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Learning outcomes for today

 The basics of the Hermes interface.

» Step-by-step basics of GOLD.

 Where to get started with your docking simulation and how to run
a standard protein-ligand dock with GOLD.

* How to identify the correct binding modes reliably and with
confidence.
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Number of Structures in the CSD

The Cambridge Structural Database -

>1,170,000 :
II * Every published structure
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Inside the Cambridge Structural Database .

The CSD is a database of all the published organic and metal-organic experimental crystal structures |
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The CSD in research TN

The Web of Science subject categories that cite the 2006-2016 CCDC standard references most freq u‘en_tly'

Subject category

Crystallography 5256
Chemistry Multidisciplinary 3275
Chemistry Inorganic Nuclear 1931
Chemistry Physical 1148
Materials Science Multidisciplinary 864
Chemistry Organic 568
Biochemistry Molecular Biology 307
Physics Atomic Molecular Chemical 203
Chemistry Medicinal 185
Spectroscopy 18]
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A word cloud of common bigrams in the titles of
publications containing CSD-compliant crystal
structures.
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More integrated structural databases - -~ .
c:FIZKarlsruhe '

‘ S D Leibniz Institute for Information Infrastructure
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>175,000 structures
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Connecting chemistry and biology
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Drug Discovery Pipeline A

TARGET SELECTION HIT IDENTIFICATION HIT TO LEAD LEAD OPTIMISATION DRUG DEVELOPMENT
Structure- based virtual Assess how changes affect Check the impact of changes with
screening. binding. docking pose prediction.
Optimize compound Understand how changes affect
geometry. conformations.

Predict binding of small

molecules to active
pockets in proteins.



The CSD software
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Docking LR

s

receptor ligand complex

Docking studies are computational
techniques for the exploitation of the possible
binding modes of a substrate to a given
receptor, enzyme or other binding site.

Glossary of Terms Used In Computational Drug Design, Pure&Appl. Chem. Vol. 69, No. 5,
pp. 1137-1152, 1997 .



GOLD: Protein-Ligand Docking Software - -

 GOLD has proven success in virtual
screening, lead optimisation, and

identifying the correct binding mode of
active molecules.

* Relied on by researchers in academia and
iIndustry worldwide.

» Reliable
* Flexible
» Configurable

CCDC



GOLD docking in research
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Development and validation of a genetic algorithm for flexible docking, J. Mol. Biol,, Vol. 267, pp. 727-748.,1997.
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GOLD: The all in one molecular docklng
package

Protein
ligana
docking

Docking with

Constrains
and covalent
docking

Cloud and
cluster

computing CCDC



What are we going to learn today?

* Protein-ligand docking of a Kinase inhibitor

- We would learn how to...
* Import a protein co-crystal from the Protein Data Bank (PDB).
* Prepare the protein crystal structure for docking.
« Perform molecular docking experiment in GOLD.

« Analyse the results obtained from docking experiment.

Molecular Recognition of Receptor Sites Using a Genetic Algorithm with a Description of Desolvation,
J. Mol. Biol, Vol. 245, pp. 43-53,1995. < ‘ l N



Steps in molecular docking 4

- Co-crystal structure of protein-ligand complex ; .

Target selection . from PDB s ‘ ' \

Scoring function
selection

Setup and running the

docking calculation

CCDC



Steps in molecular docking i

° P, L3 v L . Q.
»
Target selection ¥ R o
° . ®/ x ’
2 -
- Add hydrogens > ”
Protein Preparation yareg AR TST oo
- o :
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Ligand(s) selection
for docking

Scoring function
selection

Setup and running the
docking calculation

Analysis of the
results and
visualisation

D



Steps in molecular docking 4

Target selection

- Add hydrogens
« Check protonation of His, GIn, Asn 4

Binding site definition

Scoring function
selection

Setup and running the

docking calculation

| CCDC



Steps in molecular docking e
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Steps in molecular docking

Target selection

- Add hydrogens

-

% & p. 4 5
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-i;‘gﬂ_& i R i
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Binding site definition

- Remove waters or retain required ones
- Check protonation of His, GIn, Asn. - Extract ligand and save

Scoring function
selection

Setup and running the

docking calculation
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Steps in molecular docking 4

Binding site: A specific

: region (or atom) in a
Target selection . .
molecular entity that is

capable of entering into a
stabilizing interaction
with another molecular
entity.

[Binding site definition] - Select the binding site for docking

Read more in the
Glossary in the handout.

Scoring function
selection

Setup and running the
docking calculation

CCDC



Steps in molecular docking

Target selection

Binding site definition

[ ] « SDF, MOL2
Scoring function
selection

Setup and running the
docking calculation

CCDC



Steps in molecular docking Wi

Target selection
Protein Preparation

Scoring functions: \ o ®
mathematical functions
used to approximately -
predict the binding :
affinity between two
molecules after they have
been docked.

Read more in the
Glossary in the hano’out./
for docking

[

Scoring function Obti ' .
selection - Optionally rescoring

Setup and running the
docking calculation

Analysis of the
results and
visualisation

D



Steps in molecular docking

Target selection

Binding site definition

Scoring function
selection

Setup and running the
docking calculation

CCDC



Steps in molecular docking
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Binding site definition

Scoring function
selection

Setup and running the
docking calculation




Target selection

Protein Preparation

Ligand(s) selection
for docking

Scoring function
selection

Setup and running the
docking calculation

Analysis of the
results and
visualisation



Docking with GOLD: Case Study ey

PDB: 5EW3

« 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.

« Our ligand is (3,5-dimethoxyphenyl)-~{N}'-[3-(1-
methylpyrazol-4-yl)quinoxalin-o-yl]-~{N}-propan-2-yl-
ethane-12-diamine), aka Erdafitinib.

* |tisthe first-ever fibroblast growth factor receptor

(FGFR) kinase inhibitor indicated for patients with

locally advanced or metastatic urothelial carcinoma.

Patani H., et al,, Landscape of activating cancer mutations in FGFR kinases and their differential responses I >
to inhibitors in clinical use. Oncotarget. 2016; 7: 24252-24268. '



Docking with GOLD: Importing Protein - .-

 Open the Hermes Interface and import the protein crystal structure from the \
PDB using the ‘fetch_from_pdb.py’' function.
.Hermes

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

Highlighting Depth Cueing Stereo Graphics Objects Show hydroge Analysis » } TE-'[F]—| Slaa Ay
‘ Picking Mode: Pick Atoms ~ | Clear Measurements @ﬂ Colors: Import 4 fetch_from_pdb.py
3
Atom selections: ~ Reports ferfrom2Zimepy

Searches ’ smiles_to_3D.py

Molecule Explorer
user_support.py

Display Movable Descriptors

welcome.py

Options...
CSD Python APl Documentation
CSD Python API Forum

Chains
NucleicAcids
Ligands
Cofactors
Waters
Metals
Packing

CCDC
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Docking with GOLD: Importing Protein - - =
® ? &
% o
g < e o9 L e 0.
-
. . . It 1] . Y ® S
« Provide with a PDB code in the fetch_from_pdb.py’ function . e i
. . L.I.
. 3 “» ¢
search dialogue box. | algd
\ a
-
C5D Python APl C5D-CrossMiner  Help . Hermes

Analy;i; » hnwn Hl‘nmq rnlnr‘:- F||E‘ [ e e e o P 1 =l 1 t M it il ™ Dind ol O Dl ADI FOM Ty | Llnlen
Import b fetch_from_pdb.py Hig - O X @ hermes a
Reports g fetch_from_zinc.py Picking Enter a PDB code (e.g. 55Y9) The python interpreter is: C:/Program Files/CCDC/Python_API_2021/miniconda/python.exe
Searches v smiles_to_30.py N ‘5 EWd The working directory is: C:/Users/rchikhale/Hermes/fetch_from_pdb/2022_03_31_17_23 34 i
user_support.py - - | Output files will be written in: C:/Users/rchikhale/Hermes//fetch from pdb/2022 03 31 17 23 34 b
welcome.py anee Script is running... Parsed parameters for C:\Program Files\CCDC\Discovery_2021\Hermes\scripts\Import\fetch_from_pdb.py.
Options...

32 seconds

~ -_—
U

C50 Python APl Docurmentation
C50 Python APl Forum

NucleicAcids

Be aware that the

window for entering the
PDB code might pop up

in a corner of yYour screen. C C D C
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Docking with GOLD: Importing Protein ,
° P * v\ t,).
. . . o 4 : .
« Once imported, the crystal structure will look like this in Hermes. LN SN
@ Hermes o o " @ ) \
File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl CSD-CrossMiner Help o W )
Highlighting [_] Depth Cueing Stereo  Graphics Objects Show hydrogens [_| Show unknown atoms = Select by SMARTS:([c] Style: |Wireframe 2 ‘Cnlnur: |by Element 52 2 % &
: @
Picking Mode:|PickAt0m5 v|Clear Measurements W@ Colors: & @ B Tiling: 8 8 = ¥ @5 7. ’
; s
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Display Movable Descriptors
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w L%
£ =
& g
Q T
]
v All Entries
v [v]5Ews
v Chains
> VA
> B
v Ligands
> [V AS04801
> [v] A:504802
> [v] A:55F803
> [ B:s04801
> [v]B:55F802
o T Zluar o £
L4 >
Contact Management & X

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




. °
[ ] [ ] o [ ] [ ] = v
&
Docking with GOLD: Proteln preparation
@ Hermes ° & ag B
File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl CSD-CrossMiner Help ! ® v
Highlighting [_] Depth Cueing Stereo  Graphics Objects Show hydrogens [ | Show unknown atoms = Select by SMARTS:IE n
Picking Mode: Pick Atoms ~ | Clear Measurements @@ Colors: & & &8 Tiing: 8 B = & = ¢ | N t h S MO/eCU/e EXplorer
Atom selections: | | v ) . g
» Molecule Explorer 5 x SEWS2 window selected chain of
__Display__Movahle  Descriptors }

>

the protein can be

Ml lmim A il

v |v] All Entries "\Zi: rem OVGd .

v [v]5Ews q ) ' 'iﬁj."*"._ = ‘ D
v M chains TR St o - Au A e« Other components like
"' cofactors, water molecules
X

=
VA g ‘g:-‘ ©)
“i"; o,

A

e
h can be removed as per

Styles
Colours
Labels

I
1 .vA.

+
X T {E\-’\

D
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(N q
PR 9%

Select
Select Only
Deselect

v Auto Select

requirement.

CoLEE: T ETEL Extract chain as ligand

‘Deﬁne H-Bonds ‘ ‘Deﬁne S Delete

: l.. ' L ERRA b b ol SN
L Center 3D view S
Center & Zoom 3D view
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Docking with GOLD: Protein preparation’ - -

.Hermes
File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl CSD-CrossMiner Help 3 : - .
Q

Highlightin Depth Cuein Stereo  Graphics Objects |v/| Show hydrogens Show unknown atoms = Select by SMARTS:
ghlighting [] Depi g pl j ydrogens [_] elect by 2 gl

Picking Mode:|PickAt0m5 V|CIearMeasurements @@ Colors: & & B Tiling: 8 8 | 52 | ¥ = » &,

Atom selections: g

Molecule Explorer X OSEWSB é d
B

Display Movable Descriptors

Chains
NucleicAcide

v All Entries
v [v]5Ews
v Chains
> A
v Ligands
> [v] A:s04801
> [v] A:SO4802
> [v] A:5SF803

RIK]

 Now we are ready for the

next stage.

< >

Contact Management X

Define H-Bonds | ‘Define Short Contacts ‘ 1 “dn
Ligand Sphere D C C D C
e




° ° ° ° & b
Docking with GOLD: Proteln preparation
® w
. Hermes
File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl CSD-CrossMiner Help
Highlighting [_] Depth Cueing Stereo  Graphigs Obj Setup and Run a Docking... own atoms = Select by SMARTS:|[c] | Style: Wireframe ~ (Colour: |by Element e
Picking Mode: Pick Atoms v Wizard... ng @ GOLD Setup - X \
Atom selections: v Load GOLD Fitting Points... | - - i
9 - |Wizard step 1: Select one or more proteins -
Molecule Explorer F x OSEWS8 GOLD Per Atom Scores Either choose a protein already loaded in the visualiser or load a new file.
Display Movable Descriptors ) Global Options SEW8
he;
e < i -
g é flzsa‘;‘lj‘::t: F:'pr otein Select proteins to use: Load Protein ‘ |Superimpcse Proteins... ©
=0 g
= 2. Protein setup
A~ 5EW8
v All Entries 3. Define the.blndlng s
4. Configuration templ
v 5EW8 5. Select ligands
hd Chains 6. Choose a fitness fur
> A ; E_A_s;]earch options
. Finis|
v Ligands
> [V] A:504801
> [v] AS04802
> [v] A:5SF803
D List all loaded files (not just proteins)
Protein score offset (ensemble docking only)
< > Negative numbers favour a model, positive numbers disfavour a model.
e 8 x Protein Score Offset
1 5EW8 0
‘Define H-Bonds ‘ ‘Define Short Contacts ‘

@  Launch the GOLD wizard as shown above.

* Then, select the protein to investigate. CC DC



Docking with GOLD: Protein preparation’ -

. Hermes

File Edit Selection Display

ate Desc GOLD Data

Highlighting [_] Depth Cueing Stereo  Graphics Objects Show hydrogens [ ] Show unknown atoms  Select by SMARTS:

Picking Mode: Pick Atoms ~ | Clear Measurements @@ Colors:
Atom selections:

Molecule Explorer F x SEws
Display Movable Descriptors
%
2 <
k] g
£ v}
[SH~
J
z
v V] All Entries
v [V]sEws
v Chains
> :S04801
> :504802
> [] A5SF803
< >
Contact Management F X

Define H-Bonds | ‘Deﬁne Short Contacts ‘
Ligand Sphere [_|

Protein H-Bonds Short Contacts

1 SEW8 O J

< >
Graphics Object Ex... Contact Manage...

3

~m

CSD Python APl CSD-Ci liner Help

L oD senn =
1| |\Wizard step 2: Protein setup
At thi int b i b Y it tai) if irod Ad b dalot, ot =

o 5 Tiling: BB @ ¥ o

Global Options SEW8

Wizard steps:
1. Select a protein

2. Protein setup

3. Define the binding <
4. Configuration templ
5. Select ligands

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

To edit the pi use the options available on the protein tabs to:

1. Add Hydrogens
2. Configure active waters and delete unnecessary waters

3. Delete ligands

Help L4

Next > ‘ |Cance| Wizard ‘

< Back

&
v
. °
I » s
: .
° %
A y .
°
® @
) >
o
% P
- o
°
“
©
°

D



Docking with GOLD: Protein preparation’ - =

. Hermes
File Edit Selection Display Calculate
Highlighting I:‘ Depth Cueing

Descriptors  GOLD Databases CSD Python API

Stereo  Graphics Objects Show hydrogens I:‘ Show unknown atoms - Select by SMARTS:II

Picking Mode:  Pick Atoms ~ | Clear Measurements @l@ Colors: 4 & B Tiling: ¥ B B ;o

CSD-CrossMiner Help

@ GOLD Ssetup

X

Wizard step 2: Protein setup

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

Global Options SEW8

Atom selections:
Molecule Explorer g X 5SEws Protonation & Tautomers Protonation Rules: ‘ E
Display ~ Movable  Descriptors Extract/Delete Waters
” . Add Hydrogens
o | B | o Delete Ligands/Cofactors
g < . . . | , in Resl
g g Flexible Sidechains Reillriju:j:t.m:ll Protein Residues
z Soft Potentials .
v [ All Entries Metale HIS541 A Edit selected residue
v [v]5Ews Constraints HIS621 A ND1 H
v V] Chains : - HIS649 A NE2 H
’ A Covalent HIS650 A Set Protonation
v ] Ligands Interaction Motif HIS679 A
> A:SO4801 HIST17 A Flip
> [l As04802 HIS738 A
> [v] AssF803
< >
Contact Management F X
Define H-Bonds | ‘Deﬁne Short Contacts |
Ligand Sphere I:‘
Protein H-Bonds Short Contacts
1 5EW8 | []
< >
Graphics Object Ex... Contact Manage... Help ’\_’-’| < Back | | Next > | |Cance| Wizard

X

« Add missing
hydrogens.

=



Docking with GOLD: Protein preparatiqﬁ.

File Edit Selection Display Calculate Descriptors @
Highlighting [_] Depth Cueing Stereo  Graphics Object]

Wizard step 2: Protein setup

At this point you have the chance to edit your protein structure if required e.g. add hydrogens, delete w
Picking Mode: |Pick Atoms b | Clear Measurements @
Global Options SEW8 °
Atom selections: T I p
Protonation & ... -
Molecule Expl 5 x 5EWS : .
0. ecule Explorer - Extract/Delete ... Protonation Rules: [
Display Movable Descriptors . -~
- Delete Ligandsy/... Add +
w © Flexible Sidech...
E g Soft Potentials Residue Set: All Protein Residues Always .Ch eCk th e
5 Hip Asn Gl i
3 Metal ipAsn Gin s Tautomers protonation around
v [ Al Entries ? Constraints GLN491 A Flip . . .
v Chains Interaction Motif ASNG43 A
> Ma ASN546 A
v [V Ligands GLN553 A
> A:504801 ASN568 A
> [¥] A:S04802 GLN574 A
> A:5SF803 GLN594 A .
GLN606 A * YOU can ﬂ|p the GLN and
ASNB28 A
ASNB35 A
. , ASNE5 A ASN based on the
GLN680 A
Contact Management g X ASN724 A .
T T ASN727 A observation of these
GLN743 A
Ligand Sphere [_] GLN749 A .
: ASN763 A residues.
Protein H-Bonds Short Contacts GLN764 A
1 SEW8 ] L]
< > |
Graphics Object Ex... Contact Manage... e o> | |Can!el leard| C C D C
1




Dockin

Highlighting D Depth Cueing Stereo  Graphics Obje

Picking Mode: |Pick Atoms

Atom selections: v
Molecule Explorer

Display ~ Movable

F X d
Descriptors

g with GOLD: Protein preparation.

Wizard step 2: Protein setup

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

~ | Clear Measurements

Global Options

SEW8

Protonation & Tautomers

[

Waters

Extra ctff}elete Waters

h

4 Delete Ligands/Cofactors
g =z Flexible Sidechains
G +§ Soft Potentials
= Metals
v M All Entries » Constraints
v ISEWS Covalent
v Chains Interaction Motif
> A
v Ligands
> [v] A:S04801
> [v] A:S04802
> [“]AssFeo3 A
< >
Contact Management g X
Define H-Bonds ... Define Short Confacts ...
Ligand Sphere D

Protein

1 SEW8 ] L]

<

H-Bonds Short Contacts

Extract Waters For Docking | Delete Remaining Waters

Waters that are important for ligand binding can be added to the list of acti
used in docking by checking them in the water list above and clicking the 't
Waters For Docking' button.

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

>

Graphics Object Ex...

Contact Manage...

< Back Next > Cancel Wizard

)
. -

You can extract and

delete water molecules.

In the example shown |
there are no water
mMolecules to remove as
we deleted them after
loading the protein
(before opening the
GOLD Wizard).

D

n



Docking with GOLD: Protein preparation -

e . [ R

Picking Mode: |Pick Atoms

Atom selections: 4

Molecule Explorer x

Display Movable Descriptors

T -

Highlighting [_] Depth Cueing Stereo  Graphics Objel

v | Clear Measurements

Wizard step 2: Protein setup

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

Global Options

SEWS8

Protonation & Tautomers
Evtract/Delete Watere

Chains
NucleicAcids

v All Entries
v [v]5EwWs
v Chains
> A
v Ligands
> [¥] A:s04801
> ] A's04802
> [“] A:55F803

KIK]

< >

Delete Ligands/Cofactors

Contact Management x

Define H-Bonds ...  Define Short Contacts ...
Ligand Sphere [_]

Protein H-Bonds Short Contacts

1 5EW8 [] L]

< >

Graphics Object Ex... Contact Manage...

TIEXIDIE SIOeChains
Soft Potentials
Metals

Constraints
Covalent
Interaction Motif

Ligand/Cofactor
A:S04801 U]
A:S04802 U]
A:5SF803

Extract and Reload

Your protein may have one or more ligands or cofactors occupying the bir
that must be removed before you can peform a docking. Extracted compo
automatically reloaded so they can be used to define the binding site and |
to file for later comparision with docking results.

Help x?

< Back Next >

o
0 2
« © - v
L
v . !
1 ®
® a
) >
F e
e o
-
<

 You can extract and save

the bound ligands.

D



Docking with GOLD: Defining the binding

Highlighting |:| Depth Cueing Stereo

- Wizard step 3: Define the binding site : :
id’ The bind_ing site_capn _bE defined by several different wa?s: an atom, a point or a reference ligand. Atoms can be ‘Ij e —l— h e re a re \/a r I O U S WayS | n

Picking Mode: | Pick Atoms ~ | Clear Measurements| L

Atom selections: e Global Options 2EWE i

- [ pesry. - which you can define the

O Protein Atom - select a protein atom in the visualiser or enter a protein atom inde
1. Select a protein

2. Protein setup View
3. Define the bindin

4. Configuration templ O Point - select atoms to define a centroid or edit XYZ b I n d I n g S I te
5. Select ligands
6. Choose a fitness fur

7. GA search options X: Y: Z: View = Reset .
e * Decide and select the one
@ One or more ligands or cofactors

PR depending on the target

A:55F803, A:5SEW8

protein or specific needs.

(O List of atoms or residues ® YOU Wl” See the b|nd|ng

e site highlighted in the 3D

Select all atoms within &

[ ] Generate a cavity atoms file from the selection Refine Selection

visualizer.

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 C C D C
e



Docking with GOLD: Select ligand/s = -

Calculate Descriptors GOLD  Databaseg
Stereo  Graphics Objects Show hydro

File Edit Selection Display

Highlighting D Depth Cueing

Picking Mode: |Pick Atoms ~ | Clear Measurements @ﬂ Colors: %

Atom selections: ~

Molecule Explorer # x 5Ews

Display Movable Descriptors

Chains
NucleicAcids

&l

v All Entries
> [v] ASEWS
v 7] sEwe
v Chains
> VA
v Ligands
> [v] A:504801
> [V AS04802

&l

< >

Contact Management g X

Define H-Bonds ... Define Short Contacts ...
Ligand Sphere [_]

Protein H-Bonds Short Contacts
1 5EW8 O O
2 A'SEWS [] []

< >
Graphics Object Ex...

Contact Manage...

Wizard step 5: Select ligands

Choose one or more ligands to be docked into the protein by clicking the "Add’ button.

Global Options SEW8

Wizard steps: . i i . i
1. Select a protein Ligand File GA Runs First Ligand Last Ligand
2. Protein setu
3 Define the bindings| | | 1|5SFidealsdf |10 1 last
4. Configuration templ
5. Select ligands
6. Choose a fitness fur
7. GA search options
8. Finish
<
[ Show full file paths
Reference ligand: }sktup\WDrkShDp_EandO\workshDp_May_ZZ\PPT\Iigand.mDIZ |Z|
Help x? < Back Next > Cancel Wizard

You can select the ligands to be

docked.

Ligand file could contain one or
more than one molecule in sdf

or .mol format.

INnstead of continuing with the
Wizard, cancel the wizard now

to further configure.

CCDC



F

Molecule Explorer

Docking with GOLD: Scoring function .

e Edit Selection
Highlighting D Depth Cueing

Display Movable Descripto
v All Entries L
> [ ASEWS
v [V] sEws [I]
v Chains
> A

v Ligands
> [v] A504801
> V] A:S04802

<

~

Display Calculate

_Conffile;

Load Save

Global Options

SEW8

Termnplates
Proteins

Define Binding Site
Select Ligands
Configure Waters
Ligand Flexibility

2] Docking

Scoring Function: |CHEMPLP

Parameter file: GoldScore

User Defined Score

Fitness & Search Options I

GA Settings
Output Options
Constraints
Atom Typing

>

Contact Management

Define H-Bonds ...

Define Short Contacts ...
Ligand Sphere I:‘

F X

1
2

<

Protein

SEW8 O ]
ASEWS [ ]

H-Bonds Short Contacts

[] Rescore
Scoring Function: [CHEMPLP ~
Parameter file: DEFAULT

Rescore Options

[ ] Allow early termination arly Termination Options

|:| Generate diverse solutions Diverse Solution Options

Use the internal ligand energy offset

>

Graphics Object Ex...

Contact Manage...

I:‘ Read hydrophabic fitting points File: fit_pts.mol2 View
GOLD parameter file: [DEFAULT | Edit
Helo L4 Run GOLD  Run GOLD In The Backaround Finish Cancel

* Under the Global Options,
Fitness and Search Options you

can select the Scoring Function.

* Here rescoring function is
available for generating

consensus.

- Untick Allow early termination

D



Docking with GOLD: Run thesetup - -

In Output Options

File Edit Selection Display Calculate Descriptors GOLD Databases @ oD set b o %
Highlighting [_] Depth Cueing Stereo  Graphics Objects Show hydroger
Picking Mode: |Pick Atoms ~ | Clear Measurements @ Q Colors: Conf file: | Load Save
Atom selections: v ‘ ° S | t t t
Global Options p
Molecule Explorer F x SEwWs ‘ e e C O u u
Display Movable Descriptors Wizard File Format Options  Information in File Selecting Solutions
4 Templates . . . . .
“ = Output file format: (®) Same as input () SD file () Mol2
s | e estination/directory.
U e ] Define Binding ... utput directory: |-
= Y Select Ligands [ ] Create output sub-directories for each ligand
v ] All Entries RN Configure Waters
» ASEWE Ligand Flexibili | Save ligand rank (.rnk) files
gand Flexibility [ ) r r ]
v [ sEws Fitness & Searc... Save ligand log files or al O OU U ou
v Chains : Save initialised ligand files
> A Output Options [ save solutions to one file: .
v b ligands Constramts requlre.
> VA .
A:504801 Atom Typing ] Use alternative bestranking.st filename:
> ] As04802
] Create links for different binding modes (based on RMSD clustering)
P bt 08 Run the GOLD calculations
< >
Contact Management F X . . | b | .
* Two options are avallable;
Define H-Bonds ...| Define Short Contacts ...
Ligand Sphere [ ]
1. Run Gold: Interactive mode
1 5EW8 L L] ) ’ )
2 astws [ ]
> Help K2 Run GOLD | |Run GOLD In The Background Finish Cancel

X intact Manage... - —_—

Results are seen in the output

folder.



. °
[ J [ J 2
DOCkIn Wlth GOLD. I zu the Setu ‘ \
([ ] I l
o L © .
File Edit Selection Display Calculate Descriptors GOLD Dat=hacac €SN Dithan ADI CCN-Cracchblinar Haln e P ® e
Highlighting [] Depth Cueing | Stereo Graphics Objects Show . GOLD Setup — 4 | g
b : -
Picking Mode: |Pick Atoms ~ | Clear Measurements @ p Col ® 1 L
. °
Atom selections: - ‘ Conf file: ‘ Load Save 2 S
Molecule Explorer 5 x S5Ews Global Options
Display Movable Descriptors ‘ . Finish GOLD Configuration X .
= Wizard 5 b
% S | Templates . P,
g = Proteins Directory: brkShop_EandO\workshop_May_ZZ\PPT\results| | |
2 - Define Bindi ®
efine Bindin: +
| Save Files
v All Entries Select Ligands
ASEW8 1 Configure Wa GOLD conf file |go|d.conf |
v 1 SEWS Ligand Flexibi i i ®
~ [V Chains Fitness & Sea At least one protein has been edited
A = - )
v [ Ligands gAtsettt'ggi_ S5EW8_protein.mol2 g
+ The run function asks f
AsO4507 Conmtraints e run Tunction asKs 10r
AS04802 Atom Typing
Protein(s) o 5 t .
< >
Contact Management F X
Define H-Bonds ... | Define Short Contacts ... Cavity atoms cavity.atoms |: g T h e gO/d. Con f fl | e I S t h e
Ligand Sphere [ ]
- Save Cancel
Protein H-Bonds Short Contacts M h | | h d M | |
vswe O [ one witn all the aetalls. It
2asewe O O
L ] | '
X intact Manage... Help A? Run GOLD  Run GOLD In The Background Finish Cancel

CDC



Docking with GOLD: Docking calculations -

File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl CSD-CrossMiner Help
Highlighting [_] Depth Cueing Stereo  Graphics Objects Show hydrogens [_| Show unknown atoms © Select by SMARTS:|[c]

Picking Mode: |Pick Atoms ~ | Clear Measurements @Q Colors: & & === et B

@ coLo setup — P4
Atom selections: &7 {
5EW8
Molecule Explorer g x I Conf file: }(hale\Desktnp\WﬂrkShnp_EandO\wnrkshnp_May_ZZ\PPT\results\gDld.cnnf‘ Load Save
Display ~ Movable  Descriptors 1
R Global Options SEWS
o =
£ 3 -
2 kT Wizard (® Automatic
2 Templates () Preset
Proteins
v All Entries . (O User defined
Define Binding ...
> [V] ASEWS Select Ligands @ Run GOLD X
v SEW8 Configure Waters
v Chains Ligand Flexibility tufligan.d logs gold.log gold_protein.log gold.err Messages 4 |P:
> A Fitness & Searc... Starting GOLD run
hd Ligands GA Settings Finished GOLD run
> A:S04801 Output Options
> A:S04802 > Constraints
Atom Typing
< > [ [l
Contact Management F X
Define H-Bonds ...| Define Short Contacts ... ]
Ligand Sphere [ ]
This log file will be updated everyg
Protein H-Bonds Short Contacts - .
Interrupt GA J| View Solutions Close
1 SEW8 ] L]
2 astws [ ]
S 5
X intact Manage...
Help. x2 Run GOID  Run GOLD In The Backaround Finish Cancel

* You can check the
progress of the calculation.

« The Run GOLD window
has various tabs, which
provide with on-the-fly

status of your calculations.

* Once the run is complete,

you can click View

CCDC

Solutions.



Docking with GOLD: Analysis of results ' -

« Results are displayed in the Molecular Explorer. AN

. Hermes

File Edit Selection Display Calculate Descriptors GOLD Databases CSD Python APl CSD-CrossMiner Help
Stereo  Graphics Objects Show hydrogens || Show unknown atoms = Select by SMARTS: Style: Wire

ments@ﬂ Colors: 2 & 5¢ Tiling: # &  E ¥ =

Highlighting [_| Depth Cueing
Picking Mode: |Pick Atoms

Atom selections:  cavity_al ~

Molecule Explorer

Docking Solutions Display

Customise... Sort...

Group by: |No grouping M

v | Cle

Clear

Descriptors

Docking Solui PLP.Fitness PLP.Chems:

PLP.Chemsi PLP.Chems: PLP.Chems: PLP.PLP

PLP.Referer I’LP.Iigand.: PLPligand.t PLP.part ™

5SF soln:1 83.6907
5SF soln:2 88.6610
5SF soln:3 84.0357
5SF soln:4 85.1657
5SF soln:5 84.1492
5SFsoln:6 100.0194
5SF soln:7 82.5336
55F soln:8 82.1500

2.5482
2.8359
2.5443
2.7235
2.7430
2.7913
2.6505
2.6538

1.0000
1.9920
1.0000
1.0000
1.0000
2.9760
1.0000
1.0000

47770
4.3999
4.3999
3.8126
3.8126
3.8126
3.8126
3.8126

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-74.6838
-75.1957
-74.9102
-75.3192
-74.9109
-85.2700
-74.3835
-74.1000

4.5821
42111
45781
4.5454
4.5558
1.7905
4.5142
4.4205

0.0025
0.0034
0.0000
0.0000
0.0000
1.5137
0.0229
0.0000

3.2061
2.7074
2.9537
2.5683
2.9017
2.4257
3.2855
3.3621

|:| Show only cavity and ligand

Find identifier:

-5.9
5.7
-5.3
-4.4,
-5.9
2.7
-49
-5.8 v

@ *

* |n Most cases we are interested

iNn the PLP fithess score and the

RMSD. .

« For PLP scoring function, higher
scores and lower RMSD means

better results.

PLP: Piecewise Linear

Potential, it is an empirical

fitness functions optimised

for pose prediction.

CCDC



Docking with GOLD: Analysis of results

« Use the Molecular Explorer to
display docking solutions,

component of the system and

the molecules.

« Manage the views and study the

INteractions.

D

&
o



Docking with GOLD: Analysis of results - -

« Select Display

4

Ribbons and Tubes

Explore various options

to create various colour

combinations and

displays

D

&
o :



Docking with GOLD: Analysis of results A e

N e,

» Results can be visualised in various ways and representations.

« Can display hydrogen bonds for the docked and reference ligands.

D



Show One: Hermes Interface

. Hermes
File Edit Selection Display Calculate Descriptors GOLD  Databases  CSD Python APl CSD-CrossMiner  Help
Highlighting [] Depth Cueing -e0 Graphics Objects [] Show hydrogens [[] Show unknown atoms | - Colors:  #7 £ % Tiing: EBEE R §§§ S i SelectbySMART‘S: Style: | Wireframe ~ Colour: | by Element v
Picking Mode: | Pick Atoms Clea f:‘ X- X+ y- y+ z- I+ %90 x+90 y-90 y+90 z-80 z+80 & > J. T zoom- zoom+
Atom selections: hd
Molecule Explorer & X | 2wsY
Display Movable Descriptors
g . = . .
W =} o L w o
5 ¥ B 8§ & = %
5 £ 2 5 2 = &
5 = [s] o
~ [ All Entries
2WsY
Contact Management g x
Define H-Bonds ... Define Short Contacts ...
Ligand Sphere []
Protein H-Bonds  Short Contacts
1 2wsy O O




The 3D window basics

E e Left mouse button and move - rotate
Molecules
ﬂ * Middle Mouse wheel — move molecules up
and down

E ‘ Right mouse button and move up and down
—zoom Iin and out of molecules

- E Shift + Left mouse button and move - rotate
INn the plane molecules

+ ESB . 1|+ [ oft mouse button and move - translate

mMolecules
CCDC

Ctrl



The 3D window basics — Right click

On a feature Away from a feature

Selection

Styles

Measure

Clear Measurements
Colours
Labels
Show/Hide

Selection

Styles

Colours

Rotation Centre . Labels
Show/Hide

|soStar Intermolecular Contact Database...

Picking Mode
Wiew
Rotation Centre

Mew




Show One: Hermes interface

| . Hermes
File Edit Selection Display

Open...

Load GOLD results...

Recent Files

Save As...
Save Selection Asz...
Export...

Export complex...
Close All Files

Exit

Contact Management

Define H-Bonds ...

1 2WsY O

O

Calculate  Descriptors

Ctrl+0Q Its Show hydrogens [_] Show unknown atoms
Ctrl+G l\E Rl =
LA |
g X 2W5Y
Ctrl+5 l
: o =
1 o = o
] ] 5
Chrl+X 3 = a . Save File As
Cirl+ L Organise =
LLri+
Ctrl+C
g x

Define Short Contacts ...

Protein H-Bonds  Short Contacts

Ligand Sphere [ ]

GOLD  Databases  CSD Python API

CSD-CrossMiner  Help
Colors: o O R Tiing: 5868

X+ y- y+ z- z+ x90 x+490 y-90 y+90 =z-90 =z+90

~ Hide Folders

MNew folder

@ image-1

File name:

Save as type:

&« =+ ./ T zom- zoom+

~ Colour: | by Element w

ﬁ ﬁ ﬁ SelectbySMARTS: Style: | Wireframe

Portable Network Graphics File (*.png)

PDE File (*.pdb *.ent)
Mol File (*.mol2)

Binary Archive (*.reliarch)

. Save lmage

Image size

(®) Current window size: 1033 x 768 pixels

() Multiple of current window size:

() 640 x 480 pixels
() 800 x 600 pixels
() 1024 x 758 pixels

() Size:

Width: | 1500 Height: | 1500

Transparent backaround

Cancel

1k




Show One: Hermes interface

[ @ - o x
F| E Selecti D|5F'|3}r Calculate  Descriptors  GOLD  Databases  CSD Python APl C5D-CrossMiner  Help

S] St_"l."lEE k ‘EE]Showunknownatoms Colors: 3% £ 5% Ting: M B ﬁ O SelectbySMARTS:IC St!l"le: Wireframe il CD'DUT:||:I'5I' Element Vl

Wireframe by Element
[ i PR — Wireframe -
S LHI‘JE'E . __ﬁ_ y+ z- z+ x990 x+490 y-90 y+90 =z-90 =z+90 zZoom- zoom+ Capped Stll:ks |:|'!|.- Temperature Factor
3 Ball and Stick . by Gasteiger charge
5  NE | ¥ g g
5 Colowurs {F Iy Space_ﬁll by Partial charge
i 5 Show/Hide 3 Ellipsoid
1
| O Ribbons & Tubes...
Iy Contour Surfaces...
C
Style Preferences...
C
Display Opticns...
l It Owerwrite on load
3
T E + Allow Multiple Instances
K Toolbars L4
Save Current Selectian...
Delete Selection...
Import Selection...
Conti
Export Selection...
Ligand Sphere [ ]
Protein H-Bonds Short Contacts
1 2WsY O O

DC




Show One: Hermes interface

|.|-'

S,

L T . T ¥

- o X
FE Selecti Display cocuste pescripto. GOLD dstabases _ CSPuthon 2BL. CSp-CrassMiner  Help
St_"."lES SEtLIFI and Run a Dl:lckiﬂg... !.-:“\ % Tiing: §BEE EEEE ﬁ S Lo SelectbySMARTS: Style: | Wireframe ~ Colour: by Element ~
. y+90 z-90 z+90 & - . T zoom- zoom+
Labels Wizard... i
Colours . ] [
] Load GOLD Fitting Points...
Show/Hide
GOLD Per Atom Scores

Ribbons & Tubes...

Conti

Protein

1 2W5Y

L I s N v N s |

C

Contour Surfaces...

Style Preferences...
Display Opticns...
Owverwrite on load

Allow Multiple Instances

Toolbars

Save Current Selectian...

Delete Selection...

Import Selection...

Export Selection...

Ligand Sphere [ ]

H-Bonds  Short Contacts

O

O

e I



Explore More: what can you do with GOLD?

* There is not enough time to explore more advanced functibma'lity |
today, but we will briefly introduce some extra tips and examptes.”

@ REC

CCDC



L

GOLD: Complete molecular docking suite -

Pose prediction
Validate your ligand docking results and optimise hits to leads.

Highly configurable constraints
Use your existing knowledge of the system to bias results and focus on known features

and behaviours.

Multiple scoring functions
Score and rescore to build a full picture of your system or perform consensus scoring.

_@,_ Flexible docking
Perform ensemble docking or handle flexible side-chains with soft potentials.

Water handling
Assess how structural waters affect binding, see if the ligand displaces waters or

mediates the interaction during docking.



GOLD: Complete molecular docking suite -

@ Virtual screening
Unlimited potential with virtual screening powered by cloud or cluster (HPC).

- Python APl access
Run dockings programmatically - for parameter optimisation and workflow

Incorporation.

P

~ KNIME component
E Perform protein-ligand docking in the KNIME interface to easily build into pipelines of

WOrk.

Covalent docking
Understand irreversible binding with covalent docking to explore cancer,

Immunology and infectious disease targets.

©

CCDC



Docking virtual screening (VS) with GOLD

Compound
library
preparation

Target structure

preparation

Ligand scoring

Local Machine
Submit & Harvest Scripts

License Server

Kubernetes Cluster N

License
Request

Post processing

Hits to assay

Typical workflow of a docking-based VS

Results

Packet

Gold High Performance Computing

LD



Discovery of a hovel non-narcotic analgesic

-

« Thiowurtzineis identified as a new Tyi342  Phed63 4 7
potent analgesic molecule for _ . . - ’
chronic pain treatment N% CAY

= 'Y . A b H'/MclSSS
* It is derived from CL-20 explosive heiss A LGP "
« Mechanism of action is evaluated Phe1o1s’ Wi f\v‘méf*‘b'

with docking, molecular modeling,
and molecular dynamics

« Thiowurtzine may target the mu
opiold receptor,the TRPAI ion
channel, and the Cav voltage-gated
calcium channel.

Thiowurtzine

Aguero S. et al, 2021, 6, 23, 15400-15411 DO10.1021/acsomega.1c01786 < < | > <



https://doi.org/10.1021/acsomega.1c01786

Virtual screening to repurpose drugs for .

COVID-19

Alina Shitrit et al. .
Sci Rep, 10, 20808 (2020) \

COVID-19 main

SARS-CoV-2 Mpro

protease approved
drugs ChEMBL .

.

Non-covalent: GOLD and Glide

Covalent: DOCKovalent

(identified by GOLD)
showed 37% inhibition at 50 pM.

Best few tested in protease
inhibitor as
part of the COVID Moonshot
initiative.

used for
virtual screening to
repurpose drugs.

GOLD: 2993 compounds to
Glide: 1969 compounds to

_/

https//mwww.ccdc.cam.ac.uk/Community/blog/gold-virtual-screen-covid-drug-repurposing/ ‘ < I ><



Ligand-based drug design of competitive

inhibitors against DAHPS and EPSPS . .

[ Identify 28 PEP

l

([~

against DAHPS and EPSPS
‘using three programs, including

e

Evaluate program with
crystallographic data in §F—
the Protein Database.

based on
intermolecular interactions and
docking scores.

https//Mmwww.ccdc.cam.ac.uk/Community/blog/ligand-based-drug-design-of-competitive-inhibitors/

Analyse binding energy,
conformational changes and
ligand-receptor stabilities.

of ligands and
of
multi-target inhibitors

(-

. derivative using

of each

Models exhibiting
with EPSPS and PEP

Use
score 20

de Oliveira, M. D. et al.
J. Mol. Graph. Model. 101,107735 (2020).
doi.org/10.1016/j.jmgm.2020.107735

CCDC
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CSD-Discovery overview RS R
= » s N T® &
I ® s @ a ‘."9
\ Y .’." °
CSD-CrossMiner: Interrogate the CSD and the PDB for N "4 Sy
common interaction patterns
®
Ligand-based virtual screening workflow to find new hits.
. . CSD-Conformer Generator: Generation of molecular conformations.
CSD-Discovery.

CSD-Ligand Overlay: Flexible alignment of ligands.

O mEmmmame

() CCDC




&

https://www.ccdc.cam.ac. uk/Commumtv/educahonalresource;[ ‘

Want to explore more? GRS

9

© D
L 2
. . . e O
<
Training and Educational Resources r »EAN
°
e ®
®
The wealth of information contained within the Cambridge Structural Database (CSD) extends far beyond a collection of crystal structures. Knowledge derived from these materials oL ° € a
informs much of chemistry, biochemistry, and biology. Chemical and structural concepts are often difficult to grasp without real world, interactive examples for students o explore.
o 3

The CCDC and our colleagues continually produce educational materials for use in classroom and computer lab settings, or as independent study modules. Many of these materials

database of over one million entries are available for free through our Access Structures portal e »
! °
é o n educator looking for supplementary teaching materials, find out more about the Teaching Database here. If you have develgiped your own modules using the v,
v, .‘~ ¢ 1; - _ 0 share them with the broader community, please contact us at education@ccdc.cam.ac.uk. R eg |Ste r fo r ® °
-l I~ - - - !
v o & to date with the latest news from education and outreach at the CCDC, sign up for the Education and Qutreach Newsletter here.

cSsD-Discovery “X » e ‘i ! E&O ﬂeWS|ett€-r

.
. ) [ | y" L
For pharmaceutical and agrochemical researchers, tools — 1
for discovering new molecules and performing protein Y W
- . «
docking studies. 3
Jformation on the Teaching Subset Access a series of teaching modules for use in the DECOR: Educational Resources for Teaching
classroom Crystallography

Self-guided @I@ ‘
Download a series of self-guided workshop materials
for CCDC tools and features

On-demand
Mmodules with
completion
certificate

YouTube and LabTube

S & L channels
¥ | i1 &t 8§ § ETW N 3
Access fun science activities for kids through the Explore the Periodic Table through Crystal Structures °

CCDC Home learning page



https://www.ccdc.cam.ac.uk/Community/educationalresources/workshop-materials/

