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Abstract

Cancer remains a significant health problem and stands as one of
the primary causes of death worldwide. NEK7, a NIMA-related
protein kinase, plays a crucial role in spindle assembly and cell
division. Dysregulation of the NEK7 protein contributes to the
development and progression of various malignancies, such as colon
cancer and breast cancer. Therefore, the inhibition of NEK7 shows
promise as a potential clinical target for anticancer therapy.
Nevertheless, there is a dearth of high-quality NEK7 inhibitors. In
this study, we utilized virtual screening, molecular docking, silicon-
based pharmacokinetics, molecular dynamics (MD) simulations, and
molecular mechanics Poisson-Boltzmann surface area (MM/PBSA)-
based binding free energy calculations to comprehensively analyze
effective natural inhibitors that target NEK7 within the current
framework. By employing molecular docking, including semi-flexible
and flexible docking methods, we identified three natural products
as hit compounds with binding modes similar to the active control

dabrafenib. ADME/T predictions indicated that these hit molecules



exhibited lower toxicity when administered orally. Additionally,
through DFT calculations, we determined that the popular
compound (-)-balanol possessed high chemical activity. Finally, 100
ns molecular dynamics simulations and energy decomposition
revealed that the hit compounds displayed superior binding energy
compared to the active control and demonstrated higher affinity.
Based on the findings of our current research, we conclude that
these newly discovered natural inhibitors may serve as parent
structures for the development of more potent derivatives with
promising biological activities. However, further experimental

validation is necessary as part of subsequent investigations.

Keywords NEK?7 - Natural inhibitors - Virtual screening - Molecular
docking - Molecular dynamics simulation - Binding free

energy - ADME/T.

Introduction

NIMA-related kinases (NEKs) belong to the family of mitotic
kinases, representing the third family of kinases [1]. A notable
characteristic of the NEK protein family is the presence of typical
serine/threonine kinase motifs in the N-terminal catalytic domain,
which exhibits a significant sequence similarity to the Neurospora
crassa NIMA kinase [2]. NEKs comprise a substantial class of
homologous kinases with similar structure and function,
participating in various physiological regulatory processes,
including mitotic regulation, ciliogenesis, and DNA damage
response [3]. Presently, NEKs are found in most eukaryotes,
including the human genome, which encompasses 11 genes (NEK1

to NEK11) encoding NEKs [4].



NEKY7 is a small member of the NEK kinase family and localizes
in the centrosome. It exhibits wide expression in various tissues,
including the brain, heart, lungs, liver, and spleen [2]. NEK7
primarily concentrates at the two poles of the spindle, regulating
microtubule function and closely contributing to the formation of the
mitotic spindle and cytoplasmic separation [5]. Consequently, it
plays a crucial role in cell cycle regulation [6]. The NEK7 gene, found
on chromosome 1, encodes a polypeptide comprising 34,500 amino
acids. NEK7 is predominantly located on both sides of the spindle
and consists mostly of catalytic kinase domains, featuring two amino-
terminal kinase domains and lacking a carboxyl terminal [7]. Among
the NEK family, NEK6 and NEK7 share approximately 86% identity
in their C-terminal domains, while their unstructured N-terminal
extensions exhibit only about 20% identity. Notably, NEK7, together
with NEK6 and NEK9, forms a mitotic signaling module, wherein
NEK9 phosphorylates and activates NEK6 and NEK7, collectively
promoting mitosis [8]. NEK7 has long been recognized as closely
associated with cell division, growth, and the survival of mammalian
cells [9].

NEK7, despite its physiological role, exhibits abnormal
expression in various tumors, such as retinoblastoma, hepatocellular
carcinoma, pancreatic ductal adenocarcinoma, head and neck
squamous cell carcinoma, and breast cancer [10-12].
Downregulation of NEK7 levels in numerous cancer cell lines and
tumor models has been observed to diminish tumor proliferation,
migration, and invasion by influencing the mitotic process [13,14].
These findings indicate the potential of NEK7 as a promising drug
target. However, the lack of high-quality NEK7 inhibitors impedes
progress in this field. In comparison to conventional drug discovery

methods, virtual screening offers a rapid and cost-effective approach



for identifying potential drugs. Moreover, natural products have
gained significant global research attention owing to their
remarkable chemical diversity and robust biochemical specificity.
Consequently, there is a growing focus on exploring potent bioactive
compounds derived from herbs and medicinal plants, thus paving the
way for multiple pharmacological targets [15-17].

In this study, we conducted the following work to search for
novel skeletal natural inhibitors of NEK?7. Initially, we performed
structure-based virtual screening of a natural compound library to
identify compounds that exhibited optimal orientation at the active
site of the enzyme and determined their corresponding docking
scores. Subsequently, we employed pharmacological models and
molecular docking to conduct screening. We utilized ADME/T
predictions to explore the pharmacokinetic and pharmacodynamic
characteristics of the remaining compounds, with a specific focus on
the hit compounds, after docking. Additionally, we conducted density
functional theory (DFT) investigations to determine the reaction
properties and stability of the positive compounds and natural
molecules that showed hits. We utilized DFT calculations to evaluate
the HOMO/LUMO analysis, molecular reactivity descriptors, and
electrostatic potential (ESP) of the three identified natural products.
We performed molecular dynamics simulations (MD) based on the
docking scores and binding modes to assess the potential molecular
interactions and binding stability within the protein-ligand
complexes. Finally, we conducted MM/PBSA binding free energy
calculations on the enzyme complex to gain insight into the

inhibitor's affinity for the active site.
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Fig. 1 Overview of the computational workflow implemented for

structure-based virtual screening.

Materials and methods
Fig. 1 presents a graphical representation of the structure-
based virtual screening (SBVS) workflow used in this study to

describe the computational methodology pipeline.

Preparation of ligand

The study evaluated approximately 21,000 compounds extracted
from three prominent, large-scale natural product databases
globally: InterBioScreen [18] (L6020,19377, accessed via
https://www.tsbiochem.com/), The Natural Product Atlas [19,20]
(2022 09, 2.3.0, 33372, accessed via
https://www.npatlas.org/download), and ZINC [21,22] (160427,
accessed via https://www.zinc.docking.org). These natural products
were locally stored in Simplified Molecular Input Line Entry System
(SDF) format. The obtained two-dimensional compound structures
were then transformed into a three-dimensional Protein Data Bank
(PDB) format, leveraging the Open Babel tool. Following this, energy

minimization of the ligand library was performed using Chem 3D,



employing the Merck Molecular Force Field 94 (MMFF94) and the
steepest descent algorithm over 1500 iterations. The ligand library
preparation included the addition of gaseous charges to the
compounds and rotation of all rotatable bonds, facilitated by
AutoDock. The optimized compound library was finally saved in
PDBQT format, earmarked for subsequent virtual screening

procedures.

Fig. 2 The 3D structure of NEK7, integrated with ADP (cyan) (PDB
ID: 2WQN).

Preparation of protein

A prerequisite for docking experiments is the availability of the
protein's three-dimensional structure. The 3D X-ray crystal
structure of NIMA-related kinase 7 (NEK7) was retrieved from the
Protein Data Bank (PDB ID: 2WQN), exhibiting a resolution of 2.35
A. Any ligands and heteroatoms, including water molecules, were
subsequently removed from this protein. AutoDock v4.2 [23] was
then employed for additional protein preparation. The receptor

preparation process comprised full hydrogenation, consolidation of



nonpolar hydrogen atoms, and the introduction of Kollman charges
[24]. The processed protein is conserved in a local shell for
subsequent utilization. The binding site of NEK7 was determined

based on the original co-crystal ligand (ADP) (Fig. 2).

Re-docking of ligand molecules with receptor targets
Utilizing PyRx software, the NEK7 protein's original ligand was
extracted and subsequently redocked into the designated binding
pocket of the corresponding target protein, in accordance with pre-
established parameters [25]. The appropriateness of these
parameters was assessed via the root mean square deviation
(RMSD) between the ligand molecule that scored highest post-
docking and the co-crystallized ligand molecule. As a general rule,
an RMSD of < 2 A [26] indicates a successful replication of the
initial binding mode between ligand and receptor through the
docking procedure, thereby affirming the reasonableness of the

docking parameters.

Molecular docking

Molecular docking is a technique designed to identify the
optimal binding mode via the synergistic effect of energy matching,
geometric complementarity, and chemical environment
compatibility between a ligand and the active pocket [27]. In this
study, we utilized this method to ascertain the binding orientation of
various natural products within the active pocket of the NEK7
protein. Using the Vina software, we conducted a virtual screening
of natural product datasets. In this context, the Lamarckian Genetic
Algorithm of ADT (AutoDock's graphical user interface) was
employed to explore active binding spaces of varying efficacies. The

binding site of MAO-A had been predefined due to the co-



crystallization of the MLG ligand with FAD. We defined the grid box
in the receptor region bound by MLG, enabling the ligand library to
identify a feasible docking location [28]. The parameters for the grid
center were set at 37.0, 37.01, and 47.42, while the docking box
dimensions were 20x20x20 A3. For virtual screening, we performed
250 Lamarckian GA runs, yielding a maximum of 27,000 generations
and 250,000 evaluations. We initially applied semi-flexible docking
to 21,376 molecules, subsequently progressing the top-ranked
molecules (characterized by a potent binding force and high docking
score at the NEK7 active site) to a flexible docking mode. In the end,
we saved the best pose for each molecule during the docking process.
Given its proven efficacy as an inhibitor of the NEK9 protein, and the
structural similarity between NEK7 and NEK9, dabrafenib was also
incorporated into the docking analysis as a reference compound,

alongside selected popular molecules [29].

Density functional theory calculations

Density Functional Theory (DFT) serves as a robust and
efficacious method for the precise estimation of a compound's
electronic properties [30]. Using the Lee-Yang-Parr correlation
function (B3LYP) theory and a 6-31G**++ basis set, we optimized
natural compounds identified as hit compounds. This optimization
sought to enhance the binding affinity of these natural compounds
with NEK7 [30]. This study utilized Gaussian 09W software for the
optimization and frequency computations of the chosen drugs. The
Gaussian View 6 program facilitated the visualization of
HOMO/LUMO orbitals and the structures' optimization. All
computations employed the SVP basis set. The optimized compounds
underwent calculations to determine electronic properties, such as

HOMO (Highest Occupied Molecular Orbital), LUMO (Lowest



Unoccupied Molecular Orbital), and Molecular Electrostatic
Potential (MESP). The regions of electron donors and acceptors in
the hit compounds were identified through HOMO and LUMO [31].
The energy gap between HOMO and LUMO dictated the chemical
stability and biological activity characteristics of the hit molecules
[32]. The electrostatic potential and spatial diffusion (moving away
from the molecular surface) of the identified compound's van der
Waals contact surface were critical for measuring charge
distribution from an emergent reagents' perspective. The colored
isosurface values symbolize the overall molecular size and positive
electrostatic potential. The compound's regions with the highest and
lowest electrostatic potentials are dyed deepest blue and deepest
red, respectively. DFT was employed to collect molecular geometric
parameters, frontier molecular orbitals (FMO), global and local
reactivity descriptors, and molecular electrostatic potential (MEP).

Mathematical formulas facilitated the following computations [33]:

AEv9ap = FLUMO _ FHOMO
Electron affinity (EA) = - (LUMO)

Ionization potential ([p) = - (HOMO)
IP - EA
Hardness () = >
1
Softness (0) = —
27
IP + EA
Electronegativity (y) = 5
Chemical potential () = -y
Electrophilicity index (w) = Zi
n

In silico drug-likeliness and ADME/T prediction



ADME/T (Absorption, Distribution, Metabolism, Excretion, and
Toxicity) properties of compounds play a crucial role in drug design
and screening [34]. An early assessment of these properties can
effectively address interspecies variations, thereby enhancing drug
development success rates, reducing development costs, minimizing
drug toxicity, and informing appropriate clinical use [35]. This study
investigates the physicochemical properties (ADME traits) of
potential natural molecules to identify key parameters impacting
biological activity. To predict the drug-like properties and
pharmacokinetics/toxicity of both control compounds and identified
natural product molecules, we utilize the ADMETlab 2.0 server

(https://admetmesh.scbdd.com) [36].

Molecular dynamics simulation (MDs)

To delve into the binding stability of prominent compounds
yielded from virtual screening and proteins within the experimental
milieu, a molecular dynamics simulation, spanning 100 nanoseconds,
was executed on the complex post-molecular docking. All
simulations were executed employing the GROMACS software
package (v.2018.8) [37], with the charmm36 force field [38]
designated for the protein. Preparation of the protein topology file
was accomplished through the pdb2gmx tool [39], while the
Automated Topology Builder (ATB v3.0) [40] generated the ligand
ITP file with the gro-mos54a71 force field. The complex was confined
within a cube of 1nm border size, the exterior of the protein-ligand
region filled with the SPC water model. In an effort to conserve the
system's electrical neutrality, a proportion of water molecules were
supplanted with sodium and chloride ions, thus fashioning a solvent
box with 0.15 mol/L. NaCl. Initially, energy minimization of the

system was achieved using the steepest descent method, ensuring



the absence of geometric conflicts or inappropriateness. Following
this, equilibrium was established for each system's NVT and NPT.
Over a 100 picoseconds equilibrium period, the atom count, volume,
and temperature were maintained within the NVT ensemble.
Thereafter, the system persisted in establishing equilibrium for
another 100 picoseconds in the NPT ensemble, maintaining constant
atom count, pressure, and temperature. With a step size of 2.0
femtoseconds, the system underwent a 100 nanoseconds molecular
dynamics simulation at 300 Kelvin and one atmosphere. Analysis was
conducted on root mean square displacement (RMSD), root mean
square fluctuation (RMSF), radius of gyration (Rg), and hydrogen

bonds, founded on the MD simulation trajectory.

MM/PBSA binding free energy calculations

Binding energy calculations are highly beneficial during the
advanced phases of drug discovery [41]. This study employed the
Molecular Mechanics Poisson-Boltzmann Surface Area (MM/PBSA)
[42] approach to calculate the binding free energy of the complex
created by NEK7 and the identified natural product. The binding free
energy computation utilized the gmx MMPBSA program
(https://github.com/Valdes-Tresanco-MS/gmx MMPBSA) [43]. Our
methodology incorporated the complete Molecular Dynamics (MD)
trajectory of the protein-ligand complex, capturing snapshots at 200-
picosecond intervals. These snapshots facilitated the analysis of
binding free energy and identification of protein residues that

contribute to the complex's binding free energy.

AGbind = AGgaS + AGSOIV = EVDWAALS + EEL + EPB + ESURE

AGgas = EVDWAALS 4 EEL

AGsolv = EPB 4 FESURE



AGping is the binding free energy; AGg,s is the total gas phase
free energy; AGgqy is the total solvation free energy; Evpwaars is the
van der Waals energy; Egr is the electrostatic energy; Epg is the polar

solvation energy; Esurg is the non-polar solvation energy.

Results and discussion
Re-docking results of ligand molecules with receptor targets
Before initiating large-scale virtual screening, the validity of
parameter settings should be assessed using the RMSD values,
derived from the comparison of docked ligand molecules with their
original counterparts. An RMSD value equal to or less than 2 A
signifies the reasonableness of the docking parameter settings,
reflecting a high overlap between the docked and original ligand
molecules [26]. This correlation implies that a higher overlap
corresponds to a smaller RMSD value. The redocked ligand aligns
significantly with the original ligand, evidenced by the RMSD value
of 0.164 A for ADP (refer to Supporting Information Fig. S1). Such
an observation substantiates the reliability of the chosen docking

methodology.

Structure-based virtual screening (SBVS) of natural products

A comprehensive search for novel chemical types was performed
through several screening rounds, which resulted in the selection of
three natural compounds out of a total of 213,176 compounds. These
compounds were derived from three different natural product
databases: InterBioScreen, The Natural Product Atlas, and ZINC.
Given the functional and structural similarities between NEK7 and
NEK9, we used Dabrafenib, a potent NEK9 inhibitor (with an ICsg

value of 1-9 nM), as an active reference compound. The docking



score of Dabrafenib with NEK7 served as the benchmark for our
virtual screening process. Natural products from the databases
mentioned underwent two rounds of docking with varying precision
levels, namely semi-flexible docking and flexible docking, to
ascertain their potential affinity with NEK7. From the semi-flexible
docking process, we identified 56,375 compounds that exhibited
higher affinity with NEK7, surpassing the -8.909 kcal/mol docking
score of Dabrafenib with NEK7. Additionally, the top 5,000
compounds, which demonstrated binding energies ranging from -
12.0 to -17.0 kcal/mol, were classified as high-ranking compounds.
These compounds potentially showcase a more potent inhibitory
impact on NEK?7.

In the subsequent analysis, several amino acids located on
NEK7's active loop, specifically Ala61, Alal65, Aspl18, Glyl17,
Alal16, Argl121, Lys63, Gly43al48, Gly41, Leulll, Leull3, Phel68,
Aspl15, Alal14, Aspl179, Ile40, Asn166, and Ile40, were identified
for their flexibility, which aids in the docking of high-ranking
compounds with NEK7. Three natural product molecules, namely,
scutellarin, digallic acid, and (-)-balanol, were singled out for their
high NEK7 affinity and multiple interactions. These selections were
made based on docking score rankings and visual screening, with
docking scores of -11.547, -13.059, and -15.054 kcal/mol,
respectively. In comparison, the flexible docking score of dabrafenib,
the active control compound, with NEK7 was -9.071 kcal/mol. The
molecular structures of the SBVS shortlisted compounds, along with
their docking scores and interacting residues, are detailed in Table
1 and Fig. 3. An in-depth interaction analysis will be presented in
the following section.

Examining their structure, the natural products that bind tightly to

NEK7 are structurally diverse, and the three aforementioned



molecules have unique skeletal configurations. Of particular note,
recent research has found scutellarin to influence genes associated
with tumor cell proliferation, migration, angiogenesis, and
metabolism via the regulation of cellular signaling pathways.
Moreover, scutellarin alters the tumor microenvironment to promote
an enhanced immune cell response and curb excessive inflammation,
a mechanism leveraged by tumor cells for their growth [44]. Digallic
acid, a polyphenolic compound isolated from Pistacia lentiscus L.
fruits, selectively triggers apoptosis in cancer cells [45,46].
Furthermore, (-)-Balanol, a natural product originally isolated from
Verticillium balanoides, mimics ATP and inhibits protein kinase C
(PKC) isozymes and cAMP-dependent protein kinase (PKA) with
minor selectivity. The frequent implication of PKCe in cancer
progression suggests its potential as an anticancer drug target [47].
Given the established activities of these compounds, they show
promise for cancer chemotherapy. With the support of NEK7-based
virtual screening results, we propose that they may contribute to

anticancer activities by acting on NEK?7.

Table 1 The complete detail of shortlisted compounds.
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Fig. 3 The two-dimensional (2D) chemical structures of reference
(A) and top-hit (B-D) molecules shortlisted from SBVS against
NEK?7.

3.3. Molecular docking analysis of candidate molecules

To uncover the binding potential and mode of action of the
shortlisted natural products with NEK7, we evaluated an interaction
analysis of their molecular docking. This evaluation aimed to
improve our understanding of their pharmacological activity and
binding mechanism against NEK7. In these studies, each ligand
demonstrated several binding interactions with the receptor (Table
2). The docking order, based on scores, was as follows: (-)-balanol >

digallic acid > scutellarin.



First, we observed the binding mode of dabrafenib with NEK7's
active pocket (docking score=-9.071 kcal/mol). Dabrafenib primarily
bound to the catalytic loop, interacting with several key amino acids
(Fig. 4A). The 2-aminopyrimidine ring of dabrafenib formed a
hydrogen bond with GLU112, which partially represents the
strength of the bond. Another hydrogen bond was detected between
the benzene sulfonamide fragment and Ile40. Additionally, certain
nonpolar amino acids in the catalytic loop, such as Ile40, Phe45,
Val48, formed hydrophobic interactions with dabrafenib.

Next, the docking conformation of scutellarin with NEK7's active
pocket resulted in a stable protein-ligand complex (docking score -
11.547 kcal/mol). Scutellarin exhibited significant molecular
interactions, such as hydrogen bonds and hydrophobic interactions,
due to its polyhydroxy and polycyclic structure. These interactions
stabilize the protein-ligand complex. The glucose part of scutellarin
formed hydrogen bonds with Gln44, Serd46, Aspl79, and Leul80.
Furthermore, the phenolic hydroxyl of the flavone part also formed
hydrogen bond interactions with Glull2 and Alall4, allowing
scutellarin better NEK7 binding ability than Dabrafenib (Fig. 4B).

The docking conformation of digallic acid revealed strong
hydrophobic and hydrophilic interactions with the active site amino
acid residues (Fig. 5A). Digallic acid forms six hydrogen bonds with
various amino acids in the active site, all related to the hydroxyl
groups on the benzene ring. However, in comparison to scutellarin,
digallic acid had fewer hydrophobic interactions with the active loop.

Finally, the molecular interactions of (-)-Balanol involved crucial
amino acid residues in the target protein's active pocket. (-)-Balanol
exhibited significant molecular interactions that contribute to the
binding affinity and binding score of the protein-ligand complex.

Unlike dabrafenib, (-)-Balanol has more hydrophilic interactions and



fewer hydrophobic interactions. These interactions significantly
enhance the binding energy. Fig. 5B presents the potential two-
dimensional and three-dimensional binding mechanisms of (-)-

Balanol.

Table 2 Comprehensive molecular docking results of the reference

dabrafenib and top-hit natural compounds.
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Fig. 4 2D and 3D docking results of (A) dabrafenib and (B)

scutellarin with NEK7. Hydrogen bonds were shown in yellow.
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ADME/T predictions of the hit compounds selected from

virtual screening

Table 3 Predicted physiochemical and druglikeness properties of

the reference dabrafenib and top-hit natural compounds.

Molecular Dabrafenib Scutellarin Digallic (-)-
property acid Balanol
nHA 2 7 12 9 12

nHD b 3 7 6 7

nRot ¢ §) 4 4 9

TPSA d 111.59 207.35 164.75 202.72
Molecular 519.1 462.08 322.03 550.16
Weight

logP ¢ 4.15 0.751 1.352 3.253




Lipinski rulef Accepted Rejected Accepted Rejected

a Number of hydrogen bond acceptors. P Number of hydrogen bond
donors. ¢ Number of rotatable bonds. 4 Topological polar surface
area. © Log of the octanol/water partition coefficient. f If two
properties are out of range, a poor absorption or permeability is

possible, one is acceptable.

The physicochemical attributes of prospective compounds are
pivotal parameters closely associated with the preliminary phase of
drug discovery. A molecule's likelihood of being a successful drug
(drug-likeness) frequently hinges on these characteristics. Table 3
presents the physicochemical profiles of the natural product
candidates and active compounds. The Lipinski's Rule of Five, a
guideline for identifying potential orally bioavailable drugs, sets
forth the following criteria: molecular weight below 500 Da, fewer
than five hydrogen bond donors, fewer than ten hydrogen bond
acceptors, and a calculated logP (octanol-water partition coefficient)
below 5 [48]. Dabrafenib and digallic acid comply with Lipinski's
Rule, but scutellarin and (-)-balanol exceed its thresholds. In detail,
scutellarin infringes upon the rule regarding the count of hydrogen
bond donors and acceptors, and (-)-balanol breaches the restrictions
on molecular weight and hydrogen bond donors and acceptors, likely
attributable to the preponderance of hydroxyl groups within their
molecular structures. This suggests potential absorption or
permeation issues. Notwithstanding, the logP values of all candidate
compounds, including dabrafenib, reside within acceptable limits,
suggesting an optimal equilibrium between permeability and first-
pass elimination. The total polar surface area and quantity of
rotatable bonds can dictate a molecule's passive transport, enabling

the prediction of the drug's transport attributes [49]. Except for



dabrafenib, the total polar surface areas of most compounds exceed
140 A2 [50], indicating potential challenges in absorption and

transport for these candidate compounds.

Table 4 Predicted ADME properties of the reference dabrafenib

and top-hit natural compounds.

Parameter Dabrafe Scutella Digallic (-)-
nib rin acid Balanol

Absorption

Caco-2 -5.816 -6.389 -6.063 -6.462

permeability @

MDCK 8.7e> 1.2e7 5e6 5e®6

permeability P

Pgp-inhibitor ¢ 0.973 0 0.002 0.003

Pgp-substrate 4 0.001 0.544 0.009 0.424

Distribution

PPB ¢ 100.6 % 91.38% 90.72 % 95.67 %

VD f 0.509 0.662 0.524 0.961

Metabolism ¢

CYP1A2 inhibitor 0.339 0.054 0.053 0.538

CYP1A2 0.350 0.032 0.036 0.034

substrate

CYP2C19 0.908 0.029 0.017 0.115

inhibitor

CYP2C19 0.061 0.045 0.029 0.032

substrate

CYP2C9 inhibitor 0.917 0.013 0.47 0.583

CYP2C9 0.097 0.207 0.036 0.056

substrate

CYP2D6 inhibitor 0.848 0.016 0.012 0.120

CYP2D6 0.085 0.134 0.090 0.115

substrate

CYP3A4 inhibitor 0.885 0.014 0.030 0.191

CYP3A4 0.863 0.003 0.013 0.088

substrate

Excretion

CLhb 1.55 1.267 8.182 1.988

Tipt 0.237 0.921 0.97 0.862

a Optimal: higher than -5.15 Log unit. ? Low permeability: < 2 x 10-

6 cm/s. Medium permeability: 2-20 x 106 cm/s. High passive



permeability: > 20 x 106 cm/s. ¢ Category 1: inhibitor; Category O:
non-inhibitor. The output value is the probability of being Pgp-
inhibitor. 4 Category 1: substrate; Category 0: non-substrate. The
output value is the probability of being Pgp-substrate. ¢ Plasma
protein binding. Optimal: < 90 %. Drugs with high protein-bound
may have a low therapeutic index. f Volume distribution. Optimal:
0.04-20 L/kg. 9 Category 1: inhibitor or substrate; Category 0: non-
inhibitor or non-substrate. The output value is the probability of
being inhibitor or substrate. ! Clearance. High: > 15 mL/min/kg;
moderate: 5-15 mL/min/kg; low: < 5 mL/min/kg. i Category 1: long
half-life; Category 0: short half-life. long half-life: > 3 h; short half-
life: < 3 h. The output value is the probability of having long half-
life.

Table 5 Predicted toxicity properties of the reference dabrafenib

and top-hit natural compounds.

Molecular Dabrafenib Scutellarin Digallic (-)-
property acid Balanol
hERG blockers 0.345 0.149 0.015 0.370
a

H-HT 0.997 0.138 0.407 0.139
DILI ¢ 0.994 0.975 0.811 0.986
Skin 0.051 0.346 0.931 0.084
sensitization ¢

Carcinogen 0.17 0.092 0.018 0.066
city ©

Eye corrosion f 0.003 0.003 0.058 0.003
Eye irritation 9 0.008 0.076 0.907 0.011

a Category 1: active; Category 0: inactive; The output value is the
probability of being active. ® Human hepatotoxicity. Category 1: H-
HT positive (+); Category 0: H-HT negative (-); The output value is
the probability of being toxic. ¢ Drug induced liver injury. Category
1: drugs with a high risk of DILI; Category 0: drugs with no risk of



DILI. The output value is the probability of being toxic. 4 Category 1:
sensitizer; Category 0: non-sensitizer; The output value is the
probability of being sensitizer. ¢ Category 1: carcinogens; Category
0: non-carcinogens; The output value is the probability of being toxic.
f Category 1: corrosives; Category 0: non-corrosives; The output
value is the probability of being corrosives. 9 Category 1: irritants;
Category 0: non-irritants; The output value is the probability of being

irritants.

An ideal drug candidate should meet ADME and toxicology
standards, reflected by acceptable molecular descriptor values
[51,52]. Employing the SBVS method, we identified certain hit
molecules and evaluated their pharmacokinetic properties. We used
ADMETlab2.0, an online tool, to compute the pharmacokinetic
properties of three candidate compounds and dabrafenib, the results
of which are presented in Table 4. The predicted permeability of the
Caco-2 cell line, a model of human colon carcinoma, seems to mirror
the intestinal absorption capacity of the ligand. Our observations
revealed that all hit and positive compounds exhibited Caco-2
permeability values below 5.15, suggesting that these compounds
may not be suitable for oral administration without modification to
mitigate adverse properties. Regarding Madin-Darby Canine Kidney
(MDCK) permeability, all candidate natural products fall within the
recommended range, implying some permeability despite sub-
optimal absorption. Furthermore, although high Plasma Protein
Binding (PPB) can interfere with drug bioavailability, it may also
prolong a drug's half-life, and vice versa. The PPB values of these
potential compounds exceeded the recommended range, implying
possible bioavailability interference but potential half-life

enhancement, a hypothesis supported by the clearance (CL) and



half-life (T1/2) predictions. The drug reaches other body parts via
bloodstream circulation, followed by hepatic metabolism [53]. A set
of cytochrome P450 family enzymes can metabolize and expel these
compounds from the body as bile and urine. Certain bioactive
substances serve as substrates for these enzymes, undergoing
metabolism by the corresponding CYP450 enzymes [54]. In contrast,
some bioactive substances inhibit these enzymes, disrupting the
biodegradation process. The results highlight that the active
compounds inhibit CYP2C19, CYP2C9, CYP2D6, and CYP3A4.
Scutellarin, a natural product, may show affinity for CYP2C9;
Digallic acid could be a CYP2C9 inhibitor; and (-)-Balanol might
antagonize both CYP1A2 and CYP2C9.

The potential toxicities of active and candidate compounds,
displayed in Table 5, identify a shared risk of potential drug-induced
liver injury. In addition, scutellarin displayed moderate skin
sensitization, digallic acid exhibited moderate human hepatotoxicity
alongside notable skin sensitization and eye irritation, and (-)-
Balanol is a mild Herg blocker. These findings suggest oral
administration might be the least toxic method, subject to further

experimental verification.

Table 6 FMOs energetic parameters for the reference dabrafenib

and top-hit natural compounds in water phase.

Compound FEuomo FEivmo AEgp, Potential Electron
(eV) (eV) (eV) ionization I affinity A
(eV) (eV)
Dabrafenib -0.222 -0.062 0.161 0.222 0.062
Scutellarin  -0.212 -0.063 0.149 0.212 0.063
Digallic acid -0.220 -0.051 0.169 0.220 0.051

(-)-Balanol -0.221 -0.074 0.147 0.221 0.074




Table 7 Global reactivity descriptors for the reference dabrafenib

and top-hit natural compounds in water phase.

Compo Hardn Softn FElectronega Chemi Electrophil

und ess (1) ess tivity () cal icity index

(o) potent (w)
ial (p)

Dabrafe 0.080 6.22 0.142 -0.142 0.125

nib

Scutellar 0.074 6.72 0.138 -0.138 0.127

in

Digallic  0.085 5.91 0.135 -0.135 0.108

acid

(-)- 0.074 6.80 0.148 -0.148 0.148

Balanol

Frontier molecular orbital analysis (FMO)

High-ranking natural product molecules and the reference
compound, dabrafenib, were analyzed using frontier molecular
orbital methods to delineate key electronic properties [55], inclusive
of molecular geometry optimization, HOMO/LUMO analysis,
electrostatic potential, frontier molecular orbital energy, energy
parameters, and global reactivity descriptors. Frontier Molecular
Orbitals (FMOs), specifically HOMO and LUMO, elucidate the
molecular characteristics and reactivity in theoretical chemistry.
HOMO and LUMO represent a compound's capacity to donate and
accept or withdraw electrons, respectively. These factors critically
influence the compound's chemical stability. The band gap,
computed by juxtaposing the HOMO and LUMO states of a
compound, serves to ascertain its chemical reactivity and kinetic
stability. A smaller gap corresponds to elevated compound reactivity
[56]. All compounds, except for digallic acid (4£,,,=0.169 eV),
demonstrated smaller bandgap values than dabrafenib, suggestive

of their molecular reactivity. This reactivity potentially results in



potent and stable interactions with the NEK7 protein. The HOMO
and LUMO sites were plotted on the molecular surface orbitals,
thereby determining the molecule's acceptability. Fig. 6 exhibits the
HOMO and LUMO maps (blue for the positive phase, red for the
negative phase) of dabrafenib and three natural product molecules.

Additional insight into the reactivity and stability of compounds
arises from factors like electronegativity, ionization potential,
electron affinity, hardness, and softness [57]. Table 6 displays the
collective reactivity descriptors of both drugs. Chemical hardness
and softness also govern a molecule's stability and chemical
reactivity. Natural products, scutellarin, and (-)-balanol, are likely to
be more susceptible to chemical reactions or interactions due to
their chemical softness and hardness ranking (Table 7).
Electronegativity characterizes a compound's electron acceptance
capability, while the electrophilic index (omega) quantifies the
affinity of electron acceptors for additional charges from the
environment. The natural compound (-)-balanol exhibits the highest
electronegativity and electrophilic index, signifying its potential as a
superior electron acceptor.

Additionally, the MEP of these four compounds was calculated
to discern and explore the stereo-electronic complementarity
between the ligand and its receptor, an essential feature for
molecular recognition in protein-ligand interactions. It highlights the
most electrophilic (susceptible to nucleophilic attack) and
electronegative (prone to electrophilic attack) sites. These sites
incorporate data about atoms capable of non-covalent interactions
within the compound. Fig. 7 illustrates the molecular electrostatic
potentials of the three natural products and dabrafenib, with the
compounds' surface MEP values denoted by gradient colors. Red,

blue, and gray correspond to areas with the highest electronegative



(electrophilic attack-prone), electropositive (nucleophilic attack-
prone), and zero electrostatic potential, respectively. The
electrostatic potential contour maps of the compounds reveal
potential sites for electrophilic and nucleophilic attacks.
Predominantly, the blue sites are located in the carbonyl region,

while the red sites cluster within hydroxyl or amino structures.



HOMO Dabrafenib LUMO

HOMO - - 2anol LUMO

Fig. 6 Frontier orbital analysis. Plots of HOMO to LUMO transition
of (A) dabrafenib, (B) scutellarin, (C) digallic acid, and (D) (-)-balanol.
The positive and negative phases of electron density are illustrated

in green and blue color, respectively.



Fig. 7 Molecular electrostatic potential (MEP) plots of (A)
dabrafenib, (B) scutellarin, (C) digallic acid, and (D) (-)-balanol. The
most positive and negative potential region are shown in blue and

red color, respectively.

Molecular dynamics simulation

Relative to molecular docking, molecular dynamics simulations,
albeit more computationally demanding, offer a reliable and precise
method to compute the temporal behavior of proteins, and to predict
their future positions and momentum. This approach is employed in
the exploration of the structure, dynamics, and thermodynamics of
biomolecules and their complexes. It yields granular information
concerning the fluctuations and conformational modifications

observed in docked complexes, including protein-ligand interactions



[57,58]. Consequently, founded on the outcomes of molecular
docking, molecular dynamics simulations spanning 100ns were
conducted on four complexes to assess the stability of protein-ligand

binding.

Root mean square deviation (RMSD)

The RMSD values of the complexes reveal conformational
alterations relative to the initial structural simulation, serving as a
tool to assess the stability and convergence of the simulation process
[59]. For all four complexes studied, their RMSD variations remained
within acceptable limits [60]. This finding suggests that the triad of
natural products and dabrafenib established relatively stable
structural interactions with the NEK7 protein. Fluctuations observed
in the protein backbone during the simulation could be indicative of
minor conformational shifts in NEK7 in the solution (refer to Fig.
8A). Specifically, the RMSD of the scutellarin-NEK7 complex
(depicted in green) demonstrated a trend towards stabilization post
45 ns, stabilizing around 0.25 nm. Meanwhile, the digallic acid-NEK?7
complex (illustrated in blue) exhibited a stable RMSD of 0.22 nm at
75 ns. The (-)-balanol-NEK7 complex (marked in purple) witnessed
an overall stabilization following an initial period of acceptable
fluctuations, with the RMSD stabilizing at around 0.20 nm post 45
ns. Notably, the dabrafenib-NEK7 complex (denoted in red)
displayed minor backbone fluctuations between 55-70 ns, with
RMSD peaking at approximately 0.35 nm. This observation suggests
potential minor changes in the overall protein conformation, which
finally achieved stability post 75 ns and sustained at approximately

0.23 nm until the simulation's conclusion.

Root mean square fluctuation (RMSF)



RMSF serves to expose fluctuations in the average position of
protein residues throughout a simulation, thereby facilitating the
investigation of the complex system's flexibility and binding effects
within the active site [59]. Typically, regions exhibiting minimal
fluctuations within the complex suggest a well-structured area with
limited deformation. Fig. 8B depicts the comparable dynamic
fluctuation behaviors across all four systems. Notably, in comparison
with the dabrafenib-NEK7 complex, the lower RMSF values
associated with the residues related to the active pocket in the
dynamic trajectory denote equal stability in the interactions of the
three natural products with the NEK7 protein. Consequently, these

natural products emerge as potential NEK7 inhibitors.
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Fig. 8 MD trajectory analysis of reference dabrafenib and hit natural
molecules complexed NEK7 protein. (A) RMSD of backbone atoms of
NEK7. (B) RMSF.

Radius of gyration (Rg)

The Rg is a crucial parameter in delineating the outcomes of
molecular dynamics simulations [61]. It provides an assessment of a
protein's compactness, where a lower Rg signifies a more compact

structure in the protein-ligand complex throughout the simulation



process, thereby denoting enhanced complex stability. As depicted
in Fig. 9A, the Rg fluctuations for complexes formed by three natural
products and dabrafenib with NEK7 are outlined. The simulated Rg
for these selected natural compounds, including dabrafenib, ranged
from 1.95 to 2.10 nm, demonstrating a steady state over the 100 ns
dynamic trajectory. This suggests that the structural integrity of
these molecules remained unaffected upon binding. Consequently,
the close packing post-ligand binding leads to the formation of a

stable protein complex.

Hydrogen bond (H-bond)

Hydrogen bonding significantly contributes to the binding
strength between a ligand and a protein among various interaction
methods. To examine the stability of the complex, the complete
protein-ligand simulation trajectory is utilized to compute the mean
quantity of hydrogen bonds within the complex [62]. The hydrogen
bonding patterns of three identified natural compounds and
dabrafenib in association with NEK7 are illustrated across the full
simulation period, as indicated in Fig. 9B. The average hydrogen
bond count calculated in the dabrafenib-NEK7, scutellarin-NEK7,
digallic acid-NEK7, and (-)-balanol-NEK7 complexes are 0.719, 2.863,
3.291, and 5.227, respectively. Despite minor increases or decreases
in the number of protein-ligand hydrogen bonds during the
simulation, the three natural products formed, on average, more
hydrogen bonds with NEK7 than dabrafenib did. This indicates that
the robust binding ability of the natural products with NEK7 may be
attributed to hydrogen bonding, aligning with the outcomes of the

molecular docking process.

Fig. 9 MD trajectory analysis of reference dabrafenib and hit natural
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molecules complexed NEK7 protein. (A) Rg. (B) H-bond.

Free energy landscape (FEL)

FEL analysis is utilized to investigate the conformational
distribution and stability of protein-ligand complex structures,
inferred from the simulation trajectory. The complex stability is
gauged by the minimal relative energy where lower free energy
corresponds to heightened conformational stability [63]. Areas of
lower energy are depicted in darker shades of blue. In this study, a
free energy contour map has been formulated for the systems
involving kinase NEK7 and four distinct ligands. The Gibbs Free
Energy Landscape is derived from principal components serving as
reaction coordinates, illustrated in Fig. 10. Throughout the
simulation, the various accessible conformational states of the four
complexes (NEK7-dabrafenib, NEK7-scutellarin, NEK7-digallic acid,
and NEK7-(-)-balanol) can be delineated on the free energy
landscape, accompanied by two principal components, PC1 and PC2.
As depicted in Fig 17, each of the four complexes exhibits one or
more distinct basins of global energy minima, each corresponding to
their conformational states. The dabrafenib-NEK7 system shows
considerable conformational alterations, as evidenced by the broad

and dispersed basin on the FEL, thereby underlining the instability



of this complex. Compared to other complexes, the conformations of
scutellarin, digallic acid, and (-)-balanol with NEK7 are more
compact and centralized on the FEL, suggesting these ligands bind

closely with NEK7, thereby adopting stable conformations.

Gibbs Energy Landscape B Gibbs Energy Landscape

-2.0

P10 1.0

0.0 h
1.0 -2.0
PC1
20 54 30
TR~ o ~ 17 z2 Bl
Dabrarenib scutellarin
Gibbs Energy Landscape D Gibbs Energy Landscape

0.0
PC1 20

(=)-Balanol

Fig. 10 PCA based FEL analysis. The Gibbs free energy plot was
created based on the top principal components. (A) dabrafenib, (B)
scutellarin, (C) digallic acid, and (D) (-)-balanol. The Gibbs free

energy value (kcal/mol) range is given as color distribution scale.

Vector movements
We further employ Porcupine analysis, grounded in Principal
Component Analysis (PCA), to scrutinize the fundamental protein

movements vital for biological function [64]. MD simulations



combined with PCA-informed FEL analysis facilitate an expansive
exploration of the conformational dynamics of protein-ligand
complexes. The Porcupine plot identifies the dominant features of
movement, revealing the direction and magnitude of selected
eigenvectors for every backbone atom (Fig. 11). Within the plot,
cones symbolize the movement direction, and their length denotes
the amplitude of the motion. The regions with residue indices 11-21,
88-95, 138-145, 200-209, 226-231, 280-296, 327-335, and 348-355
exhibit the most noticeable basic motions of the backbone residues,
mirroring the RMSF of NEK7. Observations reveal a lesser
amplitude of motion in the residues of scutellarin-NEK7, digallic
acid-NEK?7, and (-)-balanol-NEK7 complexes than in other complexes,
with (-)-balanol showing the minimal amplitude. Loop movements
predominate in all systems, which validates our simulations that the
stability of scutellarin-NEK7, digallic acid-NEK7, and (-)-balanol-
NEK7 complexes surpasses that of the dabrafenib-NEK7 complex.

Fig. 11 PCA based porcupine analysis. The porcupine plots

representing the principal motions exhibited by the backbone
residues of NEK7 complexed with (A) dabrafenib, (B) scutellarin, (C)
digallic acid, and (D) (-)-balanol.



Dynamic cross-correlation matrices analysis (DCCM)

A DCCM analysis was implemented to examine the correlated
movements of structural domains, thereby stabilizing and
confirming the MD trajectories following the ligand interaction of
Mur enzymes [65]. The dynamic cross-correlation diagram
highlighted the protein's residual fluctuations, indicative of the
positive and negative correlations between residue displacements
throughout the simulation. The NEK7 enzyme complex, in
combination with hit natural products and dabrafenib, was evaluated
for positive, negative, and non-correlated movements. The color-
coding scheme used to denote correlation strength represented
positive correlations in blue and negative correlations in red. Fig.
12 provides a visual representation of the correlation diagrams,
showcasing the interactions between the compound and structural
domains during the simulation process that subsequently impact the
stability of protein-ligand complexes. Although four types of
complexes exhibited correlated and anti-correlated movements, the
three natural molecules forming complexes with NEK7
demonstrated superior stability compared to dabrafenib, as their
residues displayed less extreme positive and negative correlated

movements.
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Fig. 12 Dynamic cross-correlation matrix analysis for the backbone

residues of NEK7 complexed with (A) dabrafenib, (B) scutellarin, (C)

digallic acid, and (D) (-)-balanol.

Secondary structure profile analysis

Structural discrepancies contribute to differences in protein

stability [66]. We employed the DSSP module in GROMACS to

explore alterations in secondary structural (SS) elements' patterns

(a-Helix, p-Sheet, f-Bridge, and Turn) post-ligand binding during

simulation, affirming their conformational behavior and folding

mechanisms. Fig. 13 delineates the secondary structural elements'



distribution following complex formation between NEK7 and the
target molecules. The DSSP analysis implies that the secondary
structural elements in the NEK7-target molecule complexes
predominantly preserve as unbroken coils and invariant a-Helix and
[-Sheet, with scarce evidence of twisted, turned, or f-Bridge
conformations (see Fig. S2). Additionally, we discerned a notable
trend in the dynamic trajectory: the structural domain formulated by
residues 35-40 presented as a coil in the NEK7-dabrafenib complex,
whereas in the other three natural product-NEK7 complexes, these
structures were more orderly. This observation potentially signals
enhanced stability for the natural molecule-NEK7 complexes during

the simulation.
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Fig. 13 Secondary structure analysis of (A) dabrafenib, (B)

scutellarin, (C) digallic acid, and (D) (-)-balanol. Structure = a-Helix +



[-Sheet + f-Bridge + Turn.

Molecular mechanics Poisson-Boltzmann surface area
(MM/PBSA)

To validate and delve into the simulation study findings, we
performed calculations of binding free energy, predicting the
average binding free energy for protein-ligand complexes [67]. This
enabled us to understand better the energy contributions of residues
interacting within the binding free energy curve. Generally, a lower
binding energy correlates with increased system stability. Table S1
details the binding energy parameters, encompassing Van der Waals,
electrostatic, polar solvent, nonpolar solvent, total gas-phase free
energy, total solvation free energy, and total binding energy. The
computations revealed that the binding free energies for scutellarin,
digallic acid, and (-)-balanol are -35.1397, -40.7140, and -43.8438
kcal/mol, respectively. The hit compounds' binding free energy is
significantly lower than that of dabrafenib (Fig. 14), implying
stronger binding of these compounds to NEK7 than dabrafenib's
binding to NEK7. This suggests that these compounds might have
potent inhibitory impacts on NEK?7.
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Fig. 14 Calculation of binding free energy using MM/PBSA
(kcal/mol).

Among all energy components of protein-ligand complexes, the
Van der Waals forces emerge as the principal interaction. Notably,
electrostatics also significantly contributes to the system's stability.
Conversely, the polar solvation energy, being positive, adversely
affects the binding energy. This effect is especially pronounced in
the three natural products, which possess greater polar solvation
energies than dabrafenib. While the nonpolar solvation energy's
importance is less pronounced, its negative value implies a favorable

contribution to the binding energy.



Based on the MD simulation results and binding free energy, we
executed energy decomposition on amino acid residues and analyzed
individual residue contributions. Overall, the key residues' energy of
the hit natural products is lesser than that of dabrafenib. Specifically,
residues Ile 20, Val 28, Ile 75, Leu91, Glu 92, Leu 93, Ala94, Asp95,
Lys 143, Phe 148, Asp 159, Leu 160, and Thr 161 significantly
influence the binding effect (see in Fig. 15). Among these, residues
Ile 20, Val 28, Ile 75, Leu 93, Ala 94, Lys 143, Phe 148, Leu 160, and
Thr 161 facilitate compound binding most effectively, whereas

residues Glu 92 and Asp 95 are unfavorable for compound binding
Residues Dabrafenib Scautdlarin Digallicadd (-)-Balandl
ILE 20 -153264 -1.64151 -1.63729 -2.48237

SER 26| -0.04036 -0.21287 -0.26096 -0.0279

VAL 28 -0.9769%4 -1.32364 -1.5425 -0.94898
ALA 41 -0.33400 -0.16495 -0.37882 -0.45975
LYS 43 -0.239% -0.54291 -0.30875 -0.26752
ILE 75 -0.26138 -0.10593 -0.3537 -1.35470
LEU 91 -0.55529 -0.21326 -0.54407 -0.86318
GLU 92 -018205 = 0.072207 -0.19166 -0.64672
LEU 93 -0.73908 -0.36564 -0.70913 -2.32992
ALA A -057584 -0.14103 -0.52506 -1.33410
ASP 95 -0.36826 - 0.061048 -0.44337

LYS143 -1.74106 -0.21603 -0.24419 -0.18774
PHE 148 | -0.14025 -1.16963 -1.97361 -3.89306
ASP159  -0.25868 -0.07866 -0.18804 -0.53492
LEU160 -0.17521 -0.15283 -0.33970 -1.21953

THR161 -1.09641 -0.48281 -0.55523 -0.03246

to NEK7.

Fig. 15 MM/PBSA per residue energy contribution to the binding
energy for the complexes formed by the compounds dabrafenib,

scutellarin, digallic acid, and (-)-balanol. (kcal/mol)



Conclusion

In this investigation, natural products were selected for potential
inhibitor development from three distinct databases, with the
selection process rooted in the structural analysis of NEK7 and using
dabrafenib as a comparative reference. We applied a systematic,
structure-based virtual screening method for NEK7, leading to the
identification of three novel target molecules with promising
pharmacodynamics: scutellarin, digallic acid, and (-)-balanol.
Molecular docking results highlighted a stable conformation with
superior binding energy and affinity, while all three natural products
exhibited robust molecular interactions and elevated docking scores.
Comprehensive ADME/T studies followed, assessing the compounds'
toxicity, drug-likeness, and metabolic properties. It's worth noting
that these natural compounds might require additional modification
to enhance certain ADME/T characteristics. Furthermore, we
employed Density Functional Theory to calculate FMO and MEP,
thus verifying the compounds' chemical reactivity and stability. Both
scutellarin and (-)-balanol demonstrated greater chemical reactivity.
The conclusions drawn from the molecular docking were
substantiated by molecular dynamics simulations. RMSD trajectory
analysis, along with RMSF, Rg, H-bond, FEL, Vector movements,
DCCM, and SS analyses, confirmed a higher degree of stability in
the complexes formed by the natural products with NEK7 as
compared to that of dabrafenib-NEK7. MM/PBSA binding analysis
ratified the effective binding of the natural molecule candidates at
the binding site, resulting in the formation of stable NEK7 complexes.
These findings suggest the potential inhibitory capacity of these
natural products against NEK7; nevertheless, we advocate for

additional preclinical, in vitro, and controlled studies to authenticate



these prospective natural products. Overall, the implemented
computational approach holds promise in the early stages of rational
design for innovative and low-toxicity NEK7 inhibitors in cancer

therapy.
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