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Simple Summary: The present computational study shows that Lumateperone possesses a strong
attraction to the S-Protein and TIM-1 receptor of the host as well as to their complex. It was observed
that the binding energy of the S-Protein/TIM-1 complex decreases in the presence of Lumateperone.
In conclusion, this computational study predicts the possibility of using Lumateperone against the
Ebola virus as a therapeutic strategy.

Abstract: The Ebola virus outbreak in Africa is an unparalleled risk to society and to human health.
Interventions that utilize the host cell receptor TIM-1 and the viral spike protein (S-protein) can be
considered effective and suitable treatments. Initially, we identified Lumateperone as a candidate
drug for the S-protein using the LEA3D tool; then using molecular modeling and docking, we
investigated the binding efficiency of Lumateperone with the S-protein and its TIM-1 receptor. The
present computational study shows that Lumateperone possesses a strong attraction to the S-protein
and the TIM-1 receptor of the host as well as to their complex. It was observed that the binding
energy of the S-protein/TIM-1 complex decreases in the presence of Lumateperone. A significant
decrease of 395.75 kJ/mol (Lumateperone bound to the S-protein) and 517.19 kJ/mol (Lumateperone
bound to the TIM-1 receptor) of binding energy was observed in the S-protein/TIM-1 complex in
the presence of Lumateperone compared to their direct binding. We also noticed that Lumateperone
was binding with the residues in the S-protein (Asn461) and the TIM-1 (Trp274 and Asn275) receptor
that were involved in making the S-protein/TIM-1 complex. In the presence of Lumateperone, the
simulation analysis also supports the above findings on the effectiveness of Lumateperone in delaying
the establishment of the complex of the S-protein/TIM-1. In conclusion, this computational study
predicts the possibility of Lumateperone as a therapeutic strategy against the Ebola virus.

Keywords: Lumateperone; S-protein/TIM-1 complex; Ebola virus; binding energy

1. Introduction

The Filoviridae family, including the Ebola virus, causes haemorrhagic fevers and a
high death rate in humans. Presently, there is no effective treatment for the Ebola virus [1].
The Ebola virus (EBOV) RNA genome is approximately 18.9 kb in size. It is a single-stranded,
non-segmented (-)RNA and codes for at least eight different proteins. The nucleoprotein
(NP), polymerase protein (L), VP24, VP30, and VP35 form the ribonucleoprotein complex.
On the virion envelope, the glycoprotein (GP) forms spikes on the surface, while VP40 is
associated with the inner surface, which is the matrix protein [1,2].
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The GP gene encodes the surface glycoprotein (GP). It has vital roles in the patho-
genesis and infection of the virus, and during virus replication, its expression is tightly
controlled [3]. It has been documented recently that the level of GP1 and GP2 expression
controls the production and release of the virus [4]. The Ebola virus comprises different
structural proteins such as spike (S), envelope (E), membrane (M), and the nucleocapsid (N)
proteins [4]. The S-protein is glycoprotein in nature. In human cells, the Ebola virus enters
through the binding of the surface spike protein with a receptor protein (T-cell immunoglob-
ulin mucin domain-1 (TIM-1)) present on the membrane of human cells. This facilitates the
virus–host cell membrane fusion and receptor binding. A schematic representation of the
inhibition of the virus S-protein through Lumateperone is shown in Figure 1.
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Figure 1. Graphical representation of the binding of the viral S-protein with the TIM-1 cellular
receptor. The presence of Lumateperone inhibits the S-protein and TIM-1 interaction and eventually
prevents viral entry into the cell.

In the endosomal compartment of human cells, several cell surface receptors facilitate
filovirus attachment and incorporation, i.e., phosphatidylserine (PS) receptors [5,6] and
C-type lectin receptors [7,8]. PS receptors do not bind with the virus glycoprotein (GP) but
interact with PS on the surface of the virion lipid membrane, which causes the incorporation
of virus particles into the endosomal compartment [6,9]. This process of viral entry is known
as apoptotic mimicry [10,11].

The T-cell immunoglobulin mucin domain (TIM) family is one of the most important
families of PS receptors [12]. The type I cell surface glycoproteins (GPs) are members of
the TIM protein family. Whereas in mice the functional family members are four, “TIM-1,
TIM-2, TIM-3, and TIM-4”, in humans there are only three: “TIM-1, TIM-3, and TIM-4”.
Murine TIM-1 (mTIM-1) and mTIM-4 and human TIM-1 (hTIM-1) and hTIM-4 can assist as
enveloped viral receptors, while the other members cannot [11,12].

Previously, Lumateperone has been reported as a serotonin transport inhibitor. It
causes inhibition in a mesolimbic-specific manner, raising the glutamatergic N-methyl-D-
aspartate (NMDA) GluN2B receptors phosphorylation in the human body [13]. There is no
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information about the binding of Lumateperone with the S-protein of the Ebola virus and
its host cells cognate receptor TIM-1.

Through this backdrop, the current study examines the binding of Lumateperone with
the virus S-protein and the host cells cognate receptor TIM-1 using computational methods.
The computational methods (molecular docking and simulation) are the best approaches to
study this type of binding mechanism before experimental studies, which are costly and
take more time.

In addition, the enhancement in the reliability, speed, and accuracy of computational
docking approaches in last few years make it an appropriate alternative to drug design,
which is structure-based. The current study includes molecular modeling and docking
results of Lumateperone with the S-protein of the Ebola virus along with the host cell TIM-1,
which is a virus S-protein cognate receptor in the human body.

2. Materials and Methods
2.1. Protein 3D Structure Prediction

The 3D structure of the Ebola virus S-protein and the human cell immunoglobulin
mucin domain-1 (TIM-1 receptor) was designed using online tools I-TASSER. I-TASSER
(Iterative Threading Assembly Refinement) is a bioinformatics method for predicting the
three-dimensional structural model of protein molecules from amino acid sequences using
a technique called fold recognition (or threading) [14]. The 3D models were verified using
the PROCHECK tool in the form of a Ramachandran plot [15]. Ramachandran is used for
the measurement of angles in amino acids (proteins). The protein sequence of the S-protein
(Uniprot id# Q05320) and the TIM-1 receptor (Uniprot id# Q96D42) was obtained from the
online Uniprot database [16].

2.2. Ligand Selection

Ligand selection was performed using the LEA3D tool [17] with its virtual screening
tool. LEA3D is used to perform computer-aided drug design based on molecular fragments.

2.3. Drug Target Prediction

Drug target prediction was carried out using the Swiss Target predication tool [18].
The Swiss Target predication tool predicts results in the form of a pie chart identifying the
actual mode of action of the drug in the body.

2.4. Molecular Dynamic Simulation

Molecular Dynamic Simulation was performed using the iMods online tool [19]. This
is an online tool and is useful for exploring the collective motions of biological macro-
molecules. As we had identified Lumateperone as a candidate target for the S-protein,
we further confirmed the interaction between the TIM-1 receptor and the Lumateperone
molecule. With the iMods online tool, we calculated B-factor/mobility, eigenvalues, the
covariance map, and the elastic network of the docked complex of the TIM-1 receptor and
the Lumateperone molecule [19].

2.5. Protein–Protein Docking

ClusPro2.0 [20] (an automated rigid body-docking tool) was used in the presence and
absence of Lumateperone for the S-protein/TIM-1 protein docking analysis. With respect
to the clustering properties and by considering various protein parameters, this tool helps
in screening docked conformations. The filtered conformations selection was based on
the assessment of empirical free energy. For the assessment of free energy, both the lower
desolvation and electrostatic energy were also considered. Piper is a rigid docking tool
based on FFT, which provides 1000 low-energy outcomes; therefore, it helps the ClusPro
clustering program detect native sites. Among the predicted models, only the lowest
binding energy model was selected.
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2.6. Molecular Docking Analysis of S-Protein, TIM-1 with Lumateperone

AutoDock Tools 1.5.6 [21] (molecular docking program) were used for the estimation
of binding free energy of the S-protein and TIM-1 with Lumateperone. From the PubChem
database [22], the canonical SMILES id of Lumateperone was obtained. CHIMERA 1.11.2 [23]
was used to visualize the 3D structures. The affinity of the S-protein and TIM-1 to bind with
Lumateperone was examined by AutoDock Vina 1.1.2 [21]. Discovery Studio 2020 [24] and
Ligplus+ tool [25] visualized and analyzed the results of the docking studies.

2.7. Physiochemical Properties of Lumateperone

The physiochemical properties of Lumateperone were obtained using the online
SwissADME tool. The SwissADME tool [26] provides lipophilicity, water solubility, phar-
macokinetics, medical chemistry, and druglike properties of Lumateperone.

3. Results
3.1. Structural Modeling

The 3D models of the S-protein and TIM-1 were designed using the I-TASSER tool
and then cross-checked through the RaptorX (http://raptorx.uchicago.edu) tools as in
Figure 2. The 3D models were further verified by Ramachandran plot. The Ramachandran
plot verified that in both the S-protein and the TIM-1 structure, residues were present in
the favored and allowed regions. In the case of the TIM-1 structure, residues of favored
and allowed regions were 56.1% and 35.7%, respectively, (Supplementary Figures S1–S3)
while in the case of the S-protein, residues present in favored and allowed regions were
47.1% and 36.9%, respectively, (Supplementary Figures S1 and S2).
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Figure 2. (a) 3D structure of the TIM-1 receptor protein, both ribbon and balloon; (b) 3D structure of
the Ebola virus S-protein, both ribbon and balloon, designed using the I-TASSER tool.

3.2. Ligand Selection and Its Validation

Considering a best possible drug for the Ebola virus S-protein using its 3D models,
LEA3D predicted Lumateperone as the best possible candidate drug for the S-protein by

http://raptorx.uchicago.edu
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screening the United States Food and Drug Administration (FDA or USFDA) reported
drugs. After the identification of Lumateperone as a candidate drug, further computational
study was undertaken. The mode of action of Lumateperone in the human body is shown
in Supplementary Figure S3. However, the physicochemical properties of Lumateperone
are summarized in Table 1.

Table 1. Physiochemical properties of Lumateperone.

Physiochemical Properties Lipophilicity

Formula C24H28FN3O Log P o/w (LOGP value) 3.68

Molecular weight 393.5 g/mol Log P o/w (XLOGP3 value) 3.77

Number of heavy metal 29 Log P o/w (WLOGP value) 3.19

Number of aromatic heavy metal 12 Log P o/w (MLOGP value) 3.43

Fraction Csp3 0.46 Log P o/w
(SILICOS-IT value) 3.71

Number of rotatable bonds 5 Consensus Log P o/w 3.56

Number H bond accepters 3 Pharmacokinetics

Number H bond donors 0 CYP2C19 inhibitor (Cytochrome P450 2C19 inhibitor) No

Molar refractivity 124.38 CYP2C9 inhibitor (Cytochrome P450 2C9 inhibitor) No

TPSA (topological polar surface area) 26.79 A2 CYP2D6 inhibitor (Cytochrome P450 2D6 inhibitor) Yes

Consensus Log P o/w 3.56 CYP3A4 inhibitor (Cytochrome P450 3A4 inhibitor) Yes

Water Solubility Log Kp (skin permeation) −6.02 cm/s

Log S (ESOL) −4.63 CYP1A2 inhibitor (Cytochrome P450 1A2 inhibitor) No

Solubility 9.20 × 10−3 mg/mL;
2.34 × 10−5 mol/L

P-glycoprotein substrate Yes

Class Moderately soluble Blood–Brain barrier permeant Yes

Log S (Ali) −4.03

Gastrointestinal absorption High

Solubility 3.71 × 10−2 mg/mL;
9.42 × 10−5 mol/L

Class Moderately soluble

Log S (SILICOS-IT) −6.15

Solubility 2.78 × 10−4 mg/mL;
7.06 × 10−7 mol/L

Class Poorly soluble

3.3. Molecular Docking
3.3.1. Protein–Protein Docking

In the case of protein–protein docking, we first performed docking of the S-protein and
the TIM-1 receptor. Residues involved in interactions in both the S-protein and the TIM-1
receptor are summarized in Table 2, while the 2D schematic representation of interactions
is shown in Figure 3a. The lowest docking energy among all the predicted models of
the S-protein and the TIM-1 receptor complex was about 900 kJ/mol in the absence of
Lumateperone. A 3D representation of the viral protein and the TIM-1 receptor with
respective energy is shown in Figure 4.
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Table 2. The interacting residues and bonding in protein–protein and protein–substrate interaction.

Receptor–Ligand Interaction Type of Interaction Interacting Residues

S-protein–Lumateperone

Pi-Donar Hydrogen Bond Asn461
Pi Sigma Ala349

Alkyl Ile626,Val353
Pi-Alkyl Ala459

TIM-1 receptor–Lumateperone

Van der Waals Thr241, Ile246, Asn277, Ser201, Asn276, Asp271
Conventional Hydrogen Bond Asn221

Carbon Hydrogen Bond Asn275
Pi–Cation Arg219

Pi–Pi stacked Trp274
Pi–Alkyl Bond Ala245

Protein–Protein Interaction
(S-Protein/TIM-1) Type of Interaction Interacting Residues

S-protein residues Hydrogen Bond Interaction
Lys56, Arg54, Asn461, Asn514, Asn463, Glu359,

Ser363, Thr367, Val181, Asp632, Lys633,

TIM-1 receptor residues Thr363, Asp364, Gln278, Asn275, Trp274,
Lys317, Ser303, Ala339, Lys338, Gln336

Note = Bold residues are residues of S-protein and TIM-1 protein that interact with Lumateperone.

It was observed that in presence of Lumateperone, the binding energy of the S-
protein/TIM-1 decreases during protein–protein interaction. A significant decrease of
395.75 kJ/mol (Lumateperone initially binds to the S-protein) and 517.19 kJ/mol (Lu-
mateperone initially binds to the TIM-1 receptor) of binding energy was detected in the
presence of Lumateperone during the binding of the S-protein/TIM-1 compared with their
(S-protein/TIM-1) direct binding (in the absence of Lumateperone) as shown in Figure 5.
The site of the interaction of the S-protein and the TIM-1 receptors before and after the
docking of Lumateperone, i.e., the interaction of the S-protein and the TIM-1 receptor
when Lumateperone initially docked with the TIM-1 protein and vice versa, is shown in
Table 3. Thus, it can be assumed that the binding of the S-protein and the TIM-1 receptor
can be hindered by Lumateperone and vice versa. Furthermore, we can conjecture that
Lumateperone would definitely make it easier to repurpose/design effective treatment to
prevent the virus from entering cells.

3.3.2. Protein–Substrate/Drug Docking

In case of protein–substrate/drug docking, first we performed the docking of the S-
protein with Lumateperone. S-protein residues involved in interacting with Lumateperone
include Asn461, Ala349, Ile626, Val353, and Ala459 through different bonding as shown
in Table 2 and Figure 3b. Among these residues, Asn461 was the common residue of
the S-protein that was involved in interacting with Lumateperone as shown in Figure 3.
Moreover, in the case of Lumateperone and TIM-1 docking, residues involved in interacting
included Thr241, Ile246, Asn277, Ser201, Asn276, Asp271, Asn221, Asn275, Arg219, Trp274,
and Ala245 through different bonding shown in Table 2. Additionally, common TIM-1
residues that were involved in interacting with both S-protein and Lumateperone include
Trp274 and Asn275. A complete description of results is shown in Figure 3.

3.4. Molecular Dynamic Simulation of TIM-1 and Lumateperone Docked Complex

Figure 6a shows the main chain deformability of the TIM-1 and Lumateperone docked
complex deformed at each of its residues. The location of the chain ‘hinges’ can be derived
from the high deformability regions. The B-factor of the majority of the interacting residues
was between 250–300 (Figure 6a). The iMOds finding confirms our docking results in
Figure 3.
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Figure 3. (a) 2D representation of the S-protein/TIM-1 interaction showing the interacting residues
of both proteins; the green circle shows the residues of the TIM-1 protein that were interacting with
Lumateperone; the red circle shows the residues of the S-protein that were involved in interacting
with Lumateperone; (b) 2D representation of Lumateperone and S-protein docking, while the red
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and TIM-1 docking; the green arrow shows the common interacting residues on the TIM-1 protein.
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Table 3. Site of interaction of the S-protein and the TIM-1 receptors before and after docking
of Lumateperone.

Lumateperone is docked to the S-protein

S-protein docking sites TIM-1 receptor docking sites Type and number of Bonds

Lys633, Leu481, Asp629,
Asp632, Thr367, Glu472,

Asn514

Lys338, Gln336, Lys318,
Ala339

His285, Gln278

5 hydrogen
2 unfavorable bond

Lumateperone is docked to the TIM-1 protein Gln567, Asp419 Met 1, Thr155 2 hydrogen bonds
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Figure 6. Simulation results of the TIM-1/Lumateperone complex: (a) B-factor mobility of binding
residues; most of the B-factor residues are present between position 250–300 highlighted in the red
box; (b) TIM-1/Lumateperone complex shows the low eigenvalues; at eigenvalue f, the complex
was found to be 1.57330 × 10−6 and confirmed to be an unstable structure; (c) covariance map
showing the stability of binding residues in the red portion; (d) elastic network showing the least stiff
TIM-1/Lumateperone complex, as the least grey color shows that this complex can be broken with
small energy.

Figure 6b shows the motion stiffness of the complex by normal mode linked with the
eigenvalue. The motion stiffness value has a direct relation to the energy needed to distort
the structure. Deformation is easier with a low eigenvalue. The eigenvalue of our complex
was about 1.573330 × 10−6. This means that less energy will be required to deform the
structure (as in Figure 6b).

Figure 6c shows the covariance matrix, which indicates a connection among pairs
of residues, i.e., whether they experience correlated (red), uncorrelated (white), or anti-
correlated (blue) motions. From Figure 6c, you can see that most of the residues in the TIM-1
protein and Lumateperone correlated with each other, giving the best coupling matrix.

Figure 6d reports the pairs of atoms that are linked by springs described by the elastic
network model. Each dot in the graph represents one spring between the corresponding
pair of atoms. The dots are colored according to the stiffness; the stiffer springs are
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indicated by darker grays and vice versa. From the figure, you can see that our elastic
network is less stiff, which shows the best dock complex of the TIM-1 and the candidate
drug Lumateperone molecule (Figure 6d). Overall, finding iMOds confirms our docking
results in Figure 3 about the position of the interacting residues and the interaction of the
drug with the TIM-1 and the S-protein.

4. Discussion

More than 27,000 infections and 11,000 deaths have been reported due to the Ebola virus
(EBOV) outbreak in West Africa [27]. The primary method of treatment is still sympathetic
care, although numerous Ebola virus candidate vaccines and treatment strategies have been
evaluated [28]. However, Ebola virus candidate vaccines have serious side effects such as
increased levels of inflammation and lymphopenia, in spite of a modest efficacy [28].

In humans and other primates, the Ebola and Marburg viruses cause haemorrhagic
fever. There is no cure or effective treatment and 50% to 90% of cases are fatal [27].

Identifying and understanding the way the virus enters cells can help with treatment.
New bioinformatics-based techniques, developed by John Chiorini at NIDCR, are used by
researchers for the identification of the TIM-1 protein as a receptor for Ebola and Marburg
viruses. For infecting cells, both the Ebola and Marburg viruses use the TIM-1 as a receptor
as proven by successive experiments [29]. Their study also proved that on epithelial cells
(that line several tissues in the body such as mucosal surfaces of the airways and in the
eyes), the TIM-1 protein is widely expressed. Moreover, Andrew in 2011, also reported
that infection in cells expressing the TIM-1 protein by infectious Zaire Ebola virus were
blocked by the ARD5 antibody. The results suggest that being able to block Ebola’s entry
into epithelial cells, perhaps with a human-compatible version of the ARD5 antibody, might
provide a way to prevent initial infection and potentially limit the spread of the disease
during an outbreak [29].

Keeping these points in mind, we tried to propose a new candidate drug to control the
entry of Ebola virus into the cell. We identified the candidate drug using the LEA3D tool,
which predicted Lumateperone as a possible candidate drug to inhibit Ebola virus entry
into the cell.

The physiochemical, water solubility, lipophilicity, and pharmacokinetics properties
of Lumateperone were also calculated. Lumateperone’s chemical formula is C24H28FN3O,
and its molecular weight is estimated to be 393.5 g/mol. It has a total of 29 heavy metal
atoms. Lumateperone acts as a CYP2D6 inhibitor (Cytochrome P450 2D6 inhibitor) in the
body. Complete descriptions of its properties are summarized in Table 1.

Lumateperone is a butyrophenone, a typical neuroleptic for schizophrenia therapy,
developed by Intra-Cellular Therapies, approved from Bristol-Myers Squibb. It has recently
been approved for bipolar depression and other neural indications. Somnolence and
dehydrated mouth are the most common side effects [13].

There are no previous data that may show the direct antiviral activity of Lumateperone,
but Vela et al., 2020, while working on human viruses to screen the antiviral molecules from
different compounds, documented that infection of B lymphocytes, caused by a human
herpesvirus, Epstein–Barr virus (EBV), were inhibited by butyrophenone [30].

In another study, Diffley in 2021 screened and identified several drugs that might be
repurposed to treat COVID-19. He reported that Trifluperidol, which is also butyrophenone
and previously was used in the treatment of mania and schizophrenia, is effective to cleave
the coronavirus enzyme Nsp14 mRNA G-N7 cap methyltransferase in the human body [31].

Sze’kelyhidi et al., 2005, documented that for the hepatitis B virus (HBV), the validated
target is the SR protein-specific kinase-1 (SRPK-1). The authors designed and synthesized
different tricyclic quinoxaline derivatives as antiviral agents having the potential to inhibit
kinase and which were selective and active for SRPK-1 kinase. According to experimentally
determined LogP and LogS values, many of these compounds possess drug-like charac-
teristics. Among the identified compounds, one of the compounds was butyrophenone,
which was effective in inhibiting the HBV virus from entering the cell [32].
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In the current study, we initially performed protein–protein docking of the S-protein
and the TIM-1 receptor, and docking sites were noted (Figure 3). We found that the S-
protein interacted with the TIM-1 protein through 11 different residues (Table 2). However,
among those 11 residues, Lys56, Arg54, and Val181 were the residues that were previously
known to be significant for viral entry into the cell. These results confirm the finding of
previous studies [33–37].

In the next step, Lumateperone was docked with the S-protein. The S-protein/Lumateperone
docked complex interacted through five different residues (Table 2); between them,
two residues, i.e., Ala459 and Asn461, were the residues of the highly glycosylated mucin-
like domain of the S-protein (MCD). The MCD domain is from 313–464 on the S-protein [37].
Previously, it has been documented that a major function of the MCD domain is to protect
the glycoproteins from cell surface proteolysis and also protect the cells from attack by
other cells [38]. From these results, we can presume that binding Lumateperone to the
residues of the MCD domain of the S-protein may affect the efficiency of viral entry and
also lessen the viral protective core.

In the case of the TIM-1/Lumateperone docked complex, TIM-1 and Lumateperone
interacted through 11 different residues as shown in Table 2. Between them, two residues,
i.e., Asn461 and Trp274, were the common residues that were also involved in the interac-
tion with the S-protein during the S-protein/TIM-1 docked complex formation (Figure 3).
These results also indicate that Lumateperone could be a possible inhibitor of
S-protein/TIM-1 docking.

Furthermore, we then docked Lumateperone with the S-protein and then docked that
complex with the TIM-1 receptor. Similarly, in the next step, we docked Lumateperone first
with the TIM-1 receptor, and then that complex was docked with the S-protein. In this way,
we obtained two different complexes. In the first, Lumateperone was initially docked with
the S-protein. In the second, Lumateperone was initially docked with the TIM-1 receptor
as shown in Figure 5. We found that in both the complexes, Lumateperone decreased the
binding energies of the S-protein/TIM-1 complex. Lumateperone was docked either with
the S-protein or the TIM-1 receptor before complex formation (Figures 4 and 5). Moreover,
we knew that the lower the binding energy, the more unstable the complex would be [39].
So, we obtained a more unstable complex in the case where Lumateperone was bound
either to the S-protein or the TIM-1 receptor in the complex. Not only did the bind energies
of the complexes decrease, but the interaction between the S-protein and the TIM-1 protein
also decreased in terms of interacting residues, the position of the interacting residues, and
the bonding of interacting residues as in Table 3.

From various evidence, the results attained in this study showed that Lumateperone
binds mostly to the region of the S-protein which is vital in binding with host cell [40].

Moreover, it was observed that Lumateperone binds to the TIM-1 at sites which served
as a medium for virus entrance, i.e., Lys56, Arg54, and Val181 [37,40]. Therefore, outcomes
of the current computational study propose that the use of Lumateperone prevents virus
infection. It is obvious from the computational study arrangement that blocking the
attachment of the host cell receptors to the virus by this inhibition mechanism and the
inhibition of the virus protein cellular entrance might be an effective therapeutic target.
However, this needs to be experimentally validated prior to translational intervention.

Hence, in the host system, the availability of Lumateperone may facilitate vari-
ous mechanisms at the same time and thus promote removal and/or neutralization of
virus infection.

5. Conclusions

The Ebola pandemic provides a stark landscape for clinical outcomes, with exceedingly
high mortality rates. There is an urgent need to find viable treatments to combat Ebola out-
breaks. In this context, the findings of this computational study indicate that Lumateperone
shows promising results as an effective antiviral drug. However, supporting these findings
requires more experimental validation.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app12178820/s1, Figure S1: 3D structure validation of TIM-1
protein through Ramachandran plot; Figure S2: 3D structure validation of TIM-1 protein through
Ramachandran plot; Figure S3: Mode of action of Lumateperone in human body.
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