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Maestro GUI 1: Ligand Sketching and Mouse Controls

Open Maestro, if you haven’t done so already
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Go to the Desktop Folder.
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Make sure you are in the Desktop folder. Click on the Create New Folder icon.
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Rename the new folder to day1 or a name of your choice. Then click on Choose.
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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.
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You will observe that the top of the Maestro panel indicates docking.pr;j.
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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
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The 2D Sketcher panel will open.
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Click on the Benzene ring and click anywhere in the white area. A benzene ring will be
sketched.
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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.
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Next, on the opposite side of the benzene ring, click on another carbon atom. Another
methyl group will be added to the benzene ring.
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Extend the methyl group by clicking on the terminal carbon.

1) Applications Places System = [El(@ Thu Dec 2, 00:46.

Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help

Row In Title 2D Workspace - 2D Sketcher
Edit View

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

B3 @ Mate Terminal @ Maestro - docking.prj 2D Workspace - 2D SK...

Extend it by one more.
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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.
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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.
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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.
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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.
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Then click on N on the left side and click on the carbon atom shown below. Paracetamol
is fully sketched.
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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.
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We have saved the molecule as “paracetamol_2d”. Click on Ok.
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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.
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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.
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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.
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Click on the “+” icon on the left side of the Builder panel. It will prompt you for the name.
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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.

19) Applications Places System (= [Bll(@ Thu Dec 2, 00:56
Maestro - docking.prj DG

File Edit Select Workspace Scripts View Window Help

T\E R- ) s R.

H H] — = New entry created. Entry title. paracetamol 3d| v Delete Entry X

Row In Title cls
1 paracetamo...

20

1 @ Mate Terminal L Maestro - dockin.ri

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.
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Click on the Benzene ring. A benzene ring will immediately appear in the Workspace.
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1) Applications Places System = [El(@ Thu Dec 2, 00:57
Maestro - docking.prj DG

Row In Title

paracetamol_2d

® v & paracetamol 3d
® » o Ligands

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.
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Click on the hydroxyl group available in the Add Fragments section. It will add a hydroxyl
automatically to the Workspace.
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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.
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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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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.
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Click on one of the hydrogen atoms attached to the carbon as shown below.
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Click on the hydroxyl group and OH will be added to that carbon atom.
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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.
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Paracetamol molecule is built. The bond distances and angles might not be perfect.
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Next, click on ANY atom in the molecule. All the atoms of the built molecule will be
selected.
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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.
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Understanding Mouse Controls to modify molecule views.
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° 5cr°“ Bar @ ° ‘ 0

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.
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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.
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For example, to build a B-DNA molecule, choose Double Stranded B DNA from the drop
down menu.
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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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Close the panel to see the top view of the B-DNA molecule.
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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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Understanding Mouse Controls to modify molecule views.

° 5cr°" Bar @ ° G °

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.

1) Applications Places System =/ [Bll(@ Thu Dec 2, 01:08

Maestro - docking.prj
File Edit Selec cripts View Window Help

Animate

#l  Animation Settings...

Clear Workspace

Surface
Preset Style
Fonts

Add Caption...
Highlights...
Bond Labels...
Project Scenes

Configure...
Customize Mouse Actions...

€3 @ Mate Terminal 3 Maestro - docking.prj _

Click on the Firefox browser icon inside the cloud instance.
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Search for paracetamol in the browser.
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From the results, go to the Wikipedia page.
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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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Paracetamol is a drug of choice for reducing fever. However, there has been a dearth of research ECHA InfoCard 27
on its antipyretic properties, particularly, in adults.!**] The most recent review on paracetamol and Chemical and physical data
management of fever in the general practice (2008) argued that its benefits are unclear.!*! Formula CgHgNO;
Additionally, when taken for the common cold paracetamol may relieve stuffed or runny nose but Molar mass 151.165 g'mol~1
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benefit in the treatment of dengue fever and was accompanied by a higher rate of liver enzyme
elevation: a sign of a potential liver damage.!*%1 Overall, there is no support for a routine ~14 mg/mi (20 °C)
administration of antipyretic drugs, including paracetamol, to hospitalized patients with fever and

infection

The efficacy of paracetamol in children with fever is unclear.57! Paracetamol should not be used
solely with the aim of reducing body temperature; however, it may be considered for children with

fever who appear distressed.!5%! It does not prevent febrile seizures and should not be used for that purpose.(58)59] it appears that 0.2 °C decrease
of the body temperature in children after a standard dose of paracetamol is of questionable value, particularly in emergency situations.[*1) Based
on this, some physicians advocate using higher doses that may decrease the temperature by as much as 0.7 °C.1%] Meta-analyses showed that
paracetamol is less effective than ibuprofen in children (marginally less effective, according to another analysis!é)), including children younger
than 2 years old,[51] with equivalent safety.!"5) Exacerbation of asthma occurs with similar frequency for both medications. 62 Giving paracetamol
and ibuprofen together at the same time to children under 5 is not recommended, however doses may be alternated if required.
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This will show the SMILE string. Select the entire string, right click and copy the string.
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Then, go back to Maestro. Go to Edit— Paste or alternatively, you can press Ctrl+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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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.

19) Applications Places System = [l (@

Thu Dec 2, 01:12
Maestro - docking.prj ~

File Edit Select Workspace Scripts View Window Help
L .

L

Row In Title

1 paracetamol_2d
2 paracetamol 3d
4

© |[Pdparacetamol smiles

® v ¢ paracetamol_smiles
® » o Ligands

o

N

H

€ [ Mate Terminal [Paracetamol - Wikipe.

) Maestro - docking.prj



(@ Schrodinger

Maestro GUI 2: Protein visualization

Go to File— Get PDB...
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hat 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 au
L[}
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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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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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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.
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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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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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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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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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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.
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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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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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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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Then, go to Preset— Apply Custom Preset
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The view will be zoomed into the ligand automatically.
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Next, go to Tasks— Browse. Here all the various tools that are part of Schrodinger are
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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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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Maestro - docking.prj

Define receptor

If the structure in the Workspace is a receptor plus a ligand, you must
the ligand molecul i e grid generation.

identify the liganf Molecule - v/Show markers

Van der Waals radius scaling
To soften the potential for nonpolar parts of the receptor, you can scale the
van der Waals radii of receptor atoms with partial atomic charge (absolute

value) less than the specified cutoff. All other atoms in the receptor will
not be scaled.

Scaling factor: 1.0 < Partial charge cutoff: 0.25 =
Use input partial charges
Generate grid suitable for peptide docking

Advanced Settings...

Job name: glide-grid 1

jost=localhost

[
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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.

19 Applications Places System (= B@ Tue Dec 21, 04:09

Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help
hE A [ - ) 0 @_‘o_ R-

it view to all visible objects

Row In Title
paracetamol 2d
paracetamol 3d
dna
paracetamol smiles
6B2Q
6B2Q
6B2Q - with-deletions
v autoprep _6b2q_chainA-outl..
8 ® 6B2Q - prepared

£ 6B2Q - prepared
» o Ligands
> & Protein

f @ Mate Terminal @ Maestro - docking.pri acetamol - Wikipe... () Receptor Grid Generati [



KQ Schrodinger

With the box shown, change the job name. Then, go to Job Settings.
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If the structure in the Workspace is a receptor plus a ligand, you must
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Van der Waals radius scaling
To soften the potential for nonpolar parts of the receptor, you can scale the
van der Waals radii of receptor atoms with partial atomic charge (absolute

value) less than the specified cutoff. All other atoms in the receptor will
not be scaled.

Scaling factor: 1.0 < Partial charge cutoff: 0.25 =
Use input partial charges

Generate grid suitable for peptide docking

Advanced 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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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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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.
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Open Project... Ctrl+0
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By default, it will display your Working Directory.
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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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Make sure that you are inside the “MTB_Workshop_Files” directory.

19) Applications Places System = [Bll(@

Tue Dec 21, 05:01

Maestro - docking.prj ===

File Edit Select Workspace Scripts View Window Help
[ ‘ | : A .

Row In Title
paracetamol 2d

paracetamol_3d

our fob glide-grid_6b2 has complete

Import
—

dna Look in'. /home/user-86/Desktop/data/MTB_Workshop_Files
paracetamol smiles A q_A-pan

[l
Home Dir...

6B2Q

6B2Q
6820 - with-deletions N

v autoprep 6b2q chainA-outl.. Custom ...
6B2Q - prepared X
&

Working ...

8 e

& 6B2Q - prepared
» o Ligands
» & Protein

Options >>
File name:

Help

@ @& [Mate Terminal] & Maestro - docking.prj [Paracetamol - Wikipe..
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Cancel

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

File Edit Select scripts View Window Help
Save Image As...
Animate
Animation Settings...

Row In Title
Clear Workspace

Surface
Preset Style
Fonts

Add Caption...
Highlights...
Bond Labels...
Project Scenes

Configure...
Customize Mouse Actions...
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Docking Submission:

After preparing the protein, generating the grid,

preparing the ligands, the next step is to

go for Molecular Docking.

To do that, go to Tasks— Browse— Glide.
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Maestro - docking.prj DG

File Edit Select Workspace Scripts View Window Help
e

A =

Row In Title
paracetamol_2d
paracetamol_3d
dna
paracetamol smiles
6B2Q
6B2Q
6B2Q - with-deletions
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6B2Q - prepared

» imported ligands (36)
» ligprep for 6b2q-outl
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APPLICATIONS

= « Browse
» Glide

Ligand Preparation and Library Design ADME and Molecular Properties

LigPrep...
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* Protein Preparation Workflow...
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FEP+ Protein Preparation and Refinement Classical Simulation

Induced Fit Docking
Structure Analysis Quantum Mechanics

Jaguar

LigPrep.

Structure Alignment Workspace Operations

MacroModel

Receptor-Based Virtual Screening Project Table and Project Operations

Pathfinder

Phase Ligand-Based Virtual Screening General Modeling

Prime

Free Energy Perturbation Discovery Informatics and QSAR

Shape Screening

WaterMap Lead Optimization Biologics

WScore

Enumeration and Ideation Materials

Other Applications
Glide

[Paracetamol - Wikipe...

In Glide, choose the Ligand Docking option.
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File Edit Select Workspace Scripts View Window Help
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Row In Title
paracetamol_2d
paracetamol_3d
dna
paracetamol smiles
6B2Q
(3:700}
6B2Q - with-deletions
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. APPLICATIONS

© Giide < Browse

KAllgn  Measure

LigPrep...
Receptor Grid Generatiol
* Protein Preparation Workflow...

Receptor Grid Generation.. Virtual Screening Workflow..

* Ligand Docking... QM-Polarized Ligand Docking...

Active Learning Docking... Covalent Docking.

Pose Viewer...

Ligand Docking... Dock ligands to a protein target (Glide), using pregenerated
receptor grids. Includes settings for ligand sampling, pose filtering and post-processing;
setting constraints to the receptor, a ligand core, or on ligand torsions; and using
similarity or dissimilarity screening. Opens the Ligand Docking panel.
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» imported ligands (36)
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The Ligand Docking panel will open.
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king.prj

( Ligand Docking
R

eceptor grid: From file -

File name: Browse...
Ligands @ Settings Constraints Output
Ligands to be docked

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

Use ligands from: Files M
File name: Browse...
Range: |1 < to: v End
Use input partial charges

Do not dock or score ligands with more than: 500 . atoms
Do not dock or score ligands with more than: 100 | rotatable bonds

Scaling of van der Waals radii

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

Scaling factor: 0.80 < Partial charge cutoff: 0.15

lob name: glide-dock SP 1

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

f @ [Mate Terminal] @ Maestro - docking.prj [Paracetamol - Wikipe... | () Ligand Docking

Load the previously generated grid file. Go to Browse. It will launch a panel with your
Working Directory.
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Desktop docking.prj
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A Working ligprep_for_6b2q

A

Us
Do
Do

Scalir]

To s . d

radif g;e name: | th

Files of type: Glide grid (*.grd *.zip) - | Cancel

Scall

Job name: glide-dock SP_1 %~ Run

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

1) Applications Places System = Bl(@
docking.prj
Ligand Docking
Receptor grid: From file -
File name: Browse...
Ligands @ Settings Constraints Output
Ligands ta be docked
We
exar Look in: 2B E
Use Home
Desktop
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R Working
Usg
Do n
Do nf
Scalin
Tos( | 5
:)i" File name: glide-grid 6b2q.zip
Scal Files of type: Glide grid (*.grd *.zip)
Job name: glide-dock SP_1 % Run
Host=localhost:1, Incorporate=Append new entries as a new group

m [Mate Terminal] @ Maestro - docking.pri [Paracetamol - Wikipe. @ Ligand Docking

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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Ligand Docking ) (s
Receptor grid: From file - Display receptor
File : -86/Desktop/dayl/glide-grid 6b2q/glide-grid_6b2q.zip Browse...

Igands to be docked

ettings Constraints ~Output

We strongly recommend that you prepare the ligands before docking (for
example, with Li A cal
Use ligands frol Files - )

File name:

Range: |1 to: v End
Use input partial charges
Do not dock or score ligands with more than: 500 . atoms
Do not dock or score ligands with more than: 100 - rotatable bonds
Scaling of van der Waals radii

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

Scaling factor: 0.80 [ Partial charge cutoff: 0.15

Job name: |glide-dock SP 1 %~ Run

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

@ [Mate Terminal] @ Maestro - docking.prj [Paracetamol - Wikipe... | () Ligand Docking



@) Schrodinger

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.
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Maestro - docking.prj

Ligand Docking
Receptor grid: From file ~ Display receptor
File name: -86/Desktop/dayl/glide-grid 6b2q/glide-grid_6b2q.zip Browse...
Ligands | Settings Constraints Output
Ligands to be docked
Please select ligands to dock
We st
exam Look in: bome =86/Dc ° B E
Use li Home ligprep for 6b2g-out.maeqgz
§ Desktop
Fill = pocumer
Ra Working
Use
Do n¢
Do n¢
Scaling
To sof 5
radii ¢ . .
specil File name:
i . * * *
Scalir Files of type: Maestro (*.mae *.maegz *.mae.gz)
Job name: glide-dock SP_1 %~ Run
Host=localhost:1, Incorporate=Append new entries as a new group

3 @ [Mate Terminal] @ Maestro - docking.prj [Paracetamol - Wikipe... | @) Ligand Docking

Now, both the grid and prepared ligands are loaded.
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Ligand Docking BB

Receptor grid: From file - Display receptor
File name: -86/Desktop/dayl/glide-grid_6b2q/glide-grid_6b2q.zip#Browse...

Elganas ge!!lngs Tonstramts Output

Ligands to be docked

We strongly recommend that you prepare the ligands before docking (for
i 1)

Use ligands from: Files -

File name: 1/ligprep_for_6b2q/ligprep_for_6b2q-out.maegzBrowse...

ange: | L 0:
Use input partial charges
Do not dock or score ligands with more than: 500 - atoms
Do not dock or score ligands with more than: |100 :| rotatable bonds
Scaling of van der Waals radii

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

Scaling factor: 0.80 |° Partial charge cutoff: |0.15 2

Job name: glide-dock SP_1 #- Run

Host=localhost:1, Incorporate=Append new entries as a new group ?
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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.
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Maestro - docking.prj

Ligand Docking DG
Receptor grid: From file ~ Display receptor

File name: .86/Desktop/dayl/glide-grid_6b2q/glide-grid_6b2q.zip Browse...
Output

Ligand sampling: Flexible -
v'Sample nitrogen inversions
v'Sample ring conformations
Sample macrocycles using Prime. Non-macrocycle ligands will be skipped.
Include input ring conformation
Bias sampling of torsions for:
¢ All predefined functional groups
Amides only: Penalize nonplanar conformation -
None
v/Add Epik state penalties to docking score
Reward intramolecular hydrogen bonds

Enhance planarity of conjugated pi groups

Advanced Settings...

Host=localhost:1, Incorporate=Append new entries as a new group
Reset
Upload to LiveDesign...

G @ [Mate Terminal] @ Maestro - docking.prj [Paracetamol - Wikipe... | ) Ligand Docking

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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docking.prj

Ligand Docking

Receptor grid: From file - Display receptor
File name: -86/Desktop/dayl/glide-grid 6b2q/glide-grid 6b2q.zip Browse...
Ligands = Settings = Constraints Output

Precision: SP (standard precision)

~ Ligand Docking - Job Settings %
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Output
v'Sample
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Sampjub skipped.

Inclu¢ Name; ide-dock SP_6b2g
Bias sam Host{cpu (200) Tota @ ocessors
Al pr| Separate Job Into:
. * Recommended number of subjobs
Amid|
Exactly subjobs

Subjobs with no more than ligands each

None

Cancel Help

Enhance planarity of conjugated pi groups

Advanced Settings...

Job name: glide-dock SP 6b2q

Host=localhost:1, Incorporate=Append new entries as a new group
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Ligand Docking job is launched. You can monitor the job in the job monitor panel.

1) Applications Places System = [El(@ Tue Dec 21, 05:52

Maestro - docking.prj DOE

File Edit Select Workspace Scripts View Win

LA

Uigand Interact stein Preparation  Surfac A Quick Measure
. - qlide-dock SP_6b2g Runnir

1 active job in current project Monitor...

Row In Title
paracetamol_2d
paracetamol 3d
dna
paracetamol smiles
6B2Q
6B2Q
6B2Q - with-deletions
v autoprep 6b2q chainA-outl..
6B2Q - prepared
» imported ligands (36)
» ligprep_for 6b2q-outl (36)

@ (@ [Mate Terminal] @ Maestro - docking.prj [Paracetamol - Wikipe.

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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Maestro - docking.prj DG

File Edit Select Workspace Scripts View Window Help

Pose Viewer 8x|
X Set Up Poses
Row In Title ’ Export rotatable groups... ~
paracetamol_2d i
paracetamol_3d NOTE: To display interactions, the
dna properties must be computed during the
paracetamol smiles Glide docking run.
6B2Q
6B2Q
6B2Q - with-deletions
v autoprep _6b2q_chainA-outl..
6B2Q - prepared
» imported ligands (36)
» ligprep_for 6b2q-outl (36)
2 vglide-dock SP_6b2q_pvl .. -
81 © -6B2Q - prepared
82 o 7 5
83
84
85

i Tips

« Use the left and right arrow keys to step

through the poses

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

4 v % ALL PN « To view poses for existing results, select the

4 v £6B2Q - prepared 1 entry group and click "Set Up Poses"

4 » & Protein
v & 406793952
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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.

Maestro - docking.prj

Pose Viewer

Set Up Poses
Row In Title Export rotatable groups... -

8 6820 - prepared
NOTE: To display interactions, the

properties must be computed during the
Glide docking run.

Tips
« Use the left and right arrow keys to step
through the poses

+ Use the X key to mark or unmark the current

/ + To view poses for existing results, select the
4 v #£6B2Q - prepared 3 Y entry group and click "Set Up Poses”

4 > & Protein

First, get a good view of the ligand molecule. Rotate and zooming in/out for this purpose.

19 Applications Places System = El(@ Tue Dec 21, 07:45
Maestro - docking.prj 00 &

File Edit Select Workspace Scripts View Window Help

] : A- B A =
Pose Viewer &x
¥ P4 Set Up Poses
Row In Title Export rotatable groups... ~
paracetamol_2d
paracetamol_3d NOTE: To display interactions, the
dna properties must be computed during the

paracetamol smiles Glide docking run.

6B2Q

6B2Q

6B2Q - with-deletions

v autoprep 6b2q chainA-outl..
6B2Q - prepared

» imported ligands (36)

» ligprep for 6b2q-outl (36)

v glide-dock SP_6b2q pvl .. -
6B2Q - prepared
406’ 2

Tips

+ Use the left and right arrow keys to step

through the poses

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

4 v %Al S + To view poses for existing results, select the

4 v £6B2Q - prepared / entry group and click "Set Up Poses"

4 » & Protein
® v £406793952

B @ [Mate Terminal] @ Maestro - docking.pri [Paracetamol - Wikipe.



K(Q Schrodin

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.
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File Edit Select Workspace Scripts View

Bt A Project Table... Ctrl+T
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Multiple Sequence Viewer...

gand Interact:

Pose Viewer
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Glide docking run.
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6B2Q - prepared Python Shell...
» imported ligands (36)
» ligprep_for 6b2q-outl (36)
v glide-dock _SP_6b2q_pv1l .. -
6B2Q - prepared
406793952 Save Layout
Restore Layout
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Raise All
Close All
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s Tips
4nR7Q2044 « Use the left and right arrow keys to step

through the poses

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

4 v % ALl SN - * To view poses for existing results, select the

4 v #£6B2Q - prepared 1 entry group and click "Set Up Poses"

4 > & Protein

v & 406793952
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Close the Pose Viewer panel.
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Pose Viewer

v Set Up Poses
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paracetamol 2d
paracetamol_3d NOTE: To display interactions, the
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paracetamol smiles Glide docking run.
6B2Q
6B2Q
6B2Q - with-deletions
v autoprep 6b2q chainA-outl..
6B2Q - prepared
» imported ligands (36)
» ligprep for 6b2q-outl (36)
v glide-dock SP_6b2q pvl .. -
6B2Q - prepared

Tips

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

+ Use the X key to mark or unmark the current
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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.
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File Edit Select Workspace Scripts View Window Help

Row In Title
paracetamol_2d
paracetamol 3d
dna
paracetamol smiles
6B2Q
6B2Q
6B2Q - with-deletions
v autoprep 6b2q chainA-outl..
6B2Q - prepared
» imported ligands (36)
» ligprep_for 6b2q-outl (36)
2 vglide-dock_SP_6b2q_pvl .. -
8l o 6B2Q - prepared
82 @ 10
83
84
85
RA

47 % ALl
4 v #£6B2Q - prepared
4 » & Protein

v & 406793952

f @ [Mate Terminal] & Maestro - docking.pri

Maestro - docking.prj

Edit Custom Preset...
Reapply when Workspace changes

[Paracetamol - 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

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

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

@ @ [Mate Terminal] @ Maestro - docking.prj

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.
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The color codes for the 9 different types of interactions are shown.
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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.
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Maestro - docking.prj
File Edit Select Workspace Scripts View Window Help
[ + ert
[ A- m
Quick Al

Row In Title

paracetamol 2d

paracetamol 3d

dna

paracetamol_smiles

6B2Q

6B2Q

6B2Q - with-deletions

v autoprep 6b2q_chainA-outl..
6B2Q - prepared

» imported ligands (36)

» ligprep for 6b2g-outl (36)

v glide-dock_SP_6b2q_pvl .. -
6B2Q - prepared

NTES
@) N +-covalent bonds Ugand-receptor ~K¥ ~
( )Hydrogen bonds @ @ Halogen bonds
Salt bridgy  Aromatic H-Bond
[T —
4 v % ALl
4 v £6B2Q - prepared
4 > & Protein
® v £406793952

tacking @ @ Pi-cation
Ligand-receptor ~K¥ +

@oood @ | @cac @ @uoy

T @ [Mate Terminal] @ Maestro - docking.prj )




@) Schrodinger

Turn OFF the Good contacts.

1) Applications Places System (= El(@ Tue Dec 21, 07:48

Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help
[ r |+ [ A.

Row In Title
paracetamol 2d
paracetamol_3d
dna
paracetamol smiles
6B2Q
6B2Q
6B2Q - with-deletions
v autoprep_6b2q_chainA-outl..
6B2Q - prepared
» imported ligands (36)
» ligprep for 6b2q-outl (36)
2 vglide-dock_SP_6b2q_pvl .. -
© ~6B2Q - prepared

INTER,
{H) Non-covalent bonds Lgand-receptor ~£¥ +
@ ydrogen bonds @ @ Halogen bonds
@ satt bridges  Aromatic H-Bond

@ i interactions Uoar

4 v %ALL

4 v #£6B2Q - prepared
4 » & Protein

® v £406793952

@ripistacking @ @ Ppication
7 Y

+ Good @50 @ @uoy

G @ [Mate Terminal] @ Maestro - docking.pr

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.

1) Applications Places System = Bl(@ Tue Dec 21, 07:49
Maestro - docking.prj Y o &

File Edit Select Workspace Scripts View Window Help
| ‘ + A .

Row In Title
7 6B2Q - with-deletions
v autoprep _6b2q_chainA-outl..
6B2Q - prepared
» imported ligands (36)
» ligprep_for_6b2q-outl (36)
v glide-dock SP_6b2q pvl .. -
81 o  6B2Q - prepared
82

83+ [ T4B8793961

4 v % ALl

4 v £6B2Q - prepared
4 » & Protein

® v £406793961

B @ [Mate Terminal] & Maestro - docking.pri



@) Schrodinger

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

1) Applications Places System (= Bll(@ Tue Dec 21, 07:51
Maestro - docking.prj
File Edit Select Workspace Scripts View Window Help

Row In Title

» imported ligands (36)
» ligprep_for_6b2q-outl (36)
2 vglide-dock SP_6b2q_pvl .. -
81 © 6B2Q - prepared
82 79395
23
84
8>
86
87
88
89
90
91
92
93
94
as

4 v % ALl

4 v £6B2Q - prepared
4 » & Protein

@ v £406793959

@@ @ [Mate Terminal] @ Maestro - 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.

>@ Applications Places System = !‘ Tue Dec 21, 07:51
Maestro - docking.prj

File Edit Select Workspace Scripts View Window Help
N A-

Row In Title

4 v % ALl

4 v #£6B2Q - prepared
4 » & Protein

@ v £104121467

& @ [Mate Terminall @ Maestro - docking.pri @



@) Schrodinger

Let’s take a look at the last molecule “104121561”. This one has very few interactions

with the protein.

1) Applications Places System (= El(@

File Edit Select Workspace Scripts View Window Help
M+ A- et i

Row In Title

4 v % ALl

v #£6B2Q - prepared
4 » & Protein

v £ 104121561

@ & [Mate Terminal] @ Maestro - docking.prj

Maestro - docking.prj

Tue Dec 21, 07:52

To check the Geometric complementarity, generate the surface for the protein. Click on

the “P” button, then go to Style, then Surface option.

1) Applications Places System = Bll(@

File Edit Select Workspace Scripts View Window Help

N

Row In Title

Tue Dec 21, 07:52

@@ @ [Mate Terminal] @ Maestro - docking.prj
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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.

1) Applications Places System = El@ Tue Dec 21, 07:53
Maestro - docking.prj DG

File Edit Select Workspace Scripts View Window Help

AT

Row In Title
101 406793949
102 104121506
103 104121490
104 104121481
105 104121477
106 406793948
107 104121634
108 104121487
109 406793954
110 104121463
111 104121485
112 104121480 \ . p
113 406793953 : . :
114 406793946 . -

115 406793945 P
—
-

116 104121497
v Current Selection °
4 v <6B2Q - prepared o

. —_—

117 104121561 I
> & Protein / (S

A
® v 104121561 T |
H_ 313 | THR1ss | A | 6820- prepared ® SO6G

PRVGVILSGRYRLQRLIATGGMGQVWEAVDNRLGRRVAVKVLKSEFSSDPEFIERFRAEARTTAMLNHPGIASVHDYGESTAYLVMELVNGEPLNSVLKRTGRLSLRHALDMLEQTGRALQIAHAAGLVHRDVKPGNILITPTGQVKIT
% DFGIAKAGIAQY1APEQALGHDASFASDVYSLGVVGYEAVSGRKEFAGDGALTVAMKHLKERFPPLEPDLEPNVRELLELTLYKNANKY KSGGPF ADAVAAVKAGKKPPKES

@ @ [Mate Terminal) &) Maestro - docking.pr _o I

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.

1) Applications Places System = El@ Tue Dec 21, 07:54
Maestro - docking.prj DOE

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

Row_Tn Title

95 104121467
Yo 4V0/93943
97 406793951
98 104121545
EL) 104121486
100 406793950
10l 406793949
102 104121506
103 104121490
104 104121481
105 104121477
106 406793948
107 104121634
108 104121487
109 406793954
110 104121463

111 104121485
119 104171480

v Current Selection
v < 6B2Q - prepared
> & Protein
® v &£104121467

& Maestro - docking.prj G [ |

& [Mate Terminal]
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Same is observed for molecule “406793952”. It had quite a few interactions and it also
occupies the grooves well.

15) Applications Places System (= !e Tue Dec 21, 07:55.

Maestro - docking.prj Do &

File Edit Select Workspace Scripts View Window Help
R+ A

fitle: 40679

Row In Title

8 6B2Q - prepared

» imported ligands (36)

» ligprep for 6b2q-outl (36)

2 vglide-dock SP_6b2q_pvl .. -

81 © ' 6B2Q - prepared g
82 e [1406793952

406793959

406793944

406793955

406793957

406793960

ANRTQORA

B B [Mate Terminal] @ Maestro - docking.prj [ [ [ |

Next, turn OFF the Surface view.

19 Applications Places System (= E@ Tue Dec 21, 07:55
Maestro - docking.prj D 0 &

File Edit Select Workspace Scripts View Window Help
W+ A. s

Row In Title
8 6B2Q - prepared
» imported ligands (36)
» ligprep_for_6b2q-outl (36)
2 vglide-dock SP_6b2q pvl .. -
81 o 6B2Q - prepared 15}
© 406793952
406793959
406793944
406793955
406793957
406793960

ANARTQ0RA

]

av
4 v§E3
4 >
[]

v & 406793952

& @ [Mate Terminal] © Maestro - docking.prj Cll [ [ |
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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) Applications Places System |- B, Tue Dec 21, 07:56
Maestro - docking.prj D0 &

File Edit Select Workspace Scripts View Window Help
Y

Row In Title

8 6B2Q - prepared
» imported ligands (36)
» ligprep_for 6b2g-outl (36)
v glide-dock SP_6b2q pvl .. -
6B2Q - prepared g

*_

4 v %ALL

4 v #£6B2Q - prepared
4 » & Protein

® v £406793952

= [Mate Terminal] & Maestro - docking.pri

The Project Table is open. Maximize it.

1) Applications Places System (= Bl Tue Dec 21, 07:56
Maestro - docking.prj ~) (x

File Edit Select Workspace Scripts View Window Help
[ S |+ A et

Row In Title
8 6B2Q - prepared
» imported ligands (36)
» ligprep for 6b2q-outl (36)
2 vglide-dock SP 6b2q pvl .. -
81 © 6B2Q - prepared 15}
82 o

ect

3 & i 4 2 ) 4 | of| B | 20
Import Export 2D Viewer Plot Sort Find/Replace |Show Props | Color Rows Calculator Columns |Tree Show 2D Structure
QOO00COCS

Row [In [Title Stars
paracetamol 2d
paracetamol_3d
dna
47 %Al paracetamol_smiles
4 v £6B2Q - prepared 6B2Q
4 > & Protein gggg ith-delet
- with-deletions
v £ 406793952 v autoprep 6b2g chainA-outl

Entriac: 117 tatal 26 celected 2 included Graune: 4 tatal 0 celected Pranartiec: 102 tatal 26 chawn

@@ @ [Mate Terminal] @ Maestro- docking.prj | &) Project Table - dockin...
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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.
o e 56

Project Table --- docking.prj
- ]
Show Props | Color Rows

v ePlayer
K 1)
port Find/Replace

Row ‘In ’Title stars |Entry » Pate Added ‘Date Modified |chiral flag ‘version PDB TITLE PDB ID |PDB RESOLUTION |pDe ProPerty Tree 8x
1 paracetamol_2d 2 1 02:40 02:40
2 paracetamol_3d 02:40 02:42
3 dna 3 02:42 02:44
4 paracetamol_smiles 4 02:45 02:45 v 0
5 6B20Q 5 02:46 02:47 DUAL INH.. 6B2Q 2.880 X-f
6 6B2Q 6 02:49 03:36 DUAL INH.. |6B2Q
7 6B2Q - with-deletions ek 7 02:53 02:57 DUAL INH.. 6B2Q
|v autoprep_6b2q_chainA-outl (1) | | |
8 6B2Q - prepared FRk DUAL INH.. 6B2Q
'» imported_ligands (36)
» ligprep for 6b2q-outl (36)

glide-dock SP 6b2q pvl (37)
5520 _prepared : :
406793961
406793959
-406793958
406793944
-104121489
406793955
104121461
406793957
1-1041215603
406793960
406793947
406793956
104121467
406793943
406793951
104121545
104121486
406793950
406793949
104121506

as: 117 total, 36 2 d Groups: 4 total Properties: 10

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.

1) Applications Places System (= me Tue Dec 21, 07:57
Project Table --- docking.prj 9@ &

File Table Data Select Windo!

& m B ] IR . .
Import Export 2D Viewer Plot Sort Find/Replace |Show Props | Color Rows Calculator Columns | Tree|Show 2D Structure Show Familyﬁ

Q0O0COCS

Row |In ’Title docking score Igl. Property Tree
7 6B2Q - with-deletions frirk search
| v autoprep 6b2q chainA-outl (1)
6B2Q - prepared
'» imported ligands (36)
-outl (36)

682Q - prepared 3 ]
406793952 000 0004 0000
406793961 000 0026 0000
406793959 000 0004 0000
406793958 000 0004 0060
406793944 000 0004 0000
104121489 000 0211 0000
406793955 000 0147 0000
104121461 000 0147 0000
406793957 000 0300 0000
104121503 843 0346 0283
406793960 000 0004 0000
406793947 000 0004 0000
406793956 000 0151 0000
104121467 000 0147 0000
406793943 000 0147 0000
| 406793951 000 0004 0000
104121545 000 0665 0000
| 104121486 843 3724 0818
406793950 000 0026 0000
406793949 000 0004 0000
104121506 843 0396 0328
104121490 843 0479 0463
104121481 000 0004 0000
1104121477 000 0147 0000
406793948 000 0004 0000
1104121634 000 0174 asaa -a =21
104121487 000 0136 0000 -9.499
. ), E—— .

I
-11.294
-10.677
-10.606
-10.568
-10.434
-10.397
-10.382
-10.282
-10.264
-10.187
-10.178
-10.173
-10.142
-10.013
-16.008

-9.925
-9.892
-9.851
-9.737
-9.734
-9.693
-9.687
-9.595
-9.538
-9.532

P PPPPPPPOOCROOOOOOOOOOODD DO
HFREHEEOOHHO N HH O M R R
PPV O PO WYY Y WY WS W W W W o

COPOPPOOOPOOOOOOOOOOOOODD O DD
©PPPPPPRPPPPPOOOOOOOOOODD DD O

cted Properties: 103 total, 26
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The molecule “104121561” has the lowest docking score. This had the fewest number of
interactions with the protein.

1) Applications Places System = !‘ Tue Dec 21, o1:s7|

Project Table - docking.prj DG

File Table Data Select Window ePlayer
& ; = N 4] - -] & | H B Y B
Import Export 2D Viewer Plot Sort Find/Replace | Show Props Color Rows Calculator Columns |Tree Show 2D Structure Show Family Hide Family

Property Tree

ot Q |docking score glide
Qsearch

1-406793959
406793958
406793944
104121489
406793955
104121461
406793957
104121503
406793960
406793947
406793956
1-104121467
406793943
406793951
104121545
-104121486
1-406793950
406793949
104121506
104121490
104121481
104121477
406793948
104121634
104121487
406793954
104121463
-104121485
104121480
406793953
406793946

PP PP PO POPOOOOOOOOOOOOOOOOOOOOOOD D
N N e = R =R e -l e e e e e )
PP POPOPOOOPOOOOOOOOOOOOOOOOOOODD DD

Entries: 117 N B : ed Properties: 103 total, 2
@ @ [Mate Terminal]

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.

19) Applications Places System (= Bll(@ Tue Dec 21, 07:58
Maestro - docking.prj
File Edit Select Workspace Scripts View Window Help

NE )

igand Interaction Diagram... (Structure Analysis)

Qo

Row In Title
8 6B2Q - prepared
» imported ligands (36)
» ligprep for 6b2q-outl (36)
v glide-dock SP _6b2q pvl .. -
6B2Q - prepared s}

4 v £6B2Q - prepared
4 » & Protein
® v £406793952

T @ [Mate Terminal] Q. Maestro - docking.pri

The Ligand Interaction Diagram panel will open. Maximize it.

1) Applications Places System = Ell(@ Tue Dec 21, 07:59
2D Workspace - Ligand Interaction Diagram

File Edit View

v Sync with 3D Ligand: :UNK 900 - Cutoff: 4.00 :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

c
( ( \
158 &)
4
VAL
27 LE AL 6Ly
19 = v 2
s
= cl
Lys
/ N o [2a3
NH,
= —_
ALA N
40
6Ly
HN N 185
~ / H
MET N A /
o 4
~auw | . ASN
9% f 146
AA
& LEU ’/ ASN
9 VA 99
98 ~ yp—TT] LEY
101 PR 148
102
f @ [Mate Terminal] @ Maestro- docking.pri | 2D Workspace - Ligand... )
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To take a look at the colors, go to View— LID Legend.

19 Applications Places System (= Bl@

Tue Dec 21, 07:59

2D Workspace - Ligand Interaction Diagram

File Edi
vSync wit FlIp Vertical Ctri+Alt+F :lv 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 Ctrl+Shift+F
Fit to Screen Ctrl+F
@ Blackboard View Ctri+1
°é° Selection Display Mode Ctrl+Alt+S
, Stereochemistry Labels Ctrl+L
7

v Color Heteroatoms

(@)
159

i 4T 158
M <
LID Legend vn)

% e AA 6Ly
—_—A e
19 2 2

R
42 cl
\ s
7/ \ ] ‘
— N
AL =N \
40 \
oL
HN N 145
N AN ‘
ET - N 1 /
95~ - ) ASN
% e 146
AR
3 = VAL ‘/ io5
97 929
~ ~ oy _—
B ) 148
102 ’
?
& @ [Mate Terminal] @ Maestro- docking.prj | @) 2D Workspace - Ligand...

o

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.
15 Applications Places System |- B@

Tue Dec 21, 07:59
2D Workspace - Ligand Interaction Diagram v A x

File Edit View

v Sync with 3D Ligand: : UNK 900 - Cutoff: 4.00 :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

&
[
’ ﬁ
THR P
g 1?5 159
4
VAL) \
o ——
LYg\ \\
3 cl \
\
/ N\ o s
NH,
AL = =\ \
« \ GLY
HI N
AN e
MET A~ N y /
95 ~. - ‘l . ASN
96 146
ALA /
3 97 VAL ’/ %
~— o8 N sy LEU
Bt PRO 148
%)
& Charaed (neaative® Polar . istance — Pi-cation
9 Ehal:qeg lDOSItIVEJ Unspecified residue E-ifoné — Salt bridae
Glvcine . - Ha ogen bond Solvent exposure
Hvdr?Dhoblc Hvdration site ~— Metal coordination
o Meta x Hvdration site (diseliPi-Pi stackina
2
f @ [Mate Terminal] @ Maestro - docking.prj U 2D Workspace - Ligand...

o I
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(@ Schrodinger

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

19 Applications Places System (= Bl@ Tue Dec 21, 08:00
Maestro - docking.prj 9 @ &
File Edit Select Workspace Scripts View Window Help
B A=
finger | T o
1-7 of 7 View results for:
Fingerprint Similarity fingerprint similarity sear
Interaction Finaerprints. fingerprint
Peptide QSAR...
Self-Organizing Map...
Data Fusion...
Hit Expansion...
Polymer...

In Title

6B2Q - prepared
» imported ligands (36)
» ligprep_for_6b2qg-outl (36)
v glide-dock SP_6b2q pvl .. -
6B2Q - prepared g

4 v % ALl
4 v £6B2Q - prepared
4 » & Protein

v & 406793952

@@ @ [Mate Terminal] @ Maestro - docking.prj

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

19) Applications Places System = Bl (@ Tue Dec 21, 08:00

Maestro - docking.prj
( 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
Polar Residues

Hydrophobic Residues
Hydrogen Bond Acceptor
Hydrogen Bond Donor
Aromatic Residue

Advanced Settings...

4 v % ALl
4 v £6B2Q - prepared
» & Protein
v & 406793952

& [Mate Terminal] @ Maestro - docking.prj . Interaction Fingerprints
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You can export the Fingerprints to a File. You can also visualize it by clicking on the
Display Interaction Matrix.

19 Applications Places System (= Bl@ Tue Dec 21, 08:01

Maestro - docking.prj

Interaction Fingerprints v (a) (x
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 Donor
Aromatic Residue

Advanced Settings...

Generate Fingerprints

| 4AR70205A

47 % ALl

4 v £6B2Q - prepared
4 » & Protein

® v £406793952

[Mate Terminal] @ Maestro - docking.prj Interaction Fingerprints

The plot is shown in black and white.

li)) Applications Places System = !‘ Tue Dec 21, 08:01
e D&

>$Q=RAXD

Ligands

A9 A9 As9 L Ar08 M6 Au6 oo
Residues
teraction to display: Any Contact - | /Color main plot by residue sequence number
nteracting residues only
Pw plot performs: @ Inclusion _Selection Ligand display property: Glide Gscore >
?
@ [Mate Terminal] @ Maestro - docking.prj @ Interaction Fingerprints | () Interaction Matrix o INm
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(@ Schrodinger

Color it by clicking on Color main plot by residue sequence number.

1) Applications Places System =BG Tue Dec 21, 08:02
Interaction Matrix DG

AEIPQAE=BLD

Residues

Interaction to display: Any Contact [« Color main plot by residue sequence number ]
Interacting residues only

Picking in plot performs: @ Inclusion ~Selection  Ligand display property: Glide Gscore

2
& @ (Mate Temminal) @ Maestro- dockingp @ Interaction Fingerprints | Iteraction Matrix o I

(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 = E@ Tue Dec 21, 08:02
Interaction Matrix v (A (x

AEdFQE@ID x=None y=28.2572

S
Residues
Interaction to displaf] Any Contact ~ |viFolor main plot by residue sequence number Ligand: 104121463
Interacting residues Residue: ALA A40
Picking in plot performs: ®Inclusion * Selection Ligand display property: Glide Gscore | AEEETL e
?
B @ [Mate Terminal] @ Maestro - docking.prj @ Interaction Fingerprints | () Interaction Matrix o .
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Steps to follow for Loading Protein Structure in the
Maestro

Open Maestro

@ Maestro - Scratch Project - C\Users\prajw\OneDrive\Documents\Schrodinger X
File Edit Select Workspace Scripts View Window Help

me s "

f Ugend Interaction pro s o S QuckAlgn

ace Navigator

Row In Title

]

O Type here to search t A W) ENG 5 002020

Go to “File -> Get PDB” and Click on it.

ratch Project - C\Users\prajw\OneDrive\Documents\Schrodinger

ﬂ Select Workspace Scripts View Window Help

ct... Ctrl+N
Open Project... Ctrl+0
Open Recent Project >

QudAlgn  Measre
Save Project As...
Close Project Ctrl+W

Import Structures... Ctrl+I
Import Recent Structures

Get PDB...
Export Structures...

Change Working Directory...
Back Up Project...

Restore From Backup...

Save Checkpoint

Quit

9 1442
L Type here to search AL B9 o O



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

File Edit Select Workspace Scripts View Window Help

Row In Title

@ Get PDB File

Il create rub Tile:
PP n T Man 2 tnmatieall

Include: [ Diffraction di[] Biological un
Fetching from: Local or Wi Change *

Download| Cancel Help

®

1443
0 Type here to search d A B D) NG 0o N

Check the Entry “3LAU” in Workspace Navigator section

@ Maestro - Scratch Project - C\Users\prajw\OneDrive\ Documents\Schrodinger X
File Edit Select Workspace Scripts View Window Help

E =

° @

14:46
4 A )
L Type here to search W 4 ENG 53 00,2020 =



Steps to follow for Protein Structure Preparation in the

Maestro

Click on “Protein Preparation” Option

@ Maestro - Scratch Project - C:\L

\OneDrive\Documents\Schrodi

nger
File Edit Select Workspace Scripts View Window Help

n Preparation Wizard... (Protein Preparation and Refinement)
PLB ID: 2P33

Qs

Row In Title

1 o I

8 > &2pP33

R Type here to search

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) - Get PDB..
Entry: 2P33 (1)

Review Structure Global Settings ¥

@ Preprocess

o Cap termini Fill in missing side chains ere options v
Default actions selected (6)

@ Optimize H-bond Assignments

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

Settings ¥

@ Clean Up

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

Settings ¥

Job name: autoprep_1
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See the various options on the Panel. Mostly, default options work
well.

File Edit Select Workspace Scripts_View Window
Be: A

Preparation Workflow  Diagnostics ~ Substructures
i Ligend Interact INTERACTIVE

Toggle steps on to include them in the job. LR

(2 Specify Protein
Use structures from: Workspace (included entry) Gk PDS..
Entry: 2P33 (1)
Review Structure
© preprocess Simulation pH: 7.4:
C Cap termini e Fill in miss Use PDB value instead: (N/A)
Default actions selected (6) Small molecules ("hets") to process: @
FDetected Ligands

© optimize H-bond Assignments ’
- Metals and ions

If checked, automatic optimization will i
address any overlapping hydrogens. Non-water solvents
» Others

@ deanvp
If checked, a restrained minimization w.
and waters optionally deleted.

2, Solvents

Job name: autoprep_1

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

File Edit Select Workspace Scripts View Window Help
@ Protein Preparation Workflow

. Preparation Workflow  Diagnostics ~ Substructures
Title: 3LA

e p P iob, INTERACTIVE
PDB ID: 3 oggle steps on to include them in the job.

Row In Title
Spedify Protein
1 desmond setup 1 3-out (ful.® =
oG esnondsetupAIacoutR(tu Use structures from: Workspace (included entry) | Getpos...
Entry: 3LAU (2)

Review Structure Global Settings v

7 actions selected [ Align to: Selected entry ) PDB: [ |

@ optimize H-bond Assignments Assign bond orders: [ Using CCD database
If checked, automatic optimizi ™ Replace hydrogens
address any overlapping hydrd Create: [ Zero-order bonds to metals
Disulfide bonds
© ceanup Antibody annotation scheme: Kabat
If checked, a restrained minin| Y o
and waters optionally deleted| [J Renumber residues to match scheme
[ Convert selenomethionines to methionines

Qo = Bl ond hets: 5.00 : A
[I Fill in missing |gllps (using Prime) @
v &3 enerate het states (with Epik): pH: 7.4 +/- [2.0%

» XU Ligands Max states to process automatically |1 %
» & Protein
> . Solvents

Job name: [autoprep_2

ﬂ P Type here to search @ @ f W AT ene



File Edit Select Workspace Scripts View Window Help

Preparation Workflow  Diagnostics ~ Substructures

INTERACTIVE
Toggle steps on to include them in the job. Lk

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

Review Structure Global Settings ¥

© preprocess
C Cap termini ¢ Minimize:
Default actions selected (6) | © Converge heavy atoms to RMSD: [03: &
© Optimize hydrogens only
© Optimize tbond asirments Force field: OPLS4 Gmomim. 1 Use customized version
If checked, automatic optimiza Delete waters:
address any overlapping hydrc Distant from ligands (hets): 5 7| A

Delete waters beyond the specified distance
from any ligand, ion, or other het group

@ ceanvp UWith fewer than
If checked), a restrained MiniMizcuwors venr e perrormmew
and waters optionally deleted.

¥ & ow
P X7 Ligands
» & poten
P .. Solvents

Job name: autoprep_1

LE

Ligend Interact INTERACTIVE
Toggle steps on to include them in the job. prostuly: frepaes 4

2) Specify Protein
Use structures from: Workspace (included entry) ek PDS.
Entry: 2P33 (1)
Review Structure Globa settings v
© preprocess

C Cap termini £ Fill in missing side chains #ere options «
Default actions selected (6)

© optimize H-bond Assignments

If checked, automatic optimization will be performed

address any overlapping hydrogens.

Sample water orientations
@ ceanvp

If checked, a restrained minimization v
and waters optionally deleted. = Minimize hydrogens of altered species

- Use crystal symmetry
ve

P X7 Lgands
P & proten Optimization uses:
P . Solvents @® PROPKA

O Simplified rules

pH: 7.4 - Label pKas

Job name: autoprep_1




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

M Sch | M Inbc | M Inbc | bR Inte | InS 1B x [F Sch [ D [ @) RN | @ Eve | @ ww | Trar | <> Prei | <> Red | <> Firs | €O Line | <> Goc | @ Sch [ @ Lav | F/G | G sigr | + (-} = X

« C @ aiimsb-workshop.gcp.tsg.schrodinger.com/workstation/#/client/NDYAYwBwb3NOZ3 Ic3Fs BB # &0 % @ :

#1 Apps M Inbox (12) - prajwal. M Schrodinger_Email official_tasks Invoice Payment Re. AppSci us_Visa [8] LogintoLiveDesign $& Presentation Reposi ML [l Ping, a webtool to't [E] Reading list
19 Applications Places system = B @ Tue Nov 23, 05:14]

Protein Preparation Workflow

Preparation Workflow | Diagnostics Substructures

INTERACTIVE

Workspace (included entry) = Get PDB.

Protein Preparation Workflow - Job Settings x

Output
Incorporate. Append new entries as a new group v

Job
Job name: |autoprep_1

Host: localhost (8) ;|4 + processors

Cancel

A © ®m Q) ENG

[

1044
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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 et
‘T‘ T A Preparation Workflow Diagnostics ~ Substructures
=] | o Ls e

INTERACTIVE
Toggle steps on to include them in the job.

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

Review Structure

(2 Preprocess.
Cap termini - Fill in missing side chains or

Default actions selected (6)

@ Optimize H-bond Assignments
If checked, automatic optimization will be performed to
address any overlapping hydrogens.

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

£, solvents

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.

@ Maestro - Scratch Project
File Edit Select Workspace Scripts View Window Help
.+ [

» A-

Glide
> Desmond
FEP+
Induced Fit Docking
Jaguar
LigPrep...
AU MacroModel
Pathfinder
Phase

Title

3LAU
3LAU -

¥ MD: desmond_s:
3LAU

Prime

Shape Screening
WaterMap
WScore

Other Applications

[ ] » & 3LAU - fully_prepared

[l © Type here to search

Ligand Preparation and Library Design
Protein Preparation and Refinement
Structure Analysis

Structure Alignment

Receptor-Based Virtual Screening
Ligand-Based Virtual Screening

Free Energy Perturbation

Lead Optimization

Enumeration and Ideation

Then click on System Builder

@ Maestro - Scratch Project

File Edit Select Workspace Scripts View Window Help

‘T‘ (A =
©Besmond

« System Builder...

TIOUE! SyStElil Regel e auul T
Minimization...

Simulated Annealing...
Molecular Dynamics...

Replica Exchange...
Metadynamics...

Binding Pose Metadynamics...

FEP+...

FEP Protein Mutation for Ligand Selectivit
Protein FEP...

FEP Protein Mutation Analysis...

Solubility FEP...

Absolute Binding Free Energy (Beta)...

ADME and Molecular Properties
Classical Simulation

Quantum Mechanics

Workspace Operations

Project Table and Project Operations
General Modeling

Discovery Informatics and QSAR
Biologics

Materials

Simulation Quality Analysis...
Simulation Event Analysis...

Radial Distribution Function...
Simulation Interactions Diagram...
Replica Exchange Review...
Metadynamics Analysis...
Desmond Trajectory Clustering...

< Browse

Molecular vynamics...

System Builder..

* Protein Preparation Wizard...
Shape Screening...

Develop Pharmacophore Hypothesis...
LigPrep...

Fingerprint Similarity...

Receptor Grid Generation...

* Ligand Interaction Diagram...
Peptide Docking
Metadynamics.

Simulation Quality Analysis...
Simulation Event Analysis...
Metadynamics Analysis...
Binding Pose Metadynamics...
Protein Preparation Wizard...
Protein Reliability Report...

1400
29-09-2020

« Browse
Molecular Dynamics...
System Builder...

* Protein Preparation Wizard...
Shape Screening...
Develop Pharmacophore Hypothesis...
LigPrep...
Fingerprint Similarity...
Receptor Grid Generation...

* Ligand Interaction Diagram...
Peptide Docking...
Metadynamics.

System Builder... Set up a system for molecular dynamics simulations. The system can include proteins, ligands, explicit solvent, a membrane, Simulation Quality Analysis...
and counter ions. Opens the System Builder panel.

® > & 3LAU-fully_prepared

L O Type here to search

Simulation Event Analysi:

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

1400
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Select water model. Click dropdown menu and select TIP3P

File Edit Select Workspace Scripts View Window Help

@ system Builder

Solvation  Ions
Title: 3LAU
BCEILRI  Set Up Membrane... Delete Membrane

Title Solvent model

3LAU O None B
SLAU Spreprocessed ® Predefined: |SPC

3LAU - hbond-opt
0O . SPC
 fully._prepared O Custom: Browse...

o Boundary concTIP4P

TIP4PEW

hape: 3

Box s_ ape OHTIPSP .

Box size calcul rypapp ) Bjffer O Absolute size
Distances (ApmMso 100 |

Angles (°): METHANOL [0 %00
\Box volume: 410CTANOL e Jolume
[I'Show boundary box

] Use custom charges

Do not use
Partial charges from structure
Custom:

Apply to:

Force field: OPLS3e

Job name: |desmond_setup_2 e Run

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

Ell © Type here to search t ) B 7 ) [

29-09-2020

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

@ System Builder

Solvation  Ions

Your job prepwizard-impref_1 has completed.
Set Up Membrane...| Delete Membrane

Solvent model

© None

® Predefined: TIP3P

O Custom: Browse...

Boundary conditions

Box shape: Orthorhombic v
Box size calculation method: ® Buffer O Absolute size
Distances (R): a: 10.0 b:[10.0 |c:[10.0
Angles (°):  @:90.0 B:90.0 y: 90.0

Do not use
Partial charges from structure
Custom:

Apply to: Select...

Force field: OPLS3e =

Job name:idesmondfsetupfl o~ Run
Host=localhost, Incorporate=Append new entries as a new group 2

L O Type here to search

1321 !
05-10-2020



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.

Solvation  Ions

, prepwizard-impref_1 hs completed.
Set Up Membrane...| Delete Membrane

Solvent model

© None

® Predefined: TIP3P

O Custom: Browse...

Boundary conditions

Box shape: Orthorhombic

Box size calculation method: ® Buffer O Absolute size
Distances (R): a: 10.0 b:[10.0 |c:[10.0
Angles (°): oyt s

Box volume: 334606 A§ Minimize Volume

[ Show boundary bo;
L1 Use custom charges

Do not use
Partial charges from structure
Custom:

Apply to: Select...

Force field: OPLS3e -

Job name:‘desmondfsetupfl o~ Run
Host=localhost, Incorporate=Append new entries as a new group 2

F-ll © Type here to search o

05-10-2020

File Edit Select Workspace Scripts View Window Help

@ system Builder

Solvation

Title: 3LAU
BCEILRI  Set Up Membrane... Delete Membrane
Title Solvent model
3LAU
3LAU - preprocessed
3LAU - hbond-opt ~

 fully._prepared O Custom: Browse...

O None
® Predefined: SPC

Boundary conditions

Box shape: Orthorhombic %
Box size calculation method: ® Buffer O Absolute size
Distances (R): a:[100 |b:[10.0 c:[100 |
Angles (°): a B:90.0 y:9%0.0
Box volume: 412556 A2 Minimize Volume
L) Show boundary box
| Use custom charges
Do not use
Partial charges from structure
Custom:
Apply to: Select...

Force field: OPLS3e
Job name:|desmond_setup_2 e Ran

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.

@

@ System Builder ] X

File Edit Select Workspace Scripts View Window Help
\T\ + AL % D e Solvation Ions

Excluded region

e Exclude ion and salt placement within Aof
PDB ID: 3LAU Select... Clear

Title on placemen

3LAU O None
3LAU - preprocessed @® Neutralize by adding 5/CI- ions Recalculate
3LAU - hbond-opt O Add Na+  ions

3LAU - removed waters =
Advanced ion placement...

3LAU - removed waters 4 Add salt
Salt concentration: 0.15 M
Salt positive ion: Na+
Salt negative ion: Cl- ~

» & 3LAU - minimized Force field: OPLS3e

i 1410
FEll © Type here to search » ! z D) NG o5 10000 N

@
File Edit Select Workspace Scripts View Window Help
A D Solvation Ions

@ System Builder ] X

Excluded region
= Exclude ion and salt placement within Aof
PDB ID: 3LAU Select... Clear
Title Ion placement
3LAU O None

3LAU - preprocessed ® Neutralize by adding 5 Cl-  ions Recalculate
3LAU - hbond-opt O Add Na+ ions

3LAU - removed waters =
Advanced ion placement...

3LAU - removed waters ] alt
Salt concentration: 0.15 M
Salt positive ion: Na+ ~
Salt negative ion:|Cl- ~

» & 3LAU - minimized Force field: OPLS3e

ed

[ © Type here to search t 7 1) ENG
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Click Run.

File Edit Select Workspace Scripts View Window Help

P oL e Al

Solvation Ions
Title: 3LAU

oA Excluded region
Title Exclude ion and salt placement within! R of

3LAU [ | Select... Clear
3LAU - preprocessed
3LAU - hbond-opt
- fully_prepared O None
® Neutralize by adding 5 Cl- - ions Recalculate
O Add Na+ - |ions

Advanced ion placement...
[1Add salt

Salt concentration: 0.15 M
Salt positive ion:|Na+

Ion placement

Salt negative ion: Cl=

Force field: OPLS3e

Job name:|desmond_setup_2

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

' 1353
[l © Type here to search b . 29-09-2020 =

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.

@ Maestro - Scratch Project
File Edit Select Workspace Scripts View Window Help
\T\ + A. [ -

Title: 3LAU
PDB ID: 3LAU
Title
3LAU
3LAU - preprocessed
3LAU - hbond-opt
3LAU - fully_prepared
3LAU
1 Y MD: desmond_setup_2 (1)
L 3LAU

L O 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.

© - Scratch Project

File Edit Select Workspace Scripts Vi

R A-

Title

3LAU

3LAU - preprocesse
AU - hbond-opt

LAU
¥ MD: desmond_s:
3LAU

L] P & 3LAU - fully_prepared

[l © Type here to search

Click on the Molecular Dynamics button.

@ Maestro - Scratch Project

©) Desmond

APpiicaTIons
©

[Apprications

Glide

» Desmond

FEP+

Induced Fit Docking
Jaguar

LigPrep...
MacroModel
Pathfinder

Phase

Prime

Shape Screening
WaterMap
WScore

Other Applications

Desmond

4 o

System Builder...
Model System Regeneration...
Minimization...

Simuilated Annealina

Molecular Dynamics...

Replica Exchange...
Metadynamics...

Binding Pose Metadynamics...

ew Window Help

Ligand Preparation and Library Design

Protein Preparation and Refinement

Structure Analysis

Structure Alignment
Receptor-Based Virtual Screening
Ligand-Based Virtual Screening
Free Energy Perturbation

Lead Optimization

Enumeration and Ideation

FEP+...
FEP Protein Mutation for Ligand Selectivit
Protein FEP...

FEP Protein Mutation Analysis...
Solubility FEP...

Absolute Binding Free Energy (Beta)...

@

ADME and Molecular Properties
Classical Simulation

Quantum Mechanics

Workspace Operations

Project Table and Project Operations
General Modeling

Discovery Informatics and QSAR
Biologics

Materials

Simulation Quality Analysis...
Simulation Event Analysis...

Radial Distribution Function...
Simulation Interactions Diagram...
Replica Exchange Review...
Metadynamics Analysis...
Desmond Trajectory Clustering...

Molecular Dynamics... Run or restart general-purpose molecular dynamics simulations under a chosen set of conditions. Includes optional
relaxation of the model system prior to performing the simulation. Opens the Molecular Dynamics panel.

[ ] » & 3LAU - fully_prepared

-l © Type here to search

Browse

IMIOIECUIAr Lynamics...
System Buildel

* Protein Preparation Wizard...
Shape Screening...

Develop Pharmacophore Hypothesis...
LigPrep...

Fingerprint Similarity.

Receptor Grid Generation...

* Ligand Interaction Diagram...
Peptide Docking
Metadynamics.

Simulation Quality Analysis...
Simulation Event Analysis...
Metadynamics Analysis...
Binding Pose Metadynamics...
Protein Preparation Wizard...
Protein Reliability Report...

1400
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Browse

Molecular Dynamics...
System Builder...

* Protein Preparation Wizard...
Shape Screening...

Develop Pharmacophore Hypothesis...
LigPrep...

Fingerprint Similarity...

Receptor Grid Generation...

* Ligand Interaction Diagram...
Peptide Docking...
Metadynamics.

Simulation Quality Analysis...
Simulation Event Analysis...
Metadynamics Analysis...
Binding Pose Metadynamics...
Protein Preparation Wizard
Protein Reliability Report...

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

File Edit Select Workspace Scripts View Window Help

B A- @ Molecular Dynamics

odel system

FrTSEIY Load from Workspace - Load
The system is not specified.

Title

3LAU
: e . . P . i
S e Simulation time (ns):  Total: 1.2 Elapsed: 0.0

3LAU - hbond-opt Recording interval (ps): Trajectory: 4.8 Energy:|1.2
3LAU - fully_prepared Approximate number of frames: 250
3LAU Ensemble class: NPT
BN e LS ) Temperature (K): 300.0| Pressure (bar): 101325
o LAl Surface tension (bar-A)
4 Relax model system before simulation
Relaxation protocol: Browse...

Simulation

Advanced Options...
Analysis
L1 Run interactions analysis when simulation job completes

Protein: Auto
Ligand: Auto

Desmond
Developed by D. E. Shaw Research

Job name:|desmond_md_job_2 V= Run

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

n ~ 13:56
t w7z 0
E Rl © 1ype here to search AN B DN g m

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

= @ Molecular Dynamics

Model system

i Measure

Title: 3LA
P'D%m_s Load from Workspace - Load

3LAU - minimized contains 31059 atoms.

3LAU Simulation
3LAU - preprocessed Simulation time (ns):  Total: : Elapsed:(0.0 |
3LAU - hbond-opt Recording interval (ps): Trajectory: Energy:[12 |

3LAU - removed waters Approximate number of frames:
3LAU - minimized

¥ MD: desmond_setup_1 (1)

Ensemble class: NPT -~
Temperature (K): 300.0 Pressure (bar): 1.01325]
Surface tension (bar-A) 0.0
[ Relax model system before simulation
Relaxation protocol: Browse...
Advanced Options...
Analysis
[JRun interactions analysis when simulation job completes
= Protein: |Auto
» & 3LAU - minimized Ligand: Auto
Desmond
Developed by D. E. Shaw Research
Job name: |desmond_md_job_1 - Run
Host=<dummy-gpu-host>:1, Incorporate=Append new entries as a new group 2

Qg
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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
":\ N ISAT ‘ Bl © Voiccular Dynamics

Model system

R\ Load from Workspace ©  Load

BCEREE 3| AU contains 39772 atoms.
Title

Simulation

3LAU — R

WA= e Simulation time (ns):  Total: 5 Elapsed: 0.0

3LAU - hbond-opt Recording interval (ps): Trajectory: 5.0 Energy: [l

 fully._prepared Approximate number of frﬂes: 1000

Ensemble class: NPT y
Temperature (K): 300.0|Pressure (bar): 1.01325
Surface tension (bar-A) .0
v Relax model system before simulation
Relaxation protocol:

Advanced Options...

Browse...

Analysis

L1 Run interactions analysis when simulation job completes
Protein: Auto
Ligand: Auto

v,
Desmond
Developed by D. E. Shaw Research
Job name:|desmond_md_job_2

- Run

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

[l © Type here to search

1357
29-09-2020

% q) ENG

@ Molecular Dynamics

Model system

Load from Workspace - Load

3LAU contains 39772 atoms.
Title

Simulation

3LAU :

AU e Simulation time (ns):  Total: 5 Elapsed: 0.0

3 opt Recording interval (ps): Trajectory:|s.0 Energy: 5

| Approximate number of frames: 1000

Ensemble class: NPT

N

: ?L[:Udesnwol\d,setuu,z (1) Temperature (K)

Surface tension (bar-A)
[ Relax model system before simulation
Relaxation protocol:
Advanced Options...

300.0 Pressure (bar):

| Browse...

Analysis

] Run interactions analysis when simulation job completes
Protein: |Auto
Ligand: |Auto

Desmond
Developed by D. E. Shaw Research
Job name:|desmond_md_job_2

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

-l © Type here to search
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Steps to follow for MD simulation Qualitative Visual
Analysis using Maestro

Open Maestro

1D Applications Places System = [EN@, @ Wed Oct 28, 10:08
Maestro - md-analysis-3lau.prj V) () (x

File Edit Select Workspace Scripts View Window Help
)

Row In Title

) [ [Mate Terminal) @ Maestro - md-analysis... | [Desmond-MD-3LAU] ¢ Simulation Interact...

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

1) Applications Places System = EH/@ @ Wed Oct 28, 10:10
Maestro - md-analysis-3lau.prj V) (@) (x

JillJ Edit Select Workspace Scripts Vi w Window Help

New Project... Ctrl+N

Open Project... Ctrl+0

Open Recent Project ’

Save Project As...
Close Project Ctrl+w

Import Structures.. Ctrl+l

Import Recent Structures
mpo
Get PDB...

Merge Project
Export Structures...

rom

Change Working Directory...

Back Up Project...
Restore [rom Backup..

Save Checkpoint

Quit

fJ @ [Mate Terminal] @ Maestro - i ion Interact...

arch



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 = \!}Q @ Wed ot 28, 10:14
Maestro - md-analysls-3lau.prj S x

File Edit Sclect Workspace Scripts View Window Help
R+

Rl* R-

Ligand Itz Prolen Preparation  Surface (Bindin

rkspace Navig

Row In Title
Import

Look in: /home/usar-38/Desktop/data/Docking-MD-Workshop-Files/Desmond-MD-31 AU

AR desmond_md_job_1_Lrj
Results

[}
Home Dire...

Cuslom Dir..*
desmond_min_job_l-in.cms

desmond_min_job_l-out.cms
desmond_min_job_l.cms
desmond_setup_l-out.cms

Working Di...

Options >> Help
Flle name: desmond md_job 1-out.cms
Files of type: Desmond (*.cms *.cmsgz *.cms.gz)

B @ [Mate Terminal]

arch

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

1) Applications Places System = [EH@ @ Wed Oct 28, 10:17
Maestro - md-analysis-3lau.prj x

% R- S e | Eem | AR

File Edit Select Workspace Scripts View Window Help
|

« Align

ond_setup_1_3-out (full system) me ire desmond_md job_1-out.cms

Double-click to view this trajectory

@ » & desmond setup_1 3-out.

% @ [Mate Terminal]

wrch



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

Click on the “Play” button to play the trajectory

1) Applications Places System |= !Q @ Wed Oct 28, 10:25

Maestro - md-analysis-3lau.prj x

File Edit Select Workspace Scripts View Window Help

d_setup_1_3-out (full

® » & desmond setup 1 3-out..

& =@ [Mate Terminal] @ Maestro - md-analysis... [Desmond-MD-3LAU]

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

1) Applications Places System = [El/@ @ Wed Oct 28, 10:27
Maestro - md-analysis-3lau.prj ) () (x
File Edit Select Workspace Scripts View Window Help

Apply Custom Preset

Reapply when Workspace changes

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)
@ » & desmond_setup 1 3-out.. Protein Interface

wh Antibody

24560 | SPC 6783
H>

% (@ [Mate Terminal] @ Maestro - md-analysis.. [Desmond-MD-3LAU]

wrch



Check the protein ligand interactions and play the trajectory

15) Applications Places System = El@ @ Wed Oct 28, 10:29
Maestro - md-analysis-3lau.prj v (A &

File Edit Select Workspace Scripts View Window Help

B: R

itle: desmond_setup_1_3-out (f

Row In Title

| desmona setup 13 %

Qo

4 » & desmond_setup_1 3-out..

oB

f = [Mate Terminal]

arch

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

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

1) Applications Places System = [EH/@ @ Wed Oct 28, 10:31
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Select any two atoms for which you want to calculate distances
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Now, Click on “Plot -> Measurements -> Currently in Workspace”
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Check the distance plot/s on the Right side panel and try to Export
the data in Excel format.
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Explore the options in “Export” button
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Explore the options in “Playback Settings” button
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Qualitative Analysis of MD simulation trajectory is Done.




