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ABSTRACT

A previous study shows that an ACE2 enzymatic activity inhibitor efficiently blocks the
interaction of SARS-CoV spike protein with human ACE2 and may be effective in preventing the
coronavirus membrane fusion and entry to human cells. The report suggests that potent ACE2
inhibitors can be used to treat hypertension as well as for controlling SARS-CoV infection. We
here studied the effect of a selective and highly potent ACE2 inhibitor (MLN-4760) on the
interaction of the SARS-CoV-2 spike receptor-binding domain (RBD) with human ACE2 by
molecular dynamics (MD) simulation. To this end, we docked the RBD of SARS-CoV-2 to the
human native ACE2 and the ACE2 complexed with MLN-4760, and analyzed the dynamics,
protein-protein and ligand-protein interactions of the complexes by MD simulation in a simulated
biological condition for 100 ns. Analyzing crystallographic structures of SARS-CoV-2 and SARS-
CoV RBDs in the complexes with human ACE2 showed that RBD of SARS-CoV-2 binds to
ACE2 with a higher affinity than that of SARS-CoV. Results also revealed that MLN-4760 binds
to ACE2 at the enzymatic active site with a high affinity and significantly alters the ACE2 protein
conformation. MLN-4760 also changes the binding site and the residues involved in hydrogen
and hydrophobic binding between RBD and ACEZ2, however, it had no major effect on the
binding affinity of the interaction between RDB and ACE2. Interestingly, binding RBD to the
ACE2 complexed with MLN-4760 abrogated the inhibitory effect of MLN-4760 and rescued the
conformation of the ACE2 enzymatic site by reforming the closed conformation to the open
native conformation. This was due to the disassociation of MLN-4760 from the enzymatic active
site of the ACE2 in the result of RBD binding. Overall, these results show that MLN-4760 does
neither block nor increase the binding of SARS-CoV-2 spike RBD to human ACE2 and probably
had no effect on the viral entry. However, binding the spike protein to ACE2 can rescue the
enzymatic function of ACE2 from its inhibitor.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) earlier named as 2019-
nCoV is the virus strain that causes severe acute respiratory syndrome (SARS) called COVID-
19 disease that first identified in December 2019 in Wuhan city of Hubei province, China [1-4].
COVID-19 is a contagious acute respiratory infectious disease clinically characterized by
symptoms as fever, headache, dry cough, shortness of breath, sore throat, fatigue, and less
commonly abdominal pain, muscle pain, diarrhea, and loss of smell [5-8]. Some infections
result in viral pneumonia and multi-organ failure and even progress to death [5-8]. Following the
rapid global outbreak, the World Health Organization declared COVID-19 a pandemic on March
11, 2020 [9]. As of 20 April 2020, more than 2.4 million confirmed COVID-19 cases have been

reported across 210 countries and territories, causing over 165,000 deaths [10].

SARS-CoV-2 belongs to the Coronaviridae family of viruses that cause common cold to
severe respiratory diseasesin humans. SARS-CoV-2 is a member of subgenus
Sarbecovirus (beta-CoV lineage B) and is closely related to the coronaviruses caused SARS
and Middle East Respiratory Syndrome (MERS) outbreak in the past two decades [11,12].
SARS-CoV-2 has a linear positive-sense single-stranded RNA (+ssRNA) genome with
approximately 30,000 nucleotides in length [11,12]. The genome encodes for ten open reading
frames (ORFs) including four viral structural proteins; spike protein (S), an envelope protein (E),
membrane protein (M), and nucleocapsid phosphoprotein (N). The S, M, E proteins form the
viral coat, and the N protein is involved in the packaging of the viral RNA genome [13-15]. The
Non-structural proteins include ORF1ab, ORF3a, ORF6, ORF7a, ORF10, and ORF8. ORF1ab
encodes RNA-dependent RNA polymerase polyprotein and is responsible for transcription and
replication of viral RNAs [13]. SARS-CoV-2 share 80-96% and 92-99% genetic material with the
coronavirus strains derived from bats and pangolin indicating SARS-CoV-2 to have
a zoonotic origin [16-21]. The non-structural proteins are highly homologous to the bat
coronavirus and have significant homology with the SARS-CoV [6,11-15]. However, the spike
protein, ORF8 and ORF3a proteins are considerably different from other known SARS-like

coronaviruses, and they may cause more transmission rate than SARS-CoV [6,11-15].

SARS-CoV-2 enters human epithelial cells through the binding of the spike protein from its N-

terminal receptor-binding domain (RBD) to the angiotensin | converting enzyme 2 (ACE2)



receptor on the host cell surface [13-15,22,23] (Fig 1A). ACE2 enzyme belongs to the renin-
angiotensin peptide hormone system is a necessary regulator for cardiovascular physiology and
is highly expressed in the lungs, arteries, heart, kidney, and intestines and [24,25]. ACE2
catalyzes the cleavage of angiotensin | peptide into vasodilator angiotensin 1-9, and angiotensin
Il peptide into the vasodilator angiotensin 1-7 and play role in controlling blood pressure [25].
Renin-angiotensin system blockers including ACE inhibitors (ACEIls) and angiotensin receptor
blockers (ARBs) are highly used drugs for the treatment of patients with cardiovascular
diseases including heart attack, hypertension, chronic kidney disease (nephropathy) and
diabetes [26].

Blocking the binding of SARS-CoV-2 spike proteins to ACE2 receptors on the human cell is
the first and most promising approach for blocking cell entry and inhibiting SARS-CoV-2
infection. In the year 2004, Huentelman et al. [27] introduced N-(2-aminoethyl)-1 aziridine-
ethanamine (NAAE; CeH15N3) as a novel human ACEZ2 inhibitor which blocks the attachment of
SARS-CoV spike protein to ACE2 receptor. The report suggests that NAAE can prevent SARS-
CoV entry to ACE2 expressing human cells and the potential to be used as an anti-SARS agent
[27]. In this study, we aimed to investigate whether an enzymatic inhibitor of ACE2 is able to
affect the interaction of SARS-CoV-2 spike protein with ACE2. Here, we study the effect of a
selective and highly potent ACE2 inhibitor (S,S)-2-{1-Carboxy-2-[3-(3,5-dichloro-benzyl)-3H-
imidazol-4-YL]-ethylamino}-4-methyl-pentanoic acid (MLN-4760; C19H23C2N304) on the binding
of SARS-CoV-2 spike RBD to ACE2.

METHODS
Model structures

Crystallographic structures of SARS-CoV-2 spike RBD (PDB 6LZG), native human ACE2
(PDB 1R42 [28]) and human ACE2 complexed with NLM-4760 at the enzymatic active site
(PDB 1RA4L [28]) were obtained from Protein Data Bank (PDB). To dock the spike RBD to the
ACE2 structures, the ACE2 structures topologically aligned to the 6LZG model by MatchMaker
command in UCSF Chimera software using the coordinate of ACE2 from 6LZG model as a
reference. Duplicated atoms were deleted, the model structures were combined and then PDB

files of the hybrid complexes were generated.

Molecular dynamics (MD) simulation



MD simulation was performed using GROMACS version 2018 [29] and CHARMM 36 all-atom
force field [30]. The structures were solvated in a cubic water box with a dimension that the
protein structures were placed in with one nanometer (nm) distance from side filled by single
point charge water molecules as solvent according to the TIP3P water model [31]. The system
charge was neutralized by CI" Na* ions. Energy minimization was done with the steepest
descent algorithm in 5,000 steps to eliminate inappropriate contacts between amino acids. The
non-hydrogen atoms of the ligands were restrained, and system equilibration was done in two
steps including NVT (constant volume of particles, volume, and temperature) and NPT (constant
pressure of particles, volume, and temperature) ensembles in 1 ns at 300 K (37°C) and 1-
atmosphere pressure. MD simulation was done for 100 ns at 300 K. All the covalent bonds were
constrained by using the Linear Constraint Solver (LINCS) algorithm. The Particle-Mesh Ewald
(PME) summation method with a grid spacing of 0.16 nm and Van der Waals interactions with
1.2 nm cutoff was used to describe long-range electrostatic interactions. The simulations were
performed with a 2-femtosecond (fs) timestep for 100 ns using Leapfrog integrator in the Cedar

supercomputer.
RESULTS AND DISCUSSION

SARS-CoV-2 spike RBD binds to human ACE2 with higher affinity compared to SARS-
CoV

Alignment of spatial structure and amino acid sequence of spike RBD of SARS-CoV-2 (PDB
6LZG) to those of SARS-CoV (PDB: 3SCI) and MERS-CoV (PDB 6C62Z) revealed a significant
topologic and sequence difference between the spike RBD of SARS-CoV-2 and those of other
two CoVs (Figs 1B and C). The similarity between the spike RBD of SARS-CoV-2 and that of
SARS-CoV was found 74.4% (166 amino acids), while only 17.9% (40 amino acid) similarity
was found between the spite RBD of SARS-CoV-2 and that of MERS-CoV (Fig 1C). This shows

that SARS coronaviruses taxonomically dissent from MERS coronavirus (Fig 1D).

Given the more than 90% genomic similarity of SARS-CoV-2 to SARS-CoV, a 25.6%
difference between the structure of the spike RBDs of the SARS-CoVs is relatively significant.
This suggests that higher transmission of SARS-CoV-2 than SARS-CoV may be due to a higher
binding affinity of SARS-CoV-2 spike RBD to human ACEZ2. To test this, we aligned the protein
structures of SARS-CoV-2 and SARS-CoV spike RBDs interacted with ACE2 by selecting the
ACE2 (PDB 6LZG) as reference coordinate to examine whether the RBDs binds to different



sites of ACE2 or not. Result revealed that both RBDs bind to the same region of ACE2 (Fig 1E).
We then, analyzed the binding affinity and interactions between RBD and ACE2 in the CoVs.
Result showed that SARS-CoV-2 RBD binds to ACE2 by 12 hydrogen bonds through binding
Tyr453 (3.02 A) to His34 of ACE2, Thr500 (2.59 A) to Tyr41 of ACE2, GIn498 (3.26 A) and
Gly446 (3.28 A) to GIn42 of ACE2, Gly502 (2.78 A) and Gly496 (3.25 A) to Lys353 of ACE2,
Tyr449 to GIn42 (2.84 A) and Asp38 (2.83 A) of ACE2, Lys417 (2.00 A) to Asp30 of ACE2,
Ala475 (2.81 A) to Ser19 of ACE2 and Asn487 to GIn24 (2.87 A) and Tyr83 (2.83 A) of ACE2
(Fig 1F). Nine residues from SARS-CoV-2 RBD including GIn493, Leu455, Asn501, Gly476,
Tyr505, Phe456, Tyr480 and Phe486, and 9 residues from ACE2 including Asn330, Arg357,
Glu35, Asp355, Leud5, Gly354, Thr27, Phe28 and Met82 were found contributed in the binding
by forming hydrophobic contacts (Fig 1F). SARS-CoV RBD binds to ACE2 by 11 hydrogen
bonds through binding Asn473 to Thr83 (3.01 A) and GIn24 (2.74 A) of ACE2, Gly488 (2.91 A)
and Gly482 (3.35 A) to Lys353 of ACE2, Thr486 with two bonds (3.23 A and 2.42 A) to Tyr41 of
ACE2, Tyr484 (2.90 A) to GIn42 of ACE2, Thr436 (2.60 A) to Asp38 of ACE2, Pro462 (3.07 A)
to Ser19 of ACE2 and Arg426 with two bonds (3.11 A and 3.26 A) to Glu329 of ACE2 (Fig 1G).
Seven residues from SARS-CoV RBD including Phe472, 11e489, Tyrd91, Tyrd487, Leud43,
Tyrd75 and Phe442, and 11 residues from ACE2 including Met82, GIn235, Gly354, Arg357,
Asp355, Asn330, Leudb, Thr27, Phe28, Lys31and Asp30 were found contributed in the binding
site by forming hydrophobic contact (Fig 1G).

To investigate the binding affinity of the interactions between RBDs and ACE2, we calculated
AG and dissociation constant (Ky) of the interactions. SARS-CoV-2 RBD:ACE2 complex showed
a AG of -12.5 Kcal/mol and a Ky of 7.2e-10 mole (M) (Fig 1F), while, SARS-CoV RBD:ACE2
complex had a AG of -10.9 Kcal/mol and a Ky of 1.1e-8 M (Fig 1G). These results show that the
binding affinity of SARS-CoV-2 RBD to ACE2 is higher than that of SARS-CoV RBD to ACE2.

Taken together, there is a significant difference between SARS-CoV-2 and SARS-CoV in
terms of spike RBD structure. Despite the structural difference, both the spike RBDs bind to the
same region of ACE2. However, SARS-CoV-2 spike RBD binds to ACE2 with higher affinity and
form stronger interaction with ACE2 compared to SARS-CoV.
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Fig 1. Comparative structure and binding of SARS-CoV-2 and SARS-CoV to Human ACE2.
(A) Crystalographic structure of SARS-CoV-2 spike protein (tan) interacted with human ACE2
(seagreen) in the ribbon (right) and surface (left) display (a combination of PDBs 6VSB [15]
and 6LZG structures). The open enzymatic active site is illustrated by “AS” (B) Structure of
spike RBDs of SARS-CoV-2 (tan; PDB 6LZG), SARS-CoV (aqua; PDB 3SCl), MERS-CoV
(pink; 6C6Z [32]) and the superposition display. The binding site to human ACE2 are shown by
dashed oval (C) Multiple amino acid sequence alignment of the spike RBDs. The a-helices
and B-sheets of SARS-CoV-2 spike RBD are shown by helices and arrows respectively. The
common residues between SARS-CoV-2 and SARS-CoV are shown in red letters. The
common residues between SARS-CoV-2 and MERS-CoV are shown in green letters. The
common residues between SARS-CoV and MERS-CoV are shown in blue letters. Residues



involved in binding to ACE2 are shown by black (hydrogen bond) and grey (hydrophobic
contact) dots on top. (D) Phylogenetic tree and scores of the CoVs. (E) Superposition
alignment of crystallographic structures of SARS-CoV-2 (tan) and SARS-CoV (blue) spike
RBDs in the interacted form with human ACE2 (seagreen). (F and G) Residues involved in the
interaction of SARS-CoV-2 spike RBD (F) and SARS-CoV spike RBD (G) with human ACE2.
The hydrogen bonds and hydrophobic contacts are shown by dashed lines and sunshine

respectively.
MLN-4760 has no significant effect on the binding of SARS-CoV-2 spike RBD to ACE2

S,S)-2-{1-Carboxy-2-[3-(3,5-dichloro-benzyl)-3H-imidazol-4-YL]-ethylamino}-4-methyl-
pentanoic acid also named as MLN-4760 with a molecular formula of C19H23C2N3O4 (Fig 2C)
and a molecular weight of 428.310 Da (PubChem ID: 448281, DrugBank ID: DB12271) is a
selective and highly potent inhibitor of human ACE2 carboxypeptidase activity with an I1Cso value
of 0.44 nM [28,33]. To investigate the effect of MLN-4760 binding to ACE2 on the interaction of
SARS-CoV-2 spike RBD with ACE2 we docked the RBD (PDB 6LZG) to human native ACE2
(PDB 1R42) and the ACE2 complexed with MLN-4760 (PDB 1R4L) by using the coordinate of
native human ACE2 from 6LZG complex (native ACE2 in complex with SARS-CoV-2 RBD). As
shown in Fig 2A, the enzymatic active site of ACE2(native) was open, while binding MLN-4760
to the active site of ACE2 significantly altered the topology of ACE2 structure to a more
condensed form, and closed the enzymatic active site (Fig 2B). Protein-ligand interaction
analysis of the ACE2(MLN-4760) revealed that MLN-4760 strongly bonded to ACE2 through 10
hydrogen bonds with residues Arg273 (2.74 and 2.93 A), His345 (2.66 A), Phe346 (3.09 A),
Thr371 (3.03 A), His374 (2.05 A), His378 (2.31 A), Glu402 (2.05 A), His505 (2.70 A) and Tyr515
(3.24 A), 4 hydrophobic contacts with residues of Glu375, Phe504, Tyr510 and Arg514, and 2
bonds with Zn of ACE2 (Figs 2D and E). The AG of the interaction was calculated as -9.7

Kcal/mol.
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Fig 2. Study model structures. (A and B) Crystalographic structures of SARS-CoV-2 spike
protein RBD in complex with ACE2(native) (A) and ACE2(MLN-4760) (B) investigated in this
study. The open enzymatic active site is illustrated by “AS”. (C) Chemical structure of LMN-
4760. (D) Interaction of LMN-4760 with the enzymatic active site of human ACE2. (E)
Interactions between LMN-4760 and ACE2 at the enzymatic active site of ACE2. The
hydrogen bonds and hydrophobic contacts are shown by dashed lines and sunshine

respectively.

To study whether MLN-4760 affects the interaction of SARS-CoV-2 spike RBD with ACE2,
we investigated the interaction of SARS-CoV-2 spike protein with ACE2 in a native form and in
complex with LMN-4760 by a 100 ns MD simulation. The simply root-mean-square deviations
(RMSDs) of both RBD:ACE2(native) and RDB:ACE2(MLN-4760) complexes were rapidly
stabilized in the first ns of the simulation and were continued in a stable trend during the next 99
ns (Fig 3A). The number of hydrogen bonds at each picosecond (ps) of simulation is shown in
Fig 3B. In the first 15 ns the number of hydrogen bonds between RDB and ACE2 in
RDB:ACE2(MLN-4760) complex was considerably lower than that of RBD:ACE2(native)
complex. This might be due to the different conformation of the ACE2(NLM-4760) structure than
that of native ACE2 that in the result of LMN-4760 binding (see Figs 2A and B). As shown in Fig



2B, the distance between RBD and ACE2 in RDB:ACE2(MLN-4760) complex was more than
that in RDB:ACE2(native) complex. This was because of selecting the spatial coordinate of
RBD:ACE2(native) complex as the reference coordinate for docking RDB to ACE2(MLN-4760).
After 15 ns, the number of hydrogen bonds of RDB:ACE2(MLN-4760) complex became almost
equal to that of RBD:ACE2(native) complex and continued as equal in the next 85 ns (Fig 3A).
These results show that the dynamic and interaction between RBD and ACE2 in
RBD:ACE2(MLN-4760) complex is similar to those in RBD:ACE2(native) complex, indicating
that RBD binds to ACE2(native) and ACE2(MLN-4760) with a similar affinity.
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Fig 3. The molecular dynamic simulation results of interaction between SARS-CoV-2 spike
RBD and human ACEZ2 in the native form and inhibited form by MLN-4760. (A) The root-mean-
square deviation (RMSD) of SARS-CoV-2 spike RBD in complex with ACE2(native) and
ACE2(MLN-4760) at every 1 ns of the molecular dynamics simulation. (B) the number of
hydrogen bonds between the RBD:ACE2 complexes at every 1 ps of the molecular dynamic
simulation (100,000 ps). (C) Binding energy (AG) of interaction between the RBD:ACE2
complexes at every 20 ns of the molecular dynamics simulation. (D) Dissociation constant (Kq)
of interaction between the RBD:ACE2 complexes at every 20 ns of the molecular dynamics

simulation.



For further confirmation, we performed a time-lapse analysis interactions between RBD and
ACE2 in the complexes at every 10 ns of simulation. The AG and Ky values of the RBD:ACE2
complex at every 20 ns are shown in Figs 3A and B. At 0 ns AG and K, of RBD:ACE2(native)
complex was calculated as respectively -11.7 Kcal/mol and 2.7e-9 M, while RBD:ACE2(MLN-
4760) complex revealed a AG and K,y of -9.9 Kcal/mol and 2.7e-7 M respectively. The values of
RBD:ACE2(native) were stable by 30 ns, however, the values of RBD:ACE2(MLN-4760)
complex were reduced to be almost equal to those of RBD:ACE2(native) complex at 40 ns. This
is due to the more distance of ACE2(MLN-4760) structure from RBD at the start time of
simulation as discussed above. The highest binding affinity (indicated by the lowest AG and Ky
values) of RBD:ACE2(native) complex was observed at 80 ns of simulation (AG = -12.6
Kcal/mol; Ky = 6.9e-10 M). While the highest binding affinity of RBD:ACE2(MLN-4760) complex
was detected at approximately 70 ns of the simulation (AG = -10.9 Kcal/mol; Ky = 9.7e-9 M)
(Figs 3A and B). The lowest binding affinity of RBD:ACE2(native) complex was detected at 50
ns (AG = -10.4 Kcal/mol; Ky = 2.5e-8 M), and lowest binding affinity of RBD:ACE2(MLN-4760)
was deleted at 0 ns of simulation as mentioned above (Figs 3A and B). At the end of 100 ns
simulation the binding affinities of RBD with native ACE2 and ACE2(MLN-4760) were similar to
each other (AG of -11.8 versus -11.4 Kcal/mol and K, of 2.3e-9 versus 4.7e-09 M).

We also investigated the time-laps binding sites in terms of hydrogen bonds and hydrophobic
contacts at every 20 ns of the simulation as shown in Fig 4. At 100 ns simulation, the RBD was
found bonded to native ACE2 by 7 hydrogen bonds through binding Ala475 (2.76 A) to Ser19 of
ACE2, Glu484 (2.79 A) to Lys31 of ACE2, Thr500 (2.93 A) to Asp355 of ACE2, GIn493 (2.90 A)
to Glu35 of ACE2, Tyr505 (2.60 A) to Glu37 of ACE2, and Gly502 (2.02 A) and Gly496 (2.72 A)
to Lys353 of ACE2. Residues Gly475, Tyrd89, Phe456, Tyr473, Phe486, Leu455, Tyr453,
Asn501 and GIn498 from RBD and GIn24, Phe28, Thr27, Tyr83, Leu79, Asn330, His34, Gly354
and Tur41 from ACE2 were involved in the interaction by forming hydrophobic contacts (Fig 4).
At 100 ns simulation, the RBD was detected bonded to ACE2(MLN-4760) by 9 hydrogen bonds
through binding Asn487 to Tyr83 (2.00 A) of ACE2, Ala475 (2.01 A) to GIn21 of ACE2, GIn493
to Glu35 (2.5 A) and Lys31 (2.77 A) of ACE2, Gly496 (2.99 A) and Gly502 (2.23 A) to Lys353 of
ACE2, GIn498 (3.31 A) to GIn42 of ACE2 and Thr500 (2.00 A) to Tyr41 and Asp355 (2.09 A) of
ACE2. Residues Phe486, Leu455, Tyr489, Phe456, Tyr505, Asn501, Tyr449, Arg403, Tyr453
and Lys417 from RBD and Leu79, Met82, Asp30, Phe28, Thr27, Asp38, Gly354, Asn330 and
His34 from ACE2(MLN-4760) were found involved in the interaction by forming hydrophobic
contacts (Fig 4).
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Fig 4. Time-laps dynamics and interaction of SARS-CoV-2 spike RBD with human ACEZ2 in
the native form and inhibited form by MLN-4760. (A) Binding sites of SARS-CoV-2 spike RBD
(left) and human ACE2 (right) and their binding values in RBD:ACE2(native) and
RBD:ACE2(MLN-4760) complexes at every 20 ns of the molecular dynamics simulation. (B)
Residues involved in the interaction of SARS-CoV-2 spike RBD with human ACE2 in
RBD:ACE2(native) (left column) and RBD:ACE2(MLN-4760) (right column) complexes at
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every 20 ns of the molecular dynamics simulation. The hydrogen bonds and hydrophobic

contacts are shown by dashed lines and sunshine respectively.

Taken together, these results show that RBD binding to ACE2(native) and ACE2(MLN-4760)
takes place with a similar dynamic and binding affinity. These results indicate that inhibition of
ACE2 by MLN-4760 has no significant effect on the binding of SARS-CoV-2 spike RBD to the
ACE2 receptor.

Binding SARS-CoV-2 spike RBD to ACE2(MLN-4760) abrogates the inhibitory effect of
MLN-4760

Structural analysis revealed no major change in the conformation of ACE2(native) in the
result of the 100 ns simulation (Fig 5A). However, ACE2(MLN-4760) underwent a major
conformation change in the result of 100 ns simulation compared to the structures at 0 ns (Fig
5B). The conformation of ACE2(MLN-4760) at 100 ns simulation was found highly similar to that
of ACE2(native) with open enzymatic active site (Figs 5B and E). Interestingly, in the result of
100 ns simulation, MLN-4760 was found removed from the enzymatic active site of the ACE2
and bonded to an outer region of the ACE2 (Asn121, 1le126 and GIn175) by hydrophobic
contacts with a relatively lower affinity (AG = -6.4 Kcal/mol versus -9.7 Kcal/mol) (Figs 5B-D).
Time-laps simulation analysis revealed that the MLN-4760 removal had occurred in the first 10
ns of simulation. This phenomenon might be due to the binding of RBD to the ACE2(MLN-
4760).

Taken together, these results show that binding SARS-CoV-2 spike RBD to the ACE2
complexed with MLN-4760 abrogates the inhibitory effect of MLN-4760 and rescues the
enzymatic activity of ACE2 by removing MLN-4760 from ACE2 enzymatic active site.
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A RDB:ACE2(native), 100 ns B RDB:ACE2(MLN-4760), 100 ns

Asn1 21%

"‘“zﬁ‘% MLN-4760

GIn175 AG = -6.4 Kcal/mol

Fig 5. Structure of SARS-CoV-2 spike protein in complex with human ACE2(native) and
ACE2(MLN-5760) after 100 ns molecular dynamics simulation. The open enzymatic active site
is illustrated by “AS”. (A and B) Structure of RBD:ACE2(native) (A) and RBD:ACE2(MLN-
4760) (B) complexes after 100 ns molecular dynamics simulation (left) and in superposition
with the initial (O ns) structure (right). (C and D) Position and the residues involved in the
secondary binding site of MLN-5760 in the RBD:ACE2(MLN-4760) complexes after 100 ns
molecular dynamic simulation. The hydrophobic contacts are shown by sunshine. (E)
Superposition display of the RBD:ACE2(native) (RBD in blue and ACE2 in seagreen) and
RBD:ACE2(MLN-4760) (RBD in pink and ACE2 in tan) after 100 ns molecular dynamics
simulation.
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