Teaching with Schrédinger Updated: 1-23-22
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Files Supplied: SBVS_worksheet

Categories: biochemistry, medicinal chemistry

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 Learn the steps of a molecular docking workflow using Schrédinger’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
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Standards

e ACS Guidelines
o Biological macromolecules (Section 5.1)
e ETS Chemistry GRE
o Organic Chemistry — Amino acids, Peptides (3F)
o AAMC MCAT
o Structure, function, and reactivity of biologically-relevant molecules (5D)

Assessments

The following types of formative assessments are embedded in this lesson:

e Assessment of student understanding through discussion of warm-up questions and
filling in any knowledge gaps about structure-based virtual screen steps
e Visual assessment of student-generated docking scores from their own set of ligands

Warm-Up Questions: To be done on their own or at the beginning of class

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?
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1. What you will need for this lesson

Go to the ‘Data’ folder and open your
Class Folder found on the virtual
cluster’s desktop.
Right-click on the folder called
“Structure_Based_Virtual Screen”
and copy folder to Desktop
e Here, you will find the lesson
plan, worksheet, and any
additional resources

(r

Maestro

Figure 1-1. Open Maestro.

Open Maestro
a. See Starting Maestro if you
need help

Maestro Edit Select Workspace

eCe® New Project...

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

EE Ugand Irltl: Expﬂrt PrﬂjECt...

n |

Import Recent Structures
Import from Project...
Get PDB...

Merge Project...

Export Structures...

Change Working Directory...

Figure 1-2. Change Working Directory option.

Close Project t

Import Structures... t

Go to File > Change Working
Directory

Find your
“Structure_Based Virtual Screen”
folder that you duplicated to your
Desktop, and click Choose
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6. Next, go to File > Save Project As
7. Type “SBVS_tutorial’ and click Save
a. The project will be titled
SBVS_tutorial.prj

Figure 1-3. Save Project panel.

PSS verrerrey s cusemmponsesiens 8. Finally, check your Mouse Actions
ety i a0 mx mert E a. PC: Edit > Customize Mouse
u N LT T LS ’ Actions

N .. b. Mac : Workspace >

R —— e —— Customize Mouse Actions

9. Make sure you have the best option
Figure 1-4. Choose the best mouse option for chose|_1 for y9ur set up. This lesson
your set up. was written with a three-button mouse

with a scroll wheel, meaning the scroll
wheel is a button as well as a wheel. If
you do not have a mouse, choose
Trackpad.
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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
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.
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Ligand Tautomers,
Stereoisomers, &
Ring Conformations

Ct?gnate Cognate Ligand
Crystal Ligand > Docking for
Structure Target

Validation
o> Use Lowest Docking

Score as Your Control
Receptor
— E —&ip

Protein Preparation Workflow Receptor Grid Generation
Project Table
Perform
Structure-Based
Post-Process View Poses & Docking Virtual Screen
Docking Scores Scores for Each Ligand,
e®e®e®, then compare to ?\ Ligand Library
L. Cognate Ligand 4
- “ -
1) RS
°® 2
Ligand Filtering ) Y
Spectral Clustering Project Table

Figure 1. Workflow for a Structure-Based Virtual Screening

3. Generating a Receptor Grid

Grid generation must be performed prior to running a virtual screen 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 grid
generation videos on our website or 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.
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3.1 Identify the binding site

TASKS

\> Receptor-Based Virtual Screening

Docking Preparation Docking Post Processing

¥ Receptor Grid Generation... Pose Viewer...

Docking Select Top Poses...
Ligand Docking... Filter Docked Poses...

Active Learning Docking... Pose Explorer...

Virtual Screening Workflow... Enrichment Calculator...

Covalent Docking... Strain Energy Rescoring...

Figure 3-1. Receptor Grid Generation
option in Receptor-Based Virtual
Screening.

1.

Click the In circle next to
1fjs_prep_complex to include it in
the Workspace
Double-click Presets
o 1fjs_prep_complex is
rendered using the Custom
Preset
Go to Tasks > Browse >
Receptor-Based Virtual
Screening > Receptor Grid
Generation
o The Receptor Grid
Generation panel opens

eo0e

Site l Constraints l Rotatable Groups l Excluded Volum

Define receptor

Receptor Grid Generation

If the structure in the Workspace is a receptor plus a ligand,you must
identify the ligand molecule so it can be excluded from the grid generation.

I Pick to identify the Iigandl Moleculee Show markers

Figure 3-2. The Receptor tab of Receptor
Grid Generation.

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

@ Schrodinger Education

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

intellectual property rights. Schrédinger will retain all intellectual property rights relating to any

ideas,

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.

r jons 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



5. Click on the ligand
o The ligand is now
highlighted with a purple
box around it
o The ligand will be excluded
from the grid generation

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

Figure 3-3. The ligand is defined to be
excluded from grid generation.

3.2 Define the bounding box dimensions

[ ON Receptor Grid Generation 1. CI|Ck the Site tab
Receptor Constraints | Rotatable Groups | Excluded Volum 2 Select centroid of Workspace
Enclosing box . .
ligand (selected in the Receptor
tab)

The docked ligand is confined to the enclosing box. Display box

Center:
IO Centroid of Workspace ligand (selected in the Receptor tab) I 3 . CI|Ck Advanced Settings
Centroid of selected residues: o A green |nner boundlng bOX
Supplied X,Y,Z coordinates:
appears

Size:

© Dock ligands similar in size to the Workspace ligand

N A Note: The green bounding box defines
the region in which the centroid of the
docked molecule(s) must occupy to pass
Figure 3-4. The Site tab of Receptor Grid | the initial stages docking

Generation.

I Advanced Settings... I
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Ligand diameter midpoint box 4. Adjust the settings for X, Y, and Z

0 o
The diameter midpoint of each docked ligand is required to Sizes 'tO 10, 8, and 6 A y
remain within smaller.nested box depicted in areen. .
respectively.

Size:
, e 2 | o The shape of the green box
Box length in X: == 10 L A .
is changed
Box lengthinY: = 8 A .
5. Click OK
Box length in Z: 6 Z A

Figure 3-5. Ligand diameter midpoint box
panel.

3.3 Set a hydrogen bonding constraint

1. Type L to zoom to the ligand

2. In the Structure Hierarchy, click
the magnifying glass

3. In the search field, type ASP 189

4. Select ASP 189

Protein
Chain A Note: Please see the Introduction to

Structure Preparation and Visualization
tutorial for instructions on how to add

residue labels and show H-bonds

Figure 3-6. Search in the Structure
Hierarchy.

5. Under Fit, click Fit view to
selected atoms

Figure 3-7. Zoom to selected atoms.
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e Car 6. In the Receptor Grid Generation
Receptor | Site Rotatable Groups | Excluded Volumes . .
panel, click the Constraints tab

0 constraints have been defined (limit is 10 total)

Positional/NOE (0) Metal Coordination (0) 7 CI|Ck the H_bond/MetaI (0) tab

Pick receptor atoms that could participate in hydrogen bond or

metal-ligand interactions during docking. Ligand interactions with these O A ban ner appears
atoms may be chosen as constraints during docking.
Receptor atoms: 1 1
B e prompting selection of the
receptor atom to be the
constraint
Pick atoms (% Show markers Label atoms
Figure 3-8. The Constraints tab of
Receptor Grid Generation.
———_ Pick an atom in the receptor to be treated as a constraint atom X 8 . CI IC k an oxygen atom of -th e AS P

189 sidechain
o Both oxygens are
highlighted
o An H-bond constraint is
o - defined in the Receptor
atoms table

QASF :189:0D1 (hbond)
> /~

—
QSF 189:0D1 (hbond)

~
~

Figure 3-9. Constraint defined on ASP
189.
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[ ] (] Receptor Grid Generation 9. Change Job name to
Receptor | Site Rotatable Groups | Excluded Volumes . . .
glide-grid_1fjs

1 constraints have been defined (limit is 10 total)

Positional/NOE (0) Metal Coordination (0) 1 O CIiCk Run
Pick receptor atoms that could participate in hydrogen bond or . . .
metal-ligand interactions during docking. Ligand interactions with these (@) Th |S JO b Wl I I take abo u't a
atoms may be chosen as constraints during docking.
Receptor atoms: H
Name Atom Use Symmetry m I n Ute
A:ASP: 1484

o A folder named
glide-grid_1fjs is written to
Detet your Working Directory

189:001(h.. A:..

Pick atoms Show markers Label atoms

Job name: f glide-grid_1fjs

Submitting Job...

Figure 3-10. Run receptor grid generation
job.

Question #1:
Why is it necessary to generate a receptor grid? What would happen if you proceeded
with docking a ligand without a receptor grid?

4. Docking the Cognate Ligand and Screening
Compounds

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.

First, we will dock the cognate ligand, which is a helpful way to benchmark a virtual
screen of compounds with unknown binding activity against a target. The information
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gained from this step can help with evaluating poses and beneficial interactions, which
is useful for hit finding. Second, we will dock the screening compounds from a
prepared ligand file, 501igs_epik.mae.gz. Both jobs will use the receptor grid file that
was generated in the previous step.

4.1 Prepare the cognate ligand

1. Include 1fjs_prep_lig in the

Workspace
2. Go to Tasks > Browse > LigPrep

o The LigPrep panel opens

1fjs_prep_receptor

1fjs_prep_complex

Figure 4-1. Include 1fjs_prep_lig.

3. For Use structures from, choose
Use structures from: I Workspace (1included entry) < I [ workspace (1 included entry)
4. Under Stereoisomers, select

Filter criteria file: Create... Brg . . e

Determine chiralities from 3D
Maximum ligand size: 500 atoms
Force field: OPLS4 < Use customized version |s*» structure

lonization: 5. Change Job name to ligprep_1fjs
Bo not change 6. Click Run

Neutralize

® Generate possible states at target pH: 7.0 +/- 2.0 (@] A banner appearS When the
Using: lonizer e Epik 0 Metal binding states job has been incorporated

Include original state

v Desalt v Generate tautomers O A new grOUp |S added tO
Stereoisomers .the Entr:, L|St

Computation:

Retain specified chiralities (vary other chiral centers)
® Determine chiralities from 3D structure

Generate all combinations

Generate at most: 32 per ligand

Output format: e Maestro SDF

Job name: 2
Figure 4-2. The LigPrep panel.
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Question #2:

Preparing a ligand using LigPrep may produce multiple output structures for each input
structure by generating different protonation states, stereochemical outcomes,
tautomers, and ring conformations. Why is it important to prepare a ligand before

proceeding with docking?

4.2 Dock the cognate ligand

0@ Ligand Docking
Receptor grid: ~ From file Display receptor

File name: /Users/wmiller/Desktop/Updates/glide-grid_1fjs/glide-grid_1fjs.zip| E

m 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 T]

File name: r/Desktop/Updates/ligprepilFJS/ligprepleJS—out.maegzI Browse...

Go to Tasks > Browse >
Receptor-Based Virtual
Screening > Ligand Docking
o The Ligand Docking panel
opens
Next to Receptor grid, click

Range: 1 2 to: - End

Browse and choose
glide-grid_1fjs.zip

3. In the Ligands tab, for Use ligands
from, choose Files

4. Next to File name, click Browse
and choose
Ligprep_1FJS-out.maegz

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

Figure 4-3. The Ligands tab of the Ligand
Docking panel.
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ece Hgand Docking 5. Click the Constraints tab
Receptor grid:  From file Display receptor 6. C"Ck on the Grid'based tab

File name: sed Virtual Screening using Glide/glide-grid_1fjs/glide-grid_1fjs_2.zip

Ligands | Settings Output 7 Under Use, CheCk the H'bond
o e constraint for ASP 189

Select constraints to use in docking.Constraints can be grouped.Each group of constraints must
satisfied.Optional constraints can be defined within a group. 8 C h an g e J o b n am e to

Total number of constraint matches requested: 1 (Maximum is 4)

Show markers : ‘ : - glide_1 FJS_COg nate
Group 2 (All required) | Group 3 (All required) | Group 4 (All require:
9. Click Run

Available constraints (1in use)

ﬁ ‘;;3?8;(:0“@ R — (:f:t"je::”“ o This job takes about a
minute
Edit Feature.. o A banner appears to show
oSt mate that files have been

OAIl Atleast:

incorporated
o A new group is added to

Test constraint satisfaction only after docking

— the Entry List

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

Figure 4-4. The Constraints tab of the
Ligand Docking panel.
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Note: The 1fjs_prep_complex entry is

l fixed in the Workspace, the top

B 1fjs_prep_lig entry is included, and the
Pose Viewer panel appears

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

Note: Though only the top ranked result
is in strong agreement with the
crystallographic pose, all three results
accurately capture the pose of the ligand

Figure 4-5. Binding pose of the top in the binding site (with varying degrees
docked cognate ligand (pink) compared | of success in capturing the solvent
to the crystal structure (gray). exposed region)

Question #3:

What important protein-ligand interactions do you see when the cognate ligand is
docked? List specific residues and define specific interactions that may play an
important role in binding.
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4.3 Dock the screening compounds

1. Inthe Entry List, select the group
Row In Title 50ligs_epik

1fjs_prep_lig

1fjs_prep_recep

1fjs_prep_complex

¥ 5@ligs_epik (91)
1565@ Known Active
15658 Known Active

Figure 4-6. Select 50ligs_epik in the Entry
List.

[ ] [ ) Ligand Docking 2

In the Ligand Docking panel, click
the Ligands tab
File name: sed Virtual Screening using Glide/glide-grid_1fjs/glide-grid_1fjs_2.zip
Settings | Constraints | Output 3. For Use ligands from, choose
Project Table (selected entries)

Receptor grid:  From file Display receptor

Ligands to be docked

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

Use ligands from:
Note: Keep glide-grid_1fjs.zip as

Figure 4-7. Use ligands from selected the receptor grid
entries.
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'YX ) Ligand Docking 4. C||Ck the OUtpUt tab

Receptor grid:  From file Display receptor = =
5. Check Write per-residue
File name: sed Virtual Screening using Glide/glide-grid_1fjs/glide-grid_1fjs_2.zip
Ligands | Settings | Constraints W Interactlon scores
Flls e 6. Change Job name to
© Pose viewer file (includes receptor)
Ligand pose file (excludes receptor),in format gllde_1 FJ S_Screenlng
Limit the number of poses to report: .
Write out at most: 1 C poses per ligand 7 " CIICk Run
Perform post-docking minimization H H
Number of poses per ligand to include: 5 C o Th IS JOb takes a feW
Apply strain correction terms m I n Utes
Write per-residue interaction scoresl
O For residues within  12.0 2 A of grid center o A banner appears to ShOW
Pick residues to include that flles have been

Compute RMSD to input ligand geometries

Advanced Settings... inCorQorated
o A new group is added to

the Entry List

Job name: lglide_1FJS_screening

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

Figure 4-8. The Output tab of the Ligand
Docking panel.

5. 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.
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https://www.schrodinger.com/kb/633
https://www.schrodinger.com/kb/581
https://www.schrodinger.com/kb/1034
https://www.schrodinger.com/kb/790

5.1

Visualize the results using Pose Viewer

Figure 5-1. Pose Viewer panel.

1. Step 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)
2. Close the Pose Viewer panel

5.2 Analyze the results

File Table Data Select Window ePlayer

= wss 1A &3 =]
FEoE N 6 (@ E @ e pEE >
* Import Export 2D Viewer Plot Sort Find/Replace |Show Props | Color Rows Calculator - Columns |{Tree flshow 2D Structure
QOO0 C0OLCS
Row |[In ‘Ll'itle docking
1 1fjs_prep_lig
2 1fjs_prep_receptor
3 1fjs_prep_complex r——

b 50ligs_epik (92)
» ligprep_1FJS-outl (3)
» glide_1FJS-cognate_pvl (4)

ConfGen
Epik
Glide
»  Primary
¥ Secondary
conssat A:ASP:189:0D1(hbond|

glide confnum

glide ecoul

glide eff state penalty

glide einternal

Figure 5-2. Glide Primary properties
shown in the Project Table.

1. In the Project Table, click the
Property Tree icon
o The Property Tree appears
on the right of the Project
Iable
2. Click the All box twice
o All boxes are deselected
3. Click the Glide box
Click Primary
o Only the Glide Primary
properties are shown

Note: Please see Knowledge Base Article
1027 for more information on the
difference between docking score, Glide
gscore, and glide emodel score.

Question #4:
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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, ii) 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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5.3 Identify a binding site with SiteMap

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 5-3. Clear Workspace.

2. Double-click the In circle to fix
1fjs_prep_complex (in row 3) in
the Entry List

1fjs_prep_lig 3. Go to Tasks > Browse >

1fjs_prep_receptor Structure Analysis > Binding Site

Detection
o The SiteMap panel opens

Row In Title

Figure 5-4. Fix 1fjs_prep_complex in the
Workspace.
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eoe SiteMap 4. Under Task, select Evaluate a
Find,visualize and evaluate protein binding sites Single binding Site I‘egion
k . - .
e 5. Click on the ligand in the
Identify top-ranked potential receptor binding sites

(All atoms in the workspace constitute the receptor) WorkS[ )ace
IOEvaIuate a single binding site region:l o The ||gand IS hlghllg hted

Region about selected atoms plus 6 A buffer will be examined
Select non-receptor atoms defining region to evaluate o S|teMap removes the ||gand
AsL: from the calculation
pPick  Molecule &) & Show markers 6 Change the JOb name to
Settings Sitemap_1 fjs
Require at least 15 site points per reported site 7 . C||Ck Run

- - » o A banner appears when the
Use more restrlctwee definition of hydrophobicity

Use standard@ grid job has incorporated
Crop site maps at 4 A from nearest site point o A new group |S added to

Detect shallow binding sites .
the Entry List

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

Figure 5-5. SiteMap panel.
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8. Include the sitemap_1fjs_site_1,
sitemap_1fjs_ligand, and
1fjs_protein

9. TypelL

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
Aa

10.In the Entry List, click the S next to
sitemap_1fjs_site1 to toggle the
surfaces associated with the
SiteMap

Figure 5-6. SiteMap results in the

Workspace. Note: To find all possible binding sites

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

Question #5:

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. Identify which regions
of your receptor are hydrophilic and hydrophobic.
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6. 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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7. Summary, Additional Resources, and References

In this lesson, we completed a workflow for virtual screening using Glide. We generated
a receptor grid with a hydrogen bond constraint, which was used in cognate ligand
docking as a positive control to set up a virtual screen of test ligands. Then, a series of
screening compounds were docked and the results were viewed using Pose Viewer,
with known actives being found as the top hits. SiteMap was used to explore the
binding site.

For further information, please see:

Maestro 11 Training Portal

Introduction to Structure Preparation and Visualization
Glide User Manual

Glossary of Terms
cognate ligand - a ligand that is bound to its protein target

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

incorporated - once a job is finished, output files from the working directory are added
to the project and shown in the Entry List and Project Table

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

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 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
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https://www.schrodinger.com/training/maestro11/home
https://www.schrodinger.com/sites/default/files/s3/mkt/Documentation/2021-4/docs/Documentation.htm#academy_tutorials/Visualization_Preparation/Introduction%20to%20Structure%20Preparation%20and%20Visualization.htm?
https://www.schrodinger.com/sites/default/files/s3/mkt/Documentation/2021-4/docs/Documentation.htm#glide_user_manual/glide_user_manualTOC.htm

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