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Week 1: Introduction to Molecular Modelling

1.0 Introduction to Molecular Docking and Molecular Dynamics Simulations

Drugs elicit their effects on biological systems by binding to molecules, such as proteins, and
this can directly affect their function. These interactions can also result in changes to signalling
pathways and the expression of gelestablishing the meemisms of action of compounds is

an important part of the drug discoveapd drug developmergrocess and this can be a
challenging taskln addition to investigating novel drugs, drug repurposing also has its
advantage This involves taking existing dgg and identifying new therapeutic uses.

The drug development process is divided into different stages and it can take several years for
a compound to be tested and approved. It has become common praatitelly examine

large compound libraries agat biological targets and determine whether there are any
potential leads that can be evaluated furthersilico methods, which are also known as
computational methods, can assist with this ahdmical libraries that consist of a large
number of compauds can be screened in a timely and-edf&ctive manner.

Molecular docking is ain silico tool that can be used to predict how strongly a compound
binds to a particular site within a biological molecule of interest (ie. protein, DNA, RNA etc.).
This praess requires the threlimensional (3D) structure of the drug target and molecular
docking also allows for the interactions that are formed between the compound and the drug
target to be predicted at the molecular level. In other words, we are abla fargaer insight

into the intermolecular bonds that are formed between the ligand and the protein residues, and
properties of the amino acids in the binding site. The top scoring molecules can be evaluated
further using more advanceith silico technigues,such as molecular dynamics (MD)

simulations.

In this tutorial, we are focusing on rigid molecular docking and this means that biological
molecules are treated as rigid objects, while the ligands are fléxégethe protein does not
change shape during the docking process. With MD simulationstenable to examine the
conformational changes that occur in a protgjand complex over a period of time and can
change the conditions of the system to mimic a physiological environkiventvill discuss

MD simulationsin more detail at a later stage.



[.

EricENnoMIC

MEDICINE

1.1 Protein Data Bank

The RCSB Protein Data Bank (PDB) is the database where the structures of proteins can be
obtained [ittps://www.rcsb.org/(1). If the structure of a protein has been made available, it
will be assigned a PDB identification cod@®@DB ID). The PDB ID can be typed into the search

bar and a page displaying information about the structure will appear. You can also type in the

name of the protein of interest in the search bar to determine if the structure is available.

For this tutorial, wewill be focusing on the structure of teevere acute respiratory syndrome
coronavirus 2$ARSCoV-2) chimeric receptebinding domain in complex with the human
angiotensirconverting enzyme 2ACE?2) receptor(Figure 11.1) (2). The PDB ID for this

structure is 6VW1To downloadthe t r uct ur e, go t o #AFDBvNH coranda tFa |

>Press .nSaveo

< Biological Assembly 1 @ > 6VWA1 W Display Files -
- Structure of SARS-CoV-2 chimeric receptor-binding domain complexed with its receptor
human ACE2

DOI: 10.2210/pdb6VW1/pdb

Classification: CELL INVASION

Organism(s): Homo sapiens, Severe acute respiratory syndrome-related coronavirus, Severe acute respiratory
syndrome coronavirus 2

Expression System: Spodoptera frugiperda

Mutation(s): No @

Deposited: 2020-02-18 Released: 2020-03-04
Deposition Author(s): Shang, J., Ye, G., Shi, K., Wan_ Y.S_, Aihara, H., Li. F.
Funding Organization(s): National Institutes of Health/National Institute of General Medical Sciences (NIH/NIGMS)

Experimental Data Snapshot wwPDB Validation @ & 3D Report || Full Report
® 3D View: Structure | Electron Density Method: X-RAY DI_FFRACT\ON Metric Percentile Ranks Value
Tl TR Resolution: 2.68 A Rfree s 0228
R-Value Free: 0.229 Clashscore I | —
Global Symmetry: Asymmetric - C1 @ R-Value Work: 0 1?7 Ramachandran outliers _7__)7_gﬂ
Global Stoichiometry: Hetero 2-mer-A151 @ R-Value Observed: 0.129 Sidechain outliers I E——ge W 3.9%
RSRZ outliers I T TR o— 15

Biological assembly 1 assigned by authors.

This is version 2.0 of the entry. See complete history
Biological Assembly Evidence: gel filtration

Macromolecule Content e
« Total Structure Weight: 192.75 kDa €
. Atom Count: 13180 €
. Modelled Residue Count 1579 @ Structural basis of receptor recognition by SARS-CoV-2.
+ Deposited Residue Count: 1628 € Shang, J. Ye, G. Shi, K. Wan, Y. Luo, C. Aihara, H. Geng, Q. Auerbach, A. Li, F.
+ Unique protein chains: 2 (2020) Nature 581: 221-224

Figure 1.1.1: StructureSummary page that is displayed for the SARS&V-2 RBD in complex

with the ectodomain of the human ACE2 receptor (PDB ID: 6VW1). At the top of the page, an
overview is provided about the classification of the macromolecule, organisms the
macromoleules are from, the expression system, whether there are mutations present in the
structure, the dates that the structure was deposited and released, the authors, and the funding
organisation. The experimental data snapshot section provides informatitnheguality of

the structure. If available, the paper that is linked with the structure will be listed underneath.
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Structure Summary

The SARSCoV-2 spike protein attaches to the human ACE2 receptor and this interaction
mediatesviral entry into the dé The 6VWL1 crystal structure isomprisedof the receptor
binding domainRBD) of the spike protein andhe ectodomainf the human ACE2 receptor.

We can see that the protein complex is comprised of componentsHibom sapiensand

severe acute respiratory syndrome coronavéay&@re acute respiratory syndrome coronavirus

2. This can be seen in thieOr g a n ilisemihes ) EpressionSysten® is Spodoptera
frugiperdaand these insect cells are used for the production of proteins and complexes. We can
also see that there are no mutations in the protein complex.

Biological Assemblgand Asymmetric Unit

I n the AfABsSemhmlgy@akeAtsi on, the 3D structure
displayed1). An asymmetric units the smallest padf a crystal structurandis used to build

the completestructure(1). An asymmetric unit may consist ohe biological assnbly, a

portion of a biology assembly, or multiple biological assemlfli¢sThe biological assembly

is believed to be th&unctional form of the molecule. It can be built from one copy of the

asymmetric unit, multiple copies of the asymmetric unit, or a portion of the asymmetric unit

).

Experimental Data Snapshot

Method
A number of techniques cé&e usel to determine the structure of biological molecules:

1 X-ray crystallography
o Thistechnique provides the detailed atomformation of proteins or nucleic acids,

as well as any molecules (ie. ligands, ions) that may be present in the grystal
The resulting protein is purified and crystallised, and exposedray ¥eams. The
crystalline atoms cause the beam efays to diffractand the pattern of spots that
is produced can be analysed to determine the distribution of ele€t;08f The
electron density can be used to generate a 3D picture of the structure and the
accuracy depends on the quality of the crygtalS).

1 NMR spectroscopy
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o NMR spectroscopgan alsde used to determine the structurg@udteins. Mce a
protein has been purified, it is placed in a strong magnetic field and probed with
radio wavegl, 4) Thesignal is produced by trexcitation of the atomic nuclei and
the observed resonances can be analysed to characterise the conformation of atoms
(1, 4) This information can be used to build a model of the protein.

1 Electron microscopy

o This process utilises a beam of electrons and system of electron leimsagetthe
biomolecule(l).

o Cryo-electron microscopy is a commonly used technique, which involves flash
freezing solutions ofiomolecules, and & frozen hydrated samples can be
visualised by transmission electron microscopy (TEM}P) The images generated

can then be assembled to reconstruct the 3D structure of the molecule.
Resolution and Rralue

In order to determine the accuracy of a structure, we can look at the resolutiorvahee R

The resolution is a measuné details that can be seen in the diffraction pattern and electron
density mag(1). High resolution structures (resolution values that are small: 1A or lower) are
highly ordered and it is easier to see the location of atoms in threstusts(l). In lower
resolution structures (resolution values that are large: 3A or higher), the basic contours of the
protein shape are showf(il). The Rvalue measurs how well the simulatepredicted
diffraction pattern(calculated from the atoic model that is initially built by the researcher)
matches the experimentaibpserved diffraction patterfevaluates the quality of the model)

(2). The atomic model can be refined to make it fit the experimental data in a better way and
improve the Rvalue(1). To minimise bias10% of the experimental observatiarseremoved

from the data set before refinement beg{i3. The remaining 90% of experimental
observations are then used for the refinement prddg¢s3he Rfree value is calculated by
seeing how well the model predicts the 10% not used in refinement and for an ideal model, the

R-free will be similar to the Ralue(1).

Macromolecules anigands

Macromolecules

This section will provide details abotlte macromolecules in tlstructure The name of each

molecule will be provided and the representapwveteinchains will be listed. The sequence
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length will show how many amino acids the protein consists of and the name of the organism

that the proteins from will be provided. There may also be information about the number of
mutations, gene names, and function of the pro¥n.may also be able to access the protein
sequence on the Universal Protein Resource Knowledgebase (UniProtkKB) by pressimaig the
thatisnextoi Go t o Un6). PrBoyt kBad cki ng on the accessic
proteins foro, a |list of the structures that

same amino acid sequence will be displayed.

For the 6VWlcrystal structurgentity 1 is the human ACEZceptor (membrane protein).
Chains A and B of the structure are the ACEZ2 receptor, there are 597 amino acids in the ACE2
ectodomain, and no mutations pres@figure 1.1.2) Entity 2 is the SAR&0V-2 chimeric

RBD (membrane protein). Chains E and F & $itructure are the RBD, there are 217 amino
acids in the RBD, and no mutatiotis this example, there is also @figosaccharidesection.

Entities 3, 4, and 5 are the oligosaccharides and they are important for the interaction between

the spike proteiand ACE2 receptor.

Note: On the RCSB PDB page for the 6VWL1 structure, the SARS-2 RBD chains are
labelled as C[auth E], D[auth F]. This occurs when the two ID chains assigned by the PDB and
the authors do not coincide. In this case, chains E dral/& been selected by the author (in

the crystal structure, chains E and F are the S88%-2 RBD). Chains C and D have been
assigned by the PDB.
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Macromolecules

Find similar proteins by: | Sequence = Structure

{by identity cutoff)

Entity ID: 1
Maleculs Chains@® Sequence Length
Angigtensin-converting A B 587
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T T T
180 200 20 40
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PRAM
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Molecula Chains@ Sequence Length
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Explore [GE727) ©
1 1
260 80
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Severe acute respiratory
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coronavirus, Severe
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Solute Carrier (SLC)
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ry Diata)
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E
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Expand

Figure 1.1.2: The Macromolecules section of the Structure Summary page is shbwn.
molecules that are in the biological assemblyliasted and a descriptias provided for each
entity. For the 6VW1 crystal structure, the molecules are the human ACE2 receptor and SARS
CoV-2 chimeric RBD.
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Small Molecules

This section will list the ligands (ie. inhibitors, activators, cofactans) othesmallmolecules
that are present within tlmelevant chains of the structufEhe small molecules that are present
for chains A and B of the 6VW1 crystal structure @@acetoamide2-deoxybetaD-

glucopyranose, zinc, chloride, and-EthanediolFigurel.1.3.

Small Molecules

Ligands QIZITD)
1] Chains Mame ! Formula { InChl Key 2D Diagram 3D Interactions
MAG Q [suth &),  Z-acetamido-2-deoxy-beta-D-glucopyranose "
GQuery on NAG Wiauth B], CzHizNO: |
X [suth 8]  OVRNDROMDRJTHE-FMDGEEDCSA-N I

Dawnload ldeal Coardinates CCO File &) - 7 L~

Dawnload Instance Coordinates -
N Mauh Al ZINCION -
Guery on ZN RawhB] Zn

PTFCOOFLOPIGGS-UHFFFACY SA-N +2

Dawnload ldeal Coordinates GO0 File Z n

Dawnload Instance Coardinates -

=l Flsuth&],  4,2-ETHANEDIOL
Guery on EDOD T [auth E] Cz Hs Oz OH

U fauth B], | LYCAIKOWRPUZTN-UHFFFAOYSA-N

Downlead Ideal Coardinates CCO Fie @ ||V [30th B]

Dawnlead Instance Coardinates - _I:I

CL 0 [suth A],  CHLORIDE ION
Guery on CL 5 [awth B] Cl

WERZGKHMUGY JMC-UHFFFADY SA-M
Dawnload ldeal Coardinates CCO File &)
Dawnload Instance Coordinates -

Figure 1.1.3: The SmallMolecules section of the Structure Summary page is displayed. The
ligands that may be present in thielogical assembly are providelsh the complex tht the
SARSCoV-2 chimeric RBD forms with the human ACE2 receptebB ID: 6VW1) the co
crystallised ligands are-&etoamide2-deoxy-betaD-glucopyranose, zinc, chloride, and-1,2
ethanediol.

1.2 Ligand Databases

There are a number of ligand databases available archémaical structures of compounds
can be obtained from these libraries. This includes PubChem, ChEMBLMGdt&@ name a
few. In 2018, our lab developed the OliveNétatabase and this is a curated library of 676
compounds fromOlea Europaea(7-10). The compounds from these databases can be

downloaded and can be used in the molecular docking process.

9 https://pubchem.ncbi.nim.nih.gov/

1 https://www.ebi.ac.uk/chembl/

10
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9 https://zinc.docking.org/

9 https://mccordresearch.com.au/

PDB, SDF and MOL Files

Ligand files can be downloaded from databases in different formats and this includes the PDB
(Program Database), SDF (Standard Database Format) and MOL (Molfile) files. The chemical
structure file formats contain structural information about the compdtordhis tutorial, we

will be downloading the structure of the antalarial drugchloroquinefrom the National
Centre for Biotechnology Information (NCBI) PubChem Dataljgggire 1.2.1)

P u b © hem About  Blog  Submit  Contact Updates to the PubChem Assay Data Model »

Explore Chemistry

Quickly find chemical information from authoritative sources

Ty  covid-19 aspirin EGFR CIHBO4 57-27-2 Q=CC=C({C=C1)C=0 InChl=1S/C3H60/c1-3(2)4/h1-2H3

[ use Entrez

Ty LS E=

Draw Structure Upload ID List Browse Data Periodic Table

Figure 1.2.1: The home page of the NCBI PubChem Database is gesphld he search bar can
be used to find the chemical structures of compounds of interest. Alternatively, the PubChem
Database can be searched by drawing the structure of a compound.

In the search bar that appears on the home page of PubChem, the comguoendan be
entered. For chloroquine, the resulismonstrate that there a6& compounds that contain
fichloroquin® within their nameThe structure of chloroquineomes under thd Gmpound
BestMatchd sectionand when selected, tlie GmpoundSummand  p wilgappear. Under
the i Bucture® section, the twalimensional (2D)and 3D structures of the compound are

provided. In order to download the files, click on th®wnload button and pres§ & efor

11
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the sdfoption. As shown in Figure 1.2.2, additional information about the compound is

provided and these details can accessed fron
1 Structures @F " Gite % Download
1.1 2D Structure @B CONTENTS

Title and Summary

Q, Find Similar Structures [ Get Image ¥ Download

4 Spectral Information
‘ 5 Related Records

Chemical Structure J 6 Chemical Vendors
Depiction

» PubChem

1.2 3D Conformer @B

Q_ Find Similar 3D Structures W Get Image ¥ Download

17 Biological Test Results

18 Classification

19 Information Sources

Figure1.22:1l n t he AStructureso section of the ACO
structures of the ligand can be obtained.

1.3 Freely Available Software

If the chemical structure of the compound is unavailable on PubChem, then other databases
can be utilised. e chemical structure of the ligand can also be drawn in programs such as
Chem3D(Perkin Elmer, Massachusetts, US&) ChemSketch, which is a freely available
program(11). In order to visualise the protein and ligand structures, freely available programs
including PyMOL Academic, Maestro Academic and Visual Molecular Dynamics (VMD) can

be downloaded and installgd2-14). Similarly, there are freely available molecular docking

programs such as PyRx and AutoDock (b8, 16)

12
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Week 2: Manipulating 3D Structures

2.0 Overview of Protein Structures

Proteins are complermacranolecules that play arucial role in a number of biological
processesProtein synthesis occurs in cells in two msiages: transcription and translation.
During transcription, deoxyribonucleic acid (DNA) is used as a template to make messenger
RNA (mRNA) and this occurs in the nucleus of cell$is singlestrandednRNA molecule
(premRNA) is complementary to one of éhDNA strands and it must undergo processing

before |l eaving the nucleus (ie. 50 capping,

The next stage is translation and this occurs in the cytoplasm. The mature mRNA leaves the
nucleus and moves todhribosome, which is the site of protein synthedigh the help of
transfer RNAs, the correct sequence of amino acids are brought to the ribosome and
corresponding mMRNA codons. Ribosomal RNAs (rRNAs) catalyse the formation of peptide

bonds between amiraxids and a polypeptide chain is produced.

The sequence of amino acids within a protein is called the primary structure. As seen in the
table below, there are 20 types of amino acids anddkleypit different propertiegTable 1)

The secondary structurefers to the local folding patterns that form from the interactions that
occur between atoms of the protein backbone. This includeslaghicas (1-helix) and beta
pleated sheets itsheets)The overall 3D structure of a protein is called its tertidmycsure,

while the quaternary structure refers to a protein that is made up of many subunits (many

polypeptide chains).

Table 1: Theproperties of the amino acids are provided, along with the residue codes.

Type Name 3 letter and 1 letter code

Charged amino acid Positive Arginine ARG (R)
Histidine HIS (H)

Lysine LYS (K)

Negative Aspartic acid ASP (D)

Glutamic acid GLU (E)

Polar Serine SER (S)
Threonine THR (T)

Asparagine ASN (N)

13
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Glutamine GLN (Q)
Hydrophobic Aliphatic Alanine ALA (A)
Valine VAL (V)
Isoleucine ILE (1)
Leucine LEU (L)
Methionine MET (M)
Aromatic Phenylalanine PHE (F)
Tryptophan TRP (W)
Tyrosine TYR (Y)
Others Cysteine CYS (C)
Glycine GLY (G)
Proline PRO (P)

Modulation of Proteins by Small Molecules

The function and activity of proteins can fegulatedoy small moleculeand the ligand may

interact with the protein in several ways

1 Active site
o If adrug binds to the active site of an enzyme, the shape of this region may change
and the natural substrate may no longer be able to bind. The inhibitor could also
interact with the cofactors within the active site, such as a metalliamohgisrupt
the catalytic activity of the enzyme.
o Itisimportant to note that not all molecules that bind to proteins are inhibitors; there
are activators as well.
1 Allosteric
o Ifadrug binds to a protein at a site other than the active site, thenténaction is
known as allosteric regulation.
1 Proteinrprotein
o0 There are also inhibitors of protemotein interactions. For example, peptide
inhibitors are being developed to target the interaction between the-SAR2

spike protein and human ACE@ceptor.

14
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2.1 PDB Files

The structural information of a protein that has been downloaded from the RCSB Protein Data
Bank can be examined using a text editor such as Notepad, Wordpad, (Fiyftime 2.1.1)
In the PDB file, the following details are provided:

1 Recordi ATOM, HETATM
o ATOM refers to the standard residues of a protein whereas HETATM applies to
nonstandard residudge. ligands, cofactors, ions, and solvent)
1 Atom number and atom type
o Each atom is designated a number and the properties of each atom are fgvided
2, 3, 4, 5, 6é and N, CA, C, O, CCB¢g¢)
I Residue
0 The residue that each atom corresponds to is {SE&, GLY, PHE)
1 Chain
o0 The chain name is provided next to the corresporn@isigues if a protein consists
of more than one chain then they may be labelled A, B etc. All the amino acids
bel onging to chain A wild.l be | abell ed
bel onging to chain B wild.l be | abell ed
1 Residuenumber
o Each residue is assigned a number
1 XYZ coordinates
0 The atomic coordinates are provided
1 Occupancy
o The fraction of atoms that appear at that location
1 Beta factor
0 Average displacement of the atoms
0 <107 very sharp model, atoms not moving

o > 5071 atoms moving, potentially flexible region

15
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File Edit Tools Syntax Buffers Window Help

AQEPE 9| saa RRR/SSA|[TAQ|? 2

ﬂTUM 1 N SER B 19 093.366 28.697 77.346 1.00168.26 N
ANISOU 1 N SER B 19 26223 230656 14653 -2748 5251 -36986 N
ATOM 2 CA SER B 19 93.149 28.519 78.778 1.006167.29 [H
ANISOU 2 CA SER B 19 25835 22734 14992 -25886 5832 -3544 o
ATOM ¥ G SER B 19 92.687 27.461 79.857 1.006168.37 Cc
ANISOU g C SER B 19 26238 22629 151686 -2734 4856 -3743 [H
ATOM 4 0 SER B 19 91.196 27.227 78.246 1.66176.91 0
ANISOU 4 0 SER B 19 26881 23624 15633 -3053 4734 -3964 0
ATOM 5 CB SER B 19 92.753 29.842 79.433 1.606161.68 Cc
ANISOU 5 CB SER B 19 24771 22259 14483 -26286 4658 -3172 [H
ATOM 6 0OG SER B 19 93.767 36.854 79.162 1.686163.37 0
ANISOU 6 0OG SER B 19 24786 22687 14648 -2512 4797 -29886 0
ATOM 7 N THR B 28 92.198 26.827 86.221 1.686167.39 N
ANISOU 7 N THR B 286 25971 22224 15464 -2518 4835 -3716 N
ATOM 8 CA THR B 28 91.247 25.800 806.6306 1.68168.63 [H
ANISOU 8 CA THR B 28 26343 22121 15687 -2641 4678 -3872 [H
ATOM 9 C THR B 286 89.973 26.431 81.196 1.686162.21 c
ANISOU 9 C THR B 28 253968 21469 14774 -2860 4188 -3645 [H
ATOM 18 0 THR B 286 89.962 27.586 81.642 1.66165.69 0
ANISOU 18 0 THR B 28 25432 22863 15232 -2813 3972 -3344 0
ATOM 11 CB THR B 28 91.882 24.884 81.679 1.66171.98 [H
ANISOU 11 CB THR B 28 26658 22186 16582 -2308 4862 -3898 [H
ATOM 12 CG2 THR B 28 91.166 23.544 81.746 1.06174.45 [H
ANISOU 12 CG2 THR B 28 27312 22158 16811 -2438 4861 -4159 [H
ATOM 13 0G1 THR B 28 93.255 24.651 81.346 1.66175.486 0
ANISOU 13 0G1 THR B 28 27863 22542 17641 -2023 5314 -3987 0
ATOM 14 N ILEB 21 88.886 25.656 81.156 1.66154.2% N
ANISOU 14 N ILE B 21 24631 28327 13645 -3164 3999 -3794 N
ATOM 15 CA ILE B 21 87.636 26.899 81.762 1.66148.41 [H
ANISOU 15 €A ILE B 21 23749 19712 12928 -3291 3548 -3578 Cc
ATOM 16 ©C ILEB 21 87.828 26.312 83.257 1.686156.11 [H
ANISOU 16 ©C ILEB 21 23598 19823 13616 -36186 3436 -3326 [H
ATOM 17 0 ILEB 21 87.289 27.261 83.839 1.0606147.606 0
ANISOU 17 0 ILEB 21 22938 19627 13289 -3832 3133 -3645 0
ATOM 18 CB ILE B 21 86.516 25.887 81.477 1.66144.51 [H
ANISOU 18 CB ILE B 21 23584 19668 12254 -3605 3482 -3793 [H
ATOM 19 CG1 ILE B 21 86.346 24.8606 79.972 1.00146.062 [H
ANISOU 19 CG1 ILE B 21 25169 19374 119486 -3905 3568 -4665 [H

Figure 2.1.1: The PDB file of the SARSCoV-2 RBD-ACE2 ectodomain complefPDB ID:
6VW1) was opened using the Vitext editorand the structural informatias displayed

2.2 Visualising and Manipulating Molecules

Once the structure of a protein has been downloaded from the RCSB PDB, it can be modified
and visualised using different programs.

PyMOL

Open up the PyMOL prograand two windows should appear. The smaller window contains
the menu bar, shortcut buttons, and the command Tine.second window is the PyMOL
Viewer and this is where the 3D models are displayed. In the smaller wigdawiiFileo >
fiOperd > Select thepdb file in the relevant folder where it was saved > Fi@gero We will

be using the crystal structure of the spike protein in complex with the ACE2 receptor (PDB ID:

6VW1) and the default settings display the protein in line representation

The 6VWL1 crystal structure is comprised of multiple chaifdased on théi St r uct ur e
Summaryo page on t he RfHhBAE2DReptorcCGhanreaml FA and
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are theSARSCoV-2 spike protein RBDFor this examplewe are interested in the ACE2
receptor and we will select chain Bigure 2.2.1) To select the chains of interest, go to
fiDisplayd > SelectfiSequence(ensure that this option is tickedfiSequence Mode> fiChain
Identifier®. To savea single chain or multiple chainmake sureghe chains of interest are
selected and go tiFiled > fiSave Moleculé > Choosefisel® > PressfiOko > Access the

relevant folder whergou want to save the structure > PréSave.

(@< 5 W EF

Figure 2.2.1: TheSARSCoV-2 spike protein RBD in complex thithe human ACE2 receptor
is shown in the PyMOL viewe€hain B which is ACE2js selecte@nd is coloured red in the
complex(PDB ID: 6VW1).

Go tofiFiled > fiReinitialized . blakk window will appearGo tofiFiled > AOperd > Access
the relevant folder where chain B of the crystal structure was saved >f&xbecd To check

if the structure has any water molecules orcogstallised ligands, go t@Displayo >
fiSequence> Sfequence Modeo SfyduRevs totheiend ofthedsegsence,
you will see that chain B consists of ZN, CL, EDO, NAG and water masd@)

To remove the water molecules, go tofthé ¢ t butiom(d) in the Object Control Panein

the righthand sidef the PyMOL Viewerand seleciremove wateis We can also remove the

NAG and EDO molecules fromte crystal structureSelect these ligands in the sequenod

a new |ine that is named A(sel ecGophefitAculi d nadp p
buttonint h e ¢ s antlpeeésrdmove M To save the modifiestructure, go tdiFileo

> fiSave Moleculé > Rename the file (eg. 6VW1chainBmodified) > PriéSave .
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VisualisingProteins in PyMOL

B PyMOL Viewer o o X

Figure 2.2.2: Chains B and F have been selected fronctiistal structure of the SARSoV-
2 spike protein RBD in complex with the human ACE2 receptor (PDB ID: 6VW1). The default
settingshave been used andlineoh er ecpornepsl eenxt aatpipoena.r s i r

In this example, the RBD of the spike protein and the ACE2 ectodomain can be seen and the
structure is depicted in line representati®®B ID: 6VW1) (Figure 2.2.2)Chains B and F

have beeisolated from the original crystal structure and wsakected fouse in this section.

Chain B is the ACE2 ectodomain, while chain F is the SARY-2 spike RBD.To display

the sequence of amino acige tofiDisplayd > fiSequence If the iSequence Modeoption is
selected, you can see that there are different options to display the components of the protein
(Residue Codes, Residue Names, Chain Identifiers, Atom Names and. $tatkefiChain

Identifiersd mode, you can see that the protein is comprged/o chains

If chainB is selectd, then all of the residues that are part of chain B are highlightezhange

the display of theselectedmolecule,go to the Object Control Panalnd pr ess t he i
button (S).We are using thécartoor® mode in this tutorialTo hide thdines which is the

default representatiorselectflineso from drop-down menu that appeavghen pressing the

A Hi d ehuttoG>HTp colour the chain, select theC o | o r O0Théisanbetsettimgs can be

applied tochain F(Figure 2.2.3).
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Figure 2.2.3: The SARSCoV-2 spike proteirin complex with the human ACE2 receptor is
shown The spike protein is coloured light brown and the ACE2 component is coloured silver.
Both molecules are depicted in cartoon representalitom zinc and chloride ions can be seen
as spheres and are coloured light blue.

If there aresmall molecules (iecofactors, ions, ligands) the protein structure, they can also

be coloured differently to the maproteinchairs and showrin a different styleThe ACE2

receptor has ions and they can be displayed as spBeves.t o A Di spl ayo > fASeq
ARes i du.eléecBNlaadsChinthesequence Go t o the AShowo (S) |
ControlPanehnd sel ect fAspheresdredtl ol oelretthet be

(Figure 2.2.3).

Manipulating andvisualisingCrystal SructuresWith LigandsPresent

The crystal structure of ACE2 in complex with the inhibitor |81 -Carboxy2-[3-(3,5
dichloro-benzyl)}3H-imidazol4-yl] -ethylamino}4-methylpentanoic acid will be used (PDB
ID: 1R4L) for this sectior(Figure 2.2.4)Open the structure in PyMOL and gofidisplayo >
fiSequence To isolate chain A, which is the ACHE2ceptor, go tagiDisplayd > fiSequence
Moded > iiChain Identifiers . ele@ and save chain. &o tofiFileo > fiReinitialized > Open

the saved structure of chain Remove the water and NAG molecules from the structure

To prepare the crystadtructure for molecular docking, we need to firstly save the co
crystallised inhibitor as a ligan&elect the XX5 ligand in the sequence and géRieeo >
fiSave Molecule>Ch oose t he 0s &0ke>Acorss the relevantfolderrwheses

you want to save the structure > PréSave For molecular docking, we need the protein
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structure without the corystallised inhibitor presento remove XX5, the ligand needs to be
highlighted in the sequenc&o tot he 0 s el e ©bjedt Canteol Panet Prebsethe

AAct i on o >Chopsefifernovetatomsfrom the dropdown menu

= o X

Jall [A[s[HIL]g)
HRaLchainA 171 [IE W7
(sele) AlsIHILIC]

Figure 2.2.4: The ACE2 receptor in complex with the inhibitor (B2Z5{1-Carboxy2-[3-(3,5
dichloro-benzyl}3H-imidazot4-yl] -ethylamino}4-methytpentanoic acid can be se&CE?2
is coloured light brown and the inhibitor is coloured pink.

Note: To create figures with the amrystallised inhibitor present, you can regeet the ACE2
receptor chain irfiicartoord format, the ions afispheres, and the XX5 ligand (inhibitoras

fistick® . he dolous can also be changed.
Importing andVisualisingLigands

To visualise the structure of a ligand in PyMOL, in this case tharysiallised inhibitor that
was isolated from the ACEZ2 receptor, géifideo > iilOpero > Access the relevant folder where

you have saved the structure > Pii@perd .To change the repsentation of the ligand, press

the AShowd (S) button in the Object Coentrol

down menyFigure 2.2.5).
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x
all [ATS[HIL]g]
HERasEN D E T M|

o (i i3l
Figure 2.2.5: Chemical structureof (S,9-2-{1-Carboxy2-[3-(3,5dichloro-benzyl}3H-

imidazot4-yl] -ethylamino}4-methylpentanoic acidThiscompound is an inhibitor of ACE2
(PDB ID: 1RA4L).

SelectingResidues ofnterest

In PyMOL, youare also able to highlight and show residues that beagf interest in the
protein(Figure 2.2.6)For this example, the interface residues of ACE2 will be seleGedo

ADIi spl ay o >Selked@tbharesiduess®pGlu3s, Glu37, Asp38, Leul3@ndTyr4l.

To represent these residues stich, pressthei S h o(8) duttoni n t he Osel ed | i
Object Control PanelThe colour can be changég selecting the different options from the

dropd own menu that appears when pressing the 0

\
/

Wi
(X .‘k!k‘ﬂ o)
‘\‘ N

N
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Figure 2.2.6: The ACEZ2 receptor in complex with the-crystallised inhibitor is shown (PDB
ID: 1R4L).Several residues that are in the target bindindghaie been selected in the sequence
and are depicted in red.

Visual Molecular Dynamics (VMD)

Structuresinith Multiple Chains(eg. PDB ID: 6VW1)

Using PyMOL, chains B and F of the 6VW1 crystal structure have delested, the water
molecules and ligands have been removed, and the complex has been saved as a .pdb file
(Figure 2.2.7) To visualise the structure WYiMD, open the VMD progranand go taiFileo >

fiNew Molecul®> SelectiBrowsa in the Molecule File Browser > Access the relevant folder

where you have saved the modified structure > Hilessdd .

I w0 wa -

File Molecule Graphics Display Mouse Extensions Help

ID T A D F Molecule Atoms Frames Vol
7 T A D F G6VWIACE2Spkepdd 6375 1 0

Figure 2.2.7: The SARSCoV-2 spike protein RBD (chain Band human ACE2 receptor

(chain F) that was isolated from the 6VW1 crystaldtrite using PyMOlwas imported into

V MD. The default settings display the compl ¢
axes igresent.

To change the colour of the display background, gi&@phic® > fiColors > fiDisplayo >
fiBackgrouno . For this exampl e, we wi | | be using
AWhit eo f r Bomembve the axes fnom the scregmtofiDisplayd > iAxeso> AOffo

(Figure 2.2.8).
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ected Molecule
[1: evw1ACE2Spike pdb =]

Create Rep | Delete Rep |

Style Color Selection
Lines Name all

Selected Atoms

|a:1
Draw style | Selections | Trajectory | Periodic

Coloring Method Material
Name v Opaque v

Drawin Method

© Apply Changes Automatically  Apply

Figure 2.2.8: The background of the VMIDisplay has been changed to white and the
Graphical Representations window has been opeddsihg the dropdown menus in this
window, the model can be displayed in various ways.

To change the representation of the protein complex, g&taphic® > fiRepresentatiomns.

When a structure is imported into VMD,h e def aul t dr awiUndgrthmet hod
A Bawing Method section, there is drop-down menuand the protein can bepresented in

various ways depending on the option seledfeithe iNewCartool option is selected from

the i Bawing Method dropdown menu, then théel-helices andI-pleated sheets become
apparentin thefi Gloring Method section,selectfi Glor ID6 and amenu containing &st of

colours will appearY ou can also change the mateial how shiny or transparenhbat is used

for the molecular model i a t h ed AMFRigare &.220).

To show the Zfi and Cl ions in the crystal structure, press fi@reate Repbutton > In the
fiSelected Atomssection, type irfiresname ZN Go to thefi Pawing Method  d-dowm
menu andselectiVDWo . he Zinc ion should appear as a sph&cedisplay the chloride ion,
press théiCreate Repbutton > In theiSelected Atomssection, type iriresname C& You

can change the style and colour of the igfigure 2.2.9).
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[ B
B | Graphical Representations - m) X
Selected Molecule
[1: evw1ACE2Spike pab >l
Create Rep I Delete Rep I
Style Color Selection
NewCartoon ColoriD 6 all
vDW ColoriD 3 resname ZN
vDw ColorD 4 resname CL
< |13}
Selected Atoms

|resname ZN|

Draw style | Selections | Trajectory | Periodic |
Coloring i

oloring Method Material
|ColoriD |3 x][ciossy vI
Drawing Method
IVDW V| Default I

sphere scale 4[4[ 10 }|M|
SpnereResolmion‘l(l 12 ﬂ_p_l

© Apply Changes Automatically ml

Figure 2.29: TheAi Dr awi ng Me tSARS€aV-2 spike proteim &BD and ACE2
receptor have been changed A NewCart oono aiheiossmare showmlso ur e d

spheres by choosing the AVDWO-dawp méneamdaren t he
also coloured differently to the main protein chain.

To differentiate between the ACE2 receptor and the RBD of the spike protein, we can specify
the relevant chaingFigure 2.2.10) In the fiSelected Atonts section of the Graphical
Representation box, type fiChain B Press théiCreate Repbutton and type ifiChain Fo

in thefiSelected Atontssection You can also display the ions as previously described
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B vMD 1.9.3 OpenGL Displa
® 1 Graphical Representations = m) X
Selected Molecule
[ 1: 6vw1ACE2Spike pdb ~|
Create Rep Delete Rep I
Style Color Selection
NewCartoon ColoriD 6 chain B
NewCartoon ColoriD 22 chain F
VDW ColoriD 0 resname ZN
VDW ColoriD 0 resname CL
Licorice ColorlD 7 chain B and resit
d [ |
Selected Atoms

|chain B and resid 34 35 37 38 30 41

Draw style | Selections | Trajectory | Periodic |
Coloring Method Material

ICoIorID 2"7 :]lGlossy :_I

Drawing Method

| Licorice vI Default |
Sphere Resolution d|1| 12 )|DI

Bond Radius 4[4[ 02 | )|
Bona Resolution W[ ([ 72 }#]

& Apply Changes Automatically Applyl

~ 7
Figure 2.2.10: Key residues of the ACE2 receptor (chain B) have been specified in the
fSel ected At omso sRepdr emne rotfattihen AGrwiprhd cawa |l an

The fADrawing Methodo that was chosen for
To highlight certain residues of interest, pressitfbeeate Repbutton and type in the residue
numbers in théSelected Atom® section ie.fichain B and resid 34 35 37 38 3904The
residues have been coloured green and are displaykcdoiriced mode(Figure 2.2.10).

ProteinLigand Complexes

If a protein were to have a-awystallised ligand in the structurie small molecule can be
displayedby typing infresnamefollowed by the name of the ligand f@esname XX6 XX5

is theco-crystallised inhibitor in the 1R4L structure of ACEZX5 is the ligand ID and this
can also be found on the RCSB PDB pafee chemical structures of ligands can also be
visualised in VMD and can be imported as new molec@estoiFileo > fiNew Molecul® >
SelectiBrowsea in thefiMolecule File Browsar> Access the relevant folder where you have
saved the ligand > Prefsoadd The ligand structure will appear in the display window and
its representation can be modifibg using thefiGraphical Representatiangool (Figure
2.2.11).
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I B | Graphical Representations = [m] X

Selected Molecule
[4: 1RaLchainAVMD pdb ~|

Create Rep Delete Rep

Style Color Selection
NewCartoon ColoriD 6 all
Licorice ColoriD 7 resname XX5

VDW ColoriD 14 resname ZN
VvDW ColoriD 14 resname CL

Selected Atoms

|resname cy

Draw style | Selections| Trajectory| Periodic |
Coloring Method Material

|colorid ~|[14 >][opaque ~|
Drawing Method
VDW ~] Default

Sphere Scale ﬂl{l 1.0 ll_!l
Sphere Resolution ﬂl 1' 12 _’_I_’_’

4 Apply Changes Automatically Applyl

Figure 2.2.11: The human ACE2 receptor with the-crystallisedigand (S,S)2-{1-Carboxy
2-[3-(3,5-dichloro-benzyl}3H-imidazot4-yl] -ethylamino}4-methylpentanoic acid is shown.
The inhibitor is coloured green, while the protein chain is coloured silver.

To save thestructure in the display window as an image, gidRiteo > fiRendeo > Select the
fiTachyon (internal inmmemory rendering)option from thefiRender the current scenes i n g : 0
drop-down menuPressiBrowse next to theiFilename option and select the folddrat you

want the image to be saved Mame the image and add .bmp (ie. structure.omp) > Press
fSave .

You can also save the VMD window as a visualisation state that can be accessed at a.later time
Go tofiFiled > iSave Visualization Stabe> Select the folder that you want twerkflow to be

saved in > Name the file and for ti8ave as typeoption, selecfivmdd > PresdiSaved To

load the visuatiation state at a later time, gofibiled > fiLoad Visualization State> Select

the .vmd file in the folder that it was saved in

Maestro — Schrédinger Suite

Open Maestro and the 6VW1 crystal structure that was modified in PyMOL can be imported
(consists of chain B and chainfér this examplg (Figure 2.2.12)Go to fiFiled > filmportd >
Access the relevant folder where you have saved the modified structure ABess .
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Figure 2.2.12: The 6VW1 crystal structure was modified in PyMOL (chains B and F were

isolated) and imported into Maestiithe default settings can be seen.

To change the style of theolecular modelmake sure that it is included and selected in the
entry list The circle must be blue for the structure to be included and the file name should also
be bluefor it to beselectedIn thef BuctureHierarchyd section, you can press the arrow next

to the name of the structure and a ddapvn menu will appeain Figure 2.2.12, gu can see

that the structure consists of two protein chains (chain B and chain F), as well as metals/ions
(Zr?* and Cl). Press thdiStyled button at the top of the window and select fiRbbon®

option In the fiEdit Ribbon® section underneath, selég@ingle Colod, and you can choose

the colour of the ribbarHide the lines by pressing tiieyed symbol in thei §led drop-down
menu(Figure 2.2.13).
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Figure 22.13: The menu t hat appear s whieshowmpandetlses i n g

complexis displayed as ribbons.

To colour the spike protein (chain F) differently from the ACE2 receptor (chain B), chain F

needs to be highlighted/selected in th8uctureHierarchyo section Press thdiStyled button
at the top of the window and select tfiRibbon® option In the fiEdit Ribbon® section

underneath, you can choose the colour of the riljpmure 2.2.14).

hansSF
Tutoral 6VW1 (7)

Figure 2.2.14: The SARSCoV-2 spike protein RBO{chain F)is selected n t he
Sel ect i oandhasbemrccblouced orange.
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To display the metals/ions, highlight/select them inftHeuctureHierarchy section and the

corresponding boxes also need to be tickedss théiStyled button at the top of the window

and apply théiCPKo representatiorPress thé Rintd button tochoose a colour for the ions
(Figure 2.2.15).

(]

Figure 2.2.15: The zinc and chloride iorthat are in the completxave been selected in the
ACurrent Se lamdare displayéd as splief€dey have been coloured maroon.

To select residues of interestdhain B (ACE2 receptorpress the arrow next to chain B in
the i BuctureHierarchyo section so that the residues are listéhlight/select the residues
that you want to display and ensure that the boxes are tickétoritve residue nameBress
the fiStyled button at the top of the window and apply thdiick Tubed representatiorPress
thef Rintd button to choose a colour for the resid(fégure 2.2.16).

@ Maestro - 5

king tutorial.prj = o X

1 SBF
1Y Tutorsl 6VW1 (7)
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Figure 2.2.16: Severaresidues of the human ACEZ2 receptor hlawen selecteand are shown
in purple.

For the 1R4L crystal structure of the ACE2 receptor, thergstallised inhibitor can be
represented in th@é Mick Tubedformatf r o m t h e . TieSatomd oétlie ligared$d can also

be depicted and there are several different options undéCtiier Atoms drop-down menu

(Figure 2.2.17)

w

arbons [ ) K 4 -
Element (Entry Carbons) | ;f :J*\ . { \
Element jb ‘z f\
Chain Name I\ 7 ( Q\
K s Loafe:
Atom PDB 8 Facor Temperature facten) | gl { ’ ‘A ,& \ AR
Molecule Number gt » [ & X ! [Ct

& &5

Residue Type " 729 \ \ &
. ‘ { s .

Single Color |
Other Schemes. » (O

¥ of Metak / lons
Ao A: ZN 803
Ao A: CL 802

Figure 2.2.17: The crystal structure of the human ACE2 receptith a cocrystallised
inhibitor can be seen (PDB ID: 1R4M)he main protein chain is coloured sily#re inhibitor
is coloured light blue, and the ions are coloured maroon.

LigandInteractionDiagrams

The dAUingamd ct itoahcarbe asedrtcavisualise the prothgand interactions

that occur in a complefFigure 2.2.18)Pr ess t he #ALiIi gand | thatisr act i c
positioned above the AWor>ksipd e Asdgeeribgthit.or o .
the legend that appears, hydrophobic residues will be shown in green, polar residues will be
shown in blue, positively charged residues will be shown in pugsidnegatively charged

residues will beshown in redVarious ntermolecular bonds will also be display@&te cutoff

can also be changedgbow the residues within a certain distance of the ligand.
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@ 2D Workspace - Ligand Interaction Diagram
File Edit  View
Sy;cwith 30 Ligand: * A: )06 804 Cutoff: |5.00 2 [7] H-Bonds [] Salt Bridges [7] Waters [ Protein-Water H-Bonds [] Metals 7] PPy (7] PrCat (V] Solvent exposure [] 1 letter code
& : \
= o
& o/
c - N 3
e =
= A7)
-
o -
S~ 2
- T e e
[ —
L
o  Charged (negative) Polar Distance -—®  Pi-cation
o  Charged (positive) o  Unspecified residue ¥  H-bond —  Salt bridge
Glycine Water Halogen bond Solvent exposure
Hydrophobic Hydration site = Metal coordination
Metal > Hydration site (displaced) @@  Pi-Pi stacking

Figure 2.2.18: Proteinligand interaction diagram for the-coystallised inhibitor that is in the
active site of the human ACE2 receptor (PDB ID: 1R4The residues that are within 5
Angstroms(A) of the ligand are depicted.

2.3 Drawing Chemical Structures

If the 3D structure of a compound is unavailable from ligand databases, then the chemical
structure can be drawn usifigely available softwarsuch as ChemSketdkigure 2.2.19)

ltds I mportant to note that the chemical no
Simplified Molecular Input Line Entry System (SMILES). The SMILES for chloroquine, for
example, would b€ECN(CC)CCCC(C)NC1=C2C=CC(=CC2=NC=C1)Cl

QwwgZmounm
|

® o

1-ChemSketch 2-Copy to ChemSk  3-31

View |4-3D Optimization
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Figure 2.2.19: The 2D structure of theantirmalarial agent chloroquinkas been drawn in
ChemSketch and the 3D structure has been obtained.

Open up ChemSketch > Sketch the structure in 2D > Open the 3D viewery>tf@opaD
structure to 3D > Save the 3D structure as a .molTie 3D structure can also be optimised
by adding hydrogens and correcting the bond anglsisg PyMOL, the 3D structure can be

saved as a .pdb file
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Week 3: Building Protein Structures

3.0 Protein Sequences

The Universal Protein Resource (UniProt) can be used to obtain the sequences and annotation

data of proteins from various organisnstifs://www.uniprot.orgl The name of the protein

can be typed into the search bad any relevant results will appear. Each entry that is assigned
theiR e v i e we dwill have Ioebnanlanually annotated (basedherliterature and curator
elevated computational analysis) and those that fahereviewed await full manual
annotation.This can be seen in the example below and the ACE2 receptor is the protein of

interest(Figure 3.0.1).

« C & uniprotorg/uniprot/?query=ACE2&sort=score aQ G H

#oApps @ H @ DM [ affe J Tutorial B0 £ A noncovalent class. Amber tutorial setup  [[§ *SOLVED" How tou.. @ AutoDock Vina - m.. AutoDock Ubuntu » Reading list
- s v bt SR WO ) !

xl dvanced~ @, Search

BLAST Align Retrieve/ID mapping Peptide search  SPARQL

UniProtKB 2021_01 results 0 ostat -
1 & 2
UniProtkB consists of two sections
ﬁ . 5 Prot’ The UniProt Knowledgebase (UniProtkKB) is the central hub for the collection of functional information on
( wiss-Prot) - Y nmtems with accurate, consistent and rich annotation. In addition to capruu |ng the core data mandatory for
Records with information extracted from literature and curatar-evaluated computational analysis. T e b e T i L (e e O e T i s T G

cllal ion information), as much annotation information as possible is added.
u i d (TrEMBL) - C:
Records that await full manual annotation.

@Help D UNIProtkB help video I Other tutorlals and videos Y. Downloads

Filter by & Download # Columns = 4 1to 25 of 846 B Show [25
B8 revened (100 O T L ml
i [ Q59RRO ACE2_CANAL NI Cell wall transcription  ACE2 CAALFM_CRO7440WA, Candida albicans (strain SC5314 / ATCC MYA-2876) (Yeast)
factor ACE2 Ca019.13543, Ca019.6124
e nreviewed (746} O QoBYF1 ACE2_HUMAN Angiotensin- ACE2 UNQB68/PRO1885 Homo sapiens (Human) 805

converting enzyme 2

Angiotensin- Ace2 Mus musculus (Mouse) 805
converting enzyme 2

Angiotensin- Ace2 Rattus norvegicus (Rat) 805
[

Popular organisms (] Q8ROIO ACE2_MOUSE

S. cerevisiae (20)
O Q5EGZ1 ACE2_RAT

Human (19)
(18] ] Q56H28 ACE2_FELCA ACE2 Felis catus (Cat) (Felis silvestris catus) 805
Mouse (18)
Rat (12) O QS6NLL ACE2_PAGLA ACE2 Paguma larvata (Masked palm civet) 805
wine (6)
Bovine (6) (] Q5RFN1 ACEZ_PONAB ACE2 Pongo abelii (Sumatran orangutan) (Pongo pygmaeus abelii) 805

Figure 3.0.1: The UniProt database wased to obtain the sequence of A€E2 receptoand

the results page is displayethe ACE2 protein can be found in a number of organisms and
we are interested in the human ACE2 receptor. The ID is Q9B¥idlthe entry has been
nRvi ewedo.

The human ACE2 receptor is of interest for this stage of the tutorial. The UniProt entry ID is
Q9BYF1 and the statusiiiReviewea .Information is provided about its function, names and
taxonomy, subcellular location, pathology amibtechnological use, posanslational
modifications/processing, expression, interaction, structure, family and domains, sequences,
and similar proteins. There are also the cre$srences, entry information and miscellaneous

sections.
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Under thefi 8guences section, there are two isoforms of ACE2 that are shown (isoform 1 and
isoform 2). Isoform 1 has been characterised as the canonical sequence and the FASTA file
can be downloadedo download the sequence, press#®&STAO button with the downwards

arrow symbal A page that displaya single line description followed bhe amino acid
residuesor base pairshould appeafsingle letter codegJFigure 3.0.2) This information can

be selected, copied and pasted into a text file, and saved in .fasta format (Text Editor).

>sp|Q9BYF1|ACE2_HUMAN Angiotensin-converting enzyme 2 0S=Homo sapiens OX=9606 GN=ACE2 PE=1 SV=2
MSSSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQ
NMNNAGDKWSAFLKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTIL
NTMSTIYSTGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLY
EEYVVLKNEMARANHYEDYGDYWRGDYEVNGYDGYDYSRGQLIEDVEHTFEEIKPLYEHL
HAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKPNIDVTDAMVDQ
AWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHPTAWDLGKGDFRILM
CTKVTMDDFLTAHHEMGHIQYDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKS
IGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMVFKGE IPKDQWMKKWWEM
KREIVGVVEPVPHDETYCDPASLFHVSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLH
KCDISNSTEAGQKLFNMLRLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLFTWLKDQNK
NSFVGWSTDWSPYADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKN
QMILFGEEDVRVANLKPRISFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDN
SLEFLGIQPTLGPPNQPPVSIWLIVFGVVMGVIVVGIVILIFTGIRDRKKKNKARSGENP
YASIDISKGENNPGFQNTDDVQTSF

Figure 3.0.2: Thesequence of the human ACE2 receptor is shown in FASTA format.
In this example, we will be utilising the protein sequerafe&CE2 fromFelis catus, Gorilla
gorilla gorilla, Rhinolophus ferrumequinum, Homo sapiens, Mus musculus, Macaca mulatta,

and Pongo abelii.

3.1 Sequence Alignment and Protein Structure Alignment

Pairwise and multiple sequence alignment can be used to compare nucleotide or amino acid
sequencedn Maestro, the protein structures of the ACE2 receptors can be imported into the
workspace Select and include each of the proteiglect thefiMultiple Sequence Viewer
(Deprecated)tool from thefiTask® tab (Figure 31.1). Go tofiAlignmend > SelectiMultiple
Alignmen since there are more than three biological sequences. In order to visualise the
residues that are the same in each sequeneeayoselect thdColor Matching Residues Only

option. To compare the sequences, gilaolsd > iCompare Sequenaes and you can obtain

the values of the % identity, % similarity, and % homoldggtead of importing the structures

and performing sequea alignment, there is also an option to import the FASTA sequences

into t he AMul tipl e Sequence Vi ewer (Deprec

Sequenceso > Select the relevant .fasta fi

sequences to makemore intuitive.
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Mode: ' Select and slide v @[ Fetch: I:l Find Pattem:‘ x  SelectPattem.. v~ 4@ O
Query 1 2] +
1 10 20 30 40 50 60 a
T SR IR ISR (SR SRS [P U PR PR SR BT I
6VW1HumanACE2 B ~~STIEEQAKRTHEL EAEDLEYOSSLASWN NTNITEENV L.EQSTLAQM
7C8DFelineACE2 A MQSTTEEL TELE EAEELSYQSSLASWNY¥NTNITDENVS EI S YEEQSKLAKT
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SumatranACE2 B ~ e~ TR O ‘THE L) EAEDLEYQSSLASWNYNTNITEENVOQNMNNAGDKNSAELKEQSTLAQM

Figure 3.1.1: The Multiple Sequencdiewerwindow is displaye@nd the sequences of interest
are shownMultiple sequence alignment was performadthis example and the matching
residues are coloured.

Additionally, the protein structures can be
Structure Alignmento tool t hat(Figura 8l.2)ble acce:¢
PyMOL, the squence alignment can also be performed using the crystal structures that are
available.lmport the proteins that you want to align and in this example, we want to align the
protein sequences to the human ACE?2 receptor. If we want to align the Gorilla gorilla
sequence to the human ACE2 receptortathe fActiondo ( A) ofbthe tGorilangorilla

gorilla protein. From the dregown menu, seleét Agno> Selectfi ® molecul® > Select the

human ACE2 receptor.

Protein Structure Alignment :

Use proteins from:
Workspace (included entries) v

_Reference residues

Sma

V] Pick: | Residues v []Markers

i _Residues to align:

®) Use same ASL as reference residues
() Use separate ASL:

Residues to align

r % oAl

» & 6VWiHumanACE2

k. Residues

Align [] Force alignment
v =
(7)

Figure 3.1.2: The structure of the feline ACE2 receptor was aligned tohtiman ACE2
receptousi ng the 6GPe oAlign@enwuactt ool

» & 7C8DFelineACE2

tesdue number [ 557 &
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Basic Local Alignment Search Tools (BLAST) also allow for regions of similarity between
biological sequences to be identifiithe National Center for Biotechnology Information has
a freely available BLAST server for nucleotides and protgii$ Go tofiProtein BLASI 0 >
Enter the FASTA sequence of the protein into the text box or you can upload thénfillee>
fiDatabasecomponent of th@Choose Search Setection, selediProtein Data Bank proteins
(pdb). In thefiProgram Selectiamsection selectfiblastp (proteirprotein BLAST)Y, and then
press thedBLASTO button. This can also be performed in thBlultiple Sequence Viewer
(Deprecated)window in MaestroGo tofiTools > fiFind Homologs (BLAST) > In thefiBlast
Search Settingsvindow > Selectfi Bmote (NCBID > SelectiStart Job .

3.2 Homology Modelling

In order togain further insight intdhe proteinligand complex, a reliable 3D structure of the
macromolecule is requiredf. a macromolecule is difficult to crystallisge. the protein is
embedded in a membrane or has flexible regions) or is novel (ie. the structure has not been
determined), tan homology modelling can be usétbmology modelling is a method that
allows for proteins to be constructed from amino acid sequences and requires a suitable
template. The template is a 3D structure of a related homologous protein and in general,
evolutionary related proteins share a similar structlitee structural conformation is more
highly conserved than the amino acid sequence in proteins, as small or medium changes in the
sequence usually have little impact on the overall 3D structure. Homologylimpdan be

used for a number of different functions including drug design, substrate specificity, function
annotation and generating starting models for solving structuresy(¥rystallography, NMR

and electron microscopy).

Homology modelling consistof four main steps and they are template identification, target
template sequence alignment, model building and model evaluAsaaforementioned, one

or more existing experimental structures similar to the protein of interest can be used as a
template to construct a model of the target sequdineetarget sequence is used as a query to
search for a suitable template that has an experimentally determined structure. This involves
searching structural databases, such as the Protein Data Bpekpoming a protekBLAST.

The next step involves examining the identity between the target and template sequence, and
this is a determinant in model quality. The sequence identity should be greater than 30% and

to be used in molecular docking, the idgnshould be greater than 70%.
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The model is then built using atomic and residual information from aligned sequences. There
are four main aspects of model building and this includes backbone construction, side chain
modelling, loop modelling and model optimisatioBeveral protein struate prediction

resources are available for use:

1 SWISSMODEL (http://swissmodel.expasy.ojg/
M1 I-TASSER {(ttps://zhanglab.ccmb.med.umich.edUASSER)
1 MODELLER (https://salilab.org/modell&r/

Once the model has been obtained, it is important to assess its quality. Ramachandran plots can
be used to assess the stereochemgdtey model (bonds, bond angleshedral angles, nen

bonded atom distances) and can allow for the distribution ofithe nd y t or si onal
be visualisedqFigure 3.2.1)In order for a model to be considered good quality, more than 90%

of the residues should be in tii@oured regions. Model evaluation resources, such as
PROCHECK, can be used generate the Ramachandran plot$ps://saves.mbi.ucla.edu/

Ramachandran Plot
saves

Psi (degrees)

135 180

Phi (degrees)

Figure 3.2.1: The crystal structure of the SARSV-2 spke protein RBD in complex with
the human ACE2 receptavas uploaded to PROCHECK and the Ramachandran plot was
obtained (PDB ID: 6VW1).
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Once again, we will bacusing on therotein sequences of ACE2 from Gorilla gorilla gorilla,
Rhinolophus ferrumequinum, Mus musculus, Macaca mulatta, and Pongo abelii. The crystal
structure of the ACE2 receptor for each of these organisms is unavailable on the Protein Data
Bank and as a resuh model can be built using homology modelling. The crystal structures of

the ACE2 receptors for Homo sapiens and Felis catus are available (their structures have been
solved experimentally)/Ve will be using the SWISMODEL serverand the sequence ofeth

ACE2 receptor from Macaca mula{te8). Once on the websiteygssiSt art Model | i nd
you can either paste the FASTA sequence obtained from UniProt into the text box or upload

the target sequence filBelectiiSearch for Templates
&) deem  S\WISS-MODEL

Untitled Project created: today at o¢

Template Results o

Build Models @

Figure 3.2.2: The template resulfsr theGorilla gorilla gorillaACE2 receptor are showmhhe
humanACE2-BOAT1 complex (PDB ID: 6M18) was the tepnkingtemplateand it h& a
sequence identity of 99.0%.

A page displaying the template results will appear and details about the quaternary structure,
sequencesimilarity and alignment can also be fouéigure 3.2.2) For each template,
information is provided about the target sequence coverage, GMQE, QSQE, the sequence
identity to the target, the experimental method used to obtain the structure, the oligtaieric

the ligands (if any), the sequence similarity to the target, and the template search method used.
In homology modelling, it is preferable to use structures that are determinedréy X
crystallography with a resolution higher than 2.2 A as temp(atesay be necessary to trade

off between high sequence similarity and experimental resolution). The Global Model Quality
Estimation (GMQE) is expressed as a number between (A arithe valuereflects the
expected accuracy of lauilt model (18). Higher numbes indicate higher reliability.The
Quaternary Structure l@lity Estimate (QSQE) is a number between 0 and 1 that reflects the
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expected accuracy mterchain contacts forlauilt model(18). This number is only calculated
if it is possible tagenergée an oligomer and only for the top ranked templ&i3. A high score

(above 0.7)s generallybetterand the modetan be considered reliable

Once the appropriate templates are selected, fiBaskl Model®. On thefiModel Resulté
page,information is provided about the predicted oligomerisation sligemds, the GMQE

and the QMEAN(Figure 3.2.3).The built model is compared to experimentally determined
structures and th@MEAN Z-scoreis provided(18, 19) If the QMEAN Z-score is around 0,

it indicates good agreement between the model structure and experimental structures of similar
size(18). Scores that are below.0 indicate that the model is layuality (can be seen by the
thumbs up and thumbs down symb@$). The fiStructure Assessmenbption can also be

selected and the Ramachandran plot, quality estimate and residue quality results will appear.

NS - Q) Models 1 Project Data +

Model Results @ Orderty. GMQE v

Oligo-State. Ligands GMQE N
Monomer (matching 1 xZN® 0.81 11618
1XZINGION A

ZN 22 3 residues within 4A° v
No protein-ligand interaction detected (PLIP)

mmm..au.q. Estimate A
ovean T T T 1 18 (\

cp [ |l 106 MMM ( W
All Atom - I . 079

vation I 1l 101
orson [ 1 BT

Template Seq Identity Coverage
6m181B8 9900% NN

Model -Template Alignment L

Figure3.23: The fAModel Rdisplayedns the hoaajpgy model of the Gorilla
gorilla gorilla ACE2 receptothat was built from théM18 crycEM templatecan be seen.

The results from homology modelling can be downloaded and the quality of the model can be
assessed further using PROCHECK, whiEgla structure validation servé0). The model

(.pdb file) that was generated from SWIB®DEL can be uploaded to the server and the
PROCHECK option can be selected.

3.3 Mutations
Protein residues can Imeutated in programs such as Maestro and Rygure3.3.1) Once
the crystal structures of interest have been imported into Maestro, ffjcas&® > select

fiMutate Residues In thefiMutate Residugswindow, you can specify the protein chain that
consistof the residues of interest, the residue number, and the new amino acid for the mutated
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residueln PyMOL, import the protein of interest and display the sequence of amids.Go
to Wizardd > AiMutagenesi@ In the menu on the rigitand side, selediNo Mutatioro >

Select an amino acid from the drdpwn menu > Sele¢iApplyo andiDoned .

File  Edit  Select

T
M A ;

@ Mutate

[ Pick to select residue
Chain: B
Residue: | 30

Ligand Interaction Protein Preparation Align ~ Measure

ALA A P N
ARG , w
ASN ) &5 '\‘;’

Asp 7 -
ors Ay BR
i ; CUA !}\_
GLU A e A R) L
aLy % A R F=
Hs A £
ILE “:»’\q’\ls&‘. ?\,
LEU ]-if ‘-' CRC B ff\

- \ " , -
e =t / ;v-.\;,!’;# el

y > .
PHE 2 W
PRO hd %)

» & 6YWi1HumanACE2 ‘\a J

Figure 3.3.1: The amino acids of a protein can be mutated in Maestro usinj Met at e

Resi dueso tool
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Week 4: Molecular Docking Using PyRx
4.0 PyRx

PyRx isa virtual screening software tool that can be used for drug discovery. It uses a large
body of open source software such as AutoDock Vina, Python and Open Babel. The structure
of the protein and the chemical structures of the compounds must fostbeted to PDBQT

format for docking with AutoDock VinéFigure 4.0.1)The 3D structure of thgrotein and the
compounds can be imported into tfildolecule® window of the Navigator section. In the
fiMolecule® window, right click and selecfiLoad Moleculed > Access the folder with the
structures of interest > Choo8®pero. The .sdf file of the ligands that have been downloaded
from PubChem can be converted to .pdb format in programs such as PyMOL or Mewestro.
structure of the protein must beepared as a macromolecule. Right click on the protein in the
fiMolecule® workspace > Choose tli&utoDockd option > In the menu that appears, select
fiMake Macromolecul@ To prepare compounds as ligands, right click on its structure in the
fiMolecule® workspace > Choose thi&utoDocko option > In the menu that appears, select
fiMake Ligand | n t he APreferenceso tab, expand t he

Preparationo > To generate flexible |Iigands,

ﬁ PyRx - Virtual Screening Tool
File Edit View Help

hacl KB IE
%7 Molecules | ¥ AutoDock | BATVIK | )= Mayavi s 83D Scene | [ DPlots | I Documents | | | Tables | 4 Open Babel

#& syw1 B-protein

Display L

AutoDock > Make Ligand
Make Macromolecule

P IXTTZZ@| 8 &8 HG

Save as PDB

Remaove from Scene

Figure 4.0.1: The PyRx Virtual Screening Tool window is display®&udotein structures and
compounds can be i mported i nto t he A Mol ec
macromolecules and ligands, respectively.

Prior to molecular docking, the ligands caso be energy minimise@igure 4.0.2)In the
fiOpen Babal window of thefiControl® section, the structures of the ligands can be imported
by selecting the symbol with the addition sigméert new iterd). Right click on the compound

> ChoosefiMinimize Selected > Once the ligand haseenminimised, you can choose the

fiConvert selectetb AutoDockLigand (pdbqgt) option If there are multiple ligands, they can
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all be selected > Right click and choo@dinimize All6 > Once minimised, choose the

fiConvert allto AutoDock Ligand (pdbqt) optian.

@ PyRx - Virtual Screening Toal — O X
File Edit View Help
ITPRYw O
View 8
|| ' Molecules | % AutoDock | BATVIK | Do Mayavi | v ||| B swene | 2 0Pots | ZfDouments | | |Tables | ‘% Open Babel
EEYENZEZ@ B &L WHG

Chloroquine

Controls =]

| vinawizard | % AutoDockWizard | 4 OpenBabel ¢ Pythonshel | &Wlogger |
V\ew:|No filter V|| Results: All 2 items | [ ] M
Tite | Formula ‘ Weight Mumber of atoms |

Chloroguine C18H26CIN3 319.87214 48
MLN-4780 C19H23CI2MN304 428.30962 51

‘Welcome to PyRx - Virtual Screening Tool

Figure 4.0.2: Theligandsc an be i mported into the fAOpen
section and can be energy minimis@ace minimised, they cdre saveds .pdb files and can
be convertedo an AutoDock ligand (.pdbat file).

Select thefivVina Wizard tab under theiControl® panel. SelecfiLocald for the fiVina
Execution Mode > PressfiStard. For thefiSelect Moleculestab, thepreparedprotein and
compoundscan be selectedrom the fiLigands dand fiMacromolecules folders in the
fAutoDoclko window> P r e Boswvard (Figure 4.0.3).
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@ PyRx - virtual Screening Tool -
File Edit View Help

(We Y W@
View =]

“F Molecules | % AutoDock | ATVTK | )= Mayavi v || o3DScene [220Pots | ZjDocuments | | |Tables |
B Ligands P EEETEZZ D B &L EHS
N 2719_uff_E=262.55.pdbgt
[ 1D_2719_uff_E=262.53.pdbgt
-5 Ol it

-pdbey
%P Resveratrol_modell.pdbqt

B Macromolecules
[+ 4zzj_protein

£ Smi6_ ein
£ 6LUT-assembly
[ 6vwl_B-protein

Controls 8

J\ﬁnaw'lzard | 2 AutoDock Wizard | 4 OpenBabel | # Pythonshel | &Blogger |

Y StartHere g% SelectMolecules RunvVina [ Analyze Results
Select Ligand(s) and Macromelecule from Navigator ~> AutaDock panel

Use Control and Shift buttons to select multiple Ligands.

1ligand(s) selected. | H:\\ yRi\Macr cules\Gywl_B-pr 1_B-protein pdbqt selected.

| +J] Add Ligand H +[] Add Macromolecule ‘ [ Back || Forwad |

Figure 4.0.3: The energy minimised ligand (chloroquirse)d ACE2 receptor that are found in

the ALiIigands and 0 Maspectivalycdnedoe seenk 8 0 t h el dieSred e c
Mol ecul eso tab ofitis évident thatViiligand aidi 1zmeacramolecule are
selected.

In thefiRun Vinab tab of thefiControl® panel, the receptor grid can be generated and the size
and position of the grid can be alter@&iigure 4.0.4) If the binding site of interest is known,
the receptor grid can be positionacbund the residues that form that region. To highlight
protein reidues, press the addition symbol next to the structure ifiMibéecule® window

and the sequence will appear. Select the residues of interest ant pré&sggiie Selection
Spheresé b ulf thedinding site is unknown, blind docking can be perforriiée. grid can

be generated around the entire protein by maximising its Bieeexhaustiveness can also be

changed from the default number of 8
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@) PyRs - Virtual Screening Toal — [m] *
File Edit View Help

v lR? w|o
View 8

% Molecules | % AutoDock | BATVIK | = Mayavi = ||| o8 30 Scene | [ 20 Plots | & boauments | |
Je. Glu4es
Ji. PRO430
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3
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Controls =]

J\nna\mzanlI ® AutoDock Wizard ]ﬂ-openﬂabel I'J‘Pyﬂ’\oﬂshaﬂ ]ﬁmgger ]

¥ startHere Jf, Select Moleales Run Vina Analyze Results

Ligand Progress Vina Search Space
[ Chioroquine_uff E=262.53 Center ¥:65.6331 Y:28,2020 Z2:98.2616

MLN-4760_uff E=411.26 Dimensions (Angstrom) X:25.0000  ¥:25.0000  7:25.0000

Select fe1Run vina | Exhaustiveness:| 8| Back Forward

Figure 4.0.4: The receptor grid has been generated around several residues in the target binding
sitein the human ACE2 receptand are coloured pink.

Click fiForward to start the dockingalculations and after virtual screening is completed,
PyRx will go to thefiAnalyse Result3 page.The nine best binding poses for each ligand are
shown and the more negative the binding affinities are (kcal/mol), the stronger the predicted
affinity. The binding affinitiescan be exported in a spreadsheet as a .csv file aralithet
structures can be saved as a .sdf file. To save all poses, change the prefécetod@Edito >
fiPreferences> fiOpen Babd) > fAAutoDock Ligana > fiNumber of Poses to Retain.0rhe
docking outputs will appear under tiidacromoleculegfolder. The structures can be opened

in PyMOL and converted to .pdb format. They can be imported into Maestro for analysis.

4.1 Binding Site Prediction

Ligand binding site prediction tools such as PrankWeb can be used to predict potential ligand
bindingsites in protein structurég&igure 4.0.5Y21). The PDB code or the file of the protein

of interestcan beuploaded to the PrankWeb server and the results can be downloaded as a
compressed (zip) folder. The predictions spreadsheet contains the pocket scores, residues, and
surface atoms. There is also a residues spreadsheet and a visualizations folder ithaitloenta
structure.pdb.pml file that can be opened in PyMOL.
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Figure 4.0.5: Thehuman ACEZ2 receptor was uploaded to the PrankWeb server and the results
are shown. The pocket that is coloured btupredicted to be the ta@nking ligand binding

site
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Week 5: Introduction to the Command Line

5.0 Overview of the Command Line

To generate the receptor grid in PyRx, we need to change the size of the box and move it around
to the target region manually. To be consistent and more accurate, the coordinates of the grid
should be the same each timldhis can be a tedious process. Alternatively, the command

line can be used.

The graphical user interface (GUI) allows users to interact with system graphical elements such
as windows, ions and menusThe command line is an interface (CLI) that allowg®rs to

view and manage computer files, and run applications by executing text commands (Table 2).
There are different command line interpreter applications (command line shells) and examples
include Windows Powershell, Command Prompt, Ubuntu, and CygWnere are also
different operating systems. Linux, which is derived from UNIX (UNIX is not free to use and
not open source) is one of the most commonly used operating systems. Windows is a
commercial operating system and users do not have access tuitbe sode. On a MacOS

operating system, commands can be run through the Terminal.

File systems are arranged in a hierarchy, with the working directory being the current folder
where commands will take pla¢Eigure 5.0.1) The root directory, which idenoted by the

slash (/) sign, is the highest directory in the hierarchy and a user has control of all files and
folders in the system. The home directory is a subdirectory of the root directory and it is denoted

b y/hoineo . The f il es bdfaundinaghe pome directoy s er can

root /

[bin | [boot | [dev | [etc | [nome| [ 1ib | [media] [mnt | [opt | [sbin | [ stv | [proc | [tmp | [(usr | [ var |

Figure 5.0.1: Files and folders are organised in a hierarchical system.

By typing in the commaniowdo (print working directory), it will tell you the current working
directory(Figure 5.0.2) To change the working directory, type in the commiad (change
directory). To go back to the parent directory (one level above), type in the conitdardl
(change directory with two dots). You can use this command multiple times to move through
multiple levels and a single dot (.) means the current dired®oeyious commands use relative

paths and this meatisat it depends on the current working directory. The absolute paths will
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allow you to navigate from anywhere. To switch to the root directehych is the togevel
directory of a file system, type in the commadied /0. To switch to the home directory, type
in the commandicd ~0. To create a folder, type in the commairdkdiro (make directory).
To look at files and folders in a directory, type in the commalsd (list). The ficatd
(concatenate) command can be used to look at the contents of a file.

he cd

F}I
P A cd Users/fusername
P :‘\Usershusername> pwd

Path

C:\Users\username

PS C:\Usershusername> 1s

Directory: C:‘\Users\username

LastlriteTime Length MName

Documents

Figure 5.0.2: Commands executed in Windows Powershigie C: drive is the root directory

andt he home diUseedgcs er yhhnes . MCser so directory wil
users that have access to the compuwhcein and f
the Ausernameod dilsde cctaonr yb,e tuhsee dc otnomadnids pAl ay t
seen that the ADocumentso folder is within t

To copy files, type in the commaiidpo. A copy of file 1 can be made in the curremrking
directory and can be called file 2 by typing in the following comnigpdilel file20. To move

or rename files, the commarfichvo can be used. To move or rename file 1 to file 2, type in the
commandimv filel file20 In order to carefully delete files and delete folders, the commands
Airmoandfirmdird can be used respectively. Use these commands with caution as the files will
be del¢ed forever. It is important to name your folders and files carefully, as commands and
file names are case sensitfeggure 5.0.3) Punctuation should be avoided and this is also the

case with spaces. Spaces can be used if necessary but they need io bagiation marks.
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Slashes can also be used if necessary: forward slashes are used in Linux (/), back)slashes (
specific forwindows.

PS C:\Usersh\username» cd Documents
PS C:ZWUsershusernamehDocuments:> 1s

Directory: C:‘\Users\username\Documents

LastlriteTime Length MName

Figure5.03: The ACourse noteso folder has been acc
and the notation that is used is depicted.

Table 2. Summary of the commands that are commonly used.

pwd Print working directory Display path of current directory
cd dir Change directory Change working directory

cd. Single dot (change to) Current directory
cd.. Two dots (change to) Parent directory

Is List Lists files and folders

mkdir dir Make directory Creates new folder

cat file Concatenate Displaycontents of file on screen
cp filel file2 | Copy Copy afile

mv filel file2 | Move Moves or renames a file

rm file Remove Deletes files

rmdir dir Remove directory Deletes folders
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5.1 Molecular Docking Using Vina Through the Command Line

The prepared protein and ligand PDBQT files that were generated through PyRx can be
obtained from thé@MacromoleculegdandfiLigand®folders in thdimgltool directory(Figure
5.1.1).The path can be checked in PyRx by goindifamito A fPreferencesA fiWorkspace

(eg. H:\\.mgltoolsPyRX).

&5 Preferences *
- AutoDock AutoDock Preferences

+- Open Babel

‘.- Logger Autododk: ‘aub:udu:udﬂ Browse...

Vina: |C:'|,Program Files {x86)\PyR\vina.exe Browse. ..

Autogrid: ‘autogridﬂf | Browse. ..

Workspace: |H: Y\.maltoolsPyRx Browse. ..

Available CPUs: |3

DK Cancel
Figure 51.1: The A Pr ef er eohRyBxsi® displdyed chotivese settings can be
changed.
The input files that are needed for docking include the ligand pdbqt file, protein pdbqt file,
configuration text file, and vina.exe application file. The configuration file is a text file that
specifies the docking input (conf.txt). This includes theptmeand ligand PDBQT files, the
receptor grid coordinates and dimensions, the docking options and the output files. The same
configuration file can be used to dock ligands to the same protein and the ligand input/output
file name will need to be changesir@quired. The coordinates and size of the receptor grid can

be obtained from Vina Search Space section in HAgure 5.1.2).

receptor = receptorname.pdbqt

ligand = ligandname.pdbqt

center_x = x coordinate of the center
center_y =y coordinate ofelcenter
center_z = z coordinate of the center
size_x = x direction

size_y =y direction
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size_z = z direction

out = vina_nameofligand.pdbqt

log = vina_nameofligand.txt

exhaustiveness = represents the computational effort

num_modes = represents the number of ligaomdormationdo be produced the default is 9

| conf - Notepad — O x

File Edit Format WView Help
receptor = protein.pdbgt ~
ligand = ligand.pdbqgt

|
(53]
]
=

center x =
center_y =
center_z = 96.80

|
(]
o
=

size x = 25.8
size y = 25.8
size z = 25.8
exhaustiveness = 8

num_modes = 9

out
log

ligand-protein_out.pdbqt
ligand-protein log.txt

Figure 5.1.2: The configuration file (conf.txt) that can be prepared using a text eslgbown.

The names of the receptor and ligand must be specified, as well as the coordinates and
dimensiors of the grid. The exhaustiveness and the number of conformations prémtueEsch

ligand can be&ehanged.

To run the docki ng c/aihacconfigconftetih ss h o hhled cloenma x e
(Figure 5.1.3). The docking progress will be displayed on the screen. The docked ligand
structure will appear as an output filand-protein_out.pdbqt) and this contains all binding

modes in a single file. This can be opened in PyMOL. The ligaotein_log.txt file lists the

binding affinities of the binding modes in kcal/mol.
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EXN Windows PowerShell — O x

PS5 D:%WEPIMOL-2318%1_WK85_Command-line\Sample-docking> ./vina --config conf.txt
R R N R N N R I R R S N R NN R R R R N N R R R RS
# If you used AutoDock Vina in your work, please cite: E

#
#
#
# with a n #
# multithreading, Journal of Computational Chemistry 31 (2818) #
¢ 455-461 #
#
#
#
#
%

18.1882/jcc.21334

# Please see http://vina.scripps.edu for more information.
R R R R R R R R R R R R R R R R R R R R R R R

. done.
ring function ... done.

from best mode

b [ W I R Yy Sy =

Woa

Writing outp

Figure 5.1.3: Chloroquine was docked to the targpending site in the human ACE2 receptor
using AutoDock Vina via the command line (Windows Powershell). The binding affinities
(kcal/mol) are displayed.

These values can be recorded for further analysis. Once again, the poses can be saved as
separate fes in PyMOL Go tofiFileo > iiSave Molecule > iiSave toi Miltiple Filesdo > Save
statefi A0 > Save aa pdbfile. The docking poses and interactions formed with the protein

can be visualised in Maest{bigure 5.1.4).
Example:

1 C:UserSusername> cd Document€oronaviru§CourséDockingChloroquine

1 C:UserSusernam@ocument¥Coronaviru§CourséDocking\Chloroquine> Is

51



[.

ErigENOMIC

MEDICINE

1 C:UserSusernamdocument¥Coronaviru§CourséDocking\Chloroquine> ./vina.exel
config conf.txt
m—wl |igand-pr0teir‘|_|0g . Notepad _ 0 w :JEZDE\::M::-L\gandlntavactianDiagvam - O X
File Edit Format WView Help [ Syncwith D Ligand: [N: UNK 0 | Cutoff: [4.00 2] HBonds [ Salt ridges (7] Waters [] Protein-Water H-5ends [] Metals

Performing search ... done. A - R
Refining results ... done. z _—'—"""-CTE\
[ 5
mode | affinity | dist from best mode ¢ )
| (kcal/mol) | rmsd 1.b.| rmsd u.b. / & o
————— e (
1 -6.1 8.0e80 B.08e8 '
2 -6.0 1.713 3.015 N
3 -5.7 9.669 11.891 i
4 -5.6 3.859 8.852 \ e
5 -5.6 3.563 6.551 w
6 5.4 9.590 16.471 an ”
7 -5.4 3.145 7.112
8 5.4 2.881 6.843 WS
9 -5.3 2.537 4.387 - k e
Writing output ... done. \ /
W ALA LEU
< o s =

TRP
(1]

) Charged (negative) Polar Distance —e Pi-ction

o Charged (positive) ) Unspecified residue - H-bond — Saltbridge
Glyane Water Halogen bond Solvent exposure
Hydrophobic Hydration site —  Metal coordination

J Metl X Hydration sice (displaced) e-e Pi-Pi stacking

Figure 5.1.4: The ligandprotein_log.txt file that was produced from molecular docking is
shown and the binding affinities of chloroquine are listed.sthestures of the poses produced
from blind docking were i mporttieodn iDnitaog rMaaneos
used to examine the protdigand interactions.
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Week 6: Docking Multiple Ligands Via the Command Line

6.0 Multiple Ligand Docking

Multiple ligands can also be dockeding a script that can be run using Vina through the
command lineWe will be usinganSH scriptnamed fAvi na_screen_1|l ocal
developed for the Bash language. Bash is a command line interpreter and a UNIX scripting
language. In order to perim virtual screening on Windows using the Bash script, the

AWi ndows Subsystem f orThikalows foréa Lisug énvirormgnttmmu stk
be run directly on Windowd.o install thefiwindows Subsystem for Lindx go tofiSetting®

> ATurn fWiantduorwess on or off o0 > Che ckkr efSW niid o ws
Open the Microsoftore and download Ubuntwhich is anotheltinux open source operating

source systenThe Ubuntu console window will open and it will take a few minutes to install.

A new username/password can be made however, it is not necessary to use the program.

The ligands of interest need to be prepared as pdbqt files in PyRx (energy minimigged usi
OpenBabel and saved as pdbqt files) and the structures can be located uitgyatit

folder in the PyRx working directory. The files need to be renamed as ligand_1.pdbqt,

l igand_2. pdbqgt éetc. ' tds very i mpepreadaheet t o k
can be created for this purpgségure 6.0.1).

A B
1 |Drug name Ligand number
2 |amentoflavone ligand 1
3 brompheniramine ligand 2
4 |chloroguine ligand 3
5 |cimicoxib ligand_4
6 |delavirdine ligand 5

Figure 6.0.1: An Excel spreadsheet that contains the names of the ligandse creatednd
this is important when screening a library of compounds.

The files that are required include the protein pdbqt file, named ligand pdbqt files, vina.exe
application file, the configuration file, and the virtual screening script. The
vina_screen_localsfile is a Bash script that can be used to dock multiple ligands using Vina
(Figure 6.0.2).
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1%
File Edit Tools Syntax Buffers Window Help
ARDE (9 8| BEBERBSESA THA[? R
Mt sbin/bash A

for £ in ligand *.pdbqt; do
[ b="basename %f _pdbgt’
eche Processing ligand $b
mkdir -p b
.fuina.exe --config conf.txt --ligand $f —-out ${b}/out.pdbqt --log ${b}/log.txt

[done W
| - ) o o . 1,1 All

Figure 6.0.2: Thecontents of the vina_screen_local.sh script are shown.

In order to execute the script in Windows Powershell, tiipgshd t o ent er

environmenaend t o | eave t he L exitulxtheairestaryrcantaimeythe ,

rel evant f il es,./vihaysgreen_local.shbtbexecutestha staphhed doitking

calculations will be performed on ligandseoafter another. Individual folders will be created

t

for each ligand and they will consist of the out.pdbqt file (all binding modes for the ligand in a

single file) and a log.txt file (lists the binding affinities in kcal/mol).

The Ubuntu console windowan also be opened and the relevant folder can be accessed by

navigating through the files. n Ubunt u, the C: dri vehowmedn be &
command f o/mhtoowTdaldirdetgry ddntaining the relevant files can be specified
and taesdéveen_| ocal.shodo script can be execut

:~# cd /home

:/home# cd /mnt

:/mnt# cd ¢

:/mnt/c# cd Users2
:/mnt/c/Users2# cd Username

:/mnt/c/Users2/Username# cd Documents

:/mnt/c/Users2/Username/Documents# cd Examplecommand
:/mnt/c/Users2/Username/Documents/Examplecommand# cd Ligandname
:/mnt/c/Users2/Username/Documents/Examplecommand/Ligandname# ./vina_screen_local.sh

Figure 6.0.3: The commands that have been used to navigate to the directory of interest and

run the script for multiple ligand docking in Ubuntu are shown.
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