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Day 1 Agenda

A brief introduction to Schrodinger’s design platform
First steps in Maestro

Preparing proteins

Understanding the binding site

Lunch (12:00 — 13:00)

Designing new ligands: quick ideation

Preparing ligands and docking with Glide

Q&A and closing (15:00)
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Downloading the workshop files

Download workshop files & slides from here: hiips://bit.ly/3FnoSelM

Link will remain active until Friday

(@j Schrédinger


https://bit.ly/3FnoSeM

A few words about us

</>

Software Drug Discovery

* Drug Discovery » Collaborative Programs
« Materials Design * Internal Pipeline

~1 ,600 Customers worldwide* ~25 Programs

L‘ Computational __I

Platform

Industry-leading physics-based Enables discovery of high-quality, novel molecules faster, at a lower cost and we
computational platform believe with a higher likelihood of success compared to traditional methods

*Active customers as of Dec. 31, 2021. Active customers are defined as the number of customers who had an Annual Contract
Value (ACV) of at least $1,000 in a given fiscal year. See “Operating Metrics™ for additional information regarding these metrics.
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Schrodinger’s digital chemistry toolbox

Breadth of solutions that can be applied across the drug discovery life cycle

Stucte  FIND or DEVELOPMENT
refinement  DESIGN OF TimicE CANDIDATE

o7 RS Collaborative Enterprise Informatics
; Vo A g LiveDesign

Large scale (>10°) Free energy Physics-based MPO modeling

IFD-MD Glide (& Active Learning) B perturbation (FEP/MD/QM)
Pn”]e Shap@ V\/SC()I'Q, (FEP) Ro'a“ve Binding FEP.’. Jaguar
GlideEM AB-FEP+ Protein FEP+
Phenix/ Relative Binding FEP+ Solubility FEP+
3 Protein FEP
OPLS4 Large scale (>10°) o Membrane Permeabil

Fragment screening with,
AB-FEP+, WScore, Glide Machine learning
AutoQSAR

Active Learning

Computer-driven compound design
PathFinder, AutoDesigner |

Binding site analysis
WaterMap, SiteMap,
Desmond

@) Schrodinger



Get to know complex workflows at your own pace

Small Molecule and Biologics Drug Discovery

High- Free Energy
Throughput Calculations
Virtual for Drug
Screening for Design with
Hit Finding FEP+
and

Introduction Introduction
to Molecular to
Modeling in Computational
Drug Antibody
Discovery Engineering

Evaluation

Learn how to apply Learn molecular
molecular modeling in modeling solutions for
small-molecule drug antibody discovery and
discovery and design. design.

Learn best practices for Learn best practices for
using virtual screening using relative binding
of large ligand libraries. FEP+

Pharmaceutical

Organic Electronics B Ulations

https://www.schrodinger.com/learn/training

/schrodinger-online-learning
Homogeneous Catalysis & - .
Reacti?/ity y e Polymeric Materials
se Jo Surface Chemistr Consumer Packaged Goods
@) Schrédinger T e




Getting Started

Visualization basics
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Some tips and tricks: Getting unstuck

e Hover over it or right-click on it

o Tooltips let you know what a button does

o  Almost everything gives more options for interactions via right-click
e (7 Button in the panels

o Takes you to the appropriate part of the documentation
e Search the Documentation

o Finds both technical documentation and tutorials

e Search the Tasks Tool
o If you don’t know what it is called or to see if it is available

o Hit enter with a search term

@ Schrodinger



Project Setup for Day 2

0. In case you're using a trackpad or are uced to PyMOL:

3 buttons and scroll wheel

No M 3 buttons and scroll wheel

Rotal 2 puttons
Trang PyMOL mode
Trackpad

otate (gesture-...
ranslate (gesture...

Zoom

W Edit Select Workspace Scripts Customize Mouse Actions
—_——D Ctri+N l Customize actions for:
Open Project. .. Ctrl+O 1. Choose where project data :ﬁz:; 20 e IR
Open Recent Project chould be saved Bution 3
Save Project As... Ctrl+Shift+S oo
Close Project Ctrl+W 2:‘;:‘;:;

Zoom Clipping (forward/back)

Ctrl Shift+Ctrl
Pick invert Zoom
Z rotate Zoom

Z translate

Clipping (together/apart)  PrimeX Isovalue (inc/dec)

Si buttons:
Import Structures. .. Ctrl+l wap buttons

1&2 1&3 2&3

Reset Defaults

Import Recent Structures
Import From

Merge Project...

Get PDB... = 3. Fetch BACE-1 ctructure from the PDB
Export Structures... \

Export to LiveDesign...

Change Working Directory... ———-2. (et to where Maestro should put
results of calculations and other output
My recommendation: inside project folder

@ Schrédinger

() Get PDB File

Note: Downloading will create PDB files in the
current directory, and then automatically import them.

PDB IDs: |4DJX|

Chain name (optional): I

|

Include: [v] Diffraction data / EM ma [_] Biological unit
Fetching from: Local or Web Change *

Cancel | Help




Getting familiar with BACE-1 (PDB id: 4DJX)

200m and [t view (to all, celection, or ligand)

apply visualization presets
(double-click to apply defavlt precet)

— :
e 1//. \/ )
7 g

To reproduce: apply defavlt preset, toggle labels off and inferactions on, zoom fo ligand, adjust camera

@ Schrédinger 10



Getting familiar with BACE-1: Tweaking the style

“ 7 or Cerl-Click to add to quick celection shortfeuts: Protein, (igand, Solvent, and more change display of selected entities
celection
For labels, vribbons,
curfaces:
quickly switch befween selection modes - — Add/Remove
DB D, 40X ok il them here
= Element + Custom Ligand
) )  Show/Hide
S'earCA a"‘/ “a‘”?ate S’emaht’ca//y q Apply Labels thehl Aere:

i Ribbons
®

right-click menve recognize contfext

v & 4DJX
¥ X Ligands
X¥ B: 0KQ 501
X A 0KQ 501
v & Protein
» & ChainA
» (# ChainB
¥ .. Solvents
» A Waters
v £ Other
¥ X Other Hets

EDIT RIBBON
Delete

As B:TLA502
As A TLAS02

& [Residue Position v

[
4
L]
L4
L]
4
4
4
4
4
L
L4
L]
L]

Entry
CA Atom Color
Chain

Chain Name

VKSP 289

Residue Charge
Residue Property
Residue Type

Try To reproduce this view:

Secondary Structure

color ribbons by CA Atom Color, remove all labels, find and sefect Asp pair, chow — SiiidEine
(@Ej Schrédinger a¢ thin tubes, add labels for Asp pair only 11




Preparing Proteins

(the basics)
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Where are my hydrogen atoms?

- -

protein crystal diffraction pattern electron density map

@ Schrédinger

atomic model
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Not all Crystal Structures are Created Equal

In this case, the ligand density is In this case the density is missing, which
relatively unambiguous. may result in misleading information.

(@ Schrodinger
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These all look very similar in X-Ray experiments!
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How do | prepare a protein?

Protein Preparation Workflow takes care of:

Alerting you to potential issues in the structure
Adding in missing atoms, residues, and short loops
Adding hydrogen atoms to achieve sensible
protonation states for given pH

Constructing a reasonable hydrogen-bond network
Resolving common issues and ambiguities in the
crystal structure

reset panel to defaults

(@j Schrédinger

Find ‘Protein Preparation
Workflow” in Tasks

@ Specify Protein

) Protein Preparation Workflow = m] X
Preparation Workflow  Diagnostics =~ Substructures
Toggle steps on to include them in the job INTERACTIVE

For more control you

could cwitch to

Use structures from: Workspace (included entry)

Entry: 1QBT (2)

Review Siructure

v || Get PDB...

Global Settings v

interactive mode

@ Preprocess

Cap termini
7 actions selected Reset

Fill in missing side chains More Options v

@ Optimize H-bond Assignments

If checked, automatic optimization will be performed to

1 &

Setti
address any overlapping hydrogens. S
@ Minimize and Delete Waters
If checked, a restrained minimization will be performed, Seftings v
and then specified waters will optionally be deleted.
(ink e documentation
Job name: |proteinprep_1QBT |¢' >
@ 7

16



Preparing our Protein |: What’s in the structure?

Protein Preparation Workflow = O

Preparation Workflow Diagnostics Substructures

See Reports for more information about the protein
Valences Reports

Valence errors were found. The problem may be missing H or an
incorrect number of bonds. The Preprocess step adds H based on the
heavy atom. You may also change the element, charge, or number of
bonds using the or right-click menu options

Select table rows to review the corresponding items in the Workspace

Atom Residue  Atomtype Expected Bonds Actual Bonds
N A:GLY 58 NB (28) 3 1 I
C2 A:GLY 58 CB(5) - 2 I
N5 A:SER59 NC (29) 3 2 I
Cc6 A:SER59 CA(4) - 3 I
C9 A:SER59 CB (5) 4 2 I
010 A:SER59 OA(17) 2 1 I
N 11 A:PHEGB0 NC (29 3 2 I
C12 APHE60 CA(4 - 3 I
C15 A:PHEG60 CB(5) 4 2 I
C17 A:PHEG60 CD (7) 4 3 I
C18 A:PHE60 CD(7) 4 3 I
C19 A:PHEG60 CD(7) ) 3 I
C20 A:PHE60 CD(7) 4 3 I

< Workflow Substructures =

(@j Schrédinger

() Protein Preparation Workflow - O X

Preparation Workflow  Diagnostics ~ Substructures

Reload from Workspace

Entry: 4DJX (1)
Choose items below to view in Workspace, copy, or delete. | Select ¥ i

Ligands, Metals, Other. The Lig column shows detected ligands. To
change the classification, visit the Ligand Detection. .. settings, then click
Reload from Workspace above.

The Preprocess step may generate multiple states for your ligands. The
(likely) most favorable state will be checked by default. Optionally choosé
a different state to keep.

Lig Chain Res Name + #
X A 0KQ 501
A TLA502
X B 0KQ 501
B TLA 502
Waters: Chains: Expand to PDB chain
Chain Res Name +# * Chain Type
A HOH 601 A Protein
A HOH 602 B Protein
A HOH 603
A HOH 604
A HOH 605
A N ane ¥
449 items selected Clear Copy to New Entry  Delete from Entry
|  Prepare Selected Only... | ~ <Diagnostics |

(64 ©)

We prepare only chain A and delete TLA:

1. Select TLA from chain A

2. Ctr(+Click to also celect Chain B
— Expand sefection to PDB Chain

3. Create copy of the entry with deletions applied

Row

17



Preparing our Protein ll: Running the Preparation

1

() Protein Preparation Workflow - O X
Simulation pH:
Preparation Workflow  Diagnostics ~ Substructures ] Use PDB value instead: (N/A)
Toggle steps on to include them in the job. INTERACTIVE Small molecules ("hets") to process: €

MDetected L ds
() Specify Protein EDetected Ligands

= i
Use structures from: Workspace (included entry) v || GetPDB... | 4 Metals and ions
’ } i O Non-water solvents .
Entry: 4DJX - with-deletions (2) Oth
3 v - 2 .
Review Structure Global Setlings v b O Allgn to: First selected entry PDB I:]
Assign bond orders: Using CCD database
& Froprocess Replace hydrogens
Cap termini Fill in missing side chains More Options v Create: & Zero-order bonds to metals
7 actions selected Reset Disulfide bonds
© Antibody annotation scheme: Kabat v
2"‘/'7"‘": Hd'b°":' Assf'?"mef“f T TR O Renumber residues to match scheme
checked, automatic optimization will be performed to Setti 5 - -
address any overlapping hydrogens. s U Add terminal oxygens to protein chains
O Convert selenomethionines to methionines
& Minimize and Delete Waters O Delete waters beyond hets: 800 * A
If checked, a restrained minimization will be performed, o . O Fill in missing loops (using Prime) (i)
25 & 5 gs v ) z
and then specified waters will optionally be deleted. i - =
D ont de/ ete t/‘e watere Generate het states (with Epik): pH: 7.4 +/- |20 3
Aere uu/ex's' your ctructure Max states to process automatically

¢ too éig otherwise

For now, leave all seftinge at their defavlt value, o

give your job a memorable name and run it ® Converge heavy atoms to RMSD: A
(O Optimize hydrogens only

Force field: OPLS4 v| O Use customized version =
Delete waters:

Job name: |proteinprep_4DJX % - T O Distant from ligands (hets): 5 * A

(64 @ 0O With fewer than 3 * bonds to non-waters

(@j Schrédinger




Before and after protein preparation

Title:-4DUX - with-deletiohs /| Title: ADUX - prepafdd
Qs PDB | ad4DJX PDBID: 4DJX §

w In Title
1 4DJX

2 @ 4DJX-with-deletions
1 ¥ proteinprep_4djx_chai...
3 @ [ucpesed

v % Al

v & 4DJX - with-deletions
» X Ligands
» & Protein
» .. Solvents

¥ & 4DJX - prepared
» X Ligands
» & Protein
» .. Solvents

[
4
4
L]
4
4
4
L]
4
4

WORKSPACE LAYOUT

= ; ook
@ ety [Entn]- [[£][O 'Y X

X Stereo Font Size: A%la™

@ Schrodinger o

To reproduce: include both 4DJX-with-deletions and 40)JX-prepared,
re-apply precet, tile the workspace (“+” workspace widget)




Visualizing the Pocket in 2D

Find ‘Ligand Interaction Diagram”in the taske menu or the favorites bar 2]) projection tied fo 3] camera position

() 2D Workspace - Ligand Interaction Diagram =5 O X

SELECT Te) |V eeer [ |43 2 @Syncwith3D

.....

A ligand interaction L.l Ligand: [A 0KQ 501 v

C GLY Cutoff: _4A00 &

_ Structure Analysis D R 74 @ H-Bonds

Simulation Interactions Diagram... ligand interaction diagram v TRP N Salt Bridges

. - ILE
Filter Docked Poses. . DRAW i e GLN Waters

N 3 \ O Protein-Water H-Bonds
Metals
7 Pi-Pi
Pi-Cat
, Solvent exposure
O 1 letter code

PHE
169

TRP
137

Generate and display a 2D diagram of the interactions between a ligand and various
protein residues. Opens the Ligand Interactior ram panel. ILE
179

SER
96

GLN \

134 GLY
95

TYR
132

@ Schrodinger 20



What to do with the crystal waters?

Some workflows require a ‘dry’ structure,
e.g. SiteMap, Glide docking

For all MD based workflows, X-ray waters
are helpful as the protein must be solvated

Best practice recommendations:

Keep waters through to the end of the
preparation workflow

Duplicate your structure and rename it
Select all water molecules and delete them
Use ‘wet’ or ‘dry’ structure as appropriate

(@j Schrédinger

1 v proteinprep_4djx_chail Exclude

V¥ proteinprep_4djx_chainA-out (1)

4DJX - prepared

Fix in Workspace

Lock (set non-editable)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Selected Atoms

Display
Style

Expand to Full PDB Chain

Copy to New Entry
Extract to New Entry

Delete Atoms

Split »
Duplicate 4 In Place

Entries Only (In Place)
Delete Into New Group...
Addto Shoitcat Rows Into Existing Group...
b o As Ungrouped Entries
Set Stars » v Copy Properties

click sefected entry to rename

Make suvre the
“‘/D]X-,bre,baked-dry”
etructure ic inclvded!

21



Understanding the
Binding Site

using SiteMap

/A\\



Many tools provide insight into the binding pocket

Mixed Solvent
MD (MxMD)

WaterMap

Protein Reliability p Protem :
Report/PrimeX reparation SiteMap
Workflow
Structure liabilities Add missing o |dentify potential
Missing density atoms binding sites
Structure Remove o Characterize
refinement crystallography binding site
artifacts

Protonation and
tautomeric states
Relaxation

Static

@ Schrédinger

Identify potential
cryptic binding
sites

Allow protein
structure flexibility
Uses small
molecule probes

Dynamic

|dentify hydration
sites

Calculate the
energetics of
waters

23



What does a binding site look like?

cpecific inferaction
concave pocket : "
pointe for recognition

or functionality

4
RSN

PDB: 1FJS (human Factor Xa)

at least partially

hyc/rop/wéic residue type: hydrophobic, polar uncharged, positives, negatives
@ Schrodinger 24




A rough overview of the shape of BACE-1

One way to render the protein surface:

v & 4DJX - prepared

» X Ligands

» & Protein

» .. Solvents

Right-click surface fo configure:

Name: |QuickMolecularSurface

| I . .
: - Style: (®) Solid (_) Mesh(_) Dot
Display Options... Tgns:;?rency: O O
Hide Front surface: {20 %
Delete Back surface: {20 ¢ _
Color scheme: | Constant v

Manage Surfaces... Color:

(@j Schrédinger - Bl oo

4DJX chain A - dry




What does an “empty” binding site look like?

An empty binding site is a high-energy state!

- apo and holo conformations can be very different
L hand-in-glove, not key-in-lock
L cryptic pockets are induced by ligand binding

Structures of TEM1 cryptic pocket (left: 1JWP, right: 1PZO)

@ Schrodinger 26



Sidenote: how do we find where binding sites are?

experimentally: ligand-bound crystal structure, multiple-solvent crystal structures

computationally:

e compare with homologs to find binding-site-like sequence or structure patterns
can work well for representatives of a populous class of proteins (e.g. kinases)
— homolog with validated binding site is very helpful here

e scan surface topology to identify cavities likely to be pockets
can use a mix of geometry, energy, and other physchem properties

can work either on
static structure of target (quick, but cannot account for flexibility of protein)
or incorporate full dynamics (computationally expensive, but can find cryptic pockets)

e variety of methods available, consensus methods (knowledge+physics) can help de-risk

@j Schrédinger
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How SiteMap finds and scores sites:

OCOOOOOOOC
OO OO OO 0O0OC

QOO0 O00O00OO
overlay grid, : group points as sites, sample interactions with
discard internal points determine enclosure bridge gaps water-like probe
/“SiteScore: Can the site bind ligands tightly? ™\
calculate scores for each site based on: - calibration:
- size of the site (larger sites are usually preferred) > 0.8 reasonable, > 1 promising
= - openness to solvent (deep sites have lots of functionality)
- hydrophobic vs philic character (hydrophobicity aids binding) DScore: Is the site druggable?
- donor vs acceptor character (good ligands tend to donate) - calibration: > 1 promising

\/olume, Balance, ...: SiteMap User I\/Ianuau

@ Schrédinger G_C_i( Halgren, T., J. Chem. Inf. Model., 2009, 49, 377389 28



https://www.schrodinger.com/sites/default/files/s3/release/current/Documentation/html/sitemap/sitemap_user_manual/sitemap_user_manualTOC.htm?tocpath=Small%20Molecule%20Drug%20Discovery%7CProduct%20Documentation%7CSiteMap%7CUser%20Manual%7C_____1

Find SiteMap in the tasks menu

Using SiteMap: Evaluate

Make sure you've included the dry’ T s =

etructure wit hout w m‘ o S’./ I Fi_lr_ld, kvisualize and evaluate protein binding sites
as
() Identify top-ranked potential receptor binding sites
(All atome.in the workspace constitute the receptor)
(®) Evaluate a single binding site region:
Region avout selected atoms plus DA buffer will be examined
Select non-receptor atoms defining region to evaluate

ASL: |mol.n 2 X
O Pick 'Molecule ~ & Show markers

V¥ proteinprep_4djx_chainA-out (1)

4DJX - prepared

Settings
Require at Ieast site points per reported site
Report up to 5 sites (site-point groupings)

c//ck /l'ya.hd n “’arég’pace to select ,'f Use more restrictive | definition of hydrophobicity
Use standard + grid

Crop site maps at A from nearest site point

O Detect shallow binding sites

Job name: |sitemap_4DJX_evaluate] LA Run

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

(@j Schrédinger 29




Interpreting SiteMap results

¢ /WA‘t S’A t{'g’/ h 7‘ ‘ew it f.S’.’
include all ovtput entriec by Ctri+Clicking 0ggle white sphere aicpiay here o view site mefric

the empty circles

i
3 V¥ sitemap_4DJX_evaluate_out (3) Row In Show Property...
v

) sitemap_4DJX_evaluate_site 1 4 * Al

® sitemap_4DJX_evaluate_protein v & sitemap_4DJX_evaluate_site_1

® sitemap_4DJX_evaluate_ligand > cr{ Other @ Show Properties in Table X

Choose

SiteScore
Dscore
balance

volume

Delete | OK | Cancel

Title SiteScore Dscore volume balance

4DJX chain A - prepared
4DJX chain A- dry S|

¥ sitemap_4djx_evaluate_o...

sitemap_4djx_evaluat.. H 1.055666 1.072768 602.308000 0.828940
sitemap_4djx_evaluate_pr...

\ \ sitemap_4djx_evaluate |i...
~

(@)} Schrodinger character of pocket: , donor preferred, acceptor preferred 30




Designing Ligands

quick ideation with targeted enumeration and docking

T



Getting started with Designing Ligands

Open a new Maestro session

File — Open Project...
Find LIGAND DESIGNER BACE.prjzipin the provided files

Include everything in the STRUCTURE FOR ANALYSIS group

Find “Ligand Designer” in Tasks and open it:

e
Y

< Browse

* Ligand Designer.

Click “Analyze Workspace”

(@j Schrédinger

Ligand Interaction Protein Preparation Surface (Binding S

() Maestro - Scratch Project (from LIGAND_DESIGNER_BACE.prjzip) - C:\Users\kraemer\donotbackup\mae_scratch\Tmp_30|
File Edit Select Workspace Scripts View Window Help

A A-

Measure Ligand Designer Ligang

Title
Include
¥ SIBUCTURE FOR ANALENS £} Include First Entry (Top Group)

4DJX - WATERMAP Rename

p ACTIVE LIGANDS WITHIN THE SAME SERIH
p SAMPLE LIGAND DESIGNER RESULTS (80)

Duplicate »

Delete

32



Now let’s tweak our ligand!

choose a workflow: Some Ideas:
Attach R-Group

Fill Growth Space
Bioisostere Replacement
Isostere Scanning
Displace Unstable Water

- Remove Thiazole qrovp

Ligand Designer

4DJX ORIGINAL LIGAND

mark ligand idea as favorite

DISPLAY [T Replacg Stable Water .
Ligand-Receptor Interactions Form nggnd-Receptor Interaction
Displaceable Waters B Replaceable Waters CYCIlze ngands

customize what to chow/highlight Growth Space W Pathfinder Bonds Hybridize Ligands

Ligand Surface M Receptor Surface 2D/3D Editing

Dock Ligands from File...

MULTI-PARAMETER OPTIMIZATION 2o

AlogP

N/

llow the mpts in the banners
customize MPO function follow ,br pte in "

K ORIGINAL LIGAND

arrows highlight pocsible modification
AlogP 0.9
e.g.: cort celected HED 2 vectors

ligands by MPO score S

POST-PROCESSING

Save to File... v

@ Schrodinger | 33




Ligand Preparation &
Docking

setting up and validating a docking model

/A\\\



Different goals in HitID and LeadOpt require different tools

Target Hit Lead Candidate

selection identification optimisation selleEion Clinical trials

. A | - v — o @
L . ° o o - o ﬁ«u
e ' > * v >\A v = « ~§
» .
o @ ¢ / —
Aim of virtual screening is to Aim of virtual screening is to
filter down large libraries of rank order congeneric
diverse compounds compound ideas
Requirement is enrichment Requirement is to accurately
wrt random screening, and predict binding and rank
to find diverse hits similar compounds
Additional properties are Compounds have to
nice to have but less optimally balance activity
important at this stage and other properties

@ Schrédinger 35



This afternoon’s questions:

Which of these ligands
is the tightest binder?

How well does this
ligand idea fit into the
target?

These questions are complex, and cannot be answered by individual tools
= combine tools in concerted, validated workflows to get a rigorous answer!

@j Schrédinger
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What do we mean by docking?

What do we hope to achieve?

generate a realistic pose of the bound ligand
distinguish between binders and non-binders
get a (semi)quantitative measure of how strongly the ligand binds — scoring

(@j Schrédinger
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What’s the point of scoring?

Hit
identification

A useful scoring function...
provides enrichment
does well comparing diverse cpds
is very efficient to calculate

(@j Schrédinger

Lead

optimisation

A useful scoring function...
is a proxy for the binding affinity
does well comparing similar cpds
prioritizes accuracy over speed

38



How to Approach Molecular Docking

Many docking algorithms and scoring functions:

placement: systematic, MD-based, shape-based, genetic algorithms
scoring: force field, empirical, knowledge-based, machine learning

Challenges:

computational cost of treating the receptor flexibly is immense
— most docking tools use rigid-receptor docking

tricky to find both efficient to calculate and binding-affinity-like scoring functions
— focus on distinguishing binders from non-binders

Friesner, R. A. et al, J. Med. Chem., 2004, 47, 1739-1749.
Halgren, T. A. etal, J. Med. Chem., 2004, 47, 1750-1759.

e Friesner, R. A. et al, J. Med. Chem., 2006, 49, 6177-6196.
(@)} Schrodmger Repasky, M. P. et al, J. Comput. Aided Mol. Des., 2012, 26, 787-799. 39



Rigid-Receptor Docking using Glide

Analyze

Prepare

Validate Model Dock & Score

Protein & Ligands sty Deretding

Results

Get to know your system
find the binding site — SiteMap, MxMD, ...
pay attention to protonation/tautomer states

Use a ligand-bound structure
lacking an experimental structure, use IFD-MD

Pay attention to flexibility of binding site

compare to homologs, across ligands, run MD

Decide which waters to keep (after PPrep)
structural waters: check literature+WaterMap

= if in doubt, use ensemble of structures

@ Schrodinger

Is it the relevant Is there a structure of the Yes (FEP+).
\. Collect and 1s there  sucture| e, _| omain in i relevant -—Yes-p- | argetwitha lgand n the
Rapidly Review o conformation? relevant binding site?
Available Target T
Structures No (FEP+) Yes (VS),
Il. Assess

Structure Quality

ST fake a judgement s there poor agreement | 4————Yes e the toand or
(Erotsinpelianiity on your confidence. |—Yes— between the electron density Are the Sgand o
Report) and Verify A binding site RSCC

i with the target and your structure(s)? No A
Electron Density values sub-optmal
(PrimeX)

I .

j«Yes—_ the protonation
binding

Il Prepare the
Structures Using the
Protein Preparation
Wizard

Function-related checks

O What's the subcellular location of the protein?
O s the protein a monomer or a multimer?
If a multimer, is it a homomer or a heteromer?
[ s the protein known for multiple
conformational states?
O What about atypical chemical forms?
O Maybe there are some PTMs?
O Are any metals involved?
O  Does the protein bind any other cofactors?

Sequence-related checks

O Is the whole protein there? Any
missing (sub)domains?

O  Are you working with the correct
sequence?

O Are there any “extras”, e.g. signalling
peptides or expression tags?

O  Are there any homologues?

Is there any ambiguity for

ot necessarily an
flags in the PRR |—No—pm( s rih
site report resolved? looking into®

the recommended ranges:

Are all the minor
states in the |-—No.

Optional | Is my binding site
very flexible durin
an MD simulation’

Are the following values all within Are there high energy

hydration sites or de-wetied

SiteScore 2 1, DScore 2 1, Yes. regions in the binding site that
Balance 2 0.3, and Volume >225 could serve as potency
and <6007 handies?
Yes (Optional)

Use this t0 inform
your ideation and

selection

X-ray related checks

Is the resolution high enough?

Are the Rand R, factors low?

What are the B-factors like?

What about the RSCC values?

Are there any geometric outliers or

clashes?

What were the experimental

conditions like?

O Are there any parts of the structure
that don't fit the electron density well?

O  Any alternate conformations of protein
residues or ligands?

O  Were some parts of the protein
modelled in (0-occupancy atoms)?

0 What about the missing
atoms/residues?

O Could the crystal contacts have

caused some artifacts?

ooooo

o

a -Yes (vS)—>|
2

Is the ligand congeneric (o

the series of interest? |0~

‘Ave binding site loops and
side chains consistent
among your structures? | yes,

T
No

Yes

For the best structure(s),
No. does the binding site have
missing loops/residues?

Yes

Go ahead with

ISSoVS: the virtual screen

Yes/No FEP+. retrospective

Preparation-related checks

O Are the bond orders assigned to
HET groups correct?

3  Are the protonation/tautomer states
of HET groups reasonable?

O Any titratable residues of interest?

1 Does the hydrogen bond network
(incl waters) make sense?

O  Have residues/loops been rebuilt
correctly?

1 Have non-standard residues or
PTMs been treated correctly?

O Is the resulting structure stable?
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Ligand Preparation

Brc1ccc(CNCCN2CCN(Cc3ccdceececc4[nH]3)CC2)cc

@ Schrédinger
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Recommendations for Ligand Preparation

Glide will only dock ligand states that are provided and only
scans torsions

N

(0]

g @Y ) )
Use LigPrep to generate low energy ionization/tautomeric 3 W )\

states for ligands s AN S /

. : L Y -
Typical expansion of compounds by State penalty
ionization/tautomeric/stereo expansion is 2.5x : “’ 31 = 0.0 kcal/mol

Increase or decrease pH value and +/- range depending on
target physiological location and project goals

TYR
121

@j Schrédinger

Methotrexate bound to DHFR (1U72)

State penalty
=1.43 kcal/mol
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Setting up Ligand Preparation

Open a new Maestro session
File — Open Project...
Find BACE docking start.prjzipinthe provided files

Select both known actives

Row In Title and a’ecoyc

V¥ proteinprep_4djx_chainA-out (4)
4DJX - prepared S
V¥ 4DJX - prepared_split_by_structure (3)

4DJX - prepared_ligand
4DJX - prepared_waters
4DJX - prepared_protein
P actives (15)
P decoys (100)
P ligprep_BACE1_validation-out (237)

Name your job and run it

(@j Schrédinger

Use structures-f=0n: Project Table (115 selected entries) v ||

Filter criteria file: ] ] Create... Browse...

Maximum ligand size: atoms
Force field: | OPLS4 v| [ Use customized version |s-

lonization:
(©) Do not change
O Neutralize
(®) Generate possible states at target pH:(7.4 [+-2.0 |

[ Add metal binding states
[ Include original state

Desalt [] Generate tautomers
Stereoisomers

Using: () lonizer (®) Epik

Computation:
(®) Retain specified chiralities (vary other chiral centers)
(O) Determine chiralities from 3D structure
() Generate all combinations

Generate at most:per ligand

For SD V2000 input, generate enantiomers if the chiral flag is 0

Output format:(®) Maestro(") SDF

Job name: \ligprep_BACE1_va|idation_2 ¥~ Run

Host=localhost:4, Incorporate=Append new entries as a new group @

Find (igPrep in the facks menu

Adjust pH
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() Generating ionization/tautomer states

Four options currently:
— simple rule-based — very fast, but struggles with complex chemistry
— Epik(-classic) — still fast, but should do well for most systems

— Epik7 — ML-based, in beta in 22-3 release (not in LigPrep GUI yet),
better than Epik-classic across the board

— QM pKa prediction — very costly, does not generate states for you, but gives you
information to understand detailed acid-base behavior

Epik state penalties estimate free energy required to generate ionization state in water with
corrections for interaction with metal sites

@ Schrodinger

44



Rigid-Receptor Docking using Glide

Prepare

Analyze

Setup Docking Validate Model Dock & Score
RENIE

Protein & Ligands

Glide is optimized for speed:

uses “gridded” representation of the binding site to speed

up calculations
ligands must fit within outer box,
ligand centers must lie within inner box

only scans rotational DOF of ligands

employs a funnel to discard bad ligands and poses without
calculating costly interactions

focuses on giving good poses and separating binders from
non-binders
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find Receptor Grid Generation

in the taskse menu

Setting up the Receptor Grid

Make svre you split your prepared
ctructure to extract ligand and colvent

=HiL Hripeak Click the ligand to define the binding site:

Duplicate » By Chain

Merge Into Ligands, Water, Other

Delete . Receptor Grid Generation
v Copy Properties

Receptor ~ Site  Constraints  Rotatable Groups  Excluded Volumes
Define receptor

If the structure in the Workspace is a receptor plus a ligand, you must
identify the ligand molecule so it can be excluded from the grid generation.
H Pick to identify the ligand ' Molecule & Show markers

Van der Waals radius scaling

V¥ 4DJX - prepared_split_by_structure (3)

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 &

O Use input partial charges

4DJX - prepared_ligand
4DJX - prepared_waters
4DJX - prepared_protein

7 .
Ih CIUde quX - Ibr‘elba'l’ec{‘-lbra?‘e"’l &U’ld O Generate grid suitable for peptide docking
“quX - P r e,bal' ed_ /I'gahd 7 Advanced Settings. .

Job name: }glide-grid_1

Host=localhost
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Setting up the Receptor Grid: Constraints

2 . . Receptor Grid Generati
Define any constraints you consider § T
. A A A Receptor Site  Constraints = Rotatable Groups  Excluded Volumes
Llflhy holw, we can choose w 87‘ er 2 constraints have been defined (limit is 10 total)

Positional/NOE (0) H-bond/Metal (2)  Metal Coordination (0)

to actvally uce them later.

Pick receptor atoms that could participate in hydrogen bond or
metal-ligand interactions during docking. Ligand interactions with these
atoms may be chosen as constraints during docking.
Receptor atoms: ,

Name Atom Use Symmetry
AASP:.. 538 ... ©@

AASP:.. 3568 ... &4

Delete
“ Delete All

= Pick atoms B Show markers & Label atoms

~
5N |

Job name: glide-grid_1 . , i
\ ‘ASP:289:0D1(h
Host=localhost \ | WAABP:289:0D1 (hbond

- :A!P;-zag;op1thbond)

|

Find and click the Asp oxygens in the workspace
@) Schrédinger 47




) Grid generation

@ O Receptor Grid Generation E
Site l Constraints | Rotatable Groups l Excluded Volumes
Sealing of van der Waals radii of nonpolar atome Define receptor
a(ecreas'er ,bena/ﬁec for 0/098 con?‘actc alad can ée ucea( If the structure in the Workspace is a receptor plus a ligand,you must
/ h ” ” /, A / identify the ligand molecule so it can be excluded from the grid generation.
] ve in n qand.
Lo mo‘/e a f/lg f give ¢ the rece,btar a d the 1ga d Pick to identify the ligand Molecule 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
Pe,bt:‘z/ec are more f'/exié/e tAan rma// mo/ecu/e ﬁ'gam{r _ x?)ltut(;)a Isecs:I;l;an the specified cutoff. All other atoms in the receptor will
6//0{8 can dock short ,be,bt/dec, but fak anyt/u'hg /anger Scaling factor: 1.0 C Partial charge cutoff: 0.25 S
than ~15 residves, uce dedicated peptide docking tools. _ .
Use input partial charges
Generate grid suitable for peptide docking
Advanced Settings...
Aromatic H-bonde and halogen bonds are not
ccored the came as reqular H-bonds by default.
L. Job name: glide-grid_6cm4| %~ Run
If they are escential in your syctem, you may
Host=localhost ()
want to change that here. ke 2l
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) Grid generation

May be vseful if your reference ligand sits off-center in a

@ Receptor Grid Generation

Receptor m Constraints | Rotatable Groups l Excluded Volumes

Enclosing box

The docked ligand is confined to the enclosing box. Display box
/arjel’ FOCléet- \
Center:

Specify ligand cize to be docked (cize of outer grid box).

Increace if docked ligands are larger than the reference \:izet

used to define the grid, but keep as cmall ac poscibfe.

In the advanced settings the inner grid box can be
cpecified (where the ligand centroid will be placed
during docking). Increage if ligands might occupy
different parts of the binding pocket.

(@j Schrédinger

Job name: glide-grid_6cm4 v

© Centroid of Workspace ligand (selected in the Receptor tab)

Centroid of selected residues:

Supplied X,Y,Z coordinates:

© Dock ligands similar in size to the Workspace ligand

Dock ligands with length <= A

Advanced Settings...

Host=localhost [ 7]



) Grid generation — Constraints

@) [ ] Receptor Grid Generation

Receptor | Site Rotatable Groups | Excluded Volumes
- Constrainte are vsed to biac Glide if the docked posec

. X 1 constraints have been defined (limit is 10 total)
do not match experimentally validated poses. N -
Positional/NOE (0) H-bond/Metal (1) Metal Coordination (0)

- You chould define any constrainte you consider using
Pick receptor atoms that could participate in hydrogen bond or
Aere, Yyou can choace wheﬂter 7‘0 actua//y use them metal-ligand interactions during docking. Ligand interactions with these
atoms may be chosen as constraints during docking.

later. Receptor atoms:

- Validate your model by docking known actives both Name Atom Use Symmetry
A:ASP:114:0D2(hbond) 1293 A:114(ASP) 0D2

with and without constraints.

Delete
Delete All
Pick atoms Show markers Label atoms
Job name: glide-grid_6cm4 ¥~ Run
kHost:localhost [ ':?.
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Rigid-Receptor Docking using Glide

Prepare Analyze

Setup Docking Validate Model Dock & Score
RENIE

Protein & Ligands

Retrospective analysis is essential for model validation:

evaluate how well methods work in general, whether they work on your specific target, whether they
are configured correctly

use the most similar retrospective setting

usually done on a set of known active and inactive compounds (or decoys)
in HTVS, evaluation is done using metrics like enrichment or correlation
re-docking co-crystal ligands, known actives and inactives is good practice

= The more data you have for your target, the more rigorously you can validate!
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Rigid-Receptor Docking using Glide

Prepare Analyze

Setup Docking Validate Model Dock & Score
RENIE

Protein & Ligands

Details on how Glide finds docked poses can be found in the user manual.

There are three main scores from a Glide run:
GlideScore:  Base score of a docked pose

docking score: GlideScore (+ Epik state penalty + strain penalty)
used to rank diverse ligands

emodel score: Reweighed GlideScore + interaction energy + ligand strain
used to rank poses of the same ligand

= Remember: none of these scores used for rank-ordering of similar ligands
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Docking our Set of Ligands

Navigate to your glide-grid_BACE_1DJX_dry.zip

(found in the project’e working directory)

Receptor grid:| From file v O Display receptor ' Show'grid boxes
File name: Ia_docking_ﬁrsttry. prj\glide-grid_BACE_4DJX_dry\glide-grid_ BACE_4DJX_dry.zip| Browse...

Ligands Output

Settings  Constraints

Ligands to be docked

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

Use ligands from: Project Table (237 selecte -

O Use input partial charges
Do not dock or score ligands with more than: atoms
Do not dock or score ligands with more than: 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: Panial charge cutoff:

Job name:[glide-dock_SP_1 [t -

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

| celect ligprep_BACE
group in the entry list

well run docking twice:
1.  wno conctraints on

2.  both constraing on

(@j Schrédinger

find (igand Docking
in the taskse menu

Ligand Docking nl

Receptor grid:|From file v [0 Display receptor ! Show grid boxes
File name: le_docking_ﬁrsttry.prj\glide—grid_BACE_4DJX_dry\gIide—grid_BACE_4DJX_dryzip Browse...

Constraints ~ Output |

Ligands  Settings

Receptor Core  Shape  Torsional

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

Group A (0/0)

Constraints - Total: 2In use: 0 Show markers

Name
O A:ASP:. .

Use Receptor Constraint Type
H-bond

H-bond

Ligand Feature
Donor (4 patterns)

O  AASP:.. Donor (4 patterns)

Match: (@) All checked items () Atleast: 1 *

Add Group O Test constraint satisfaction only after docking

Joh.n{ We: glide-dock_BACE_noConstraints| |~

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

give your twe jobs distinct names, e.g.

‘9lide-dock_BACE_noConstraints” and

“Glide-dock_BACE_hbond”
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Docking Setup Settings — Glide Modes & Sampling

HTVS mode is for scanning through extremely large datasets. LX) LigandiDocking )
Standard-precision (SP) docking is appropriate for screening ligands of Receptor grid:  From file Display receptor
unknown qua|ity in |a|-ge numbers (general-purpose mode)_ File name: /Users/vass/Documents/maestro/D2/glide-grid_6cm4/glide-grid_6cm4.zip Browse...
Extra-precision (XP) docking and scoring is a more powerful and Lgence Canshaiix 9 Gutpat
discriminating procedure, which takes longer to run than SP with [ Precision: = SP (standard precision) (0] ]
additional scoring function terms. XP is designed to be used on ligand

Ligand sampling: = Flexible &

poses that have been determined to be high-scoring using SP docking.

Sample nitrogen inversions

Peptide mode does not exhaustively sample ligand conformations and Sampleling eontoinations
. . . . Sample macrocycles using Prime.Non-macrocycle ligands will be skipped.
should be used with a grid generated for peptide docking include siput ring carformation

Bias sampling of torsions for:
© All predefined functional groups
Amides only:  Penalize nonplanar conformatione

None

Ueeful to put additional emphasic on conjugated pi groupe if

Add Epik state penalties to docking score

c{océed Pogeg dg ot mafc/l ex'ber,'mehfa/ reru/ty \ Reward intramolecular hydrogen bonds

Enhance planarity of conjugated pi groups

Increacing the campling can help if poces for known binderc are not found: ——

Advanced Settings...

Use enhanced sampling These settings control how many poses pass through the initial Glide screens
Enhance conformational sampling by: 2 7 times K R : A -
v e 00 es per ligand for the initial phase of dockin
il 5p v Posesp gendiiontse phase ot do 9 Job name: glide-dock_SP_6cm4_ChEMBL| &~ Run
Scoring window for keeping initial poses: 100.0 s .
Keep best 400 : poses per Ilgand for energy minimization kHost:localhost:‘l,Incmporate:Append new entries as a new group | ? ’J
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Docking Setup Settings — To Constrain or Not?

Unbiased docking is usually best to start with to o e pectine

N N R Receptor grid:  From file e Display receptor
See If the Ilgands Can be dOCked WIthOUt File name: /Users/vass/Documents/maestro/D2/glide-grid_6cm4/glide-grid_6cm4.zip
incorporating any additional constraints

Ligands | Settings Output
. . Grid-based l Shape | Torsional
Biased docking can be useful when

Use core pattern comparison
unbiased docking fails but specific interactions are

Use for RMSD calculations only

. ORestrict docking to reference position

known tO be Im pO I'ta nt, or Tolerance: 0.10 J A Retry with less tight core constraints (1.0 A) if poses are rejecte
. . . . . Define core

the ligands are highly §| milar (e.g. for generating S

poses for FEP calculations)

Reference file:

Validate your ChOiceS by re-dOCking known aCtiveS Cor;al\::r:i:umcommonsubstructure

and i naCtiveS All heavy atoms

All atoms

SMARTS pattern:
Sidenote: LigandDecigner vses maximum common

Skip ligands that do not match core pattern

cubstructure docking to quickly find binding poses for ideas

Job name: glide-dock_SP_6cm4_ChEMBL|

Browse...

Run

kHos'(:localhost:1,Incorporate:Append new entries as a new group

@ Schrodinger

95



Docking Setup Settings — Reporting Options

r. © Ligand Docking B
. , id: F fil ] ispl
For virtval screening we veually only need the fop poce, but for Receptor grid: | rom 17 B D
File name: /Users/vass/Documents/maestro/D2/glide-grid_6cm4/glide-grid_6cm4.zip Browse...
binding mode prediction we might be interested in more posec. T Dr— —r—
(Note: these chould be ranked by emodel score, not GlideScore) File type:
© Pose viewer file (includes receptor)
Ligand pose file (excludes receptor),in format
Limit the number of poses to report:
A/U"héel’ 0’[' }705'8(' n POQt‘C{OCéI.P\g m‘m’mizat/an Write out at most: 1 + Pposes per ligand
Perform post-docking minimization
gho&(/d ée 3_5 tl'mef /argek t/l an t/le haWLéel’ 0([ ——» Number of poses per ligand to include: 5 -
/’8}7 Ufted Pocef Apply strain correction terms
Write per-residue interaction scores
Compute RMSD to input ligand geometries
Advanced Settings...
Allowe vicvalizing contributions of each residue to
Final ligand ¢core
Job name: glide-dock_SP_6cm4_ChEMBL| %~ Run
Host=localhost:1,Incorporate=Append new entries as a new group ':)' IJ
[ 1d L]
(@j Schrédinger 56




Rigid-Receptor Docking using Glide

Analyze
Results

Prepare

Protein & Ligands Setup Docking Validate Model Dock & Score

Title: 15650 Known Active (x] ] Pose Viewer
Set Up
Export Rotatable Groups...

Rank distinct compounds by GlideScore and
multiple poses of the same compound by
emodel score

Per-Residue Interactions
Display Define...

Note:

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

Visually inspect poses to recognize scoring
function failures

Tips
* Use the left and right

Some unfavorable torsions or interactions
with the protein may be acceptable, as a
small conformational shift in the receptor can
resolve them

arrow keys to step through
the poses

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

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

0 atoms 0 residues

183 0f 4548 17 of 295
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Analyzing Docking Results: Pose Iinspection

View Poses... = Pose Viewer 5 X

Vicual ingpection of poses

422 O 4DJX - prepared_protein

423 : Analysis > Pose Explorer... Set Up Poses
424 061483 CHEMBLS Next Steps »  Pose Filter... Export rotatable groups...
425
G Enrichment Calculator. .. & Display per-residue interactions
421 Interaction Fingerprints... Type: Interaction energy v
Volume Clustering... Colors: B - v
Spectral Clustering.. Range: Custom v
Min-50.00 [¢] Max: [25.00 [£]
Apply to: All Residues v
Tips
* Use the left and right arrow keys to step through
the poses

* Use the X key to mark or unmark the current pose
« To view poses for existing results, select the entry
group and click "Set Up Poses"
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Comparing Docking Models for HTVS: Enrichment

°O
Q How well does the docking
separate binders from

non-binders?

without H-bond constraints: with active H-bond constraints:
@ ROCPlot - [} X @ ROCPlot - O X
AEIPQE=RAXD AEIPQ=RALD
Screen Results Screen Results
1.0 i 1.0 1
Enrichment Calculator nl 0.8 1 E 0.8 1 |
Use structures from: Project Table (230 selected entries) ~ ! o -
£ 0.6 2 0.6 1
Actives ﬁle:king/bace_docking_ﬁrsttry.prj/BACE_actives_mae.mae Broyise... Ig Iﬁ
Number of decoys:m § §
Enrichment Report: 0.4 7 0.4 1
A
0.2 0.2 1
o Screen Results \ Screen Results
Enrichment Report Random F Random
"""""""""""""" 0.0 ; . ; | ; | 0.0 | | | ] ]
Actives file: BACE_actives_mae mae 0.0 0.2 0.4 ‘ 06 0.8 1.0 i 0.0 0.2 0.4 A 06 0.8 1.0
Results: 1-Specificity F 1-Specificity
enrichment_BACE_noConstraints_enrichment_from_project_selection.ma
egz v
ROC Plot... %Screen Plot ... Save Metrics CSV... Save Ranks CSV...
Job name: |enrichment_BACE_noConstraints_2 R~ Run
@ j
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Correlation of Docking Results to Binding Affinity

In many compound sets, there is only a very weak .~ vy iminwnn
correlation between docking score and experimental w
binding affinity or none at all. | o o s o
ey Color: Black @ Size: | 1@) Symbol: | Filledcicle @
Generally docking score can not be used to - —— ==
distinguish between less and more active e Gk |
compounds S ——-——
...................... o
aaaaaaaaa

..............

= Reminder: the docking score is parametrized to efficiently distinguish binders from
non-binders, not as a proxy for binding affinity
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Gettlng Help

(&) O B &2 https! ww.schrodinger.com/sites/default/files/s3/release/current/Documentation/html/Home.htm * O] ﬂ

» Getting Started

Documentation sorware reicase s

» Small Molecule Drug Discovery

» Biologics Drug Discove A online res of i f rmat and instruction on how to use Schrodinger software including user manuals, panel descriptions,
g 9 Y t llation gui d refer h t , tutorials, and more

» Materials Science

> Utilities ‘ ¥ ’ ;

View by Scientific Area

Small Molecule Biologics Materials

Drug Discovery Drug Discovery Science

Documentation:
Click | 7 . in any panel, or go to Help > Help...

(@j Schrédinger

Knowledge Base:
https://www.schrodinger.com/kb/

Support Center:
https://www.schrodinger.com/supportcenter

Training Center:
https://www.schrodinger.com/training

Schrodinger Seminar Series:
https://www.schrodinger.com/seminars/current
https://www.schrodinger.com/seminars/archives

Script Center:
https://www.schrodinger.com/scriptcenter/

Scientific & Technical Support:
help@schrodinger.com
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