\\M\nnmaw];
> 1

\\\“"“"“"”47,/
9
Y,

N
N
)

‘e,
S
Titggproent™

CLC Drug Discovery Workbench

VIRTUAL SCREENING

Import Small Molecules

Import Protein Structure

MOLECULE TABLE

MOLECULE PROJECT
Setup Binding Site Inspect Molecules

N/

N
Screen Ligands

DOCKING RESULTS TABLE

Inspect Interaction with Protein

A structure-based virtual screening is accomplished by docking all candidate ligands from a molecule library
to a protein target binding site. Molecule libraries are stored in Molecule Tables for easy handling of large

libraries. A scoring function is used to estimate which ligands bind to the protein with high affinity.
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Import Protein Structure

Protein structures can be
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downloaded directly to the
workbench from the Pro-

b Search for PDB Structures at NCBI..
@ Search for Sequences in UniProt_..

tein Data Bank.

File| Edit View Download Toolbox Workspace Help Debug

o [ X | 6 = Kes x

Specify keywords or a

Q = NCBI structur... &

PDB ID in the search

Structure

field, and a selection

v

of hits appears below.

2

[_] Append wildcard (*) to search words

Double-click a hit to
open a Molecule Project
with the content of the

1KES

Accessi... Description
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Resolution  Ligands
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PDB file.

History

BmE

Teabox
T Sobsosd |

I Froect sesings
rojec

& |ifyrmensnm
(£ ¥ Ao (2]
(591 vt ol 1367136

in categories

CONEN FHEIE H
-~ Teds

& vock Ligand

A Algn Protan strucure

Fropery v | Vimmlzaton |

-5 15
ooz h b ceuovoneroTen awse2 |

Molecules sorted

Quick-style buttons

The molecules are automatically sorted in categories in the Project Tree. From
the Project Tree, molecules can be hidden or displayed, and their visual repre-
sentation can be customized via quick-style buttons.

Setup Binding Site

The imported protein structure can be set up for

¥ Glu, Asp, His protonation (6)

¥ Issues in binding site (0)

+ Included water molecules (0/14)

R = Setup Binding Site
= Tools
= ~ Binding site ~
i& Show Sequence
o (itang g E
Radius (A 13
& Ligand Optimizer (i) [
81 Dock Ligand + Included protein chains (1/1)

Project Tree |

o} 1KES

= Proteins [1/1]

i Ligands [0/1]

i FSwater molecules [0/134]
--{ZrBinding Site Setup

The Molecule Project now contains a Binding Site

ligand binding studies in just two clicks. Vg pockets veed t g dacking (1) Setup.
w
Autozoom ? Help v OK X Cancel
Setup Binding Site m Setup Binding Site n
sy g ey, P oy,
» Included protein chains (1/1) » Included protein chains (1/1)
~ Glu, Asp, His protonation (7) » Glu, Asp, His protonation (7)
, Click on right column to change protonation state. ' Click on right column to change protonation state.
Y cwe No H G s NoH
f 0 . y LU 12 NoH 2
= GLu 81 No H S~ GLU 81
HIS 84 D1 4 : HIS 84
) -\ AsP 86 NoH 7 ASP 86
¥ - ASP 127 No H Y e ASP 127
ASP 145 No H J ASP 145
'—/ » Included water molecules (0/19) ' » Included water molecules (0/19)
A » Issues in binding site (0) . » Issues in binding ste (0)
’ » Binding pockets used to guide docking (1/1
> P inding pockets used to guide docking (1/1) S , » Binding pockets used to guide docking (1/1) -
[Wlautozoom | 2 Hep || ok || Xcancel | ("] Autozoom ? Help X Cancel
| n

The Setup Binding Site dialog box is interactive, and the relevant molecules, residues, and interactions will automatically be displayed in the 3D view for easy
inspection. The view is continuously updated when changes are made.
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Import Small Molecules

& Molecule library %
Rows: 528 Molecules [ [ Fer |7
Name 20 view Atoms. Weight
File Edit View Dx Toolbox Work Help Debug A
E R 0D X e conrouois QO B
S P S o e Gaphic e U e (| oy o Do Choose file to import (
1 ';avgbg A(rea & Standard Import... Ctri+l ' File |C: CLC\Molecule library.mol2 =] O
J__[d import with 3D C | . O™ 7
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EEA s - :
s B OT N
. . . Subset selection (Mol2 and SDF only)
Molecule libraries in SDF, Mol2, and SMILES for- [ only import selected small molecues: ’
. 5 9
mats can be imported. For SMILES and molecules it i é'( e |
with only 2D information, 3D structures are gen-
erated on import. Molecules are imported to a Molecule Table. Molecule Table showing 2D molecule depictions.
I» Molecule Table Settings [ wolece orary
View in 3D ‘ = rows: 167 Molecule Table Issues list | Fier | =
| O selectView S ; T
Chemistry  Unexpected bonding pattern for SP3 hybridized Sulphur.  NATIVE_ZINC03814348
| Disconnect View Cromiry  Unexpced onding potiers o 57 idued g, WATVE ZDCI3814350
. Unexpected bonding pattern for SP3 hybridized Sulphur.  NATIVE_ZINC03814351 v
| | Autozoom BREE Y
|¥| Show hydrogen bonds S o ole X s
Project Tree -

|| show nearby atoms

Molecules in tables can also be viewed in 3D...

Embedded molecule project

An open 3D view

Auto-arrange views

| ?2Hep |[[ Voxk || Xcancel |

..either in a new, empty Molecule Project view or
in an already opened Molecule Project.

CLolole]

New Molecule Project
connected with
the Molecule Table

Selections
Current (1 atom)
NATIVE_ZINC03787356

-0 2

Molecules selected in the Molecule Table are visualized in the connected Molecule Project view. Issues
related to the molecule representation are raised on import, and updated when changes are made to
molecules. Selecting an issue from the Issues list will select the implicated molecule in the Molecule
Table, and show the molecule in the 3D view, with the relevant atoms selected.
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Screen Ligands

Toolbox

=g Drug Design
. 8] Dock Ligands
@ Screen Ligands
. -G Extract Ligands
_-#J Find Binding Pockets

Select one or more Molecule Tables with ligands

Navigation Area

Invoke the Screen
Ligands tool from the
Toolbox.

Selected elements (1)

ST DUD
(£ BExample Data_jan2014

& Molecule library

1. Select one or more
Molecule Tables with
ligands

2. Set parameters

Set parameters

Binding site

Molecule Project |1KE5

Docking Simulation settings

Number of iterations for each ligand

£ Example Data_old
(- Explore your Protein
pdbs

(M

Test
=5 QuickShow
[~ Twolecue irary

HEHE
EPEVEY

Protein-ligand docking_ED

[»]
[e]

Q-

<enter search term>

I»| <

["]Batch

' Output settings

Percentage of top ranked docking results to keep |10
Number of docking results returned for each ligand 1

[ Embed the Molecule Project in the Docking Results Table

[ keep ligand conformation rigid during docking

Select the Molecule Tables containing the ligands to screen.

Specify which Molecule Project holds the Binding Site Setup. The screening will start,
and the progress can be followed using the Processes tab in the Toolbox.

Inspect Interaction with Protein
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s
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Weight Flextbie bonds | Score:

39344 4 71,90
48,52 -67.81 .
g 66,12

42147 6542

The screening outputs a Molecule Table with a

column listing the score for each screened ligand.

I> Molecule Table Settings Sivcural Al X | B 1SS srveon.._ X

View in 3D <] R 77 Woeaes Molecule Table

& Select View

Disconnect View
Autozoom
| Show hydrogen bonds

Show nearby atoms

The ligand binding modes can
also be viewed in 3D...

) 4

= )
Molecule Project with
Binding Site Setup .

View in:
() New molecule project
Embedded molecule project
(® fan open 30 viewl
Molecules selected in the table appear in the Molecule Project.
Visualize the binding modes of the top scoring results to find
[¥] Auto-arrange views

...by choosing to see the screening
results in the Molecule Project
containing the Binding Site Setup.

common functional groups and structural elements.
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