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use case 1: drug development

source: Gao et al., Molecules 2018, 23(6), 1440; https://doi.org/10.3390/molecules23061440

Sitagliptin chemical synthesis
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case 2: enzyme engineering
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case 3: react. mechanism (hydrogenase mimic)

Source: Chizuru Kasahara, …, Wolfgang
Weigand, et al ChemCatChem 2024

https://doi.org/10.1002/cctc.
202400247

https://doi.org/10.1002/cctc.202400247
https://doi.org/10.1002/cctc.202400247


competency questions 1

reaction classification and identification
• determine the type of reaction (e.g., redox, acid-base,

catalytic, …) based on reactants and products.
• identify all reactions involving a specific molecule as a

reactant or product.
• retrieve the stoichiometry of reactants and products for a

given reaction.
• what is the catalytic agent for a specific reaction?
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competency questions 2

reaction mechanism and dynamics
• what are the key steps in the reaction mechanism?
• what are the intermediate species formed during the

reaction?
• what are the electronic states of the reactants,

intermediates and products during the reaction?
• how do changes in conditions (e.g., temperature, pressure)

affect the reaction rate?
• how are charges changed during the reaction?
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competency questions 2
• which structural features of the catalyst interact with the

reactants to facilitate the reaction?
• what are the thermodynamic properties (e.g., enthalpy,

entropy) associated with the reaction?
• what is the activation energy of the reaction?
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competency questions 3

reaction context and environment
• in which solvent does the reaction occur ?
• what is the role of the solvent in the reaction ?
• at which temperature, pressure, and pH does the reaction take

place ?
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modelling substances

substance classsubstance class

substance instancesubstance instance

            
    example: ethanol, glucose, benzaldehyde    example: ethanol, glucose, benzaldehyde

abstractabstract substance (with general properties, like molar mass,  substance (with general properties, like molar mass, 
                                        molecular formula , LEWIS-structure ...)                                        molecular formula , LEWIS-structure ...)

specificspecific substance in a bottle in a lab (with lot number,  substance in a bottle in a lab (with lot number, 
                                                                           concentration, purity, ...)                                                                           concentration, purity, ...)
            
      

 example: ethanol solution 70% v/v,  example: ethanol solution 70% v/v, 
                    supplier: Merck                    supplier: Merck
                    lot #12345                     lot #12345 
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modelling reactions

source: Yu-Fei Ao et. al, Angewandte Chemie 2023.   source: Yu-Fei Ao et. al, Angewandte Chemie 2023.   
                      https://doi.org/10.1002/anie.202301660                      https://doi.org/10.1002/anie.202301660

transaminase reactiontransaminase reaction

stereo chemistrystoichiometry 
factors

reactants products

class - instance relation

conditions

1 1
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modelling mechanism

redox reactionredox reaction
transition states

spectra

energy levels
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reaction workflows

generic (reaction) workflow language
• define reaction steps and their sequence
• specify conditions and parameters for each step
• capture data and results at each stage
• enable reproducibility and automation of reaction processes
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workflow language - pythonLAB

LARA

pythonLAB (https://opensourcelab/pythonLab )
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pythonLAB 2.0 

simplified syntax for process design
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pythonLAB 2.0 

simplified syntax for process design

binding to Ontologies (RDF representation)
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pythonLAB 2.0 

simplified syntax for process design

binding to Ontologies (RDF representation)

workflow graphs as RDF graphs
Master Student Max Schmidt, TU Darmstadt
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recommendations for ontologies
design

• cover mainly T-Box (terminology) aspects

• use OCCAM’s razor principle: (minimalistic, based on first
principles)

• modular design with clear interfaces

• check for logic consistency (reasoning)

• provide clear documentation and examples
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rather than ...

I only want this 
subtree !!!
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linked micro-ontologies

measurements

reactions

substance

sub-atomic
entities

workflows

units

hypothesis
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LARA's hybrid approach

combine ontologies with relational
databases and file-based data storage
• use ontologies for high-level concepts and relationships
• use relational databases for structured data storage and

querying
• use file-based storage for large datasets and unstructured

data
• integrate the three layers for comprehensive data

management
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hybrid reasoning

reaction 
database

activity 
database

external 
resources

protein

non-enzymatic 
protein

3FCR
transaminase enzyme

activity 3D structure sequence

isAisA

has

structure 
database

sequence 
database

hasA
hasA

reaction / 
mechanism

async       query

async

async

async

knowldedge graph
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gitlab.com/LARAsuite 
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gitlab.com/LARAsuite 
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build with ... 

- standards based on: python, SiLA, OWL, AnIML, docker/kubernates,...

- starting at the point of data generation (LabDataReader)

- application ontology design (in collaborations, e.g. NFDI4Cat, EMMO)

- orchstrator, scheduler, aggregator, database

- all open source

AnIML
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Linked Data 
LARA architecture / linked data 
(gitlab.com/larasuite)

projects
device 1 substance 1

substance 2

organism 1

organism 2
device 2

device 3

device 4

device 5

project 1

project 3

project 2

experiment 1.1

experiment 1.2

experiment 3.1

experiment 2.1

experiment 2.2

organism 3

organism 4

substance 4

substance 3
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process planning - MCP LARA

LARA

(open) LLMs

         MCP
Model Context Protocol

(https://modelcontextprotocol.io)

AI user interface

Open WebUIOpen WebUI

Claude DesktopClaude Desktop

prompt

(under development)
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summary final

• remove semantic overhead, use OCCAM’s
razor

• use derived knowledge whenever possible
• modular micro-ontologies
• build interlinked network of ontologies
• hybrid relational / graph approach ?
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collaborations & partners
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• SiLA labautomation workgroup
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lara.uni-greifswald.de/
presentations

final

thank you for your attention !
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