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Abstract. The worldwide pandemic caused by coronavirus SARS-CoV-2 (so called as COVID-
19 disease) has affected 219 countries and territories, leading to numerous deaths and global
financial crisis. The main protease (Mpro) of SARS-CoV-2 plays an important role in mediating
the transcription and replication of virus, thus, one of the main therapeutic measures is to find
compounds capable of inhibiting these enzymes as soon as possible. Nowadays, computer-aided
drug design plays an important role in the field of drug discovery. In particular, molecular
docking is one of the initial steps that effectively screen a numerous number of compounds for
their interaction and binding affinity toward targeted enzyme, therefrom, suggesting a short list
of potential inhibitors for further drug development processes. As part of our ongoing program
to provide simple guideline for scientific community to utilize different docking tools for
research purposes, in this article, a complete manual guideline of Autodock 4.2.6 is presented to
demonstrate the simulation of interaction between compound PF-07321332 and the main
protease of SARS-CoV-2, thereby suggesting an effective tool for scientists to conduct reseach
on this disease.
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1. INTRODUCTION

Nowadays, the whole world is facing the most devastating and dangerous pandemic in
history namely COVID-19. Detected for the first time since December 2019 in Wuhan city,
Hubei province of China, SARS-CoV-2 is a new strain of corona virus that has never been
recognized before. Previously, corora virus strains were also known for causing many dangerous
pandemics such as Severe Acute Respiratory Syndrome (SARS-CoV) in 2002 or Middle East
respiratory syndrome (MERS-CoV) in 2012. Until now, the number of confirmed COVID-19
infections worldwide are 203.533.164 cases, and the number of deaths reached 4.310.066 as of
August 8", 2021 [1].
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SARS-CoV-2 main protease (Mpro) is one of the most important proteins involved in the
process of translation of the polypeptide from the genomic RNA to protein components that are
required structurally or non-structurally for replication and packaging of new generation viruses
[2]. Thus, the search for a potent compound that inhibits the function of Mpro is considered as
one of the novel therapies for treatment. Additionally, the structure of the SARS-CoV-2 main
protease in complex with a peptidomimetic inhibitor (PDB ID: 6LU7) was reported with up to
82 % identity to that of SARS-CoV [3, 4].

Nowadays, computer-aided drug design (CADD) is increasingly utilized in the field of drug
discovery and development. The main advantage of this method is known to help scientists
promptly identify compound with potential biological activities, thus, save time and cost for
drug development process [5, 6]. In CADD, molecular docking is known as an effective method
which simulates the binding orientation of a molecule with an enzyme and calculating their
binding affinity. It has been indicated as a vigorous method for predicting potential compounds
with expected inhibition activities toward targeted enzyme, thus, suggesting candidates for
further drug development studies [7 - 12]. Amongst various docking softwares, AutoDock 4 is
an excellent non-commercial docking program that is widely used with more than 10,000
citations during the last ten years [13 - 15]. Despite the fact that the lastest version (AutoDock
4.2.6) was released in 2014, the advantage of its algorithm and scoring function keeps resulting
in more accurate identification of potential compounds compared with other docking tools in
terms of binding free energy [15]. Up to date, there have been several tutorials on using
Autodock 4 for virtual screening purpose previously, however, it is still complicated and
requires the use of various softwares [16, 17]. Also, due to the urgent need of developing an
effective drug for the treatment of COVID-19 epidemic, a simple protocol which can be easily
manipulated by the scientific community is needed in order to accelerate the drug discovery
process. In this study, a step by step protocol for the use of Autodock 4.2.6 (AD4) software was
given to simulate the interaction between Mpro of SARS-CoV-2 and PF-07321332. The
obtained results might help to shed light on the interaction mechanism of the compound and
hopefully help scientists to effectively implement virtual screening study on this disease.

2. METHODS
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Figure 1. AutoDock 4.2.6 workflow using MGLTools.
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Autodock4.2.6 as an effective tool for molecular docking studies...

A summary of AutoDock 4.2.6 workflow is presented below (Figure 1), the details of the
docking process are discussed in the next section.

3. EXPERIMENTAL AND RESULTS

3.1. Requirements

3.1.1 Discovery Studio Visualizer
https://discover.3ds.com/discovery-studio-visualizer-download
3.1.2. AutoDock 4.2.6

Download two files autodock4.exe and autogrid4.exe to the working directory (for example
in this study: C:\Users\Admin\Desktop\6lu7)

http://autodock.scripps.edu/downloads/autodock-registration/autodock-4-2-download-page/
3.1.3. MGLTools

http://mgltools.scripps.edu/downloads

3.1.4. Java

http://www.java.com/en/download/index.jsp

3.2. Prepare input files for docking simulation
3.2.1. Retrieving protein.pdb file from protein database

e The three-dimensional crytal structure of SARS-CoV-2 Mpro (PDB ID: 6LU7) is
downloaded from Protein Data Bank: https://www.rcsb.org/

» Type the query protein or enzyme (The crystal structure of COVID-19 main
protease in complex with an inhibitor N3)

» Select protein (PDB ID: 6LU7)
‘ The crystal structure of COVID-19 main protease in complex with an inhibitor N3 n

in Structure Tie Help &
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students and researchers understand all aspects of biomedicine and agriculture.
from protein synthesis to health and disease

#™ Deposit
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Q Search

The RCSB PDB builds upon the data by creating tools and resources for
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931


https://discover.3ds.com/discovery-studio-visualizer-download
http://autodock.scripps.edu/downloads/autodock-registration/autodock-4-2-download-page/
http://mgltools.scripps.edu/downloads
http://www.java.com/en/download/index.jsp
https://www.rcsb.org/

Pham Minh Quan, Pham Quoc Long, et al.

prram—
. - v 2 YEARS OF
D ZPoe 8 [ ) . S P otein Data Bank Bvod
Structure Summary
19
< i 6LU7
- The crystal structure of COVID-19 main protease in complex
Y - . Do!! ot <
A 9
< Classification: VIRAL PROTEIN
G Organism(s ) »
=) Expression System
Mutation(s): No ©
Deposited )-01-26 Released: 2020-0: 3MUXML Format (g:

Deposition Author(s)

Experimental Data Snapshot wwPDB Validation @

e Prepare input data for protein by Discovery studio:

» Open 6LU7.pdb in Discovery Studio Visualiser
Press ctrl + H

Select Hetatm, right click and select remove group
Select Water and Delete

>
>
>
» Select Ligand Group and Delete

T et trcon S ST

» Save as 6lu7_clean.pdb

[ ST necoor g eracions [ EA AL
Chew vBSE & y Stre. v Non-bond Fneractiors... v

3.2.2. Retrieving ligand.pdb file from major ligand database
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Autodock4.2.6 as an effective tool for molecular docking studies...

» Obtain ligand structure from Pubchem database
(https://pubchem.ncbi.nlm.nih.gov/). In this study, we choose PF-07321332 as

reference ligand since it was proved as drug candidate with SARS-CoV-2 Mpro
inhibition activity [18].
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e Create ligand.pdb file (PF-07321332.pdb)
» Prepare PF-07321332.cdx file using Chemdraw
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» Open PF-07321332.cdx file in Chem3D > Ctrl+M (energy minimization the
three-dimensional structure of ligand using MM2 algorithm)

o

> Save as PF-07321332.mol2 file
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VY VY

Open PF-07321332.mol2 in Discovery Studio Visualiser
Click File to Save as PF-07321332.pdb

[ocromicie Simtaion R TR C TR Phomcoshors Sl Mol X1 My Tt
% Bl e xx% N Disptay Style... v ‘Non-bond Weractions... ¥

7

3.3. Molecular docking using AutoDock 4.2.6
3.3.1. Create protein.pdbqt file

» Open AutoDockTools

Please Register! It helps us secure funding for
supporting development and you won't have to

click these buttons again in the future. Thanks.
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Autodock4.2.6 as an effective tool for molecular docking studies...

» Direct to the working directory in the Startup  Directory
(C:\Users\Admin\Desktop\6lu7) and click Set > Dismiss

‘3"_1‘,2 SN l’a‘i\l.!‘
[0rs.2 [ Ligand

Mod [Hoce  Time (0687 Selected | I MTSER— Spn ot — |FR[ 127 |l

» Open file > Read Molecule > Select and open 6lu7_clean.pdb
» Click on Edit > Hydrogens > Add
» Choose All Hydrogens > noBondOrder (for pdb files...) > Yes > Ok

.ﬁ;‘jtnf'.;.‘ \\; .

Ligind _ Flexitie Residues  God _Docking _Run

DashBoard | Arol | Tools

su o v
RAHZz SLBCRMSLE
v o VRWWNRTY
. SNNNNTY

1e0C v

Mod o Time 0906 Setecte | N ST
» Click on Edit > Hydrogens > Merge Non-polar

lor  Compute MydogenBonds GrdiD Help
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» Click again Edit > Charges > Add Kollman Charges

e 4 |—E™6 =ik
| o | ocka
5 Mz

Mod. [tion

» Click again

File 3D Graphics Edit Select Display Color
e 4

Edit > Charges > Compute Gasteiger

8 x
Compute  Hydrogen Bonds  GriddD  Help
- =
(o=
7074 2 Ligand._Flex =
DashBoard | Anibtol | T(_Dole
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Sol - .
RAZ2
> Al M

Curr

14

|Mod.:Jai L Time: 0.960
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» Click Grid > Macromolecules > Choose > 6lu7_clean > Select Molecule > Ok
» Save 6lu7_clean.pdbqt in the working directory C:\Users\Admin\Desktop\6lu7
b e

- =
[ gt P Remons

Grid__Docking _ Run _Ansiyze

Mod [Nene  Time 0015 Seiected. NN WTTSCER
3.3.2. Create ligand.pdbqt file
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» Select Ligand > Input > Open

Fie D Gopics €M Sees Doy Coor Compde Fydoge Bonds G0 Felp
AEY LS N SO Sk
[T Ugnd el Reshs_Gid_Docking e

Dasneo METT N

Mod - [Hioo

» Choose PF-07321332.pdb > Open

Computs  Hydrogen Bor

MEAS PSR G E"e =ik
[F77 Ugmd Flexbie Residues  Gad _Docking _Run _ Ansiyze

wlicuo

o
R Py Z 2 7o
w Al olecules

Mod [Hons  Time 0032 Seiscted | EETSITR
» Click again Ligand > Torsion Tree > Detect Root

AEC LCR N (EM6 SR

[:07:7 Ligand  Fiexitle Residues  Geid Docking _Run__Asahize

Mod lone  Time 0048 Seiectes | Spin of
» Click again Ligand > Torsion Tree > Set number of Torsions
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§ AutoDockTools - 8 X

File 30 Graphics  Edit Display Color Compute Hydrogen Bonds Grid3D Help

FEC LSO NI EMe EeRk
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» Again Ligand > Output > Save as PDBQT (PF-07321332.pdbqt) in the working
directory C:\Users\Admin\Desktop\6lu7

3.3.3. Create Grid parameter file (box.gpf)

» Open Grid >Set Map Types > Choose Ligand > click PF-07321332 > Select
Ligand

AEY £ CRNCEM6 S ik

[A0712 Uigand Flexitie Residues  God D Ansiyze

DashBoard | Aol | Tools

"
RAHZz

v A

010 setected | NN TS spnof — |FR[ 74 (@il

Center the x, y, z atomic coordinates: Normally, the grid box is centered according to the
reference inhibitor, however, in other cases, it could be identified according to the active site of
protein. In this stuty, we selected coordinates of grid box based on the known ligand binding
active site of SARS-CoV-2 main protease. As previous studies have shown, the active region of
SARS is composed of important residues: His 41, Met 49, Phe 140, Leu 141, Asn 142, Gly 143,
Cys 145, His 163, His 164, Met 165, Glu 166, Lru 167, Pro 168, His 172, GIn 189, Thr 190, and
Ala 191 [19].

» Show the important residues to create the box: choose>\/right click > Residues
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Autodock4.2.6 as an effective tool for molecular docking studies...

> Click Grid > Grid Box

e4de £

|

C | Spacing (angstrom):
| conterGridBox

Here we choose the size and coordinates so that the box covers all the essential residues.
The grid point was set as 50 x 55 x 60 with X, y, z coordinates of -12.000; 12.000; 68.702.

» Click File > Close saving current

» Click Grid again > Output > Save GPF (hame as box.gpf) in the working directory
C:\Users\Admin\Desktop\6lu7

3.3.4. Run AutoGrid4

> Click Run > Run AutoGrid
> Choose link as shown below and click Launch

(*Copy file autogrid4.exe on directory 6lu7 before running AutoGrid4)
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» When running successfully, a job tab will appear on the screen

AEYC LCLNCE

Ugand _Flexitie Residues  Gdd _Docking

DashBoard | Aol | Toals

3.3.5. Run Autodock 4
» Click Docking > Macromolecule > Set Rigid Filename > click 6lu7_clean.pdbqt

Mod -None

Compute  Hydr

AEY SR NS0 sl

Ligand _ Flexite Residves _ Grd_ D

» Click Docking > Ligand > Choose > click PF-07321332 > Select Ligand > accept

o
F

AEY £ G EM6 S e

Ugand _Fiexitie Residues  Gnd _Docking _Run _Analyze

» Click Docking > Search Parameters > Genetic Algorithm
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Autodock4.2.6 as an effective tool for molecular docking studies...

AEY LGRS0 Sk
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[ e ]

» Set up as shown and choose Accept

AEY SR N SO Ee i
T tpeod Pt Roses G =

DashBoard | Ao | Tools

L AZ2

BN
%

» Click Docking again > Output > Lamarckial (GA 4.2)

E: Compte  Hydrogen Bonds  Gad3D e

ShlY=0T i

Run _ Analyze

AEY LS

Ligand _Flexbie Residues  Grd Do

d ccrors | ST

Spin ot — | FR (10001 @il

» Save DPF file (name as dock.dpf) in the working directory
C:\Users\Admin\Desktop\6lu7
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REY £ T

T Lgwnd Flesible Residues  Grid_Docking _Run _ Anaiyze

creo

> Run AutoDock
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> Click Run
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» Choose link as shown below and click Launch
(*Copy file autodock4.exe on directory 6lu7 before running AutoDock4)

Fils JDGaphcs Edt Seect Display Colcr  Compute  MydhogenBonds GAddD Help

MEY S¢S NSO E ek

I Ligand Flexile Resdues  God  Docking _Run _ Ansiyze
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» When running successfully, a job tab will appear on the screen
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AEY LSS G [ENe ek

Ugend _Flexibie Residves God _Docking _Run _Analyze
<

3.3.6. Analyzing result
e Check the energy rankings of the dock poses

> Read the output result file (dock.dlg), we can see the list of binding free energy of
different dock poses as shown below.

CLUSTERING HISTOGRAM

| | | | I
Clus | Lowest | Run | Mean | Num | Histogram
-ter | Binding | | Binding | in |
Rank | Energy | | Energy | clus| 5 1e 15 28 25 3@ 35
| | | | S U (R S (N S
1 | -9.24 | a7 | -8.54 | 4 |#uu#
2 | -9.11 | 2 | -8.69 | 2 |##
3 -8.84 | 35 | -8.75 | 2 |##
4 | -8.69 | 44 | -8.12 | 3 |
5 -8.62 | 7| -7.92 | 5|
6 | -8.25 | 38 | -7.89 | 2 |##
71 -8.18 | 23 | -8.18 | 1 |#
8 | -8.11 | 20 | -7.73 | 2 |##

» Open AutoDockTools > click Analyze > Docking > Open > Select dock.dlg > Ok

T |
HET LSRN - /"G E ek
T T LN LY

DashBoard | Anddal | Tools

Sl vlcwn »
R A{Zz SLEGEWSLE
T Al Molecules SN,
c SWNNNTT
al 0]
od [None  Time (0015 Selecteo: NN Dore 132 Soin o

» Again Analyze > Macromolecule > Open
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Ligind _Fiexile Resicues _ Gnd _ Docking
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» Again Analyze > Comformations > Play

AEC 2SRy

(o757 Ugind Pl Resiies_Gaa_D:

> Click this sign -*> click on Show Info and Build H-bonds
» Click Write Complex and save name Dock_47.pdbqgt

(*In our case conformation number 47 was indicated as the best dock pose with
binding free energy AG = -9.24 kcal/mol)

=

MAEY L8 YC Ee ek

Ligand _Flexitled 7

omstens| ol = = < [T > [ = | = [ <] =]

{! 7.4

Mod N 16 seecte | TSR

Spn of
[ ]

Check the constitutive bonds of the cases by Discovery studio Vis

312 [0

ualiser
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A\

Open file dock_47.pdbqgt in Discovery Studio Visualiser
Click dock47 > Define Ligand > Ligand Interactions > Show 2G Diagram

A\

T et it s S T PR
Shew vBOE & x= % Dpley Spje. v Nor-bord bteractons.. v

The results showed the lowest binding free energy of PF-07321332 (-9.24 kcal/mol). Four
H-bondings were created by this compound with Thr 26, Gly 143, Cys 145, Glu 166 and
GIn189, four of them are essential residues in the active binding region of SARS-CoV-2 Mpro.
Besides, the interaction was further strengthened by hydrophobic bonds with His 163 and His
172. In general, these information indicate that PF-07321332 could be a specific inhibitor of
SARS-CoV-2 main protease. The obtained results was analyzed in more detail by comparing
with two other known SARS-CoV-2 main protease inhibitors (lopinavir and darunavir) using the
same docking protocol (Table 1).

Table 1. Docking results of PF-07321332, Lopinavir and Darunavir using AutoDock 4.2.6.

Binding free energy

No. Compound H-bond interacting residues

(kcal/mol)
1 PF-07321332 -9.24 Thr26, Gly143, Cys145, Glul66, GIn189
2 lopinavir -8.95 Cys145, His164, Glul66, GIn189
3 darunavir -8.62 His41, Cys145, His164, Glul66, Thr190
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According to the ranking criteria of AutoDock, the more negative the value of docking
score, the better the binding affinity of the compound towards targeted receptor. Binding free
energy values in Table 1 indicate that PF-07321332 binds toward SARS-CoV-2 main protease
with the highest binding affinity, thus explaining why this compound is being considered as the
most potential drug candidate at the current state. Dock pose analysis of lopinavir and darunavir
also exhibits that they formed hydrogen bond interaction with common essential residues in the
active site of targeted protein which suggests the liability of the docking procedure.

4. CONCLUSIONS

This article provided a simple and user-friendly manual of Autodock 4.2.6 to demonstrate
the simulation of interaction between compound PF-07321332 and SARS-CoV-2 Mpro (PDB
ID: 6LU7). The obtained results show that PF-07321332 is a potential drug capable of binding to
essential residues of the active site of targeted protein, hence potentially inhibiting the
replication function of the virus.
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