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A B S T R A C T

The SARS-CoV-2 virus has spread around the world. At this time, there is no vaccine that can help people prevent
the spread of coronavirus.

We are proposing amantadine as a drug that can be used to mitigate the effects of the virus.
It is demonstrated by docking models how amantadine can exert its action on Coronavirus viroporin E.

Introduction

At the end of December 2019, a new virus was announced that was
beginning to spread in an alarming way in the city of Wuhan in China.

SARS-CoV-2, the coronavirus that causes COronaVIrus Disease 2019
(COVID-19), comes from the Coronoviridae family and the symptoms it
causes in people who contract it are: sore throat, cough, fever, difficulty
breathing in severe cases. The World Health Organization has estimated
a mortality rate of 3.4%.

It is known that the virus has spread practically all over the world
and so far, several laboratories are looking to develop a vaccine.
However, this process could take 12 to 18 months. For this reason, it is
important that the effects of COVID-19 can be mitigated when it is
acquired by people.

Recent studies showed that the drug chloroquine, used against
malaria, showed positive effects that mitigate the symptoms of COVID-
19. [1]

It has been determined that possibly the mechanism of action of
chloroquine is to block the proton pump that prevents the decrease of
the pH in the digestive tract, which is important for the metabolism of
the plasmodium. [2]

Studies have also shown that amantadine, together with chlor-
oquine, is able to enhance the effect against plasmodium falciparum,
mainly in chloroquine-resistant strains. [3]

Amantadine has been used as an antiviral therapy against influenza
A, the mechanism that has been proposed is to block the early stage of
viral replication. When the viral particle enters the cell, an endosome is
formed, which has an acidic pH of 5. The proton channel (viroporin) is

formed by the transport protein M2, which carries protons into the
virion. This proton pump is necessary to interrupt the macromolecular
interactions that keep the integrity of the virion. Amantadine is able to
cross the membrane of the endosome and breaks the hydrogen bridges
formed by Ala 30 and Gly 34 [4] in that way it can capture protons
preventing them from entering the virion, preventing the release of the
viral nucleus into the cell. [5]

COVID-19 ion channel structure

Protein E is an integral membrane protein of 75 amino acids, from
the amino acids 15 to 39 an alpha-helix structure is formed. The other
amino acids in terms of their secondary structure form coils.

Studies have shown that a lack of E-protein attenuates damage in
vivo in coronavirus-infected mice. [6]

Using the ProtScale software, Kyte-Doolittle scale [7] shows a re-
gion that is very hydrophobic which indicates that it is part of an in-
tramembrane region. NMR studies show that a 5-alpha-helix (viroporin)
channel is formed [8].

Hypothesis

Amantadine blocks the viroporine channel of COVID-19, preventing
the release of the viral nucleus into the cell cytoplasm.

Methodology

The E protein in FASTA format was obtained from the GeneBank
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with access number: YP_009724392.
The software ProtScale was used to corroborate the hydrophobic

region of the alpha helix of protein E.
The Tel-Aviv University PatchDock software was used, which is an

algorithm for molecular docking [9]. The COVID-19 protein E with ID
number in protein databank 5X29 and the amantadine molecule ob-
tained from DrugBank.ca were sent to the server in PDB format.

The results obtained were analyzed in the CLCbio Main Workbench
20 program of Qiagen and PyMol.

Results

The Fig. 1 shows the primary structure of protein E in 1 letter code,
the 75 amino acids are shown, where it is predicted that from the Met1
to Val14 amino acid has secondary coils structure. From the amino acid
ASN15 to LEU39 a secondary alpha helix structure is formed. From
amino acid Cys40 to Val75 form coils.

The Fig. 2 shows a hydrophobicity analysis using the Kyte-Doolittle
scale, the degree of hydrophobicity shown from AA 15 to 39 is evident.

The Fig. 3 shows a model of protein E and amantadine where it is
suggested that they could be interacting by hydrogen bridges with the
amino acids PHE26 and ALA22.

Fig. 4 shows a model where PHE26 and ALA22, which are part of
the alpha-helices, could be forming hydrogen bridges with amantadine.

Fig. 5 shows the ligand site of amantadine, where it is shown that
the PHE26 amino acids that are part of the alpha helix could be in-
teracting with the ligand.

Discussion

SARS-CoV-2 has spread rapidly around the world leaving thousands
of people dead from lung problems.

That is the reason that laboratories have been experimenting to get
a vaccine to help protect people from COVID-19.

However, the process of obtaining the vaccine can take more than
18 months.

Recently an article was published showing successful recovery of
patients with COVID-19 when using chloroquine and azithromycin [1].

Fig. 1. Primary structure of protein E and the proposed region where alpha-helix are formed.
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However, so far there are no models where the mode of action of
chloroquine in the virus cycle could be suggested.

We are proposing a model where amantadine could enter the
channel formed by the E-protein of the coronavirus, being able to break
into the hydrogen bridges formed with water, in the same way as it does
with the viroporin of the influenza virus [4].

A model has been proposed where amantadine is able to inhibit E-
channel conductance in reconstituted lipid bilayers [10]. However, the
primary sequence of COVID-19 has variations in its amino acids with
respect to that analyzed by Torres et al.

We propose that the use of amantadine when the first symptoms of
coronavirus disease occur could mitigate the effects of the disease.
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Fig. 2. Hydrophobicity analysis using the Kyte-Doolittle scale.

Fig. 3. Ribbons model of the channel formed by protein E and its possible in-
teraction with amantadine in AA PHE26 and ALA22.

Fig. 4. Ribbons model of the channel formed by the E protein and its possible
interaction with amantadine in PHE26 and ALA22.

Fig. 5. Region of the amantadine ligand-site.
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