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Structure-Based Virtual Screening

About this Lesson:
This lesson will focus on an important early stage of drug discovery in which protein
structures and molecular modeling are utilized to identify molecules that can be further

developed into drugs.

Using Maestro, students will learn how to perform a virtual screen for potential inhibitors
of FXa using the ligand docking application Glide. Students will learn how to generate a
protein receptor grid, dock a set of ligands into the receptor grid, and analyze the
docking results. Students can then sketch their own inhibitor designs and evaluate their

value.

Learning Objectives:
e Differentiate between ligand-based and structure-based molecular modeling
approaches
e Learn the steps of a molecular docking workflow using Schrodinger’s Glide
e Perform a structure-based virtual screen of a small set of ligands

e Design your own inhibitor for FXa and determine its docking score

Lesson Contents:
1. Setting Up the Maestro Session
Introduction to Structure-Based Virtual Screening
Generating a Receptor Grid
Docking the Cognate Ligand with a Hydrogen-Bond Constraint
Docking the Screening Compounds
Analyzing Results and Binding-Site Characterization
Individual Exercise

Summary, Additional Resources, and References
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Standards Alignment: Assessments for Understanding:
e ACS Guidelines The following types of formative assessments are
o Biological embedded in this lesson:
macromolecules .
Secions) e Assessment of student understanding through

discussion of warm-up questions and filling in
any knowledge gaps about structure-based
virtual screen steps

o AAMC MCAT
o Structure, function, and
reactivity of

biologically-relevant e Visual assessment of student-generated
molecules (5D) docking scores from their own set of ligands

Associated Documentation Pages: Glide Documentation

Warm-Up Questions:

Read the article “Structure-Based Virtual Screening: From Classical to Artificial Intelligence”
and answer the following questions.
1. What is a typical drug development timeline from drug target identification to

clinical trials?

2. What are some advantages and disadvantages to performing structure-based virtual

screens?

Need help? Contact us at teaching@schrodinger.com
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1. Setting Up the Maestro Session

At the start of the Maestro session, it is essential to 1) check your mouse actions, 2) change

the file path to the Working Directory for this lesson, and 3) save your project file. The

working directory indicated in this section contains the files necessary to complete this

lesson. If you do not set the appropriate working directory, you will be unable to run any

calculations.

[@ Schrodinger

VIRTUAL
WORKSTATION

Password

By clicking Login, you agree to use the Schrédinger
Virtual Cluster in accordance with
the Schrodinger End User License Agreement.

Figure 1-1. Virtual workstation login page.

-

Figure 1-2. Course-data folder on the desktop.

1. Launch the Virtual Cluster

2. Double-click the course-data folder
on the desktop
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|E! Open 3. Right-click the SBVS folder and

| openinNew Tab select Copy to > Desktop
Open in New Window

Open With Other Application...
ge Cut
[ Copy

Make Link

> other pane
» 5] Home Folder

(o) Desktop

Figure 1-3. Copy the lesson folder to the
Desktop.

& Move to Trash

4. Double-click the Maestro icon on
the desktop

] ] Customize Mouse Actions
‘Customize actions for: uttons and scrol eel .,‘
No Modifiers Shift Cmd Shift+Cmd 5 C h k t‘
— . €CK your mouse actions.
Button 2 Rotate (& spot center) X or Y rotate (gesture-based) Z rotate Zoom
Button 3 Translate X or Y translate (gesture-.  Z translate G t W k
B e} o (o OrKspace >
Button 263 Zo0m H M A t'
e Customize Mouse Actions
Swap buttons: 1&2 183 2&3 Reset Defaults

o Note: This lesson was made

with a three-button mouse
with a scroll wheel, but a
trackpad can still be used
o Trackpad keys:
=  Up/Down trackpad =
Zoom In/Out

Figure 1-4. Change the mouse actions.

m Option = Rotate
m Control = Translate
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A=)} Edit Select Workspace Scripts View Window 6. Go to File > Ch Worki
New Project... Ctrl+N : o torile ange VVorking

Open Project... Ctrl+0 Directory
Open Recent Project »
Save Project As... Ctrl+Shift+5

Close Project Ctri+w

Import Structures... Ctri+l

Import Recent Structures b
Import From »
Merge Project...

Get PDB...

Export Structures...

Export to LiveDesign...

Change Working Directory...

Back Up Project...

Restore From Backup...

Save Checkpoint

Quit Ctrl+Q

Figure 1-5. Change Working Directory option.

@ Change Directory x|

Look n: | ] home/admin/Desktop 2k *B@E 7. Navigate to Desktop > SBVS folder

o Name v Size Type Date Modified
L] Chemical_Bonding Folder 16 Jan ...7:44:03

Home Directory Demo Folder 13)an ...3:09:44 a nd C||Ck Choose

Folder 16 Jan ...1:01:58
AN

Folder 17 Jan ..
Custom Directory VSEPR_theory 16 Jan ...0:

. { t Pre-generated input and results files are
included for running jobs or examining
output

«
Dirctory 58Y5
Files of type: | Directories v Cance

Figure 1-6. Change Working Directory panel.
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Edit Select Workspace Scripts View Window

8. Go to File > Save Project As

New Project... Ctrl+N

Open Project... Ctrl+0

Open Recent Project 4
Save Project As... Ctrl+Shift+S
Close Project Ctri+w

Import Structures... Ctri+l

Import Recent Structures b
Import From »

Merge Project...

Get PDB...

Export Structures...

Export to LiveDesign...

Change Working Directory...

Back Up Project...

Restore From Backup...

Save Checkpoint

Quit Ctrl+Q

Figure 1-7. Save Project option.

) Save Project x|
Look in: | [ /nome/admin/Desktop/SBVS < c@E 9. Change the File name to
P Name v Size Type Date Modified .
Home Directzry SBVS_lesson, click Save
N o The project is now named

Custom Directory

SBVS_lesson.prj
Working Directory

Save as: | Maestro project - v/ Open now Help
File name: Isavsjessorq 1 ! Save I
Files of type:  Maestro Projects (*.prj hd L

Figure 1-8. Save Project panel.
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2. Introduction to Structure-Based Virtual
Screening

Molecular modeling encompasses a wide array of approaches that impact the early stages
of drug discovery: hit ID, hit-to-lead, and lead optimization. Generally, these molecular
modeling approaches are broken down into two categories: ligand-based and
structure-based approaches. Ligand-based approaches use information from a hit or series
of hits to inform on next stages in drug discovery. This information includes molecular
fingerprints, shape, charge, and more. Structure-based approaches use information not
only from a ligand structure but also from a target structure. A target is another term for a
protein or other macromolecule that is being targeted by a drug. Both of these approaches
are often used synergistically in all stages of computer-aided drug discovery and in

combination with fragment-based approaches as well.

In this lesson, we will be performing a structure-based virtual screen of potential FXa
inhibitors. Structure-based approaches allow for the identification of key residues around
the ligand and water energetics in the binding site that could modify or enhance the
binding of one compound over another. A binding site is a pocket or surface of a target
protein where a compound or drug binds to elicit a downstream effect in a disease

pathway.

Figure 1 below shows a schematic for the steps involved in a structure-based virtual
screen. Structure files obtained from the PDB, vendors, and other sources often lack
necessary information for performing modeling-related tasks. Typically, these files are
missing hydrogens, partial charges, side chains, and/or whole loop regions. In order to
make these structures suitable for modeling tasks, we use the Protein Preparation
Workflow to resolve issues. Similarly, ligand files can be sourced from numerous places,

such as vendors or databases, often in the form of 1D or 2D structures with
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unstandardized chemistry. LigPrep can convert ligand files to 3D structures, with the
chemistry properly standardized and extrapolated, ready for use in virtual screening.

In this lesson, the protein, cognate ligand, and virtual screening ligands have already been
prepared in order to save time. However, these preparation steps are a necessary part of a
virtual screen and must be done before docking. Please see the lesson on Protein-Ligand

Interactions for guidance on using the Protein Preparation Workflow and LigPrep.

Ligand Tautomers,
Stereoisomers, &
Ring Conformations

Cognate c te Ligand
: ognate Ligan
Crystal Ligand _» [?ocking ?or
Structure Target
\'% I'dgt'
a@. =4
Use Lowest Docking
Score as Your Control
\ Receptor
Perform
Structure-Based
Post-Process View Poses & Docking Virtual Screen
Docking Scores Scores for Each Ligand, . .
«®e®e", then compare to m Ligand Library
° - ° Cognate Ligand
: OF LigPrep 2
o ® 2
) =

Figure 1. Workflow for a Structure-Based Virtual Screening
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3. Generating a Receptor Grid with Hydrogen-Bond
Constraint

This section is a continuation of the Protein Ligand Docking lesson, Section 5: Generating a
Receptor Grid with Hydrogen-Bond Constraint. If you already completed that lesson, please
Skip to Section 5 of the SBVS lesson: Docking the Screening Compounds.

Grid generation must be performed prior to docking with Glide. The shape and properties
of the receptor are represented in a grid by fields that become progressively more
discriminating during the docking process. To add more information to a receptor grid,
different kinds of constraints can be applied during the grid generation stage. For a
comprehensive overview of constraint options, see the Glide User Manual (Help > Help >
User Manuals > Glide User Manual). In this tutorial, we will set a hydrogen bond
constraint in our receptor grid.

3.1. Identify the binding site

1. Click the In circle next to
1F)JS_prepared_dry to include it in
the Workspace

1FJS

1FJS - with-deletions

¥ 1F)S_prepared-out (4)
1F]S - prepared
1FJS prepared_dry
P LFJ5 prepared _dary SpLit_Dy..

p ligprep 1fjs-out (4)

Figure 3-1. Select and include
1FJS_prepared_dry (Entry #4).

2. Double-click Presets
o 1FS_prepared_dry is
rendered using the Custom
Preset

Figure 3-2. Double-clicking Presets to render
the protein structure with a Custom Preset.
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| s

\ receptor grid generation

1-10f1
Receptor Grid Generation

Figure 3-4. Opening up Receptor Grid
Generation from the Tasks menu.

() Receptor Grid Generation

Site  Constraints = Rotatable Groups = Excluded Volumes

Define receptor

If the structure in the Workspace is a receptor plus a ligand, you must

| Pick to identify the ligand | Molecule ~ v Show markers

Van der Waals radius scaling

Figure 3-5. The Receptor tab of Receptor Grid

Generation.

Figure 3-6. Selecting any atom part of the
ligand highlights the entire molecule with

green cubes around each atom.

id generation.
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You may toggle off the residue
labels in the bottom right corner if
you wish

Go to Tasks and type Receptor
Grid Generation in the search bar
Select Receptor Grid Generation:
Glide
o The Receptor Grid
Generation panel opens

Under Define Receptor, check the
boxes for Pick to Identify the
ligand (Molecule) and Show
Markers
o Abannerin the Workspace
will prompt you to click on an
atom in the ligand

Click any atom on the ligand. The
ligand is the only molecule in the
workspace that is in ball-and-stick
representation.

@ Schrodinger Education

11

The recipient shall not use the Schrédinger software, materials and information other than for the purposes for which they were distributed. Schrédinger owns the software and all materials, and retains all related

intellectual property rights. Schrédinger will retain all intellectual property rights relating to any suggestions, ideas, enhancement requests, feedback, recommendations or other information provided by the
recipient or any third party. The recipient shall not use Schrédinger’s names or marks without Schrédinger’s prior written consent. THE SOFTWARE AND MATERIALS ARE PROVIDED "AS IS" WITHOUT WARRANTY OF
ANY KIND. TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE LAW, IN NO EVENT SHALL SCHRODINGER OR ITS AFFILIATES OR LICENSORS BE LIABLE FOR ANY SPECIAL, INCIDENTAL, INDIRECT, CONSEQUENTIAL,

PUNITIVE OR EXEMPLARY DAMAGES.



Back to Lesson Contents

8. You may zoom out to visualize the
entire protein structure using the Fit
Tools

Figure 3-7. Zooming out to visualize the entire
structure.

9. Theligand is now highlighted in
green with a purple box around it
o The purpose of this is to

exclude the ligand from the
grid generation so it may be
reused with a variety of other
ligands for docking of a
larger ligand library

Note: The purple bounding box defines the
region that the docked molecule(s) can
occupy to satisfy the initial stages of
docking

Figure 3-8. The ligand is defined to be
excluded from grid generation.
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3.2. Define the bounding box dimensions

() Receptor Grid Generation =l
Receptor “ Constraints  Rotatable Groups ~ Excluded Volumes 1. Click the Site tab
Enclosing box 2. Select Centroid of Workspace
The docked ligand is confined to the enclosing box. [V Display box ||ga nd (selected in the Receptor
. C;ntroid of Workspace ligand (selected in the Receptor tab) tab)
compet o 2 comten 3. Click Advanced Settings

a. Agreeninner bounding box
Size:

@) Dock ligands similar in size to the Workspace ligand a ppea rs
Dock ligands with length <= s | A

Note: The green bounding box defines the
region in which the centroid of the docked
molecule(s) must occupy to pass the initial

Figure 3-9. The Site tab of Receptor Grid stages docking

Generation.

() site - Advanced Settings x|
4. Keep the default settings for X, Y,

‘ o o and Z sizes the same at 10, 10, and
The diameter midpoint of each docked ligand is required to .
remain within smaller, nested box depicted in green. 10 A , respectlvely.
sz 5. Click OK

Ligand diameter midpoint box

Box length in X: =
Box lengthinY. = |
Box length in Z: =

gan(d

Figure 3-10. Ligand diameter midpoint box
panel.
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3.3. Set a hydrogen bonding constraint

SP 189

[ Current Selection

A /2 1fis_prep_complex

Protein

Chain A
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1. Minimize the Receptor Grid
Generation panel (do not close it)

2. Type L to zoom to the ligand

3. Inthe Structure Hierarchy under
the Entry List, click the magnifying
glass

4. Inthe search field, type ASP 189
5. Select ASP 189

Figure 3-11. Search in the Structure Hierarchy.

According to Adler et al., the salt bridge formed between the inhibitor and Asp189
observed in the crystal structure of the complex contributes to the potency of the ligand.
For this tutorial, you will set the constraint for this specific hydrogen bond in the receptor
grid. Please see the Intr ion r re Pr ion and Visualization tutorial for
instructions on how to add residue labels and show H-bonds.

() Receptor Grid Generation =10ix|
Receptor = Site Rotatable Groups = Excluded Volumes 6' In the Receptor Grld Generatlon

0 total) panel, click the Constraints tab

0 constraints have been defined (limit i

H-bond/Metal (0}

Positional/NOE (0) Metal Coordination (0) 7 Cl |Ck the H'bond/MetaI (0) ta b
Pick receptor atoms that could participate in hydrogen bond or .
metal-ligand interactions during docking. Ligand interactions with these O A banner appea rs promptlng

atoms may be chosen as constraints during docking.
Receptor atoms:
Name Atom

selection of the receptor
atom to be the constraint

Use Symmetry

V| Pick atoms |v Show markers v Label atoms

Figure 3-12. The Constraints tab of Receptor

Grid Generation.

() Hemo & 8. Under Fit, click Fit view to selected
rd 1S -
“u | | B atoms
Figure 3-13. Zoom to selected atoms.
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9. Turn the Interactions toggle on to
see the non-covalent interactions
Figure 3-14. Turn on the Interactions toggle in between the ligand and active site

the workspace toggles. residues

10. Click an oxygen atom of the ASP
189 sidechain
o Both oxygens are highlighted

"= e gA:ASP:189:0D2(hbopd) o An H-bond constraint is
o defined in the Receptor
atoms table

Figure 3-15. Constraint defined on ASP 189.

(U Receptor Grid Generation -0l x|

11. Go back to the Reception Grid

Receptor = Site | Constraints | Rotatable Groups  Excluded Volumes

1 constraints have been defined (limit is 10 total) Generation pan6| a nd nOtICE that
Positional/NOE (0) | H-bond/Metal (1) | Metal Coordination (0) ASP 1 89 iS now I|Sted u nder the
et gbnc it aractore i ek, igsoel EAevaciions with these H-bond constraint

atoms may be chosen as constraints during docking

Receptor atoms: 12. Change Job name to glide-grid_1fjs

Name Atom Use Symmetry

A:ASP: 1422 A:

189:002 (hb.. 189(As.. ¥

Delete
Delete All
v/ Pick atoms v Show markers (v Label atoms

jobname: fglide-grid 1fjs E%-B| Run

Host=localhost @

Figure 3-16. Hydrogen-bond constraint is now
the receptor grid generation job.
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Receptor Grid Generation - Job Settin... x 13. Adjust the job settings
Output .
o Host: cpu-preemptible (400)
Directory for grid files: Browse...
Job 14. Click Run
Name: |glide-grid 1S o This job requires a CPU host
Host: | cpu-preemptible (400) ~ and should complete in
[ Run | OK Cancel Help under 2 minutes
Figure 3-17. Adjusting the job settings o Afolder named

glide-grid_1fjs is written to
your Working Directory

Note: All Receptor Grid Generations jobs do not incorporate into the Entry List like
other jobs have done in the past. Rather, this creates a folder inside of your Working
Directory with a .zip file that we will use for docking with Glide in the next section.

Pause & Think #1: Why is it necessary to generate a receptor grid? What would
happen if you proceeded with docking a ligand without a receptor grid?
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4. Docking the Cognate Ligand with Hydrogen-Bond
Constraint

The minimum requirements for running a Glide virtual screen are a grid file and a ligand
file. It is strongly recommended that the grid file be generated from a protein prepared
using the Protein Preparation Workflow and the ligand file be prepared using LigPrep.
Additionally, you can choose the scoring function, set ligand- and receptor-based
constraints, and define the output. Please see the Glide User Manual for more detail. In this
section, we will include the hydrogen bonding constraint that was created in the previous

step.

In this section, we will dock the cognate ligand to validate the docking protocol which
includes the receptor grid and the necessary constraints. The validated protocol can then
be used for virtual screening of a ligand library. The information gained from this step can
help with evaluating poses and beneficial interactions, which is useful for hit finding. This

job will use the receptor grid file that was generated in the previous section.

1. Go to Tasks and type Ligand
Ligend docking Docking in the search bar
2. Select Ligand Docking: Glide
o The Ligand Docking panel will
open

Figure 4-1. Opening Glide Ligand Docking
from the Tasks Menu

““—'pt""q":‘“"‘-' ' — 3. Next to Receptor grid, click Browse
I 4. Inthe glide-grid_1fjs folder, choose
o glide-grid_1fjs.zip and click

Figure 4-2. The Ligands tab of the Ligand Open

Docking panel.
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) Question x|
Receptor constraints were found - do you want to review and

v activate them?
4

Do not show again

Cancel

Figure 4-3. A window that verifies receptor
constraints.

 Ligand Docking =10l x|

Receptor grid: | From file ~ | | Display receptor
File name: in/Desktop/Protein_Ligand Docking/glide-grid 1fjs/glide-grid 1fjs.zip| Browse...
Ligands  Settings | Constraints | Output

Receptor | Core = Shape Torsional

The following constraints were found in the grid file. Check "Use" to apply each constraint, then
indicate whether all or just a subset of the checked items must match. For complex logic, divide the
constraints into groups.

Group A (1/1)

Constraints - Total: 1 Inuse: 1 X V| Show markers
Ligand Feature

Donor (4 patterns)

Use Name Receptor Constraint Type

A:ASP:
189:002(hbom1) H-bond

Figure 4-4. The Constraints tab of the Ligand
Docking panel.

@ Ligand Docking =101 x|
Receptor grid: | From file ~ | Display receptor
File name: in/Desktop/Protein_Ligand Docking/glide-grid 1fjs/glide-grid 1fjs.zip|| Browse...
Lig:

Settings Constraints Output
Ligands to be docked

We strongly recommend that you prepare the ligands before docking (for example, with LigPrep or
MacroModel).

Use ligands from: | Files M
File name: 'rotein_Ligand Docking/ligprep 1fjs/ligprep_1fjs-out .maegz
Range: |1 2| to: v End

Use input partial charges
Do not dock or score ligands with more than: | 500 < | atoms

Do not dock or score ligands with more than: | 100 < | rotatable bonds

Figure 4-5. The Ligands tab of the Ligand
Docking panel.

Job namei\gllde 1fjs_cognate_Hbond| i IQ-I Run

Host=localhost:1, Incorporate=Append new entries as a new group ®

Figure 4-6. Changing the job name.

Back to Lesson Contents

5. A new window will appear verifying
that receptor constraints were
found in the receptor grid. Click OK.

6. This takes you to the Constraints
tab. Click on the Receptor tab.

7. Under Use, check the H-bond
constraint for ASP 189

8. Inthe Ligands tab, for Use ligands
from, choose Files

9. Next to File name, click Browse

10. Go to the ligprep_1fjs folder and
choose ligprep_1F)S-out.maegz

11. Change Job name to
glide_1F)S_cognate_Hbond
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Ligand Docking - Job Settings x 12. Adjust the job settings ( g ~)
Qutput

o Host: cpu-preemptible (400)

Incorporate: | Append new entries as a new group ~

Job o Total: 1 processors

Name: glide 1FJS cognate Hbond

Host: | cpu-preemptible (400) ~ Total: ' 1 processors 13. Click Run
Separate job into: o This job requires a CPU host
® Recommended number of subjobs and should complete in

Exactly subjobs der 2 minut
Subjobs with no more than ligands each unaer Z minutes
T [ Cancel Help o Anew group will be added to
Figure 4-7. Adjusting the Job Settings. the Entry List when

completed

14. Click the icon next to the
glide-1FJS_cognate_Hbond_pv and
select View Poses

15.In the Pose Viewer panel, select Set
Up Poses

16. The 1fjs_prep_complex entry is fixed
in the Workspace, the top

score at the top. 1fjs_prep_lig entry is included, and

the Pose Viewer panel appears

V¥ glide_1FJS_cognate_Hbond_pv (5) '-

1fjs_prep_lig
Analysis >

1fjs_prep_lig Next Steps )

Figure 4-8. View Poses of the cognate ligand.
The poses are ranked with the best docking

You may wish to double click the Presets button to have each ligand represented in a
unique color.

17. Include other ligand results
o H-bonds to ASP 189 are
conserved
18. Double-click the In circle next to
1fjs_prep_complex
o The entry is no longer fixed
in the Workspace

Note: To view all docked ligands in their
own color, include all ligands to be
evaluated and double click the Presets

Figure 4-9. Docking result poses shown
against the cognate ligand (gray).
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button, or include all ligands and choose
Binding Mode Comparison in the Presets
menu.

19. Include the top docked pose (the
pose with the most negative docking
score) and 1fjs_prep_lig to compare
the best docked pose to the cognate
ligand

Figure 4-10. An overlay of the best docked
pose (pink) with the crystal structure (gray).

As shown in Figure 4-10, the parts of the ligand that form interactions, including the
H-Bond at ASP-189, overlap with the cocrystal ligand. However, even in the best docked
pose (shown in pink), the solvent-exposed region (circled in gray) does not fully align with
that of the cocrystal ligand. It is not surprising given that the binding pocket of 1FJS is
solvent exposed and that docking is performed in vacuum. To get a better agreement
with the crystal structure pose, there are other constraints that can be considered.
Section 7 in the Protein Ligand Docking lesson focuses on core constraints, which can
further improve the alignment between the docked poses and the cocrystal ligand.

If you would like to go straight to Structure-Based Virtual Screening, continue this lesson
with Section 5: Docking the Screening Compounds with Constraints.
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5. Docking the Screening Compounds with Constraints

New Project...

Open Project...
Open Recent Project
Save Project As...

Close Project

Import Structures...
Import Recent Structures
Import From

Merge Project...

Figure 5-1. Import structures into Maestro.

@ Import

Look in: | [ /homefadmin/Desktop/SBVS

Name
1F)S_prepared
glide_1fjs_cognate_Hbond
glide-grid_1fjs
ligprep_1fjs
SBVS_lesson.prj

Home Directory

Custom Directory

B 50ligs_epik.mae.gz

J

Working Directory

<
Options >> ||  Help |

File name: 501ligs _epik.mae.gz

v Size Type

243...KiB File 17 Jan
114...KiB File

Ctrl+N
Ctrl+0
13
Ctrl+Shift+S
Ctrl+w
Ctri+1
»
13
x|
-] -» % BEEE

Date Modified
Folder 16 Jan ...3:26:21
Folder 17 Jan ...1:18:06
Folder 17 Jan ...0:56:31
Folder 17 Jan ...0:06:!
Folder 17 Jan ...2:55:;

1Aug....21:22

Files of type: | Importable File Types (*.*)

Figure 5-2. Selecting the pre-prepared ligand
library from your Working Directory.

1. Import the prepared ligand library
by going to File > Import Structure

2. Select 50ligs_epik.mae.gz and press
Open
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501ligs_epik (91)

156560 Known Active
15656 Known Active
16088 Known Active
1167 Known Active
15722 Known Active

Figure 5-3. Selecting 50ligs_epik in the Entry
List.

Figure 5-4. Opening Glide Ligand Docking
from the Tasks Menu

 Ligand Docking =1olx|
Receptor grid: | From file v Display receptor v
File name: |/home/admin/Desktop/SBVS/glide-grid 1fjs/glide-grid 1fjs.zip Browse...
Ligands | Settings = Constraints = Output

Ligands to be docked

We strongly recommend that you prepare the ligands before docking (for example, with LigPrep or
MacroModel).

Use ligands from:f§ Project Table (91 selected) ~

Use input partial charges
Do not dock or score ligands with more than: | 500 < atoms

Do not dock or score ligands with more than: [100 |3 | rotatable bonds
Scaling of van der Waals radii

To soften the potential for nonpolar parts of the ligand, you can scale the vdW radii of ligand atoms with
partial atomic charge (absolute value) less than the specified cutoff. No other atoms in the ligand wil be
scaled.

Scaling factor: |0.80 |2 |Partial charge cutoff: [0.15 [+

Figure 5-5. Using ligands from selected
entries.
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3. Inthe Entry List, select the group
50ligs_epik

4. Go to Tasks and type Ligand
Docking in the search bar
5. Select Ligand Docking: Glide
o The Ligand Docking panel will
open

6. Inthe Ligand Docking panel, click
the Ligands tab

7. For Use ligands from, choose
Project Table (selected entries)

Note: Keep glide-grid_1fjs.zipas
the receptor grid
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@ Ligand Docking =lolx|
Receptor grid: | From file ~ | | Display receptor
File name: in/Desktop/Protein_Ligand Docking/glide-grid 1fjs/glide-grid 1fjs.zip| Browse...
Ligands  Settings | Constraints | Output
Receptor | Core  Shape Torsional

The following constraints were found in the grid file. Check "Use" to apply each constraint, then
indicate whether all or just a subset of the checked items must match. For complex logic, divide the
constraints into groups.

Group A (1/1)
Constraints - Total: 1 Inuse: 1 X V! Show markers
Use Name Receptor Constraint Type Ligand Feature

Donor (4 patterns)

A:ASP:
189:002(hbom1) H-bond

Figure 5-6. The Constraints tab of the Ligand
Docking panel.

@ Ligand Docking o |=] ]
Receptor grid: ' From file v Display receptor
File name: |/home/admin/Desktop/SBVS/glide-grid_1fjs/glide-grid_1fjs.zip Browse...
Ligands = Settings | Constraints | Output
Receptor Shape  Torsional

Use core pattern comparison

Figure 5-7. Remove the Core Constraint in the
virtual screening.

@ Ligand Docking =loix|
Receptor grid: | From file ~ || Display receptor
File name: | /home/admin/Desktop/SBVS/alide-arid 1fjs/glide-grid_1fjs.zip Browse...
Ligands | Settings Constraints
File type:

@ Pose viewer file (includes receptor)
Ligand pose file (excludes receptor), in format
Limit the number of poses to report:

Write out at most: |1 +| poses per ligand

V| Perform post-docking minimization

Number of poses per ligand to include: |5 =

Apply strain correction term:

V| Write per-residue interaction scores

@ For residues within |12.0 |3/ A of grid center
Pick residues to include
Compute RMSD to input ligand geometries
Advanced Settings...

Figure 5-8. The Output tab of the Ligand
Docking panel.
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8. Go to the Constraints tab. Click on
the Receptor sub-tab.

9. Under Use, check the H-bond
constraint for ASP 189

10. Go to the Core tab
11. Ensure that Use core pattern
comparison is not selected
Note: You will dock the screening
compounds with only a Hydrogen-Bond
constraint

12. Click the Output tab
13. Check mark Write per-residue
interaction scores
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o
Cl
<
£
5

Job name:figlide 1FJS_screening N

Host=cpu:1, Incorporate=Append new entries as a new group (0]

Figure 5-7. Changing the job name.

Ligand Docking - Job Settings x

Output

Incorporate: | Append new entries as a new group ~
Job

Name: glide_1FJS_screening

-

Host:  cpu-preemptible (400) ~  Total:

Separate job into:
¢ Recommended number of subjobs
Exactly subjobs

Subjobs with no more than ligands each

[ Run | oK Cancel Help

Figure 5-8. Adjusting the Job Settings.

~ | pProcessors
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14. Change Job name to
glide_1FJS_screening

15. Adjust the job settings ( g +)
o Host: cpu-preemptible (400)
o Total: 4 processors

16. Click Run
o This job requires a CPU host
and should complete in ~10
minutes

o A new group will be added to
the Entry List when
completed
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6. Analyzing Results and Binding-Site Characterization

Multiple Glide docking results can be viewed in the Entry List and be identified by the job
name. Docked results will show the receptor in the first row and the docked ligand(s) in the
subsequent row(s), where they are ordered by best to worst docking score, or Glide Gscore
if Epik state penalties were not applied in LigPrep. The Glide Gscore is broken down by van
der Waals electrostatic components and can be seen in the Project Table, using the
Property Tree. You can read more about how docking scores/poses are generated here and
here and what dependencies they have here and here.

6.1. Visualize the results using Pose Viewer

1. Swipe through the results using the
right and left arrow keys

o Ligand poses are displayed in
the Workspace

o Residues are colored
according to their interaction
energies, ranging from green
(favorable) to red
(unfavorable)

Figure 6-1. Pose Viewer panel.

2. Right-click the yellow property title
in the upper lefthand corner of the

Hide workspace
Help 3. Select Edit Workspace Properties

Figure 6-2. Editing Workspace Properties.
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https://www.schrodinger.com/kb/581
https://www.schrodinger.com/kb/1034
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x|

() Change Workspace Properties
Current Properties:
Title
PDB ID
Preferences...

Save as Defaults Close

Figure 6-3. Adding more properties.

() Change Workspace Properties

Current Properties: Add

€| %%~

Q docking

gockKing score

se

Figure 6-4. Adding docking scores.

x|

Back to Lesson Contents

4. The Change Workspace Properties
window opens
5. Select Add

6. Type docking in the search bar
7. Add docking score to the
Workspace Properties

You will only have to do this once — now every time you perform protein-ligand
docking with Glide, the docking score will automatically appear in the upper lefthand

corner when looking at a pose in PoseViewer.

Please see Knowledge Base Article 1027 for more information on the difference
between docking score, Glide gscore, and glide emodel score.
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Pause & Think #2: In the table below, select your top 5 ligands with the best docking scores,
Remember that the lower the value, the better the docking score. For each ligand, i) write the
ligand name and take a screenshot of the pose, i) list the docking score that can be found in
the Project Table, and iii) identify at least 2 types of protein-ligand interactions between that
particular ligand and residues within the active site.

Ligand Name & Docking Score Protein-Ligand
a Screenshot of the Pose (found in Project Table) Interactions
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6.1. Visualize the results using Pose Viewer

We will analyze the binding site using SiteMap. SiteMap characterizes hydrophilic,
hydrophobic, acceptor, and donor regions of a receptor. This is useful for learning more
about an active site, predicting a binding site in an apo structure, or identifying possible
allosteric sites. SiteMap ranks the potential binding sites with a druggability score, which
can be viewed in the Project Table. The output from a Glide virtual screen can be overlaid
with SiteMap information to examine how well the docked ligands explore the various
regions in the binding cavity. Sites identified by SiteMap can also be used to create receptor
grids for virtual screening experiments. This can be useful for exploring sites without a
known active compound.

1. Right-click an empty area in the
Configure Workspace... Workspace choose Clear
Save Image... Workspace

Save Camera View...

Restore Camera View

Manage Camera Views...

Create New Entry

Clear Workspace
Captions and Highlights >

Figure 6-5. Clear Workspace.

2. Double-click the In circle to fix 1F)S -
prepared (in row 3) in the Entry List
1FIS 3. Go to Tasks and search SiteMap
1FJS - with-deletions o The SiteMap panel opens
W 1F]S prepared-out (4)

[+ 1FJS - prepared

1FJS - wWith-deletlions

Figure 6-6. Fix 1RJS - prepared in the
Workspace.
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() SiteMap =loix|

Find, visualize and evaluate protein binding sites
Task

Identify top-ranked potential receptor binding sites
All 3 he workspace itute the receptor)

# Evaluate a single binding site region:

A buffer will be examined

Region about selected atoms plus 6
Select non-receptor atoms defining region to evaluate

ASL: [mol.n 3 X

Pick | Molecule ~ | v Show markers
Settings

Require at least 15 site points per reported site
Use K more restrictive v | definition of hydrophobicity
Use  standard ~ | grid
Crop site maps at |4 A from nearest site point

Detect shallow binding sites

Job name:lsitemag lf]'s I | g~ Run

Host=localhost:1, Incorporate=Append new entries as a new group @

Figure 6-7. SiteMap panel.

Figure 6-8. SiteMap results in the
Workspace.
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4. Under Task, select Evaluate a

Single binding site region

5. Click on the ligand in the Workspace

o The ligand is highlighted
o SiteMap removes the ligand
from the calculation

6. Change the Job name to

sitemap_1fjs

7. Click Run

o Abanner appears when the
job has incorporated

o Anew group is added to the
Entry List

8. Include sitemap_1fjs_site_1,

sitemap_1fjs_ligand, and
1fjs_protein

9. Typel

o Various surfaces are shown
representing different
regions of hydrophilic
property; hydrophobic
(yellow), acceptor (red),
donor (blue)

o The white site-point spheres
each represent ~1 A’

10. In the Entry List, click the S next to
sitemap_1fjs_site_1 to toggle the
surfaces associated with the
SiteMap

Note: To find all possible binding sites
using SiteMap, under Task select Identify
top-ranked potential receptor binding sites.
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If you want to detect all pockets, you will
need to exclude the cognate ligand from

the Workspace.

Pause & Think #3: SiteMap visualization uses a grid of points to identify potential
hydrophobic and hydrophilic regions; the hydrophilic regions are further classified into
hydrogen-bond donor, hydrogen-bond acceptor, and metal-binding regions, and the surface
of the protein is contoured. Take a screenshot of your SiteMap results. ldentify which regions
of your receptor are hydrophilic and hydrophobic.

7. Individual Exercise

Using the information that you gained from docking the screening ligands, design a new
inhibitor that may have a better docking score. Perform LigPrep on your molecule and use
Glide to obtain its docking score. Take a screenshot of its pose and paste it below. Then list

its docking score. Provide analysis as to why you chose to design this particular inhibitor.
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8. Summary, Additional Resources, and References

In this lesson, we imported and prepared a protein and ligand file, then visualized and
analyzed the protein-ligand complex. A raw PDB file was made suitable for modeling
purposes using the Protein Preparation Workflow, and the cognate ligand was extrapolated
using LigPrep in the same fashion that would be used for a multi-ligand file. Then the
prepared ligand was docked into the prepared protein using Glide. The Workspace
Configuration toolbar allowed for toggling various components in the Workspace and the

2D view in the Ligand Interaction Diagram gave another way to analyze information.

For further learning:

e Target Analysis with SiteMap and WaterMap

o S E i S . ine Glid

e Ligand-Based Virtual Screening Using Phase

e Introduction to Molecular Modeling in Drug Discovery Online Course
e Target Enablement, Preparation, & Validation Online Course

9. Glossary of Terms

Entry List - a simplified view of the Project Table that allows you to perform basic
operations such as selection and inclusion

Included - the entry is represented in the Workspace, the circle in the In column is blue

Project Table - displays the contents of a project and is also an interface for performing
operations on selected entries, viewing properties, and organizing structures and data

Recent actions - This is a list of your recent actions, which you can use to reopen a panel,
displayed below the Browse row. (Right-click to delete.)

Scratch Project - a temporary project in which work is not saved. Closing a scratch project
removes all current work and begins a new scratch project

Selected - (1) the atoms are chosen in the Workspace. These atoms are referred to as "the
selection" or "the atom selection". Workspace operations are performed on the selected
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atoms. (2) The entry is chosen in the Entry List (and Project Table) and the row for the entry
is highlighted. Project operations are performed on all selected entries

Working Directory - the location that files are saved

Workspace - the 3D display area in the center of the main window, where molecular
structures are displayed
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