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Protein-ligand docking with 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 and cryogenic electron microscopy (cryo-EM)
crystallography 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.
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Figure 1. Docked complex of Erdafitinib with fibroblast growth factor receptor (FGFR)
kinase (PDB code:5EWS8). The docked ligand is coloured in green, native ligand is coloured
in grey with capped representation, water molecules in red and the protein residues are
coloured in grey. Erdafitinib docks in the binding site with an RMSD = 0.99 A to the native
structure.
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Objectives
In this workshop, you will investigate docking a ligand in the active site of a kinase
receptor and observe the hydrogen bond interactions. In this workshop, you will:

e Learn how to set up a docking run using the GOLD wizard in Hermes
e Analyse docking results

This workshop will take approximately 20-25 minutes to complete.

Note: The words in Blue Italic in the text are reported in the Glossary at the end
of this handout.

Pre-required skills
This workshop is for beginners; no entry skills are required, but you might find it

useful to familiarise yourself with Hermes interface. 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/GOLD-Intro-VWS.zip
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Case Study

Introduction

Fibroblast growth factor receptors (FGFRs) are a family of receptor tyrosine
kinases expressed on the cell membrane that play crucial roles in both
developmental and adult cells. Frequent genetic alterations discovered in FGFRs
and evidence implicating some as drivers in diverse tumours has been
accompanied by rapid progress in targeting FGFRs for anticancer treatments.

(3,5-dimethoxyphenyl)-~{N}'-[3-(1-methylpyrazol-4-yl)quinoxalin-6-yl]-~{N}-
propan-2-yl-ethane-1,2-diamine), aka Erdafitinib, is the first-ever fibroblast
growth factor receptor (FGFR) kinase inhibitor indicated for patients with locally
advanced or metastatic urothelial carcinoma.?

Your protein:

Fibroblast growth factor receptors (FGFRs) are a family of receptor tyrosine
kinases (see Figure 1).

Your ligand:

(3,5-dimethoxyphenyl)-~{N}'-[3-(1-methylpyrazol-4-yl)quinoxalin-6-yl]-~{N}-
propan-2-yl-ethane-1,2-diamine), aka Erdafitinib. The co-crystallised structure of
FGFR-Erdafitinib (PDB code: 5EW8) reveals that the ligand binds in the hinge
region of this kinase occupying the ATP binding site. (See Figure 3).

%patani H., Bunney T. D., Thiyagarajan N., Norman R. A., Ogg D., Breed J., Ashford P.,
Potterton A., Edwards M., Williams S. V., Thomson G. S., Pang C. S.M., Knowles M. A., et
al Landscape of activating cancer mutations in FGFR kinases and their differential
responses to inhibitors in clinical use. Oncotarget. 2016; 7: 24252-24268.

Figure 2. Crystal structure of the tyrosine kinase domain of fibroblast growth factor
receptor 1 (PDB Code: 5SEWS). The circled region shown in the figure is the hinge
region. Hinge region of a kinase connects two lobes i.e., C and N-lobe and it is the
site for ATP binding.

Figure 3. Co-crystal structure of the tyrosine kinase domain of fibroblast growth factor
receptor bound with (3,5-dimethoxyphenyl)-~{N}'-[3-(1-methylpyrazol-4-
yl)quinoxalin-6-yl]-~{N}-propan-2-yl-ethane-1,2-diamine), aka Erdafitinib (PDB Code:
5EWS).
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The protein ligand interaction analysis of the PDB complex shows formation of
hydrogen bond (bond length = 2.96 A) between the ASP641 residue in the hinge
region of the FGFR kinase and the dimethoxyphenyl ring of the Erdafitinib. There
are few water molecules and sulfate ion in the crystal structure, there sulfate ions
are not affecting the ligand binding as its quite distant from the binding site.

Challenges:

In this docking exercise we will try to dock the ligand Erdafitinib in its
crystallographic or the native binding pose.

- Inthis tutorial, we will evaluate if we are able to dock the provided ligand
in the active site and achieve poses similar to the reference structure.

Provided Input Files

Please download and unzip the input files from this link. You can choose to move
the folder to a different location. In the folder you will find:

e The co-crystal structure of the of FGFR-Erdafitinib (5ew8.pdb). You can use
this protein to walk through the key steps required to prepare a protein for
docking experiment or you can follow the option illustrated in the first step of
this workshop.

e The ligand file (5SF_ideal.sdf). 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).



https://downloads.ccdc.cam.ac.uk/tutorials/GOLD-Intro-VWS.zip
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide_2020_1.pdf
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide_2020_1.pdf
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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 PDB
using the CSD Python API functionality. From the menus at the top, click on
CSD Python API, then go to Import, and choose fetch_from_pdb.py.

3. This will bring up 2 windows: one displaying a loading bar, which show the
script is running, and a smaller one, where we will insert the PDB code. For
this case study we will type: 5SEW8. Then click OK. It will take a few seconds to
load the selected complex in Hermes. Once the structure is loaded, close the
script window.

3 The python interpreteris:  C:/Program Files/CCDC/Python_API_2022/miniconda/pythonexe
The working directory is: C:/Users/JIHermes fetch_from_pdb/2022_03_10_11_18_03
Output files will be written in: C:/Users/ [N

I from pdb/2022 03 10 11 18 03
Scriptis running. .. Parsed parameters for C:\Program Files\CCDC\Discovery_2022\Hermes\scripts\impart\fetch_from_pdb.py.

1seconds

I
§r - O X
Enter a PDE code (e.g. 55Y9)
sewd
QK 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

C5D Python APl C5SD-CrossMiner
Analysis
Import
Reports
Searches
User_support.py

welcome.py

Options..
C50 Python AP| Documentation
C50 Python API Forum

Help

]

»

]

B mine: OB BE
fetch_from_pdb.py

fetch_from_zinc.py
smiles_to_30.py

Bl ML
N ; e
i e Y
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carbons, while the red dots around the structure are oxygen atoms of water

molecules.

. We can see we have two homodimeric chains. In the Molecule Explorer on the
left of the visualiser, click on the arrow next to 5EW8, then next to Chains and
next to Ligands to expand and access all the components. If you don’t 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 our calculations we will use chain A. For sake of speed of the calculations
we will delete chain B and its ligands. To do so, right click on B and select
Delete. Repeat this operation for all the entries under Ligands marked with
“B”. For this example, there are no structural waters that need to be included,
so we can delete them too. 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.

Preparing Protein for Docking Experiment

7. To start our docking simulation, click GOLD, then pick Wizard... from the

resultant pull-down menu.

GOLD Databases CSD Python
Setup and Run a Docking...
Wizard...

7 Descriptors
iphics Objects [«

surements @

o B Tiling

Load GOLD Fitting Points...
GOLD Per Atom Scores

8. In the 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, 5EWS8. This will bring up a new tab labelled
with the name of the protein file, 5EW8. Click Next at the bottom of the

5 6
Molecule Explorer o Molecule Explorer 8 x
) : Display Movable Descriptors
Display Mavable Descriptors =
B
@ =1 u 5 w o
£, = = LN TN O O
3 B
i g =
5 § 2 £ £ 2 8 ~ [ All Entries
Ed = v |4 5ewe
v Chains
w
"y
v [A5EwE R v ’
~ [4] Chains ] Ligang Styles 4
a At
. B 2’;9 Colours r
A4 Ligands 5’9 Labels L
kA B:%
] 3
A:504801 Water,
b A:504802 L Select
A:55F303 i
r B:504301 Select Only
B:35F802 Deselect
» Waters
Auto Select
€
Extract chain as ligand
Delete
Center 3D view
Center & Zoom 3D view
Molecule Explorer & X SEWS
Display Movable Descriptors
E z w o
w =] n 5 w
E 3
S g 5 = = &2
v All Entries
v [ sEws
- Chains
A
v Ligands
A:504801
£;504802
A:55FE03
€ >
8 x

Contact Management
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Wizard to move to Wizard step 2: Protein setup, then on the 5EW8 tab
adjacent to the Global Options tab.

We are now going to add hydrogen atoms to the protein. From within the
5EWS tab, at the Protonation & Tautomers option, click on Add Hydrogens. A
pop-up window will inform you that 2347 hydrogens were added to the
protein. Click OK. Remember: check the hydrogens in the binding site to
ensure they are properly located! For this example, they are correct.

In this example we can skip the Extract/Delete Waters step, as we have already
deleted all water molecules after importing the protein.

We move to the next part by clicking on Delete Ligands/Cofactor on the left-
hand list. We select the ligand A:55F803, then click Extract. Extracted ligands
are removed from the proteins file and automatically reloaded into the
Hermes so that that can be used, for example to define the binding site. The
Save Ligand A:55F803 window pops up and we will insert a file name, for
example ligandA, and click Save to save in the selected working directory.

@ GOLD Setup - b4

Wizard step 2: Protein setup

At this point you have the chance to edit your protein structure if required e.g. add hydrogens, delete waters...

Global Options SEW3

Protonation & Tautomers

Extract/Delete Waters Ligand/Cofactor Extract and Reload 1
Dele.te ng.and#(.Zofactors 2:504201 0

Flexible Sidechains

Soft Potentials A:S04802 O

Metals
Constraints
Covalent
Interaction Motif

A:55F803

Extract

8 @ 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 SEWS

Wizard steps:

1. Select a protein

2, Protein setup

3. Define the binding site

4, Configuration template
5. Select ligands

6. Choose a fitness function
7. GA search options

8. Finish

Help k?

Select proteins to use:

Load Protein

Superimpose Proteins...

SEWS

< Back

Mext = Cancel Wizard

Wizard step 2: Protein setup
At this point you have the chance to edit your protein structure if required e.qg. add hydrogens, delete waters...

Global Options SEWS

| Protonation & Tautorners
| Extract/Delete Waters Protonation Rules:
Delete Ligands/Cofactors
Flexible Sidechains Add tydrogens
Soft Potentials )
Metals Residue Set: All Protg . Add Hydrogens %
Constraints Flip AsnGIn ~ Hig
Covalent 2347 hydrogens added. )
Interaction Motif HIS341 A fted residue
HIS621 A H
HISE4S A
_OK
HIS850 A I
HISE7S A I Set Protonation
@ Seve Ligand A:55F003 X
A [ « fetch.. » 2022_03_10_1... v | O O Search 2002_03_10_11_18_03 Flip
Organise = Mew folder F= - o
A Name . Date modified Type
#*Q
m Mo items match your search.
L 4
< >
File name: ~

Save as type: | Mol2 File (*.mol2)

 Hide Folders

Save

Cancel
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12. You see that the ligand is not listed anymore in the list of ligands under the

protein, but it is now present in the Molecule Explorer as an independent
object. We will leave the sulphate molecules as they are, as they are not close

to the binding site.

13. The protein is now set-up for docking; click Next at the bottom of the Wizard
to move to the following step, Wizard step 3: Define the binding site.

Exploring Ligand for Docking Experiment

Defining the Binding Site

Defining the binding site for docking is a crucial step and can be done in several
ways (see GOLD User Guide for further details).

In this tutorial, we will define the binding from a reference ligand.

14. From the GOLD Wizard, click the radio button next to One or more ligands and
click to select the ligand that we have just extracted and reloaded, which is
A:55F803, A:5EWS8 to determine the binding site. Carbon atoms outside of
the binding site will turn purple. Leave all other parameters to their defaults.
For visualisation purposes, it can help here to switch off the display H-atoms
using the Show hydrogens tick box in the top-level menu of Hermes. Click

Next to proceed.

. Hermes

File Edit Selection Display Calculate Descriptors GOLD  Databases  CSD Python API

Highlighting [_] Depth Cueing Stereo  Graphics Dbjett* Show hydrogens || Show unknown atoms

15. We are now at the Wizard step 4: Optional — load a configuration template.
At this point you are given the option to load a configuration file template.
These templates can be used to load recommended settings for a number of

12

Meolecule Explorer

Display Movable Descriptors

w All Entries
A:SEWS
v SEWS
A Chains
A
v Ligands
A:504801
A:504802

i

Chains

Ky

MucleicAcids

Ligands

KIRIE

CeFarkare

@ GOLD Setup

Wizard step 3: Define the binding site

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

Global Options SEWS

Wizard steps:

1. Select a protein

2. Protein setup

3. Define the binding site
4, Configuration template

5. Select ligands

6. Choose a fitness function
7. GA search options

8. Finish

=

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

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

i

(® One or more ligands or cofactors

View

View

Reset

A:504801, 3EWE
A:504802, SEWE

iA:55FB803, A:SEWE

O List of atoms or residues

Filename:

Select all atoms within A

[] Generate a cavity atoms file from the selection

Refine Selection

Detect cavity - restrict atom selection to solvent-accessible surface

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

Add Definition as a Selection

< Back

Next >

tanoel Wizard



https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide.pdf
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different types of docking protocols (see GOLD User Guide). These templates
are not relevant for this example, so we will specify all docking settings
manually. We will skip this step and click Next to proceed to the Wizard step

5: Select ligands.

Selecting Ligand for Docking

Here you have the option to supply the file containing the reference ligand (i.e.,
the ligand in the native conformation) that will be used to perform an automated
RMSD calculation with respect to the reference ligand conformation. For each
GOLD solution, the resultant RMSD value will be written out to the files
containing the fitness function ranking, i.e., the ligand rank file (.rnk) and
bestranking.lst file. First select the ligand you want to dock and then you have the

option to load the reference crystallographic pose.

16. To proceed with the GOLD setup, we need to specify the ligand that we want
to dock into the protein. For this example, we will use the file 55F ideal.sdf
(download it from Materials). To select the ligand, click Add at the bottom of
the GOLD Setup window, navigate to the folder where the file is located, select
the file 55F _ideal.sdf and click Open. Our ligand is now listed under Ligand
File. Note that the number 10 means that 10 poses have been requested.

17. Once the ligand is selected, we can click Next.

Setting up the GOLD run

18. We are now at the Wizard step 6: Choose a fitness function. We will keep
the Scoring Function as CHEMPLP. Click More to access more options.

16

18 @ GOLD Setup

Wizard step 6: Choose a fitness function
GOLD offers several different scoring functions - CHEMPLP is the default. Please choose the one you wish to use for this docking.

Global Options SEWS

Wizard steps:

1. Select a protein

2. Protein setup

3. Define the binding site

4. Configuration template

5. Select ligands

6. Choose a fitness function

Docking

Scoring Function: CHEMPLP

L

@ GOLD Setup

Wizard step 5: Select ligands
Choose ane or more ligands to be docked into the protein by dicking the ‘Add' button.

Global Options

SEWS

Vizard steps:

1. Select a protein

‘ Ligand File GA Runs First Ligand Last Ligand

2. Protein
3. Define t
4. Configur
5. Select
6. Choose
7. GA sear
8. Finish

. Select One Or More Ligand Files
<« v ; » ThisPC » Downloads

Organise « MNew folder

) MName

7 Quick access
[ Desktop

; Downloads
|if| Documents

~ Today (1)
| ] 5SF_ideal.sdf

~ Earlier this month (1)

=/ Pictures wla

o] > Search Downloads

=~ O @

Date modified

30/03/2022 16:40

>

File name: | 55F _ideal.sdf

- | All Readable Files (*.mol2 *.mol ~

Cance'

[ show full fle paths

Reference ligand:

Help 2 < Back Next >

Delete

Cancel Wizard

@ GOLD Setup

Wizard step 5: Select ligands
Choose one or more ligands to be docked into the protein by dickin®the 'Add’ button.

Global Options SEWS

1. Selecta

8. Finish

Wizard steps:

2. Protein setup

3. Define the binding site

4, Configuration template
5. Select ligands

6. Choose a fitness function
7. GA search options

protein Ligand File GA Runs

1 |35F_ideal.sdf 10 1

First Ligand

Last Ligand

last

[ show full file paths

Reference ligand:

Help

n? 17

< Back

Next > kanc&l Wizard
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19.

20.

21.

22.

From the options at the bottom, we untick Allow early termination, then click

Next to move to Wizard step 7: Genetic Algorithm search options.

At this step we will keep the default options. If you want to explore more
options, you can do so by clicking More. Click Next to move to the next step.

In Wizard step 8: Finish basic GOLD configuration, we click the Advanced
button at the bottom right of the window.

From here, in the File Format Options tab we select Output Options from the
list on the left-hand side, and select the directory where to store the results,
by clicking on the three dots next to the Output directory bar. Navigate to the
folder where you wish to store the results and/or create a new folder. Select
the folder by clicking on it, then click Select Folder, perharps the folder you
unzipped earlier. You may also explore the other tabs, but for this example we
will keep the other options at the default.

Early Termination Options

19 |_|:| Allow early termination

[] Generate diverse solutions Diverse Solution Options

Use the internal ligand energy offset

22 @ GOLD Setup -

Conf file: | Load Save

Global Options SEWS

Wizard File Format Options Information in File Selecting Solutions
Templates
Proteins Output file format: ®) Same asinput (O sDfle O Mal2

Define Binding Site
Select Ligands

Qutput directory: | .

Configure Waters [ create output sub-directories for each ligand

Ligand Flexibility
Fitness & Search Options

o i J
GA Settings Save ligand rank (.rnk) files
Output Options Save ligand log files
Constraints Save initizlised ligand files
Atom Typing

[ save solutions to one file:

[ use alternative bestranking. lst flename:
[ create links for different binding medes (based on RMSD dustering)

Distance between dusters: |0.8 &

[1 Read hydrophobic fitting points  File:  fit_pts.mol2 View
GOLD parameter file: |DEFAULT | Edit
Help k? < Back anoel Wizard
@ GOLD Setup — ®

Wizard step 8: Finish basic GOLD configuration

“You can either start the docking now or move on to the more advanced configuration options.

Global Options SEW8

Wizard steps:

1. Select a protein

2. Protein setup

3. Define the binding site

4. Configuration template

5. Select ligands

6. Choose a fitness function
7. GA search options

8. Finish
Run GOLD 21
Help K2 < Back Next > Advanced
. Please choose a directory X
— v 1 « Documents > Workshops > GOLD-workshop ~ &) 2 Search GOLD-warkshop
rganize v New folder 1= - a
~
~ VI
This BC Name Date modified Type Size

¥ 3D Objects
I Desktop

Mo items match your search.

@ Documents
¥ Downloads
J” Music

& Pictures

Folder: | GOLD-warkshop

I Select Folder I Cancel
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Run GOLD

23.

24.

25.

At the bottom of the GOLD Setup window click the Run GOLD button to start
the GOLD run.

A pop-up window will appear, named Finish GOLD Configuration. The default
directory will be the folder where the file fetched from the PDB earlier was
placed. You may change the folder where to store the files, for example to the
folder selected for your output in the previous step, by clicking on the three
dots next to Directory. When you are satisfied with your selection, click Save.

This will bring up a new window, Run GOLD, where you can follow the run, by
going to the Messages tab. Once the GOLD run is completed, we will analyze
the results.

Visualization and Analysis of the Results

26.

Click View Solutions to visualise the results in Hermes. We can then click Close
in the Run GOLD window and close the GOLD Setup window. 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 was completed.

@ Hermes - o x
GOLD Detsbases CSDPythen APl CSD-CrassMiner  Help
stoms | colors: N D P g i BE OBE MBI sclectbysuatsifg

File Edit Selection
ghtng [] Depth Cusing | Stereo =] O
~ e mesarenens (5] 0

Displey Caleuiste Descriptoes

XoxE oy o¥E E ozt x50 x40 ¥R yi0 190 1% € 3 4 T omom momt

Picking Mode: Pick Atores
Atom selectons: |cavity_at
Molecule Explorer

DodingSoutons  Deplsy  Mevabe  Descriptors

Customse. Sort... Cear

Growpby: |No groueng ~

Docking Solutio PLY Fitness PLP.Chemscore. PLP Chemscos
SSF solee 6070
SSF seire2 263179
55F solre3 83436
SSF selred 06670
SSF solre5 a0
SSF selres 718813
SSF solrsT
55F solres
5SF soires
SSF solr: 10

26080

82,9065
3]
820736 15401
5185

Find enthier:
] o orty cavty and igand

Contact Management

Define H-gonds ...

Frotein H-Bonds Short Contacts
1 sEws ] O
2 astws =] [m]
3 56082 B 0

27

Help

K2

@ Finish GOLD Configuration

*

Save Files

GOLD conf file

Protein(s)

Cavity atoms

24

Directory: :\Hermes\,febﬁ_ﬁomjdb\,zozz 03_30_16_35 42]JD

| gold.conf

At least one protein has been edited

SEWS_protein.mol2

Run GOLD Run GOLD In The Background Finish

Cancel

cavity. atoms

Save

Cancel

Molecule Explorer

Dacking Solutions Display

Customise. .. Sort...

Group by: |No grouping

Movable

Descriptors

Clear

v

25

@ RunGolD ®

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

R | =]
Starting GCLD run
Finished GOLD run
26
This log file will be updated every 2 seco,
Interrupt GA N |View Solutions Close

& X 5EW8_2

Docking Sclutic PLP.Fitness PLP.Chemscore.C PLP.Chemscore
55F soln:1 68.0730 0.8689
55F soln:2 96.3179 27974
55F soln:3 98,3436 2.6989
55F soln:4 80.6670 2.5785
55F soln:3 83.8040 29499
55F soln:6 71.8833 149014
535F soln:7 82,9065 27664
55F soln:8 98.7270 2.6356
55F soln:9 22,0736 26421
55F soln:10 83.5185 251

<

1.60
1.83
200
095

Find identifier: l:l Find Mext
Show only cavity and ligand
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27. If you click on each entry, you will see it displayed in the visualizer. You may
tick the Show only cavity and ligand box for clarity of visualization.
Note: GOLD is stochastic, so your results are likely to differ from the one
displayed in the pictures in this example.
28. 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
sort by high to small, you can learn more about Fitness Functions in the GOLD
User Guide). You can now observe and compare the solutions, and sort them
also based on the other scores.
29. When observing the solutions, we can notice that the conformational space
has been explored during the run.
30. 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
S5EW8 2. If you don’t see this tab, follow the instructions at the end of this
handout to display it.

Molecule Explorer

Docking Solutions

Customise...

Display

Sort...

Group by: |No grouping v

Docking Solutio

PLP Fitness

Movable

Clear

Descriptors

PLP.Chemsco, LP.Chemscor
2.6356 1.93
2.6989 2.00

31. Observe:

e What are the hydrogen bonds connecting?

e How do the hydrogen bonds change in the different solutions?

e Are the formed hydrogen bonds the same ones observed in the original
crystallographic structure?
Hint: you may wish to load the co-crystal structure provided in the
Workshop folder (5ew8.pdb).

Contact Management

g X
Define Short Contacts ...

Ligand Sphere []

Define H-Bonds ...

Protein H-Bonds Short Contacts

35F soln:8 0.
35F soln:3 98,3436
35F soln:2 96,3179 2.7974 1.83
35F soln:5 83.8040 2.9499 0.80
35F salm:10 83.5185 2.57T11 1.00
35F soln:7 82,9065 2.7664 1.00
35F soln:@ 82.0736 2.6421 1.00
35F soln:4 80.6670 2.5785 0.93
35F soln:6 71.8833 14 1.00
35F =oln:1 68.0730 0.8 1.60
< >
30
Molecule Explorer & x| SEWS_2
Docking Solutions  Display ~ Movable  Descriptors
Customise. .. Sort... Clear
Group by: | No grouping -
Docking Solutio PLP.Fitness PLP.Chemscore.C PLP.Chemscor

35F soln:g 987270 26356 195

SSF soln:3 98,3456 26089 2

SSF soln:2 26,3179 27974 123

SSF soln:s 23,8040 29499 040

SSF soln:10 23.5185 25711 1)

S5F soln:7 82.9065 27664 1)

55F soln:d 820736 26421 1

55F soln:d 80.6670 25785 035

55F soln:6 71.8833 1.9014 1

SSF soln:1 62.0730 03689 1560

Frdientter: || [ Fdfet

[ show only cavity and ligand

Contact Management

Define H-Bonds ...

Define Short Contacts ...

Ligand Sphere [ ]

1 5EWS O O
O
r 3 SEws2 |

Protein

1 SEWS O
5> nsewe M

O
=

H-Bonds Short Contacts



https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide_2020_1.pdf
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide_2020_1.pdf
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32. To enhance visualization, you may also use a ribbon display. Go to the Display

33.

menu at the top and select Ribbons & Tubes. In the Ribbon and Tubes menu
that appears, tick the box in the Ribbon column next to 5EW8_2. Click Ok to
close the pop-up.

At any stage, you may untick again the Show only cavity and ligand option
that we ticked at Step 27.

To improve visualization, you may wish to remove the underlying chain to the
ribbon. To do so, go to the Display tab in the Molecule Explorer and:
e Untick the protein entry 5EWS.
e Untick also the entry for the docked solutions 5EW8_2.
e Expand the 5EW8_2 molecule and tick Docked, this will display the
docked pose.

Melecule Explorer

33 Docking Solutions Display Movable Descriptors

Ligands
Cofactors

Chains
NucleicAcids

O

w [m] All Entries
> A:SEWE
v [m] 5EW8_2
» O Chains
> [ Ligands
hd Docked
> [ 7|55F|5SF_idealjsclf[1]docka[
~ [ 5EW8 O O
- .

(] [<] [m]

> A

~ [] Ligands
> [ A:504801
> [ Ass04802

32

Display = Calculate

Styles
Labels
Colours

Show/Hide

Ribbons & Tubes...

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

Allow Multiple Instances

Toolbars

Descriptors

3

4
]
b

. Ribbon and Tubes

Protein Ribbon Tube
1 SEWB O |
2 A:SEWS
3 SEWS_2 I |
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Conclusions

e  The hydrogen bond interactions between active site residues and the docked
ligand are retained (comparing the docked ligand to the native ligand). In the
case of highest scored docked molecule, the NH group of the Asp641 forms
hydrogen bond with the N26 on the propanyl-ethane-1,2-diamine chain of
the ligand (Figure 4(C)) compared to the crystal structure where the Asp641
forms hydrogen bond with the methoxyphenyl group (Figure 4(B)).

e The Ala564 of the Erdafitinib retains its hydrogen bond interaction with the
quinoxaline ring in the docking exercise (Figure 4(B), (C)).

e |f we compare the results with the native ligand, we observe that the ligand,
5SF_Ideal.sdf docks in the target binding site with low RMSD (RMSD = 0.99
A) to the native ligand (Figure 4(A)). This suggests for good docking capability
of GOLD.

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 Visualise and analyse the GOLD results with Hermes.

Next steps

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/educationalresources/workshop-
materials/csd-discovery-workshops/. Also see the GOLD User Guide for more
details.

3.080
ALAS64 (A)

U\AALASM (A)

Figure 4. (A) Ligand overlay from the post docking analysis; it shows the docking pose
and low RMSD of the docked ligand (Green) to the native ligand (Grey)
(RMSD=0.994). (B) Protein-ligand interaction of Erdafitinib in the co-crystal structure.
(C) Protein-ligand interaction of Erdafitinib (55F Ideal.sdf) docked in the active site of
the receptor.

Feedback

We hope this workshop improved your understanding of GOLD and you found it
useful for your work. As we aim to continuously improve our training materials, we
would love to get your feedback. Click on this link to a survey, it will take less than
5 minutes to complete. The feedback is anonymous. You will be asked to insert
the workshop code, which for this self-guided workshop is GLD-001. Thank you!



https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-discovery-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-discovery-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-discovery-workshops/
https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/csd-discovery-workshops/
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide_2020_1.pdf
https://www.surveymonkey.co.uk/r/CCDC-Online-Workshop
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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.

Conformation
The spatial arrangement of the atoms affording distinction between

stereoisomers which can be interconverted by rotations about formally single
bonds. Some authorities extend the term to include inversion at trigonal
pyramidal centres and other polytopal rearrangements. Sources: PAC, 1994, 66,
1077. (Glossary of terms used in physical organic chemistry (IUPAC
Recommendations 1994)) on page 1099.

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.

Early Termination

The early termination option instructs GOLD to terminate docking runs on a given
ligand as soon as a specified number of runs have given essentially the same
answer. In this situation, it is probable that the answer is correct, and GOLD will
just be wasting time if it performs more docking runs on that ligand. To switch
early termination on, click on Fitness & Search Options from the list of Global
Options given on the left of the GOLD Setup window, then enable the Allow early
termination check box. To specify the early termination criterion, click on the
Early Termination Options button.

A protein displayed as a ribbon with its
binding site represented in capped
sticks style in green colour.

Docking calculates a pose for the ligand
and a score for the pose.
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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 (cros sover, 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,

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

e the volume of the protein binding site, and

o 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.

@ GoLD setup — X

Wizard step 7: Genetic Algorithm search options
The time taken to perform a docking is a balance between speed and accuracy - the slower the docking the more

be.

Global Options ~ SEWS

Wizard steps: ) ® Automatic e <<
1. Select a protein
2. Protein setup O Preset

3. Define the binding & || ) yser defined
4. Configuration templ
5. Select ligands

6. Choose a fitness fur
7. GA search option
8. Finish

Search efficiency: | %

[ Min ops 10000 [1 Max ops 125000

Library Screening| Virtual Screening ~ Ensemble Default Very Flexible
Help | W2 < Back | Next> Cancel Wizard
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Homodimeric
In this context, homodimeric is used to refer to a protein composed by two
identical parts.

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.

5SF Ideal.sdf aka Erdafitinib, is the first-ever fibroblast growth factor
receptor (FGFR) kinase inhibitor indicated for patients with locally
advanced or metastatic urothelial carcinoma. This ligand was docked in
this workshop.



GLD-001 19

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.

. Hermes

File Edit

Selection Display Calculate Descriptors GOLD  Databases  CSD Python APl CSD-CrossMiner  Help

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. oy w{wmm & Xoe ) I e e
In the Hermes interface we find: T | ©
e At the top: list of menus from which we can access visualization and TEme 8 ! g E
analysis options, and other CSD-Discovery components.
e 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 o x
Molecule Explorer. e =
e On the left-hand side, below the Molecule Explorer: the Contact G N;.slplaylh:lmme esotrs

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:

E e 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

Shift + Left mouse button and move - rotate in the plane

| °
o - molecules
e Ctrl + Left mouse button and move - translate molecules

cul [ -

T ., = . .
2 7 =] o o 2
£ 3 B € E = 5
5§ T & 2 B & 3
El = 5 = a
=
hd All Entries
2WsY

Contact Management

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

Ligand Sphere []

Protein H-Bonds Short Contacts

1 2WsY O O
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Right click: a b
a) On afeature
b) Away from a feature
. . . . Selection Measure
Creating hlgh-resolutlon Images Styl N Clear Measurements
es o .
1. Go to the top menus and click on File, then Save As. )
. Colours L4 Selection 4
Alternatively you can use the keyboard and do Ctrl +S.
Labels L Styles L4
Show/Hide 4 Colours 4
2. Inthe Save File As window, select destination folder, file type Labels r
. Rotation Cent L
and choose a name. Then click Save. eration ~entre Show/Hide 8
. ' ' |zoStar Intermolecular Contact Database... Picking Mode 5
3. This will bring up the Save Image menu. Here you can select View N
the resolution and tick whether you want a transparent background. Click Ok. Rotation Centre
Mew 3
1 2 @ saveFiless * |
File Organise Mew folder = - 0
Open... Cr+0 | % 3 @ Savelmage ?
Load GOLD results... Ctrl+G I [ ]
Recent Files L | 4 Image size
5 A Ctrles | @ image-1
dVE A5, ri+ -
i ’ (®) Current window size: 1033 x 768 pixels
Save Selection As...
Export... Ctrl+X i () Multiple of current window size:
Export complex..., Ctrl+L File name: | | - -
Close All Files Save as type: | Portable Network Graphics File (*.png) > ] 540 % 430 pixel
_ X pixels
Exit Ctrl+ 0 PDB Fille (*.pdb *.ent)
~ HideFolders ~ Mol2 File (".mol2] ':::' 800 x 600 pixels
Binary Archive (*.reliarch)
v ____.._— Bitmap File (".bmp) 7 () 1024 x 758 pixels
. JPEG File (*.jpg *.jpeqg)
File nam k Granhi () Size:
Save as t)tpe pOV-RE}f File (*.pD\f:l
Width: 1500 Height: 1500
A Hide Folders Cancel Transparent background
Cancel
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You can access visualization options from the Display menu.

e From Display > Styles, you can pick the representation style of atoms and bonds
and change settings. Note: you can also access this feature from the dropdown
menu at the top right of the 3D visualizer window.

Style: | Wireframe ~ |Colour:

I:uy Temperature Factor
by Gasteiger charge
by Partial charge

Capped Sticks

Ball and Stick
Spacefill
Ellipsoid

¢ From Display > Colours, you can edit the colour for elements and object. Note:
you can change the colouring style for the structure from the dropdown menu
at the top right of the 3D visualizer window.

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

Display = Calculate

Styles 4
Labels L4
Colours L4
Show/Hide L4
Ribbons & Tubes...

Contour Surfaces...

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

~  Allow Multiple Instances

Toolbars L4

Descriptors

GOLD  Databases
Wireframe
Capped Sticks
Ball and Stick
Spacefill
Ellipsoid

Stick settings...

Display Calculate

Styles
Labels
Colours

Show/Hide

Ribbons & Tubes...

Contour Surfaces...

Descriptors

GOLD  Databases CSD Pytl

g Show hydrogens [] Show unkn
>

-

4 Centroids...

Element colours..,

Labels...

Background settings...

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

Measurement settings...

~  Display Bond Types

~  Display Aromatic Rings

. Display Options

Background
Depth Cueing
Labels
Lighting

Line

Stereo
Z-Clipping

{® Single colour

() Gradient

Defaults

Close

o |f any of the toolbars at the top of the Hermes interface is not displayed and you
wish to have it shown, or vice versa, you can do so from Display > Toolbars,
where you can ensure to tick the ones you wish to have on.

"'« Overwrite on load

1 Allow Multiple Instances

Display | Calculate Descriptors

Styles 4
Labels 4
Colours 4
Show/Hide 4
Ribbons & Tubes...

Contour Surfaces...

Style Preferences...
Display Options...

GOLD

Databases

Descriptors

CSD Python AP
raphics Objects 4 Show hydi

easurements @ o

X X

# x 5E\

Toolbars | IV
85.4567 26199 1
84,2847 27580
83.6608 27477 |
23.6531 27671 |\,
83.4746 2.6509
80,8024 26151 Y

Molecule Explorer...

Contacts...

P.Chemscore. PLP.Chemsco

Graphics Objects Explorer...

Visualisation Qptions Toolbar

Overlay Opticns Teolbar

SMAFRTS selection Toolbar
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