KNIME Data Talks

How can KNIME make your
Structure-Based Virtual

screening Campalgn more
successful?
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“\-Statement about SBVS setu D

= Impacts the
Calibration is a quality

key phase = Increases the hit
rate

= Automatized

Process goals = Standardized

= Shared
Structure-Based
Virtual Screening Virtual Screening

Parameters to be :
= Docking software
evaluated ) :
= Scoring functions
disc qme Pihan E, Kotev M, Rabal O, Beato C, Diaz Gonzalez C. Fine tuning for success in structure-based virtual screening. J Comput Aided Mol Des. 2021

Dec;35(12):1195-1206.



Adapt and use the Wk

Open for Innovation

/ KNIME  Hub

D{Z Workflow

Evotec_StructureBasedVirtualScreening_Calibration

| Decoy | I Sbvs | I Calibration | | Docking | I Virtual screening |

‘ 1. Decoys generation

2. ROC curves generation

> Rescoring

> Ability to retrieve actives before decoys

3. RMSD calculation
> Ability to retrieve binding modes

4. AUC/RMSD plots
> Compromise to select the best protocol
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\Decw generation

What is a decoy ? Why generating decoys?

To have virtual inactive
compounds

A molecule that
(probably) won't
bind to your target
(DUD-E database) To build ROC curves
and estimate/compare
docking model

performances

26:55(14):6582-94.

How to generate decoys? How many decoys?

Starting point
= Active molecules
Same physicochemical

10 decoys per active
compound is enough (in
DUD-E, it is 50)

properties
= MW +/-50
= logP +/-0,5
= HBDon +/-1
= HBAcc +/-1

Rotatable bonds +/- 2
BUT dissimilar fingerprints

Huang N, Shoichet BK, Irwin JJ. Benchmarking sets for molecular docking. J Med Chem. 2006 Nov 16;49(23):6789-801.
Mysinger MM, Carchia M, Irwin JJ, Shoichet BK. Directory of useful decoys, enhanced (DUD-E): better ligands and decoys for better benchmarking. J Med Chem. 2012 Jul

d'isc"icﬂneves AE, Jain AN. Structure- and Ligand-Based Virtual Screening on DUD-E*: Performance Dependence on Approximations to the Binding Pocket. J Chem Inf Model. 2020 Sep

28;60(9):4296-4310.
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http://dude.docking.org/

KROC curve and AUC

ROC : Receiver Operator Characteristic

= Performance of a classification model at
all classification thresholds

= FPRversus TPR

AUC : Area Under the Curve
= Global model performance
= Between 0 and 1
= Bigger the better

What is the value for SBVS calibration?
= Comparing different protocols quickly

= Finding the best protocol enriching first
part of the ranked database in active
molecules

discngine

Perfect
far ROC curve

True positive rate

10% False positive rate



\-Focus on the decoy generation decision tree

Are there NO Preliminary VS Proceed with
known active protocol - the SBVS using
compounds ? callbratlpn not multiple scoring

possible functions

YESl

fCompiIation\

Are there Is the protein | NO _
inactive | mmmp target already of active and The ﬁrSt
compounds ? included in the decoys set: section of the
DUD_E ? 1) Slml|.al’ ) .
NO / physicochemical workflow will
rti .
el By R 2) Most handle this

topologically .
dissimilar specific case

\ compounds /

YES Retrieve
decoys from
DUD-E
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[ ROC / Enrichment curve generation for all protocols ]
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Read and calculate properties for reference compounds. Fingerprints:

File should have at least two columns: SMILES & ID
RDKit Descriptor RDkit topologic;l ﬁ.ngerpr'ints caluclated for reference and potential decoys
Calculation [Chunk Loop Start Fingerprint snmllanty.. Tammpto & saepe
Rows are sorted by increasing similarity

SDF Reader RDKit From Molecule
10 compounds with lowest similarity are written as decoys

[ T % @ I N

[ ] o8 | i D
|
Reference compounds smiles to RDKit MW LogP HBDon HBAcc RDKit Fingerprint
33 real Iigan‘ds Rotatable bonds
able Row to Variable
(deprecated)

Steps:

1-read all compoudds from the library you want to screen
- calculate properﬁes for all the compounds: MW, LogP, HBDon, HBAcc, Rotatable bonds o # Fingerprint
3- calculate formal charge: notincluded in the fitlering process after —= to choose if we want \ similarity Sorter Row Spiitter Column Filter Loop End GroupBy
0 choose decoys \f/ith same charge or not and include it into the filtering step S
e A T e 1
Table Reader RDKit Descriptor Java Snippet » @
'i (deprecated) RDKit From Molecule Calculation Row Filter Filter RDKit Fingerprint e ] 8 | @ 88 | 28
» =0 % > . Calculate tanimoto sort rows keep top 500 rows remove all decoys  unique decoys
P' *) > < @ N - L » @o P similarity between referenceFP by increasing corresponding to most ~ FP column retain row order
= and potential decoys FP similarity dissimilar compounds

) (8 88
smiles to RDKitMW LogP HBDon HBAcc number of

Rotatable bonds unspecified
stereocenters

max 2

iltering step:

SDF Reader

Fie

|
Putthe database(s)/collection(s) you will screen
ZINC 7K (most dissimilar subset of ZINC 100K)

or each reference compound, compounds with similar
properties among the commercially available ones are
selected to be used for fingerprint calculation and final decoys
selection.

Default properties and ranges:
MW +/-50
| LogP +-0.5
HBDon +-1
f HBACC +/-1
Rotatable bonds +/-2
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CASE STUDY

Retinoid X Receptor alpha (RXRa)




N

discngine

4 representative structures
= TMVC
= 3R2A
= 4N8R

= 33 active compounds
(cocrystallised ligands)

= 330 decoys generated
through the workflow

Input data for RXRa setup

Target structure selections from the PDB based on clustering for the application
case of the RXRa receptor. Selected representative structures are highlighted in
bold. The colored rule represents RMSD values, blue to red for more or less similar
conformations.




hY TOOIS

Chemistry

discngine

Docking

Rescoring

Docking:

B Asp
ChemPLP
{ ChemScare

4 GoldScore

Scoring:

@ Afinity_dG
i Aloha_HEBE

@® ase

) GBVLIWSA ¢G
@ Lendon_dG

) No rescoring

RMSD
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Output data
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Docking:

[ asp

() ChemPLP
< ChemScore
A GoldScora

Scoring:
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-nrichment curve TN

VC.A - ChemScore

Comparison of resco

INg functions

- \
T

ChemScore Londan_dG
ChemScore Alpha HB
ChemScore (no rescoring)
ChemScore ASE
ChemScore Affinity_dG

ChemScore GBVI/WSA_dG

1% wo
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KBeneﬁs OT calibration

discngine

Gain of quality

- Identification of the best parameters for each SBVS
* Clear reporting of SBVS calibration

 Automation through KNIME workflow
* Acceleration of SBVS setup
- Sharing with colleagues

« Homogeneity for SBVS setup
- Adapting the workflow to specific docking software
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\Aknow\edgemems
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‘ evotec
@

discngine

Martin Kotev
Obdulia Rabal
Claudia Beato
Constantino Diaz
Daniele de Boyer

Trusted KNIME
Partner Ready
KNIME KNIME

www.discngine.com

contact@discngine.com
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http://www.discngine.com/

discngine

Thanks!

D +33 180486670
< contact@discngine.com
9 Discngine, 79 avenue Ledru-Rollin, 75012 Paris — France

@ www.discngine.com


https://www.linkedin.com/company/discngine
https://twitter.com/discngine
https://www.youtube.com/user/discngine
https://www.instagram.com/discngine/

