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Learning outcomes for today

* The basics of GOLD and our Hermes interface.
 How to run a standard protein ligand dock.

* How to identify the correct binding modes reliably and with
confidence.

* The basics of how GOLD can be used in virtual screening and lead
optimisation.
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The CSD in research , " @

The Web of Science subject categories that cite the 2006-2016 CCDC standard references most frequently i

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 181
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A word cloud of common bigrams in the titles of
publications containing CSD-compliant crystal
structures.

Willett P. et al, CrystEngComm, 202022, 7233-7241 DOI10.1059/DOCEOOO45K < ( I N


https://doi.org/10.1039/D0CE00045K

More integrated structural databases - -~ .
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> million
>160.000 structures
Mogul In dep,
CSD-CrossMiner
Ligand linking
BioChemGraph
~2,000 ligands

iNn both the
CSD and PDB




Connecting chemistry and biology
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Drug Discovery Pipeline

TARGET HIT HIT TO LEAD LEAD OPTIMISATION DRUG DEVELOPMENT
SELECTION IDENTIFICATION
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.
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The CSD software j
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Ref: IUPAC, 1997, 69, 1137.

S

ligand cox

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.
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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: The all in one molecular docklng Wb @ *
package W s

Protein
ligand
docking

Docking with
waters

Constrains
and covalent
docking

Cloud and
cluster

computing CCDC



What are we going to learn today?

» Protein-ligand docking in the presence of water molecules '

* Water molecules in the binding site of a protein could form
hydrogen-bonded networks and stabilise the protein-ligand

INnteraction
« Adds to specificity of ligand recognition

» Stabilises the conformation of the active site of enzymes

Ladbury, J E., Chem.Biol. (1996), 3, 973-980. ( < l N



PR
Docking with GOLD: Case Study o

PDB: 4KN6 « Human hypoxanthine-guanine -

ohosphoribosyl transferase.

PPPPPPP

e o-Fluoro-3-hydroxy-2-
e }f’ pyrazinecarboxamide (T-705), aka

A,
o ] “_w." F
1\ Asp]37A ‘ o . . D
MO, rd Flavipiravir.
R H--\-.u'“‘:q*ﬁ&‘:"‘p (4 ‘\‘.
- 9/:'55 HOO
N | i

e ?3'\1 * A novel antiviral compound with
broad activity against influenza

virus and diverse RNA viruses.

Balzarini, J. (2013) Mol Pharmacol 84: 615-629. < ( I N




Docking with GOLD: Case Study

« T705is a prodrug, it is converted to T- PDB: 4KN6

705-ribose-5'-triphosphate (T-705- 5 .

RTP).
- ,.,f"

4

« Water molecule HOH405 forms
iNnteractions with ILE134 and GLU132.

* The presence of this water molecule
HOH405 affects the binding

conformation of the ligand.

Balzarini, J. (2013) Mol Pharmacol 84: 615-629. < ( I N



Docking with GOLD: Protein preparation’: -
* Open the GOLD docking wizard... o ...ano.lgcl)gfd the protein.. . N N ,

tﬂlizard step 1: Select one or more proteins
i

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

Global Options 4KN6

Wizard steps: ) . .
1. Select':i protein Select proteins to use: Lﬂad pn}tein Superimpose Proteins...
2. Protein setup
3. Define the binding s 4KNG
4. Configuration templ
5. Select ligands
6. Choose a fitness fur
7. GA search options
8. Finish
[] List all loaded files (not just proteins)
Protein score offset (ensemble docking only)
Negative numbers favour a model, positive numbers disfavour a model
Protein Score Offset
@ Hermes 1 4KNG 0
File Edit Selection Display Calculate Descripto (L[} DJatabases CSD Python APl CSD-CrossMiner  Help
Highlighting [] Depth Cueing Stereo  Graphics Objec. SIEtLIFI' and Run a Dockin g .\ @ ﬁ Tilir
Picking Mode: | Pick Atoms w | Clear Measurements I]- y+390 z90 =
Wizard...
Atom selections: ~ |
Melecule Explorer g x o -
| P Load GOLD Fitting Points...
Display Movable Descriptors
[ Fix all protein rotatable bonds
= = GOLD Per Atom Scores
a = 8 g
Help x? < Back Next > Cancel Wizard

CCDC




ocking with GOLD: Protein preparation’- -

.Hermes
File Edit S
Colors: & & % Tiing: 8 # W # @

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

Molecule Explorer & X 4KNo6
Docking Solutions ~ Display  Movable L

GOLD

Display

w
£

[}
4=
(=)

NucleicAcicl

All Entries
v [] 4kNs
Chains

Ligands
Waters

>
>
>

< >

Contact Management F X

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

Protein H-Bonds Short Contacts

1 KNG O l

Da

Selectby SMARTS([] | Style: Wireframe

@ 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 4KN6

Wizard steps:

PN AN

Select a protein
Protein setup
Define the binding <
Configuration templ
Select ligands
Choose a fitness fur
GA search options
Finish

Select proteins to use:

Load Protein

Superimpose Proteins...

4KN6

D List all loaded files (not just proteins)

Protein score offset (ensemble docking only)
Negative numbers favour a model, positive numbers disfavour a model.

Protein Score Offset

1 4KN6 0

D Fix all protein rotatable bonds

Help "2

< Back

Next >

Cancel Wizard

@

* The protein structure can
be visualised in various

representations.

D



.Hermes
File Edit Sel
Colors: & /4 5 Tiling: # 8 B 2 #

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

Molecule Explorer
Docking Solutions Display Movable 4 m

alculate Descriptors  GOLD

& x 4KNo6

e 5 ¢
£ 5 B
&} ] =5
z
v (] All Entries [l
v [®] kNG O
> [ Chains
> [(m] Ligands
> [ Waters
< >
Contact Management g X
Define H-Bonds ... ‘ ‘ Define Short Contacts ... ‘

Ligand Sphere [ ]

Protein H-Bonds ~Short Contacts

1 4KN6 [ ]

Data CSD Python APl Help

Select by SMARTS: Style:

@ colp setup

— >

Wizard step 2: Protein setup

r protein structure if required e.g. add hydrogens, delete waters...

At this point you have the change t

Global Options 4KN6

Protonation & ...
Extract/Delete ...
Delete Ligands/...
Flexible Sidech...
Soft Potentials
Metals

Protonation Rules:

Flip Asn GIn

=

Residue Set: All Protein Residues

His Tautomers

Add Hydrogens

> Constraints ASN25 A
Covalent ASNES A
Interaction Motif ASNBT A

N

ASN128 A
GLN143 A
GLN151 A
ASN153 A
ASN195 A
ASNZ202 A

Flip

@ Add Hydrogens X

o 88 hydrogens added.

@

& ® - d
° P -
2 »
. 4
k) » i "
£
° @
) >
°
% P
A o
s
<
Cl
@
o

* Visual inspection of the
protein structure, bound
ligand and water

Molecules.

« Add missing hydrogens.

D



Docking with GOLD: Protein preparation.

@ 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 4KN6

Protonation & ... Waters

Extract/Delete ... T 1HOH401 L)
Delete Ligands/... ] HOH402

Flexible Sidech... 1 HOH403

Soft Potentials ] HOH404

Metals HOH405

Constraints CH

Cova\er!t . Ho
Interaction Motif Ho
[THOH
[1HoH410
CTHOH411
[ 1HOH412
CTHOH413
[1HOH414
[1HOH415
[1HOH416
C1HOH417
[ IHOH418
[1HOH419
1 HoH420
[CTHOH42 o

Extract Waters For Docking| Delete ining 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 clicking the 'Extract Waters
For Docking' button.

v

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 x? < Back Next > Cancel Wizard

L ©

" o
® Wizard step 2: Protein setup . . .y ™ O
At this point you have the chance to edit your protein structure if required e.g. add hydrogens, delete waters... .
Colors: 9 & A Tiling: ¥ ® B Selectby SMARTS: le: | Wireframe
g L v G il Global Options KNG ®
Picking Mode: [Pick Atoms ~ | Clear Measurements [{7] O Protonation & - | waters .
AL = Extract/Delete ... A «
Molecule Explorer 8 x aKNe Delete Ligands/... . &
DockingSolutions Display  Movable | ¢ b . @
= B
H k- g El - i
3 =
v W] All Entries O ¥ v -
v (W] akne O %} oy i3
» [ chains s o
> W] Ligands
+ L] Waters @ Water Setup X P,
o 30 waters deleted. »
-
©
: >
Contact Management & x -
Define H-Bonds...  Define Short Contacts ... @
Ligand Sphere [_| b

Protein H-Bonds  Short Contacts

1 4KNG O O

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’ button.

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

. Select water molecules that are important for the

ligand interaction, i.e. functional waters.

« Extract the required water molecules and delete the

excess ones. The selected water molecule is saved

automatically in the working folder. CCDC



Docking with GOLD: Protein pre

@ Hermes @ GOLD Setup — ®
File Edit Selection Display culate Descriptors GOLD Databases CSD Python APl Help
- Wizard step 2: Protein setup
- - T { . o "
Colors: @ D = Tiing: B B B # - Seledtby SMARTS.‘[E] | Style: ‘ereframe ‘CD At this point you have the chance to edit your protein structure if required e.g. add hydrogens, delete waters...
4KNG }

Picking Mode: Pick Atoms ~ | Clear Measurements @@‘

Global Options

At lections: »
Om selections: T Protonation & ... - |
Molecule Explorer F X Extract/Delete .. Ligand/Cofactor Extract and Reload
Docking Solutions Display Movablew 1 JE Delete Ligands/... |A:1RP301
i g ") Flexible Sidech...
£ g B ;
o] ) o] Soft Potentials
£ o o
© ; = Metals
> Constraints
~ [m] All Entries O (] Covalent
ovalen
> [V 4KN6_HOH405 Interaction Motif
v [H] 4KN6 0 Ol nteraction Moti
> [ Chains
> [®] Ligands
< >
Contact Management F X
Define H-Bonds ... ‘ ‘ Define Short Contacts ... ‘
Ligand Sphere [_|
Protein H-Bonds Short Contacts
1 4KNG [ O
2 4kN6_HO... [] O
Your protein may have one or more ligands or cofactors occupying the binding site that
must be removed before you can peform a docking. Extracted components are
automatically reloaded so they can be used to define the binding site and are written to
file for later comparision with docking results.

H Next >

< Back

Hep | 2

‘ ‘Cancel Wizard |

paration’ -

L2

% P

Look for ligands and  #,

& ® -
® ™

cofactors.

Extract the ligand of

your interest.

Save the ligand.

D



Docking with GOLD: Defining the binding

site

. Hermes

File Edit Selection Display Calculate Descriptors GOLD Database!

Colors: & &

; ? = Tiling:
Picking Mode: Pick Atoms
Atom selections: v

Molecule Explorer

woE O OH O ® o

~ | Clear Measurements @ Q

5 x 4KN6

Docking Solutions Display Movable i
ﬁ wn
0 =
I
£ o2 ER
(o) 3 =
z
~ [m] All Entries O
> [V] 4KN6_HOH405
> [V]AakNG
v []4kne |
> [ Chains
< >
Contact Management F X

Define H-Bonds ...

Define Short Contacts ...

Ligand Sphere [_|

Protein
1 4KNG [] O
2 aKN6_HO... [ O
3 AakNe [ O

H-Bonds Short Contacts

@ oL sep — X

Select by SMARTS:

izard step 3: Define the binding site

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

Global Options 4KN6

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

1. Select a protein
2. Protein setup View
3. Define the bindin . . i
4. Configuration templ O Point - select atoms to define a centroid or edit XYZ
5. Select ligands
6. Choose a fitness fur
7. GA search options X: 138060 Y: 5.3425| Z: 5.0074 View | | Reset
8. Finish

@ One or more ligands or cofactors

A:1RP301, AiAKNG6

O List of atoms or residues

Filename: View

Select all atoms within &

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

}\ * There are various ways
INn which you can define

the binding site.

* Decide and select the
one depending on the
target protein or

specific needs.

* CDC

n



Docking with GOLD: Select ligand/s

* You can select the ligands to be

Wizard step 5: Select ligands

Choose one or more ligands to be docked into the protein by dicking the 'Add' button.

Colors: @ ™ M Tiling: # 3 3 ¥  F Selectby SMARTS:&:]
Picking Mode: Pick Atoms ~ Clear Measurements D )Q
Atom selections: v

Molecule Explorer

Docking Solutions ~ Display  Movable i

¥
g 2 g
8 3 8
; e |
v [W] Al Entries O %]
> [V] 4KN6_HOH405
> [F] A4kNG
v [ 4kne |
> [ chains
< >
Contact Management g x
Define H-Bonds ... Define Short Contacts ...
Ligand Sphere a

1 4KN6 O OJ
2 4kN6_HO... [] O
3 A4knNe [ O

Protein  H-Bonds Short Contacts

Global Options 4KNG6

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

Ligand File GA Runs First Ligand Last Ligand
1[NH6_Ligand.mol2 |10 1 last
< >
] show full file paths Add Delete

Reference ligand: |21\GDIdeocking\DockingjﬁFLanntes\élKNH67Ligand.moIZ‘ |Z|

docked.

.mol format.

further configure.

Help x?

< Back Next >

Cancel Wizard

» Ligand file could contain one or

more than one molecule in .sdf or

* |Instead of continuing with the

Wizard, cancel the wizard now to

D



election  Dis
Colors;: & & &
Picking Mode: Pick Atoms

Atom selections:

Molecule Explorer

play Calculate Descriptors GOLD

Tiling: ¥ E 3 0#

~ | Clear Measurements @ O

~

X 4KN6

Docking Solutions Display Movable 4
¥y
@ 5 g
O E =
z
v [m] All Entries O
> [ 4KN6_HOH405
> [V A4KNG
v [Jakne []
> [ chains
< >
Contact Management x

Define H-Bonds ...

Define Short Contacts ...
Ligand Sphere ||

Protein

1 4KN6

2 4KN6_HO...

3 Ai4KN6

H-Bonds
1
1
1

Short Contacts
O
O
0

Databases CSD Python APl Help

@ GOLD Setup

Conf file: |

Load

Save

Select by SMARTS:|[c]

Global Options

Wizard
Templates
Proteins

Define Binding ...
Select Ligands

Configure Waters
Ligand Flexibility
Fitness & Searc...
GA Settings
Qutput Options
> Constraints
Atom Typing

Water

1 4KN6_HOH405 1

index

toggle state

on ~ | spin

spin state

~

distance

0

C\Users\rch

Add

Delete

Help "2

Run GOLD

Run GOLD In The Background

Finish

Cancel

Now select the
Configure water option
and load the water

Molecule saved earlier.

Select toggle and spin

on options.

CCDC



Docking with GOLD

. Hermes

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

Colors: 4% & 5 Tiling: B E E ¥

Picking Mode: Pick Atoms

Atom selections:

Select by SMARTS:|[c]

~ Clear Measurements ﬂ)

v

Molecule Explorer 5 X 4KN6
Docking Solutions Display Movable Descriptors
B
28 B E g
s © &£ § 2
5§ T o5 &£ 2
5 § = 3
z
v All Entries
4KN6_HOH405
[]A4kNG
v [ akne
Chains
< >
g x

Contact Management

Define H-Bonds ..

Define Short Contacts ...

Ligand Sphere D

Protein
1 4KN6 |
2 4KN6_HO.. []
3 AdkNG [

H-Bonds  Short Contacts

O
O
O

: Run thesetup - -

@ colpsetp — X
Conf file: | Load Save
Global Options
Wizard File Format Options Information in File Selecting Solutions
Templates Output file format: (®) Same as input () SD file () Mol2
Proteins _
Define Binding ... Output directory: ‘
Select Ligands [ ] Create output sub-directories for each ligand
Configure Waters
W ’
Ligand Flexibility Save ligand rank (.rnk) files
Fithess & Searc... Save ligand log files
: Save initialised ligand files
Output Options [ save solutions to one file:
Constraints
Atom Typing ] Use alternative bestranking.st filename:
] Create links for different binding modes (based on RMSD clustering)
Distance between clusters: 0.8 | A
i
i
|
1
Help K2 Run GOLD | |Run GOLD In The Background Finish Cancel

¥ Select odtguf ' .; & _
destination/diréctdry. <l

* Format of output ycSu . : A\
require.

* Run the GOLD calculations.

« Two options are available;

1. Run Gold: Interactive mode.

2. Run GOLD in Background:

Results are seen in the output

CCDC
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b ©
[ ] [ J »
OCKINg wi . RKUN e setu Woa/
[ ]
é o
. - 3
o P, b g .
e o 3 .
@ colpsetup - X >
® , ¥ -
o g 1
tion Dis descriptors GOLD D s CSD Python API | | Conf file: ‘ Load Save
Colors: 4 A R Tiing: W # B ¥ i Select by SMARTS{[d] ® N
Global Options 4KNG
Picking Mode: [Pick Atoms ~ | Clear Measurements {7y £O o
Atom selections: v Wizard File Format Options Information in File Selecting Solutions s .
Molecule Explorer & X 4KN6 Templates
Docking Solutions  Display  Movable  Descriptors | p_ Output file format: @ Same as input O SD file O Mol2 .
P " Proteins | v
I o o 5 w utnut diractarne:
5 2 E i 2 Define Binding ... ; _}_ ek ] ] Q . ®
°© § 53 = Select Ligands Finish GOLD Configuration X
~ [ All Entries O | Configure Waters
> []4KN6_HOH405 O Ligand Flexibility Directory: ‘02l\GoId_Docking\Ducking_G_FLV_nutes . @
o igand Flexibili Y h f t k f -
> ] AdKNG V ; |
v 4KN6 | Fitness & Searc... Save Files e r u n U n C I O n a S S O r
> [ Chains GA Settings GOLD conf file |go|d.conf |
Output Options
> Constraints ’ t
( ) a0 ot ot _ various options.
clustering)

Contact Management § X

Define Short Contacts ...
Ligand Sphere [_]

Define H-Bonds ..

2 « The gold.conf file is the

Protein H-Bonds Short Contacts
1 4KN6 ] 0
2 4KN6 HO.. [ 0
3 AdkNG [ 0

Cavity atoms  |cavity-atoms . .
one with all the details. It

IS an editable file.

CCDC

Help K? Run GOLD  Run GOLD In The Background Finish Cancel



b ©
[ ] [ ] [ ] { ] » !
o
& o 3 .
L o e
»
1 e
L . 4 ™
®
@ Hermes @ colo setup — X ® ’
File Edit on Display Ca tors GOLD Da Y n APl Help [ ° o
Coors: @ @ % Ting # # M ® I SelectbySMARTS|] | Style:[Wi | Conffile: k;ktnp\kaShﬂp_NDVZ[)ZI\GDId_Dﬂcking\Ducking_ﬁ_FLV_nDtes\guld.cunf‘ Load Save [ >
Picking Mode: Pick Atoms v | Clear Measurements @I f'e) Y h k h %
Global Options L] t .
romsdeama ] < prons  4KkNG } OuU Can cnecC =
" N -
Molecule Explorer 8 x| 4KN6 Wizard File Format Options Information in File Selecting Solutions
i i Displ i :
Bockiigisolutions) ISPy Mwablev Desiptors Templates Output file format: (® Same as input () SD file () Mol2 *
o o w = o Proteins f t h
£ 2 s ] g [
g o é -'»E § Define B . Run GOLD X p ro g reSS O e
2 g Select Li - of ligand logs ~ goldJog  gold_protein.log  gold.err  Messages |4} @
v [®] All Entries O O Configu| [starting GOLD run 0 o
> [] 4KNG_HOH405 O Ligand | | t
calculation.
v [Jakne O GA Sett
> [ Chains
Output
> Constra
- | * The Run GOLD
< >
Contact Management 5 X . d h S
Define H-Bonds ... Define Short Contadts .. \/\/ I n OW a S \/a r I O u S
Ligand Sphere [_|
tabs, these provide
1 4KN6 U | This log file will be updated every 2 seconds. !
2 4kN6 HO... [] ] Interrupt GA | View Solutions Close
b with on the fly status
Help K? Run GOLD | Run GOLD In The Background Finish Cancel

D



Docking with GOLD: Analysis of results -

« Results are displayed in the Molecular Explorer. o\ TR, \

. Hermes

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

Colors: & &

Picking Mode: |Pick Atoms

B Tiling:

Atom selections: | cavity_al ~

Molecule Explorer
Docking Solutions

Customise...

Display

Sort...

Group by: No grouping M

~  Clear Meas

oW om B o

Clear

Descriptors

Selectby SMARTS{[c] | Style: Wireframe

£

~ Colour: |by Element

Docking Solution:

PLP.Fitness IPLP.ChemS- T

P.Chems: PLP.Chems: PLP.Chems: PLP.PLP

PLP.Reference.RMSD I:’LP.SBar

PLPligand. PLPligand.i PLP.partbu PLP.parthb PLP.partm¢ PLP.partno PLP.partrej Refere ™ =1

Show only cavity and ligand

A:AKNG soln:5 72.685 : 10.6058 0.0540 0.0000 -45.1253 04768 3.0000 0.0713 0.6202  -3.0496 -14.9982 0.0000  -30.5346 2.1720 0.
A:AKNG soln:2 71.6817 0.0000  10.7474 0.1022 0.0000 -43.6327 0.4963 3.0000 0.0694 0.6131 -1.8404  -15.2898 0.0000  -31.53 ligand: A:4KNG file: ), #
A:4KNG soln:8 71.8349 0.0000  10.7506 0.0540 0.0000 -44.3220 0.5141 3.0000 0.0732 0.8599 -2.4072  -15.1165 0.0000  -31.49 4KNH6 Ligand.mol2 )
A:4KNG soln:1 66.3276 0.0000 9.5424 0.1222 0.0000 -43.4619 25724 3.0000 0.0000 14419 21918 -16.3710 0.0000 -30.6 index: 1 solution: 5 )
AAKNG soln:3 69.5439 0.0000  10.7350 0.1022 0.0000 -42.9731 2.6786 3.0000 0.0000 1.3682 11525 -16.7815 0.0000 -35.98Fun:1 e

< >

Find identifier: Find Next

* |Nn Most cases we are interested in the

fitness score and the RMSD.

* For PLP scoring function, higher scores

and lower RMSD is mean better results.

PLP: Piecewise Linear Potential, it is an

empirical fitness functions optimised for

CCDC

pose prediction.



ion Display

lections: | cavity_al v
Moalecule Explorer
Docking Solutions Display

Calculate Descriptors GOLD Data
Colors: & & 5 Tiing: B ¥ B B E  Selectby SMARTS: Style: Wireframe
Picking Mode: Pick A ~ | Clear Measurements @Q

5 x 4KN6_2
Movable 1 P

£ $
© 5
5 $
'm] All Entries [m] [m]
> [v] 4KN6_HOH405
> [V Adkneg
> [m] 4kng 2 [m] (m]
v [m] 4KN6 [m]
> ] Chains
Contact Management &
Define H-Bonds ... Define Short Contacts ...
ere
H-Bonds Sho
1 4KN6 ] O
.. [ O
U O
] ]

bases

CSD Python API

Help

~ Colour: by Element

Docking with GOLD: Analysis of results

J

.
o

« Use the Molecular Explorer to
display docking solutions,
component of the system and

the molecules.

« Manage the views and study the

INteractions.

CCDC



Docking with GOLD: Analysis of results

. Hermes

- X L

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

Colors: & @ ¢

< |

Picking Mode: | Pick Atc

Atom selections: cavit
Molecule Explorer

Docking Solutions

Customise... S
Group by: 'No groupin
ems: PLP.PLP Pl
0000 -45.1253
0000  -43.6327
0000  -44.3220
0000 -43.4619
0000  -42.9731
<

26786 3.0000 T‘

Styles

o
ctbySMARTS{] | Style:|Wireframe v Colour: by Element v
Labels 4

, » Select Display ;

Show/Hide o

Ribbons & Tubes...
Contour Surfaces...

Molecular Surfaces (Experimental)...

Style Preferences...
Display Options...
Qverwrite on load

Allow Multiple Instances

Toolbars o

Protein

Ribbons and Tubes

>

Findidentifie:| | FindNext

[ show only cavity and ligand

Contact Management

Define H-Bonds ...

Define Short Contacts ...

& Explore various options

Ligand Sphere [ ]

to create various colour
combinations and

displays

CCDC

n




R P :-:M1 i,
®
I -y
M ' THR141f(-Ag

» Results can be visualised in various ways and representations.

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

D

&
o 1



What happens when we turn the water off!. -

tors GOLD Databases CS

D Python APl Help

# i Select by SMA|

ants @ Q

@ GOoLD Setup

Conf file: b_Dncking\DDcking_ﬁ_FLV_nntes\WithDut_water\gold_withnut_Water.cnnf

Load Save

Global Options 4KN6

Wizard
Templates
Proteins

Define Binding ...
Select Ligands
Configure Waters
Ligand Flexibility
Fitness & Searc...
GA Settings
Qutput Options
Constraints
Atom Typing

Water index toggle state| spin state distance

1 4KN6_HOH405 1 off ~ fspin

10

C:\Users\rch r

Add Delete

Help A?

Run GOLD  Run GOLD In The Background

Finish Cancel

- Now let us see the effect of docking
without the water molecule on

the docked pose.

- To see the effect, we switch off
the 'toggle state' in the configure

water tab.

CCDC



What happens when we turn the water off!

. Hermes

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

Colors: & & 54

Tiling:

Picking Mode: |Pick Atoms

Atom selections: cavity_al ~

Molecule Explorer

E o= om =2 o

~ | Clear Measurements @ p

Select by SMARTS:|[c]

Style: Wireframe

~ Colour: by Element

-

F X
Docking Solutions  Display ~ Movable  Descriptors
Customise... Sort... Clear
Group by: No grouping hd
Docking Solution:lPLP.FitnessI PLP.Chems: PLP.Chems PLP.Chems' PLP.Chems: PLP.PLP I PLP.RefereI PLPligand.c PLPligandi PLP.partbu PLP.parthb PLP.part.m: PLP.partno PLP.partre; Reference.F Version 2
EA:4KN6 soln:9 52.0989 0.0000 7.4803 6.8510 0.0000 -34.1320 2.5287 0.0000 5.6625 -34659 -11.4048 0.0000 -28.5866 6.6278 2.5287 0.0000§
A:AKNG6 soln:3 57.1629 0.0000 6.8157 7.1130 0.0000 -43.9764 2.6688 4.5809 4.8964 -1.0749  -13.5293 0.0000  -31.3562 0.4412 2.6688 0.0000
AAKNG soln:6 58.8353 0.0000 7.6194 7.1130 0.0000 -41.2137 2.8205 0.0000 6.1748 -3.1948  -11.8837 0.0000 -28.3488 0.3527 2.8205 0.0000
A:4KN6 soln:8 58.8244 0.0000 7.0348 6.8510 0.0000  -43.8865 2.8716 0.0839 6.4668 -3.7634  -10.0956 0.0000  -31.7095 0.6777 2.8716 0.0000
A:AKNG soln:1 58.7645 0.0000 6.6560 9.4890 0.0000  -39.7926 34255 0.0000 5.2425 -4.1245 -7.3255 0.0000  -28.8999 0.6879 34255 0.0000
A:AKNG6 soln:7 541336 0.0000 7.7253 6.8510 0.0000 -32.3311 3.4805 0.0000 41121 -5.0359 -10.7212 0.0000  -18.9052 0.4877 3.4805 0.0000 «

* Follow the steps showed earlier to complete the setup, then run the docking calculation.

« We will look at the ligand RMSD and fitness score to understand the impact of docking

with and without water.

CCDC



What happens when we turn the water . @
off? | |

* Ligand orientation different from the N ¥

experimental conformation.

/ ,

- Only when docking with explicit

water molecule(s) we were able to
reproduce the crystallographic

\\

Docking pose with the lowest RMSD conformation.

D



Docking virtual screening (VS) with GOLD

Target structure Colrirkwﬁ;)rzj/nd ; < : ¥
preparation preparation i & et T [

GOLD is available for cloud computing

License Server Submit & Harvest Scripts

License Req uest

Kubernetes Cluster

GOLD Pods
Workers

Docking
Input

Post processing

RabbitMQ Pod
&~ Scheduling &
Result harvesting

— Results Packet

Typical workflow of a docking-based VS Gold cloud computing

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 v ||Clea ﬁ 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 3 = 8 B § %
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

| eft mouse button and move — rotate
Molecules

Middle Mouse wheel — move molecules up
and down

Right mouse button and move up and down
—zoom in and out of molecules

-l
shift B8 E Shift + Left mouse button and move - rotate
INn the plane molecules

+ BNl . | - | oft mouse button and move - translate

molecules
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 Calculate Descriptors GOLD  Databases C5D Python APl C5D-CrossMiner  Help

kts [ show hydrogens [] Show unknown atoms | - Colors: Q f;\ ﬂ Tiing: §BEE EEEE ﬁ S Lo SelectbySMARTS: Style: | Wireframe ~ Colour: by Element ~

Open... Ctrl+0
Load GOLD results... Ctrl+ 5 l\E £ % x+ oy oyt oz oz+ %90 x490 y90 y+90 z90 2480 & > | T zoom- zoom+
Recent Files L
g X 2W5sY
Save As... Ctrl+5 l
Save Selection As... R ——
I [T} =
EKrCI't Chrl+X 3 = a @ saveFileas
- Organise = MNew folder
Export complex... Ctrl+L g ’
~
. #

Close All Files

]
Exit Ctrl+Q 1

@ image-1
L]
Contact Management g X
Define H-Bonds ... Define Short Contacts ...
Ligand Sphere [ ] File name:
Protein H-Bonds Short Contacts Save as type: | Portable Network Graphics File (*.png)
1 2W5Y O O PDE File {*.pdh *.Ent:l

~ HideFolders Mol File (*.mol2)

Binary Archive (*.reliarch)
Bitrmap File (*.bmp)

IPEG File (*.jpg *,j
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Show One: Hermes interface

@ - O *
F| E Selecti D|5F'|3}r Calculate  Descriptors  GOLD  Databases  CSD Python APl C5D-CrossMiner  Help
| Styles b | | Srom ionn stoms | Colors: % £ R e @ B B B El seecarswwrsld ] style: |Wireframe [Colour: by Element V|
g Labels w AR y+ z- 7+ %90 %490 y-90 y+90 z90 z+90 4+ > L P zoom- zoom+
] abels il | Capped Sticks by Temperature Factor
] 5 Colours | Ball and Stick - by Gasteiger charge
Spacefill by Partial charge
fl 5 Show/Hide L4 Ellipsoid
! >
I O Ribbons & Tubes... \'_3;'
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C Contour Surfaces... i ¢ W eg
C 5
Style Preferences... © % .
C Y 3
Display Opticns... s
. <
I It Owerwrite on load ~
1
T E + Allow Multiple Instances
C Toolbars L4
Save Current Selection...
Delete Selection...
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Conti
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Ligand Sphere [ ]
Protein H-Bonds Short Contacts
1 2WsY O O




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
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C

Contour Surfaces...

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

Allow Multiple Instances

Toolbars

Save Current Selectian...
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https://www.ccde.cam.ac.uk/Community/educationalresources/ @

Want to explore more? G

) o
Training and Educational Resources i I Wian
»
The wealth of information contained within the Cambridge Structural Database (CSD) extends far beyond a collection of crystal structures. Knowledge derived from these materials & R =
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.
2 »

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

e o
! °
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 ’ d
ye .‘~ < 1; - _ 0 share them with the broader community, please contact us at education@ccdc.cam.ac.uk. R e |Ste r .[:O 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. g

o5 Discovery i — g8 E&O newslettér

.
. ) [ | 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 worksho

3 -
;x‘x )

Download a series of self-guided workshop materials
for CCDC tools and features

On-demand
Mmodules with
completion
certificate

YouTube and LabTube
), eLeam'_,

r ..:iff;-zifi*ﬁqfn- N |
Access fun science activities for kids through the Explore the Periodic Table through Crystal Structures o
CCDC Home learning page

@


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

