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Virtual Screening of a library of KRAS inhibitors using
GOLD

Molecular docking is the most common computational structure-based drug
design (SBDD) method and has been widely used ever since the early 1980s. It is
the tool of choice when the three-dimensional (3D) structure of the protein target
is available. Molecular docking popularity has been facilitated by the dramatic
growth in availability and power of computers, and the increasing number of and
ease of access to small molecule and protein structures. The main goal of
molecular docking is to understand and predict molecular recognition, both
structurally (i.e., finding possible binding modes) and energetically (i.e.,
predicting binding affinity). Molecular docking was originally designed to be
performed between a small molecule (ligand) and a target macromolecule
(protein).

Molecular docking applications in drug discovery are varied, including structure-
activity studies, lead optimisation, finding potential leads by virtual screening,
providing binding hypotheses to facilitate predictions for mutagenesis studies
and, also in assisting X-ray crystallography and cryogenic electron microscopy
(cryo-EM) in the fitting of substrates and inhibitors to electron density.!

GOLD (Genetic Optimisation for Ligand Docking) is a genetic algorithm for docking
flexible ligands into protein binding sites. GOLD has been extensively tested and
has shown excellent performance for pose prediction and good results for virtual
screening.

! Francesca Stanzione, llenia Giangreco, Jason C. Cole, Chapter Four - Use of molecular
docking computational tools in drug discovery, Editor(s): David R. Witty, Brian Cox,
Progress in Medicinal Chemistry, Elsevier, Volume 60, 2021, Pages 273-343.




Learning Outcomes

In this workshop, you will carry out a virtual screening of a library of compounds.
We will only use a small number of compounds for demonstration purposes. Your
library would likely be much larger in a real virtual screening. After this workshop,
you will:

e Know what a virtual screening is and understand the different processes
involved.

e Be able to navigate Hermes, a 3D visualizer for proteins and the interface to
GOLD.

e Be able to edit a protein-ligand complex from the PDB in Hermes to isolate
the binding site.

e Know how to set up a virtual screening simulation in GOLD using the wizard
in Hermes.

e Run avirtual screening and analyse virtual screening results.

e Be aware of other tools that can be deployed in virtual screening processes
and the benefits of a data-driven approach.

The Extension Exercise at the end will show you how to calculate SuperStar
interaction maps and evaluate virtual screening results using these.

This workshop will take approximately 20-25 minutes to complete. The words in
Blue Italic in the text are reported in the Glossary at the end of this handout.

Pre-required Skills

Familiarity with the Hermes interface and basic knowledge of docking with GOLD
would be advantageous. For further guidance on protein-ligand docking see the
“Introduction to Protein-Ligand Docking with GOLD” self-guided workshop
available on this webpage or try the Protein-ligand docking 101 - running a
simulation in GOLD CSDU module. The basics visualisation options for Hermes are
at the end of this handout.

Materials
For this workshop we will use the files that you can download from here.


https://downloads.ccdc.cam.ac.uk/tutorials/Virtual_Workshops/structure_based_virtual_screening.zip

Example: Screening a Library of KRAS inhibitors within
the Binding Pocket of MRTX-1133

Introduction

KRASS?P s the most frequent KRAS oncogenic mutation in solid tumors and a key
therapeutic target.>® Unlike KRAS®!*¢, which can be inhibited covalently via a
reactive cysteine, KRAS®?° |acks such a residue, making selective inhibition more
difficult.

Historically, KRAS has been a challenging target due to its high affinity for
GDP/GTP and lack of accessible binding pockets. Previous attempts to identify
hits with shallow pocket binders and cyclic peptides showed limited cellular
activity due to poor physicochemical properties. MRTX1133* (Figure 1A)
overcomes these limitations with picomolar binding affinity and nanomolar
cellular potency.

The discovery process of this inhibitor began with analogues of a pyrido[4,3-
d]pyrimidine scaffold. Structural analysis revealed key interactions with Asp12,
Arg68, and Glu62, and highlighted the importance of the scaffold’s substituents.
The protonated piperazinyl group formed a salt bridge with Asp12, enhancing
selectivity. Additional interactions with Gly60, Gly10, Thr58, and a hydrophobic
pocket contributed to potency.

These insights guided the development of MRTX1133, demonstrating that
noncovalent inhibition of KRAS®'?? is achievable and therapeutically promising.

Your protein: KRAS [PDB 7RPZ] (Figure 1B)

2 |dentification of MRTX1133, a Noncovalent, Potent, and Selective KRASG12D Inhibitor;
J. Med. Chem. 2022 65 (4), 3123-3133;
https://pubs.acs.org/doi/10.1021/acs.jmedchem.1c01688

3 RCSB PDB - 7RPZ: KRAS G12D in complex with MRTX-1133

4 4-(4-(3,8-Diazabicyclo[3.2.1]octan-3-yl)-8-fluoro-2-(((2R,7aS)-2-fluorohexahydro-1H-
pyrrolizin-7a-yl)methoxy)pyrido[4,3-d]pyrimidin-7-yl)-5-ethynyl-6-fluoronaphthalen-2-ol
| C33H31F3N602 | CID 156124857 - PubChem

Figure 1. A) Structure of MRTX-1133. B) KRAS protein co-crystallized with inhibitor MRTX-1133. A
magnesium ion, and cofactor Guanosione-5’-diphosphate are also shown. C) Inhibitor-pocket
interactions with key residues.


https://pubs.acs.org/doi/10.1021/acs.jmedchem.1c01688
https://www.rcsb.org/structure/7RPZ
https://pubchem.ncbi.nlm.nih.gov/compound/156124857
https://pubchem.ncbi.nlm.nih.gov/compound/156124857
https://pubchem.ncbi.nlm.nih.gov/compound/156124857

Your ligand: 4-(4-[(1R,5S)-3,8-diazabicyclo[3.2.1]octan-3-yl]-8-fluoro-2-
{[(2R,4R,7aS)-2-fluorotetrahydro-1H-pyrrolizin-7a(5H)-yllmethoxy}pyrido[4,3-
d]pyrimidin-7-yl)-5-ethynyl-6-fluoronaphthalen-2-ol, an experimental inhibitor
that interacts with pocket residues Asp12, Arg68, and Glu62 of KRAS protein (PDB
7RPZ) as shown in the cocrystal structure (Figure 1B and 1C).

The discovery of novel drug-like hit candidates remains one of the most
significant challenges in modern drug development, despite the rapid
advancement of sophisticated computational methodologies. Over the past
decade, a common strategy during the early phases of drug discovery has
involved the virtual screening of ultra-large compound libraries using high-
throughput screening techniques. This approach aims to identify chemical
entities capable of modulating the biological target of interest.

In addition to high-throughput screening, several de novo drug design strategies
have gained prominence. These include fragment-based drug design (FBDD),
which encompasses techniques such as fragment growth, fragment merging, and
scaffold replacement. Furthermore, artificial intelligence (Al)-driven methods—
particularly those employing generative algorithms—have emerged as powerful
tools for designing ligands within target binding pockets. These algorithms
incorporate structural and physicochemical biases to optimize protein-ligand
interactions, thereby enhancing the likelihood of identifying viable therapeutic
candidates.

Despite the significant advancements in artificial intelligence technologies in the
last years, recent comparative studies have demonstrated that classical physics-
based approaches continue to outperform Al-driven methods in certain key areas
of structure-based drug design. Notably, traditional virtual screening
techniques—such as molecular docking using tools like GOLD—still exhibit
superior performance in pose prediction accuracy when compared to current Al-
based methodologies.

5 PoseBusters: Al-based docking methods fail to generate physically valid poses or
generalise to novel sequences. arXiv 2023. https://doi.org/10.48550/arXiv.2308.05777

Challenges

In this workshop, as an example, we will screen a small library of KRAS
inhibitors within the binding pocket of MRTX-1133 (Figure 1) by using GOLD
docking.

After running the virtual screening campaign, we will visualize the docking
solutions to identify which KRAS inhibitor/s could retain the same
interactions as the MRTX-1133 ligand and evaluate potential scaffold
replacement.

Furthermore, we will validate docking solutions using SuperStar to assess
which novel interactions within the binding pocket could be favourable.
Superstar calculates binding site interactions as propensity maps by mining
the PDB or the CSD databases and can be used to validate docking poses
when kinase inhibitors fit the propensity maps.


https://doi.org/10.48550/arXiv.2308.05777

Provided Input Files

Please download and unzip the input files from this link. In the folder you will
find:

e 7RPZ.pdb & 7RPZ.cif files: the crystal structure of the KRAS protein co-
crystallized with inhibitor MRTX-1133: 4-(4-[(1R,5S)-3,8-

diazabicyclo[3.2.1]octan-3-yl]-8-fluoro-2-{[(2R,4R,7aS)-2-fluorotetrahydro-
1H-pyrrolizin-7a(5H)-yllmethoxy}pyrido[4,3-d]pyrimidin-7-yl)-5-ethynyl-6-

fluoronaphthalen-2-ol. You can use this protein to walk through the key steps
required to prepare a protein for virtual screening docking or you can follow
the instructions illustrated in the first step of this workshop. Note: The legacy
pdb file format is now deprecated, and it has been replaced by the new cif

format. Hermes and GOLD can read both.

e The ligands file (KRAS_inhibitors_lite.mol2). The docking library constituted
by a small set of KRAS inhibitors selected for this workshop together with the
ligand MRTX-1133 co-crystalised with target 7RPZ. Note: this has been set up
in accordance with the guidelines for the preparation of input files that you
can find in the GOLD user guide (Setting Up the Protein(s) and Setting Up

Ligands chapters). Important: use this file in today’s hands-on session.

e The ligands file (KRAS_inhibitors.mol2). The docking library constituted by a
set of KRAS inhibitors downloaded from the ChEMBL 35 website® and the
ligand MRTX-1133 co-crystalised with target 7RPZ. Note: this has been set up
in accordance with the guidelines for the preparation of input files that you
can find in the GOLD user guide (Setting Up the Protein(s) and Setting Up
Ligands chapters). Important: use this file for the extension exercise if you

wish.

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

Additional Files
e binding_site.mol2 —the extracted binding site.

e ligand.mol2 — the inhibitor MRTX-1133 extracted from 7RPZ X-ray
structure.

e Demo_lite — folder containing input and output files from the virtual
screening run and SuperStar analysis for today’s session.

o gold_KRAS_lite.conf — GOLD configuration file (also located in the
Demo_lite folder)

e Demo - folder containing input and output files from the virtual
screening run and SuperStar analysis for the extension execise

Note that if you skip the GOLD docking run, to load the configuration file and
view the results, you will need to edit the path to the files so that Hermes can
load the necessary files for visualization. Open the configuration file in a text
editor then edit the following paths and filenames:

5. In the FLOOD FILL section, update the cavity_file path to point to the
folder where you have the files saved.

6. In the DATA FILES section, update the ligand_data_file to the folder
where you have the files saved.

7. In the DATA FILES section, update the directory to the folder where
you have the files saved.

8. Inthe PROTEIN DATA section, update the protein_datafile to point to
the folder where you have the files saved.


https://downloads.ccdc.cam.ac.uk/tutorials/Virtual_Workshops/structure_based_virtual_screening.zip
https://www.ebi.ac.uk/chembl/

Importing the Protein-Ligand Complex from the PDB

1. Launch Hermes by clicking its icon .

2. We are going to import the file of our protein and ligand directly from the 2
PDB using the CSD Python API functionality. From the menus at the top, click CSD Python APl CSD-CrassMiner  Help
on CSD Python API, then go to Import, and choose fetch_from _pdb.py. (If the Analysis ’
CSD Python APl is not installed, the cif/pdb file is also included in this zipped Import 3 fetch_from_pdb.py
folder or can be downloaded directly from the pdb website. Load the file Reports 3 fetch_from_zinc.py
using File > Open.) Searches » smiles_to_30.py

user_support.py
3. This will bring up 2 windows: one displaying a loading bar, which show the

welcome.py
script is running, and a smaller one, where we will insert the PDB code. For
this case study we will type: 7ZRPZ. Then click OK. It will take a few seconds Options..
to load the selected complex in Hermes. Once the structure is loaded, close €S0 Python £ R
the script window. csD Python ¢ B 7RPZ  pdb_00007rpz —
KRAS G12D in complex with MRTX-1133
PDB DOI: Nitps://d01.01g/10.2210/pdb7RPZ/pab BinaryCIF Format ‘gz{
3 @ hermes X Classification: Hydrolase/Hydrolase Inhibitor
Organism(s): Horr
The python interpreter is: C:/Users/kburusco/CCDC/ccde-software/csd-python-api/miniconda/python.exe ;"’:’?Si:”; ststeem: herichia co Legacy PDB Format (gz)
utation(s): Yes
The working directory is: C:/Users/kburusco/Hermes/fetch_from_pdb/2025_07_14_17_19_25 4
- Deposited: 2021-08-05 Released: 2021-12-22 PDBML/XML Formal (gz)
Output files will be written in: C:/Users/kburusco/Hermes//fetch from pdb/2025 07 14 17 19 25 Deposition Author(s): Gunn R .J_Thomas N C_Xiaolun wson J.D_ Marx MA

. - Structure Factors (CIF)
Wiaiting for script to start...

1 seconds

§ Fetch from.. — O h'e _ Stop! |

Enter a PDB code (e.g. 5SY9)
7RPZ

OK | Cancel ‘

4. To better visualise the structure, you can zoom out using the zoom- button
above the visualizer or right-clicking while moving the mouse down. The
ligands are shown with green carbon atoms by default, the proteins with grey
carbons, while the red dots around the structure are oxygen atoms of water
molecules.


https://downloads.ccdc.cam.ac.uk/tutorials/Virtual_Workshops/structure_based_virtual_screening.zip
https://downloads.ccdc.cam.ac.uk/tutorials/Virtual_Workshops/structure_based_virtual_screening.zip
https://www.rcsb.org/

Editing the Structure

In this virtual screening exercise, we wish to work only with the ligand binding
site so we will remove unnecessary components of the structure and create a
new structure file just containing the ligand and its binding site.

5.

In the Molecule Explorer click on the arrow next to 7RPZ, then next to Ligands
to expand and access all the components. If you do not have the Molecule
Explorer displayed, see the instructions at the end of this document. You can
try ticking/unticking each component to see that they will appear/disappear

in the visualizer.

For this example, there are no structural waters that need to be included, so
we can delete them all. You do not need to expand the entry for Waters and
delete the molecules on-by-one, but you can right-click directly on Waters

and select Delete.

Right click on C:61C202 and choose Select Ligand Binding Site. This selects all
the atoms in the ligand and in the portion of the protein to which it binds.

The selected atoms are highlighted in yellow

Right click in the Display window and from the menu pick Selection > Invert
selection. Alternatively, you can try Ctrl + 1.

Select All Ctrl+A
Select Molecule

Select Atom

Selection
Styles
Colours
Labels
Show/Hide

Select >

Deselect All Ctrl+D

Rotation Centre Deselect Molecule
Deselect Atom

Deselect

IsoStar Intermolecular Contact Database...

Invert Selection Ctrl+l

Expand Selection ~ Ctrl+E

Select Ligand Binding Site
Set Binding Site Radius

Center 3D view

Center & Zoom 3D view

Malecule Explorer n
Display Movable Descriptors
= o o = z = 2
9] = = = E
% — 8 o
£ |
= |
~ @ AllEntries
v @ 7RPZ
Chains
Malecule Explorer
v Ligands 6 n
B:GDP201 Display Movable Descriptors
C:61C202 = = b= = = = '
= o c 8 = & =
Metals £ < % £ z £ o
Waters = I =
E]
=
~ @ AllEntries
v @ TRPZ
Chains
hd Ligands
B:GDP201
C:BIC202
Metals
B Waters
E Styles 4 J
Colours 4
Labels L4
Select I—
Molecule Explorer g % Select Only
Disol ) Deselect
isplay Movable Descriptors Auto Select
2 5 = = =Rl = =
= =@ £ & & =}
& 5 & -E g E -E‘, Delete
= — 8 o
o
E
=
v @ Al Entries a a -]
« @ TRPZ a a ]
B Chains
~ @ Ligands
B B:GDP201
e 1
B Metals Styles »
Colours ’
Labels D
Select
Select Only
Deselect
Auto Select
Delete



9. Right click and select Show/Hide > Hide atoms.

9
10. Using the Lasso tool select all of the atoms shown in the Display window.
11. From the top-level menus select File > Save Selection As to save the file in an
appropriate location that will be your working directory for this workshop. _v
Type “binding_site” as File name, and ensure the Save as type is set to Mol2 Selection
File (*.mol2). Styles
. Colours
11 - ' Labels
T~ <€ virtu... > virtual_screening_webinar_ma... v y Search virtual_screening P X
Show/Hide Hide atoms
Organise = New folder . =- @ o Show atoms
@ Hermes @ Desktop Name Date modified Trpe Picking Mode
File Edit Selection Display Calcul Documents Demo File folder View Show only
Open... Ctrl+O 7 Documents - Presentat 5 :e:m’l'ti . ‘F‘I‘f lc‘:' Rotation Centre Show all
Load GOLD results.. Ctrl+G =2 Functonsl Metersls e . \
[ kRS inhibitors.mol2 MOL2 File
Recent Files ' =8 Generl (] KRAS inhibitors_lite.mol2 MOL2 File
Save As... Ctrl+S Mecrosoft Copila Chal C
Save Selection As... File name: | binding_site =
Export Ctrl+X Saveastype: Mol2 File (*.mol2) v 10
Export complex Ctrl+L
Close All Files A Hide Folders Save Cancel
Exit Ctrl+Q

12. Close all files by selecting File > Close All Files from the top-level menus.

12 .Hermes
File Edit Selection Display Calcu

Open... Ctrl+0
Load GOLD results...  Ctrl+G
Recent Files 4
Save As... Ctrl+5
Save Selection As...
Ctrl+X
Cirl+L

Close All Files

Exit Ctrl+Q
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Exploring the Binding Site

13. Reload the binding site by selecting File > Open and navigating to the location
of “binding_site.mol2” created in Step 11. Select this file and open it. You
may also select this file from the bundle of files supplied with this workshop,
if you prefer.

14. From the top-level menus select Edit > Add Hydrogens. This ensures that the
fragment of the protein used for screening has the appropriate number of
hydrogen atoms. The Add Hydrogens dialogue box should report “263
hydrogens added”. Click OK to continue.

15. You can customise the style of the various components to make them easier
to visualize. From the top-level menus, select Display > Style Preferences.
From the Style Preferences dialogue select Stick from the drop-down menu
next to Ligand. The ligand will now be displayed in capped-stick style. Tip: you
can adjust the thickness of the sticks by Right Clicking then selecting Styles >
Capped Stick Settings... and adjusting the Capped Stick Radius.

15
Display Calculate Descriptors GOLD @ Style Preferences
Styles L4
Labels » Use "Packing” to change display options for nearby residues in the crystal packing
environment; use "Pharmacophore” to configure overlays and use "Protein” to change options
Colours 4 for everything else.
Show/Hide 4
Protein Packing Pharmacophore
Ribbons & Tubes...
Style Colour
Contour Surfaces...
: Chain Wireframe ~ by Element i
Sequence Alignment...
Molecular Surfaces (Experimental)... MNucleic Acid Wireframe v Custom Carbon... ~
Stick ~ Custom Carbon... v
R -L\gand ic! ustom Carban,
. . Wireframe
Display Options... Cofactor Custom Carbon... v
ic
+ Overwrite on load Water Ball and Stick by Element ~
«  Allow Multiple Instances Spacefill
Metal Ellipsoid by Elernent ~
Toolbars D Docked Ligand  Stick w Customn Carbon... ~

Default Cancel Apply 0K

13

.Hermes
File Edit Selection Display Calculate

Open..
Load GOLD results...
Import ChemDraw File

Recent Files

Save As...

Save Selection As...

Export complex
Close All Files

Exit

14

Selection  Display Calculate  Descripd]

Copy Image to Clipboard
Edit Structure

Add Hydrogens

Clean up chain identifiers

Auto-Edit Ligand
Correct Ligand Connectivity

Undo: Label by Protein Residue

e
0 < virtu... > virtual_screening_webinar_ma... v G Search virtual_screening_w... @
Cirl+0 *
rganise ¥ Mew folder =- O @
Ctrl+G — =
B Desktop 0O Name Type E
Ctrl+Alt+D
Documents Demo File folder
4 : .
=2 Documents - Presen Demo_lite File folder
[ Rez.cif Mercury File
Ctrl+5 =2 Functional Materials
[] 7RPZ.pdb Hermes File
57 General
@ [ ] binding_site.mol2 MOL2 File
Cirl+X
D Microsoft Copilet CI [] KRAS_inhibitors.mol2 MOL2 File
Carl+
L+l Pay:lip [] kRAS inhibitors_lite.mal2 MOL2 File
P Pictures [ ligand.mol2 MOL2 File
Recordino:
Ctrl+Q File name: | binding_site.mol2 || All Readable Files (".pdb ".ent =
Open Cancel

Ctrl+Z

Ctrl+C

Ctrl+B
Ctrl+H
Ctrl+K
Ctrl+T
Ctrl+P

@ Add Hydrogens

0 263 hydrogens added.
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16. To visualize the hydrogen bonds made between the ligand and protein
residues, check the H-bonds tick box in the Contact Management window.

17. In order to highlight individual interactions, pick the donor/acceptor atoms
on the protein residues which are indicated as forming a hydrogen bond by
the green dashed line. Then, right click and select Labels > Label by Protein
Residue. Labels “ASP70”, “ARG69”, “GLY61”, “GLU63”, and “ASP13” should
now appear next to the corresponding residue. you can change the size
of the labels by right clicking, then selecting Labels > Label Size... and entering
the desired font size in the dialogue box.

17

Measure

Clear Measurements

Selection

Styles

Colours
Labels Label by Atom Label
Show/Hide Label by Element

Label by Atom Type

Label by Protein Residue
Label by Atom File Index
Label by Atom Coordinates

Picking Mode:
View

Rotation Centre

Label by Structure
Label Alpha Carbons by Protein Residue
Label by Partial Charge

Do not label

Label colour..

Label size...

18. Visually inspect the hydrogen bond interactions. In the extension exercise,
you will be able to explore this further by calculating SuperStar interaction
maps. From the File menu Save the curated pocket (e.g. as
binding_pocket_curated.mol2) and Close All files, as in Steps 11-12.

Contact Management 8 x
Define H-Bonds ... Define Short Contacts ...
Ligand Sphere (]
Protein H-Bonds Short Contacts
1 7RPZ ] ]

. Label size

20

Measure

Enter new label size (minimum=6, maximum=124):

-
-

p Clear Measurements

Selection

\ y
ASP70 (A) Stes
Colours \
Labels Label by Atom Label
Show/Hide Label by Element

Label by Atom Type

Picking Mode L3 . .

View b Label by Protein Residue
Label by Atom File Ind

Rotation Centre L3 S A

Label by Atom Coordinates

Label by Structure

Label Alpha Carbons by Protein Residue
Label by Partial Charge

Do not label

Label colour...
Label size

| Cancel

S |
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Set up the GOLD Virtual Screening

First, we are going to import again the file of our protein and ligand. For this we
can either repeat the instructions in Step 1 in the previous section or simply open
the file 7RPZ.cif (or 7RPZ.pdb) provided with the bundle of files supplied with this
workshop.

1. Ensure that all files from the previous section are closed. To start our
docking simulation, click GOLD from the top menus, then pick Wizard...

1 GOLD  Databases  CSD Python AP
i Setup and Run a Docking... =
Wizard...
| +

Load GOLD Fitting Points...

I GOLD Per Atom Scores

from the resultant pull-down menu.

2. Inthe GOLD Setup window, we see that we are at the Wizard step 1: Select
one or more proteins. To select our protein, in the Global Options tab tick
on the box next to the protein code, 7RPZ. This will bring up a new tab
labelled with the name of the protein file, 7RPZ.

3. Click on the 7RPZ tab. This panel contains different options to clean and
prepare the protein for the docking calculation. From the top-right click Add
Hydrogens. This ensures that the protein used for screening has the
appropriate number of hydrogen atoms. The Add Hydrogens dialogue box
should report “1926 hydrogens added”. Click OK to continue and press
Extract / Delete Waters on the top of the left-hand panel to move to the next
section.

@ GOLD Setup

Wizard step 1: Select one or more proteins

Either choose a protein already loaded in the visualiser or load a new file.

Global Options I TRPZ I

Wizard steps: & .
1. Select a protein lect proteins to use:

Load Protein  Superimpose Proteins..

2. Protein setup ® 7RPz
3. Define the binding site

4, Configuration template
5. Select ligands.

6. Covalent docking

7. Choose a fitness function
8. GA search options

9. Finish

@ GOLD Setup

Wizard step 1: Select one or more proteins
Either choose a protein already loaded in the visualiser or load a new file.

Global Options TRPZ

Protonation & Tautomers

Extract/Delete Waters Protonation Rules:

Lelete Ligands/Cotactole
ains

idue Set: All Protein Residues

FlipWgn Gln His Tautomers

HIs28 A
HIS85 A

HIS96 A
HIS16T A Add Hydrogens

Edit selected residue

I Add Hydrogens

Help k?

Next » Cancel Wizard

e
A
-
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4. As we mentioned before, for this example there are no structural waters that
need to be included, so we can delete them all. Click on Delete Remaining
Waters, and then click OK in the pop-up window asking for confirmation.

5. Another pop-up window will display that “275 water molecules have been
deleted”. Press OK and click on Delete Ligands/Cofactors from the menu on
the left-hand side to move to the next section.

GOLD Setup = *

Wizard step 1: Select one or more proteins

Either choose a protein already loaded in the visualiser or load a new file.

Global Options ~ TRPZ

Protonation & Tautomers
Extract/Delete Waters
Delete Ligands/Cofactors
Flexible Sidechains

Soft Potentials

Waters

) HOH301
[0 HoH302
) HOH302
[ HOH304
ts (O HOH305
) HOH306
O HoH3o7
[C) HOH308
[ HOH309
0 HO @ Delete Al Waters x
O HO

> Coi
Interaction Motif

O Ho o Are you sure you want to delete all the waters?
O Ha

O Ha

O HQ Cancel
O HO
O HOH317
(] HOH318
[J HOH318
O HoH320
) HOH321
(0 HoH322
(] HOH323

D rimiiana

Extract Waters For Dockingl Delete Remaining Watersl

Waters that are important for ligand binding can be added to the list of active waters used in docking by checking them in
the water list above and clicking the 'Extract Waters For Docking’ button.

Once you have extracted the waters you wish to make active press the 'Delete Remaining Waters' button to remove all
waters from the protein.

Help n? < Back Next > Cancel Wizard

GOLD Setup

Wizard step 1: Select one or more proteins
Either choose a protein already loaded in the visualiser or load a new file.

Global Options ~ TRPZ

Protonation & Tautomers
Extract/Delete Waters

Delete Ligands/Cofactors

Interaction Motif

Waters

@ Water Setup *

o 275 waters deleted,

Extract Waters For Docking  Delete Remaining Waters

Waters that are important for ligand binding can be added to the list of active waters used in docking by checking them in
the water list above and dicking the 'Extract Waters For Docking’ butten.

‘Once you have extracted the waters you wish to make active press the ‘Delete Remaining Waters' button to remove all
waters from the protein.

Help k?

< Back Next >

Cancel Wizard
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The protein 7RPZ has been co-crystallised with a GDP cofactor (B:GDP201), a Mg

metal ion, and the inhibitor MRTX-1133 (C:61C202). Both cofactor and metal ion 6 ® oL serp %
are located in a separated area from the binding pocket so they will not interfere Wizard step 1: Select one or more proteins
in the docking calculation, therefore, we will extract the inhibitor from the Either choose a protein already loaded in the visualiser or load a new file
binding site to prepare the protein and leave the cofactor and ion untouched. Global Options  7RPZ
Protonation & Tautomers
. . Extract/Delete Waters Ligand/Cofactor Extract and Reload
6. Tick the box next to C:61C202 and click Extract. Delete Ligands/Cofactors | | .appapt O
Flexible Sidechains
Soft Potentials :61C202 [ -]
7. When prompted, save the ligand file as ligand.mol2, click Save. s
Interaction Motif
8. Click Next twice to move on.
7 @ save Ligand Ci6IC202 X
“ v < virtual_scree., » virtual_screening_webinar_material e (&) Search virtual_screening_w... @
Organise * MNew folder
> & Documents Name - Date modified Size
> .~ Documents - Presentat Demo
N Functional Materials Demo_lite may have one or more ligands or cofactors cccupying the binding site that must be removed before
- Lo - L, prma docking, Extracted components are automatically reloaded so they can be used to define the
> =3 General [] binding_site.mol2 MOLZ File =% land are written to file for later comparision with docking results.
D KRAS_inhibitors.mol2 MOL2 File 384 |
> = Micrasoft Coplat Chat [ KRaS_inhibitors_lite.mol2 MOL2 File g8 < Back hlext) ancel|Wizard
’ Payslip ||] ligand.mol2 / MOLZ File g
> N Pictures 8
> Recordings

I File name: | ligand.mol2

Save as type: Mol2 File (*.mol2)

~ Hide Folders

Cancel
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9. Return to the Global Options tab to Define the binding site (Wizard step 3).
Click the radio button next to One or more ligands or cofactors. Make sure
the ligand option “C:61C202: C:7RPZ” is selected in the box. Tick the box
Generate a cavity atoms file from the selection. Click Next twice to move to
Select ligands (Wizard Step 5).

@ GOLD Setup

Wizard step 3: Define the binding site

The binding site can be defined by several different ways: an atom, a point or a reference ligand. Atoms can be selected in the visualiser.

Global Options TRPZ

Wizard steps:

1. Select a protein
2. Protein setup Vi
3. Define the binding site
4, Configuration template
5. Select ligands

(2) Protein Atom - select a pratein atom in the visualiser or enter a protein atom index

(2) Point - select atoms to define a centroid or edit XYZ

6. Covalent docking X ¥ Z View Reset
7. Choose a fitness function
8. GA search options IO One or more ligands or cofactors I
£ [en [R.GOP201 ZRPZ
Ci6C202, CTRPZ |

(D) List of atoms or residues (%)

Filename: = View

Select all atoms within = 6.0 A

8 Generate s cavity atoms file from the selection | Refine Selection

8 Detect cavity - restrict atom selection to solvent-accessible surface

8 Force all H bond donors/acceptors to be treated as solvent accessible

Add Definition as a Selection

Help n? < Back Cancel Wizard
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10. In Select ligands, near the bottom of the window, click Add to bring up the 10 | ® consenp 52
File Explorer. The library of ligands have already been prepared for you. - -
. . - . . . . Wizard step 5: Select ligands
Navigate to the directory containing the files supplied with this workshop e e s
(Input) and select KRAS_inhibitors_lite.mol2 from the working directory Global Options  7REZ
where you unzipped the files supplied. Click Open and Click Next twice. py——
1. Select a protein Ligand File GA Runs First Ligand Last Ligand
2. Protein setup
3. Define the binding site
4. Configuration template
5. Select ligands
6. Covalent docking
7. Choose a fitness function
8. GA search options
9, Finish
@ Select One Or More Ligand Files X
& > v <« virtual_scree.. > virtual_screening_webinar_material w Search virtual_screening_w... 0@
Organise = New folder = o o
> @Ml Desktop O Name - Date maodified Type Size
> 2 Documents Demo File folder Add Delete
» == Docurents - Presen Demo_lite File folder
[0 7RPZ.cif Mercury File
» . Functional Materials
D binding_site. mol2 MOL2 Fil KB
> 2 General [7) KRAS_inhibitors.mol2 ! ) MOL2 File 384 KB < Back Cancel Wizard
7 Mierosoft Copllot €1 @[ kRas inhibitors ltemol2 & 0870872025 16:10 MOL2 File 88KB
» Payslip [ ligand.mol2 11/08/2025 14:13 MOL2 File 8 KB
> N Pictures
» Recordings
2 Desktop »
File name: | KRAS_inhibitors_lite.mol2 \L| All Readable Files ol2 *.mol ~

[ ——

Cancel
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11. Fitness function (Wizard step 7). Leave the default scoring function as [@ cowseue - x
“CHEMPLP” and click More >>. Tick the box next to Generate diverse | ,. . . . .
izard step 7: Choose a fitness function
Solutlonsl C|ICk on Dlverse Solutlon OptlonS. You can adjust these Values as ‘GOLD offers several different scoring functions - CHEMPLP is the default. Please choose the one you wish to use for this docking.
you wish but we will use the default settings. Click Close.

Global Options ~ 7RPZ

Wizard steps: .
Dock:
1. Salect a protein 8 Docking
11 2. Protein setup Scoring Function: CHEMPLP ~
3. Define the binding site )
4C on template Parameter file: DEFAULT
@® GOl setup _ % 5, Select ligands
6. Covalent docking
T. Choose a fitness function
Wizard step 7: Choose a fitness function 8. GA search ptions
‘GOLD offers several different scoring functions - CHEMPLP is the default. Please choose the one you wish to use for this docking. 9. Finish O Re
scare
Global Options  7RPZ Scoring Function: CHEMPLP
Wizard steps: i Parameter file: DEFAULT
. 8 Docking
1. Select a protein
2. Protein setup Scoring Function: CHEMPLP V
3. Define the binding site Rescore Options
4. Configuration template
5. Select ligands
6. Covalent docking
7. Choose a fitness function . Diverse Solutions Options
8. GA search options
Shey 8 Allow: early termination

Early Termination Opticns |
Cluster size 1
enerate diverse solutions iverse Solution Options [f| me
- Xe dr I Di Soll Opf
RMSD. 15 A

8 Use the intemnal ligand energy offset

(0 Read hydrophbic fitting paints File: it pts.mol2 - View

‘GOLD parameter file: DEFAULT Edit
12. Click Next to proceed to the Genetic Algorithm search options (Wizard step Help | K2 <Back | Next> || Cancel Wizard
8) and leave the default option (Slow — most accurate) selected. You can
customise this by click on More >>. Tip: for larger ligands libraries, you could
consider different settings, such as the Virtual Screening preset, which is
faster, with less search efficiency.
@ GOLD Setup - X 12
Wizard step 8: Genetic Algorithm search options
The time taken to perform a docking is a balance between speed and accuracy - the slower the docking the more accurate it will be.
Global Options 7RPZ
Wizard steps:
1. Select a protein © Slow (most accurate)
2. Protein setup ) Medium
3. Define the binding site .
4. Configuration template ) Fast (least accurate)
5. Select ligands 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
6. Covalent docking Search efficiency: l 00 %
7. Choose a fitness function 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | I S
:g:ss:arch options ] Min ops 10000 ) Max ops 125000

Library Screening Virtual Screening Ensemble Default Very Flexible
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13. Click Next to move to Finish (Wizard step 9) but DO NOT click on Run Gold . - x
yet. Select Advanced at the bottom right-hand corner of the Wizard window. Wizard step 9: Finish basic GOLD configuration
You can either start the docking now or move on to the more advanced configuration options.
. . . Global Options TRPZ
14. Select the Output Options tab on the left panel and click the radio button SD -
. . . . Wizard steps:
file. In the field Output Directory, write the name of a folder to store all the e et
. . . . . 2. Protein setu
output files (i.e. results). Tick the box Create output subdirectories for each 3. et the g e
. . . . L. L. . 4. Configuration template
ligand, to have the output files per ligand organised in individual folders. Tick fEEE
. . . ) 3 . Covalent docking
the box next to Save solutions to one file and give it a name (i.e. 7 oo s fnctn
N
kras_all_results.sdf, including the sdf extension) to collect all the results in a 9. Finish
single file. "
15. At the bottom of the GOLD Setup window click the Run GOLD button to start ® coL0 Seur _ x
the GOLD run.
Conf file: Load Save
. . - . . Global Options TRPZ
16. A pop-un window will appear, named Finish GOLD Configuration. You may — e — .
) ) ) izare ile_Format Options infermation in File electing Solutions
choose to create a new folder to store the files by clicking on the three dots Temots vt o O same s ] © so ] w2
next to Directory or rename the files suggested. When you are satisfied with o e [Rr———— |
your selection, click Save to start the virtual screening calculation. It should e s e e
take 3-4 minutes to complete. e e optons || B Seve e rnk i s
GA Settings 8 Save ligand log files
Output Options

@ Finish GOLD Configuration x © Constreints B Save initialised ligand files \
Atom Typing B save solutions to one mal kras_a\l_resu\ts‘sdf! ffile | < Back Next > Advanced

Directory: ZDC_Workshop_Virtual_Screening_Nov2025\02_NEW

Save Files () Use alternative bestranking.st filename:

8 GOLD conffile gold KRAS.conf () Creste links for diifferent binding modes [based on RMSD clustering)

Distance between clusters: 0.8 A

At least one protein has been edited

7RPZ_protein_KRAS.mol2

15

8 Protein(s)

16 \
Cavity stoms  cavity_KRAS atoms / \
[

Cancel Help 7 Run GOLD | [Run GOLD In The Background Finish Cancel
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17. This will bring up a new window, Run GOLD, where you can follow the run,
by going to the Messages tab. Once the run is completed, click View Solutions
to visualize the results in Hermes. We can then click Close in the Run GOLD
window and click Cancel in the GOLD Setup window. .

Note: If you do not want to complete the GOLD run you can click Interrupt
GA, close all files (File > Close All Files) and load the gold_KRAS.conf file (File
> Load GOLD results...) supplied with this workshop in the results folder
instead.” You may also need to re-open the reference ligand file.

17
@® Run GOLD X | @ Run GOLD

listofligand logs  goldlog  gold_proteinlog  golderr  Messages  ligand log listofligand logs  goldlog  gold_proteinlog  golder  Messages  ligand log
1 1 gold_KRAS_inhibitozs

gold_KRAS
| | gold_KRAS_inhil

This list will be updated every 10 seconds. Click on a log to view it This list will be updated every 10 seconds. Click gn.a log tgdew |

GAN View Solutions

Interrupt GA| v Close

7 In order to open the .conf file, you will need to edit the file with a text editor according
to the instructions in the section Additional Files.

@® runcoLD

list of ligand logs gold.log gold_protein.log gold.err Messages

Starting GOLD run

Finished GOLD run

ligand log

This log file will be updated every 2 seconds.

nterrupt

'£.~| View Solutions | Close
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Visualization of and Analysis of the Results

19
18. The solutions are listed on the left-hand side in the Docking Solutions tab of
the Molecule Explorer. This tab becomes available only after the GOLD run
has completed. Do not click on any Docking Solution yet
Docking Solutions Display Movable Descriptors Measure
Customise... Sort.. Clear - JisasurEmE
Group by: ' No grouping Selection
Docking Solutions PLP.Fitness PLP.Chemscore.C! PLP.Chemsco Eifes
Compound 42 soln:2 61.0648 1.0000 1 Celours Custom Carbon...
Compound 42 soln:7 58.2265 0.0000 0s Labels Colour By Element
Compound 42 soln:3 53.2659 0.0000 0. . X
Compound 42 soln:10 53.0921 0.0000 1 Show/Hide Celour By Temperature Factor
E::Zf::: 23 zz::; :;E’:?; géézg ;( Picking Made Element colours...
Compound 42 soln:6 49.2030 0.0000 2: View .
Compound 42 soln:5 441864 0.0000 1. / Rotation Centre White
Compound 42 soln:4 39.1992 0.0000 0« Light Grey
Compound 42 soln:8 36.7608 0.0000 14
Compound 50 soln:3 86.8466 0.0000 14 Grey
Compound 50 soln:2 85.5643 0.0000 14 Dark Grey
Compound 50 soin:4 80.3597 0.0000 28
Black
Find identifier: Find Next ) Pink
_J Show only cavity and ligand . | Red
Orange
19. To make it easier to distinguish the docked ligands from the reference ligand
. . GOLD  Datab CSD Python APl CSD-C
you can change the colour of the reference ligand. We recommend changing @ Select Color X i ython ross
the carbon atoms to a pink colour. To do this select the ligand (hold Shift [ ‘ "“ Show unknown atoms
while clicking on an atom of the ligand), right click, then select Styles >
Capped-sticks. Again, right-click, select Colour > Custom carbon and choose
the shade of pink (or whichever colour) which you prefer. On the menu bar,
top-left, untick the box next to Show Hydrogens, to improve the pocket view.
Pick Screen Color
Custom colors Hue: 305 + Red: 255 &

Sat: 111 ¥ Greem: 144 %

Val: 255 % Blue: 246

Add to Custom Colors HTML:  #ffo0fe

QK Cancel
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20. If you click on each entry in the Molecule Explorer, you will see it displayed in
the visualizer in a blue color. The docked ligand will be overlaid with the (pink)

21.

original ligand. Note: GOLD is stochastic, so your results are likely to differ

from those displayed in the pictures in this example. You can tick the Show
only cavity and ligand box if you wish to simplify the display.

You can sort the solutions based on their PLP fitness score by clicking on
PLP.Fitness in the Docking Solutions tab of the Molecule Explorer (click twice
to sort by high to small). You can now observe and compare the solutions.
You can also sort them also based on the other scores.

Molecule Explorer

Docking Solutions Display Movable
21
Customise... Sort... Clear
Group by: No grouping
Docking Solutions PLP.Fitness
[MRTX-1133(PDB:7RP... 126.786
MRTX-1133(PDB:7RP... 101.3089
MRTX-1133(PDB:7RP... 86.9637
Compound 50 soln:3 86.8466
Compound 50 soln:2 85.5643
MRTX-1133(PDB:7RP... 80.5171
Compound 50 soln:4 80.3597
MRTX-1133(PDB:7RP... 79.7227
MRTX-1133(PDB:7RP... 79.5259
Compound 50 soln:10 76.9798
Compound 50 soln:5 764767
MRTX-1133(PDB:7RP... 76.0080
Compound 50 soln:9 75.2575

Find identifie

(O Show only cavity and ligand

Descriptors

20

PLP.Chemscore.C PLP.Chemsco

0.0000
0.0
Q0
0.000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

3

Find Next

Molecule Explorer

Docking Solutions Display Movable

Customise... Sort... Clear

Group by: No grouping v

Docking Solutions PLP.Fitness
;Compaund 42 soln:2 61.0648
Compound 42 soln:7 58.2265
Compound 42 soln:3 53.2659
Compound 42 soln:10 53.0021
Compound 42 soln:1 52.0893
Compound 42 soln:9 50.7629
Compound 42 soln:6 49.2030
Compound 42 soln:5 44,1864
Compound 42 soln:4 39.1992
Compound 42 soln:8 36.7608
Compound 50 soln:3 86.8466
Compound 50 soln:2 855643
Compound 50 soln:4 803597

Find identifier:

_J Show only cavity and ligand

Descriptors

PLP.Chemscore.C PLP.Chemsco

1.0000
0.0000
0.0000
0.0000
02299
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.
0.

Find Next
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23.

22

You may also explore the hydrogen bonds formed. To do so, in the Contact
Management panel on the left-hand side, tick the box in the H-bonds column
for the component of interest. The docked solutions correspond to entry
7RPZ_2. If you don’t see this tab, follow the instructions at the end of this
handout to display it.

Contact Management n

Define H-Bonds ... Define Short Contacts ..

Ligand Sphere [J

Protein H-Bonds Short Contacts
1 7RPZ J )]
2 C7RPZ O )]
13 7RPZ2 ] )]
Observe:

e How do the different ligands overlay with the co-crystallised ligand?
e How do the hydrogen bonds change in the different solutions?

Hint: you may wish to hide the original ligand to view the interactions of the
docked ligands more clearly. You can do this by deselecting C:61C202 in the
Display tab of the Molecule Explorer window. You may also find it helpful to
label the interacting protein residues as it Step 17 of Exploring the Binding

Site.

Malecule Explerer

Docking Solutions Display

v (@ All Entries
v @ CTRPZ

i @ caic202
v @

B Chains
B Ligands
) Metals
B Docked
v @ 7RPZ
B Chains
B Ligands
[ Metals

Chains

Maovable

Mucleic Acids

Ligands

Cofactors

Descriptors

Yaters

Metals

Packing
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Conclusions

e We performed an in silico virtual screening of a library of inhibitors towards
a KRAS protein co-crystallized with MRTX-1133: 4-(4-[(1R,5S)-3,8-
diazabicyclo[3.2.1]octan-3-yl]-8-fluoro-2-{[(2R,4R,7aS)-2-fluorotetrahydro-
1H-pyrrolizin-7a(5H)-yl]methoxy}pyrido[4,3-d]pyrimidin-7-yl)-5-ethynyl-6-
fluoronaphthalen-2-ol (PDB 7RPZ).

e As expected, some in silico hits replicate interactions observed with the
ligand A5G in the crystal structure.

e Interestingly, other hits that contain different scaffolds show interactions
with the Asp12, Arg68, Glu62 in the binding region and with Gly60, Gly10,
and Thr58 elsewhere within the pocket, suggesting that binding interactions
or binding affinities can be enhanced while identifying potential new
chemotypes that could represent new chemical entities to claim.

Summary

After this workshop, you should be able to:

e Import a file in Hermes directly from the PDB using the CSD Python API
functionality.

e Set up protein, ligands, and parameters for a GOLD run, and run it.

e Visualize and analyse the GOLD virtual screening results with Hermes.

Next Steps

After the Explore More part of today’s workshop, you can try the docking again
using the full library of ligands from ChEMBL 35 website contained in the
KRAS_inhibitors.mol2 file (see Additional files). Alternatively, try the section on
Analysing Interactions Using SuperStar on the following page for an additional
analysis of the results.

After this workshop, you can continue learning about GOLD with more exercises
available in the self-guided workshops available in the CSD-Discovery workshops
area on our website: https://www.ccdc.cam.ac.uk/community/training-and-
learning/workshop-materials/csd-discovery-workshops/



https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-discovery-workshops/
https://www.ccdc.cam.ac.uk/community/training-and-learning/workshop-materials/csd-discovery-workshops/
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Analysing Interactions using SuperStar

A more sophisticated, knowledge-based approach to exploring the protein-ligand
interactions uses SuperStar interaction maps. SuperStar uses crystallographic
information about non-bonded interactions to generate interaction maps within
protein binding sites or around small molecules, i.e., it predicts ‘hot-spots’ where
a chosen interaction-type is exceptionally favourable.

1. From the top-level menus, select Calculate > SuperStar to bring up the
SuperStar window.

2. The Use Protein dialogue box will appear, from the drop-down menu, select
7RPZ; this will launch the SuperStar window.

3. Go to the Calculation panel on the right and tick the box next to Use Cavity.
Click on the Settings button to bring the SuperStar — Ligsite Cavity Detection
window.

4. Select Grow cavity from > Centroid. Click on any atom in the inhibitor,
sidechain, or any point in space in the binding site to select the cavity. Leave
the rest parameters with their by-default values. Click on OK.

1

Calculate  Descriptors  GOLD  Databases
Centroids...
Mogul Geometry Check...

IsoStar Setup...

IsoStar Intermolecular Contact Database..,

@ Use Protein

Select a protein:

SuperStar... ) TREZ Ll
Structure Overlay...
¥ OK Cancel
Ligand Cverlay b
Superimpose Proteins...
@ Superstar — e
Information  Main Settings  Other Settings
Job
Name superstar_amino Directory to save files to. ting_Nov2025\02_ NEW\superstar . |
Entry
Select TRPZ ~ @ Use Protein () Use Ligand  Add Hydrogens
Select Residues Selected Residues Caleulation
ATHR3
AGLUA Compute Propensity v
ATYRS
ALYSe B Use Covity || Settings...
ALEUT
AVALS
AVAL Pharmacophare  Setfhg
AVALTO
AGLY
AALAIZ o Grid
AASP13 '
AGLY14 4
AVALTS << Remove Use
AGLY16
ALYSTT ] SuperStar - Ligsite Cavity Defection
ASER1S
AALATY
ALEU20 When there are no "Selgfted Residues” on the main SuperStar dialog,
ATHR21 the gntire protein will be used.
AlLE22
AGLNZ3 Select cavity type MNormal
ALEUZ4
AILE2S

Select residues defined by Complex Selections | cavity_atoms

Show Run Details Graphics Object Explorer

Grow cavity from | Centroid > (2.3006,3.7124 -23.8537)
Selecti
. 5 Centroi
Minimum cavity T gstrom ) 10,0
Cavity radius { Angstrom ) 10.0

Cancel
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In the Use box on the right-hand side, select PDB Data and tick Rotatable R-
[O,N,S]-H bonds to use rotatable bonds.

From the Probe drop-down menu, select Amino Nitrogen. A probe is a small
functional group which is used to generate individual interaction maps.

In the Name box, give the map an appropriate name such as
“superstar_amino” and select a suitable directory to save to using the ...
button.

Click Calculate to generate the interaction map. DO NOT close the window.
We will use it again.

@ superstar

Information

Job

Main Settings

MName superstar_amino

<

Entry

Select TRPZ

Select Residues

ATHR3
AGLU4
ATYRS
AlLYsE
A:LEUT
ANVALS
ANVALD
ANALTO
AGLYT1
AALATZ
AASPI3
AGLY14
ANVALTS
AGLY16
ALYSIT
A:SER18
AALATS
ALEU20
ATHR21
AllE22
A:GLNZ3
A:LEU24
ALE25

Select residues defined by Complex Selections

Show Run Details| | Graphics Object Explorer

Other Settings

Add >>

<< Remove

cavity_atoms

Directory to save files to 1ing_Mov2025402_NEW\superstar [ j

Selected Residues

~ @ Use Protein () Use Ligand  Add Hydrogens

Calculation

Compute Propensity
B Use Cavity Settings...
Pharmacophore  Settings...
Grid Settings...
Use

) CSD Data | © PDB Data

8 Rotatable R- [O,N,5]-H bonds I

Amino Nitrogen

Alcoheol Cwygen
Water Oxygen
Carbonyl Oxygen

Probe | Amina Nitrogen Y —

8 I Calculate I Close

Amino Nitregen

Aliphatic CH Carbon
Aromatic CH Carbon
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9. In the Molecule Explorer panel, on the left, tick the box next to Show only
cavity and ligand. This will show only the residues and ligands in the cavity
for improved visualization and analysis.

Molecule Explorer . .
9 10 Display Calculate Descriptors  GOLD @ Display Options x
Docking Selutions Display Movable Descriptors
Hi= ' Eeclrind © Single col
Customise... Sort.. Clear Labels 4 Depth Cuging g ceteur
Labels -
» -
Group by: Mo grouping ~ Colours \:ghlmg -
= Show/Hide 3 St“E
Docking Selutions PLP.Fitness PLP.Chemscore.C PLP.Chemscore erea
} Z-Clipping
MRTX-1133(PDB:7RP... 1263480 0.0000 3.15 Ribbens & Tubes...
MRTX-1133(PDB:7RP... 98.5366 0.0000 2.74 Contour Surfaces...
MRTX-1133(PDB:TRP... 87.7102 0.0000 209 5 o Dbt
MRTX-1133(PDB:TRP... 78.9475 0.0000 0.02! BTG LR g
MRTX-1133(PDB:7RP... 76.4451 0.0000 3.6 Molecular Surfaces (Experimental)...
MRTA-1133(PDB:TRP... 747135 0.0000 0.64 |
MRTX-1133(PDB:7TRP... 70.8637 0.0000 236 | Style Preferences..
MRTA-1133(PDB:TRP... 69.8896 0.0000 1.84 Display Options...
MRTX-1133(PDB:7RP... 63.2045 0.0000 0.05 .
! Owverwrite on load
MRTA-1133(PDB:TRP... 63.0179 0.0000 0.38 i
Compound 42 soln:1 61,5452 0.0000 0.92: + Allow Multiple Instances
Carmnnnnd A2 enlne s R.AARTA 0.0000 n.971
— Toolbars
Find identifier: Find Mext
B show only cavity and ligand @ Select Color

Basic colors

10. The interaction map will now be shown in the Display window. The |
background colour can be selected via Display > Display Options > |
Background. Click the box next to the radio button “Single Colour”. Click OK
and Close the Display Options. | e

Custom colors Hue: 0+ E=m

N O
I o o |

Add to Custom Colors

Sat 0 3 Green

Blus:

4 =,

0 s

0=
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11. In the Graphical Object Explorer window right click on Propensity Map
[Probe:Amino Nitrogen] and from the drop-down menu select Colours >

Blue.
11
Graphics Object Explorer B Grey
Explore non-atomic graphics objects Dark Grey
Right click items for available options B Black
Entries Pink
~ @ TRPZ B Red
~ @ SuperStar
@ Propensity Map [ Probe: Aming Misrmnan 1] Orange
8 RPZ2 Edit.. Yellow
& carez Colours i’ Light Green
SurfaceType » M Green
Delete Light Blue
B Blue
B Purple

12. Right click again and select Surface Type > Triangle.

Graphics Object Explarer g X

Explore non-atomic graphics objects
Right click items for available options

Entries
~ @ TRPZ
v @ SuperStar
@ Propensity Map [ Probe; Anrn Moramon 1l
B 7RPZ_2 Edit...
8 c7RPZ Colours 4
Surface Type ¥ Dot
Dot
Delete ot (more)
Dot (less)
Edge
Node

Triangle
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13. Repeat Steps 6-12 to calculate the interaction map for the Carbonyl Oxygen
probe. Customise the colour to red for this map.
14.

13 Graphics Object Explorer

Explore non-atomic graphics objects
Right click items for available options

Entries
v @ TRPZ

v (@) SuperStar
8 Propensity Map [ Probe: Aliphatic CH Carbon ]

B Propensity Map [ Probe: Aminc Nitrogen ]
B Propensity Map [ Probe: Carbonyl Oxygen |
B8 7rpz_2
8 C7RrPZ

15. Repeat Steps 6-12 to calculate the interaction map for the Aliphatic CH
probe. Customise the colour to green for this map.
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16. At times, certain interaction maps may not be immediately clear, and
adjusting the visualization parameters can help reveal important details. To
explore these options, try modifying the propensity levels in the visualizer.

17. Right-click on Propensity Map [Probe: Aromatic CH carbon] and select Edit.
Then, update the propensity value of the first aliphatic map to 1.25 and set
the opacity to 0.3. Click OK to apply the changes.

16
@ Graphics Object Editor Dialog b
Superstar Propensity Maps
@ A
Protein Probename Pr;g:;zity Color Visible Display Type | Opacity
1 7RPZ Probe: Amino Nitrogen. Data: PDB. Cavity Detection: On. Flexible R-[C,N,5]-H: On. 200 : [0.00,56.15] M Blue ~ @ triangle ~11.0 :
2 TRPZ Probe: Amino Nitrogen. Data: PDB. Cavity Detection: On. Flexible R-[C,N,5]-H: On. 4.00 : [0.00,56.15] M Blue ~ @ triangle ~11.0 :
3 TRPZ Probe: Amino Nitrogen. Data: PDB. Cavity Detection: On. Flexible R-[C,N,5]-H: On. 2.00 : [0.00,56.15] M Blue ~ @ triangle ~11.0 :
4 TRPZ Probe: Carbonyl Oxygen. Data: PDB. Cavity Detection: On. Flexible R-[C,N,5]-H: On. 2.00 : [0.00,1269] M Red ~ @ triangle ~11.0 :
5 7RPZ  Probe: Carbonyl Oxygen. Data: PDB. Cavity Detection: On. Flexible R-[C,N,5]-H: On. 4.00 : [0.00,1269] M Red ~ @ triangle ~11.0 :
6 TRPZ Probe: Carbonyl Oxygen. Data: PDB. Cavity Detection: On. Flexible R-[C,N,5]-H: On. 8.00 : [0.00,1269] M Red ~ @ triangle ~11.0 :
I 7 7RPZ  Probe: Aliphatic CH Carbon. Data: PDB. Cavity Detection: On. Flexible R-[O,N,S]-H: On.  1.25 : [0.00,7.55] I Light Green ~ @ triangle ~ 03 :
& TRPZ Probe: Aliphatic CH Carbon. Data: PDB. Cavity Detection: On. Flexible R-[O,N,5]-H: On. 4,00 : [0.00,7.55] I Light Green ~ @ triangle ~ 1.0 :
9 7RPZ  Probe: Aliphatic CH Carbon. Data: PDB. Cavity Detection: On. Flexible R-[0,N,S]-H: On.  7.55 : [0.00,7.55] I Light Green ~ @ triangle ~ 1.0 :

() Show grid bounds Delete
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18. To focus on the interaction map it may be helpful to hide the side chain and
docked ligands in the display, to do so untick Chains adjacent to All Entries in
the Display tab of the Molecule Explorer. Also, untick 7RPZ_2 in the Ligands

column.
17 Molecule Explorer g x
Docking Soluticns Display Maovable Descriptors
H E k=B EE|E
2 & 5 8§ B 3 2
& < o 5 2 = B
2 = = o
= It
3
=
v @ All Entries ] [ ] O
> @ GTRPZ a
> [0 7RPZ_2 O O O
> [ TRPZ O O O

19. Untick C:7RPZ in the Ligands column of the molecule explorer and tick
7RPZ_2 in the same column. Scroll through the docking solutions to see how
well each docked ligand satisfies the SuperStar interaction map.

18 Malecule Explorer g X
Docking Solutions Display Maovable Descriptors
£ 2 ¥ £ § 3 E
E Z s & kB 8 =
g o0 5 & = =2 F
= S
S
=
v @ All Entries O [ ] ]
> [0 C7RPZ ]
> @ TRPZ2 ] a O
> [ 7RPZ O O ]
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20. Keep exploring different options and combinations in the Display tab of the
Molecule Explorer for more custom-made visualizations of protein-ligand

interactions.

19 Maolecule Explorer g X
Docking Solutions Display Maovable Descriptors
E|5 |2 |5|§ |8 2
= 2 5 £ B B 2
5 T %5 2 £ = B
2 |5 =
= ]
3
=
w @ All Entries O ] O
> @ CTRPZ a
> @ TRPZ_2 O a
> [ 7RPZ O O

Challenge
It was said in the introduction that structural analysis revealed key interactions

with Asp12, Arg68, and Glu62. Additional interactions with Gly60, Gly10, Thr58,
and a hydrophobic pocket contributed to potency. Can you identify any of these
key residues near the hotspots calculated with SuperStar?

Tip: you can label protein residues most clearly by right clicking in the visualiser
area then select Labels > Label Alpha Carbons by Protein Residue.

Measure L4

Clear Measurements

Selection r

Styles L3

Colours L4

Labels L3 Label by Atom Label

Show/Hide r Label by Element

Picking Mode b Label by Atom Type

View b Label by Protein Residue

Rotation Centre b Label by Atom File Index
Label by Atom Coordinates

New b Label by Structure

Label Alpha Carbons by Protein Residue
Label by Partial Charge
Do not label

Label colour...

Label size...
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Glossary

Binding site

A specific region (or atom) in a molecular entity that is capable of entering into a
stabilizing interaction with another molecular entity. An example of such an
interaction is that of an active site in an enzyme with its substrate. Typical forms
of interaction are by hydrogen bonding, coordination and ion pair formation. Two
binding sites in different molecular entities are said to be complementary if their
interaction is stabilizing. Source: PAC, 1994, 66, 1077. (Glossary of terms used in
physical organic chemistry (IUPAC Recommendations 1994)) on page 1089.

Docking

Docking studies are computational techniques for the expl oration of the possible
binding modes of a substrate to a given receptor, enzyme or other binding site.
Source: PAC, 1997, 69, 1137. (Glossary of terms used in computational drug
design (IUPAC Recommendations 1997)) on page 1142.
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A protein displayed as a ribbon with its binding site
represented in capped sticks style in green colour.
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GA setting

A genetic algorithm is an optimization algorithm based on the mechanisms of

Darwinian evolution which uses random mutation, crossover and selection

procedures to breed better models or solutions from an originally random

starting population or sample. Source: PAC, 1997, 69, 1137. (Glossary of terms

used in computational drug design (IUPAC Recommendations 1997)) on page

1144.

In GOLD, number of genetic operations performed (crossover, migration,

mutation) is the key parameter in determining how long a GOLD run will take (i.e.

this parameter controls the coverage of the search space). GOLD can

automatically calculate an optimal number of operations for a given ligand,

thereby making the most efficient use of search time, e.g. small ligands

containing only one or two rotatable bonds will generally require fewer genetic

operations than larger, highly flexible ligands. The criteria used by GOLD to

determine the optimal GA parameter settings for a given ligand include:

e the number of rotatable bonds in the ligand,

e ligand flexibility, i.e. number of flexible ring corners, flippable nitrogens, etc.
(see Ligand Flexibility),

e the volume of the protein binding site, and

e the number of water molecules considered during docking (see Water
Molecules).

The exact number of GA operations contributed, e.g. for each rotatable bond in

the ligand, are defined in the gold.params file (see Altering GOLD Parameters: the

gold.params File). For further information please refer the GOLD user manual.

GOLD

GOLD (Genetic Optimisation for Ligand Docking) is a genetic algorithm for docking
flexible ligands into protein binding sites. GOLD has been extensively tested and
has shown excellent performance for pose prediction and good results for virtual
screening.

P -
| @ GOLD Setup

- X
| Wizard step 8: Genetic Algorithm search options
The time taken to perform a docking is a balance between speed and accuracy - the slower the docking the more accurate it will be.
Global Options TRPZ
Wizard steps:
1. Select a protein © Automatic
2. Protein setup —~
2 _ () Preset
3. Define the binding site ~
4. Configuration template {) User defined
5. Select ligands
6. Covalent docking
7. Choose a fitness function
8. GA search options
9. Finish
Search efficiency: l 100 %
O Min ops ) Max ops 125000
Library Screening Virtual Screening Default Very Flexible
Help a2 < Back Next > Cancel Wizard
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Ligand
In this context, these are the molecules under investigation. These could be
organic, inorganic and macromolecules.

Scoring function

In the fields of computational chemistry and molecular modelling, scoring
functions are mathematical functions used to approximately predict the binding
affinity between two molecules after they have been docked. Most commonly
one of the molecules is a small organic compound such as a drug and the second
is the drug's biological target such as a protein receptor.

Stochastic sampling

Random sampling; random sample The sample so selected that any portion of
the population has an equal (or known) chance of being chosen. Haphazard or
arbitrary choice of units is generally insufficient to guarantee randomness.
Source: PAC, 1990, 62, 1193 (Nomenclature for sampling in analytical chemistry
(Recommendations 1990)) on page 1202.

SuperStar interaction map

SuperStar is a program for identifying regions within a protein binding site or
around a small molecule where particular functional groups (probes) are likely to
be found. The propensity of finding probes in different regions of space is mapped
out using experimental data from crystal structures in the CSD and PDB, to give a
propensity map which indicates regions of favourable interaction.

Virtual screening

Virtual screening is a computational technique used in drug discovery which
automatically evaluates a library of small-molecule compounds (which may be
very large in number) for their ability to bind to a drug target such as a protein.

4-(4-[(1R,5S)-3,8-diazabicyclo[3.2.1]octan-3-yl]-8-fluoro-2-{[(2R,4R, 7aS)-2-fluorotetrahydro-1H-

pyrrolizin-7a(5H)-ylJmethoxy}pyrido[4,3-d]pyrimidin-7-yl)-5-ethynyl-6-fluoronaphthalen-2-ol co-

crystallised with KRASGQD protein studied in this workshop.
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Basics of Hermes Visualisation
Hermes is the CCDC’s visualization software to study protein-ligands interaction,

and it is the interface for protein docking with GOLD.

In the following we will see some of the basics of navigation and visualization in
Hermes that you will find helpful to support your analysis.

In the Hermes interface we find:

At the top: list of menus from which we can access visualization and
analysis options, and other CSD-Discovery components.
On the left-hand side: the Molecule Explorer, where the proteins,
ligands, water molecules, and other molecules present in the structures
are listed in the Display tab. You can expand each entry to see the
components, and tick or untick the corresponding boxes to display / not
display them. The solutions from a GOLD run will also be displayed in the
Molecule Explorer.
On the left-hand side, below the Molecule Explorer: the Contact
Management box, which allows to display H-bonds and short contacts
for selected molecules by ticking the corresponding box.

Using the mouse to enhance visualization:

Left mouse button and move — rotate molecules

Middle Mouse wheel — move molecules up and down

- e Right mouse button and move up and down — zoom in

[ [k ‘ and out of molecules

x B Shift + Left mouse button and move - rotate in the plane
shift 818 -

molecules
R

crl B -

Ctrl + Left mouse button and move - translate molecules

. Hermes

File

@ Hemes
File Edit Selection

Picing Mode: |Pick Atoms

Contact Management

Define H-Bon

Edit

Selection

Display Calculate Descriptors  GOLD

™

Oz

[ Depth Cusing

i8]y

Define Short Contacts ..

Molecule Explorer

Display Movable Descriptors

Display  Calculate

Descripters  GOLD  Databases

APl CSD-CrossMiner  Help
o | o D D R g B E

X80 x+90 y90 y4%0 290 2490

€ 5 4 1 mom momt

1 2WsY

e All Entries

Chains

KX

2W5Y

Contact Management

Define H-Bonds ...

Protein

O

Waters

Metals

Packing

MucleicAcids

Ligands

Bl cofactors

KIE
KE

&S}

Define short Contacts ...
Ligand Sphere []

H-Bonds  Short Contacts

O

CSD Python APl CSD-CrossMiner  Help

=

‘select by sMARTS:[[d Ste: | Wiveframe Coicur: by Blement




Right click:
a) On afeature

b) Away from a feature

Creating high-resolution images
1. Go to the top menus and click on File, then Save As.
Alternatively you can use the keyboard and do Ctrl +S.

2. Inthe Save File As window, select destination folder, file type
and choose a name. Then click Save.

3. This will bring up the Save Image menu. Here you can select

Selection
Styles
Colours
Labels
Show/Hide

Rotation Centre

|soStar Intermolecular Contact Database...

the resolution and tick whether you want a transparent background. Click Ok.

1
File

Open...
Load GOLD results...
Recent Files
Save As...
Save Selection As...
Export...
Export complex...
Close All Files
Exit

Ctrl+ O
Ctrl+G

Ctrl+S

Ctrl+X
Ctrl+L

Ctrl+C

2

g

. Save File As

Qrganise ~ Mew folder

@ image-1

File name: | |

Save as type:  Portable Network Graphics File (*.png)

PDE File (*.pdb *.ent]
Mel2 File (*.mol2)
Binary Archive (*.reliarch)

» Hide Folders

=¥ ____.._..— Bitrnap File (.bmp)

JPEG File (*.jpg *.jpeq)
k Graphi
Save as type P OV-Ray File (*.pov)

File nam

» Hide Folders

Save

Cancel

Measure
Clear Measurements
Selection 4
Styles L4
Colours 4
Labels 4
Show/Hide 4
Picking Mode 4
WView 4
Rotation Centre 4
Mew 4
@ savelmage ?
Image size

(®) Current window size: 1033 x 768 pixels

() Multiple of current window size:

() 540 x 480 pixels
() 800 x 600 pixels
() 1024 x 755 pixels
I:::l Sizes
Width: | 1500
Transparent background

Height: | 1500

Cancel
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Display = Calculate Descriptors  GOLD  Databases Display = Calculate Descriptors  GOLD  Databases  CSD Pytl
You can access visualization options from the Display menu. L Styles ’ Wireframe Styles i’ Show hydrogens [ show unkn
e From Display > Styles, you can pick the representation style of atoms and bonds Labels v Capped Sticks Labels N
and change settings. Note: you can also access this feature from the dropdown Colours v Ball and Stick Colours ¢ Centroids..
menu at the top right of the 3D visualizer window. Show/Hide ’ Spacefill Sl Element colours...
Style: | Wireframe ~ |Colour: Ribbons & Tubes... Flipsord EI::;T[?U;:LZ::'I'. e .
Wireframe I Contour Surfaces... Stick settings... Background settings...

Capped Sticks I:n,r Temperature Factor

Ball and Stick by Gasteiger charge

by Partial charge

Spacefil
Ellipsoid

e From Display > Colours, you can edit the colour for elements and object. Note:

Style Preferences...
Display Options...
Overwrite on load

Allow Multiple Instances

Ball and Stick settings...
Spacefill settings...
Ellipsoid settings...

Measurement settings...

you can change the colouring style for the structure from the dropdown menu

at the top right of the 3D visualizer window. o

Toolbars N Display Bond Types

~  Display Aromatic Rings

o Clicking on Display > Display Options brings up the Display Options menu, where
you can edit settings for the 3D visualizer.

@ Display Options >

Display | Calculate Descriptors  GOLD  Databases  C5D Python AP
Styles * iraphics Objects & Show hydi

Background

Depth Cueing (®) single colour

L?bEI-S () Gradient Labels ’
t!ghtmg ( Colours , easurements@ﬁ X- X
ine
i 3
Stereo Show/Hide
Z-Clipping Ribbons & Tubes... & x 5E\

' Contour Surfaces...

Descriptors

Style Preferences...

Defaults Display Options...

% Overwrite on load

cl 1 i
RSl lipllinatancss P.Chemscore.t PLP.Chemsco
Toolbars P~ Molecule Explorer..,
. . . ~  Contacts...
e If any of the toolbars at the top of the Hermes interface is not displayed and 85.4567 26199 otacs
ou wish to have it shown, or vice versa, you can do so from Display > Toolbars 27 27580 NE
y " 2l ) play ! 23.6608 LTATT s Visualisation Qptions Toolbar
where you can ensure to tick the ones you wish to have on. 83.6531 27671 |, .
83,4746 2 6500 Overlay Options Teolbar

20,8024 2.6151 ~  SMARTS selection Toolbar




