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Abstract

Baricitinib is an effective disease-modifying anti-rheumatic drug which has gained importance
in treatment of SARS-CoV-2 by targeting the Adapter Protein-2 Associated protein Kinase 1
(AAK1) which is involved in clathrin-mediated endocytosis. Using the available protein data, it
was found that Lys74 residue in the protein is involved in ATP-binding. In the present study, we
aimed at visualizing the binding of baricitinib within the active site AAK1. The amino acids of
AAK1 invoalved in the active site were visualized using Caver Web tools and molecular docking
of baricitinib showed that it interacted with three amino acids of the active site namely Gly55,
Cys129 and Asp194 with polar bonds and binding energy of -10.76 kcal/mol. Lys74 was found to
interact with the drug using an alkyl bond of length 4.96A which shows that the drug serves as
a competitive kinase inhibitor for the enzyme by competing with ATP in the active site of the
protein. ADME analysis was also performed for the drug to analyse its lipophilicity,
topographical polar surface area and intestinal permeability when administered to a patient.
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INTRODUCTION one of the important anti-viral mechanisms [4,6]. In

Baricitinib is an oral drug, which was initially utilized
as an effective disease- modifying anti-rheumatic
drug (DMARD) against Rheumatoid Arthritis [1,2]. It
shows reversible inhibitory effects on Janus Kinases
(JAK1 and JAK2), and activates the JAK-STAT (Signal
Transducer and Activator of Transcription proteins)
signalling pathway [3,4]. An artificial intelligence
study predicted the anti-cytokine and anti-viral
properties of the drug, by its inhibition of the human-
numb associated kinase (hNAK) members, showing a
great affinity towards AP2-associated protein kinase
1 (AAK1) of (8.2 nM) and of 120 nM towards GAK1[5].
The role of AAK1 and GAK has been reported to be
essential for viral infections and their inhibition as

a study, to identify novel targets for neuropathic
pain, AAK1 inhibitors were constructed which
showed relief and suppression from pain’, therefore
proving their efficacy as pain relief drugs.

AAK1 belongs to the Arkl/Prk1 family of
serine/threonine kinases which are important in
controlling the endocytic pathways through
phosphorylation [8]. It is activated in clathrin-coated
pits, and directly binds to the ear domain of a-
adaptin. The Adapter Protein-2 (AP-2) consists of
four subunits namely a, B2, u2 and c2. AAK1 acts as
endogenous u2 kinase, phosphorylating the p2
subunit of AP-2, which is then activated and acts as a
bridge between the membrane cargo and clathrin
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coat. u2 subunit binds to sorting signals which are
present in the cytoplasmic side of membrane
proteins and binding affinity of the subunit to the
sorting signals is around 25-fold higher when the
subunit is phosphorylated when compared to the
dephosphorylated state [9]. AAK1 and GAK1 are
exploited by viruses such as Filoviruses (EBOV) [10],
Hepatitis C virus [11], Rabies virus [12] and
potentially SARS-CoV-2 [6] for replication, by utilizing
their endocytic machinery and infecting the cells.
The SARS-CoV-2 virus binds to the ACE2 (Angiotensin
converting enzyme 2) receptor on the cell, followed
by its endocytosis, a phenomenon promoted by
AAK1 and GAK [13,14]. Studies have shown that
Baricitinib shows the highest affinity towards AAK1
and inhibits it. It also binds to GAK, and is therefore,
proposed to be a potential treatment against SARS
CoV-2 [14]. Baricitinib in combination with
Remdesivir (Veklury) showed a greater recovery rate
at a shorter duration of time in hospitalized Covid-19
patients [15]. Baricitinib has been studied
extensively by researchers as a potential drug against
SARS CoV-2 as it acts as the substrate for a variety of
drug transporter molecules, such as AAK1 and GAK1.
It has shown various positives aspects as a drug
utilized against SARS CoV-2, due to its anti-
inflammatory, anti-viral and immunosuppressive
properties, but there may also be a risk in using the
drug since it might cause secondary infections, due
to delayed viral clearance [16]. Thus further research
on calibrating the dosage for the drug should be done
for achieving higher efficacy and minimal side
effects.

This study aims to dock Baricitinib to AAK1, visualize
its binding within the active site of the target protein
using molecular docking software and tools such as
Caver Web, MGL Tools, PyMOL and Discovery Studio
and assess its ability to act as an inhibitor of AAK1. As
accessed from UniProtKB (ID Q2M218) the active site
of the AAK1 consists of Lys74 (ATP Binding site) and
Aspl76 (proton acceptor) while the amino acids
Leu52, Ala53, Glu54, Gly55, Gly56, Phe57, Ala5s,
[le59 and Val60 constitute the nucleotide binding
site.

MATERIALS AND METHODS

1. Obtaining the X-ray crystallography structure of
AAK1:
The X-ray crystallography structure of AAK1 was
obtained from RCSB Protein Data Bank (PDB)
database using the PDB ID — 4WSQ [17]. The
protein was obtained as a dimer with each
subunit bound to three zinc atoms and one
molecule each of 1,2-Ethanedoil and an alkaloid
inhibitor K-252A.
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Obtaining the ligand structure:

The 3D structure of Baricitinib was obtained
using PubChem data base (PubChem CID -
44205240) in spatial data file (.sdf) format. It
was then converted to AutoDock structure file
(.pdbqgt) format using Open Babel software
(Version 3.1.1 developed by Open Babel
development team) [18] to be used for docking.
The 2-D structure of ligand as obtained from
PubChem can be observed in figure 1.

Figure-1 — 2-D structure of Baricitinib obtained
from PubChem
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Scanning of binding pockets —

In order to look out for binding pockets within
AAK1, Caver Web tool (Version 1.1 developed
by Loschmidt Laboratories) [19] was used. The
PDB id of the protein was entered in the search
bar while keeping the search parameters at
default settings. A tunnel of bottleneck radius
2.9 A and length 3.7 A was selected for further
analysis. The bottleneck consisted of the
following amino acids — Leu52, Ala53, Glu54,
Gly55, Val60, Ala72, Lys74, Metl126, Aspl27,
Phel28, Cys129, Gly132, GIn133, Lys176,
Glul180, Asn181, 1le182, Leul83, Cys193 and
Asp194. The bottle neck can be visualized in
Figure 2.

Figure-2 — Amino acids constituting the
bottleneck
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Docking of Baricitinib to AAK1:

Baricitinib was docked to AAK1 using AutoDock
tools (Version 4.2 developed by The Scripps
Research Institute) [20] Prior to docking, first
subunit B was removed entirely followed by
removing three zinc atoms, 1,2-ethanediol and
K-252A inhibitor bound to subunit A. This was
followed by removing all water molecules,
adding polar hydrogens and computing
Gasteiger charge for subunit A.

The binding sites within the protein were
determined using UniProtKB (ID Q2M2I8) and a
grid box of dimensions 56A x 56A x 60A with x,
y and z centre coordinates as 2.928, -16.56 and
-50.314 respectively was chosen assuming the
binding pocket to be present within the grid. All
aforementioned modifications to the protein
and drawing of gird box were done using Python
Molecular Viewer (v1.5.6 included in the MGL
tools v1.5.6 package developed by The Scripps
Research Institute). AutoGrid4 programme was
allowed to run keeping all parameters at default
to generate a grid log file. This was followed by
setting the parameters for docking. Number of
runs was restricted to 10 while keeping all other
parameters at default. A Docking Parameter File
(.dpf) was generated selecting the output to
follow Lamarckian Genetic  Algorithm.
AutoDock4 programme was initiated using the
DPF file and all configurations of docking were
obtained in a Docking Log File (.dlg) post-
operation.

5. Visualization of Docking —

The docking configurations were first observed
using the Python Molecular Viewer (Version
1.5.6) and the best output file having the highest
binding energy was exported as .pdb file to be
visualized using PyMOL Molecular Graphics
System (Version 2.3.4 developed by Schrédinger
LLC). The binding sites were displayed in a pre-set
cartoon display style to ease the visualization of
docking. The whole protein, amino acids in the
active site and the ligand was colored distinctly
and visualized in pre-set ribbon and surface
display formats within PyMOL. All images were
exported in portable network graphics (.png)
format.

The docking file was also visualized using LigPlot+
(Version 2.2.4 developed by European
Bioinformatics Institute) [21] and Discovery
Studio (Version 21.1.0.20298 developed by
Dassault Systems Biovia) to obtain a 2-D image of
docking.
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RESULTS AND DISCUSSION

The docking output file when observed in PyMOL
showed baricitinib fitting perfectly inside the binding
pocket of AAK1 which was visualized using Caver
Web. Figures 3 and 4 show the cartoon and surface

representation of baricitinib positioned inside
binding region of AAK1.
A binding affinity of -10.76 kcal/mol and an

estimated inhibition constant (at 298.15K) of 12.97
nM (nanomolar) was reported in the docking log.
Baricitinib formed four polar bonds — one with Gly55
of length 2.1A, one with Asp194 of length 2.0A and
two with Cys129 of lengths 1.84 and 2.3A (figure 5).
The other amino acids of the binding site were
present in the vicinity of the ligand as shown in figure
6 (2D representation using Discovery Studio).

It can be inferred from the work of Zhang et al that
Baricitinib serves as a reversible ATP competitive
kinase inhibitor of AAK1.[22] Based on the reactive
residue data available from UniProtKB (ID — Q2M2I8)
it was the Lys74 residue which was involved in ATP
binding. In our results, we observed the presence of
Lys74 at around 4.96A from baricitinib interacting
with the ligand using alkyl hydrophobic interaction
(figure 7) thereby confirming the ability of baricitinib
to successfully bind to AAK1 and act as its inhibitor.
In the absence of ATP, the u2 subunit of AP-2 will not
be phosphorylated and therefore the entire bridging
process between membrane cargo and clathrin
vesicle mediated by AP-2 will not occur. This will
therefore inhibit/reduce the endocytosis of the
cargo, in our case — SARS-CoV-2 bound to its surface
receptor.

The ADME analysis of Baricitinib as a drug using the
Swiss ADME server [23] showed high Gl-Absorption
and no violations for Lipinski, Ghose, Veber, Egan,
and Muegge filters. The drug was found to have a
fragmental lipophilicity (WLOGP) value of 1.80 with a
topographical polar surface area (TPSA) of 128.94A.
The relatively smaller TPSA enables the drug to be
absorbed in the GI tract but it still remains
impermeable to the blood-brain barrier which has a
maximum TPSA limit of 90A. [24] Drugs having TPSA
above 140A usually have lower intestinal absorption
[25]. Baricitinib also acts as a substrate for p-
glycoprotein (PGP+ in BOILED Egg). The absorption
results of ADME can be observed using BOILED-Egg
(figure 8).
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Figure-3 — Cartoon representation of baricitinib Figure-6 — 2-D representation of other amino acids
bound in the active site of AAK1 of active site
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Legends — In gray — Amino acid residues of AAK1; In yellow —

Amino acid residues of active site; In red — Baricitinib Figure-7 — Presence of Lys74 (coloured olive) near

baricitinib (at centre)

Figure-4 — Surface representation of baricitinib bound
in the active site of AAK1

Legends — In gray — Amino acid of AAK1; In yellow — Amino Figure-8 — BOILED-Egg ADME analysis of baricitinib
acid residues of active site; In red — Baricitinib

Figure-5 — Amino acids of active site interacting with
baricitinib using hydrogen bonds

In November 2020, Baricitinib was approved by FDA
for emergency use authorization, along with
Remdesivir for adults and children above the age of
2, who are hospitalized with severe COVID-19
pneumonia [26]. The Adaptive COVID-19 Treatment
Trial (ACTT-2) results showed that Baricitinib given
along with Remdesivir proved to be more superior to
Remdesivir alone, in reducing the recovery time and
morbidity rate of severe cases of COVID-19 [15].
Baricitinib is sold as 2 mg per tablets under the brand

GL¥-55
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name Olumiant. The recommended dosage of
Baricitinib for adults is 4 mg daily (oral) for 14 days,
or until hospital discharge [26]. Pharmacokinetics of
the drug suggests, that at this dosage the baricitinib
free Cmax (peak serum concentration achieved by the
drug) values exceed the ICso values required for
inhibiting the cytokine-induced JAK/STAT signalling
pathway, as well as exceeding the dissociation
constant (Kd) for AAK1 but showing that a higher
dose may be required for inhibition of GAK. After oral
administration, the drug reaches its peak plasma
concentration within 60 minutes, with a plasma
protein binding percentage of 50% (independent of
concentration) [16].

Baricitinib has an absolute bioavailability of 79% and
is excreted out of the body mainly through urine
(75%), out of which 69% remains unchanged, and
(20%) is excreted out through faeces or stool, with
15% being unchanged. The remaining (5-6%), which
is a very small fraction of the total drug present in the
body, undergoes hepatic metabolism predominantly
by CYP3A4. The metabolism of the drug is unaffected
by either of the CYP inhibitors or inducers, such as
ketoconazole (a strong CYP3A4 inhibitor) or Rifampin
(a strong CYP3A4 inducer), but its renal excretion can
get affected by Probenecid (Probalan) [16,26] .
Baricitinib undergoes oxidation via CYP3A4, although
a very less amount undergoes this biotransformation
and thus there are no quantifiable metabolites found
in the plasma [27].

CONCLUSION

This study aimed to visualize the interaction of
baricitinib, a potential SARS-CoV-2 drug to its target
protein AP2- Associated protein Kinase 1 (AAK1)
which is involved in clathrin-mediated endocytosis of
substances inside the cell. Baricitinib was found to be
bound in the binding pocket of AAK1 which was
visualized using Caver Web tool. The drug interacted
with three amino acids Gly55, Cys129 and Asp194 via
polar bonds. The target amino acid Lys74 was found
to interact with the drug using hydrophobic (alkyl)
linkage. Thus, when ATP fails to bind to lys74 due to
presence of baricitinib, clathrin-mediated vesicle
formation is hindered, and the endocytosis of the
virus is greatly affected. Also, the drug had a high Gl
absorption as observed by ADME analysis. Through
our study, we conclude that Baricitinib serves
perfectly as an inhibitor or AAK1. However, further
studies can be carried out to find ways of reducing
the side effects caused by Baricitinib and develop it
as a potential risk-free drug against SARS CoV-2, for
future usage.
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