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ARTICLE INFO ABSTRACT

Keywords: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infects the host cells through interaction of its
SARS-CoV-2 spike protein with human angiotensin-converting enzyme 2 (hACE-2). High binding affinity between the viral
hACE-2

spike protein and host cells hACE-2 receptor has been reported to enhance the viral infection. Thus, the
disruption of this molecular interaction will lead to reduction in viral infectivity. This study, therefore, aimed to
analyze the inhibitory potentials of two mucolytic drugs; Ambroxol hydrochlorides (AMB) and Bromhexine
hydrochlorides (BHH), to serve as potent blockers of these molecular interactions and alters the binding affinity/
efficiency between the proteins employing computational techniques. The study examined the effects of binding
of each drug at the receptor binding domain (RBD) of the spike protein and the exopeptidase site of hACE-2 on
the binding affinity (AGpinda) and molecular interactions between the two proteins. Binding affinity revealed that
the binding of the two drugs at the RBD-ACE-2 site does not alter the binding affinity and molecular interaction
between the proteins. However, the binding of AMB (—56.931 kcal/mol) and BHH (—46.354 kcal/mol) at the
exopeptidase site of hACE-2, significantly reduced the binding affinities between the proteins compared to the
unbound, ACE-2-RBD complex (—64.856 kcal/mol). The result further showed the two compounds have good
affinity at the hACE-2 site, inferring they might be potent inhibitors of hACE-2. Residue interaction networks
analysis further revealed the binding of the two drugs at the exopeptidase site of hACE-2 reduced the number of
interacting amino residues, subsequently leading to loss of interactions between the two proteins, with BHH
showing better reduction in the molecular interaction and binding affinity than AMB. The result of the structural
analyses additionally, revealed that the binding of the drugs considerably influences the dynamic of the com-
plexes when compared to the unbound complex. The findings from this study suggest the binding of the two
drugs at the exopeptidase site reduces the binding effectiveness of the proteins than their binding at the RBD site,
and consequently might inhibit viral attachment and entry.

Ambroxol hydrochlorides
Bromhexine hydrochlorides
Molecular interaction
Computational techniques

belonging to the Coronaviridae family [24]. The SAR-CoV-2 are spher-
ical in shape, consisting of four major structural proteins; spike, enve-
lope, nucleocapsid and membrane proteins.

1. Introduction

Coronavirus disease 2019 (COVID-19) is the current and most

dangerous pandemic the world has ever experienced. As of April 11,
2022, approximately 500 million cases and over 6 million deaths have
been confirmed and reported worldwide (https://coronavirus.jhu.edu/
map.html). Severe acute respiratory syndrome coronavirus 2 (SAR-
CoV-2) is the causative agent of the disease [37]. SAR-CoV-2 is a
member of a class of enveloped and positive-sense RNA viruses,
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The spike protein is the most crucial protein that controls essential
biological processes which include attachment, fusion and viral entry in
the host cell. Following the fusion of the virus with the host cell mem-
brane through the spike protein, the viral genomic particles (RNA) are
released into the host cells, making use of the host cells machinery to
produce numerous viral copies capable of reinfecting other cells. A vital
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process in the virus entry is the interaction between the virus spike
protein and receptor proteins on the surface of the host cells, known as
human angiotensin-converting enzyme 2 (hACE-2). hACE-2 is a metal-
loenzyme (zinc-containing enzyme) found on the membrane surface of
different cells such as the intestinal enterocytes, kidney cells, duo-
denum, and more cells [6,9,12,33]. The protein has two different do-
mains namely, an N-terminal (peptidase M2) domain and a C-terminal
(collectrin renal amino acid transporter) domain [12].

The receptor protein (hACE2) has been reported to serves as the main
entry point into host cells by coronaviruses such as HCoV-NL63, SARS-
CoV-1 and 2 [7,21-23,38,40,43].https://en.wikipedia.org/wiki/Angiot
ensin-converting enzyme_2 - cite_note-29 Fusion and translocation of
SARS-CoV-1 and 2 specifically result from the binding of the virus spike
S1 protein to the hACE-2 enzymatic domain on host cells surface [26,
34]. This binding resulted in the formation of crucial and much needed
RBD-hACE-2 complex which enhance viral entry [39].

Studies have also shown there is high affinity for interaction between
SARS-CoV-2 spike protein and hACE-2 than SARS-CoV-1 spike protein
and hACE-2 [3,13,35,39]. Basu et al., further reported that SARS-CoV-2
spike protein showed between 10 and 20 times binding affinity to
hACE-1 than SARS-CoV-1 [3]. Studies have shown the development or
identification of therapeutics that can lower or affect the binding affi-
nity/efficiency of spike proteins to its receptor, hACE-2, will be a sig-
nificant step to inhibit SARS-CoV-2 attachment, and subsequently
prevent infections [20,36].

It is therefore essential to identify small molecules that can influence
the binding efficiency of spike protein with hACE-2 receptor, and
possibly act as inhibitor of the virus attachment. In this study, we
employed computational techniques to analyze the inhibitory potentials
of Ambroxol Hydrochlorides (AMB) and Bromhexine Hydrochlorides
(BHH) to serve as potent blockers of these molecular interactions be-
tween the viral spike proteins and hACE-2 receptor. The study examined
the effects of binding of each drug at the RBD site of the spike protein
and exopeptidase site of hACE-2 on the binding affinity and molecular
interactions between the two proteins.

Ambroxol Hydrochlorides (AMB) and Bromhexine Hydrochlorides
(BHH) are referred to as mucolytic drugs, used for the treatment of
respiratory diseases such as common colds, cystic fibrosis, chronic
bronchitis, chronic obstructive pulmonary diseases and many more [1].
Both drugs have been repurposed as potent inhibitors of SARS-CoV-2.
No doubt, their usage as therapeutic agents against respiratory dis-
eases has prompted studies to examine their antiviral potentials against
SARS-CoV-2. Currently three or more clinical trials are on-going to test
their effectiveness against covid-19 (NCT04355026, NCT04273763,
NCT04340349) (Hornich et al., 20201). BHH has been reported to
inhibit TMPRSS2, while AMB was reported to inhibit hACE-2 [25]; htt
ps://www.bioworld.com/articles/433289-chinese-biotechs-apply-ne
w-tech-to-accelerate-drug-rd-for-covid-19).  Another recent study
revealed that BHH reduced TMPRSS2-activated cell-cell fusion by
SARS-CoV-1 and SARS-CoV-2 spike proteins [14]. A Clinical study
further showed that treatment with BHH relieved lung injury, without
severe adverse effects, and clinically effective against COVID-19 [25].
The inhibitory activities of these drugs might be attributed to their in-
hibition of host cells receptors required by SARS-CoV-2 attachment and
entry for infection.

2. Methods
2.1. Molecular docking and simulation

2.1.1. Protein (hACE2-RBD) acquisition and preparation

The X-ray crystal structures of the complex of SARS-CoV-2 RBD with
hACE-2 (PDB code: 6LZG) was obtained from the RSCB Protein Data
Bank (Wang et al., 2020). The protein structure was then prepared on
the UCSF Chimera software package [41]. The structures of the protein
were prepared by removing water molecules, nonstandard naming,
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protein residue connectivity. The two mucolytic drugs (AMB and BHH)
were accessed from PubChem [19]. The 3-D structures of the drugs were
prepared on the Avogadro software package [10].

2.1.2. Molecular docking

Autodock available on Chimera was used for molecular docking
[32], with default docking parameters. Before docking, Gasteiger
charges were added to the drug molecules, and the non-polar hydrogen
atoms were merged to carbon atoms. The molecules were then docked
first into the hACE-2 catalytic binding pocket, and secondly, at the
hACE-2-RBD binding site by defining the grid box with a spacing of 1 A
each and size and (22 x 18 x 22) and (32 x 41 x 25) pointing in x, y and
z directions, respectively. The best docking poses for the two drugs were
then subjected to molecular dynamics simulations.

2.1.3. Molecular dynamic (MD) simulations

The MD simulation was performed as described by Idowu et al. [15,
16]. The simulations were performed using the GPU version provided
with the AMBER package (AMBER 18), in which the FF18SB variant of
the AMBER force field [27] was used to describe the systems.

ANTECHAMBER was used to generate atomic partial charges for the
ligand by utilizing the Restrained Electrostatic Potential (RESP) and the
General Amber Force Field (GAFF) procedures. The Leap module of
AMBER 18 allowed for the addition of hydrogen atoms and, Na"+
counter ions to ACE2-RBD complex to neutralize all systems. The sys-
tems were then suspended implicitly within an orthorhombic box of
TIP3P water molecules such that all atoms were within 10 A of any box
edge [18].

An initial minimization of 2000 steps were carried out with an
applied restraint potential of 500 kcal/mol for both solutes. They were
performed for 1000 steps using the steepest descent method followed by
1000 steps of conjugate gradients. An additional full minimization of
1000 steps were further carried out using the conjugate gradient algo-
rithm without restraint. A gradual heating MD simulation from 0 K to
300 K was executed for 50 ps, such that the systems maintained a fixed
number of atoms and fixed volume. The systems’ solutes were imposed
with a potential harmonic restraint of 10 kcal/mol and collision fre-
quency of 1.0 ps. Following heating, an equilibration estimating 500 ps
of each system was conducted; the operating temperature was kept
constant at 300 K. Additional features such as several atoms and pres-
sure were also held constant, mimicking an isobaric-isothermal
ensemble. The system’s pressure was maintained at 1 bar using the
Berendsen barostat [2,8].

The total time for the MD simulations conducted was 100 ns. In each
simulation, the SHAKE algorithm was employed to constrict hydrogen
atoms’ bonds [29]. The step size of each simulation was 2fs, and an SPFP
precision model was used. The simulations coincided with the
isobaric-isothermal ensemble (NPT), with randomized seeding, the
constant pressure of 1 bar maintained by the Berendsen barostat [2], a
pressure-coupling constant of 2 ps, a temperature of 300 K and Langevin
thermostat [17] with a collision frequency of 1.0 ps.

2.1.4. Post-dynamic analysis

Analysis of Root Means Square Deviation (RMSD), Radius of Gyra-
tion (Rg), and Solvent Accessible Surface Area (SASA) was done using
the CPPTRAJ module employed in the AMBER 18 suit. All raw data plots
were generated using the Origin data analysis software [30].

2.1.5. Binding free energy calculations

To estimate and compare the systems’ binding affinity, the free
binding energy was calculated using the Molecular Mechanics/GB Sur-
face Area method (MM/GBSA) [42]. Binding free energy was averaged
over 100000 snapshots extracted from the 100 ns trajectory. The free
binding energy (AG) computed by this method for each molecular spe-
cies (complex, ligand, and receptor) can be represented as:
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AGbind = Gcomplex - Greceplor - G]igand (1)

AGing = Ega + Gsot — TS

Egas = Einl + Evdw + Ec]c (3)
Gyt =Gap + Gsa @
Gsa — YSASA )

Egas denotes the gas-phase energy, which consists of the internal
energy Ein, Coulomb energy Ecj. and the van der Waals energies Eyqw.
The Eg,s was directly estimated from the FF14SB force field terms. Sol-
vation free energy, Gso, was estimated from the energy contribution
from the polar states, Ggg, and non-polar states, G. The non-polar sol-
vation energy, SA. Gsy was determined from the solvent-accessible
surface area (SASA), using a water probe radius of 1.4 A In contrast,
the polar solvation, Ggp, the contribution was estimated by solving the
GB equation. S and T denote the total entropy of the solute and tem-
perature, respectively.

3. Results and discussion

Studies have shown that molecular interactions between SARS-CoV-
2 spike glycoprotein (SARS-CoV-2 Spg) and human angiotensin-
converting enzyme 2 (hACE-2) is an essential mechanism required for
the entry of SARS-CoV-2 virus into the host cell [4,5,39]. Studies further
suggests that there is high affinity for interaction between SARS-CoV-2
Spg and hACE-2 to form the much-needed RBD-ACE-2 complex
required for viral entry, and this high binding affinity, is one of the major
elements enhancing the rapid spread of the disease [13,35,39]. There-
fore, the development or identification of therapeutics that can lower
the binding affinity or inhibit the molecular interactions between the
two proteins will help in lowering the spread of the disease.

In this study, the inhibitory potentials of Ambroxol and Bromhexine
Hydrochlorides to serve as potent blockers of these molecular in-
teractions between the two proteins were examined using computa-
tional techniques. The study examined the effects of binding of each
drug at the RBD site of the spike protein and exopeptidase site of hACE-2
on the binding affinity and molecular interactions between the two
proteins. Molecular mechanics/generalised born surface area
(MMGBSA) computational technique was used to calculate the binding
energies (A Gping) between the two proteins. Table 1 showed the binding
affinity between the two proteins before and after the drugs bind at the
RBD site of Spike protein. In the absence of any of the drugs (unbound
complex), the result revealed a high binding energy of —64.856 kcal/
mol between the two proteins. In another study by Calcagnile et al. a
higher binding energy of 48.150 kcal/mol was reported between hACE-
2 and SARS-CoV-2 spike protein [5]. In this study, the binding of AMB
and BHH at the Spike protein RBD showed no difference in the binding
energies between the two proteins (AMB, -62.442 kcal/mol and BHH,

Table 1
Thermodynamic Binding Free Energy Profiles for the Spike RBD towards hACE2
before and after ligands binding at RBD-hACE2.

Energy Components (kcal/mol)

Complex A Evaw AEelec AGgas AGsolv AGbpind

Spike RBD

hACE-2 -97.115 —633.804 —730.920 666.063 —64.856

+ 7.209 + 32.284 + 33.671 + 30.008 + 10.190

hACE-2 —101.185 —640.138 —741.324 676.881 —62.442
(AMB) + 6.210 + 37.294 + 37.294 + 36.207 + 8.084

hACE-2 —105.249 —644.924 —750.173 672.850 —60.323
(BHH) + 8.143 + 42.126 + 8.449 + 40.818 + 3.054
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—60.323 kcal/mol) when compared with the control. This result,
therefore, suggests the binding of the two drugs at the spike RBD does
not affect the binding affinity and molecular interaction between the
two proteins. A further investigation of the binding energy of the two
drugs at the RBD site of spike protein revealed the drugs have relatively
low binding energies at the spike RBD site (Table 2). This might explain
the insignificant effects the two drugs exhibited on the binding affinities
of the two proteins.

Furthermore, the study examined the impacts of binding of the drugs
at the exopeptidase site of hACE-2 on the binding affinity and molecular
interactions between the two proteins. As shown in Table 3, the binding
of the two drugs showed significant reduction in the binding energies
between the two proteins.

with BHH showing better reduction of —46.354 kcal/mol compared
with AMB and the control with binding energies of —56.931 kcal/mol
and —64.856 kcal/mol, respectively. A similar molecular docking study
reported Hesperidin alters the binding energy of bound complex of ACE2
and spike protein [3]. This result suggests that the binding of the two
drugs at the exopeptidase site of hACE-2 lowers the binding affinity
between the two proteins and might possibly discourage the formation
of RBD-ACE-2 complex required for viral entry. This result corroborates
existing studies that reported both AMB and BHH inhibit hACE-2, and
clinically effective against COVID-19 [14,25], and might explain the
mechanism. This encouraging result further prompt the investigation of
the binding energy of the two drugs at the exopeptidase site of hACE-2
(Table 4). The results showed that the two drugs have higher binding
energies at the exopeptidase site of the hACE-2, however, BHH binds
better with hACE-2 than AMB. This result of this study therefore suggests
that the better the binding of the drugs at the exopeptidase site of
hACE-2 the lower the binding affinity between the two proteins. This
thereby justifies the significant reduction in binding affinity recorded for
BHH in Table 3.

Tables 5 and 6 showed the summaries of the amino acid residues
interactions and the types of interactions (such as hydrogen bond, p-p
stacked interaction, and van der Waals (vdW) overlaps) observed be-
tween the proteins, respectively. As shown in Table 5, ACE-2-RBD
complex (unbound) has a total of thirty-two amino acid residues in-
teractions between the two proteins (16 amino acids each from each
proteins). The binding of AMB to the complex has a total of thirty-one
amino acids interaction between the two proteins, with thirteen amino
acid residues from hACE-2 interacting with Eighteen amino acid resi-
dues from the spike protein. While the binding of BHH to the complex at
the exopeptidase site lowers the total number of amino interactions to
twenty-seven, with twelve amino residues from hACE-2 and fifteen
residues from the spike protein. The binding of BHH at the exopeptidase
site exhibits more inhibitory effects than AMB.

Furthermore, Table 6 showed there are 13 hydrogen bonds, 15
Vander Waal forces and 3 pi-Pi stack interactions in the ACE-2-RBD
(unbound) complex. However, the binding of AMB resulted to loss of
Vander Waal interactions between GIn6 of the hACE-2 and Ala740 of the
Spike protein. Another van der Waals interaction loss was also observed
between Leu61 (from ACE-2) and Phe751 of the spike protein. Two

Table 2
Thermodynamic Binding Free Energy Profiles for the ligands at the hACE2-
Spike RBD site.

Energy Components (kcal/mol)

Complex A Eyqw AEejec AGgas AGsoly AGpina

Spike RBD

AMB —18.857 —198.962 —211.817 198.136 —24.681
+ 3.788 + 15.770 + 17.351 + 17.351 + 4.668

BHH —23.063 —206.210 —221.271 189.810 —37.032
+ 3.332 + 18.233 + 16.841 + 16.285 + 3.054

AEele electrostatic energy, AEvdW van der Waals energy, AGbind total binding
free energy, AGsol solvation free energy, AEgas gas-phase free energy.

AEele electrostatic energy, AEvdW van der Waals energy, AGbind total binding
free energy, AGsol solvation free energy, AEgas gas-phase free energy.
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Table 3
Thermodynamic Binding Free Energy Profiles for the Spike RBD towards hACE2
before and after ligands binding at Exopeptidase site of hACE-2.

Energy Components (kcal/mol)

Complex A Evaw AEejec AGgas AGsoly AGpind

Spike RBD

hACE-2 —97.115 —633.804 —730.920 666.063 —64.856

+ 7.209 + 32.284 + 33.671 + 30.008 +10.190

hACE-2 —99.732 —601.075 —700.808 641.877 —56.931
(AMB) + 5.779 + 57.201 + 57.174 + 54.576 + 7.897

hACE-2 —95.045 —609.859 —704.905 658.550 —46.354
(BHH) + 5.660 + 50.001 + 50.868 + 47.230 + 8.191

Table 4

Thermodynamic Binding Free Energy Profiles for the ligands at the hACE2
binding site of hACE2-Spike RBD.

Energy Components (kcal/mol)

Complex A Eyqw AEeiec AGgas AGsoly AGypind

hACE-2

AMB —-31.797 —195.455 —214.784 177.787 —42.231
+ 7.254 + 6.282 + 19.098 + 7.899 + 5.324

BHH —40.063 —188.320 —206.424 189.810 —54.032
+ 3.332 +10.122 + 11.232 + 8.245 + 7.158

AEele electrostatic energy, AEvdW van der Waals energy, AGbind total binding
free energy, AGsol solvation free energy, AEgas gas-phase free energy.

Table 5
Interacting Amio residues before and after ligands binding at hACE-2 Exopep-
tidase site.

Complex Interacting amino acids of hACE-  Interacting amino acids of Spike
2 receptor protein
hACE-2- Serl, GIn6, Thr9, Phel0, Lys13, Tyr714, Tyr718, Leu720,

RBD Hisl6, Glul7, Glul9, Asp20,
Tyr23, Leu61, Met64, Tyr65,
Lys335, Asp337, Asn376

Phe721, Tyr738, Ala740,
Phe751, Asn752, Tyr754,
Phe755, GIn758, GIn763,
Thr765, Tyr766, Gly767,
Tyr770,

hACE-2- Serl, GIn6, Thr9, PhelO, Lys13, Tyr718, Leu720, Phe721,
RBD- Hisl6, Glul7, Glul9, Tyr23, Tyr738, Ala740, Phe751,
AMB Met64, Tyr65, Lys335, Asp337 Asn752, Tyr754, Phe755,
Leu757, GIn758, Tyr760,

Tyr761, GIn763, Thr765,

Asn766, Gly767, Tyr770

hACE-2- GlIn6, Thr9, Phel0, Lys12, Lys13, Tyr718, Leu720, Phe721,
RBD- His16, Glul9, Leu61, Met64, Tyr738, Ala740, Phe751,
BHH Tyr65, Lys335, Asp337 Asn752, Tyr754, Phe755,

Leu757, GIn758, Thr765,
Tyr766, Gly767, Tyr770,

additional hydrogen bonds (Asp20-Tyr714 and Asn376-Tyr770) were
loss after the binding of AMB when compared with the unbound, RBD-
ACE-2 complex. The binding of BHH, however, led to more loss of mo-
lecular interactions between the proteins, which justified the lower
binding affinity recorded between the two proteins. Three Hbonds were
lost between Ser1-Ala740, Asp20-Tyr714 and Asn376-Tyr770. In addi-
tion, two van der Waals forces were lost, between Glul7-GIn758 and
Tyr23-GIn763. A strong Pi-Pi stack interaction was also lost between
residues Phel0 and Tyr754. The binding of the BHH at the exopeptidase
site prevent molecular interactions, subsequently decreasing the binding
affinity between the proteins (see Fig. 1).

Investigating the molecular stability, the effects of binding of the
drugs to the RBD-ACE-2 complex were assessed by the evaluation of the
Root Means Square Deviation (RMSD), Radius of Gyration (RoG), and
Solvent Accessible Surface Area (SASA) values of alpha carbon (Ca)
atoms of the complexes from the entire molecular dynamics’ trajectory
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Table 6

Summary of Residues interaction networks (RINs) and interaction types.
Residues hACE-2 Spike A Eyqw AEgec AGg,s
Serl - Ala740 Hbond Hbond
GIn6 - Ala740 Vdw - Vdw
GIn6 - Asn752 Hbond, Vdw Hbond, Vdw Hbond, Vdw
Thr9 - Phe721 Vdw Vdw Vdw
Thr9 - Tyr738 Vdw Vdw Vdw
PhelO - Tyr754 Pi-pi Stack, Vdw Pi-pi Stack, Vdw Hbond, Vdw
Lys12 - Phe721 - - Vdw
Lys13 - Leu720 vdw Vdw Vdw
Lys13 - Phe 755 Hbond Hbond, Vdw Hbond
Lys13 - Leu 757 Hbond Hbond Hbond
Lys13 - GIn 758 Hbond Hbond, Vdw Hbond
His16 - Tyr718 Pi-pi Stack Pi-pi Stack, Vdw  Pi-pi Stack
His16 - Leu720 Vdw Vdw Vdw
His16 - GIn 758 vdw Vdw Vdw
Glul7 - GIn 758 Vdw Vdw -
Glul9 - Tyr770 Hbond Hbond, Vdw Hbond
Asp20 - Tyr714 Hbond - -
Tyr23 - GIn763 Vdw Vdw -
Tyr23 - Thr 765 - Hbond -
Tyr23 - Asn 766 - Hbond, Vdw -
Leu61 - Phe751 vdw - Vdw
Met64 - Phe 751 Vdw Vdw Vdw
Tyr65 - Phe 751 Pi-Pi Stack, Vdw Pi-Pi Stack, Vdw Pi-Pi Stack, Vdw
Tyr65 - Asn 752 Hbond Hbond, Vdw Hbond
Tyr65 - Tyr754 Hbond Hbond Hbond
Lys335 - Tyr760 - Hbond -
Lys335 - Tyr761 - Hbond -
Lys335 - Tyr766 Hbond, Vdw Hbond, Vdw Hbond, Vdw
Lys335 - Gly767 Hbond Hbond Hbond
Lys335 - Tyr770 Vdw Hbond Vdw
Asp337 - Thr 765 Hbond Hbond, Vdw Hbond
Asn376 - Tyr770 Hbond - -

(Fig. 2a—c). Studies have shown that binding of molecules to specific
target are usually accompanied or resulted to conformational changes
that might affect the activity of the target [16,28,31]. Fig. 2a showed the
result of the RMSD plot that measures the complexes’ convergence and
stability. A lower RMSD value indicates a more stable complex [11]. The
plot revealed the average RMSD values for the bound (ACE-2-RBD-AMB
and ACE-2-RBD-BHH) and unbound (ACE-2-RBD) complexes are low,
inferring that the hACE-2-RBD complexes are stability.

The average RMSD values of the complexes after AMB (2.713 ;\) and
BHH (2.441 A) binds to the exopeptidase site of hACE-2 are relatively
higher than the average value for the unbounded control (1.971 A). The
result revealed that the binding of the drugs considerably influences the
dynamic of the complex when compared to the unbound complex. To
further quantify the effects of the drugs’ binding on the exposure of the
complexes to solvent environments, the SASA values were also esti-
mated. From the result of Fig. 2b, the average SASA values for ACE-2-
RBD, ACE-2-RBD-AMB and ACE-2-RBD-BHH complexes are 34.530 [o\,
33.140 A and 32.960 A. respectively. The result showed a slight decrease
in the exposure of the bound complexes to solvent molecules, which
indicated that their binding to the complex slightly affect the structural
dynamic of the complexes, but the structural integrity of the complexes
is not compromised. The RoG plots of the bound complexes showed
slight increase compared to the unbound complex (Fig. 2¢c). The average
RoG values for the unbound complex is 30.541 A2, while the average
values for ACE-2-RBD-AMB and ACE-2-RBD-BHH complexes are 31.279
A? and 30.809 A? respectively. This indicates the overall structural
compactness of the bound complexes are slightly differs to the unbound
complex. The structural analyses, therefore revealed that the binding of
the drugs considerably influences the dynamic of the complexes when
compared to the unbound complex.

4. Conclusion

In conclusion, this study supports the existing finding which report
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Fig. 1. Superimpositions of the snapshot structures of ligand-hACE2-RBD complexes of AMB (in brown), BHH (in cyan) and Apo-Complex (in magenta). AMB in red and

BHH in deep blue at the exopeptidase site of hACE-2.

a
50+ hACE-RBD
hACE-RBD-BHH
454 hACE-RBD-AMB

b C
RACE- RBD 24)
hACE- RBD- BHH ’ hACE-RBD
hACE- RBD-AMB 3224 hACE-RBD-BHH

hACE-RBD-AMB

T T
50 60 70 8 90 100
TIME (ns)

0 10 2 30 40

Fig. 2. Comparative a). RMSD b). SASA, and c). RoG profile plots of C-a atoms of BHH and AMB ligands at the hACE2 exopeptidase site of hACE2-RBD calculated

throughout 100 ns molecular dynamics simulation.

that high binding affinity exists between the hACE-2 and SARS-CoV-2
spike protein, as evidenced in the high binding energy recorded be-
tween the two proteins. The study further revealed that the binding of
the two drugs at the exopeptidase site of hACE-2 significantly alters
molecular interactions and lower binding effectiveness between the two
proteins than their binding at the RBD site. This study, therefore, sug-
gests both AMB and BHH might be good inhibitor of hACE-2, reduce
binding affinity between spike protein and hACE-2, and consequently
inhibit viral attachment, entry, and infectivity.
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