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ABSTRACT. Recently, Zanubrutinib, as a novel, selective covalent and potent inhibitor Bruton’s tyrosine kinase
(BTK), has been used to treat COVID-19 patients. In this regard, the interaction of Zanubrutinib with Bruton’s
tyrosine kinase (BTK) inhibitor studied. The docking molecular and ONIOM2 (B3LYP/6-311G: UFF) methods
were conducted to investigate the binding properties of Zanubrutinib with Bruton’s tyrosine kinase (BTK) inhibitor.
The active sites of the Bruton’s tyrosine kinase (BTK) inhibitor is evaluated by docking molecular and is used for
ONIOM2 calculations. The binding between Zanubrutinib and the BTK receptor is strong because values of the free
binding energy are negative. The hydrogen bonds are formed between Zanubrutinib and three residues of the active
amino acids Asn484, Arg 525, and Asn 526 at 2.69, 3.15, and 2.75 A, respectively, which create through the O-
atom, and the N-atom of Zanubrutinib. ONIOM2 calculation was displayed that the stability system in the solvent
phase is higher than the gas-phase, which can occur due to the solvation of the species. Our results display the first
mechanistic study of BTK inactivation by Zanubrutinib. This study can be helpful in the design of covalent drugs
that target BTK and other similar targets.
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INTRODUCTION

Simultaneous use of computational tools such as ONIOM (QM/MM) and molecular docking is
useful to illustrate the biological ambiance which losses its nature out the live cell. Zanubrutinib is
a highly selective, novel potent, and well-sustained Bruton tyrosine kinase (BTK) inhibitor [1].
Zanubrutinib is a BTK inhibitor used for the treatment of mantle cell lymphoma [2]. Also, clinical
trials have illustrated that Zanubrutinib has antitumor activity in mature B-cell neoplasms [3].

The complete target blockage, increased selectivity, and longer duration of action are factors
influencing the prevalence of covalent inhibitor drug discovery. Because of the function of BTK
inhibitor in signal transition in the B-cell antigen receptor (BCR) pathway, inhibition of BTK is
an attractive target for and autoimmune diseases and blood cancers [4, 5]. These inhibitors have
also been used as possible inhibitors against the severe acute respiratory syndrome coronavirus
(SARS-CoV-2) [6]. Recently, with an epidemic prevalence of Coronavirus disease (COVID)-19,
the use of BTK inhibitors for treating patients has been reported that it could modify oxygenation,
and reduce hypoxia and dyspnea, hypercoagulability, thrombo in flammation [7, 8].

Molecular docking can be one of the simulation methods for drug design that can be forecast
the settlement of a receptor-ligand complex. The receptor is usually a nucleic acid molecule (DNA
or RNA) or a protein, and the ligand could be regularly a drug [9]. Moreover, the primary method
for virtual screening strategies is molecular docking.

Voice and coworkers have investigated the mechanism of covalent binding of Ibrutinib to
BTK inhibitor with QM/MM computations [10]. The binding mechanism binding of human
glutathione reductase enzyme and Carmustine has been studied with the DFT approach, docking
molecular and dynamics simulations [11]. Ibrutinib, as a BTK Inhibitor, been investigated for the
treatment of leukemia with experimental and density functional theory methods [12].
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This study is merely based on the investigation of binding affinity and the stability of
Zanubrutinib with the BTK inhibitor and display interaction of the Zanubrutinib with BTK
inhibitor. To distinguishing the active sites of BTK inhibitor, binding affinity, and the stability
of the Zanubrutinib drug with the BTK inhibitor, superior computational methods of docking
molecular and our own N-layered integrated molecular orbital and molecular mechanics
(ONIOM) were used [13-16]. A molecular docking study of the Zanubrutinib molecule was
performed to understand the putative binding interaction of the compound at the active site of
Bruton's tyrosine kinase (BTK) as well, ONIOM2 calculation was carried out to correlate the
molecular docking study and in vitro biological results.

COMPUTATIONAL DETAILS

The density functional theory (DFT) calculations are performed using the Gaussian09 program
package [17] for geometry optimization and frequency computations of Zanubrutinib molecule.
The B3LYP functional using 6—311G basis set [18, 19] for density functional theory calculations
has been used in both gas and liquid phases.

The structure of BTK inhibitor from RCSB protein data bank and the output from DFT
optimization of Zanubrutinib is obtained for molecular docking approach. To recognize the
binding sites in BTK inhibitor, we performed docking calculations between Zanubrutinib as
ligand and BTK inhibitor with Auto Dock 4.2 [20]. To perform molecular docking, the PDB
format of the BTK inhibitor structure is built via viewer lite package.

All the water molecules have been deleted from the BTK inhibitor structure. The atoms of
polar hydrogen are attached for saturation. The nonpolar hydrogen atoms are merged, and
Gasteiger charges are calculated. The molecular docking was performed based on the Lamarckian
genetic algorithm.

The blind docking is performed to distinguishing binding sites in the BTK inhibitor, by the
grid size set to 84, 96, and 58 Angstrom along with X-, Y- and Z-axes sizes 9.526, 22.699, and -
23.362 A grid space. The best pose conformation based on the lowest inhibition constants and
low inhibition constants are selected for other analyses.

The geometry optimization of a system of BTK inhibitor and Zanubrutinib was performed by
an own two N-layer integrated orbital molecular mechanics (ONIOM?2) approach. This method is
based on dividing a molecular system into two layers that can go along by better accuracy
compared and lower computational cost to the pristine DFT method [21]. The ONIOM
methodology was proposed and implemented by Morokuma et al. [22, 23]. The ONIOM approach
is a helpful method for the consideration and probing of drug delivery systems and biomolecules.
By removing of the protein residues located outside the region of the active site of the receptor,
the size of the system is decreased. In the ONIOM?2 approach, the real molecule is divided into
two parts, a small model part of the system is played at quantum mechanics (QM) level, and
afterwards, the wider surrounding region has behaved at the molecular mechanics (MM) level.

QM computations on the amino acids that interact with the Zanubrutinib been carried out, and
MM computations for the residual part of more extensive protein system have been performed,
which is shown in Figure 1. In the BTK inhibitor, part of QM has been consisted of Asn484,
Arg525, Asn 525, and Zanubrutinib (part A). While, part MM is constituted of Trp476, Gly411,
Ala428, Leud08, GIn412, Val 416, Met 477, Asp 539, and Leu525, respectively (part B).

The system is optimized using the ONIOM2 approach by describing the QM region at the
B3LYP/6-311G level. The MM region is treated using a universal force field (UFF). QM region
has been consisted of Asn 484, Arg 525, Asn 525, and Zanubrutinib. In the ONIOM2 method,
Eoniowm, illustrated the total energy of the system is calculated from E"&" of the model, E°Y of the
real and E*¥ of the model:

EONIOM = Ehigh(model system) + E'% (real system) — E'°Y (model system) (D
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Figure 1. Schematic 2D diagram of the model system Zanubrutinib bound to BTK inhibitor
binding site. Layers that are partitioned are shown for ONIOM calculations. A is the
inner layer (QM: B3LYP/6-311G) and B is the outer layer (MM: UFF).

Also, the interaction energy between BTK inhibitor and Zanubrutinib, AE, has been obtained
for specifying the stability of the system, which is given in the following formula:
AE = AEBTk/zig — AEgrg — AElig 2

AEgtksiig indicates the energy of the optimized system BTK-Zanubrutinib, AEgrk displays the
energy of the optimized BTK inhibitor, and the AEj is the energy of the optimized Zanubrutinib
ligand. Solvent effects in interaction between Zanubrutinib drug and BTK inhibitor are
investigated by the polarized continuum model (PCM) approach [24, 25].

RESULTS AND DISCUSSION

With evaluation of molecular docking calculations of Zanubrutinib—-BTK inhibitor system,
inhibition constant (ki), intermolecular, internal energy, and free binding energy were obtained.
The values of these parameters for the first three best-docked structures are given in Table 1.

Table 1. Docking properties for the best three docked structures. Energies are in kcal mol ™.

Free binding Intermolecular Internal energy ki (nM)

energy energy
Rank: 1-1 -9.30 -11.09 -1.86 151.84
Rank: 1-2 -8.86 -10.65 -1.84 321.68
Rank: 1-3 -8.83 -10.62 -1.15 336.64

The negative value of the free the binding energy indicates which spontaneous binding occurs,
and binding of Zanubrutinib with the BTK receptor is a strong binding. The best pose is obtained
from Auto Dock and two dimensions structure of BTK inhibitor - Zanubrutinib is built using
LigPlot [26] program and Biovia Discovery Studio [27] that is displayed in Figure 2.
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Figure 2. Binding pocket of Zanubrutinib showing the hydrophobic pocket.

The hydrophobic contacts for the ligand binding are shown in Figure 2. The hydrogen bonds
are formed between Zanubrutinib, and three residues of the active amino acids Asn484, Arg525,
and Asn 526 at 2.69, 3.15 and, 2.75 A, respectively, which create through the N-atom and O-atom
of Zanubrutinib.

During ONIOM2 calculations, it seems that the ligand can be formed several hydrogen bonds
with the residues of the BTK inhibitor that is displayed in Figure 3. One hydrogen bonding
interaction form between N-H Arg525 and O=C of Zanubrutinib at a bond distance of 2.63 A.
While, another weak hydrogen bond occurs between O=C Asn526 with N-H of Zanubrutinib.
Also, A single hydrogen bonding interaction is observed between N-H Asn526 and O=C of
Zanubrutinib at 2.76 A.

The stability of the Zanubrutinib-BTK inhibitor system is investigated with the calculation of
the binding energies in both the gas and the solvent phases that are listed in Table 2. Since
biological interactions always do in the solvent (water) phase, so, the solvent effect in
Zanubrutinib-BTK inhibitor system is performed. The binding energy in the solvent phase is
higher than the gas phase that displays stability system in solvent phase increase, which can occur
due to the solvation of the species.
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Figure 3. Optimized geometry of Zanubrutinib-BTK inhibitor system calculated at ONIOM2
(B3LYP/6-311G: UFF).

Table 2. Energy values (in au) of Zanubrutinib ligand, BTK inhibitor, Zanubrutinib-BTK inhibitor system
and calculated binding energy of Zanubrutinib ligand with BTK inhibitor calculated in gas phase
and solvent phase.

Phase Elig Eii/BTK Eptk AEpinding (kcalmol™)
gas -1545.683 -2911.114 -1365.410 -0.021=-13.273
solvent -1545.716 -2911.184 -1365.444 -0.025=-15.531
CONCLUSION

In this study, ONIOM2 (QM: MM) calculation and molecular docking are performed to look for
information on Zanubrutinib ligand, BTK inhibitor and, ligand/BTK system. The active sites of
BTK inhibitor are evaluated by molecular docking. The residues of Tyr 476, Val 428, Val 418,
Gly411, GInd12, Asp539, LeuS528, Leud08, Metd77, Arg525, Asn526 and Asn434 in BTK
inhibitor are active sites which Arg 525, Asn 526 and, Asn434 have essential role in binding with
Zanubrutinib ligand and used in ONIOM2 computations. The ONIOM2 (QM: MM) calculations
are used for the investigation of the stability and binding energies of the Zanubrutinib-BTK
inhibitor system in the gas and the solvent phases. The computed binding energy in solvent phase
is higher than gas phase that displays more stability of the Zanubrutinib-BTK inhibitor system in
an aqueous medium.
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