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PINK’s high-level objectives

• Develop innovative modelling and simulation approaches addressing industrial SSbD needs

• Make the software accessible to SMEs and industry through an open innovation platform

• Validate the platform on PINK Developmental Case Studies and Industrial Demonstrators 
provided by SMEs and large industries

• Fully implement open science and FAIR principles contributing to establishing a European 
chemicals and materials data, modelling and software ecosystem

• Strengthen knowledge transfer through collaboration and exploiting synergies

• Boost the innovative capacity of SMEs and industry and make them more agile to respond to 
external and internal influences
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Modelling objectives

The goal is to develop a comprehensive toolset that will generate the input for the 

PINK Decision-Support System (DSS), merging both data-driven and physics-based 

modelling approaches with specialised cheminformatics, bioinformatics, and Life-

Cycle Assessment (LCA) tools and biokinetics simulations and integrated with data 

search and AI technologies. 
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Development of Decision Support Systems
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Development of Decision Support Systems
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Stage-gated SSbD assessment

Cost-effective assessment strategy

● prioritization of assessment stages by computational cost
● searching over wide space but filtering out early

Expert-guided 

compound 

recommendations

Similarity search,

Literature search,  

Mol. generation 

(Generative AI)

Shortlist

for expert 

evaluation
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Jaqpot cloud platform

https://app.jaqpot.org/dashboard
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Jaqpot cloud platform

https://app.jaqpot.org/dashboard/explore 8



PINK Organisation on the Jaqpot cloud platform
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Application Programming Interfaces
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Example: Ready Biodegradability Classification Model

https://app.jaqpot.org/dashboard/m

odels/1928/predict

https://app.jaqpot.org/dashboard/models/1928/description 11
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AI agents for SSBD assessment
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Step 1 – user input
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Step 2 – trigger appropriate models
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Step 3 - results
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QSAR Toolbox and EPA CCTE

Experimental and calculated data points are provided from the QSAR toolbox API and the EPA’s CCTE 

API.

They follow a different rationale and their output is formatted to a different schema.

A common schema was structured to join information while retaining information from both sources.

QSAR toolbox API: QSAR 
predictions, calculators, 
profilers, data

CCTE API: Predictions, 
Properties, data

QSAR toolbox 
schema

EPA schema

Joint schema

All data and 
predictions 
collected under a 
common schema

Computational Toxicology 

and Exposure Data APIs

https://api-ccte.epa.gov/docs/index.html

OECD QSAR Toolbox

NTUA-hosted API server

http://54.155.131.85/swagger/index.html
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Example of generating a QSAR Toolbox prediction through Jaqpot
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QSAR: performance, applicability, uncertainty and explainability
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1 Performance

Model-level (fit & predictivity)

Regression: R², RMSE

Classification: AUC, MCC

CV + external test

Output: R²=0.72, RMSE=0.35

2 Applicability

Compound-level (in vs out)

kNN similarity/coverage

Leverage check

In/out badge + reason

Output: In-domain (sim=0.81)

3 Uncertainty

Prediction-level (how sure?)

Prediction interval (e.g., 

90%)

Conformal (optional)

Used in ranking

Output: Pred=3.2 (PI: 2.6–3.9)

4 Explainability

Why did the model say this?

Top drivers/features

Simple ‘reason’ sentence

Output: Key drivers



Applicability domain illustration
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The PINK matrix
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Workflow for SSbD assessment

Simple Report for one substance:

full metadata

Master Report comparing

multiple substances

Consolidated Report for one substance

dsfsd
Simple report Notebook

Consolidated report 

Notebook

Master report Notebook
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Consolidated report 
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The Jaqpotpy library for the development and integration of models

jaqpotpy is a Python library that helps you build models 

and use the Jaqpot platform. You can use it to create, train 

and deploy machine learning models based on Scikit-learn, 

PyTorch and PyTorch Geometric.

Source code here: 

https://github.com/ntua-unit-of-

control-and-informatics/jaqpotpy

Tutorials and documentation is available 

here: https://jaqpot.org/docs/jaqpotpy/ 23
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Automatic calculation of descriptors 

https://mordred-

descriptor.github.io/documentation/master/descriptors.html

The Mordred library includes more than 1800 descriptors 

which are grouped into 50 categories.

Moriwaki, H., Tian, YS., Kawashita, N. et al. Mordred: a molecular descriptor 
calculator. J Cheminform 10, 4 (2018). 
Molecular descriptor guide https://www.epa.gov/sites/default/files/2015-
05/documents/moleculardescriptorsguide-v102.pdf
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Automatic calculation of fingerprints 

The MACCS key (Molecular ACCess System) is a binary fingerprint (a string of

166 positions where each position contains 0 or 1). Each bit position represents

the presence (=1) or absence (=0) of a predetermined structural feature. The

feature definitions for MACCS keys are available at the following address:

https://github.com/rdkit/rdkit/blob/master/rdkit/Chem/MACCSkeys.py
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Graph Representations of chemical substances 

26



The Jaqpotpy library for the development and integration of models

jaqpotpy assists users during models’ lifecycle in feature 

preprocessing, model evaluation and DoA calculations.  

Deployment leads to a model accessible both 

over its dedicated webpage and over API    

https://app.jaqpot.org/dashboard/models/2019/description

https://github.com/ntua-unit-of-control-and-informatics/jaqpot-google-colab-examples/blob/main/Scikit-learn-

models/develop_deploy_a_model_with_chemical_descriptors.ipynb
27
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The model creator can provide information that will accompany the model as metadata from its creation. Fields 

can be customised to the PINK annotation schema, for example the type of impact covered.

Key metadata are 

communicated over the UI
https://app.jaqpot.org/dashboard/models/2124/description

Generating and integrating new PBK models
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1. https://arxiv.org/abs/2106.04399

Generative modelling approach

● The goal is to generate molecules with optimized properties.

● Molecules should be valid and diverse

● Generative Flow Network (GFlowNet)1 is used .

● This particular generative framework is chosen due to it’s explorative nature to 

generate a diverse set of high-quality solutions with desired properties. 

https://arxiv.org/abs/2106.04399
https://arxiv.org/abs/2106.04399


GenAI workflow

Example for Multi-Objective Property 

Optimization:

➢ Target specific range for maximum absorbance 

wavelength (λmax): target = 300-360 nm

➢ Maximize absorbance factor (f)

(1) Vocabulary: 
Build or load the fragment set that defines the 

'building blocks' for your molecules.

3. Train a GFlowNet (molecule generator using fragments, reward guided by proxy models):

● Open gflownet_trainer.ipynb notebook inside the repo and Run All Cells.

● Navigate through different tabs:

(2) Proxies: 
Load your pre-trained proxy models and configure objectives for each property 

(minimization, maximization, targeted range, scaling bounds).

(3) Train: 
Adjust hyperparameters and train the model.

The model is automatically saved in the indicated folder.

The GFlowNet learns to sample molecules proportional to

the rewards defined in the Proxies tab.



GenAI workflow

Example for Multi-Objective Property 

Optimization:

➢ Target specific range for maximum absorbance 

wavelength (λmax): target = 300-360 nm

➢ Maximize absorbance factor (f)

(4) Generate:
● Use the model you just trained or load a pre-trained model in Run log_dir.

● Sample molecules with Generate+Score.

● Download designs and visualize them.

Visualize top 

candidates

Gather statistics 

Molecule cards collect all info 

about a specific design

(including AD data)
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Model-Framework is available on jaqpot:  https://app.jaqpot.org/dashboard/models/2032/description

QSAR ToolBox LogP 

predictions Proxy GNN model used in 

GFlowNet to predict LogP

Example of a generated molecule

Illustrative example: Generating molecules with high logP values

https://app.jaqpot.org/dashboard/models/2032/description


MOO Example – nitration of aromatic (benzene)

Variables                    (units)    Limits

Reactor Temperature (C)         [65.0,95.0]

Residence time          (hr)        [6.0,13.0]
Benzene to acids ratio (w/w)        [0.0,1.0]

Input variables:
4 Objectives:

1. NB_Mol_Percentage_Yield (% mol NB/MOl C6H6)

2. DNB_Mol_Yield (mol DNB/hr)

3. CO2e per kg NitroC6h6 (kg CO2/hr)

4. TOTALCOST ($)

Safety related (toxic byprod.)

LCA related (emissions)

LCC related (production costs)

Process efficiency

(production capacity)
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Production process MOO - Workflow 3

Process
Simulation

(Aspen)

Matlab
interface

Input 
variables

Sensitivity analysis

Output 
variables

Input 
output 
dataset

Summit 
Emulator

Data-driven
Process
model

TSEMO

Input 
output 
bounds

Pareto 
front
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MOO Example – nitration of aromatic (benzene)

Point 1: minimum total cost, CO2e, DNB but also minimum NB

Point 1

Point 2

Point 2: maximum total cost, CO2e, NB but also maximum DNB

Reading the results

Pareto surface (2D) + heat map for Total cost

Values of the input parameters 

are decided by the designer

Example design options:
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Integrating biokinetics in the PINK DSS

● Develop and  integrate PBK models for 
small molecules with an embedded QSAR 
for predicting partition coefficients from 
chemical structures

● Utilise the PBK model for forward 
dosimetry and estimate the internal 
burden at the target organ (linked to the 
KE) following a toxicologically-relevant 
exposure 

● Compute risk by comparing internal 
concentrations to internal Points of 
Departure (PoD) connected to specific Key 
Events (KE) in AOPs

● Include this analysis in an iterative learning 
process, penalise molecules that 
accumulate in organs and the resulting 
concentration exceeds the defined internal 
PoD
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IndusChemFate PBTK model - A Generic PBTK model

• Originally developed in VisualBasic

(Available through Excel Application)

• Structured by 11 compartments

• Exposure paths: Inhalation and Skin

• Elimination paths: Urinary, Exhalation, 

Metabolism

• Metabolism for up to 4 metabolites can be 

simulated

• Parameterization through QSARs
Figure PBTK_1: Structural representation of IndsuChemFate (sourced by 

Jongeneelen and ten Berge (2011).
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Integration of IndusChemate on Jaqpot

Full Version of IndusChemFate Model

• Simulate up to 4 metabolites
• Applies metabolism processes to any 

compartment
• Large number of input parameters required as 

input
• Available User Interface and API

Lite Version of IndusChemFate Model

• Simulate up to 1 metabolite
• Applies metabolism processes only in Liver 

compartment
• Much less input parameters are required (more 

user-friendly).
• Available User Interface and API

https://app.jaqpot.org/dashboard/models/2123/descriptionhttps://app.jaqpot.org/dashboard/models/2124/description
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Integration of IndusChemate on Jaqpot

Fully documented: Descriptions and Units 

are provided for all parameters of the model 

through GUI.

The R code of both models is provided in Github

repo, along with CSV files to run demo simulations.

Available at: https://github.com/ntua-unit-of-control-and-

informatics/IndusChemFate_PBTK_R_Implementation/tree/main
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Octocrylene Example

Predictions using 

Jaqpot GUI

Predictions using Python 

SDK of Jaqpot
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Biokinetics simuations, Octocrylene Example

Automatically created plots by Jaqpot GUI. Plots created with python code through Google 

Colab notebook.
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The PINK team
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