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Abstract

Rheumatoid arthritis is a chronic autoimmune illness,
predominantly affecting elder women over men. Janus Ki-
nase 2 (JAK2) is a non-receptor tyrosine kinase, belonging
to the Janus kinase (JAK) family involved in the activation
of the JAK/STAT signaling pathway and it plays an important
role in several biological processes, such as cell prolifera-
tion, differentiation, apoptosis, and physiological and path-
ological activity. Point mutation occurring in the JAK2 kinase
domain derails the normal kinase activity and leads to the
progression of rheumatoid arthritis. JAK2is recognized as a
well-validated therapeutic target for the treatment of rheu-
matoid arthritis. In this study, we applied dynamic compu-
tational approaches to identify a new structural scaffold of
potential inhibitors for JAK2. We executed structure-based
virtual screening and identified four hit compounds from
the NCI database screened against JAK2. The top hit com-
pounds were subsequently subjected to ADME prediction
studies as part of an evaluation of the druggability; all four
hit compounds were found to fall within satisfactory range
with predicted pharmacokinetic properties. Eventually, we
examined the dynamic behavior of the protein-ligand com-
plexes at different time scales by using the Schrédinger Des-
mond molecular dynamics package. A molecular dynamics
simulation run for 100ns was carried out and results were
analyzed using Root Mean Square Deviation (RMSD) and
Root Mean Square Fluctuation (RMSF), to signify the stabil-
ity of the protein-ligand complex. The stability of the pro-
tein-ligand complex was higher throughout the entire simu-
lation and the key residues, GLU 930, TYR 931 and LEU 932,
play a significant role in the stabilization enhancement of
the protein-ligand complex during the course of the simula-
tion. From the outcomes of the computational analyses, we
propose the identified inhibitors are extremely suitable for
further preclinical and clinical analysis.
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Introduction

Worldwide, Rheumatoid Arthritis (RA) is a common chron-
ic, symmetrical, inflammatory autoimmune joint disease that
predominantly assails elder women versus men. It initially as-
saults the small joints, connective tissue, muscles, fibrous tis-
sue and tendons; further, it destroys the bones and cartilage
of joints and leads to drastically affect large joints. The disease
will eventually affect major organs including the skin, kidneys,
heart and lungs, and ultimately lead to disability [1,2]. The most
common signs of RA are prolonged morning stiffness, fatigue,
fever, weight loss, and swollen and/or warm joints. Rheumatoid
arthritis affects 1.3 million people in the US. The inflicted rate of
RA in women is three times higher than in men [3]. Janus Kinase
(JAK) is a non-receptor tyrosine kinase family that is further as-
sorted into four clusters: JAK1, JAK2, JAK3 and TYK2. Among the
JAK family, JAK1 and JAK2 widely exist in cells and tissue, while
the expression of JAK3 is mainly in myeloid and lymphoid cells
[4]. JAK2 is a cytosolic protein located at chromosome 9, with
a mass of 130 kDa it comprises of 1,132 amino acids. There are
four distinct regions observed in the JAK2 receptor [5]. The first
is the highly conserved kinase domain, JH1 (JAK homology1), at
the C-terminal region which consists of the activation loop, pri-
mary phosphorylation sites, and the ATP binding site. The sec-
ond is JH2 (JAK homology 2), the pseudo kinase domain, which
also has similar structural properties to the kinase domain but
lacks catalytic activity. The pseudokinase domain has a struc-
tural feature unique to the JAK family. Adjacent to the JH2 do-
main is the SH2 (Src Homology 2)-like domain, whose function
is not yet fully investigated. The final region is the FERM domain
located at the N-terminus, which is mainly responsible for inter-
actions between JAK2 and a number of cell surface receptors.
JAK2 could not trigger the biological activity unless signaling
molecules bind with JAK2. JAK2 possesses a ligand-dependent
mechanism and is mainly activated by several crucial signal-
ing molecules such as erythropoietin, thrombopoietin, growth
hormone, interferon vy, interleukin-3 and leptin. The signaling
molecules bind with the receptor site of the cell and trigger the
activation of the receptor dimerization and phosphorylation of
JAK2, generating the binding site for STAT (Signal Transducer
and Activator of Transcription), STAT is phosphorylated and
homo/hetero/multi dimerization after that STAT penetrates the
nuclear membrane in the form of homo-hetero dimerization
then bind with DNA and involved in the gene transcription and
protein synthesis process and produce their specific cytokine
signaling activity. The activated JAK-STAT pathway is involved
in a variety of normal pathophysiological activities such as he-
matopoiesis, and cellular metabolism, growth, and prolifera-
tion [6]. Any chromosomal aberration occurring in the kinase
domain can lead to the dysregulation of JAK2. The abnormal
activity of JAK2-STATs signaling pathways leads to the develop-
ment of various diseases. In particular, point mutation occurring
in the position of V617F located at the kinase domain of JAK2
have been predominantly implicated in various diseases such
as rheumatoid arthritis, psoriasis, and several cancers including
breast, prostate, head and neck, myeloid and lymphoid leuke-
mia and Myeloproliferative Neoplasms (MPN) [7]. Our mission
is to protect the elderly from the effects of RA. JAK2 is the rec-
ognized therapeutic target for rheumatoid arthritis. So far, sev-
eral JAK2 inhibitors have been developed for rheumatoid arthri-
tis such as ruxolitinib, pacritinib, and AZD1480 but the adverse
effects of these drugs, which includes anemia (platelets, red
and white blood cells), hypercholesterolemia; increased trans-
glutaminases and creatinine levels, and an increase in common

infections like herpes zoster, herpes simplex, urinary tract infec-
tions, and gastroenteritis, demonstrates the immense need for
effective inhibitors for RA and novel approaches to treatment
[8,9]. The discovery of effective drug candidates is a high-risk,
expensive, and lengthy process, taking around 14 years with a
minimum cost of 800 million US dollars. Currently computer-
aided drug design plays a significant role in the discovery of
innovative potential drug candidates before ever engaging in
wet-lab research. In this work, we applied in silico methods in-
cluding virtual screening, ADME properties filtration and mo-
lecular dynamic simulations to identify potential hit molecules
from the NCI compound database.

Materials and methods
Preparation and grid generation of target protein structure

Preparation of the target protein structure is one of the es-
sential steps before undertaking docking to reduce steric hin-
drance. The crystal structure of the arthritis causative protein,
JAK2, was downloaded from RCSB Protein Data Bank (RCSB
PDB, http://www.rcsb.org/; PDB ID: 3KRR; co-crystal ligand:
NVP-BSK805; Resolution: 1.80A; R-Value free: 0.206 and R-
Value: 0.167) [10]. The downloaded JAK2 crystal structure was
imported and prepped using Schrodinger’s Maestro protein
preparation wizard. In this structural refinement process, the
integrity of the target protein structure was checked and adjust-
ed, hydrogen atoms were added, bond order was adjusted, and
the co-crystalized water molecules and ligand were removed
from the target structure of JAK2. Finally, the protein structure
energy was minimized using the OPLS3 force field until the
RMSD cut-off was touched at 0.30A [11]. The prepared protein
structure was taken into the receptor grid generation panel for
grid generation. The binding site concave region possess some
ideal chemical features which is responsible for interaction of
ligands and explore desired biological activity it may be activa-
tion of the suppressed target protein, modulation their activity
otherwise inhibits the over expression of particular therapeutic
target. Due to this reason, the active site information is crucial
for docking [12]. Gathering the binding pocket residues from re-
search articles we determined the following residues: LEU 855,
GLY 856, LYS 857, GLY 858, GLY 861, ALA 880, MET 929, GLU
930, TYR 931, LEU 932, PRO 933, TYR 934, GLY 935, SER 936,
ARG 980, ASN 981, LEU 983, GLY 993 and ASP 994 were mainly
associated with any interactions with bound ligands and were
considered for grid generation [13-16]. The information en-
abled the “Receptor Grid Generation” using the panel of Glide.
Further, the grid box was constructed to cover the docking sites
of the target protein with a set grid box size of 20Ax20Ax20A
with OPLS 3 force field. The van der Waals scaling factor was set
to 1.0 and the partial charge cutoff to 0.25. The constructed grid
file was then inputted for the molecular docking studies.

Preparation of the database ligands

250,000 molecules were downloaded from the NCI data-
base of human cellular signaling pathways in SDF format and
imported into Schrédinger’s LigPrep for ligand preparation
[17]. During this process, the ligands’2D chemical structures
are converted into 3D structures and lonizer is used to gener-
ate possible ionization and protonation states for each ligand at
pH7.0 +2.0. Stereoisomers were generated for all ligands with
unassigned stereogenic centers, with a limit of 32 stereoiso-
mers considered per ligand, tautomeric states were generated
for all conformers with possible prototropic tautomerism [18].
We retained only the lowest energy conformer for each ligand,
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this refined group of ligands was channeled into the structure-
based virtual screening process for effective hit identification
using Schrodinger Glide.

Virtual screening

Virtual screening is one of the most promising computation-
al methods and is chiefly employed for filtering potential phar-
macological hit compounds and eliminating compounds with
disagreeable qualities from the large chemical database. Within
both academia and industry it is agreed that structure-based
virtual screening is an immense, successful, well-validated, and
highly attractive strategy applied in the early stages of the drug
discovery process for identification of potential hit compounds
with the anticipation these pharmacologically efficient hits
will generate highly qualified leads from vast chemical librar-
ies against therapeutic targets. Here, we employed Schrodinger
Glide for database screening. The ligands are docked and filtered
through a series of different precision levels beginning with
High Throughput Virtual Screening (HTVS), which is employed
for rapid screening. The top hits from HTVS are then isolated
and docked using Standard Precision (SP). Then, the top-scoring
compounds from SP are docked employing Extra Precision (XP)
modes to eliminate any false positives and narrow the selection
to the most efficient hits. Glide XP visualizer was used to ana-
lyze various protein-ligand interactions such as hydrogen bond
interaction, hydrophobic interaction, salt bridge, pi-cation, and
pi-pi stacking interactions [19-21]. Finally, the scrutinized the hit
compounds were further taken into ADME properties analysis.

ADMIE profile assessment

Drug discovery and development is an expensive and high-
risk undertaking. Delivering a new drug to market averages 12
years and 800 million US dollars. Typically, 1 in 30 validated lead
compounds pass phase | clinical trials, and only 1 in 6 leads
become marketable drugs after phase | trials. Overall, a lead
compound has only a 5% chance to obtain final FDA approval in
the US. Late-stage candidate dropout within the drug discovery
process is often due to a potential compound’s lack of efficacy,
adverse effects, excessive toxicity, poor membrane absorption,
penetration, or poor clearance. The termination of the project
at any stage of the drug discovery process is an exponential cost
loss for pharmaceutical companies and individual drug discov-
ery research groups. Pharmaceutical companies lose millions
owing to the termination of a drug discovery project. But, the
withdraw of a commercially approved drug from the market
leads to waste amounting to billions of dollars. Yearly, within
the US, there are 2 million hospitalizations, hundred thousand
deaths and thousands of malpractice cases due to adverse drug
reactions [22,23]. To combat both the late-stage termination of
drug discovery projects and the commercial recall due to ad-
verse effects the early evaluation of a hit compound’s Absorp-
tion, Distribution, Metabolism and Excretion (ADME) properties
is paramount. Assessment of ADME properties is one of the
most significant steps in the preliminary phase of drug discovery
and development to obtain optimal drug-like candidates for fur-
ther experimental investigation. Experimental evaluation of the
ADME properties is not appropriate for millions of compounds,
as it would require a vast increase in manpower, animals, equip-
ment, and time [24,25]. QikProp [26], an in silico tool for ADME
assessment, was utilized to predict the following properties for
the hit compounds: partition coefficient (QPlogP octanol/wa-
ter), Aqueous Solubility (QP log S), Vander Waals surface area of
Polar Nitrogen and Oxygen Atoms (PSA), Lipinski’s Rule of Five
(LROF), gut-blood brain barrier (QPPCaco2), LogIC50 value for

the blockage of K+ channels (QPlogHERG), percentage of hu-
man oral absorption, LogP (water/gas), molecular weight, hy-
drogen bond donor, and hydrogen bond acceptor.

Molecular dynamics

We executed Molecular Dynamics (MD) simulations to in-
vestigate the binding stability of the protein-ligand complex
by employing Schrédinger’s MD simulation package Desmond
[27]. We obtained the four JAK2 hit compounds from the afore-
mentioned structure-based virtual screening and input the files
for molecular dynamics simulation. The protein-ligand complex
was solvated with simple point energy with the help of the
OPLS3 force field. The orthorhombic water box was used to cre-
ate a 10 A buffer regions between the protein atoms and box
sides and the systems were neutralized with Na+ and Cl- ions.
The OPLS-2005 force field was used for energy calculation. The
temperature was maintained constant at 300 K, and a 2.0 fs
value was obtained in the integration step. We executed MD
simulations for the complex structure of the protein as well as
the target with position restraints for 6000 ps to allow the water
molecules to remain in the system. Root-Mean-Square Devia-
tion (RMSD), Root-Mean-Square Fluctuation (RMSF), and total
energy of the complexes were analyzed by using event-analysis
and simulation-interaction diagrams [28,29].

Results and discussion
Selection of inhibitors

The current study employs molecular docking tool Glide to
execute virtual screening of compounds from NCI database
against JAK2, the most validated therapeutic target to combat
rheumatoid arthritis. The study involves three significant filter-
ing steps, namely, High Throughput Virtual Screening (HTVS),
Standard Precision (SP), Extra Precision (XP), and scores the
ligand binding free energy as a Glide Score in choosing the
most useful drug candidate. The virtual screening initiated with
downloading 250,000 small molecules from the NCI database
and docked into active site of the target protein, JAK2 by using
HTVS, SP and XP docking routes and the scores obtained with
the native ligand, NVP-BSK805 for the respective parameters.
Having superimposed the native ligand on redocked complex
using Chimera to obtain the filtering parameter scores depict-
ed in Figure 1. Initially, we obtained 50,000 compounds from
the HTVS mode based on the reference ligand score -5.25 kcal/
mol. The ligand molecules were further filtered by docked with
JAK2 active site based on reference ligand SP score -6.24 kcal/
mol by using SP docking mode, finally, the 5000 compounds
were docked into active site region of target protein JAK2, In
this XP mode, 50 compounds had a designated Glide Score
better than the reference score, -8.54 kcal/mol of the native
ligand. Subsequently, the 50 ligands were subjected to ADME
properties analysis. Finally, four compounds were identified
with adequate ADME properties. The Glide Score, Glide En-
ergy, interacting residues, and their distance for the four best
hit compounds are stated in Table 1 and the hydrogen bond,
hydrophobic interactions of the four hit compounds are dis-
played in Figure 2-5. The 2D structures of the ligands were
depicted in Figure 6. These four hit compounds are: 62052 or
2-[1-(Pyridin-3-yImethylene-hydrazinocarbonyl)-ethylsulfanyl]-
propionicacidpyridin-3-ylmethylene-hydrazide, 353906 or
2,3,8,9-tetramethylquinolino[8,7-h]quinoline-1,7-diol, 87845
or 2-oxo-6-phenyl-4-(2- phenyl ethyl)-1,2-dihydropyridine-3-
carbonitrile, and 76746 or Urorosein.
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Table 1: Glide extra-precision (XP) results for the four molecules by use of Schrédinger 10.2.

S.No Compound ID Glide Score (kcalmol?) Glide Energy (kcalmol?) | No. of hydrogen bonds Interaction residues Distance (A)
LEU 855 1.96
SER 936 1.73
1 62052 -9.681 -72.835 4
TYR 931 2.07
LEU 932 1.98
LEU 855 1.95
2 353906 -9.495 -46.506 3 GLU 930 1.77
LEU 932 1.93
2.36
3 87845 -8.568 -55.075 2 LEU 932 (2)
1.96
4 76746 -8.002 -39.24 1 LEU 932 2.02

The IDs are of the NCI database; Glide score (Kcal/mol); Glide energy (Kcal/mol); Number of hydrogen bond interaction; Inter-
acting residues, Distance.

Figure 3: (a) 3-D interaction diagram of the Janus kinase2 and
353906, (b) 2-D interaction diagram of the Janus kinase2 and
353906

Figure 1: The superimposition of re-docked JAK2-NVP-BSK805
(red) onto co-crystallized. Complex (cyan) in the active site using
Chimera (RMSD = 0.1534).

Figure 4: (a) 3-D interaction diagram of the Janus kinase2 and
87845, (b) 2-D interaction diagram of the Janus kinase2 and87845.

Er
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Figure 2: (a) 3-D interaction diagram of the Janus kinase2 and
62052, (b) 2-D interaction diagram of the Janus kinase2 and 62052.

Figure 5: (a) 3-D interaction diagram of the Janus kinase2 and
76746, (b) 2-D interaction diagram of the Janus kinase2 and 76746.
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Figure 6: 2D diagram of virtual screening hits (a) 62052; (b)
353906; (c) 87845; (d) 76746.

Docking studies
Binding mode of ligand 62052

We examined the binding mode of 62052 within the active
site of JAK2 and observed four hydrogen bond interactions
formed between the hit compound and the protein. The first
hydrogen bond interaction is found between the nitrogen of the
first pyridine group of hit compound 62052 and the backbone
hydrogen atom of LEU932’s amino group, with a bond length
of 1.98A. Following the molecule’s structure, the second inter-
action is found between the first of the symmetrical hydrazide
oxygen atoms of compound 62052 and the amino acid residue
TYR 931’s hydroxyl hydrogen, with a bond length of 2.07A. Con-
tinuing, the hydrogen atom of the secondary amine of the sec-
ond hydrazide interacts with the carbonyl oxygen of residue LUE
855’s backbone, with a bond distance of 1.96A. And lastly the
hydrogen atom of the polar residue of SER 936 interacts with
the oxygen atom of the second hydrazide of hit 62052 with a
bond distance of 1.73A. Also note that the key residues, TYR
863, TYR 931, VAL 911, MET 929, LEU 983, PRO 933 and ALA
880, participate in hydrophobic contact with the target struc-
ture of JAK2. The Glide Score and glide energy were calculated
at -9.681kcal/mol and -72.835kcal/mol respectively.  Binding
mode features of the ligand 353906

The binding mode of 353906 with JAK2 produced three hy-
drogen bonds. The first hydroxy group hydrogen of the hit com-
pound interacts with the backbone oxygen atom of the residue
LUE 855 with a bond length of 1.95A. The hydrogen atom of
the second hydroxyl group interacts with the backbone oxygen
atom of the negatively charged residue of GLU 930 with a bond
distance of 1.77A while the oxygen atom of the second hydroxyl
group of 353906 interacts with the backbone hydrogen atom
of the hydrophobic residue of LEU 932 with a bond distance of
1.93A. Further, the key residues, PRO 933, TYR 931, MET 929,
ALA 880, VAL 911, VAL 863, and LEU 983, are involved in the
hydrophobic interactions with JAK2. The Glide Score and glide
energy obtained as -9.495 kcal/mol and -46.506 kcal/mol re-
spectively.

Binding mode of the ligand 87845

The docking analysis of hit compound 87845 within the active
site of JAK2, illustrates only two hydrogen bond interactions one
with the protein residue LEU 932. The oxygen atom of the hydro-
phobic residue interacted with the hydrogen atom bound to the
nitrogen of the pyridinone ring of the hit compound 87845 with
abond length of 2.36 A. The second hydrogen bond involves the
hydrogen atom of LEU 932 and the ketone oxygen atom of the
hit compound 87815 with a bond length of 1.96 A. The follow-
ing residues, TYR 931, LEU 983, VAL 911, VAL 863, PRO 933, LEU
855, and ALA 880, were involved in hydrophobic contact with
the active site of JAK2. The Glide Score and glide energy ob-
served are -8.568 kcal/mol and -55.075 kcal/mol respectively.

Binding mode of the ligand 76746

We analyzed the docking simulation of hit compound, 76746
within the active site of the JAK2 producing only one hydrogen
bond interaction. The hydrogen atom of the residue LEU 932
interacts with the nitrogen atom of the indole of the hit com-
pound 76746 with a bond length of 2.02 A. The following resi-
dues, MET 929, LEU 983, VAL 863, TYR 931, and LEU 855, are
involved in the hydrophobic contact with the active site of JAK2.
The Glide Score and glide energy observed were -8.002 kcal/
mol and -39.240 kcal/mol respectively.

Assessment of ADME properties

Drug-like properties of the four hit compounds were as-
sessed to ensure the druggability of the compounds drug devel-
opment process. The ADME properties of the four hit molecules
are obtained using Qikprop. All four hit molecules were found
to have desirable drug-like properties based on Lipinski’s rule
of five which suggests a potential drug candidate has a molecu-
lar weight under 500 kDa, contains less than 5 H-bond donors,
has less than 10 H-bond acceptors, and a predicted logP below
5. Lipophilicity of a compound is a significant physicochemical
property that directly influences the absorption, penetration
of biological membrane, aqueous solubility, binding of plasma
protein, solubility inside the lipid environment, distribution,
and pharmacological potency. The four hit compounds were
further evaluated for their drug-like behavior through analy-
sis of additional pharmacokinetic parameters required for ef-
ficient Absorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET) by using QikProp. For the four hit molecules,
cell permeability (QPPcaco2), a key factor governing drug me-
tabolism and its access to biological membranes, ranged from
529 to 2888. The predicted IC50 value for the blockage of hERG
K+ channels is in the acceptable range below -5. The predicted
hERG clearly indicates all the molecules have the desired values
and will efficiently cross the hERG channel and provide an elec-
tric signal to the heart and the compounds eradicate cardiac
arrest. The predicted Brain/Blood barriers are under the accept-
able range -1.323 to -0.058 and its efficiently indicate all the
compounds having sufficient CNS penetration capabilities, the
number of rotatable bonds ranges from 2 to 10, the predicted
aqueous solubility values range from -6.062 to -4.094 which
directly indicate all the compounds possess sufficient soluble
capabilities in water and escape from blood plasma binding
protein and penetrate the biological membrane and produce
their effects in therapeutic target site, the MDCK predicted val-
ues range from 262 to 1556, human oral absorption percentage
ranges from 93 to 100. All the pharmacokinetics parameters are
fit well with the acceptable range demarcated for use of hu-
man. The results of ADME properties were reported in Table 2.
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Table 2: Assessment of drug-like properties of the four molecules as verified by QikProp (Schrodinger 10.2).

Compound ID MW | HBD A HBA QPLogPo/w Caco-2 | QPLogHERG QPLogB/B A MDCK Logsaq RB | ksha % Oral absorption
62052 384.46 2 8.5 2.898 529 -5.838 -1.323 323 -4.094 10 | -0.092 93
353906 318.37 2 3.5 3.629 1469 -5.013 -0.379 749 -5.123 2 0.551 100
87845 300.36 1 4 3.676 556 -6.534 -1.059 262 -6.062 5 0.442 100
76746 244.29 1 1.5 3.926 2888 -5.752 -0.058 1556 -4.346 2 0.487 100

Molecular weight (<500 Da); Hydrogen bond donors (<5); Hydrogen bond acceptors (<10); Predicted octanol/water partition co-efficient
log p (acceptable range: 22.0 to 6.5); Predicted aqueous solubility; S in mol/L (acceptable range: 26.5 to 0.5); Predicted IC50 value for
blockage of HERG K+ channels (acceptable range: below 25.0); Predicted Caco-2 cell permeability in nm/s (acceptable range: 25 is poor
and .500 is great); Prediction of binding to human serum albumin (acceptable range: 21.5 to 1.5); QP log BB for brain/blood (-3.0 to 1.2);

Predicted percentage of human oral absorption (25 % is poor).

Molecular dynamics simulation analysis
Compound 62052

The dynamic behavior of the interaction between hit com-
pound 62052 and JAK2 was investigated by the molecular dy-
namic simulation package Desmond at different timescales
under the physiological state. The protein backbone and ligand
RMSD of hit compound 62052 were depicted in Figure 7a. The
RMSD of protein backbone exhibited a large deviation in the
16.40 ns and the RMSD value was 2.19 A, moreover the protein
backbone was more stable when the RMSD was reached 1.98
A in 99.80 ns. The RMSD of both protein backbone and ligand
were more stable after 80 ns. Root Mean Square Fluctuations
(RMSF) displayed the fluctuations of each protein amino acid
residue over the simulation time (Figure 7b). The most fluctu-
ating was found in the following amino acid residue, SER 839,
GLY 921, and GLY 1071, and RMSF values were 4.29 A, 2.91A,
and 2.76 A, respectively. Similarly, the backbone more fluctu-
ated in residues SER 839 and GLN 1070, and RMSF values were
4.17 and 2.63 respectively. Besides, the most fluctuated amino
acid on the side chain of the protein were ARG 922, GLN 1070,
and GLN 1072, and the RMSF values were 4.23 A, 4.11 A, and
4.01 A, respectively. The bar diagram (Figure 7c) of the com-
pound 62052 displayed the main hydrogen bonding, hydropho-
bic interactions, and water bridge interactions. The hydrogen
bond, hydrophobic interactions were observed with LEU 855,
LEU 932, and SER 936. Among them, LEU 855 and SER 936
displayed hydrogen bond interactions with a maximum occu-
pancy of 75.1% and 99.1%, respectively, and the hydrophobic
interaction was observed with SER 936 with a maximum occu-
pancy of 72.6%. In addition, various intermolecular interactions
such as hydrogen bonding, hydrophobic interaction as well as
water bridges were formed between compound 62052 with
JAK2 kinase domain. Figure 7d shows the hydrogen bonding,
hydrophobic interactions that was mainly responsible for the
enhancement of the stability of the 62052-JKA2 complex. We
identified that the LEU 932, SER 936, and LEU 855 were crucially
involved in the formation of hydrogen bonding (99%, 47%, and
71%, respectively) with the active site regions of JAK2 during
the simulation period. Moreover, the residues PRO 933 and TYR
931 were predominantly involved in the formation of the wa-
ter bridge interactions with compound 62052. Interestingly a
few more residues such as ALA 880, LEU 855, LUE 983, LEU 932,
PRO 933, TYR 931, and VAL 863 were predominantly involved in
hydrophobic interactions with compounds 62052 that elevated
the binding stability of the protein-ligand complex during the
simulation time.

‘ ‘ m \J,“ M( M(‘ W W

| I WM‘
H W‘A‘WNM “ Wi

Figure 7: (a) The RMSD plot of JAK2-62052 complex during
100ns simulations. (b) The RMSF plot of JAK2-62052 during the
100ns simulations. (c) The bar diagrams of JAK2-62052 contacts
during 100ns simulations. (d) The 2d diagram of JAK2-62052 com-
plex at end of the 100ns simulations.

Compound 353906

The dynamic behavior of the interactions between 353906
and the JAK2 was investigated using the familiar simulation
package Desmond at different timescale under physiological
sate. Figure 8a shows RMSD of the protein and ligand after MD
simulation. The RMSD of protein backbone exhibited a large de-
viation at the 13.30 ns and the RMSD value was 2.44 A, more-
over the protein backbone was more stable when the RMSD
were reached 1.82 A in 99.90 ns. The RMSD of both the protein
backbone and the ligand were more stable at end of the simula-
tion in 99 ns when the RMSD reached 1.82 A. RMSF displayed
the fluctuations of each protein amino acid residue over the
simulation time period (Figure 8b). The most fluctuating amino
acid residue was found to be ARG 922 with a RMSF value of
4.11A. The fluctuations also represent the interaction between
the protein and the ligand. Similarly, the backbone was more
fluctuation in residue ARG 922 and ASN 859, with RMSF values
of 3.87A and 3.30A, respectively. Besides, the most fluctuating
amino acid residue on the side chain of the protein was found
to be GLN 1070 with a RMSF value of 4.60 A. The bar diagram
(Figure 8c) of compound 353906 displayed mainly hydrogen
bonding interactions. The hydrogen bond interactions were
observed with GLU 930, LEU 932. Among them, GLU 930 dis-
played hydrogen bond interaction with a maximum occupancy
of 96.2%. In addition, various inter-molecular interactions such
as hydrogen bonding, hydrophobic interaction as well as water
bridges were formed between the compound 353906 with JAK2

Journal of Nanomedicine



MedDocs Publishers

kinase domain. Figure.8d shows the hydrogen bonding, hydro-
phobic that were significantly responsible for the enhancement
the stability of the 353906-JAK2 complex. We identified the
negative charged residue GLU 930 and LEU 932 was crucially
involved in the formation of hydrogen bonding (96% and 92%,
respectively) with active site regions of JAK2 during the simula-
tion period. Moreover, the residue TYR 931 was predominantly
involved in the formation of the water bridge interaction with
compound 363906. Interestingly a few more residues such as
ALA 880, LUE 983, LEU 932, and TYR 931 were predominantly
involved in hydrophobic interactions with compound 363902
that elevated the binding stability of the protein-ligand complex
during the simulation time.
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Figure 8: (a) The RMSD plot of JAK2-353906 complex during
100ns simulations. (b) The RMSF plot of JAK2-353906 during the
100ns simulations. (c) The bar diagrams of JAK2-353906 contacts
during 100ns simulations. (d) The 2d diagram of JAK2-353906 com-
plex at end of the 100ns simulations.

Compound 87845

The dynamic behavior of the interaction between compound
87845 and the JAK2 was investigated by the familiar simulation
package Desmond at different timescale under the physiologi-
cal state. Figure 9a shows RMSD of the protein and ligand. The
RMSD of protein backbone exhibited a slight deviation in 62.70
ns and the RMSD values were 2.68 A, moreover the protein
backbone was more stable when the RMSD was reached 2.24
A. The deviation in ligand RMSD between the 0.20 to 19 ns was
found in the ranges of 1.15 A to 2.42 A, but the ligand most
stable unless the ligand RMSD finally reached 2.54 A. The RMSF
displayed the fluctuations of each protein amino acid residue
over the simulation time period (Figure 9b). The fluctuation
also represents the interaction between the protein and the
ligand. Initially a slight fluctuation was observed in backbone
of the protein residue THR 842 and ASN 852, and the RMSF val-
ues were3.3 A and 2.87 A respectively. Large fluctuations were
observed in the side chain of protein residue THR 842 and the
RMSF value was 4.45 A. The bar diagram (Figure 9c) of the com-
pound 87845 displayed the main hydrogen bonding, hydropho-
bic interactions, and water bridge interactions. The hydrophobic
and hydrogen bond interaction were observed with GLU 930,
LEU 932 with a maximum occupancy of 1.898% and 57.3%, re-
spectively. In addition, various intermolecular interactions such
as hydrogen bonding and water bridges were formed between
compound 87845 with JAK2 kinase domain. Figure 9d shows
the hydrogen bonding plays a crucial role in the enhancement
of the stability of the 87845-JAK2 complex. The LEU 932 was

involved in the formation of hydrogen bonding (95%) with the
active site region of JAK2 during the simulation period. More-
over, the negative charged residue GLU 930 was predominantly
involved in the formation of the water bridge interaction with
compound 87845. Furthermore, only LEU 932 was involved in
hydrophobic interactions with compound 87845 to enhance the
binding stability of the protein-ligand complex during the simu-
lation time.

,:v\ l‘“"“ "1*”;“ 'W r[;
\WH ] | ﬂ

Figure 9: (a) The RMSD plot of JAK2-87845 complex during
100ns simulations. (b) The RMSF plot of JAK2-87845 during the
100ns simulations. (c) The bar diagrams of JAK2-87845 contacts
during 100ns simulations. (d) The 2d diagram of JAK2-87845 com-
plex at end of the 100ns simulations.

Compound 76746

We investigated the binding stability of the JAK2 with com-
pound 76746. Fig. 10a shows RMSD of the protein and the li-
gand. The RMSD of protein backbone exhibited a slight devia-
tion between 45.30 ns and 77.30 ns and the RMSD values were
from 2.38 A to 2.54 A. Slight changes in the ligand RMSD was
observed from 1ns to 95ns, and larger deviation in ligand RMSD
was observed at 95 ns and the ligand RMSD was reached 3.44 A.
RMSF displayed the fluctuations of each protein amino acid res-
idue over the simulation time period (Fig. 10b). The most fluc-
tuating amino acid residue was found to be ASN 859, GLU 1012,
GLU 1015 and RMSF values were 3.44 A, 4.19 A, and 4.23 A,
respectively. The backbone more fluctuated in residue ASN 859,
and RMSF value was 3.49 A. Besides, the most fluctuated amino
acids on the side chain of the protein were GLU 1012 and GLU
1015 and the RMSF values were 4.19 A and 4.23 A, respectively.
The bar diagram (Figure 10c) of the compound 76746 displayed
the main hydrogen bonding and water bridge interactions. The
hydrogen bond, water bridge interactions were observed with
LEU 932 and ALA 880. The LEU 932 displayed hydrogen bond
interaction with a maximum occupancy of 95.3% and the water
bridge interaction was observed with ALA 880 with a maximum
occupancy of 60.0%. In this complex only one hydrogen bonding
and one hydrophobic interaction were formed between com-
pound 76746 and the JAK2 kinase domain. Figure 5d shows the
hydrogen bonding, hydrophobic interactions that were mainly
responsible for enhancing the binding stability of 76746-JKA2
complex. We identified that the LEU 932 were crucially involved
in the formation of hydrogen bonding (95%) with the active site
region of JAK2 during the simulation period. A few more resi-
dues such as ALA 880, LEU 855, LUE 983, LEU 932 and TYR 931
were predominantly involved in hydrophobic interactions with
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compounds 76746 that elevated the binding stability of the pro-
tein-ligand complex during the simulation time.
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Figure 10: (a) The RMSD plot of JAK2-76746 complex during
100ns simulations. (b) The RMSF plot of JAK2-76746 during the
100ns simulations. (c) The bar diagrams of JAK2-76746 contacts
during 100ns simulations. (d) The 2d diagram of JAK2-76746 com-

plex at end of the 100ns simulations.

Conclusion

Rheumatoid arthritis is a chronic autoimmune disease pri-
marily affecting in elder women. Janus kinase 2, of the Janus
kinase family, is a non-receptor tyrosine kinase predominantly
implicated in the activation of the crucial JAK/STAT signaling
pathway. Aberrant activity of the JAK/STAT signaling pathway
can lead to RA. Here, we endeavored to find effective inhibi-
tors against JAK2 to offer better therapeutic options for RA. We
employed structure-based virtual screening of the NCI database
against JAK2. We began with docking 250,000 molecules from
the database with JAK2 using Schrodinger Glide HTVS mode,
50,000 molecules were then filtered from the HTVS results and
subjected to SP mode for further ligand scrutinization, the top
scoring 5,000 compounds were then funneled from SP mode
and docked using XP mode resulting in 50 potential molecules
that surpassed the glide XP score of the natural JAK2 ligand. The
50 molecules were then evaluated for drug likeness properties.
Finally, we found four compounds having adequate predicted
ADME properties. Furthermore, to investigate binding confor-
mational stability of the four-potential drug-like molecules we
studied the molecular dynamics using Desmond. The molecular
dynamics simulation investigation reveals that all four hit mol-
ecules are more stable inside the binding pocket of the JAK2
kinase domain at the end of the simulation and inhibits the over
expression of the kinase activity of JAK2. Based on this in silico
study, the four molecules showed great potential for further
lead optimization and are suggested to undergo further pre-
clinical and clinical investigations.
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