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A quick introduction to Discovery Studio (DS) user interface
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1. Tool panels (Macromolecule, Simulation, Receptor-Ligand Interactions, etc.)
2. Toolbars

3. Tool panel collections

4. Hierarchy tree view

5. Molecule window

6. Molecular detail and navigation panel

7. Protocol parameter window

8. Jobs explorer

9. Results window

10. Server status



DS protocols for structure-based design (SBD)

Discovery Studio is equipped with six different protocols for structure-based drug design:
1. CDOCKER (a grid-based molecular docking method that employs CHARMm forcefield)
2. GOLD (genetic algorithm for docking flexible ligands into a protein binding site)
3. LibDock (algorithm for docking small molecules into an active receptor site)
4, LigandFit (shape-based docking with Monte Carlo conformational sampling)
5. CDOCKER with structure-based pharmacophore restraints

6. Flexible Docking (CDOCKER-based method allowing protein side-chains flexibility)

These protocols can be accessed under Protocols tab > Discovery Studio > Receptor-Ligand
Interactions > Docking subdirectory.

Tools Protocols Files n |—

SN Discovery Studio
+ f:] Macromolecules
+-(Z) Pharmacophores
ol =) Receptor-Ligand Interactions
=[5 Docking
8@ Dock Ligands (CDOCKER)
8@ Dock Ligands (GOLD)
8@ Dock Ligands (LibDock)
8@ Dock Ligands (LigandFit)
8@ Dock Ligands (Pharmacophore Restraints an...
8 Flexible Docking
8% In Situ Ligand Minimization
+-(_) Fragment Based Design
+-(2) Scoring And Analysis
+-[Z) Simulation
+-[Z) Small Molecules
+ 2 X-ray

Note: The Protocols tab (DS collections) might be unavailable in case the DS Client is not
connected to the AEP server (see AEP server status in the right-down corner of the DS-GUI) due
to several reasons:

- The client-server connection is down because of technical issues.
- Another user is connected to the AEP server (licensing issues).

In case you are connected to the AEP server and the Protocols tab are not visible, you can
enable it manually (View > Explorers > Protocols).
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Data accessibility and preparations for structure-based calculations

In order to perform structure-based (molecular docking) calculations in DS, the accessibility to
structural data (e.g., a protein, a ligand, or ideally a protein-ligand complex) of the biological
system under consideration is necessary (e.g., protein database repository — www.rcsb.org).
This can be done by downloading the X-ray, NMR or CryoEM structure manually from the
www.rcsb.org repository or in an automated fashion directly through the DS interface.

To automatically fetch the protein structure from the PDB repository in the DS environment,
follow these two steps (see picture below):

A Discovery Studio 41 Cle T

File Edit View Chemistry Structure Sequence Chart Scripts Tools Window Help

[T simiation Receptor Ligan Interactons | Pharmacophores | Sml
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Open URL 1 ‘o : [
| http: /fwww.rcsb.org/pdb/fles/Scsw.pdb ~|
Generate URL using
D: 2 Site: [Default PDB Structures v |
Open Cancel Help

1. Click on the Open URL button on the toolbar.
2. Write-down the PDB ID of the needed structure and click on the Open button.

In this way, the downloaded structure will be automatically displayed in the Molecule window
as solid-ribbon (see picture below).
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In the next step, the downloaded protein structure should be prepared for structure-based
calculations. To do this, click on the Macromolecule tool panel and open the Prepare Protein
tools collection. Under the Automatic Preparation section click on Prepare Protein button. This
will open the Prepare Protein parameter dialog (see picture below).

| Discovery St 4.1 I
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protein arfd to view a summary of the protein structure.

Clean Prfein Prepare Protei =
Parameter Name Parameter Value
Input Protein ScswSCSW
= Build Loops True
# Loop Definition SEQRES
Maximal Loop Length 2
Predict pH of the titratable residues and protor the protein at given * Use Locper False
prezy gbiEmsEE s Use CHARMm Minimization  True
CalculatefProtein Ionization and Resi ... Flexible Stem Residues 0
Modify Pgtonation State... = Protonate True
Dmatic Prepara Protein Dielectric Constant 10
pH for Protonation 74
Search Secquences by Sinarity lonic Strength o145
Align Sequences and Structures Energy Cutoff 09
Analyze Sequences = Advanced
Analyze Protein Conservation Pattern Forcefield CHARMm
Superimpose Proteins Keep Ligands True
Create Homology Models Keep Water None
Search Side-Chain Rotamers Disulfide Bridges
Minimize and Refine Protein
Model Antibody
Dock and Analyze Protein Complexes ] show Parameter Help
Design Protein
Predict Protein Aggregation Run Options ¥ Cancel Help

Analyze Transmembrane Proteins

The default Prepare Protein settings usually give good results (e.g., missing loops will be added
and minimized, crystal waters will be removed, the entire protein structure will be protonated,
etc.).

As demonstrated on the picture above, Keep Water parameter is set to None by default that is
good for most of the molecular docking calculations. Optionally, this parameter can be changed
only in cases where some water molecules (usually surrounding the ligand in the binding
pocket) are necessary for establishing ligand-protein interaction.

When all parameters are defined, just click on the Run button and check when Prepare Protein
job is done (check the job status in Jobs explorer).

When Prepare Protein job is finished, double click the item in the Jobs explorer. This will open
the Results window containing the job results. To visualize the prepared protein, click on the
Prepare Protein Structure link or View Results button. The prepared protein structure will be
opened in a new Molecule window (see next picture).
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At this step, it is a good advice to save the prepared protein structure for future work (File >

Save As... ) as *.dsv or *.pdb format.

Once the protein structure is prepared (in this case a protein-ligand complex), the next step is

to prepare it for structure-based (molecular docking) calculations. To easily access all the

protein/ligand components, first close the Results window, click on the Molecule window
where the protein structure is displayed and open the Hierarchy tree view by pressing Ctrl + H

on the keyboard.
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It should be noted however that during the Protein preparation step any other co-factors (e.g.,
metal ions) are not automatically removed from the structure and we should do it manually.
This is somehow similar to the elimination of the water molecules described previously. Put
differently, in the absence of a solid background to keep such co-factors and to use them in our
calculations, we should remove them from the structure (see previous picture). In Hierarchy
tree view, identify the unwanted co-factors, select them and press Delete (e.g., Cl" ion in the
above example). Moreover, in the Hierarchy tree view, click on <Cell> and go to main menu
(Structure > Crystal Cell > Remove Cell). This will remove the crystal cell covering the entire
crystal structure.

Now we should properly label the structure to be used for structure-based calculations. In the
Hierarchy tree view, select the main structure tree (in our example it is named as 5CSW). Click
on the Receptor-Ligand Interactions tool panel, go to Tools tab, open Define and Edit Binding
Site tool collection and click on Define Receptor button. The structure label will appear in the
Hierarchy tree view (see 5 on picture below).
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File Edit View Chemistry Structure Sequence Chart Scripts) Tools Window Help
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While we are still in the Hierarchy tree view, we should also identify the ligand molecule in
order to define the binding site sphere where docking calculations will be performed. The
binding site sphere can be defined by selecting a ligand atom, a fragment or the entire ligand
molecule in the Hierarchy tree view. Now under Define Site tools collection click on the From
Current Selection button to create the binding site sphere (see next picture).
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As demonstrated on the picture above, a new SBD_Site_Sphere item will be defined under the
5CSW tree in the Hierarchy tree view. Right-click on SBD_Site_Sphere item (blue sphere icon)
and then click on Attributes of SBD_Site_Sphere. This will open a dialog named SphereObject
Attributes where some default parameters parameters (XYZ coordinates and radius of the
sphere) can be customized (see previous picture).

Now in Hierarchy tree view select again the ligand molecule and remove it from the structure.
This can be done by a right click on the ligand in the Hierarchy tree view and click Cut on the
shortcut menu. Open a new Molecule window (File > New > Molecule Window) and paste the
ligand molecule here.

Visually inspect the ligand in the Molecule window for possible errors (e.g., atom valences),
rename the ligand in Molecular detail and navigation panel (e.g., 5CSW_ref) and save the
ligand molecule as *.mol or *.sdf file (File > Save As...).

When everything is properly prepared, the system is ready for the next step (Parameterization
of SBD protocols for molecular docking).



Parameterization of SBD protocols for molecular docking calculations

The parameterizations of the DS SBD protocols (e.g., CDOCKER, GOLD, etc.) for molecular
docking calculations are mainly automatic. To open a SBD protocol switch to Protocols tab and
navigate to the SBD protocol of your choice (Protocols tab > Discovery Studio > Receptor-
Ligand Interactions > Docking). Double click on the selected SBD protocol (e.g. CDOCKER). The
CDOCKER SBD protocol parameter window will open (see picture below).

Dock Ligands (CDOCKER) [£3

Parameter Name Parameter Value
Input Receptor 5CSW_prep:5CSW
Input Ligands Molecule:All
Input Site Sphere -15.8063, -1.20024, 13.495, 9.19538
+ Top Hits 3
+ Random Conformations 10
+ Orientations to Refine 0
+ Simulated Annealing True
+  Advanced
+ Parallel Processing False

Parameterize the protocol for your needs and when everything is prepared just click Run (green
play button) in the Toolbar.

When the calculation is finished, open the Results in exactly the same way as for the Prepare
Protein job explained above.

Analysis of docked poses (RMSD of re-docked ligand molecule)

To analyze the docked poses click on Docked Ligands link in the Result window. This will open
the docked poses in a new Molecule window. In order to compare how good our results are, we
need to insert here the co-crystallized ligand we saved previously (File > Insert From > File).
Rename the inserted original ligand molecules (e.g., 5CSW_ref _orig) and enable visibility of all
docked poses by putting check marks on visibility option (see picture below).

[2+] scsw_prep [+ Molecule (] Molecuie (1) 3 8 -0
Y

Fy Index Name Visible Tagged Visibility Locked TopHits -CDOCKER_ENERGY -CDOCKER_INTERACTION_ENERGY POSE_NUMBER Resolution |
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1t [2]2 5CSW_ref MYes [no Ono 3 37.9031 66.0536 2 2.66 :

* 3|3 5CSW_ref [Vlves i ONo [no 3 36,3867 65,9034 3 2.66 :
414 5CSW_ref_orig MlYes [CIno [CIno 2.66 q

x irhserted original co-crystallized ligand (renamed)

sy

o}
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Now select the inserted original co-crystallized ligand (4" row in the previous picture) and label
it as a reference molecule (main menu > Structure > RMSD > Set Reference) and open the
Molecule window.
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I | click here to open the Molecule window. ()
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+ [@g* SCOW_ref

+
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1)1 5CSW_ref PYes Ono Ono 3 38.6522 66.2624 1 2,66 s 22

1+ |22 5CSW_ref Plves Cno Cno 3 37.9031 66.0536 2 2.66 EE:,,;QEE g; :;:
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In order to calculate the RMSD (it should be <= 2.0 A), go to main menu (Structure > RMSD >
Heavy Atoms). This will open the RMSD Report window where all RMSD comparisons are
displayed.
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5CSW_ref_orig - RMSD Report

Heavy Atom RMSD to SCSw_ref_orig 4

Name Reference RMSD (A)
sCSw_ref 1 SCSw_ref_orig 4 0.4246
SCSw_ref 2 SCSw_ref_orig 4 0.5746
SCSw_ref 3 SCSw_ref_orig 4 1.2021
sCsSw_ref_orig 4 SCSw_ref_orig 4 0.0000

As demonstrated, all docked poses have RMSD below 2.0 A (that is also visually true), i.e., the

docking protocol is properly parameterized and ready to be used for performing molecular
docking calculations on new compounds.

While still open, switch to 5CSW_prep tab and save as a new *.dsv file (e.g.,
5CSW_prep_final.dsv).
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A quick introduction to Pipeline Pilot (PP) user interface
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Preparation of a ligands library for molecular docking calculations

Regardless of the origin of ligands we would like to dock (e.g., commercially available
compounds, ligands scrutinized from the literature, or even de novo virtually assembled ligands
not commercially available), they should be properly pre-treated for molecular docking
calculations. This means that all of them should be adequately prepared in a machine-readable
format (e.g., *.mol, *.sd/*.sdf, SMILES, etc.). Comparing to the *.mol file format (commonly
known as a connection table) that contains structural information (e.g., atoms, bonds and their
connectivity) related to a single ligand, the *.sdf file format in a broader sense can be regarded
as a database of significantly higher number of ligands. In fact, *.sdf format contains the same
information as a single *.mol file, where each ligand (encoded in form of connection tables) are
separated by "$SSS" delimiter. Moreover, these file formats can store various information
related to the ligand(s) (e.g., various physico-chemical properties, chemical names, etc.). A

snippet of these file formats (e.g., molecule of toluene) is given in the picture below.

[coluene] 1

ChemDraw11201210072D

2 3 4

7 7]0 0o o 0o 0 0 0 [0999]|Wwz000]
5[ 0.3572 0.4125 0.0000|Cl6 0 O
-1.0717 -0.4125 0.0000|C| 0 O
0.3572  -0.4125 0.0000|C| 0 O
-0.3572 0.8250 0.0000|C| 0 O
-0.3572  -0.8250 0.0000|C| 0 O
-1.0717 0.4125 0.0000|C| 0 O
1.0717 0.8250 0.0000/c|] o0 0O
7T 3 1 0O

14 2 0

toluene 3 5 2 0

2 s 1 0

2 6 2 0

4 6 1 0

g8t 7 1 0

M END

> <CLOGP>|9

358510

O0OO0OO0OO0O0O0O

O0oOo0OO0OO0ODO0OO

Oo0OO0OO0OO0OO0O0O

O0o0OO0OO0ODO0OO

O0OO0OO0OO00O0O

L e s e e

O0OO0OO0OO00O0

O0OO0OO0ODO0ODO0OO

O0OO0OO0OO00O0O

O0OO0OO0OO0ODO0OO

1 Molecule name: toluene
2 Number of atoms and bonds in the molecules

3 Format limitation: maximum 999 characters

: 7 atoms and 7 bonds

4 Mol file format: V2000 or V3000 (for larger structures)

5 Cartesian coordinates: 2D structures (X and Y) or 3D structures (X, Y, and Z)

6 Atom symbol: C, H, ...

7 Connectivity information: how the atoms in the molecule are inter-connected

8 End of the connection table: M END
9 Property name and value: CLOGP = 2.588

10 Delimiter "$$$$": without (*.MOL file; one molecule per file), with (*.SD/*.SDF file format; one or more molecules per file)
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Assuming that our ligands are represented as 2D structures (see previous picture) it should be
stressed that such a representation is not very recommended for performing molecular docking
calculations. Put differently, prior to perform molecular docking calculations, all ligands should
be:

Converted to 3D structures,

All hydrogen atoms should be added (2D structures are lacking of H-atoms),

and optionally

They should be geometrically minimized (e.g., to remove any van der Walls clashes).

Finally and also preferably, all ligands should be assembled as one database in an appropriate
molecular machine-readable formed (e.g., *.sdf). In order to do all these crucial steps in a
concomitant fashion, we will construct a Pipeline Pilot (PP) protocol (see picture below).

S

1

SD Reader Name = Add Hydrogens 3D Coordinates  Minimize Keep SD Writer
SourceTag; Molecule Properties
em e B BB cmra A D ATRE A Mt s e e DA A AL AN B b e AR AT sl e o B0 san s ASMIRAT AR A dm o ma b s Aus SR 2 DA D st et P D e s B,

Let's assume that our ligands we scrutinized from different sources (e.g., literature, online
structural databases, etc.) represent separate 2D molecules, which are either in *.mol or *.sdf
format. In order to construct a PP protocol (like the one represented above) that will automate
all the steps described above, we will use PP interface.

So, here is the step-by-step guide:

As a very first step, we should read all the ligands we collected (*.mol or *.sdf files). Since, both
file formats are practically very similar, we will use the so-called SD Reader PP component,
which is capable to read both formats.

To do this, in the Components Collection tab, locate SD Reader component (stored in
Chemistry > Data Access and Manipulation > Readers) and double-click on the SD Reader
component to put it on the working layout (see picture below). At first, the SD Reader
component is red, which means that we should add some data to it. Select the red SD Reader
component on the working layout and in the Parameters window, under Source click the
corresponding button as depicted in the picture to open the file browser dialog.
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Navigate to the directory where your ligands are stored, select all ligands, and click on the
Select button to select them. In this way, the SD Reader component will become blue, while in
the Parameters window all *.mol and *.sdf files we selected will be separated by commas. The
parameters for a particular component in the Parameters window will be visible only in case
the target component is selected in the working layout!

As we can see on the picture above, the filenames of our ligands are actually their names, so it
is not a bad idea to use these information in the final *.sdf file (the ligand library we are
constructing) for easier ligand's recognition. While we have still open the Parameters for the
selected SD Reader component, locate the SourceTag parameter and from the corresponding
list select Filename (see picture below).

|Parameters |

=l Source

C:\Users\nikolam\Desktop\C DOCKER\Iib\Encorafenib.sdf,C:\Users\nikolam\Desktop\@
Maximum

IW IFiIename I_‘"
Keep Properties E]‘
UTF-8 Auto Detect | False [+]

|| Additional Options

]
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Now, navigate to the Components Collection tab, locate the Custom Manipulator (PilotScript)
component (stored in Data Access and Manipulation > Manipulators) and double-click it to
automatically pipe it to the SD Reader component (see picture below).

(3 Pipeline Pilot Professional Client - [New Protocol2"] (= [@][x]
File Edit View Tools Window Help -8
DE@e|PXxnE|e|w[]& > @ A& B0 [-]D | @ @ & o |[search protocol database

[Components (9] Favorites (5 Most Used
= Data Access and Manipulation 2

@53 Converters
- File Readers
-0 File Writers SD Reader Custom @ ilotscript = [@]=
@ Filters Manipulator
! « F5: Keywords and Functions « F3: Property Names
& ‘g‘ampu\atws (PRotScriot) o F4: Calauable Properties (Fé: By Category, F7: Refresh List)
&8 Copy Property = i = -
4 = 1 s
(@ Count and Index Data T BICARAER MWL) 7 S
& Create New Property Name := SourceTag; | 4 7 oK I
@8 Custom Manipulator (PilotScript) | 1
S8 Group D by Nare
28 Group Data by Tag
28 Join Data from Cache 6
28 Join Data from File
8 Keep Properties = Help
28 Merge All Data
28 Merge Data
28 Pivot Data
[Z] Random Number
(] Remove Categories
(&8 Remove Properties
&8 Rename Property
@ sort Data
2
&2 Ungroup Joined Data
&2 Unmerge Data
@3 Unpivot Data
Initial Expression | Expression | Final Expression Guide ¥
»
o emi - Elapsed Time:

| & nikolam | 8 Protocols| (2] Components 8° MOL2SDF 8@ New Protocol2*

[robs ]

+ Protocol Neme Status Start Date 3

29  MOL2SDF Not Started n ()

;= NewProtocol2 Not Started Final Expression =)

New P Finished Tue Mar 13 08:52:... Keep Calculated Properties True
D Finished Thu Mar 08 1 B
Finished Wed Dec 06 14:
Finished Wed Dec 06 13:31
Finished Wed Dec 06 11:26:..
Finished Wed Dec 06 08:00:..
tive Molecules using SMARTS Finished Wed Dec 06 07:57:...
Jobs | Help | Auto Watch | Debug Messages
Ready iy nikolam localhost [ 920

Once piped, select the Custom Manipulator (PilotScript) component and in the Parameters
window click the Expression button to open the PilotScript interface. Here, define the Name
for each ligand as demonstrated on the picture above (Name := SourceTag). In this way we
constructed a new property named "Name" that contain names of our ligands. Check if the
PilotScript is correct (5), click on the Apply button (6) and finally click on the OK button (7) to
close the PilotScript interface.

Now navigate again to the Components Collection tab and find the following components: 3D
Coords (located in Chemistry > Data Access and Manipulation > Manipulators > 3D Methods),
Add Hydrogens (located in Chemistry > Data Access and Manipulation > Manipulators) and
Minimize Molecule (located in Chemistry > Data Access and Manipulation > Manipulators >
3D Methods). Double-click each of these components in the same order (3D Coords > Add
Hydrogens > Minimize Molecule) to pipe them automatically (see next picture). So, the 3D
Coords component will update the 2D connection table of the input ligands with Z-coordinate,
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the Add Hydrogens component will also update each input ligand by adding H-atoms, while
Minimize Molecule will minimize the energy of all input ligands.

(@ Pipeline Pilot Professional Client - [New Protocol2*] o |[@][=]
File Edit View Tools Window Help -8
DEgeeXxiaiE er|w]zEb® AR B[00 [-]0 | @ & = |[serch protocol database

ICompunEnts @ \ Favorites (5 Most Used

@: E_J-:@:M
SD Reader 30 Coors Tiydrogens  Minimize
SourceT; Molecule
i olecule
S
(65 Sgroup Features
ore
(@ 20 Coords (Advanced) [
(@ Add Bond Orders 3
B8 Aggregate Fragments
(O Center Molecule
@ Clean Molecule
@ Convert Fingerprint
. Deprotonate Bases
8 Generate Fragments
@ Highlight Molecular Features
@ Ionize Molecule at pH
T Keep Largest Fragment
88 Merge Molecules
@ Molecular Pharmacophore Features
(0] Normalize Structure (Cheshire)
(] Perceive Hydrogen Bonds
(@ Protonate Acids
(] Remove Hydrogens
89 Separate Fragments
(@ standardize Molecule
(] Tile Fragments =2
@ Translate Chemical Name L
(-6 Readers - Elapsed Time:

\ &, nikolam \ 8@ Protocols| (] Components 8 MOL2SDF 89 New Protocol2*

[robs | [Parameters

+ |Protocol Name: Status Start Date

89 MOL2SDF Not Started

Not Started
Finished Tue Mar13 08:52:...
] Finished Thu Mar 08 1347.... |5
E] Finished Wed Dec 06 14:51....
] Finished Wed Dec 06 1331...
E] Finished Wed Dec 06 11:26:..
] Finished Wed Dec 06 08:00:..
[E] SMARTS Finished Wed Dec 06 07:5..
Jobs | Help | Auto Watch | Debug Messages o o Parameters | Implementation | Web Service
Ready 3 ‘nikolam localhost [ 9.20

Before to finalize the protocol, we should keep in mind that the final *.sdf library can contain
some residual properties (e.g., SourceTag, Minimized Energy) that will be generated when the
protocol will be run.

Except the "Name" property we created, we actually don't need any other property. In order to
keep just the "Name" property, we will add one more component (double-click on it) named
Keep Properties (located in Data Access and Manipulation > Manipulators) to our protocol
(see next picture).

After adding the Keep Properties component, select it in the working layout and in the
Parameters window type the name of the property (e.g., Name) for the needed PropertylList
parameter (see next picture). In this way our *.sdf library will contain only one property, i.e.,
"Name".
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Finally, we will finish our protocol by adding the last component named SD Writer (located in
Chemistry > Data Access and Manipulation > Writers).

File Edit View Tools Window Help

Client - [1 1
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SIE=]

-8 X%

[Components
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Select SD Writer component in the working layout and in the Parameters window, under the
Destination parameter, type the full path and file name with extension (e.g.
C:\Users\username\Desktop\library_filename.sdf), where username is your username and
library_filename.sdf is the name of the ligand library in *.sdf format (e.g., in this case b-
raf_inhibitors.sdf). Finally, run the protocol by clicking the green play button from the main PP
tool panel (3) and wait for it to finish. Moreover, save the protocol for further use (goto File >
Save Protocol As...) in your home directory.

Molecular docking calculations using DS CDOCKER protocol

The procedure of performing molecular docking calculations for our previously constructed
ligand library is actually very similar to the re-docking of the co-crystallized ligand conformation
within its binding site (see pages 9-10). Previously, we saved our molecular docking settings as a
*.dsv file named 5CSW_prep_final.dsv, which contains all the important information we
obtained from the re-docking validation step (e.g., prepared protein, defined appropriate
calculation sphere as well as the corresponding calculation parameters).

In order to perform molecular docking calculations for our previously constructed ligand library,
in Discovery Studio first we will open our well-validated system (goto File > Open... and then
locate and load the file 5CSW_prep_final.dsv). After this, we will open our prepared ligand
library as *.sdf format (b-raf_inhibitors.sdf) in a new Molecule window (see picture below).

/| Discovery Studio 4.1 Client
File Edit View Chemistry Structure Sequence Chart Scripts Tools Window Help

Macromolecules | Simulation BTG G EELGR GG =L G Pharmacophores | Small Molecules | X-ray | My Tools

4w " BREH S Pt [ @ | [ DispayStyle... ~|i R @ & L ) XK | L ’ ! Non-bond Interactions...
Tools Protocols Files n | [<<] scsw_prep_final | " [%| braf_inhibitors l
+-(_) Discovery Studio
+-[) nikola.minovski's protocols * Index Name Visible Tagged Visibility Locked
111 iEncorafenib []Yes () Cno
+ (|22 GDC-0879 Cno Cno Cno
3 3|3 Lifirafenib Cno Cno CONo
44 PLX-4720 Cno [Ono CONo
¥ [|[5]5 Sorafenib [Cne [COne CONo
o 616 Vemurafenib () e [CNo
o

Next, switch back on the protein (click on 5CSW_prep_final tab). From Protocols tab navigate
to the SBD protocol of your choice (Protocols tab > Discovery Studio > Receptor-Ligand
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Interactions > Docking). Double click on the selected SBD protocol (e.g. CDOCKER). The
CDOCKER SBD protocol parameter window will open (see next picture).

Dock Ligands (CDOCKER) (£

Parameter Name Parameter Value
Input Receptor 5CSW_prep_final:5CSW
Input Ligands b-raf_inhibitors:All
Input Site Sphere -15.8061, -1.20006, 13.495, 10
+  Top Hits 3
+ Random Conformations 10
+  Orientations to Refine 0
+  Simulated Annealing True
+  Advanced
+ Parallel Processing False

Parameterize the protocol as demonstrated on the picture above and click Run (green play
button) in the Toolbar to start the docking calculation for our ligands.

When the calculation is finished, in the Jobs tab double-click to open the Results (2) and then
click on the View Results button (3). This will open a new Molecule window (4) containing our

protein structure and the docked poses (5) for the ligands (see picture below).

ToTe sl

2
0 [l oo o0oe0 & S

Dock Ligands (CDOCKER)

Descs

1 double-click to open results
|
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Analysis & selection of the most favorable docked poses

For the selection of the most favorable docked poses, first we will focus on the values for the
scoring functions (in our case, -CDOCKER_ENERGY and -CDOCKER_INTERACTION_ENERGY)
calculated by the CDOCKER protocol. These scoring functions demonstrating the binding affinity
of our ligands in kcal/mol give a first insight about the quality of the results (see picture below).
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O e« 9

1|1 PLC4720 Ov O One
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13 PLC4720 Ov  Oe One
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2

Moecde | Group  AmnoAddChan  AmnoAcd  Atom  Bond  SphereObject

Here, it is important to take into account the pre-defined "minus" sign of these scoring
functions (see above picture). Put differently, if -CDOCKER_ENERGY and -
CDOCKER_INTERACTION_ENERGY for a docked pose are both positive values, then we are
talking about an energetically favorable ligand pose (ligand poses framed in ). Conversely,
if negative values are obtained, then these docked poses are energetically unfavorable (ligand
poses framed in red) and consequently we can reject them for further assessments.

Since, we are interested solely for the energetically favorable docked poses (framed in ),
we can extract them and further analyze visually within the binding pocket (e.g., ligand spatial
orientation, interaction of the ligands with the protein's key amino acid residues, etc.).
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