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Abstract
NEK7 plays a crucial role in many signaling pathways and contributes to a variety of cancers. Therefore, NEK7 has long been
considered an attractive drug target in anti-cancer drug discovery. However, only a few efforts have been made in development
of NEK7 inhibitors with selectivity. In the present study, we have investigated FDA approved kinase inhibitors as potential NEK7
inhibitors. Although more than 200 FDA approved drugs are available but none is known to inhibit NEK7 protein. These
findings motivated us to design in-silico approach for investigation and identification of NEK7 protein. In the current study,
Structure-based virtual screening and molecular docking were carried out to identify potential NEK7 inhibitors. Dacomitinib
and Neratinib was selected depending upon their potential activities against various cancer cell lines. These drugs were
subjected to density functional theory calculations which demonstrated the chemical reactivity of both drugs. Furthermore,
molecular docking studies were conducted using Molecular Operating environment 2015.10 and conformations with high
docking scores and strong interactions were selected for further analysis. Absorption, distribution, metabolism, elimination and
toxicity (ADMET) profile evaluation was also carried out to ascertain toxicity profile of both drugs. The proposed inhibitor–
protein complexes were further subjected to Molecular Dynamics (MD) Simulations studies involving root-mean-square
deviation and root-mean-square fluctuation to explore the binding mode stability inside active pockets. Finally, both drugs were
obtained as potential inhibitors of NEK7 protein. All these analyses provide a reference for the further development of NEk7
inhibitors.

Introduction
Cancer is uncontrolled division of abnormal cells. These cells proliferate and damage adjacent cells and organs causing
metastasis [1]. A 2008 study showed cancer prevalence around 28.8 million worldwide [2]. According to World Health
Organization (WHO), cancer is the second biggest reason of mortality in the world causing 10 million deaths annually [3].
Every one out of six deaths are due to cancer worldwide [4]. Kinases are proteins that are involved in normal cell regulation and
cell signaling pathways [5]. Out of 497 protein kinases in human genome, 284 have been determined experimentally in apo
form or inhibitor form [6]. The mutation in protein kinases disrupts its genetic makeup and can cause cell dysregulation which
results in abnormal cells growth which is the main checkpoint of cancer [7]. Other factors that can cause cancer include: age,
gender, lifestyle, dietary changes or exposure to toxins [8]. The example of kinases include Polo-like kinases (PLKs), cyclin-
dependent kinases (CDKs), Aurora, and the Never in Mitosis (NEK) family of kinases [9]. These protein kinases are involved in
cell cycle regulation [10]. Therefore, protein kinase inhibitors play an important role in cancer treatment [11]. The NEK kinase
family plays a vital part in maintaining the signaling pathway of metabolic cells [12]. NEK consists of 11 proteins [13] out of
which NEK6, NEK7 play an important role in cell cycle control, division and proliferation [14], and Both of these proteins have a
sequence identity of 85 percent [15] NEK7 belongs to the class of NIMA related kinases [16]. NEK7 plays the most important
role in mitosis compared to NEK6 or NEK9 [17]. Established studies have shown that NEK7 is involved in a number of mitotic
processes like spindle assembly, placement of centrosomes, and cell division. High-throughput transcriptome study revealed
that NEK7 is abundantly present in the major number of tissues like heart, liver, lung, brain, muscle, testis, leukocyte, and
spleen [18] where it regulates mitotic progression [10]. Phosphorylation of a protein substrate causes it to become more active
or increase its interaction with other molecules, which results in a lot of physiological responses [19]. NEK7 phosphorylates the
Kinesin 5 protein (Eg5) at SER 1033, causing centrosome separation before nuclear envelop collapse [20]. Interference with
NEK7 can cause unregulated phosphorylation which leads to increase in mitotic cells and ultimately leads to cell death [21].
Protein kinases have been widely studied past 20 years for the development of targets [22] to produce newer anti-neoplastic
drugs [23]. 53 FDA-approved medications in the United States that have known anti-cancer action, and over 200 leads are in
research for development into newer anti-cancer agents [24], but very few FDA approved inhibitors are effective against NIMA
related kinases. Debrafinib is the only drug that is known to have inhibitory activity on BRAF-mutant melanoma and NRAS-
mutant melanoma cell lines. These proteins were in charge of mutant melanomas' proliferation and survival. Dabrafenib, in
particular, had considerable activity against NEK7 protein with an IC50 value of 1–9 nM [25]. However, none of the FDA
approved drugs have inhibitory activity against NEK7 showing the scarcity of NEK7 inhibitors.
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We utilized structure based in-silico approach to produce selective NEK7 inhibitors which can be used as a powerful tool for
cancer therapy. Overall, docking programs show a success rate of 65–70% [26], which means that using docking programs
combined or separately shows protein-ligand interaction. To enhance the accuracy of docking algorithms, the current work
utilized and the commercially available Molecular Operating Environment (MOE) 2015 [27]. Additionally, the results were
confirmed using comprehensive quantum chemistry calculations, including density functional theory (DFT) calculations of
frontier molecular orbitals (FMOs), global and local reactivity descriptors, and molecular electrostatic potential (MEP). To
determine the drug likeness and physicochemical features of compounds, detailed drug like properties, i.e. ADMET properties,
were calculated. This is the first complete in -silico approach to advise future molecular exploration of these derivatives in
order to identify an optimal candidate for therapeutic intervention in breast cancer and other linked malignancies.

Methods And Methodology

Computational Studies

Quantum Chemistry through Density Functional Theory Calculation
The Gaussian 09 software was used for calculation of density functional theory studies of FDA drugs and Gauss view 6
program was used for visualization of the results. The geometries of drugs were optimized using DFT/B3LYP level of theory
and SVP basis set. The SVP set is reliable set for the geometry optimization of similar structures [28]. Furthermore, highest
occupied molecular orbital and lowest unoccupied molecular orbital analysis was carried out using same level of theory [29].

Molecular Docking Studies
The targeted protein structure was retrieved from protein data bank [30] (PDB ID = 2wqn). The unwanted molecules such as
water and unnecessary het atoms were removed from the structure using sequence editor utility of the Molecular operating
environment 2015.10. Protein structure was 3D protonated and energy was minimized to steepest gradient to remove any
steric clashes. Furthermore, polar hydrogen atoms and gastier charges were added using MMFF94x forcefiled. After the
structure preparation, the site finder utility of the MOE was used for identification of active site of the protein. The structures of
FDA approved drugs were generated using chemdraw ultra from IUPAC names. These drugs were docked into active pocket of
protein using two scoring functions. The triangular matcher scoring function was set to London dg whereas placement and
refinement parameters were set to GBVI-WSA dG. The rigid receptor model was used for docking purpose. After completion of
Molecular docking, we selected top poses on the basis of Gibbs free binding energy, binding affinity (ki) and RMSD of the
protein-ligand complex. Best poses were further analyzed and visualized using the MOE [31].

Molecular Dynamics Simulation
Molecular docking experiment provide initial protein-ligand complex for molecular dynamic studies. Desmond, a package from
Schrödinger LLC [32], was used to run molecular dynamic simulation for 100 ns. Molecular docking studies provide insight
into binding state of ligand with protein. Docking provides a static view of a molecule's binding pose in a protein's active site
[33], MD simulations measure the average displacement of atoms with respect to some reference. MD simulation predict the
stability of the protein-ligand complex [34, 35].

Maestro or protein preparation wizard was employed for processing of protein-ligand complex. The system was prepared in
system builder tool. The system was solvated by PIP3P solvent model. The system was neutralized by adding counter charge
particularly NACL at concentration of 0.15 M. In the simulation, the OPLS 2005 force field was used [36]. The system was
equilibrated in NVT and NPT ensemble for 1 ns at 300 k temperature and 1 atm pressure. Before the simulation, the models
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were loosened. After every 100 ps, the trajectories were saved for analysis, and the simulation's stability was determined by
measuring the root mean square deviation (RMSD), root mean square flactuation of the protein and ligand over time [37].

Results And Discussion
Density Functional theory studies (DFTs)

In current study, Quantum chemical calculations i.e., Molecular geometry optimizations, HOMO-LUMO, Molecular electrostatic
potential, frontier molecular orbital energies, energetic parameters and global reactivity descriptors of  Dacomitinib and
Neratinib were carried out with Gaussian 09 and Gauss view 6 software package using DFT/B3LYP method. The SVP basis set
was used for all calculations [38]

Optimized geometries

In present study, geometries of FDA approved drugs Dacomitinib and Neratinib were completely optimized in gas and solvent
phase using DFT/B3LYP method and 6-31g (d,p) basis set.. No negative frequencies were obtained after the geometry
optimization which demonstrating that current geometries are true local minima. Optimized structures of both drugs are
presented in Figure 1.

Table 1. Optimization energy of FDA approved drugs

Code Gas Methanol

Optimization
Energy (hatree)

Polarizability

a.u (α)

Dipole
Moment
(debye)

Optimization
Energy (hatree)

Polarizability

a.u (α)

Dipole
Moment

(debye)

Dacomitinib -1912.731301 326.801422 2.696072 -1912.748676 435.057775 3.885410

Neratinib -2173.707581 419.348279 6.749889 -2173.728460 560.189099 8.520631

 

Frontier molecular orbital analysis (FMOs)

The highest occupied molecular orbitals (HOMO) and lowest unoccupied molecular orbitals (LUMO) were generated using
Gaussian 9 and Gauss view 6 software package. The energy calculations were performed using SVP basis set in gas and
solvent phase. The FMOs of both drugs are shown in figure 2.

FMOs have high significance as they determine the reactivity of the compound. The outermost electrons are directly involve in
interaction between ligand and target protein so calculation of FMOs become inevitable. The HOMO represents the ability of a
compound to donate electrons while LUMO is the ability to accept or withdraw electrons. The small energy gap ΔE (EHOMO-
ELUMO) between HOMO and LUMO represents efficient charge transfer and making molecule more polarizable. Whereas,
molecules having large ΔE gap (EHOMO-ELUMO) are least reactive and non-polarizable [39].

The calculated values for HOMO and LUMO and ΔE gaps (EHOMO-ELUMO) are tabulated in table 2. 

Table 2. Values for HOMO and LUMO and ΔE gaps (EHOMO-ELUMO)
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Compound EHOMO

(eV)

ELUMO

(eV)

∆Egap

(eV)

Potential 

Ionization
I(eV)

Affinity
A(eV)

Electron 

donating
power
(ω-)

Electron

accepting
Power
(ω+)

Electrophilicity
(Δω±)

Dacomitinib

 

Gas  -0.21996 -0.06775 0.152

 

0.21996 0.06775 0.217 0.074 0.291

Sol  -0.22054 -0.04304 0.178

 

0.22054 0.04304 0.217 0.074 0.291

Neratinib Gas  -0.22254 -0.07332 0.149

 

0.22254 0.07332 0.230 0.082 0.312

Sol -0.21939 -0.07378 0.146

 

0.21939 0.07378 0.230 0.082 0.312

As shown in table 2 and figure 2, the energy band gap between (EHOMO-ELUMO) for compound Dacomitinib and Neratinib were
found to be 0.152eV and 0.149eV in gas phase whereas it was 0.178eV and 0.146eV in solvent phase respectively in
B3LYP/DFT SVP level of theory. It was observed that small energy gap was corresponding to more reactivity of the compound.
Here we can say that docking score and binding affinities of drugs increases with decrease in the energy gap. Furthermore,
chemical hardness and softness is measure of stability of molecular structure. [40] Compound having the large (EHOMO-ELUMO)
energy gap refers to hardness of molecule whereas compound having small energy gap are usually more reactive and show
high binding energies and binding affinity. Dacomitinib showed softness value of 7.40 in solvent phase whereas Neratinib
showed softness value of 6.25 which demonstrate that Dacomitinib is more reactive drug than Neratinib. The Koopman’s
theorem was used to express ionization energy and electron affinity of both drugs [41].

I = -EHOMO

A= - ELUMO

We evaluated the following parameters by using their respective formulas: Hardness: η = 1/2(ELUMO - EHOMO); Softness: S =
1/2η; Electronegativity: χ = -1/2(ELUMO + EHOMO); Chemical potential: µ = - χ; Electrophilicity index: ω = µ/2η.

Table 3. Global reactivity descriptors for FDA approved drugs

Compound Hardness
(η)

Softness
(S)

Electronegativity
(X)

Chemical Potential
(μ)

Electrophilicity Index
(ω)

Dacomitinib

 

Gas  0.076 6.57 0.144 -0.144 0.136

Sol  0.089 5.63 0.132 -0.132 0.098

Neratinib Gas  0.075 6.70 0.148 -0.148 0.147

Sol 0.073 6.87 0.147 -0.147 0.148

 

It is known that outermost electrons are involved in interaction between ligand and targeted protein so it is important to
calculate electron density of highest occupied and lowest unoccupied molecular orbitals. In present study we have calculated
the electron density and molecular electrostatic potential (MEP) of both drugs. The electron density of HOMO in gas phase for
Dacomitinib was localized over morpholine and piperdinyl ring of Dacomitinib compound whereas electron density of LUMO
are localized to carbo nitrile and benzocarbazole moiety of the compound. The electron density of HOMO and LUMO for
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Dacomitinib remained nearly same for solvent phase but it was more localized toward carbonitrile ring as compared to gas
phase. 

Molecular Docking

In-silico molecular modelling studies were conducted using MOE 2015.10 to evaluate and investigate stable protein-ligand
interactions. FDA approved inhibitors i.e., Dacomitinib and Neratinib were docked into activation loop of NEK7 (PDB ID:
2WQN). Molecular docking studies showed binding affinity and interaction model of drug/protein candidate. The binding
affinities of best pose was assessed through predicted inhibitory constant (ki) values and docking scores obtained through
molecular docking. Activation loop of NEK7 protein is consist of intact HRD and DFG motifs which must remain intact to retain
the active conformation of a protein. Both approved drugs were assessed for their interactions with amino acid residues of
active site. Visualization of best pose was carried out using Discovery visualizer 17.2 [42]. The FDA approved drug showed
excellent docking scores and formed stable protein-ligand conformation. 

The docked conformation of Drug Dacomitinib with in active pocket of NEK7 formed stable protein-ligand complex with least
binding energy of-26.77 kJ/mol and ki 20.37 µM. The amino acid residues which were involved in bonding and nonbonding
interactions with Dacomitinib were as follows; ARG42, GLY41, ASP115, ILE40, ILE113, ALA61, LEU111, GLU112, ALA114,
VAL48, ILE95, ASP179, LYS63 and PHE168. Dacomitinib showed important molecular interactions including hydrogen
bonding, carbon hydrogen bonding, alkyl, pi-alkyl and van der waal interactions. All these interactions were involved in
stabilizing protein-ligand complex. Briefly, it was observed that 1-ethyl piperidine ring of Dacomitinib was forming carbon
hydrogen bond with ARG42 and GLY41. The formamide ring was making pi-sigma interaction with ILE40, pi-alkyl interaction
withALA61 and VAL48, it is also an unfavorable acceptor-acceptor interaction with ASP179. Moreover, dimethylformadine ring
is forming hydrogen bond with ASP179. Fluorobenzene ring is making pi-cation interaction with LYS63 and alkyl interaction
with VAL48. Furthermore, among non-bonding interactions Van der wall interactions were observed with following residues;
ASP115, LEU113, GLU112, ILE95, PHE168.

The bonding and non-bonding interactions of drug Neratinib involved important amino acid residues of activation loop of
NEK7. The amino acid residues which were involved in molecular interactions with Neratinib were as follows; LEU180, LYS63,
ASP179, VAL48, ILE40, ALA61, LEU113, GLU112, ALA114, ILE95, LEU111, ARG121, ASP115, GLY117, PHE168, ASP118,
ALA165, LYS163 and ASN166. Neratinib showed important molecular interactions which contributed to binding affinity and
binding score of protein-ligand complex. Most important interactions were observed between piperidinyl, pyrazol and 2,4
dichloro-4-floro phenyl ring of Crizotinib. Trimethylamine ring was involved in major stabilizing interaction i.e., conventional
hydrogen bonding with LYS63 and ASP179 respectively of activation loop. 5-methyl-3-methylene-N-vinyl-2,3-dihydropyridin-4-
amine is involved in making pi-alkyl interaction with ALA65.  Moreover, chlorobenzene ring was involved in making pi-anion
interaction with ASP179, pi-alkyl interaction with ALA161 and VAL48. Pyridine ring is forming pi-cation interaction with
ASP179, pi-alkyl interaction with ALA114, ALA61, ILE95 and LEU111. These interactions were majorly contributing toward
increasing the binding energy. Meanwhile, ethoxyethane ring was involved in carbon-hydrogen bonding with ASP115 amino
acid residue. Neratinib showed excellent binding energy of -27.78 kJ/mol courtesy of important molecular interactions. Van
der Walls interaction are important hydrophobic interactions which were observed with following amino acid residues; LEU180,
ILE40, LEU113, GLU112, ARG121, GLY117, PHE168 and ASN166.

Molecular Dynamic simulation

The simulation paths of Desmond were examined. MD trajectory analysis was used to calculate the root mean square
deviation (RMSD), root mean square fluctuation (RMSF), and protein–ligand interactions.

The Root Mean Square Deviation (RMSD) is a metric for calculating the average change in displacement of a group of atoms
in relation to a reference frame. It is calculated for each and every frame of the trajectory. Throughout the simulation,
monitoring the protein's RMSD can provide insight into its structural configuration. If the simulation has equilibrated, the
RMSD analysis can show if the fluctuations at the end of the simulation are around some thermal average structure.  The
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RMSD of a ligand is shown in the plot when the protein-ligand complex is first aligned on the reference protein backbone and
then the RMSD of the ligand heavy atoms is measured. If the measured values are much larger than the protein's RMSD, the
ligand has most certainly diffused away from its initial binding site.

Figure 5 depicts the evolution of RMSD values for the C-alpha atoms of NEK7 protein over time. The 2wqn-
Dacomitinib complex's RMSD plot (Figure 5) shows stability of the protein ligand complex throughout simulation time which
show that the complex possessed stable molecular interactions. It was observed that complex reaches stability at 5 ns and
remained under 2 angstrom which is perfectly acceptable. After being equilibrated, protein RMSD values fluctuate within 2
Angstrom. After 35 ns Protein RMSD was increased to 2.1 angstrom and dropped again after 50 ns but it remained within
limits and remained in equilibrium for remaining simulation time. These results show that the ligands remained securely
attached to the receptor throughout the simulated time. RMSD for C-alpha atoms of NEK 7 also remained under 2 angstrom
which depict the structural stability of the protein.

The protein-ligand complex showed any structural changes occurred during simulation time. Trajectory analysis of protein-
ligand complex showed that RMSD values remained stable. During simulation very minute changes were occur which was
insignificant. It was observed that complex was stable initially but after 30 ns it showed fluctuation and RMSD reached to 2.7
angstrom. After 50 ns, complex RMSD again dropped to 1.5 angstrom and remained stable majority of the simulated time. The
average value for RMSD showed that complex remained stable without significant fluctuations. It terms of Protein RMSD, it
showed slight fluctuations at end of trajectory but still average value for RMSD was perfectly acceptable.

For characterizing local changes along the protein chain, the Root Mean Square Fluctuation (RMSF) is useful. Figure 6 Peaks
show sections of the protein that fluctuate the greatest during the simulation on the RMSF plot. Typically, the tails (N- and C-
terminal) of proteins change more than any other portion of the protein. RMSF graph depict that amino acid residues ranging
from 180 to 220 showed fluctuations in RMSF value. These residues belong to C terminal lobe. Alpha helices and beta strands,
for example, are usually stiffer than the unstructured section of the protein and fluctuate less than loop portions. According to
MD trajectories, the residues with greater peaks belong to loop areas or N and C-terminal zones. (Figure 7). The stability of
ligand binding to the protein is shown by low RMSF values of binding site residues.

Peaks show sections of the protein that fluctuate the greatest during the simulation on the RMSF plot. Typically, the tails (N-
and C-terminal) of proteins change more than any other portion of the protein. Secondary structural parts such as alpha
helices and beta strands are usually more rigid than the unstructured portion of the protein and fluctuate less than loop areas.
The residues with higher peaks belong to loop areas or N and C-terminal zones, as determined by MD trajectories shown in
Figure 7. The stability of ligand binding to the protein is shown by low RMSF values of binding site residues.

Conclusion
In the current study, we have conducted the in-silico investigation of FDA approved drugs against NEK7 protein. FDA approved
drugs Dacomitinib and Neritinib was optimized and in depth electronic and reactivity parameters were calculated using DFTs
studies. Both drugs exhibited reactive potential against NEK7. Molecular docking studies were performed using MOE 2015.10.
Both drugs were docked into active pocket and stable conformation was retrieved on the basis of binding energies and binding
affinity (ki). Both drugs showed potent molecular interactions and exhibited excellent docking scores. Furthermore results of
Molecular docking experiment was supported by molecular dynamic simulations. Trajectory analysis of RMSD for protein and
protein-ligand complex showed less fluctuation and retained stable conformation through simulated time. Furthermore,
ADMET properties were also calculated for in-silico verification of both drugs.
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Figure 1

Optimized structures of Dacomitinib and Neritinib

Figure 2
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HOMO and LUMO in gas and solvent (water) phase

Figure 3

2D and 3D interactions for NEK7- Dacomitinib complex

Figure 4

2D and 3D interactions for NEK7- Neratinib complex

Figure 5

Residue wise Root mean square deviation (RMSD) of the C-alpha atoms of NEK7 (2wqn) and Dacomitinib Complex with time
the left Y-axis depicts the change in protein RMSD over time. The right Y-axis depicts the change in ligand RMSD over time.

Figure 6

Residue wise Root mean square deviation (RMSD) of the C-alpha atoms of NEK7 (2wqn) and Neratinib Complex with time the
left Y-axis depicts the change in protein RMSD over time. The right Y-axis depicts the change in ligand RMSD over time.

Figure 7
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Root mean square fluctuations (RMSF) of the C-alpha atoms of NEK7 (2wqn)
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