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ThePurpose oDocking

When you investigate potential drugs for a new protein target or try to improve
existing medicines, it is important to know:

9 if and how strongly aroposed moleculdinds to the protein (binding
affinity prediction)
1 how it binds to the protein (pose prediction)

Docking 3D coordinates of a ligand into low energy states of a protein binding site

(or active site)s commonly used for pose prediction. It approximates the process

of a fexible ligand binding tan active site. Docking can be set up to make the
Y2adG 2F I+ a0OASydGaradQa (y26tSR3IS lo2dziy

the flexibility ofthe target

structural waters

metal binding sites

preferred proteinligandinteractions

= =4 =4 =

Proposeddockingposesgive chemists insighend testable hypothesegbout
which parts of the ligand:

are responsible for theindingto the protein

should be optimied to improve the potency of the drug

would cause clashes with the prateif changed

can be replaced to improve pharmacokinetic properties and alleviate
side effects

= =4 -4 -9

The quality of an individual dockimgsultis measured by a relative s&o This is
used to judge whiclposes generated for an individuajand are the most likely
ones. Docking scores cannot accurately pitdvhether a compoundinds and

what its affinity is. This needs to be confirmed lexperimentabssays.
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Dh[5Qa 9@2ftdziA2Yyl NB !
Dh[ 5 & IGsh&iaOptimsadtidndorLigandD2 O | A ltisbéedf the most
widely used docking programs and available as part ofGB&Discoveryand
CSEEnterpriseSuites

LA

Dh[5Q&4 S@2ftdziAz2yl NE FfIA2NAGKY Y2
conformation of a ligand to finto one or more low energy states of the protei
active site. It maps ligand geometry parameters onto populations
chromosomes and then runs evolutionary rounds rofitation, crossover
scoringandselectionto optimise proteinligandinteractions.
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GOLD and Hermes

GOLD itself is accessible from Windows, LinuxnaacDS command lines.

In this guide, you will:
1 prepare input for GOLD
1 perform dockings
1 analyse docking results

To get startedyou will use the Hermes visualiser. to
9 correctly setup your coordinate data
T OK22a&aS adaAidrlofS LI NYSGSNR F2N
9 call GOLD and visualise the result of its dockings

Please notéhat GOLD can be used without Herm&®r more information,
please check th&OLD Configuration File User Guide

=
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A Checklist for Docking

X ] S

Have | got:

¢
¢
¢
¢

3D coordinates for my proteth

access to electron density data for my target?

knowledge about \were the protein active site s

knowledge on whether metal ions are involved in protkgrand interactions?
o 3D coordinatse for such metal ions?

. % 3D coordinates for my ligand, including the positions of _hy_drp ens? _

RATASY aft hebondngtts Hndt andies in niy M ¥ordetd A 2 Y |

C an enumeration of all protonatiotautomeric states for my ligard

C any expectations of which interactions aileely to take place within my active

site?

of

Am | aware that:

C His sidehains can adopt one of three protonation/tautomeric states?

C Glu and Asp sidihains can interact with the ligand as carboxylates or
carboxylic acids?

C crystallography at medium resoloh is not able to provide certainty about the

orientation of the anide groups in Asn and GIn sith@ins

protein sidechains can move?

¢

Have | checked that:

D H[ thereiscrystalogrgphi@yidenge foptheypgsiion of long and surface expose
sidechains, such as Arg and 2ys
C there are no unwanted water or buffer molecules in my active site?
C my assumptions on the positions of protein sidechains are based on electrq
density data?



https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_conf_file_user_guide.pdf

* |
RedockinggAHNto MLL1

. Download Input Files
Introduction '0064<_\ on

Your protein target

MLL1is a pathogenic protein which is involved in blood candéralters gene o
transcription by transferring methyl groups from itsofactor Sadenosyl o
methionine SAM) to histones, the proteins DNA is wrapped around in the cell N N
nucleus. The cofactor is converted 8AHSadenosyll-homocysteine $AH. ( 7
Cofactor bindingsites can be challenging in drug discovery projects due to the i N

potential for offtarget binding to related proteins.Interestingly,SAMis very
flexible and adopts different conformations in different enzymeghus,SAM
binding sites areconsidered druggable and currently investigated for the SAH depicted by the Diagram module of the CSD Python API
treatments of canceand neuropsychiatric disordets.

NH,
2

Your task:
Ly GKA& Gdziz2NRFEX @82dz 4§4S&aG Dh[5Qa FoAfAGe y C
product SAH back into its binding siteThis $ a vital firststepto check whether
a docking setup has any chance of success in a drug discovery project.
Please download thexample folder of input files

L2 dzy R Ay &2dzNJ OF a$

Is this an easy docking? Nvbu will meet the following challenges:
1 11 nontrivial rotatable bonds in the ligand
1 aflexible sugar ring in the ligand
1 a partially open shape of the protein binding site

You willfocus on
1 preparing a correct representatiorf the protein binding site
i setting an appropriat@rotonation state for your ligand
1 consideringingflexibility in the settings for the genetic algorithm

At the end of this tutorial, you will optimise your results by:
1 dockingwith high accuracy settingand
91 usingProtein HBond constraints

MLL1 complexed to SAH, R&fle: 2w5y

! Arrowsmith, Cheryl Het al. "Epigenetic protein families: a new frontier for drug
discovery."Nature Reviews Druddiscovery(2012) 11, 384-400.


https://downloads.ccdc.cam.ac.uk/tutorials/GOLD_Pose_Prediction_MLL1_Files.zip
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Prepare the Coordinasef Your Protein Binding Site and Your
Ligand

Inspect Sidehain Conformations anBrotonation States

1.

|l

1

StartHermesgby double clicking its icoon your desktoplf you are ormacOS
double click on the Hermes.app in tBéscoveryinstallation folder.

. Use File > h LJS ytX load 2w5y proteinmol2 This file includes the

coordinates deposited agw5y for the heavy atoms.Hydrogens have been
added byHermesas demonstrated in thdntroduction to Hermeguide

Hydrogenmatomscanalsobe added by theommand lingprogramgold_ utils-

convertand theCSD Python API

In the same way as 2lgad the experimentally solved conformation of the
ligand with added position of hydrogerise. SAH native.mol2

FindSAHIn Molecule Explorerightclick on it and seledCenter & Zoom 3D
view to focus on the active site.

You will now havéhe ligand and active site on displalyocus on the selection
of sidechains stwn in the picture on the righhand side.Youwill notice atom
pairs at hydrogen bonding distances of less than 3.0A betwedonor and
acceptor atoms

OD1, Asn3906and OE1 Glu3939 ‘

ND2 Asr8906andaminoN,SAH @

ND1of His383%ndaminoN, SAH

However,donor atomspoint to donoisand acceptoatomsto acceptos.?

2Errors like this one are often curated by PDB RE®0.can download K S -refive®
YR NI o dzA f2w5y dinaihhta@emdzNERE X dor comparison.

&
File Edit Selection Display Calcy

Open... Ctrl+ O
Load GOLD results... Ctrl+G

Recent Files 3
Save As... Ctrl+5
Export... Ctrl+X
Export complex... S
| = | GOLD_Pose Prediction_MLL1_Files
Close All Files Home  Share  View
; « v P » ThisPC » Desktop » GOLD_Pose Prediction_MLL1 Files
Exit ~
# Quick access A Name Date modified Type Size
3 Downlozds LS 2wSy_protein.mol2 MOL2 File 272KB
19 Desktop 4 gold.conf GOLD Configurati... 2K8
(Bl e .
Malecule Explarer
Display Movable Descriptors
w B ow og =
t 5= =2
~ [ Al Entries
2W5Y
12W5Y_SAH_A 4971 T
N Styles »
Colours 3
Labels 3
Select
Select Only
Deselect
Auto Select
Delete
Center 30 view
Center & Zoom 3D view
SAH4971
N
ASN3906 .g
GLU3939
HIS3839


https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/da10f10fffac4240963d9152472b6aeb.pdf
http://www.cmbi.ru.nl/pdb_redo/w5/2w5y/index.html

We canconclude that:

91 The orientation of theAsn3906amide group in the crystal structuie
incorrect

9 Theprotonation state oHis3839s unsuitable for théigandSAH

Note: Multiple protonation states can be explored using thesemble docking
feature of GOLDwhich cansampleseveralprotein protonation stateswithin the
same docking runfFor more information, chedke section on ensemble docking
inthe GOLD User Guide



https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide.pdf#page=43

Change Selected Protein Sidains
Modify His3839

1 File Edit Selection Display Calculate Descriptors  GOLD DEJEses ZSD Python API

. . Highighting [] Depth Cueing | Stereo Graphics Objects | Setup and Run a Docking... r ]

1. Clickon GOLD> Setup and Run a Dockirfgppm Hermes togevel menuand N =T D -

clickon New button in the GOLDpop-up window W eow

4% Do you wish to create a new GOLD cenfiguration file or to load an existing one?
8 GOLD Setup '@‘ -
2. In theGlobal Optionpane,clickProteins I— Leadessting | Cance
Conf file: | Load Save
3. Tickthe 2W5Ytick-boxas illustrated dobal options swsy €—T | ¥
. . 2 Wizard )

4. A new tab labding a pane fothe protein2W5Ywill appear next to the b oo proenstouse: LoadProten | [Supermpose Proteis.

Global Optiongab. Click orthis tab to enter the protein preparation area Define Binding Site [ 2wsv |

Select Ligands
for 2W5Y 3 Cnnf::gurgeWaters
Ligand Flexibility
5. Withinthe 2W5Yarea, stay on th€rotonation & Tautomerpage.
. & coLD setup _
6. Focus on thédis Tautomers
Conf file: | Load | | Save
7. SelectHIS383A GIDbaIOpﬁunsI 2W5Y I
) i ) 5 Protonation & Tautomers .

8. In theEdit selected residueld e Profanation Rules:

T uncheckND1 H Flevible Sidechains 6 ST

Soft Potentials
CheCkN E2 H Metals Residue Set: Al Protein Residues
T[ . . Constraints Flip Asn Gin
9 clickSet Protonation 7 Covelent
Interaction Motif L1370 & Edit selected residue
|18 HIS3839 A
‘leA l ND1H
] ] ] HIS3907 A LIne2H

His 383%hould nowhave a derotonated nitrogen to face thamino groupof HIs3925 A Set Protonation
SAH 8

o— <

Edit selected residue

OnpiH

NEZH
3 ¢ p \ Set Protonation
o » \




Flip the Amide Group in Asp3906
1.

2.

Stay in on theW5Ypage of theGOLD Setup

Click orFip Asn Glnab to enter the mnefor flippingAspandGlnsidechains.

ClickASNB906 A

ClickFlip.

0 ND2of the Asn3906ds now in gposition todonatea hydrogen
to the carboxylate group o6lu3939

% GOLD setup
Conf file: | Lo
1 Glabal Options l WEY_2 |

Extract/Delete Waters
Delete Ligands
Flexible Sidechains

Soft Potentials
Metals
Constraints

Protonation & Tautomers

Covalent
Interaction Motif

0 ODlof AsrB906andND1of His3839cannow accept hydrogens

from SAH

UseFile>SaveAsto preserve the changes made to the protein, as described in

the Introduction to Hermeguide Use2w5y protein_preparednol2as the
name br youredited protein.

Close:
GOLD Setupindow
6. Allfiles in Hermes, by clicking &ile>Close All Files

5.

& GOLD setup

Conf fie: |

Protonation Rules:

Residue Set: All Protein Residues

Flip Asn Gln His Tautomers

ASN3TI4 A
GLMN3302 A
ASN3Z48 A
ASN3E6HT A

GLMN3267 A
ASN3G00 A
ASN3206 A
ASN3SIZA

GLU3939

File Edit Selection Display Calcu

Open... Ctrl+O
Load GOLD results... Ctrl+G
Recent Files 3
Save As... Ctrl+5
Export... Ctrl+X
Export complex... Ctrl+L
Close Al Files ]
Exit Ctrl+Q

ASN3906

©

Flip

Add H

©

HIS3839

o


https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/da10f10fffac4240963d9152472b6aeb.pdf

Prepare Your Ligand

SadenosylL-homocysteineis expected to adopt a zwitterionic state at neutral

pH. To test out docking approaches, it is advisable to start with a ligand that does

not originate from the crystibographic experiment which provide¢he structure

of the proteinligandbinding site.Crystallographic refement will have aimed to

optimise all bond lengths, angles and rings to achieve an optimar éittest the

quality of a docking setup, you should removelsbias.We will use the idealed

version ofSAH_ideal.dadownloaded from the PDB, which has no resemblance

to the docked conformation when it comes to e.g. the pucker of the furanose

ring.

1. Make sure all previously used files have been clo&idrt by loading th
structure ofSAHN an idealisedtonformation,SAH ideal.sdf usingFile>
Openfrom the toplevelmenu.

2. Selecthe ligand by rightlicking onrSAHnN the Molecule Explorewindow
and click orSelect The selected atoms arasplayed as yellow spheres in
the 3D view.

3. Rightclick in the 3D view and click dabel>Label by Atom LabelThis will
show the name of each selected atom in the 3D view.

4. Clickedit> Edit Structurefrom the toplevelmenuto edit the ligand

5. Clickon Hydrogen Atomsn the Addpanelof the Edit Structurevindow and
subsequently click on thi1 of the amino acid functional group to add the
hydrogen.

6. ClickAtoms & Bondsn the Removepanelof the Edit Structurevindow and
select theH34 atom in the 3D viewto remove it and create a daoxylate
group.

Now your ligand structure is ready for dockindse theFile> SaveAs from the

top-levelmenu to write your changes to.mol2file, namedSAHmMol2 Now close
all filesby clicking orFile>Close All Files.

Note: GOLD caautomatcally deduce atom types if bond ordexe correctly set
up for GOLDPIleaseseeChapter Gnthe GOLDJser Guiddéor more information.

Molecule Explorer

Display Movable Descriptors

File Edit Selection Display Calculate [

Open... Cirl+O ) Graph
Load GOLD results... Ctrl+G Measure
Recent Files [
B o
= [4
Save A Ctri+S |

Measure o

Clear Measurements

Selection
Styles
Colours
Labels
Show/Hide

Label by Atom Label
Label by Element
Label by Atom Type
Label by Protein Residue

Label by Atom File Index

Label by Atom Coordinates

Label by Structure

Label Alpha Carbons by Protein Residue
Label by Partial Charge

Do not label

Picking Mode
View
Rotation Centre

New

Label colour.
Label size..

Edit Structure

Click on an atom to add hydrogens.

Structure has 0 bonds of unknown type.
Add

I|Hydrogen Atoms I 1 ¥

onds Single

Remove

I Atoms & Bonds I All Hydrogens

All Formal Charges

Selected Atoms Unknown Atoms

[ZIiSAH

Contact Managems

v [] All Entries

"

2E8 g A £
v}
Styles 4
Colours »
Labels 4
Select
Select Only
Deselect
Auto Select
Delete

uuuuu

Center 3D view 8 x
Center & Zoom 3D view

| 4 | File = Edit Selection Display Calculate Descriptors

Pickir
Atom

Volecu

Displ

Undo: Deselect All

Redo: Not Available

Copy Image to Clipboard Ctrl+C

Edit Structure
Add Hydrogens
Auto-Edit Ligand

ChieZ  pcts 3
Ctrl+Y I
Tilirw

Ctrl+B
Ctrl+H

t

Ctrl+T

Correct Ligand Connectivity Ctrl+P

v AllEntries
SAH


https://files.rcsb.org/ligands/view/SAH_ideal.sdf
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_User_Guide.pdf#page=56
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Introduction toGOLDBConfiguration Files
GOLm A | f 3 igpldmérked as/a dommadihe tool.

For simple docking§&OLDequires 3 input files:

A GOLLxonfiguration file (extensionconf, alsoseethe GOLD
Configuration File Usenu@lefor more informatior). TheGOLD
configuration file specifies the location w¥o further files

a. the prepared 3D coordinates of your ligand

b. the prepared 3D coordinates of your protein

An example of a prepargdOLxonfigurationfile is included aMLL1confin your

example folder. We are going to prepare another copy of this file in the next

sections of this tutorial.
Havealook at the file and find the entries specifying your protein and ligand.

There areseveralways toset up and modiffGOLxonfiguration filesincluding
1 with a text editor
1 with the GOLSetupmenu inHermes
1 with the docking module of th€SD Python API

Once set upGOLDxan be run from the command line as describedh®yGOLD
Configuration File User Guide

In the next sections, you will ugke GOLDSetupmenu in Hermesto create a
GOLxonfiguration file.

L_‘]MLL'Iconfal]

1 | GOLD CONFIGURATION FILE

BUTCMATIC SETTINGS
auroscals = 1

POPULATION

DATA FILES
27 igand data file SAH molo 10
28 |ligand_1’eference_file = 5SAH native.mol2 ]
2 @ — ==
set_ligand atom types = 1
set_protein atom types = 0
directory = MLL1
tordist_file = DEFAULT
make_subdirs = 0
save_lone_pairs = 1
fit points file = fit pts.mol2
read fitpts = 0O

ERCTEIN DATA

74 I protein datafile = 2w5Sy_protein prepared.molZ



https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_conf_file_user_guide.pdf
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_conf_file_user_guide.pdf
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_conf_file_user_guide.pdf
https://www.ccdc.cam.ac.uk/support-and-resources/ccdcresources/GOLD_conf_file_user_guide.pdf
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SetUp aGOLIRunN
Define Your Protein Binding Site

1.

In Hermesclick File > Openfrom the top-level menu to load your prepared
protein, 2w5y_protein_prepared.mol2

. Next, clickile> Openand loadSAH nativemol2 This representSAHn its

conformation and orientation in the protein binding sit&Ve will usethis file
to definethe binding site in step.8

Start the GOLDSetupby clicking onGOLD> Setup and Run a Dockirgnd
selectNew.

Step 45: St 2W5Yas the protein for dockingn the following manner:n the

Global Optionspane, click Proteins and then tick the2W5Y tick-box as
illustratedon the right

To start the definition of your protein active sitgglectDefine Binding Site
from the Global Optiongab.

. In the Define Binding Siteage,click theOne or more ligandsadio button,

which will select the already load&gAHigand.Leave the radius for cavity
atom selection at the defaultalueof 6A.

Make sure that theéDetect cavitytick-box is activated.

File Edit Selection Display Calculate D

[ Open... Ctrl+O } Graphit 3
Toad GOLD results..  CEN+G | Measurer
Recent Files 4 o File Edit Selection Display Calculaste Descriptors | GOLD Databases  CSD Python APl Hel
< Highlighting [] Depth Cueing | Stereo  Graphics Objects Setup and Run a Docking...  foms | ¢
Picking Mode: | Pick Atoms + | Clear Measurements Wizard... 90 x
% coo
"@' Do you wish to create a new GOLD configuration file or to load an existing one?
T
K
Conf file: | Load | | Save
Global Options 2W5Y
Wizard
Templates Select proteins to use: Load Protein | |Superimpose Proteins...
[ Proteins
Define Binding Site B 2wsy
Select Ligands
Configure Waters
Ligand Flexibility
Global Options 2W5Y
Wizard ) o )
Templates () Atom - select an atom in the visualiser or enter an atom index
Erotein View
] Define Binding Site
wTect Digands () Paint - select atoms to define a centroid or edit XYZ
Configure Waters B »
Ligand Flexibility = : < View Reset
Fitness & Search Options - P
GA Settings One or more ligands
Output Options L_1, 2W5Y_SAH_A_4971
Constraints
Atorn Typing
Parallel GOLD
() List of atoms or residues
Filename: o View
> [ Select all stoms within |5 A ]
[[] Generate a cavity atoms file from the selection Refine Selection

Fi Detect cavity - restrict atom selection to solvent-accessible surface l

Force all H bond donorsfacceptors to be treated as solvent accessible

Add Definition as a Selection
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Enter Your Ligand for Docking

Global Options 2W5Y

Wizard
3 - - - )
1. To addyour ligard to the docking setup, clickn Select Ligandfrom the pempltes Gifuns | Felgnd ) Lt
Gldbal Optiongab. Define Binding Site I' ! lost
1 Select Ligands
. Configure Waters
2. ClickAddto browse for the prepared ligandAHmMoI2 Egm Ze;cibilit)hro _
Itness Earc tions
GA Settings °
3. The filenameSAHmMol2will appear in the_igand Fileolumn of the tableNote gutptut_oftioﬂs
that, becausdhe position of the undocked ligand can be quite distant from Atom Typing
the protein, it is not automatically loaded into Hermes. Parallel GOLD
Optionally, you can loathe ligand into Hermes using thglemenu You will
seethat it is quite distant from the active site and hasrandom position,
conformation and orientation.
4. EnableGOLDo judge the success tis protocol by entering the native
pose ofSAHas areference ligand Click or| ... | in the Reference ligand:
and specify the ligand filSAH nativemol2 2
[ show full file paths \—b Add Delete
Set DOCk|ng Parameters fOI‘ YOUI’ ngand 4 P> [Reference ligand: IandI\Deskap\,GOLD_Pose_Predicﬁon_MLL1_Fi|es'n,SAH_naﬁ\re.m0I2| I:l
The ribose ring ofyour input molecule is in one of many possible 3D
Conformatlons. Global Options NS
5. To search for alternative puckerslick onLigand Flexibilitfrom the Global T
OptlonStab' ) ) ) ) o Templates ] Flip pyramidal M [ Flip amide bonds
6. IntheExplore ring conformatlormectlon,actlvateboth flip ring cornersand = ;r;:i:;mdm o [ Detect internal H bonds
Match template conformationgick-boxes. J

Select Ligands
Configure Waters

Explore ring conformations

Ligand Flexibility

fip ring corners

> ah\:h template conformations
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Output Parameters

% GOLD Setup

- x

1. From the Global Optiongab click onOutput Optionsto explore what is
available to you. It is recommaded to set anOutput directoryin the File
Format Optiongpanel with the same base name as y@&®LDconf file.

2. Without entering a path in the first steplick Savein the Conf file text-box
of the interface to trigger a dialogue that allows you to specify a directory and
name for yourgold.conffile. UseMLL1confas the name

3. EnterMLL1lincluding the full path as the name of your output directdrythe
Output directory. You can navigatéo the desired directory by clicking on

4. For tidy storage of your solutions, it is advisable to write them to a sibDIe
or MOLZ2 file. Tick the Save solutions to one filetick-box and enter
SAH docked.molzasthe file name.

Save Your Setup and Invak®LD

Conf file: |

| Load ' Save I

Global Options 2WaY

Wizard File Format Options Information in File Selecting Solutions
Templates
Proteins Output file format: () Same asinput () 5D fle (@) Mol2

Define Binding Site
Select Ligands

[ Qutput directory: |::'|JJsers ‘brand|\Desktop\GOLD_Pose_Prediction_MLL1_FilesiMLL1 | I:I

Configure Waters [ create output sub-directories for each ligand
Ligand Flexibility
Fitness & Search Options
] i J
GA Settings Save ligand rank (.rnk) files
> Output Options Save ligand log files
Constraints Save initizlised ligand files
Atomn Typing
Parallel GOLD [ Save solutions to one file: | SAH_docked.mol2 | ]

5. ClickRunGOLDOnN the GOLD Setuwindowto triggerGOLD

6. When prompted, cliciSave This will save yourconffile again and use it to
run your docking.Open yourGOLDconfiguration file in a text editor while
GOLDunsand look for the settings you have specified.

Note on the Output Optiors Section

By default,GOLDspecifies the positionof lone electron pairs, e.gun oxygens
and nitrogens, as dummy atons the output files of docked ligandsyoucan
exclude dummy atomdy deactivatingthe Save lone pairgick-box in the
Information in Filgpanelunder Output Options This helps to avoid compatibility
issues when pogprocessing docking poses with thpdrty software. Leave the
defaults forthis tutorial.

Help n? Run GOLD | |Run GOLD In The Background Finish

Save Files

GOLD conf file  |MLL1.conf

2W5Y_protein.mol2

] Protein(s)

6 >
» Save Cancel

Cancel
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Monitor the Progress ofodr Docking

)
As the jobprogressesoutput will be displayed in RunGOLDwindow: istofligandlogs __goldJog  gold proteiniog  gold.err  Messages ligandlog
This is a tabbed view that allows inspection of several files: 1 [ gold saAmi.log |
list of ligand logs
W
gold.log,
. list of ligand logs gold.log gold_protein.log gold.err Messages gold_SAH_id_prot_m1i.log
gold_protein.log Move attemprs ~ 259363
Move failures : 7582
golderr, Failure rate : 0.02%
Messagesand
Current Ranking & 14 2 7 4 5 8 1 3 3
Ilgand Iog 11 13 10 1z
During dockinggold_protein.logreflects tre setup of GOLD After setup is
. . . . . . * GL execution time :
finished (~1630s) the ligand is docked aniist of ligand dgs can be used to total 15.0000 user 15.0000 sys 0.0000
follow the genetic algorithm sampling through generations of conformations and
Fitness function evaluations: Z&0000
scores.
1. Click on thdigand log file to vievGOLM & LINRE INB & & ® ** Docking run musber 15
Rank fitness base is 5000.00 ; increment is 11.2233
* Imitialising population(s) ...
NHumber of constraints mappings 0
Humber of constraints 0
Population no. T 1
Population size : 100
Number of duplicates
Number cof niche vic‘:laticn: : a
Humber of errors : 1

This log file will be updated every 2 seconds.

Interrupt GA | View Solutions Close

Note: Any error or warning messages produceé displayed under thgold.err
tab. This may contaiwarning messages relating to tOLxatom type assigner.
These messages can igaored.
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Visuali® Your Results

1. Once the job is completehé docking results can be loaded into Hermes b )
clicking on theView Solutionsbutton in the RunGOLDwindow. Keep the
Run GOLDwindow open.Alternatively, useFile > Load GOLDresults and
select your.conffile.

2. You should seMoleculeExploreropen on theDocking Solutiaspanel. Use 2 >

the Up and Down arrows on your keyboard to change between docki

This log file will be updated every 2 seconds.

Molecule Explorer

Docking Soluﬁons/gsplay

Interrupt GA  ||View Solutions

Movable Descriptors

Ustomise... Sort...

] Clear

solutions. Please us€ustomiseo restrictthe display of scoring value terms,
keedng 6PLP.Fitneés | BLR.ReferenceRMSD Ay (1 KS RA & LX[Ee

3. Click onto thed t [ t ® CHedidsf & &értéthe scores by thePLP.Fitness
value or usehe Sortbutton to that purpose.

4. LoadSAH nativemol2 (usingFile > Open) to compare the solutions to the
ligandcrystal structure, also see below.

Due to the stochastic nature &OLDtheprecisevalues okcoring functionierms
in your docking will differ from the ones illustrated. But we expbet at least
one of the top scoring solutions (greemill be close to the experimental

structure(grey). 4

Congratulations! You have finished ydust docking!

Gl y3a 2ys GKS FYAy2 | yR OFNb2E&tIGS 3
KERNRBRISY o062yRa L SELISOGHE

Trud SAHs a long and flexible ligand. We will need advanced settinG€ibhD

to consistently achieve better results.

The sectionsn:
9 High Acuracy Sampling and Scoring
1 Docking withProteinHBond Constraints

will guide you.

Group by: |No grouping

L

Close

Docking Sclutions
SAH soln:3
SAH soln:4
SAH soln:10
SAH soln:3
SAH soln:2
SAH soln:1
SAH soln:7
SAH soln:9
SAH soln:8
SAH soln:6

I PLP.Fitness
i

76.7234
68.4243
67.8070
64.2804
62.7806
60.0197
56.0593
54.5690
52.7087

PLP.Chemscore.Hbond PLP.PLP
7.7840
5.8420
4.6530
5.5600
7.7520
7.7680
7.8240
2.9138
2.8560
5.3840

-61.0530
-61.6974
-54.6411
-52.9002
-43.4051
-41.4384
-40.8810
-48.4693
-46.4323
-38.9206

PLP.Reference.RMSD
1.8280
0.9364
4,5438
2.4373
3.4305
4,0032
5.8489
7.7528
8.0289
3.3801
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High Accuracy Sampling and Scoring

Specify High Accuracy Settings for Your Docking Run

Please loadMLL1conf(GOLD> Setup and Run ®ocking> Load Existingas a
starting point for this tutorial. We will repeat ouSAH/MLLHocking withGOLD a
premium settings for sampling and scoring.

We ingease the number of independent genetic algorithms runs to 30. This

means that up to 30 poses will be created.
1. Clickon Select Ligargin the Global Optionsab.
2. Double click oA Runé$eld and edit itto show a value of 30

We increase the number of operations performed within each indivi@@LD
run to account for the flexibility of the ligand.

3. ClickGA Settingin the Global Optiongab.
4. Clickthe Very Flexiblébutton.

For many targets docking witholdScorand rescoring wittChemScorigentifies
very accurate posesTo give rescoring set of solutions includingoses that do
not get the top scores frorthe scoring function used for docking, w®p GOLD
from terminating early whenit keeps finding the same pose, and instruct it to
return ligand poses that are dissimilar from one another.

To achieve these settings:
5. Click orFitness & Search Optiookthe Global Optiongab.
6. Setthe Scoring Functionto Gold$ore.
7. Clickthe Rescordick-box and set theScoring Functionto ChemScore.
8. Disable theAllow early terminationoption.
9. Enablethe Generate diverse solutiontck-box

In Output OptionschoseMLL1_HAas the name of your output directory, save
your GOLDconfiguration asMLL1 HA.confThen,start GOLDselecting theRun
GOLDutton. ThisGOLDun will take about 15 minutes.

Global Options 2W5Y

Wizard
Templates
Proteins

. Define Binding Site

P Select Ligands
Configure Waters

Global Options 2W5Y

1 %.AH,id,prot.mo‘lﬂ 30 ]1

Ligand File GA Runs First Ligand Last Ligand

last

Wizard

Templates
Proteins

Define Binding Site
Select Ligands
Configure Waters
Ligand Flexibility
Fitness 8 Search Options
GA Settings
Output Optiens
Constraints

Atom Typing
Parallel GOLD

(@ Automatic
() Preset
(O User defined

Search effidency:

[ Min ops 10000 [ Max ops

Library Screening| | Virtual Screening Engemble

Default very Flexible

Global Options 2W5Y

Wizard

Templates
Proteins

Define Binding Site
Select Ligands
Configure Waters
Ligand Flexibility

GA Settings
Qutput Options

P Fitness & Search Options

Docking

Scoring Fu nct'lunl GoldScore

Parameter file: |DEFAULT

G=>

Constraints |
Atom Typing

Parallel GOLD

Scoring Fu nct"p{ ChemScare

Parameter fle:  |[DEFAULT

1 Miow early termination
penerate diverse solutions

v

Rescore Options

Early Termination Options

Diverse Solution Options
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Visualise Your Results

1. Once the job is complete, the docking results can be loaded into Hermes by
clicking on theView Solutionsbutton in the RunGOLDwindow. Keep the
RunGOLDwindow open. Alternatively, useFile > Load GOLD resultand
select youMLL1_HA.corfile.

2. You should seMolecule Explorenpen on theDocking Solutiaspanel. Use
the Up and Down arrows on your keyboard ¢bangebetween docking
solutions. Click Customise to restrict the display of scores to
D2t R&EO2NBPCAlYSaaés d/ KSYaO2NBPCAlL
anda D2f REO2NBOWSFSNByOSodowa{5¢

3. UseSortto sort by thed / K

Y 3 02 N@song finttaosigply click
onthe headet / KSY & 5

Sva )
O2 NibtpeQdblé y S & & ¢
4. LoadSAH nativemol2 (File > Open) to compare the solutions to thégand

crystal structure We expect one of your three best scoring solutions (green)
to be within an RMSDf less than 2.0A to the ligand in the crystal structure

(grey)

N

This log file will be updated every 2 seconds,

Interrupt GA || View Solutions Close

Molecule Explorer

Docking Solutions Display Mavable Descriptors

4’[ Customise. .. ][ Sort... ] Clear

k<,‘u)

Ur |

QD
Q)

Group by: |MNo groupingf -

Docking Solutions | Goldscore.Fitness #I‘Chems\éore.Fit] Chemscore DEC Goldscore.Reference.RMSD #
{SAH soln:25 65.5820 -0.8892 0.1978 0.8434
SAH soln:18 62,9400 -1.2270 3.0006 6.5634
SAH soln:12 31,0433 -2,0408 1.2402 8.4783
SAH soln:B 52,5155 -2.4891 1.8317 8.0619
SAH seln:7 50,0746 -6.6111 6.7693 8.0339
SAH soln:13 50,7905 -6.7661 3.9856 81876
SAH soln:9 51,5166 -7.0286 5.8313 7.8399
SAH seln:l 53.3123 -7.3926 2.1098 7.9714
SAH soln:3 42,5890 =17 2.8604 24118
SAH soln:26 52,6563 -7.9819 5.4476 8.0243
SAH soln:19 44,519 -8.0093 25300 84334
SAH soln:21 547799 -3.401 1.3431 2.9168
SAH soln:28 44,1050 -9.3084 2.9771 8.4713
SAH seln:13 51.2528 -10,0015 3.5088 73715
SAH soln:2 501114 -10,2025 31954 2.4302
SAH soln:22 50.3009 -10.2656 1.9905 8.4186
SAH soln:24 50,5928 -10.7797 2.8521 8.2196
SAH soln:30 41,3335 -11.2844 3.6595 7.9668
SAH soln:14 53.4308 -11.5621 3.9294 2.1963
SAH seln:16 50.5079 -12.1179 1.6438 7.8727
SAH soln:23 45,4933 -12,1699 5.1307 2.8649
SAH soln:29 48,3583 -12.3739 5.7276 8.5326
CA cnlnd 2N AR TORA =12 44349 52048 n13sa ¥

Find identifier: Find MNext
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Docking with Protein HBond Constraints
Introduction

You may have some expectations of where and how ligands are interacting
with the protein target.

Setting up constraints based on ydarowledge
1 reduces the number of conformatiordOLDheeds to explore
1 speeds up docking
9 inthe case of Protein HBond Constraingently biasessOLDiowards
the interactbnsyou expect, but does not enforce thertit.is doing so by
introducing penalties for poses that do not show the expected
interactions.
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Set Up Protein HBond Constraints
1. Click onGOLD> Setup and Run a Dockirgload Existingo loadMLLL.conf.

2. Click on theW>5Ytab.

3./t A0
constraints.

2y udl KEe ¥iH2d /2 NP & iditdldpdh A listiof available

4. SelectProtein HBondo open the Protein HBond page to set the requirement
that at least one of:
1 backbone NH, His3907and
1 backbone NH,Asn3958
formsan Hbond withSAH

To detect theHis3907and Asn3958residuesin the 3D view, uséMolecule
Explorerwindow. Individual componentsof the model can be opened by
selecting thed § ¢  det fordMnSows Click ond Hatljacent to2W5Yunder
All Entriesthen & Fafljacent toChaind y R (i Ka§jatenttddfo display the
list of all the residuesYou can then rightlick on the desired residue and click
on Center & Zoom 3D view

5. Click on théackbone NHatomsof both His3907and Asn3958n the 3D view
(H atoms not N. Blue halos will appear.

6. The selected atomarelisted in theProtein atom(s) requiredto form Hbond
field.

7. Click onAddto enter the constraint.

Global Options 2W5Y

Protonation & Tautomers
Extract/Delete Waters
Delete Ligands
Flexible Sidechains
Soft Potentials
Metals
onstraints
Covalent
Interaction Motif

Global Options 2W5EY

Protonation 8 Tautomers
Extract/Delete Waters
Delete Ligands
Flexible Sidechains
Soft Potentials
Metals
v Constraints
Distance
Substructure
HBond

Protein HBond
Crwvalent

%) GOLD Setup

[The following constraints are available for definition here:

* Distance - constrain the distance between spedfic atoms

* Substructure - distance constraints for use with multiple ligands
* HBond - favour formation of a specified H-band

* Protein HBond - bias certain protein atoms to form H-bonds

Protein atom(s) required to form H-bond

Constraint weight 10.0

Minimum H-bond geometry weight 0.005

Conf file: ‘ C:\Users'\brand|\Desktop\GOLD_Pose_Prediction_MLL1_Files\MLL 1.conf Load

Save

Global Options 2W5Y

Protonation & Taut...

Extract/Delete Waters
Delete Ligands
Flexible Sidechains
Soft Potentials
Metals
v Constraints
Distance
Substructure
HBond
Protein HBond
Covalent
Interaction Motif

Protein atom(s) required to form H-bond|

AASN3958:H A:HIS3907:H

Constraint weight
Minimum H-bond geometry weight

10
0.005

Reset

Type Details

Help £?

Add

Run GOLD

Delete

Run GOLD In The Background

Clear

Finish

Cancel
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8. ClickResetto clear theProtein atom(s) require to form H-bond field and
set up anindividual constraint
1 Click on thébackbone peptide® of Arg3841and then clickAdd.

ARG3841

1 Repeat the same procedure fiD1of His 3839

At the end of your setup, you should have:
1 oneconstraint involving two atoms
i two constraints involving one atom each

Save your configuration file 48LL1_PHB_Constraintent

Global Options 2W5Y

Protonation & Taut...
Extract/Delete Waters
Delete Ligands
Flexible Sidechains
Soft Potentials
Metals
v Constraints
Distance
Substructure
HBond
Protein HBond
Covalent
Interaction Motif

Protein atom(s) required to form H-bond| A:HIS3839:0

Help h?

Constraint weight 10
Minimum H-bond geometry weight 0.005
d
o
f \ Reset
Type Details
Protein ... 10.0000 0.005000 2358 2548
Protein.. 10.0000 0.005000 383
Protein ... 10.0000 0.005000 369
Add Delete Clear
Run GOLD Run GOLD In The Background Finish Cancel
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Visualise Your Results

EnterMLL1 PHB_Constrairds your output directoryfGlobal Options > Output
Options)and save your settings &LL1 PHB_Constraints.conf

Please run your docking and view the resuitée expectGOLDo identify several
very good poses with no constraint violations.



