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ABSTRACT

The COVID-19 pandemic is ongoing and the benefit from vac-
cines is still insufficient since COVID-19 continues to be diag-
nosed in vaccinated individuals. It is, therefore, necessary to
propose specific pharmacological treatments against COVID-19.
A new therapeutic target on the human cellular membrane is
AXL (anexelekto), proposed as an independent pathway by
which interaction with the S protein of SARS-CoV-2 allows the
virus to enter the cell, without the participation of ACE2. AXL
serves as another gate through which SARS-CoV-2 can enter
cells. Therefore, any stage of COVID-19 could be ameliorated
by hindering the interaction between AXL and SARS-CoV-2.
This study proposes ten compounds (1-10), selected by mole-
cular docking and using a library of nearly 500,000 com-
pounds, to develop a new drug that will decrease the interac-
tion of AXL with the S protein of SARS-CoV-2. These
compounds have a specific potential site of interaction with
AXL, between Glu59, His6l, Glu70 and Ser74 amino acids.
This site is necessary for the interaction of AXL with the S
protein. With this, we propose to develop a new adjuvant
treatment against COVID-19.

Keywords: COVID-19, SARS-CoV-2, AXL ligand, molecular
docking, NTD-S1, S protein

INTRODUCTION

The development of vaccines against COVID-19 brings numerous benefits, but still, it
remains necessary to continue research to develop new drugs against this disease, as
SARS-CoV-2 has caused more than 220 million cases and almost 4.5 million deaths around
the world (by October 2021) (1). In the process of SARS-CoV-2 infection, different proteins
of the cell membrane (ACE2, TMPRSS2 and NRP1) (2, 3) interact with the S protein of the
virus, and work has been done to determine selective compounds against these proteins
(4-7), to identify the importance and functions of these proteins in COVID-19, and to
determine their expression in the cell membrane of different tissues (3, 8, 9).
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A member of the family of receptors of tyrosine kinase (RTKs) recently showed rele-
vance for COVID-19, specifically the AXL receptor among three TAM RTKs: TYRO3, AXL,
and MERTK (10). The AXL receptor (from Greek word anexelekto) (11) is found on the
human cell membrane (8), and while not a part of the SARS-CoV-2 virus, AXL contributes
to the infectious process of SARS-CoV-2 (12-14). Because of this, new factors that interact
with SARS-CoV-2 (such as AXL) and contribute to the development of COVID-19 are still
being discovered.

In this study, the AXL receptor is used as a therapeutic target for the development of a
drug against COVID-19. The main ligand reported to bind to AXL is growth-arrest-specific 6
(GAS6) (15); this interaction has been associated with angiogenesis, cancer, metastasis,
thromboembolism, and diseases of the immune and cardiovascular system (15, 16). The
expression of AXL is associated with drug resistance and diminished long-term survival in
awide range of malignancies (17). In addition, this receptor is a critical factor during vascular
injury (18, 19), and AXL inhibition reduces angiogenesis and tumour growth in experimental
mouse models (15, 20). As a result, developments related to AXL were mainly focused on
anti-cancer drugs and/or antibodies that seek to inhibit the interaction with GAS6 to avoid
the signalling of this receptor tyrosine kinase in the cytoplasm (15, 18, 20-22).

Lastly, it has been reported that SARS-CoV-2 binds to cell receptors through the S
protein, in which, a fusion process with the cell membrane is proposed. For this process,
the S protein is cleaved in the S1 and S2 subunits primarily by the transmembrane protease
serine protease 2 (TMPRSS2). The N-terminal domain (NTD) region in the S1 subunit has
been identified (between Lys147-Lys150, Trp152, Arg246, Ser247 and Ser256 amino acids)
and must interact with the Pro57, Pro58, Glu59, His61, Ile68, Glu70, Glu85 and Phell3 amino
acids in AXL (8), in order to generate the interaction between the S protein and AXL. It has
been determined that the His61 and Glu85 amino acids in AXL are especially important
for maintaining the interaction with the NTD-SI of the S protein, as there are reports in which
the His61 and Glu85 amino acids have been knocked out and the interaction between AXL
with S protein is subsequently lost (demonstrated in mice and ferrets) (8, 9).

Through molecular docking and a compound library (502,350 compounds), this study
proposes compounds with a high probability of interacting with the AXL receptor in a
region that is important for interacting with the NTD-S1 region of the S protein of SARS-
-CoV-2. This way, the compounds would decrease the interaction between the virus and the
cell and contribute to the development of a drug against COVID-19. It is possible to study the
effects of these compounds when interacting with recombinant proteins experimentally,
thus evaluating the effects in the aforementioned processes.

EXPERIMENTAL

Preparation of receptor protein and selection of binding site

The crystal structure of the AXL receptor (obtained from the Protein Data Bank,
www.rcsb.org/structure/4RA0) was used for molecular docking using Molecular Operating
Environment (MOE2014), following previously reported procedures (6, 23). The potential
site in AXL is between the Glu59, His61, Ile68 and Glu70 amino acids (8); this site was used
to simulate interaction with compounds.
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Compounds library

The EXPRESS-pick Collection Stock screening library Chembridge Corp. (24) was
used for molecular docking. This collection of compounds contains 502,350 molecules that
fulfil Lipinski’s rules (25) and cover a broad swath of the chemical compound space.

Molecular docking

High-throughput virtual molecular docking was carried out by MOE, the potential
binding site between amino acids Glu59, His61, Ile68 and Glu70 in AXL (PDB 4RAQ), and
up to 100 conformers of each compound were generated for docking. A flexible ligand-
-rigid receptor molecular docking was performed with MOE-Dock. Later the values of up
to 30 conformers of each compound were analyzed, and the average AGy;4;,, of each com-
pound was determined, as previously reported (6, 23). The analysis of ligand interaction
per amino acid was conducted using MOE.

Selection of the ten best compounds

From the docking results, up to 30 conformers for each compound were analyzed to
determine their AGy;,4;,, averages in order to select the ten best compounds as previously
reported (6, 23). Standard deviation was also calculated (using Excel Microsoft-365 soft-
ware); with these results, the best AGy;,,4i, averages were determined for AXL with each
compound. The description of physicochemical properties using PhysChem-ACD/Labs
(26) and the theoretical toxicity (mutagenicity and carcinogenicity) of each compound
selected were determined (27, 28).

RESULTS AND DISCUSSION

Selection of compounds by molecular docking

In this study, the EXPRESS-pick collection library from the Chembridge Corp. (24)
with 502,350 compounds (up to 100 conformers generated of each compound) was used to
study interaction in the AXL receptor between the Glu59, His61, Ile68 and Glu70 amino
acids (Fig. 1), by molecular docking (4, 6, 23). The selection of the ten best compounds was
determined through the average AGy;,qin, Of each compound using their conformers
(AGyinding Of 16 to 30 conformers) (6, 23), and an average range between —6.97 to —7.96 kcal
mol™ for the ten best compounds was determined (Table I, details in Table S1 in the Supple-
mentary material). Ten compounds were selected and labelled from 1 to 10, and the analy-
sis of the interaction of each compound with AXL was carried out with the interaction
report (Table II, and details in Tables 51-511). All calculated averages of AGy;,qing are related
to the number of interactions generated by the conformers analyzed from the molecular
docking results (mainly hydrogen bonding, Table III), which show that the 1-10 compounds
interact more frequently with the amino acids Glu59, His61 and Glu70.

In addition, the tables describing theoretical toxicity (Table S12), ADME characteristics
(Table S13) and chemical properties of each compound 1-10 (Table S14), are included in the
supplementary material.
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Fig. 1. AXL (cyan) shows amino acids Glu59, Hisé6l, Ile68 and Glu70 (pink) as regions chosen for
molecular docking.

Fig. 2. Potential site with amino acids, His61 is essential for the interaction between AXL and S
protein: a) Glu59, His61, Ile68, Glu70, Asp73, Ser74 and Phell3 amino acids (pink) into the red circle
and b) pocket is displayed in the potential site.
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Table 1. PubChem CID, ID Chembridge Corp./name and structure
of the best ten compounds 1-10
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Interaction of compounds 1-10 with AXL

The interactions between each compound 1-10 with AXL were analyzed using up to
30 conformers of each compound interacting in the potential site (the region between the
Glu59, Hisé61, Ile68 and Glu70 amino acids) (Fig. 1). From molecular docking results (Tables
52-S11), it was determined that the main amino acids in AXL that interact with the com-
pounds 1-10 are Glub9, His61, Trp62, Ile68, Leu69, Glu70, Ala72, Asp73, Ser74, Phell3 and
Gly115. For these amino acids, the ten compounds exhibit different types of interaction
with the potential site, such as H-acceptor, H-donor, ionic and pi-H (Fig. 2, Tables S2-S11),
and, in particular, greater interaction with Glu59, His61 and Glu70 (mainly through hydrogen
bonding interaction for the conformers analyzed). The amino acid His6l, essential for AXL
interaction with the S protein, could thus be blocked. The details of the interaction between
AXL and the conformers of each compound are shown in the supplementary material
(Figs. S1-510).

Discussion

Global efforts continue to control and resolve the COVID-19 pandemic and to develop
selective drugs that can treat COVID-19. As already mentioned, it remains necessary to
understand the infectious process of SARS-CoV2, and key elements of the process continue
to be reported regarding the introduction of the viral material into cells. The main known
factors are TMPRSS2, ACE2, C-lectin type receptors (CLR), toll-like receptors (TLR) and
NRP1 (3). Another route of entry into the cell is currently being proposed: via the tyrosine-
-protein kinase receptor (AXL), which specifically interacts with the NTD-S1 of the S protein
of SARS-CoV-2 (8). This other route of entry has more support, both because AXL has effects
on the reorganization of the cytoskeleton that promotes the entry of the virus (18) and
because of study results that demonstrate a relationship between plasma levels of AXL and
GAS6 and the severity of COVID-19 (18). Therefore, the increase of AXL expression increases
the infectivity of SARS-CoV-2 and justifies the proposal of AXL as a therapeutic target.

There have been developments in anticancer drugs that use AXL as a therapeutic target,
with which they seek to develop inhibitors of AXL's intracellular functions [kinase activity
inhibitors: BMS-777607, bemcentinib, gilteritinib (18, 21, 22)]. In contrast, there have been few
studies on the extracellular portion of AXL, but there are identified antibodies that interact
in the NTD-SI region of the S protein; this hinders interaction with the extracellular portion
of the AXL (29). In addition, it has been shown that inhibiting the AXL functions does not
affect viability in mice (15). A very important point to consider is limiting inhibition to AXL
since there are reports where inhibiting other members of the TAM receptor family (TYRO3
and MERTK) generated harmful effects on the immune system (30).

This study is based on the region of the interaction site for GAS6 (ligand for AXL),
between the Pro58 and I1e90 amino acids in AXL (15), performing a molecular docking
between the amino acids reported as important for interacting with the NTD-S1 of the S
protein (8). Through this, compounds 1-10 were determined with a high probability of
interacting with the potential site proposed to hinder or block this region and avoid the
interaction of AXL with the NTD-S1 of the S protein. It is proposed that the affinity of
compounds 1-10 could be due to a better interaction with Glu59, His61, Glu70, Asp73 and
Ser74 amino acids (Table III) to generate more interactions with Glu59 and His6l that are
necessary for the interaction between AXL and the S protein (8). Additionally, it is reported
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Table I11. Number of interactions of compounds 1-10 in the amino acids of AXL to hinder/block
the His61 in AXL

Compd. Glu59 His61 Glu70 Asp73 Ser74
1 13 2 2 1 1
2 2 4 8 2 4
3 9 7 5 1 0
4 2 0 2 0 16
5 4 3 1 0 0
6 9 5 2 0 8
7 3 5 6 0 1
8 10 17 13 0 1
9 8 5 20 1 0

10 3 1 1

Table IV. Average AGy;, g, (keal mol™) of compounds 1-10 in AXL, TYRO3 and MERTK

Compd. AXL TYRO3 MERTK
1 -7.96 + 0.46 —4.17+0.47 —4.23 +0.53
2 —7.48 +0.50 —4.24 + 0.56 —4.52 +0.42
3 —-7.28 £0.63 —4.55 £ 0.56 —4.79 £ 0.63
4 -713+0.71 —4.40+043 —4.16 + 0.42
5 -713+0.76 -4.26 + 0.31 —4.64 +0.53
6 -711+0.77 —4.52+£0.53 —4.40+0.50
7 -7.01 +0.69 —4.58 +0.47 —4.73 £0.66
8 —6.99 +0.62 —4.85+0.50 -4.92+0.42
9 —6.98 +0.57 —4.69 + 0.67 —4.85+0.70
10 -6.97 +0.76 —4.71+0.46 —4.48 +0.42

that there are interactions of Glu59-AXL with Arg246-NTD, His61-AXL with Ser247-NTD,
I1e68-AXL with Lys150-NTD and Glu70-AXL, Lys147/Lys150-NTD and Phell13-AXL with
Pro251-NTD (8).

Tojustify this study, it is necessary to emphasize the amino acid His61. The data in Table
III clearly show that the conformers from the compounds 1-10 have more interactions with
the Glu59, His61 and Glu70 amino acids (Tables S2-511). These amino acids are important for
the formation of interactions (mainly hydrogen bonding) and the 1-10 compounds interact
in the region where His61 is located (Fig. 2). Because of this, the interactions of all the con-
formers from the tested compounds 1-10 with Glu59, His61, Glu70, Asp73 and Ser74 amino
acids result in the AG,;,q;,, averages ranging between —6.97 to -7.96 kcal mol .

To demonstrate the above-mentioned, the interaction of the best conformer from the
1-10 compounds is shown interacting in the site proposed (Fig. 3). The Glu59, His61, Glu70,
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Asp73 and Ser74 amino acids are shown; it is suggested that these amino acids are contri-
buting to obtaining more favourable AGy;, 4, with AXL. The interactions of all compounds
studied (with their conformers) in the potential site are shown in Figs. S1-S10, and the
interactions between each conformer in the potential site are shown in Tables S2-S11.

Fig. 3. The pocket of a potential site with the best conformer of each compound (1-10), Glu59, His61,
11e68, Glu70, Asp73, Ser74 amino acids (pink): a) 1 (green), 2 (blue), 3 (orange), 4 (cyan) and 5 (white),
and b) 6 (green), 7 (blue), 8 (orange), 9 (cyan) and 10 (white).

Fig. 4. Superposition of the structure of the potential site in the TAM family shows Glu59, His61, Ile68
and Glu70 amino acids (pink) as regions chosen for molecular docking: AXL (cyan), TYRO3 (green)
and MERTK (blue).
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The selectivity of these ten compounds for AXL is important, and it is necessary that
they do not have an interaction with TYRO3 and MERTK. The selectivity for AXL can be
proposed since the proposed interaction region is composed of Pro58, Glu59, Val60, His6l,
Trp62, Leu63, Arg64, Asp65, Gly66, GIn67, 11e68, Leu69, Glu70, Leu71, Ala72, Asp73, Ser74,
Trh75, GIn76, Trh77 and GIn78 amino acids, and this sequence shows little identity with
the sequence corresponding to TYRO3 and MERTK (approximately 14 %). This is confirmed
by the docking values of the ten molecules in these two proteins with lower AGy;4;,,, (Table IV
and Fig. S11), despite the superposition of the potential site in TAMs being similar (Fig. 4).
Therefore, it can be proposed that these ten compounds are selective towards AXL and
that they would probably not generate adverse effects by inhibiting the functions of TYRO3
and MERTK.

This study proposes ten compounds from a library of 502,350 compounds that are
selective for a new therapeutic target in the infectious process of COVID-19. These results
can contribute to the development of a drug against COVID-19 that is designed to avoid or
decrease the fusion between SARS-CoV-2 and the cell membrane.

These compounds are available and exhibit satisfactory results in theoretical toxicity
tests, so further tests could include in vitro experiments to confirmation the inhibitory
effect on AXL with the S protein.

CONCLUSIONS

This study proposes ten compounds 1-10 selected by molecular docking to interact
with the Glu59, His61, Glu70, Asp73 and Ser74 amino acids of AXL, which are important
for inhibiting the interaction of AXL, RTK found in the human cell membrane, with the S
protein of the SARS-CoV-2 coronavirus. These ten compounds are selective for AXL
without affecting TYRO3 and MERTK, and are proposed for developing a new drug and
to offer another method for treating COVID-19.
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