simulations graphs while HADDOCK graph line

was centered at 112 nm throughout the simulation
time 0–50,000 ps. Our MD analyses showed that con-
formational positions in both ClusPro and FireDock
docking servers were remained stable compared to
HADDOCK results (Figure 7B).

The mechanistic pathway of nAChRa7 in
memory loss

The nAChRs are ion channels proteins widely distrib-
uted in the neuromuscular junction, autonomic gan-
glia and mostly in the brain [8–10]. The aggregated
Ab42 binds with transmembrane receptor nAChRa7
and activates mitogen-activated protein kinase and
extracellular-signal regulated kinase (MAPK/ERK) pro-
teins. Both MAPK/ERK signalling proteins undergo
phosphorylation and disturb the memory through
binding with CREB [13,16,52,53] (Figure 8). Another,

Figure 6. RMSD graph of all the docking structures from 0 to 50,000 ps simulation time frame. (B) RMSF graphs fluctuations of
backbone residues in simulation time. Green, red and purple colors represent the ClusPro, HADDOCK and FireDock dock-
ing complexes.

Figure 7. Rg graph of all the docking structures from 0 to 50,000 ps simulation time frame. (B) SASA graph of protein backbone
residues in simulation time 0–50,000 ps. Green, red and purple colors represent the ClusPro, HADDOCK and FireDock dock-
ing complexes.
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prior research also revealed that the Ab-peptide alters
the hippocampal-dependent synaptic plasticity, mem-
ory and mediates synapse loss through the CREB sig-
naling pathway. Moreover, CREB signaling is essential
for long-lasting changes in synaptic plasticity that
mediates the conversion of short-term memory to
long-term memory [54].

Discussion

We have implemented molecular docking and MD
simulation techniques to understand the mechanistic
insights of Ab42 interactions against extracellular
domain nAChRa7. The sequential (MSA) results
depicted that all the extracellular domains of acetyl-
choline receptors showed a unique similarity and con-
served sequence pattern which increases their
significance as a target structure to cure AD. The over-
lapped structural results also showed the close similar-
ity in all nAChRs structures which showed their core
conservation pattern and its significance in humans.
Based on both sequence and structural results it can
be predicted that nAChRa7 could be used as novel
target to AD. However, literature data also depicted as
nAChRa7 has strong interaction with Ab42 [39], there-
fore, by exploring the common interacting residues in
both interacted proteins, it could be helpful to better
understand the target protein (nAChRa7) and to
design some new drug which may work in the treat-
ment of AD.

The protein–protein docking is the most significant
approach to explore the functional binding sites and
interacted residues among target structures [43,44,55].
The HB play an important role in strengthening the
docked complex. The prior research data showed suit-
able HB distances from 1.9 to 2.5 Å and 1.5 to 3.8 Å,
respectively [49–51]. In our docking results the binding
interaction patterent and bond lengths were quite
comparable with the standard values. The common
interacted residues Glu22, Ala42, Trp171, Ser129 and
Val132 were observed in all docking results may con-
sidered as the active key player in the activation of
downstream signalling pathways. The signal communi-
cation and efficacy of docking results showed that, in
Cluspro results the Ab42 residues (black circles) dis-
played little scattered pattern against nAChRa7, while
FireDock and HADDOCK results showed Ab42 residues
were accumulated in unique pattern.

MD simulation results showed the stability of pro-
tein structures by generating RMSD, RMSF, Gyration
and SASA graphs. The comparative analyses of MD
simulation results justified that ClusPro docking com-
plex showed good stable results compared to
HADDOCK and FireDock results in simulation time
period. Moreover, RMSF results of all three docking
protein structures dynamically fluctuated from resi-
dues N to C terminals (2 to 215 AA). Three fluctuation
peaks higher than 0.8 nm appeared in the graph.
Residues around 110 and 210 positions showed higher
fluctuations in loop regions. The comparative results
justify that HADDOCK loop regions showed higher
fluctuations compared to ClusPro and FireDock.
Furthermore, gyration and SASA results also show the
significance of protein stability in binding interaction.
Our MD analyses showed that conformational posi-
tions in both ClusPro and FireDock docking servers
were remained stable compared to HADDOCK results.
Our computational analysis showed the binding pat-
tern of aggregated Ab42 against nAChRa7 and their
involvement in AD. Moreover, nAChRa7 could be used
as novel target to design novel pharmaceutical agents
against AD.

Conclusions

Proteins interact with counter partners and perform
functions through the cascade of signaling pathways
[56]. The MSA results depicted that extracellular
domain of nAChRa7 showed a conserved sequence
pattern among other (nAChRs) which increases their
significance as a target structures in the betterment of
human disease. Docking results justified that the

Figure 8. Possible mechanistic pathway of nAChRa7 leading
to AD. Gray color nAChRa7 receptor molecule is embedded in
bipolar membrane. The aggregated Ab42 interacts with
nAChRa7 and activates MAPK/ERK signaling cascade.
Phosphorylation of these signaling proteins enhanced the
CREB transcription factor which results in memory loss in
hippocampus.
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extracellular part of nAChRa7 and Ab42 has similar
interaction pattern in all three docking servers.
Docking results also highlight three common residues
(Glu22, Ala42 and Trp171) in both proteins (nAChRa7
and Ab42) which can be consider as the key player in
the activation of downstream signaling pathways. The
RMSD, RMSF, SASA and Rg generated graphs showed
the good stable behaviour of target proteins. Based
upon aforementioned data, our in silico analysis
depicted that nAChRa7 could be used as novel target
to design some novel chemical scaffolds against AD.

Future perspectives

In future, the aforementioned results may open a new
gateway for the designing of some novel chemical
inhibitors by taking nAChRa7 as a target protein.
Recently, most of medicinal chemists and pharmaceut-
ical industries are synthesizing medicinal scaffolds for
AD by targeting cholinesterase (acetyl and butyrylcho-
linesterase). However, our research may help him to
design some new chemical inhibitors for the treat-
ment of AD by taking nAChRa7 as a new therapeutic
target molecule.
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