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Maestro GUI 1: Ligand Sketching and Mouse Controls

Open Maestro, if you haven’t done so already

£ Aplicaions Piaces system — TG Thi Dec 2, 00:41

Maeetro - heeateh Projact

[d[J Edit Select Workspace Scripts View Window Help

In

B Mate Yerminal & Meestrn - Scrtch Proj

Go to Files— Change Working Directory

) Agpications Paces System - B@ Th Dec 2. 6041

Mapstra - Scrateh Project

idit Select Workspace Scripts View Window Help
New Project... Ctri+N
Open Project Ctri+0

Save Project As. Ctri+Shift+s
Close Project Ctri+w
Import Structures. Ctri+l

Import From

Gel PDB...

Merge Project...
Export Structures

lchange Working Directory. ]

Back Up Project...
Restore From Backup

Save Checkpoint

Quit ctri+Q

Maestin - Sontoh Proy
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Go to the Desktop Folder.

5 Acpdications Places System - BG

Edit Select Workspace Scripts View Window Help

change Directory

Look | /home/user-6.
=)
L 3 w >
. Downloads
Music
" Pictures
Custom Public
Templates
& Videos
Working .

Directory: | Choose
Files of type: Cancel

&1 @ MateBminal L Massten - Scasteh Fro.,

Make sure you are in the Desktop folder. Click on the Create New Folder icon.

£) Apglications Paces System | I@ Thi Dec 2, 0042

Flle Edit Select Workspace Scripts View Window Help

»

Look r‘ fhome/user-62/Desktop ' Q
|Create New Folder

o aata
.
Home Dir..,

N
)
Custom ,

=
Working

Directory. Choose
Files of type: Cancel
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Rename the new folder to day1 or a name of your choice. Then click on Choose.

£ Acglications Places System = Bl Tni Dec 2. 00:43]

File Edit Select Workspace Scripts View Window Help
»

Change Directory

Look in: © /home/user-62/Desktop

oy
.
Home Dic @

N\
B
Custom

-
Working ...

Directory:  dayl
Files of type:

B M Thrmina EIE Ty r———

Go to File— Save Project As...

£ Applications Places System = B This Dec 2. 0043

Muestro - Scratch Project

Ctri+N
ctrl+0
Ctri+Shift+S

ey

Import Structures Ctri+l
Import From

Get PDB,

Merge Project.

Export Structures...

Change Working Directory...

Back Up Project.
Restore From Backup.

Save Checkpoint

Quit
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You can see that the working directory is already defined at the top of the Project Saving
panel. Give a name for the project. We named it as docking below. Click on Save.

1) Anglications Places Syatern |- G This Dec 2, 00:43

W A-

File Edit Select Workspace Scripts View Window Help

Row In Title

Look V(!ncmul\..sur762IDcsklupw‘dayl )
AN

.
Home Dir..

\
b
Custom ...

Save as! Maestro project = v Open now

File name 'dnrkmgj '
Files of type: Maestro Projects (*.prj)

%) M Mat=Terminal 11 Maestro - Scmteh Yo

You will observe that the top of the Maestro panel indicates docking.pr;j.

) domcations Paces Syscem | MG, ThuDe: 3, 0043

Maestro - docking.pri

File Edit Select Workspace Scripts View Window Help

B B Mate Termnol 1 Maestry - dockioo o



@) Schrodinger

Now that we have changed the working directory and saved the project, we will start
sketching molecules.

We will sketch the Paracetamol molecule (many of you will be familiar with it at least by
name). The molecule structure is shown below.

Paracetamol

H
N

HO

Go to Edit— 2D Sketcher

%) Applications Places System - G, e
Maestro - docking.pr|

F m dect Workspace Scripts View Window Help

Copy Ctri+C
Copy as SMARTS

8
20 Sketcher,

gnyarey

Move Atoms Cri+G
Adjust

Rapid Torsion Scan

Rotamers..

Assign

Crystal Mates

Centroids.

Symmetrize Workspace...
Update Coordinates

Mark

Preferences...

W Aate Toming: Masstrs . doekira.an



The 2D Sketcher panel will open.

&Y Aochications 3
15} Avolkanions Maces System . G

File Edit Select Workspace Scripts View Window Help
a A-

20 Workspace - 20 Sketcher

File Edit View

Editing project entry: (no entry)
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Th Dec 2, 0044

Click on the Benzene ring and click anywhere in the white area. A benzene ring will be

sketched.

£ Avpications Places system —~ BG

File Edit Select Workspace Scripts View Window Help
h A

20 Workspace - 20 SKetcher
File Edit View

S

Editing project entry: (no entry)
Save as New.

W Mate eminal D Moesto - docking prl & 20 Votkstce - IO S
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Next, we need to do substitutions to the Benzene ring. Click on the Draw button, then
click on one of the carbon atoms in the benzene ring. A grey circle will appear on the
atom which you are about to click. This will add a methyl group to the benzene ring. We
will replace it with a hydroxyl group later.

) Aplications Places Spstemn |- MG Thu De< 2, 0045

File Edit Select Workspace Scripts View Window Help

w: A

20 Workspace - 2D $ketcher
File Edit View

Editing project entry: (no entry)
Save as New..

Next, on the opposite side of the benzene ring, click on another carbon atom. Another
methyl group will be added to the benzene ring.

£} Applicstions Places System ~ BIG Thy Dec 2, 0045

Flle Edit Select Workspace Scripts View Window Help

- A

20 Workspace - 20 Sketcher
File Edit View

Editing project entry: (no entry)
Save as New...

W Mate Termiral 2 Maestrn - docking pr L 20 Worksosce - 300 5



Extend the methyl group by clicking on the terminal carbon.

Asplications Places System MG

File Edit Select Workspace Scripts View Window Help

»

Row In Title 20 Workspaca - 20 Sketcher

File Edit View

Editing project entry: (no entry)
Save as New

docking g

i Mat=Temminal L1 20 e spece - 20 5k

Extend it by one more.

Apglications Places System -G,

File Edit Select Workspace Scripts View Window Help

20 Workspace - 20 Skatcher
File Edit View

B

Editing project entry: (na entry)
Save as New...

dockina, o 20 weeksnace - 20 Sk
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Add another carbon atom to make it isopropyl like below. Just click on the carbon atom
shown below to do this.

) Anclications Places Spstem |- BING Thu Boc 2. 00:47

File Edil Select Warkspace Scripts View Window Help
K|l A-

2D Workspace - 20 Sketcher
File Edit View

Editing project entry: (no entry)
Save as New..

& M Mate =minal W Maestro - dacking o L 20 Workspecs - 20 Sk

We need to make one of the bonds a double bond. With the draw tool selected, click on
the bond shown below. It will make it a double bond. Clicking on an atom will add a bond
to it, clicking on the bond will increase the bond order itself.

%) Applications Places System | Ill@, Tho Dec 2, 0195
g

File Edit Select Workspace Scripts View Window Help

Editing project entry: (no entry)
Save as New.

& Mate Terming {Marstro - docking gl Faracztamol - Wikipe... I Mate Termens L Maestro - gocking.p 20 Wiekinnce - 20 Sk
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Now we need to replace some of the carbons with oxygen atoms and nitrogen atoms.

Click on O on the left side and click on the methyl carbon to the left as shown below.

1) rouications Places system = Q@ o b ki

File Edit Select Workspace Scripts View Window Help
[N | *A.

2D Workspace - 20 Sketcher
File Edit View

-
d

0 (O

Editing project entry: (no entry)
Save as New...

£ W Mate Trming D Moesto - cockingp i 20 ¥kEksbate - 305k

It will convert the methyl to a hydroxyl. The hydrogen atoms are added automatically to
satisfy the valency of heavy atoms. Do the same for the other carbon in the image below.

153 Aoplicions Places System i NG Th DEC 20052

File Edit Select Workspace Scripts View Window Help
(M- A.

Row In Title

20 Workspace - 20 Sketcher

File Edit View

Editing project entry: (no entry)
Save as New.

% 2D Workspace - 20 3%
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Then click on N on the left side and click on the carbon atom shown below. Paracetamol
is fully sketched.

£) Apclications Praces System (i@ Thi Dec 2, 0053

Flle Edit Select Workspace Scripts View Window Help

20 Werkspace - 2D Sketcher
Eile Edit View

Editing project entry: (no entry)
Save as New..,

£ Mate Teamie ) Maestic - docking b 2120 Wothsgace - 20 Sk

To save the sketched molecule, click on the Save as New button at the bottom of the
panel. Another panel will open prompting for the name.

15 Applications Places System (- G Thu Dec 2, 0053

File Edit Select Workspace Scripts View Window Help
R A-

file Edit View

Entry Title
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We have saved the molecule as “paracetamol_2d”. Click on Ok.

1)) Agpiications Piaces System - B@ e

flle Edit Select Workspace Scripts View Window Help

B A

Editing project entry: {no entry)
Save as New

B Mate Serrna 2 Morstro - docking & %) 20 Workspocs - 20 5

You will notice that the name of the molecule appears on the left side of Maestro and the
molecule is also visible in the Workspace. Close the 2D Sketcher to see the molecule
clearly.

ED Acglicasons Places System - @ Tha Dsc 2. 00554

File Edit Select Workspace Scripts View Window Help

2D Workspace « 20 Sketcher
Eile Edit View

-

C

N

W v #paracetamol-
® » o Ligands

Editing project entry: paracetamal_2d
Save as New...
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The name of the molecule appears in the Workspace Navigator to the left. The molecule
appears in the workspace. The 2D structure of the molecule is also shown to the bottom
left of the Workspace. Finally, the number of atoms in the molecule is also shown at the
bottom of the Maestro interface. This way, a simple molecule can be sketched in
Maestro.

5 Awtications Places System = Bl

Manstro - docking.prf

File Edit Select Workspace Scripts View Window Help

L

a0

W v ¢ paracetamol..
® > oligands

Next, we will look at another way to build a molecule in Maestro. Go to the Build tool as
shown in the image below. The 3D builder panel will open.

) Apshcatioms Paces System = (MG Th Dex 2, 6054

File Edit Select YWorkspace Scripts Yiew Window Help
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Click on the “+” icon on the left side of the Builder panel. It will prompt you for the name.

£ Aoplications Places System = SB@

File Edit Select Workspace Scripts View Window Help
N .

New entry created. Entry title: SEFUctUres

B Mate Tormina L Mawstrn - cecking el

We have chosen “paracetamol_3d” for the name since we are going to build the same
paracetamol molecule using a different tool. Click on the tick mark next to the name field.

) Avclications Places Systen = BB Thy Dec 2.0056
Maestro - socking.pri
File Edit Select Workspace Scripts View Window Help

¥|: R

New entry created. Entry title  paracetamol 3d

m Mate 1 Masstie

A molecule with the “paracetamol_3d” name will be created. There are no atoms yet as
part of the molecule. We will add them now.

Haciona.nn
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Mawstro - docking.pr|

B Mate Termiral 2 Maestio - docking,pd

Go to Add Fragments option in the Builder panel.

15} Aplications Places Syatern |- NG, Tha Doc 2. 0056

File Edit Select Workspace Scripts View Window Help
R —

paracetamol 2d
2 e

Al

B Mate Terminal L Maestro . docking.ou

Click on the Benzene ring. A benzene ring will immediately appear in the Workspace.
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A Aolications Places Systen =BG Tiwi Dec 2. 0057

File Edit Select Workspace Scripts Yiew Window Help
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Row 1In Title

1 paracetamol 2d
20

@ v # paracetamol 3d
® » o Ligands

B Mate Yerminal

L Maest - docking )

Next, we need to make substitutions to the benzene ring. Make sure the Atom selection
mode is ON. This is indicated by the “A” symbol as shown below. A tick mark can also be
seen next to the Atoms option in the drop down menu if you click on “A”. Then, click on
one of the hydrogen atoms attached to the benzene ring.

D Apghications Places System - @
Moestro - docking. pri
File Edit cs'sct Workspace Scripts View Window Help
K A :
:
Residues
Chains
I8l Molecules
Entries

} Secondary Structure

)
W e Termina 1) Maestss - docking o .

Click on the hydroxyl group available in the Add Fragments section. It will add a hydroxyl
automatically to the Workspace.
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5 Aortications Places System = B T Dec 26058

Manstro - socking.prj

File Edit Select Workspace Scripts Yiew Window Help
N A :

| Mate Teminal U Maestyo - dacking ol

Next, add an amine group to the other side by clicking on another hydrogen atom and
then choosing an amine group in the Add Fragments section. An amine substitution will
be made to the benzene ring.

15) Appicabans Paces System 1 Y This Dee 2, 0038
Maastro - docking pri
File Edit Select Workspace Scripts View Window Help

- > 0 5 Maestro - docking o

Click on one of the hydrogen atoms which are part of the amine group. Then click on the
methyl group. It will add a methyl group to the amine.
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5 Aodiations Places System (- B This Bec 2, 0659

File Edit Select Workspace Scripts View Window Help
K- A e |l

Row

7 B Mate Terminal =1, Marestin - dock g

Click on one of the hydrogen atoms of the methyl group and click on the methyl group in
the Builder panel again. It will add another methyl group to the molecule.

) Applications Paces Syzem - MG, Th Doz 3, 6190
Maestre - docking.pri
File Edit Select Workspace Scripts View Window Help

a Mawsin - docking ol

Click on one of the hydrogen atoms attached to the carbon as shown below.
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) Applications Places System - MG Th Dec 3, 0100
Maestro - decking.pr|

Flle Edit Select Workspace Scripts View Window Help
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Click on the hydroxyl group and OH will be added to that carbon atom.

%D Applicatiorn Places System -~ BING ThiDee 2.00.01
Maestro - docking.pr]

File Edit Select Workspace Scripts View Window Help
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low In Title
1 paracetamol
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However, we need to make it a double bond. To do this, click on the center of the bond
connecting the hydroxyl to the carbon. It will select both the atoms. Blue circles will
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appear on both of the atoms at the same time. Alternatively, you can hold the “Ctrl” key
and click on the two atoms one by one. Then, to make it a double bond, click on the
“Increase bond order” shown in the image below.

D Applications Places Systen - IG, Thn Der 3, 0101
Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help
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Paracetamol molecule is built. The bond distances and angles might not be perfect.

) Apsikations Places System |- G T D 2, 0102
Moestro « docking.pri
File Edit Select Workspace Scripts View Window Help
B A. =

L

n Title

paracetamol 2d

£ m Mate Trminal TP ————

To fix the bond distances and angles, go to the “A” button on the top left of Maestro, and
choose Residues option.
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) Apcanons Places System — BNG T Dec 2, 00102

Maestro - docking.pr

File Edit = 'act Workspace Scripts View Window Heip
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Entries
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Next, click on ANY atom in the molecule. All the atoms of the built molecule will be
selected.

¥ Applications Flaces Siystem | - Thu Dec 2, 01402
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File Edit Select Workspace Scripts View Window Heip
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Then, click on the Minimize selected atoms button in the panel as shown below. The
molecule will be energetically optimized. Predominant changes will be observed towards
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the amino and methyl groups on the right. Building paracetamol using 3D Builder is
complete.
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Change the Selection mode back to Atoms mode in Maestro.

5 Apications Places Systern |+ G Thi Dec 2, 03:0¢
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Understanding Mouse Controls to modify molecule views.
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° 5cr°" Bar @ ° ° °

Wheel

Right Button
Menu of Options

Left Button - Selecting Atoms or residues or molecules depending on the Selection
mode which is ON.

Right Button - Translate molecule
Scroll Bar - Zoom in/out

Scroll Bar button - Rotate molecule. Click on the scroll wheel, hold it and move the
mouse around.

Alternatively, you can use keyboard shortcuts if you do not have an external mouse with
you. The shortcuts can be accessed from the “View” option next to the File option on the
top of Maestro. Use the appropriate keyboard shortcut for the change in view you want to
see. For example, to zoom in and out, you can use “k” and “j” keys on your keyboard,
respectively.
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Maestro GUI 2: Building DNA and Importing molecules as SMILES

The real power of the 3D builder tool comes from the in-built fragment libraries which can
make building complex molecules such as DNA also quite easy.

To build a double stranded B-DNA molecule, click on the “+” icon as was done before
and enter “dna” for name. The name can be anything of your choice. Click on the tick
mark to save the name.

Q T Yot Bex 21, 02,8

New entry created. Entry title: dndl

R o Macsie- 000y |

Then, go to Add Fragments, click on the icon with 3 dots as shown below and a panel will
open up. This panel has a lot of pre-built molecules that you can use.

1D Acplications Faces System o[BG O )
Fragments
File Edit Select Workspace Scripts View Window Heip Fragments: Recent

;7 % LA Hydroxyl Methyl | Planar Amine | Pheny!

Row In Title
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For example, to build a B-DNA molecule, choose Double Stranded B DNA from the drop
down menu.

%) Applications Places Spatem — @ Tiui Dee
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Metal ligands
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Nonstandard amino acids
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Ribonucleic acids
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Double Stranded B DNA

Double Stranded 8 RNA
Diverse Fragments
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The base pairs will be listed. Check the box for “Move selection for chaining”. Then click
on the base pairs. The DNA will be built and added to the Workspace. We have clicked
around 15-20 base pairs to build a sample DNA.
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Fragments
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Close the panel to see the top view of the B-DNA molecule.
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File Edit Select Workspace Scripts View Window Help
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2 paracetamol 3d
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The below image shows the side view of the DNA molecule. To get the side view, you will
have to rotate, zoom out, and translate the molecule. See below to find out how to do

this.
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n Title
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Understanding Mouse Controls to modify molecule views.

6 Scroll Bar @ o ° °

Wheel

Right Button

Menu of Options

Left Button - Selecting Atoms or residues or molecules depending on the Selection
mode which is ON.

Right Button - Translate molecule
Scroll Bar - Zoom in/out

Scroll Bar button - Rotate molecule. Click on the scroll wheel, hold it and move the
mouse around.

Alternatively, you can use keyboard shortcuts if you do not have an external mouse with
you. The shortcuts can be accessed from the “View” option next to the File option on the
top of Maestro. Use the appropriate keyboard shortcut for the change in view you want to
see. For example, to zoom in and out, you can use “k” and “j” keys on your keyboard,
respectively.
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So far, we have explored 2 ways of adding molecules to Maestro. We will explore another
way to add small molecules to Maestro.

First, go to Workspace— Clear Workspace. This will hide all molecules from your
Workspace. They are still part of your project but are hidden for convenience.
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Click on the Firefox browser icon inside the cloud instance.
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Search for paracetamol in the browser.
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On the right side of the Wikipedia page, you will find various properties. Go to the
SMILES property and click on Show.
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This will show the SMILE string. Select the entire string, right click and copy the string.
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K{@ Schrodinger

Then, go back to Maestro. Go to Edit— Paste or alternatively, you can press Ctri+V.
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This will add Paracetamol molecule to the project. The name will be shown as the SMILE
string.
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(@ Schrodinger

You can rename the SMILE string. Double click on the Title column of Workspace
navigator and enter a name of your choice. We have chosen “paracetamol_smiles” in the
example image below.
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@) Schrodinger

Maestro GUI 2: Protein visualization

Go to File— Get PDB...
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New Project Ctri+N
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Back Up Project
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Quit
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In the panel that opens up, enter 6b2q as shown below and choose B for Chain Name.
Click on Download and the molecule will be downloaded from PDB and loaded into the
workspace automatically.
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@) Schrodinger

You will notice a few things: (1) The PDB ID of the molecule is shown on the left side, (2)
The protein-ligand complex is shown in Wire representation, (3) The bound ligand is
shown in green color, (4) The 2D structure of the ligand is also shown on the bottom left
of the Workspace.
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The Wire representation is messy to look at. We will change the representation of the
molecule. To do that, go to Style— Click on Ribbons. The molecule will be shown in the
familiar cartoon representation with alpha helices and beta strands.
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(@ Schrodinger

However, the ligand is still not clearly visible. To change the representation of the ligand,
click on the “L” button as shown below.
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Then go to Style— Click on the CPK option as shown below. The ligand will be shown in
CPK representation in which every atom in the ligand will be shown as a sphere.
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@) Schrodinger

Next, we want to take a closer look at the binding pocket. To do that, click on the “P”
option as shown below. This will select only the protein excluding the ligand.
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Go to Style— click on the Surface option as shown below. The molecular surface of the
protein will be shown. You can also see how well the ligand fits into the protein binding
pocket.

) Apglicatiors Maces Syzem = @ Th Dec 2, 0118

File Edit Select Workspace Scripts View Window Help
A i —

‘e » g Cabar Abems
n Title e -
paracetamol_3d i . 2 2% o
i i reae molecular surface from selected atoms|

- _.’z. ’ '.-‘

paracetamol_smiles

By R

S,
7'7? . P




@) Schrodinger

Once the surface is generated, you can turn ON/OFF the surface by clicking on the
Surfaces Toggle button on the bottom right of Maestro.
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If it is not highlighted in blue color, the surface will be hidden. To show the surface again,
click on the mesh icon again and it will display the surface and also the highlight the
button in blue color.
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@) Schrodinger

You can do the same for the Ribbons option too with the Ribbons Toggle.
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You will also notice that at the bottom of Maestro, the number of atoms in the complex
are shown along with other information. On the left side, there is Structure Hierarchy,
which shows all the components that are present in the Workspace. You can selectively
show and hide them by clicking on the square boxes in front of the names. If it is in blue
color, it will be shown and will be hidden otherwise.
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(@ Schrodinger

To take a look at the protein sequence, go to Window— click on Sequence Viewer. A tick
mark in front of the sequence viewer will appear and the sequence will also be shown at
the bottom of the Maestro panel.
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You can identify if your protein has missing residues by right clicking on the area shown
below, then go to the Color Scheme option, then click on Chain Breaks.
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(@ Schrodinger

Chain Breaks option will show the N and C terminus amino acids in blue and red color,
respectively. If there are more than 1 pair of N and C terminus, then it means there are
missing residues in the protein. In this protein, there are two chain breaks in between as
highlighted below.
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Lastly, if you want to focus on the binding pocket only, go to Preset— Apply Custom
Preset.
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@) Schrodinger

Apply Custom Preset will automatically zoom into the ligand in the complex. It will
display the ligand in Ball and Stick representation and also show the amino acids that are
nearby the ligand in Wire representation.

D Anplications Flaces System o B Thu Dee: 2,01:23

Maestra . decking.pr)

File Edit Select Workspace Scripts View Window Help

A-

—

In Title

paracetamol 2d

4 v € 6B20
® » oligands
4 > &Protein

1 I Mate emina 2 Moesire - docking

Click on the “Fit to View” button (with the 4 arrows) as shown below to revert the view to
the full molecule.
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@) Schrodinger

The Fit to View button will bring the entire molecule into focus as shown below. The
Apply Custom Preset option labels the binding pocket amino acids. To hide the labels,
click on the Annotations Toggle on the bottom right of Maestro to make it
non-highlighted.
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(@ Schrodinger

Grid Generation:
After the protein is prepared, the next step is to identify the binding pocket and generate
the grid. The grid will later be used for docking.

To prepare the grid, make sure the prepared protein is included in the Workspace, i.e.
make sure that the circle next to the prepared molecule is highlighted in blue color.
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The view will be zoomed into the ligand automatically.

%) Applications Places System

L%

File Edit Select Workspace Scripts View Window Help

- X

with-deletions

1 vautoprep chainA-outl

° 6820 - prepared

4 v 26820 -
- >

prepared
r Ligands
4 » &Protein

Paracetamol - Wik e

- e Termice L. Masistre - dockina o

Next, go to Tasks— Browse. Here all the various tools that are
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listed. They are categorized into tasks based tools or Applications based tools. Glide is
the tool that is used for Docking related stuff. So, go to Glide.
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((é Schrodinger

In Glide, choose “Receptor Grid Generation...” option
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The Grid Generation panel opens up. Make sure that the check boxes next to “Pick” and
“Show markers” are selected. Also, make sure that the drop down menu has the
Molecule option selected.
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((é Schrodinger

Now, with the above options selected, click on ANY atom of the ligand. This will highlight
all the ligand atoms in green color automatically. The Receptor Grid Generation panel is
minimized to show the green color highlighted ligand atoms.
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Click on the “Fit View to all visible” objects button. This will zoom out the molecule and
you will notice a pink box around the binding pocket, that is centered at the bound
ligand.
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(@ Schrodinger

With the box shown, change the job name. Then, go to Job Settings.
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In Job Settings, make sure you use the “cpu” option. Click on OK and then click on Run.
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(@ Schrodinger

The job will be waiting initially. You can monitor it in the job monitor panel.
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Once done, you will notice that the status changed from Waiting— Running— Completed.
You will also notice that a message is displayed at the top center of Maestro Workspace
indicating that the grid job has completed.
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((@ Schrodinger

Ligand Preparation:
After generating the grid, the next step is to prepare the ligands for docking. We have
placed some sketched ligands in the Desktop— Data folder in your cloud instance.

To load them, go to File— Import Structures as shown below.

) Applicatiors Places System - @ Tue Dec 21, 03.00)

Macstro - docking.pri

dit Select Workspace Scripts View Wimndow Help
New Project... Ctri+N
Open Project Ctrl+0

Open Recent Project

Save Project As, Ctrl+Shift+S
Close Project Ctri+w
Import Structures Ctri+l

import Recent Structures
Import From

Get PDB.

Merge Project...

Export Structures.

Change Woarking Directory...

Back Up Project...
Restore From Backup...

Save Checkpoint

Quit Ctri+Q
4 *» #FProtein

By default, it will display your Working Directory.
) Avplications Places System |- IING Tue Dec 21, 05:00

File Edit Select Workspace Scripts View Window Help

i
Look 1( /homefuser-86/Desktop/dayl

paracetamol smiles @« SUTOTTER SO0 AT
docking.pri
2 glide-grid_6b2q

hen 6b2q_A.pdb

6820 - with-d s N 6b2q_B.pdb
1 v autoprep 6b2q chain 3 Custom ... ep2q.pdb

.
6829 ¥ Home Dir...

@ 6B20 - prepared

Options >> Help
File pame |
Files of type: Importable File Types (*.*) Cancel

4 v 26820 - prepared
. o Ligands
4 » #Protein

pT—yr——r— [Paracetarmol - Wikipe. =



(@g Schrodinger

To go to the Data folder, click on Home Directory— Desktop— data.
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Inside the “data” folder, go to the “MTB_Workshop_Files” directory.
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KQ@ Schrodinger

Make sure that you are inside the “MTB_Workshop_Files” directory.
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Load the Input ligands by clicking on the file “Input_Ligands.smi” file. Click on the
“Options” icon. Then, make sure that “All files (single group)” option is selected before
clicking on “Open”. Then, click on “Open” to load the input ligands.
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(@ Schrodinger

All the input ligands that are part of the file will be loaded into the project. The names will
be displayed in the Workspace Navigator. One of the molecules is shown in the
Workspace.

1) acgiications Places System |« MG Toe Dex 21, B4:02

Maestro - dacking.pr|

File Edit Select Workspace Scripts View Window Help

B v 2104121467
® » oligands

Paracetamel - Wikioe

You can rotate the molecule and you will notice that the molecule is not in 3D and needs
to be converted to 3D. It also does not have hydrogen atoms in it and the valency is not
satisfied for some of the heavy atoms. To fix these issues, we will have to prepare our
ligands.

) Molications Places System |- BG, Tow Do 21, 0 018
Maestro - decking.prj

Flle Edit Select Workspace Scripts View Window Help
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((@ Schrodinger

To prepare the ligand molecules, with the Title column of each molecule highlighted in
blue color (see above image), go to Tasks— Browse— LigPrep.

File Edit Select Workspace Scripts View Window Help
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AppuCATIONS h
Glide
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Induced Fit Docking
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Ligand Preparation and Library Desigr

Protein Preparation and Refinement

Structure Analysis
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Classical Simulation

Quantum Mechanics

Warkspace Operations

ct Table and Proj

General Modeling
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Materials
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Receptor Grid Generation

= Protein Preparation Workflow
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W v 2104121467
" » v ligands
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The LigPrep panel will launch. Select “Project Table (36 seletect entries)” from the drop
down menu at the top of the panel.

5 Anplications Places System | NG

Edit Select Workspace 5S¢ p}

Bl Use structures from:

File name: Browse,

Filter criteria file Create... Browse
Maximum ligand size: 500 atoms
Force field: |OPLS4

lonization:

- Customize. Use customized version
Do not change
Neutralize
+ Generate possible states at target pH: 7.0 /- 2.0
Add metal binding states
Using:  lonizer = Epik
Include original state
v Desalt v Generate tautomers
Stereoisomers
Computation:
« Retain specified chiralities (vary other chiral centers)
Determine chiralities from 3D structure
Generate all combinations
Generate at most: 32 per ligand
For SD V2000 input, generate enantiomers if the chiral flag is 0

Output format: * Maestro  SDF

Job name: ligprep_1 %-  Run
® v 2104121467 Host=localhost:1, Incorporate=Append new entries as a new group 7

® » oLigands

@ {Mate Terminy Maestre - docking o1j [Paracetamn| - wikipe

L Ugprep
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Then, make sure the pH is set to 7.4+/-0.0 (This option is only for demo purposes. For
your projects, you have to use 7.4+/-2.0). You can also observe that this panel will
generate different states of ionization, tautomers, stereoisomers. We will be using the
default options for all of those.
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File Edit Select Workspace Scripts Yiew Window Help

L - : 34 ) S - 5 M
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Output format: « Maestro SDF

Job name: |ligprep 1| -  Run
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Next, change the job name to your desired name. Then go to Job Settings by clicking on
the drop down menu next to the cog wheel besides the job name section.
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LigPrep
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Filter criteria file: Create... Browse...
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Stereoisomers
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B v 2194121467 Host=localhost:1, Incorporate=Append new entries as a new
® » o Ligands "

job Settings

Preferences,

Read.
Write
Reset
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Change the Host to “cpu”. Increase the number of processors to 4 and Separate into 4
subjobs to parallelize the calculation so that it finishes faster. Click on OK and then click
on Run. Ligand preparation job will launch.

ED Applications Places Syszem - BI@ Tue Déc 21, 0505
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The job can be monitored from the job monitor button.
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Once the job is done, the output will be automatically loaded into the Workspace. You will
also notice that there is a message at the top of Workspace mentioning the job output
has been incorporated. Incorporation means that the job output is loaded into the project
automatically.

£) Applications Paces System |- B Ut D€ 21 G844

Masstro - docking. pr|

File Edit Select Workspace Scripts Yiew Window Help
W A :
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104121563
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Next, to see the difference between the prepared and unprepared ligand molecules, make
sure that the circle next to the two entries are highlighted in blue color (see image below,
use Ctrl key to include both molecules at the same time). This will display both the
unprepared and prepared molecules are displayed at the same time in the Workspace.
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Now, to check the molecules at the same time, go to the “+” button at the bottom right of
Maestro. Then click on the “Tile” option.

5 Applications Places System - MG s Doz 31, 6522

File Edit Select Workspace Scripts View Window Help
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The two molecules will be displayed side by side with a vertical split line in between. The
prepared molecule is shown on the left and the unprepared molecule is shown on the
right. The order might change for you depending on in which order you included the two
molecules.
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Click on the “Fit View” button to bring the two molecules into focus. Rotate the
molecules to get a feel for the difference. You will observe that the prepared molecule
(shown on the left in the image below) has atoms along the 3rd axis. It also has hydrogen
atoms added and appropriate valency for all the atoms.
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File Edit Select Workspace Scripts View Window Help

R
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The unprepared molecule (shown on the right in the image below) does not have
hydrogen atoms. It also does not have any atoms in the 3rd axis.
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Ligand preparation is done. We will compress the entries in the Workspace Navigator.
Click on the triangle as shown below. This will compress the entries in the Workspace
Navigator under the heading “ligprep_for_6b2q-out1 (36)”.
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Do the same for the unprepared ligands group also.
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The two groups are compressed as shown below.
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Clear the Workspace by going to Workspace— Clear Workspace.
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Docking Submission:
After preparing the protein, generating the grid,
go for Molecular Docking.

To do that, go to Tasks— Browse— Glide.
LI}

) Acohcations Places System
Maeatro « docking prj
File Edit Select Woarkspace Scripts View Wi
KA. : R
APRKATIONS
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In Glide, choose the Ligand Docking option.

i) Applcations Piaces System .= my
Maestra - docking.prj
File Edit Select Workspace Scripts View Window Help
' A s R -

APFUCATIONS
©

Receptor Grid Generation
Ligand Docking.
amol 2d
paracetamol 3d
dn
paracetamol
68,

v autoprep 2q chainA-outl

6820 - prepared

» ligprep for 6b2g-outl (36)

= Mate Termiral| % Maesito - docking i ol - Wikioe

@) Schrodinger

ADME

Classical Simulation
Quantum Mec

Work e Operations

Project Table and Project Operations

General Modeling

Discovery Informatics and QSAR

Virtual Screening Workflow

QM-Polarized Ligand Docking

preparing the ligands, the next step is to

+ Browse

Receptor Gri

neration

+ Protein Preparation Workilow

Browse
LigPrep.
Receptor Grid Generation,

« Protein Prepa on Workflow...




@) Schrodin

The Ligand Docking panel will open.
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@) Schrodinger

Go to the folder glide-grid_6b2q folder (or the folder with the job name which you used
for preparing the grid) inside your Working directory. The grid file is a compressed file
with the extension “.zip”. Choose it, and click on Open.

3 applications, Piaces Systern - G
Receptor grid: From file
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Ligands  Settings Constraints Output
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The grid file is loaded into the Ligand Docking panel. Next step is to load the prepared
ligands. Click on the Browse button.
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Go to the ligprep_for_6b2q folder (or the folder with the job name which you used to
prepare the ligands). Open the “*-out.maegz” file where “*” indicates your jobname.

£) Applications Places System = Bl Tue ©
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Now, both the grid and prepared ligands are loaded.
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After loading the files, go to the Settings tab in the Ligand Docking panel. The default
precision mode is SP (standard precision). If you click on the drop down menu, you will
see HTVS and XP mode which were discussed in the presentation. We will choose the
default SP option itself.

Choose an appropriate job name. Change Job Settings.

) Applications Placos systom - @ Tue Dec 21, 0542

Ligand Docking
Receptor grid: From file - Display receptor
File name: 28
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None
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Preferences
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Write
Reset
Upload to LiveDesign..

& (M all Macatio g.5x TPoracetamel - Wikipe... |2 bigand Dagking

Make sure the “cpu” option is selected. Change the number of processors to 4. Click on
OK and then click on Run.
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Ligand Docking job is launched. You can monitor the job in the job monitor panel.
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Maestre - docking.pr)
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h' A-

active job in current project Monitor.

etamol 3d

v autop
6B2Q - prepa
» imported ligands (36)

» ligprep for 6b2q-outl (36)

| [Mate Rrmnal 3, Msestrs - Gocking pri {Paracetamol - Wikipe v

Once the job is over, the output will be loaded automatically into the workspace. Your
screen will look similar to the image shown below.
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Docking analysis has multiple components. One needs to take a look at Interaction
complementarity, Geometric complementarity, Docking score, correlation with
experimental values, Ligand Interaction Diagrams, Fingerprint interactions, etc. We will
go through each of these one by one.

Post docking, your screen will look like the image below. You will have the results loaded
in the Workspace Navigator. You also will have the Pose Viewer panel open on the right
side.
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First, get a good view of the ligand molecule. Rotate and zooming in/out for this purpose.
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Then, go to Window, make sure the 2D Overlay is deselected. This will hide the ligand 2D

view in the bottom left of the Workspace.

) Applications Paces System

e Dec 20, 0743

Maestro - docking.pr
Edit Select Workspace Scripts View jelp

¢+ A Project Table...
=7 L= SR 2D Viewer..,

Ctri+T

Multiple Sequence Viewer
Project History.,

Job Monitor...

v 2D Overlay
g R tri+Shift+!

Ctri+E

v Workspace Navigator

3]+ Workspace Properties
v Sequence Viewer

6820 - with-d v Status Bar

Command Script Editor Ctrl+D
Python Shell...
Raise All
Close All
Cascade

Save Layout
Restore Layout

¥ £ 6B2Q - prepared
» & Proteln
¥ £ 406793952

™ [Mete Terminai] 21 Maeatru - dosking s [Parscetam’ - Wikipe.

Close the Pose Viewer panel.

) Avolcations Places System - BG
Mansteo - docking.pri
File Edit Select Workspace Scripts View Window Help

- A-

Pose Viewer

Set Up Poses
Export rotatable groups..

NOTE: To display interactions, the
properties must be computed during the
Glide docking run.

Tips

+ Use the left and right arrow keys ta step
through the poses

+ Use the X key to mark or unmark the current
pose

+ To view poses for existing results, select the
entry group and click “Set Up Poses”

Tue Dec 21. 0745

PosE Viewer

» Ligprep for 6b2g-outl (36)
2 v glide-dock SP 8b2q pvl -

47 kALL
¥ # 662Q - prepared
» & Protein
¥ ¢ 486793952

B [Mats Terminal] L MAESLI0 + BOCKIng. b

Set Up Poses
Export rotatable groups.

NOTE: Te display interactions, the
properties must be computed during the
Glide docking run

Tips

* Use the left and right arrow keys to step
through the peses

* Use the X key to mark or unmark the current
pose

« To view poses for existing results, select the
entry group and click *Set Up Poses"

er
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Now, we have a full screen to look at our complexes. Click on Presets— Reapply when

Workspace Changes. Then, click on Apply Custom Preset.

B Acglications Paces System - i@

File Edit Select Workspace Scripts View Window Help

b OA-

a

paracetanol smiles

6820

» Lmpor
» Ligpr
2 v glide-dock
81

v ALl
v £ 6620 - prepared
» # Protein
¥ £ 486793952

B [Mat= Terminal]

Maestro - docking.prj

Apply Custom Preset

Edit Custom Preset...

Reapply when Workspace changes

o MAnIo - Cocking P [ atrel - Wikipe.

Maestro Default
BioLuminate Default
Simple

Simple (no solvent)
Ball and Stick

B Factor

Technical

Ligands

Ligand Sites

Pretty

Pretty (with solvent)
Publication
Publication (with solvent)
Protein Interface
Antibody

Tis Dec 21, 0746

The above will change our view to focus on the ligand along with the binding pocket

amino acids.

1)) Appiications Places Sysem - Bl

Edit Select Workspace Scripts View Window Heip
v A

Ti
paracetamol 2d
paracetamol 3d
dna
paracetamol smiles
6B20
6820
6820 vith-deletions
6b2gq chainA
prepared
» impor
» ligpr:
2 v glide-dock SP_6b2q pvl ..
0

47 kAL

4 ¥ «6B2Q - prepared
4 » & Protein

W v £4306793952

= [Matz Tarmingl) L Maesis - Sacking prl

Maestro - docking.prj

e Dec 21, 0747




KQ@ Schrodinger

To take a look at the interactions, turn ON the Interactions Toggle button on the bottom
right of Maestro as shown below.

&) Applicaters Places System -y Tus Dec 21, 0747
Maestro - docking. pr|

File Edit Select Workspace Scripts View Window Help

\;;

47 % ALL

4 v 26820 - prepared
4 * & Protein

W v 2406793952

m [Nate ® il U Maesti - docking o . .

Interactions will be displayed between the ligand and the protein. They are shown as
dashed lines in the Workspace. To find out what the colors indicate, click on the three
dots just above the Interactions Toggle toolbar.

) Avolaations Places System - BNG Tue Dec 21, 0748
Maesteo « docking.pri .

file Edit Sele Workspace Scripts View Window Help
K A-

- A

Row In Title
etamol 2d
etamol 3d
dna
paracetamol smiles

6820

with-deletions

47 %A1

4 ¥ £ 6B2Q - prepared
- » & Protein

® v £ 486793952




@) Schrodinger

The color codes for the 9 different types of interactions are shown.

12 Applications Flaces System | my e Oec 71, 0748

Maestre - #acking.pr

File Edit Select Workspace Scripts View Windgw Help

(hl* A.

paracetamel 3d
dna

paracetamol smiles

2 »glide-dock SP_6b2q pvl .. -
ed

47 % ALL

4 ¥ r£6B2Q - prepared
4 » & Protein

W v 2406793952

B (Mt Temier) & Maestn - socking g [3F]

Turn ON Good contacts, which are OFF by default. You will observe plenty of green lines.
All of these also add to the favorability of a particular ligand to the protein.

1) Applications Maces System -,y Tue Dec 21, 0748

File Edit Setect Workspace Scripts View Window Help

| 3

4 v % ALL

4 v £6B2Q - prepared
A » ¢ Protein

® v 2406793952

™ [Mate Tesmns| (& Maestr - docking.s ) T S
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Turn OFF the Good contacts.

) Applications Places Syzem - NG

Tue Oec 21, 0748

File Edit Select Workspace Scripts View Window Help
K- A :

paracetamol
dna
paracetamol smiles

2 wglide-dock SP_6b2g pvl .. -
prepared

4 v % ALL

4 Y #6820 - prepared
‘ » & Protein

W v £406793952

& iMate Reminal] & Maestro - docking prf

So far we have looked at the molecule with Title “406793952”. Now, we will take a look at
the Molecule with Title “406693961”. This one does not have the halogen bond (pink
color) compared to the previous molecule.

) Applicatiors Places System - Il@ Tue Dec 21, 0749

Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help

(w12

6820 - prep
» imported
» ligprep f
2 vglide dock
81 o
82
B3
B4
85

47 xALL

4 v #6820 - prepared
4 » & Protein

W v 2406793961




(@ Schrodinger

Let’s load the next molecule “406793959”. This one does not have two hydrogen bonds

on the bottom right.

) Apphcations Maces System | _15%

File Edit Select Warkspace Scripts View Window Heip
K- A :

A

pa

Row In Title

» imported ligands (36)

47 %xAll

4 v 26829 - prepared
. » & Protein

® v 2486793959

8 [Mate Terminai] . MAESTID » HoCking. i)

Tue Dec 21, 07,53

Maestre - docking.prj

Let’s take a look at the molecule “104121467”. This one has the halogen bond, the 3
H-bonds. However, the 2 H-bonds on the bottom right are with different atoms compared

to the previous ones.

3 applicatiors Places System |- Bl

File Edit Select Workspace Scripts View Window Help
R A

Row 1In Title

47 Kk ALL

4 v £6B20 - prepared
4 » & Protein

B v 2104121467

& [Mate Reminal] MRS - COCkI0g kN

Maestro - docking.pr
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Let’s take a look at the last molecule “104121561”. This one has very few interactions
with the protein.

£) Applications Places System =~ Bl@ Tue Dec 28, 07.92

Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help

4 v %Al

4 ¥ ¢6820 - prepared
4 » & Protein

® v 2104121561

% [Mate Rerming(] L Maestra - 0cKnG o)

To check the Geometric complementarity, generate the surface for the protein. Click on
the “P” button, then go to Style, then Surface option.

15 applications Pinces System .o G hobiretabibvlicd

File Edit Select Workspace Scripts View Window Help
K A :

oW In Title

-
4
i v
]
-

¥ £ 1064121561




@) Schrodinger

You can see that the molecule “104121561” does not fit well into the binding pocket, i.e.,
it does not occupy the deep lying grooves well. It also had very few interactions with the
protein.

5 Appbcations piaces System - G e Gae 31, 07.53]
Maestro - docking i -

File Edit Sele

104121488
406793953
406793946
184121497

= Current Seléction

0 B (M Termina] | Al Miestr « focking pi O

Compare it to the molecule “104121467”. The cyclic ring at the back fits into that groove
quite well. This one formed quite a few interactions with the protein.

D Applications Paces System - BG@ Tue Dec 21, 0784
Maestro - docking.pr) ST

104121481
184121477
406793948
164121634
104121487
164121463
164121485

EEFEEEPETY
@ Current Selection
Protein.

® v 210412

B 8 [Mat=Terminal] Ldr Maestro - dockia vl < -
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Same is observed for molecule “406793952”. It had quite a few interactions and it also
occupies the grooves well.

£) Avplications Flaces System - M@ = Dec 21, 07,55
Maestro « docking.prj x

File Edit Select Workspace Scripts View Window Helip

¥ ¢ 406793952

= [Mate Reminal)

Next, turn OFF the Surface view.

o) Aaplications Places System 5y 5% Tow Dec 21,0145
Maestro - decking.pri g
Flle Edit Select Workspace Scripts View Window Help
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We will take a look at the docking score. Click on the Table option that is to the left of the
jobs monitor and Tasks button.

1) sppications wacws Systam = MG Tise Do 21, 07734
Maestro - docking.pr)
File Edit Select Workspace Scripts View Window Help

»

A

6820 - prepared
» imported ligands (36)
» ligprep for 2q-outl (36)
2 wglide-dock SP 6b2q pvl . -

prepared A

4 ¥ %Al

4 ¥ 26820 prepared
4 » & Protein

W v 2486793952

= [Mate Terminal| % Mesr - dockie g

The Project Table is open. Maximize it.

5D Manlicatiors Places System |- BNG, Toe Do 21, 675%

Flle Edit Select Workspace Scripts View Window Help
KA

an

Title
6820 - prepared
» imported ligands 6)
for 6b2q-outl

Project Table -— docking pri
t Window ePlayer
4 n = ] w @ | m 2
Import Export 2D Viewer Plot Sort Find/Replace Show Props | Color Rows Calculator Columns (Tree Show 2D Structure
QOO00C00YS

paracetamol 2d
paracetamol 3d
dna
47 %ALL paracetamol smiles
¥ #6820 - prepared 6820
» # Protein e J e s
o 6B2 wi eletions 02: 32:57
¥ £ 466793952 » autoprep 6b2g chainA-outl (1)

Entrime: 117 Intal 36 selected 2 ncluded Geaune: 4 16tal 0 selected Pranartine: 103 1atal 26 shown

& Moestro - dockingo] |\ Prajeck uble v ddackiny.,
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The Project Table has all the entries from your Workspace Navigator. It also has various
properties listed as columns that are associated with each ligand molecule. You can see
it has options for 2D viewer, plotting, calculator, and a Tree option which can be used to
selectively show certain properties.

# L) -
bort Find/Replace | Show Props Color Rows

B B . > L L T
Tree | SHbw 2D Structure Show Family Hide Family

Row In Title Stars  Entry ID pate Added Date Modified ichiral flag \Version POB TITLE PDB ID POB RESOLUTION

1 paracetamol 2d 1 02:40 02:40
2 paracetamol 3d vt 2 82:40 02:42
3 dna 3 02:42 02:44
4 paracetamol smiles ¢ 4 82:45 82:45 v ]
5 65820 » 5 82:46 02:47 DUAL INH.. 6B2Q
6 6820 6 62:49 03:36 DUAL INH.. 6B2Q
7 6820 - with-deletions 7 02:53 02:57 DUAL INH. 6B2Q
|v autoprep 6b2q chainA-outl (1) | | | | | | |
8 6B20 - prepared : a 83:05 04:14 DUAL INH. 6B2Q 2.880 X-
|

| imported_ligands (36)
» Ligprep for 6b2q-outl (36}
glide-dock SP 6b2g pvl (37)

DUAL INH..
406793952
486793961
496793959
406793958
496793944
164121489
4067393955
184121461
486793957
184121563
406733269
406793947
406753956
184121467
486793943
46793951
104121545
104121486
406793958
486793849
184121506

Use the scroll bar at the bottom to go to the property that says docking score. The more
negative the score the better the molecule is for interacting with the protein. So, molecule
“406793952” has the best docking score.

D maces system - MG T Dec 21, 0757
Project Table — docking.pri

E I & S . ® 5
Import E:_(port 20 Viewer Plot Sort Find/Replace Show Props Color Rows Calculator Celumns Tree Show 20 Structure Show Family
QOODCOCS

Row In ]rmu }surs | ]l‘hgs ‘tautomer prodability Tonization Penalty State Penalty Tot 'Fockinq score gl
7 582Q - with-deletions
|» autoprep 6b2q chainA-outl (1)
8 6B2Q - prepared
'» Imported 1igands (36)
» ligprep for 6b2g-outl (36)
glide-dack SP 6b2
6B2Q - prepared
46793952
406793961
46793959
406793958
406793944
184121489
486793955
104121461
406793957
184121563
406733968
406793947
406793956
104121467
406793943
496793951
184121545
104121486
496703059
486793949
184121506
104121499
184121481
104121477
406793948
104121634
184121487

& £}  H n ‘ s

OOV VECOT ORIV VSO TT O
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The molecule “104121561” has the lowest docking score. This had the fewest number of
interactions with the protein.

5 Apptcations Maces Sysem - G Tia Bee 21, 07:57]
Project Table - docking pri . ia)in

ect Wind ePlayer
¥ f E 4 " - [F] ] * [ m o % L)

Import Export 2D Viewer Plot Sort Find/Replace |Show Props Color Rows Calculator Columns " Tree Show " 20 Structure Show Family " Hide Family ~
Q000 C00S

Row -lxn Title Stars klaqs f'tautomer probability [Ionization Pepalty State Penalty hot 0 Hocxzng score glide - " 7

466793959 o Seart
406793058
406793944
164121489
486793955
104121461
406793957
104121563
4667939668
406793947
1406793956
104121467
406793943
466793951
164121545
164121486
486793956
- 485793949
164121506
104121490
104121481
104121477
466793948
104121634
104121487
406793954
164121463
104121485
184121488
4086793953
406793946
486793945

-9.097

9,854
-9.051
-8.643
<7.522
-Ees
~6.124

PO OO POV COO SOV T PO O
e R R R e R R i R R I R R

= Ui
N e

Entries: 117 total, 36 selec ded Groups: 4 total, D cele

S (e Toml] L Frjec Tble — docbin,..

Docking scores are useful when you have
lots (>1000) molecules to look at but should
NOT be the only method for shortlisting
molecules. Always take a look at the
interaction and geometric complementarity
for the top 100 or top 1000 molecules. This
(https://pubs.acs.org/doi/10.1021/acs.jmedc
hem.0c02227) is a very good paper to read
on how to shortlist molecules.

13
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Next, we will take a look at the Ligand Interaction Diagram which will show the
interactions between the ligand and the protein in a simple 2D way.

Make sure that both the protein and the ligand of your choice are loaded into the
Workspace. Click on the Ligand Interaction Diagram on the top left of Maestro.

iE) Applcations Piaces System -,y Tue Dec 21, 0758
Maestre - docking.pr] .

File Edit Select Workspace Scripts View Window Help

6820 - prepared
» imported 1
» ligprep fo 2
2 wgLide-dock SP_8b2q pvl ="
81 © | 6B2Q - prepared L)
82 »
a3
64
85
86
ar
88
89
a0
91
92
a3
a4

47 %ALl

4 v #6B2Q - prepared
4 * # Protein

® v £ 466793952

% (Mate Termina] 2 MARSIIG - BOCKING. bl

The Ligand Interaction Diagram panel will open. Maximize it.

1) Applications Aaces System - S AR
20 Werkspace - Ligand Intaraction Diagram
File Edit View

v Sync with 3D LUgand: : UNK 900 - Cutoff: 4.00 :vH-Bonds v Salt Bridges v Waters _ Protein-Water H-Bonds v Metals v Pi-Pi v Pi-Cat v Solvent exposure 1 letter code

c ( \
-
T Lhsr
1% 153
vaL
2
— e e
W »
vy
@l
Avs
-
ALK ’
w oLy
s
L /
o .
~ iy ¢ aen
v " 140
e N -
- ] ~ o
" pagpam—Y Ly
"5.1\ o <«
1
m Wate Terminal] 5 Maestro - Gocking B 2120 Wonks e s Ligand
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To take a look at the colors, go to View— LID Legend.

)] spptications Maces Systom - M, Tue Der 21, 07:5%
2D Workspace - Ligand Interaction Dingram ST

Eile Edil
vSyncwit TP Vertical Clri+Alt+F : v H-Bonds v Salt Bridges v Waters  Protein-Water H-Bonds v Metals v Pi-Pi v Pi-Cat v Solvent exposure 1 letter code
Flip Horizontal Ctri+Shift+F

o Fit to Screen Ctri+F

¢ Blackboard View Ctri+l

C Selection Display Mode Ctri+Alt+S

v Stereochemistry Labels Ctrl+L

Ld

» Color Heteroatoms
' ﬂ]
16 150

+T 3
‘ LID Legend ' »;;.)

oy
o — Y ——

«

N
i \ ‘
X u
AL
74 /
l’ V‘L /
=y = T g—, iz
3 B, M8
2 )

£ (Mate Terminal) G Masstros dockioga |2 20 Wodspece < Ugerd., i e

The Legend will appear at the bottom. The pointy end of the amino acids indicates the
side chain and the broad end indicates the backbone of the amino acid. The color codes
are self-explanatory.

£ Awhcations Places System - B

Tue Dec 21, 07:59
2D Worksepace - Ligand Intaraction Diagram SYATH
File Edit View
vSync with 3D Ligand: :UNK 900 - Cutoff: 4.00 :vH-Bonds vSalt Bridges v Waters Protein-Water H-Bonds v Metals v Pi-Pi v Pi-Cat v Solvent exposure 1 |etter code
c
: x —@
'] 153 5
VAL
%) & @
10 20 n
C
\
@ W
@
un\
” ~ A(’l
EQ 1o
n /R m / w ~ m & //
— W\m
IDZ)
Chara neqat: olar an e -, l n
3¢ amgﬂ {Desaes oo nspecified resndue Bfro - E Cbridoe
J' olvent exposure
3 ?nhub:c latnon site a co rdination
9 * Hvdration mte (disnl l stacki
1
B (Mt Terminal] & Massio - docking o 2 20 NRSDRCH - N . o =
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KQ@ Schrodinger

To identify the key fingerprint interactions, go to Tasks— search for “finger” — Click on
Interaction Fingerprints in the options on the left.

£) Applications Places System - i@ Tue Dec 21, 08:00
Maestro - docking.prj
File Edit Select Workspace Scripts View Window Help
b OA-
< a
finger
1-7of 7

Eingeipriot Similarity fingerprint similarity seat

Finaerprints. fingerprint
QSAR
ganizing Map.
Data Fusion.

8

W W Wk e ®®
© 0 ®~N O

BW N

0w

4 v wAll

4 v #6820 - prepared
“ » & Protein

W v £406793952

% [Mate Bemiinal] DT - dacking 0 L

The Interaction Fingerprints panel will open. Click on Generate Fingerprints.

) Apphaations Maces System - B@ Tue Cex 21, 06.00

( interaction Fingerprints
Fingerprint Generation

A structural interaction fingerprint must be generated before similarity or
clustering can be performed

Generate fingerprints from Project Table (36 selected entries)
*Docked poses  Receptor-ligand complexes  Protein-protein complexes
Interactions to Include:

Any Contact
Backbone Interaction
Sidechain Interaction

Advanced Settings.

47 %All

4 ¥ #6820 - prepared
“ » & Protein

® v 24386793952

o (Mate Termiral] U Ma0stio » 0CkIng. pr L1 Interaction Fingemnnts
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@) Schrodinger

You can export the Fingerprints to a File. You can also visualize it by clicking on the
Display Interaction Matrix.

D Applications Places System | my Tue Dec 21, 08:0

» - docking, pr)

Interaction Fingerprints
Fingerprint Generation = Similarity Cluster
A structural interaction fingerprint must be generated before similarity or
clustering can be performed.
Generate fingerprints from Project Table (37 selected entries)
« Docked poses  Receptor-ligand complexes  Protein-protein complexes
Interactions to include:

Any Contact

Backbone Interaction
Sidechain Interaction
Polar Residues

Hydrophobic Residues
Hydrogen Bond Acceptor
Hydrogen Bond Donof
Aromatic Residue

Advanced Settings..

Generate Fingerprints
e iptertidast) aiaaunts to Project Tabl

Display Interaction Matrix..,

v % ALL
v & 6820 - prepared
» ¢ Protein
* &£ 406793952

- (Mate Rerminad & Moestr - dockieg.s) % Antesnesion Fingermires.

The plot is shown in black and white.

£ spplicstices Places Systom - NG Tia Dec 71, 08:03)

|} +
- L ] !
] 1
7 -
% :
H I E :
13
I .
will i
! ; —
a I b
Al ; ; :
220 a a0 xn P AL AL
Rezidues
teraction to display: Any Contact Color main plot by residue sequence number

nteracting residues only

ing In plot performs: «Inclusion  Selection Ligand display property: Glide Gscore -

™ [Mate Terunsi) G Msssto- docking.pti @ Wieraction Fingemnnts | Intermetion Matsix. v
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Color it by clicking on Color main plot by residue sequence number.

1) socicaions Puces Sten - B e 0o 31 0002
\Racactian Matrls -
#EIFQAEBLD
IT. 1 ] I f
' L —_—
] !
. 1
| ]
p +
P
Interaction to display: Any Contact (: Color main plot by residue sequence number )
Interacting residues only
Picking in plot performs: = inclusion  Selection  Ligand displey property:  Glide Gscore
D N Mt B WS Fgea L < -

(1) The X-axis has the residues of the protein. The Y-axis has the ligands.

(2) For each grid line, you can see the ligand name, residue name, and type of
interaction in the bottom right of the panel.

(3) You will also notice that the atoms of the ligand that are interacting with that
particular amino acid are highlighted in green color.

(4) You can also see a specific type of interaction by clicking on the Interaction to
display option.

(5) To the top and to the right, the number of interactions each amino acid and each
ligand are forming, respectively, are shown.

1) Applications Places System = [ °% Tue Dex 21, 6307
Interaction Matrix ORORT

SepaERs x=None y=28.2572
| 1 ‘ I
; [
I g
|
Residues Al40 G el

Interaction ta displafl Any Contact - YEolor main plot by residue sequence number Ligand: 104121463
Interacting residues Residue: ALA A40

Picking in plot performs: *Inclusion Selection Ligand display property: Glide Gscore ] 'Pterast.:Cont;Side,Hyd.,

& = (Mate Terminal| @ Waestro « cocking g & Interaction Fisgerpnints | milsraction Matsx <

18



Steps to follow for Loading Protein Structure in the
Maestro

Open Maestro

h Project - CUsers

it Select Workspace Scripts View Window Help

Row In Title

= ratch Progect - C\Users o5
w Select Workspace Scripts View Window Help

BCt,, Curl+N

Open Project... CQrl+0

Open Recent Project L4

Save Project As...

Close Project Qurl+W

Import Structures... Qe+l

Import Recent Structures

Get PDB...

Export Structures..,

Change Working Directory...
Back Up Project...
Restore From Backup...

Save Checkpoint

Quit

Ll © Type here to searct



Load Protein structure: PDB ID 3LAU
Type “3lau” in the box and Click on “Download”

File Edit Select Workspace Scripts View Window Halp

* A

B Create rub me
n irall

........... an. b atic,

Include: [l Diffraction di[| Biological un

Fetching from: Local or Wi Change *

Download| Cancel Help




Steps to follow for Protein Structure Preparation in the
Maestro

Click on “Protein Preparation” Option

@ Maestro - Scatch Project

File Edit Select Workspace Scripts View Window Help

KA.

Row In Title

It will open the “Protein Preparation Workflow”

Preparation Workflow Diagnostics Substructures

INTERACTIVE
Toggle steps on to include them in the job.

) Specify Protein
Use structures from: Workspace (included entry)
Entry: 2P33 (1)

P,
© Preprocess

Cap termini IFill in missing side chains #ore options »
Default actions selected (6)

v Optimize H-bond Assignments

If checked, automatic optimization will be performed to
address any overiapping hydrogens.

~
Y clean Up

If checked, a restrained minimization will be performed
and waters optionally deleted.

Job name: autoprep_1
(&4




See the various options on the Panel. Mostly, default options work
well.

Preparation Workflow  Diagnostics  Substructures

[NTERACTIVE

Toggle steps on to include them In the job,

* speaify Protain
Use structures from: Workspace (included entry)

atry: 2P33 (1)

Simulation pH: 7.4:

Use PDB value Ir

= Cap termini = Fill in miss
Default actions sefected (6) Small molecules ("hets") to process: @

@ Detecter Ligand
7 Oprimze H-bomd ksaigaments -

If checked, automatic opti
address any ov e ) | Non-water solvents

Others

Metals and ions

@ cemve
if checked, a
a3nd wal

Job name: autoprep_!

In Preprocess section, Tick ON the options “Fill in missing side
chains” and “Fill in missing loops”

ation Workfaw

Workflow i Substructures

Specity Protaia
Use structures from: Workspace {included entry) Get FOB.

21 Assign bond orders: 1 Using CCD database
21 Replace hydrogens
. Create: [ Zero-order bonds to metals
H Disulfide bonds
.| Antibody annotation scheme: Kabat
; L] Renumber residues to match scheme
~1 Convert sslencmethionines to methionines

2 - . Mvond hets: 5.00 <A
il msing o (uing Prime) ©
LA ] General ates (with Epik): pH: 7.4 +/- 202

» 17 Ligands Max states to process automatically |1 3
» & Protein
» . Solvents

waters optional) ted

Job name: [autoprep 2

Ell © type hereto search




File Edit Select Workspace Scripts Vi

Window Hel

Preparation Worldflow

Toggle steps on to include them in the fob.

2 Specity Protsin

Entry: 2P33 (1)

= Cap termini
Default actions sefected (6)

© OprimeTe H-homd ke aips ments
If checked, automatic opti
adaress any ov

9 clase vp

] < ), Of h
d MiNIewere voer we prerrorice .

deleted.

Job name: |autoprep_t

Diagnostics  Substructures

[NTERACTIVE

Use structures from; Workspace (included entry)

= F Minimize:

# Converge heavy atoms to RMSD: JO.3. A
> Optimize hydrogens only

Force field: OPLS4

Delete waters:

1 Distant from ligands (hets;
O with fewer than s

Gatomien,

~ Use customized version

fied distance
group

Preparation Worldflow
Toggle step

In Title ) spealy Protain
L

2P33 (1)

= Cap termini

Default actions sefected (6)
5 Optimze H-bond ks sigaments
If checkead, automatic coti
addross any ov
@ cemve
if checked, a restr:
and waters opt

Job name: |autoprep_t

Diagnostics  Substructures

[NTERACTIVE

on to include them in the fob,

Use structures from: Workspace (included entry)

= Fill in missing side chains

il be performeq

Sample water orientations
Use arystal symmetry

Minimize hydrogens of altered species

Optimization uses:
® PROPKA
O Simplified rules

pH: 7.4 - Label pKas




Go to “Job Settings” Change Host: to “CPU” and Click on “OK”

Sch | v On [ Q) v | @ e [ @ ww | Tra | @ Pre | o> B | o> e |- G | Q

S
4
+
°
|
a

Protein Praparation weckfiow

Pregacation Workflow | Diagnostics  Subsiructuros

@ Optimize H-bond Assigamants

Protein Preparation Workflow - Job Settings x

2 ctean up

Output
Incorporate: | Append new entries as a new group -

Job

Job name: |autoprep 1

Host: localhost (8) |4 * processors

Cancel 7

HWll © Type here to search

Now, Click on “Run” button to Submit the Protein preparation Job.

And wait until you see a new entry in the “Workspace Navigator”
table.

File Edit Select Workspace Scripts iiusiu
|T A. : Preparation Workflow  Diagnostics  Substructures

s on to include them in the job.
Specify Protein
Row In Use structures from: Workspace (Included entry)
Entry: 2P33 (1)
2 Preguccess
Cap termini Fill in missing side chains Hom o
Default actions sclected (6)

fchecked, a restrained minimization will be performed
¥ fy deleted.

Job name: autoprep_1

Protein Preparation is Done.




Preparing the complex for simulation:

Once the structure is loaded, open System Builder. To do that, go to Tasks—
Browse— Desmond. Click on Desmond.

@ Masstro - Scratch Praject n
Edit Select Workspace Scripts View Window Help
A =

¢« Browse
Ligand Preparation and Library Design ADME and Molecular Properties

Protein Preparation and Refinement Classical Simulation
Induced Fit Docking

Jaguar

Shape Screening...
Develop Pharmacophore Hypothesis...
LigPrep...

Structure Analysis Quantum Mec!

LigPrep... Structure Alignment Workspace Operations
MacroModel

eptor- \ | Scree
pathfinder Receptor-Based Virtual Screening

Project Table and Project Operation
PR R ST kit Ligand Interaction Diagram.

Peptide Docking

Phase Ligand-Based Virtual Screening

General Modeling

Prime Simulation Quality Analysis...

Free Energy Perturbation 2
Simulation Event Anal

Discovery Informatics and QSAR
WaterMap Lead Optimization Biologics
WScore ein Praparation Wizard..

Enumeration and Ideation Materials el
Protein Reliability Report...

Other Applications

» & 3LAU - fully_prepared

Ll O Type here to search

Then click on System Builder

@ Masstro - Scratch Praject n
File Edit Select Workspace Scripts View Win
|'n -
« Browse
System Builder...
et SyStell Rede e auuin. . Protein Mutation for Ligand Se
Minimization Protein FEP
Simulated Annealing...

Simulation Quality Analysis... Molecular Dynamics...
Simulation Event Analysis. n .
Ayt Sl
ial Distribution Function i Prepdrattm Wizard,.,
) ape Screening...
FEP Protein Mutation Analysis...

Molecular Dynamics... Solubility FEP..
Replica Exchange..
Metadynamics
Binding Pose Mel

m Builder.. p a system for molecular dynamics simul
and counter ions. Opens the System Builder panel

» & 3LAU - fully_pesy

-l O Type here to search

Absolute Binding Free Energy (Beta)...

Simulation Interactions Diagr

lica Exchange R

Phammacophore Hypothesis...

print Similarity...
Receptor Grid Generation..
Ligand Interaction Diagram.
Peptide Docking...
Metadynamics.
Simulation Quality Analysis...
Simulation Event Analy

Metadynamics Analysis...
Binding Pose Metadynamics..
Protein Preparation Wizard..
Protein Reliability Report...




Select water model. Click dropdown menu and select TIP3P

File Edit Select Workspace Scripts View Window Help
"\ ‘ = = [

@ Systern Bildes

Solvation TIons
Set Up Membrane..
Solvent model

' None
@ Predefined: SPC
_ Custom:  SPC

Boundary concTIP4pP

. on [IP4PEW
Box shape OﬁTIPSP
Box size calcul 11pqpp Bjffer © Absolute size

Distances (Apmso o & 100
Angles (°): METHANOL :
\ Box volume: OCTANOL e Jolume
L w boundary box

I Use custom charges

Do not us
artial cha

Force fleld: OPLS3e

Job name:i;l—ku_»(uu_} P Run

Host=localhost, Incorporate=Append new entries as a new group -

-l O Type here to search

For boundary conditions, click on “Show boundary box”. An orthorhombic water
box should appear in the workspace, indicated by the arrow in the image below.

File Edit Select Workspace Scripts View Window Help
5 @ System Buiide
Solvation lons
Set Up Membrane...| Delete Membrane
Solvent model

None
® Predefined: TIP3P
2 Custom:

Boundary conditions

Box shape: Orthorhombic

Box size calculation method: ® Buffer C Absolute size
Distances (3]: a: 10,0 b:10.0 /c:10.0
Angles (°):  @:90.0 B:90.0 y:90.0

Ro me; 412552 A3 Minimize Volume

[ Show boundary box

Force field: OPLS3e

Job name:|desmond_setup_1 - Run
Host=localhost, Incorporate=Append new entries as a new group !

-l O Type here to search




Observe the shape and size of the water box. Then, click on “Minimize volume”.
While clicking on “Minimize volume”, keep observing the water box and how it
changes shape and size after minimization.

File Edit Select Workspace Scripts View Window Help

Solvation Ions
Your b prepwtzard-mpre!_1 has comoens

Set Up Membrane...| Delete Membrane
Solvent model

None
® Predefined: TIP3P
- Custom:
Boundary conditions

Box shape: Orthorhombic
Box size calculation method: ® Buffer © Absolute size
Distances (A): a: 10.0 b:/10.0 c:10.0

Angles (°):  @: 9@
< Show boundary bo

_1Use custom charges

Force field: OPLS3e

Job name:‘desmmd_setup_l o Run
Host=localhost, Incorporate=Append new entries as a new group !

-l O Type here to search

File Edit Select Workspace Scripts View Window Help
"\ ‘ = = [

@ Systern Boildes

Solvation

Set Up Membrane...| Delete Membrans
Solvent model
None
@ Predefined: SPC
-~ Custom:
Boundary conditions

Box shape: Ortharhombic

Box size calculation method:® Buffer ©) Absolute size
Distances (A): a:100 |b: 100 ;100
Angles (°):  a: Biooo y:

Box volume: A3 Minimize Volume

L Show boundary box

I Use custom charges

Force fleld: OPLS3e
Job name:i;l—ku_»(uu_} P Run

Host=localhost, Incorporate=Append new entries as a new group -

-l O Type here to search
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The software automatically detects the number of ions to be added. Use Default

options.

File Edit Select Workspace Scripts View Window Help
‘Wk ¥ A= = [ .

3LAU - preprocess
3LAU - hbond-opt
3LAU - removed waters

AU - remaoved waters

» & 3LAU - minimized

Rl O Type here to search

File Edit Select Workspace Scripts View Window Help
B A = I

3LAU - preprocessed
3LAU - hbond-opt

removed w

- remaoved waters

» & 3LAU - minimized

£ Type here to search

| @ System Buinier

Solvation Tons
Excluded region

Exclude ion and salt placement within A of
Select... Clear

on placemen
- None

® Neutralize by adding 5 Cl- ~ ions Recalculate
O Add Na+ ions

Advanced ion placement...

- Add salt

Salt concentration: 015 |M

Salt positive ion: Na+

Salt negative lon: C-

Force field: OPLS3e

| @ system Bulxier

Solvation Tons

Excluded region

Exclude ion and salt placement within A of

Select... Clear

Ion placement

- None

® Neutralize by adding 5 Cl- ~ ions Recalculate

O Add Na+ ions

Advanced fon placement...

Salt concentration: 0.15 M
Salt positive ion: Na+
Salt negative lon: Ci-

Force field: OPLS3e
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Click Run.

@

File Edit Select Workspace Scripts View Window Help
[» A - ‘

@ Systern Beilder

Solvation Tons
Excluded region
Exclude ion and salt placement within A of

Ion placement

- None

® Neutralize by adding 5 Cl- - lons Recalculate
Add Na+  ions

Advanced lon placement...

1 Add salt

Force fleid: OPLS3e

Job name;|desmond_setup_2

Host=localhost, Incorporate=Append new entries as a new §

-l O Type here to search

The System building job will run and finish in a minute. The job will be
incorporated. Click on the new molecule incorporated into the workspace. You

should see a molecule with water and ions around it.

@ Masstro - Sorsteh Praject
File Edit Select Workspace Scripts View Window Help
(hl* A - ;

£ Type here to search
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Setting up parameters for simulation:

After adding water and ions, open the Molecular Dynamics panel. To do that, go
to Tasks— Browse— Desmond. Click on Desmond.

@ Masstro - Scrateh Project r

@
File Edit Select Workspace Scripts View Window Help

< Browse

Ligand Preparation and Library Design ADME and Molecular Properties =
= IvjoleCcUIar Uynamics. ..

System Builder..

Protein Preparation Wizard..

Shape Screening...

Develop Pharmacophore Hypothesis...
LigPrep...

Fingerprint Similarity

: - Receptor Grid Generation...
Receptor- Virtual Screenini Pr Table and Project Operation:
Pathfinder SUTHIER ey ectane X CScDpeetons Ligand Interaction Diagram...

Phase Ligand-Based Virtual Screening General Modeling Peptide Docking...
P Metadynamics..
nme

: v \ ma s Simulation Quality Analysis...
Free Energy Perturbation Discovery Informatics and QSAR
Shape Screening 2 Y i Simulation Event Analysis.
WaterMap Lead Optimization Blologics Metadynamics Analysis.

< Binding Pose Metadynamics...
o Protein Preparation Wiz
Enumeration and Ideation Materials OWEWY. FYEPal ol WialC...,

Other Applications Protein Reliability Report...

Protein Preparation and Refinement Classical Simulation
Induced Fit Docking : X .
Structure Analysis Quantum Mechanics
Jaguar
LigPrep... Structure Alignment Workspace Operations
MacroModel

Desmond

- P & 3LAU - fully_prepared

L Type here to searct

Click on the Molecular Dynamics button.

@ Masstro - Scrateh Project r

@
File Edit Select Workspace Scripts View Window Help

¢ Browse
System Builder... FEP+... Simulation Quality Analysis. Molecular
Model System Regeneration... Protein Mutation for Ligand Selectivit' Simulation Event Analysis... System Builder..
+ Protein Preparation Wizard..
Shape Screening.
Develop Pharmacophore Hypothesis...
Molecular Dynamics... Solubility FEP... Replica Exchange Review... LigPrep...
Replica Exchange.. Absolute Bin Free Energy (Beta)... Metadynamics Analysis... F=nge’prm_t S'"U‘a”ty“'
Receptor Grid Generation...
Ligand Interaction Diagran...
Binding Pose Metadynamics.. Peptide Docking...
Metadynamics..
- Run or restart general-purpose molecular dynemics smulations under a chosen set of conditions. Includes optionel  Gimulation Quality Anaiysn
relaxation of the model system prior to performing the simulation. Opens the Molecular Dynamics panel.

Minimization... Protein FEP... Radial Distribution Function...
Simulated Annealing EP Protein Mutation Analysis.. Simulation Interactions Diagram...

Metadynamics... Desmond Trajectory Clustering...

Simulation Event Anat
Metadynamics Analysi

Binding Pose Metadynamics...
in Preparation Wizard...
tein Reliability Report...

» P & 3LAU - fully_prepared

[l O 1ype here to searct



Once the Molecular Dynamics panel, load the molecule by clicking Load.

File Edit Select Workspace Scripts View Window Help
W A o A = o
= Model system

Ml Load from Workspace Load
Bl The system is not specified.

Simulation

Simulation time (ns):  Total: 12 Elapsed: 0.0
Recording interval (ps): Trajectory: 1% Energy: t.2
Approximate number of frames: 25

Ensemble class: NPT

Temperature (K): 000, Pressure (bar):

Surface tension (bar-A) 0

| Relax model system before simulation

Relaxation protocol: Browse...

Advanced Options...
Analysis

1 Run interactions analysis when simulation job completes

Auto

Autn

Desmond
Developed by D. E. Shaw Research

Job name: desmand_mxi_job_2 o~ Run
Host=<dummy-gpu-host>:1, Incorporate=Append new entries as a new group *

[l O 1ype here to searct

The molecule should be loaded and the number of atoms in the workspace
should be visible in the Molecular Dynamics panel below the Load button. After
that, set the simulation timings. Use the default values.

File Edit Select Workspace Scripts View Window Help
A - - e
= e @ Melecular Dynamics

Model system

Load from Workspace Load
3LAU - minimized contains 31059 atoms.

Simulation
- preprocessed Simulation time (ns):  Totak 12 - Elapsed: 0.0
- hbond-opt Recording interval (ps): Trajectory: 4.8 Energy:|1.2
- removed waters Approximate number of frames: 250
- minimized o
Ensembie class: NPT
desmond_setup 1 (1)
Temperature (K): 300.0 Pressure (bar): 1.01325
Surface tension (bar - A) 0.0
7 Relax model system before simulation
Relaxation protocol: Browse...

Advanced Options...

Analysis

LI Run interactions anafysis when simulation job completes

Auto
> £ 3LAU - minimized

Desmond
Developed by D. €. Shaw Research

Job name: desmord_md_job_1 o Run
Host=<dummy-gpu-host>:1, Incorporate=Append new entries as a new group ?

[l O 1ype here to searct




You don’t have to change anything else. Click on Advanced Options to know
what options you have but don’t change anything.

File Edit Select Workspace Scripts View Window Help
f e = T

Model system

Load from Workspace Load
3LAU contains 39772 atoms.

Simulation

Simulation time (ns):  Total: 3 Elapsed: 0.0
Recording interval (ps): Trajectory: 5o Energy: o
Approximate number of framo__s- 1000

Ensemble class: NPT
Temperature (K):
Surface ter (

300.0 Pressure (bar):

nsion (bar-A) (

| Relax model system before simulation
Relaxation protocol:
Advanced Options...

Browse...

Analysis

_I Run interactions analysis when simulation job completes

Developed by D. E. Shaw Research
Job name: desmand_mxi_job_2

= Run
Host=<dummy-gpu-host>:1, Incorporate=Append new entries as a new group *

[l O Type here to searct

@ Moleca Dyramic
M Model system

Load from Workspace Load
3LAU contains 39772 atoms.

Simulation

Simulation time (ns):  Total: 5 Elapsed: 0.0
Recording interval (ps): Trajectory: 5.0 Energy: 5
Approximate number of frames: 1000

Ensemble class: NPT

Temperature (K):

Surface tension (bar: A)

- Relax model system before simulation
Relaxation protocol:
Advanced Options...

100.0 Pressure (bar):

| Browse....

Analysis

Run interactions analysis when simulation job completes
Protein: Auto
Auto

Desmond
Daveloped by D. E. Shaw Research
Job name; desmond md job 2

Host=<dummy-gpu-host>:1, Incorporate=Append new entries as a ne'

[l O 1ype here to searct



Steps to follow for MD simulation Qualitative Visual
Analysis using Maestro

Open Maestro

phentions Places Systern — B@ @ \werd Oct 78, 1008
Maestro - md-analysis-3au. prj

File Edit Select Workspace Scripts View Window Heip

»

Go to “File -> Import structure” and Click on it.

1D Agplications Places System !Q @ Wed Oc1 28, 10:10
Maestro - md-analysis-3lau.pr] p

[l Edit Seiect Workspace Scripts Vi w Window Help

New Project Ctrl+N

Open Project.. Ctr1+0

Oper Recent Project

Save Project As...

Close Projact Cl+w

Import Structures.. CulH

Import Recent Structures

Get PDB...
Merge Project
Export Structures..

Change Working Diractory..

Back Up Project

Restore I'tom Dackup..

Save Checkpoint

Quit

g [Mate Terminal] . Maesro - md-analysis




Browse the file, “desmond_md_job_1-out.cms” from directory
“/home/user/Desktop/data/Docking-MD-Workshop-Files/Desmond-
MD-3LAU/”

1) Applications Places System - EN@ @ Ved Oct 28, 1014

Maestro - ma-anatysts-siau, prl

Fie Edit Sciect Workspace Scripts \iew Windew Help

Import

Look in: /Mome/user-38/Desktopidata/Docking-MD-Warkshop-Files/Desmond-MD-3LAL
o9 cesmend_md_job_1_Uj
Racuits

L)
Home Dire. ..

N
h
Cuslom Dir. ¥
desmond_min_job_L.in.cms

y desmond_min_job_l-out.cms

=

Working DI. . dgesmond_min_job_1.cms

desmond_setup_l-out.cms

Options >> Help
Fllepame: desmond md job 1-out.cms
Flles of type: Desmond (*.cms *cmsgz .cms.gz) - Cancel

Bo M [Matz Rrminal]

arch

Check the entry and small “T” symbol. Double-click on the “T” to
load trajectory automatically.

15D Applicetions Places System o EN@ @ Vet Oct 28 1011

Maestro - md-analysis-3law prf

1+ Seamand_md Joh_L-eut.cmia 114s see

auble. 0 view this trajectory

® » 2 dosmond_sotup 1 3-out..

B [Mate Torminal) L Maestro - md-analysis... i o MD- 3LAL]

wch




Once the trajectory gets loaded, Check the trajectory player at the
bottom of Maestro

Click on the “Play” button to play the trajectory

2 Apglications Places System - BB @ Wt Oct 28, 10:35

Magstro - md-analysis-3lau.prj g x

File Edit Seiect Workspace Scripts View Window Help

[ R -

W » ¢ desmond setup 1 3-out..

B [Mate Beminal]

Click on the “Preset -> Apply custom preset” button to see
protein-ligand interactions on visualizer

1 Agplications Places Systom = @ @ Vwd Oct 28, 10:21
Maestro - md-analysis-3lau.pr)

fila Edit Select Workspace Scripts View Window Help

=0 A
Apply Custom Presi

Reapply when Workspace changes

Maestro Default

BioLuminate Default

Simple

Simple (no satvent)

Ball and Stick

8 Factor

Technical

Ligands

Ligand Sites

Pretty

Pretty (with solvent)

Publication

Publication (with solvent)
® > 2 desmond_setup_ 1 3-out. 3 Protein Interface

Antibody

W [Mate Rerminai) 7). M3RStro - md-anaiysis. [Desmand-MO-3LAU]

wch




Check the protein ligand interactions and play the trajectory

£) Applications Places system - IN@ @ wed ot 28, 1029

Maestro - md-analysis-31au.prj

4 » & desmond setup 1 3-out..

« O
Play trajectory
aly 5 {Des

Now, explore the options present in “Plot” button.

Click on “Plot -> Measurements -> Add Workspace Measurements”

1) Applications Places System = i@ @ wed 0t 28, 1031
Maestro - md-analysis-3lau.pr) .

File Edit Select Workspace Scripts View Window Help

4 » 2 desmond_setup 1 3-out..

i ™ [Mate Terminal] % Maestro - md-analysis [Desmond- MD-3LAU|

arch




Select any two atoms for which you want to calculate distances

12 Apphications Places System - B@ G Wied Oct 28, 10:35

Maestro - md-analysis-3lau.prj

File Edit Select Workspace Scripts View Window Help

L S v AN

= [Mate Terminal)

irch

Now, Click on “Plot -> Measurements -> Currently in Workspace”

) Applications Ploces System = @ @ ved 038 1037
Maestro - md-analysis-3lau.pri i

File Edit Select Workspace Scripts View Window Help

S — e TS

t (full 5‘/Stelf¢

Currently in Workspace Measurements

m [Mate Terminall

arch



Check the distance plot/s on the Right side panel and try to Export
the data in Excel format.

1) Applications Places System - !Q @ Wi Oct 28, 1038
Maestro - md-analysis-31au.prf A

File Edit Select Workspace Scripts View Window Help

B2 A G ; e SRR | s i - =. R- B 4 =

Flot Compiliran Valies Over Time
Click a point to view the property in the specified frame]

Reset Export Results.,

& ™ [Mate Terminall

arch

Explore the options in “Export” button

1£) Applications Places System - @ @) Wed Oct 28, 1041
maestro - md-analysis3iaupr] - ix

File Edit Select Workspace Scripts View Window Help

Structures

Ei @ [Mate Terminal]

arch




Explore the options in “Playback Settings” button

1) Applicabiars. Maces System — BI@ @ vrdoazn, 1042

Maestro - md-analysis-3lau.pr|

Select Workspace Scripts View Winaow Heip

TFitle; desmond_setup_1_3-out (full system)

View Position | Advanced

S
speed @0 100%  steo (R
Smoothing:

Piay atection: @ toop: |~ [= (@

Hue atems:
(=) Beyond binding site

Nonpoiar hydrogens | |

™ [Mate Terminal}

irch

Qualitative Analysis of MD simulation trajectory is Done.




