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Abstract: Alzheimer’s disease (AD) is an incurable neurodegenerative disorder that requires innovative
therapeutic strategies for addressing its underlying causes, rather than simply managing its symptoms.
In this study, a computational drug repurposing approach was used to target the human excitatory amino
acid transporter 2 (EAAT?2), a key regulator of glutamate homeostasis whose dysfunction is implicated
in Alzheimer’s disease (AD). Molecular docking-based virtual screening of 2,892 FDA-approved drugs
revealed metocurine as a promising EAAT2 receptor agonist with strong binding affinity and favorable
interactions. Molecular dynamics (MD) simulations for 100 ns confirmed the stability of the
metocurine-EAAT2 complex by maintaining hydrogen bonds, hydrophobic, and ionic interactions over
time. Analyses of root-mean-square deviation (RMSD) and fluctuation (RMSF) supported the
complex’s structural thermodynamic stability and its conformational compatibility with itself. These
results suggest that metocurine is a promising candidate for EAAT2-targeted therapy in AD, warranting
further in vitro and in vivo studies to evaluate its therapeutic effectiveness and biological safety.
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1. Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that leads to
significant deterioration of brain function, particularly affecting memory. It occurs worldwide
and impacts millions of people, especially older people. The condition is characterized by a
gradual decline in cognitive abilities, including memory loss, language difficulties, and poor
judgment. Researchers have not found a single definitive cause of Alzheimer’s disease. Instead,
they believe it develops from a combination of genetic, environmental, and lifestyle factors. A
key feature of the condition is the buildup of beta-amyloid protein in the brain, which triggers
inflammation and forms sticky plaques. These plaques disrupt nerve signal transmission,
contributing to the progression of Alzheimer’s [1,2]. Brain cells die due to inflammation and
plaques, leading to brain tissue shrinkage. Cognitive issues, such as language problems,
decision-making difficulties, and personality changes, often begin with minor memory loss. As
the disease progresses, individuals may have difficulty performing ADLs, such as washing and
dressing [3,4]. As the disease advances, individuals with Alzheimer's may become entirely
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dependent on their caregivers and unable to communicate with others. Alzheimer's disease, the
most common form of dementia, accounts for approximately 60-80% of all dementia cases.
According to the World Health Organization (WHO), around 50 million people worldwide are
living with dementia, with Alzheimer's making up a significant portion of that number. The
WHO predicts that by 2030, 82 million people will be affected, and by 2050, this number will
reach 152 million. Analysts also project that by 2050, the global cost of dementia care will
have tripled from its 2021 estimate of USD 1.3 trillion [5,6].

In terms of country and regional dominance, AD is most commonly found in high-
income countries, with rates ranging from 5% to 7% among people aged 60 and older.
However, low- and middle-income countries are projected to see an increase in the number by
2030. Alzheimer's disease affects women more than men, making up nearly two-thirds of those
with the disease. This may partly be because women tend to live longer than men, but other
biological and environmental factors could also play a role [5,7]. Early prevention and
intervention are crucial for managing the global impact of Alzheimer's disease. However,
currently, there is no cure for AD, although lifestyle changes like regular exercise and a healthy
diet have been shown to reduce the risk of developing the disease. Additionally, those affected
can benefit from symptom management and an improved quality of life through early detection
and treatment.

Currently, no cure exists for this disease, but medications are available to help manage
symptoms. Since no specific treatment options are yet available, there is a strong need to
develop targeted and effective therapies for the prevention and treatment of this deadly disease.
Continuing research to develop new therapies for this debilitating condition is essential.

EAAT2 is a protein that plays a key role in maintaining normal levels of the
neurotransmitter glutamate in the brain. It is mainly found in glial cells called astrocytes, which
surround neurons. In AD, the progressive loss of neurons results in declining cognitive
function. Research indicates that there is a reduction in EAAT2 expression in the brains of
Alzheimer's patients, leading to glutamate accumulation and an increased risk of neuronal
damage [8-11]. It is believed that activation of inflammatory pathways in the brain, which can
damage astrocytes and impair their ability to regulate glutamate levels, causes the loss of
EAAT2 expression in Alzheimer's disease. This makes cognitive impairment and neuronal
damage caused by Alzheimer's disease worse. Evidence from multiple studies suggests that
increasing EAAT2 expression in the brain could be a potential treatment target for Alzheimer's
disease [12-14]. This could be achieved by enhancing EAAT2 expression or by developing
medications that act as agonists of the EAAT2 protein. To discover new treatments for
Alzheimer's disease, this study employed a docking-based computational repurposing strategy
to identify agonists for the human EAAT?2 receptor.

2. Materials and Methods

2.1. Ligand library.

A library of 2892 FDA-approved drugs with diverse structural compositions was used
in the current study [15-19]. The above-mentioned ligand library was procured from the Zinc
is Not Commercial (ZINC) database. The downloaded ligand library is intended for
computational screening against the human EAAT2 receptor, which is involved in
neurodegeneration, to identify potential leads with potent binding affinity for the receptor [20—
24].
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2.2. Macromolecular target selection and preparation.

The excitatory amino-acid transporter-2 (EAAT2) receptor primarily mediates
glutamate reuptake from the synaptic cleft, and its overexpression increases glutamate
concentration in neurons, leading to a toxic effect and neurodegeneration [8,12]. Specifically,
EAAT2 is actively involved in the glutamate reuptake within the neuronal synaptic clefts in
the human brain. The upregulation of EAAT2 has been shown to decrease glutamate reuptake
rate and reduce the risk of excitatory neurodegeneration [25-28]. Thus, EAAT2 is an important
target for controlling glutamate concentration in the neurons. In an ongoing study, we are
identifying a potent EAAT2 agonist to develop novel therapeutics for the treatment of
neurodegenerative disorders such as Alzheimer’s disease [29-31]. A three-dimensional model
of the EAAT2 complexed with WAY-213613 (PDB ID: 7xr6) was obtained from the RCSB
PDB database [32,33]. To create nascent receptor and ligand molecules for the docking study,
the downloaded EAAT?2 and the complexed ligand were deleted individually.

2.3. Molecular docking studies.

Autodock software version 4.2 was used for the molecular docking analysis. The
nascent EAAT?2 receptor was redocked with the isolated reference ligand WAY-213613. The
Autodock software uses a Lamarckian Genetic Algorithm (LGA) to perform docking analysis,
employing a population size of 150, 2.5 million energy evaluations, and 27,000 generations
across 30 independent runs for each ligand. The docking protocol and parameters were
validated by comparison of binding scores, structural alignment, and chemical interactions to
confirm that the docking simulation accurately reproduced the binding mode observed in the
reference bioactive complex [34-37]. The prepared plant-based ligand library was
computationally screened against the human EAAT2 receptor by using validated docking
parameters.

2.4. Molecular dynamics simulation.

Metacurine was selected for MD simulation based on its pharmacokinetic and safety
profile properties, as shown in the docking data. A 100 ns MD simulation was performed using
the Desmond module of the Schrodinger software after a macromolecular complex was created
by EAAT2 and metocurine [38—40]. To construct an atomic model of these complexes, we first
included explicit solvent molecules, neutralised the system, and then added the ions required
to attain neutrality. The Desmond uses the OPLS 2005 force field, which is ideal for high-
accuracy MD simulations of ligand-protein complexes. Steric conflicts and weak atomic bonds
were relaxed using the steepest descent method to reduce the system's energy. The system was
brought to equilibrium through the use of brief NPT (low-temperature, constant-pressure)
simulations [41-45]. In addition to the limits imposed by the placement position, the
temperature is gradually increased. This assists in the preparation process, which, in turn,
ensures that the system is stable and equilibrated prior to the simulation [46-51]. To get the
desired results, the system's energies, RMSD values, and atomic coordinates are considered
during the 100 ns simulation. This sheds light on the complex’s structural and functional
stability across time, as well as its dynamics and behaviour.
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3. Results and Discussion

3.1. Macromolecular target selection and preparation.

The structural model of the human EAAT2 receptor was revealed by electron
microscopy technique at a resolution of 3.40 A. The EAAT?2 receptor has a trimeric chain
consisting of 574 amino acids, out of which a single chain was procured by removing the
remaining two chains. For the docking research, the bound ligand WAY-213613 is removed
from the monomeric chain to obtain the nascent EAAT2 receptor.

3.2. Molecular docking studies.

The docking approach used in this study was confirmed by redocking the EAAT?2
receptor structures with the reference ligand WAY-213613. The reference ligand was found to
exhibit reversible binding with sufficient strength within the macromolecular active site, as
revealed by the binding score falling within the range of -5 to -15 kcal/mol, which successfully
validated the currently used docking parameters, including grid parameters. The grid
dimensions used for docking of the EAAT2 receptor include X, y, and z dimensions of 40 x 40
x 40, with a spacing of 0.442 A and x-center at 123.276, y-center at 162.328, and z-center at
121.519. Furthermore, it has been noted that the docked conformation of the reference ligand
exhibits chemical interactions with the target EAAT2 receptor that are identical to those in its
bioactive crystallised macromolecular complex. This suggests that the binding occurs in the
same way as it does in the human body. At last, the validation results have shown that the
docking methodology under consideration is mimicking the natural human body's EAAT2
receptor complexation process with the reference ligand. The validated docking parameters
were used to screen a previously collected ligand library of 2892 FDA-approved
pharmaceuticals against the constructed EAAT2 receptor. After the virtual screening was run,
the lead compounds were narrowed down based on their lowest binding score and maximum
binding interactions with the macromolecular target. The results for the leads targeting the
EAAT?2 receptor considered are shown in Table 1, along with the binding scores and interacting
macromolecular residues.

Table 1. Binding score and interacting residues for the shortlisted leads against the EAAT2 receptor.

S. No. Zinc Name Structure Binding
energy
1 ZINC03830925 Idarubicin -10.73
2 ZINC01550477 Lapatinib -10.71
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Based on the best binding energy obtained against the EAAT2 receptor and the
observed binding interaction, metocurine was shortlisted to proceed for MD simulation
analysis. Figure 1 shows the two- and three-dimensional binding interactions of metocurine
with the EAAT?2 receptor.
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Figure 1. Binding Interactions: Two-dimensional binding interactions and three-dimensional binding
conformation of the metocurine with the human EAAT2 receptor.
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3.3. MD simulation.

The human EAAT?2 receptor complexed with metocurine was selected for MD
simulation over 100 ns to evaluate its thermodynamic stability over time. According to reports,
the stability of the drug-receptor complex must be sufficient to carry out the therapeutic
response within a nanosecond. Consequently, Desmond software was used to conduct a 100 ns
MD simulation for every macromolecular complex. The data from molecular dynamics
simulations show that the EAAT2 target protein consists of a single long chain of 424 amino
acids. Out of a total of 6589 atoms, 3179 of them are heavy and make up the EAAT2 receptor.
The structural changes and thermodynamic stability of the macromolecular backbone were
revealed by RMSD analysis over a 100 ns time window. Metocurine, a complex ligand,
contains 96 atoms in total, 12 of which are rotatable links with 48 heavy atoms. Following the
first 20 ns of the simulation, the human EAAT2 receptor complexed with metocurine reached
a stable conformation, which was preserved throughout the 100 ns simulation, according to the
trajectories. During the first 20 nanoseconds, there was a noticeable fluctuation in both the Ca
protein backbone and the complex metocurine. There was a range of RMSD values from 2.4
to 5.0 A for the macromolecular backbone. Still, the complex metocurine exhibited a couple of
conformational changes at the macromolecular site in the first 20 ns before stabilising at a range
of 3.5-5.0 A for the rest of the simulation.

After 100 nanoseconds of simulation, the RMSD of the complex metocurine and the
human EAAT2 macromolecular backbone is shown in Figure 2.
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Figure 2. Root mean square deviation: while conducting a 100 ns MD simulation, the observed root mean
square deviation (RMSD) for the Ca chain of EAAT2 complexed with methocurin was monitored.

The RMSF of a protein or ligand structure is the dispersion of its atoms around their
mean location. When testing the pliability and dynamics of a ligand or protein molecule, it is
an invaluable tool. Protein RMSF is important because it indicates the flexibility of different
regions, which helps assess stability and predict protein dynamics. MD analysis revealed that

the RMSF of the protein backbone varies between 1.0 and 3.5 A across different residues in

the EAAT?2 receptor complexed with metocurine. In contrast, the RMSF of metocurine ranges
from 1.0 to 2.0 A. The observed RMSD and RMSF values obtained after MD simulation
indicate that the macromolecular complex maintains a high degree of stability throughout the
simulation, which is required for the initiation of a therapeutic response. Because of the
agonistic activity of metocurine, which is necessary to initiate the intended therapeutic effect,
there is a high fluctuation in certain of the critical macromolecular residues, which validates
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the target protein's conformational alteration. Figure 3 displays the RMSF detected during MD
analysis of the human EAAT?2 backbone and the complexed ligand metocurine.
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Figure 3. Root mean square fluctuation: the RMSF for the human EAAT?2 receptor complexed with Methocurin
was found during a 100 ns MD simulation.
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In a molecular dynamics (MD) model, the formation of hydrophobic contacts, ionic
interactions, and hydrogen bonding explains why a protein-ligand complex is stable. As part
of our evaluation of the ligands' longevity in both macromolecular complexes, we consistently
monitored the strength of these interactions throughout the simulation. During the simulation
procedure, the interaction between the metocurine and the human EAAT2 receptor shows
hydrophobic interactions with the amino acids Leu47, Met285, Ala365, Met398, Ala439, and
Ala440. Residue Asp471 interacts via an ionic bond; residues Ser288 and Ser436 interact via
hydrogen bonds; and Ser444 and Gly446 form a hydrogen bond with the metocurine. The
reference inhibitor WAY-213613 interacts with key macromolecular residues Ser441, 1le464,
Leud67, and Val468 for an antagonistic effect. In contrast, the identified agonist metocurine
does not interact with any of the above-mentioned residues throughout the simulation. Figure
4 illustrates the interacting residues of the human EAAT?2 receptor with metocurine.

1.0
0.8 4

0.6

0.4 :
0.2 4 [ |

O . I
ool —F- BN T

Doy ,\"‘\Q’}ﬁ”\?’%’:}b@bz ca QQ’GNQ&‘;‘O")@&& b?@p%pﬁ%&‘bh R (",@"@'\'\;,;\""\“"\"'a

EES N0 S Bhs Rt RSt b e

Figure 4. Protein-ligand contacts: the human EAAT2 receptor and metocurine have been studied for their
protein-ligand interactions. Various coloured bars were used to depict the interactions; green bars stood for
hydrogen bonds, blue for water bridges, and purple for hydrophobic interactions.

4. Conclusions

Finally, our research centred on identifying potential Alzheimer's disease treatments
targeting the human EAAT?2 receptor using a computational drug repurposing strategy. We
selected the EAAT2 (Excitatory Amino Acid Transporter 2) receptor for docking analysis
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because of its crucial role in maintaining glutamate balance in the central nervous system.
Mainly found in astrocytes, EAAT2 handles about 90% of extracellular glutamate removal. In
Alzheimer's disease (AD), reduced or impaired EAAT2 function leads to excess glutamate
buildup in the synaptic cleft, causing excitotoxicity, an overload of neuronal stimulation that
damages neurons and impairs cognition. Consequently, EAAT2 has become a key target for
neuroprotection efforts. Thus, enhancing or mimicking its activity could help reduce glutamate
toxicity and slow neurodegeneration in AD.

Metacurine was found to be a promising candidate with drug-like characteristics and a
favourable binding affinity through molecular docking-based virtual screening and subsequent
dynamic simulation investigations. These results provide fresh evidence that targeting the
EAAT2 receptor with already-existing pharmaceuticals might provide a more efficient and less
expensive way to treat Alzheimer's disease. Our research sheds light on how computational
drug repurposing could help find new uses for metocurine, which could pave the way for more
effective treatments for neurodegenerative disorders like Alzheimer's. To confirm the
effectiveness and safety of these drugs for clinical usage, additional in vitro and in vivo
investigations are necessary.
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