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Before we start

• Install the KNIME Analytics Platform

• Download the workflow group

• Open the workflow

• Install the ChemAxon/Infocom nodes

• Install the ChemAxon and the JChem Extensions licenses



Download and open the workflow

• Workflow group to download: 

ChemAxon_KNIME_SpringSummit2020.knar

• Double-click on the downloaded workflow 

group

• Import all files to the KNIME Analytics 

Platform

• Open the Drug_Discovery_Workflow file



Installing the ChemAxon/Infocom nodes

URL with the latest version: https://www.infocom-science.jp/knime/update/4.0

• Help >> Install Software… >> Add...

• Use the URL for „Location”

• OR: download the zipped version and use 

„Local” installation

• Install both:

• JChem Extensions,

• Marvin Extensions

• Restart KNIME when the installation is ready

• Detailed install guide

• ChemAxon/Infocom nodes

https://www.infocom-science.jp/knime/update/4.0
https://www.infocom-science.jp/product/detail/jchemextension_update_en.html
https://www.infocom-science.jp/product/detail/jchemextensions_english.html


Installing the ChemAxon and JChem Extensions licenses

Installing the license files: https://docs.chemaxon.com/KNIME_Nodes_Licensing.html

• JChem Extensions license: File >> Preferences >> KNIME >> JChem

• ChemAxon license: $USER_HOME/(.)chemaxon/licenses/license.cxl

https://docs.chemaxon.com/KNIME_Nodes_Licensing.html


ChemAxon – Who we are

We provide software solutions and services to enhance drug 

discovery and other chemistry related fields with chemical & 

biological intelligence.



ChemAxon – What we do



ChemAxon and KNIME

ChemAxon & Infocom

• Chemical drawing and moleucle 

visualization

• Chemoinformatics toolkits

• Marvin Extensions

• JChem Extensions

Server-based ChemAxon software

• via the REST Web Services nodes of 

KNIME

• Structure search, calculations, working 

with macromolecules…



ChemAxon in KNIME – The Marvin nodes



ChemAxon in KNIME – The JChem nodes



A Drug Discovery Workflow in 8+1 Steps

Data cleaning & 
standardization

Clustering & 
scaffold selection

Virtual compund 
library

Known CNS-active 
molecules

CNS MPO score 
based filtering

Real, accessible 
analog molecules

Activity 
prediction

Virtual-real space 
overlap

Selection of 
promising molecules

Filtering the real 
molecules



A Drug Discovery Workflow in 8+1 Steps



Step 1 – The input data

3257 compounds from ChEMBL that were tested against 

the human dopamine D2 receptor (have a pChEMBL value)

https://www.ebi.ac.uk/chembl/target_report_card/CHEMBL217/


Step 2 – Structure pre-processing

• Structure standardisation

• Molecular weight and SMILES generation

• Duplicate filter on the standardized structures using SMILES



Step 2 – Structure standardisation

• Aromatize, strip salts, add/remove expl. H-

s, tautomerize, neutralize…

• Transform typical functional groups or 

structural patterns to make them 

consistent



Step 3 – Clustering and scaffold selection



Step 3 – MCS-based hierarchical clustering

MCS (max. common substructure) of 2 molecules



Step 3 – R-group decomposition



Step 4 – Virtual library enumeration



Step 4 – Substitution of the aromatic ring



Step 4 – Nucleophilic aromatic substitution



Step 4 – Friedel-Crafts alkylation



Step 4 – Alkylation of the piperazine nitrogen



Step 5 – Property prediction and library filtering

(*): Wager TT et al. Moving beyond rules: The development of a central nervous system multiparameter optimization 

(CNS MPO) approach to enable alignment of druglike properties. ACS Chem. Neurosci. 2010 1, 435-449.

(**): Wager TT et al. Central nervous system multiparameter optimization desirability: Application in drug discovery. 

ACS Chem. Neurosci. 2016 7, 767-7

• Molecules with a high probability to cross the 

blood-brain barrier

• BBB penetration influenced by key phys-

chem parameters

• CNS MPO score*, **: a weighted scoring 

function assessing 6 phys-chem properties



Step 5 – Physicochemical property prediction

• Molecular weight

• logP

• logD at pH = 7.4

• Polar surface area

• Hydrogen bond donor atoms

• Strongest basic pKa



Step 5 – Weighted scoring function and filtering



Step 6 – Looking for accessible analogue molecules

Web service calls to find the 

20 most similar analogues

Web service calls to get the 

SMILES of the Enamine cpds.

• Similarity search in a subset of the 

Enamine REAL DB (~170M cpds.)

• In-memory search with Madfast Sim. 

Search via web service calls



Step 7 – CNS MPO score based filtering of the analogues

5598 unique 

real compounds

3493 unique real 

compounds with high 

CNS MPO score



Step 8 – Activity-based classification of the analogues

• Categorizing the Enamine molecules to 

„active” and „non-active” groups

• Binary classification model with the Random 

Forest algorithm



Step 8 – Model building



Step 8 – Predicting the activity of the molecules



”What to synthesize next?”



Step +1 – Overlap between the virtual and the real space

• How large is the dissimilarity between the virtual 

and the „real” molecules?

• Could we explore a new part of the chemical 

space?



Step +1 – Overlap between the virtual and the real space

Interactive visualization to see the distance between the two 

chemical sets: distribution of the 1st, 5th, 10th and 20th 

nearest neighbor dissmilarities
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