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Substrates

Products
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Activator

Inhibitor

Modifier

Introduction - Reaction



Introduction - Reaction kinetics

Vmax maximal enzyme velocity
KM Michaelis-Menten constant (k2+k-1)/k1
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Systems Biology



Systems Biology

• Growing interest in simulation and analysis of complex
biochemical networks requires:

– Access to reaction kinetics data
– Structuring and merging of information
– Using and defining standard formats to facilitate the

integration of data
– Searching and re-use of data



Public sources for kinetic data
• BRENDA http://www.brenda.uni-koeln.de/

– functional and molecular information about enzymes
– parameters associated with enzymes but no kinetic laws

• Biomodels database http://www.ebi.ac.uk/biomodels/
– information about complete published mathematical models of biochemical 

networks

• KDBI http://xin.cz3.nus.edu.sg/group/kdbi/kdbi.asp
– kinetic data of binding or reaction events

• UniProt/Swiss-Prot http://www.ebi.uniprot.org/
– comment line “biophysicochemical properties” contains data on kinetic parameters, 

pH and temperature dependence

• JWS http://www.jjj.bio.vu.nl/database/
– information about complete published mathematical models of biochemical 

networks



Motivation for SABIO-RK
• Most information about reaction kinetics stored in literature

Structuring information from literature
• Information about biochemical reactions is rarely connected with

information about their kinetics
• Need of kinetic data of biochemical reactions for Systems Biology

groups Data for computational analysis of biochemical reactions
• None of the existing databases links experimental kinetic data for 

single reactions to complete sets of information comprising:
- Kinetic Law for the reaction rate
- Environmental conditions
- Concentrations of reactants and modifiers
- Data source (original publication)
- Organism, tissue and cellular location

• Kinetic data must be easily accessible and interchangeable
• SABIO (System for the Analysis of Biochemical Pathways) already

developed at EML
• In house expertise in the area of systems biology



SABIO-RK
SABIO-RK describes Reaction Kinetics and is an extension of SABIO
(System for the Analysis of Biochemical Pathways)

SABIO
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Concentrations

Kinetic Law
Environment

Reactants
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SABIO-RK - Database content

• general information related to SABIO
– reaction (substrate, product, modifier), pathway
– enzyme, protein information (wildtype, mutant etc.)
– organism, tissue, cell location
– information source

• kinetic information 
– kinetic law, formula 
– parameter (Km, Vmax, concentration etc.)
– experimental condition (pH, temperature, buffer)
– information source



SABIO-RK - Data model (schematic)

corresponding 
species

Infosource
• PubMed ID
• title
• authors
• journal

Environment
• buffer
• pH
• temperature

Reactant, Modifier (Species)
• compound or enzyme name
• role (e.g. substrate, inhibitor, catalyst)
• location (compartment etc.)
• comments (modifications etc.)

Kinetic Parameter
• name
• type (e.g. Km, kcat, conc.)
• value (range)
• standard deviation
• comment

General Information
• organism
• tissue
• pathway
• comments

Unit

Compound
• recommended name 
• synonymic names
• Identifiers for databases

(e.g. KEGG, ChEBI, UniProt)
• additional information

parameter 
units

participate in

refers to

Kinetic Law
• type
• equation

Reaction
• stoechiometry
• EC classification
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SABIO-RK web interface
• Web accessible database to provide information about the kinetics of 

biochemical reactions
• Search for general reaction information, kinetic laws, kinetic 

parameters, experimental conditions etc.
• Complex queries (combining different search criteria)

– Give me all reactions in human liver for pathway Glycolysis measured at 
pH 7.5!

• Colour-coded representation of results
– Kinetic data available matching search criteria
– Kinetic data available but not matching search criteria
– No kinetic data available

• Export of kinetic data in SBML (Systems Biology Mark-up Language)







SBML export



Data integration



Information source

• Publications
– Manual extraction

no automatic information extraction at the moment
data stored in tables, formulas, graphs

Input interface

• web interface
• structuring of data from literature



Input interface



Insert procedure
• Input interface
• Data first inserted in an intermediate database
• Curation process (search for errors and inconsistencies)

– Manually by biological experts
– Semi-automatically (supported by NLP tools)

• Automatic search for already existing compounds, reactions, organisms, etc. in 
SABIO-RK

• Insert new compounds, reactions, etc. if not already in SABIO-RK 
• Transfer data from intermediate to relational SABIO-RK database (Oracle)

• User interface (output, export)



Database population and annotation

• Most of the reactions, their associations with biochemical pathways as well 
as enzyme classifications are downloaded from KEGG Ligand database 
(http://www.genome.ad.jp/kegg/ligand.html)

• Use of controlled vocabularies
– for systematic names of organism NCBI taxonomy 

(http://www.ncbi.nlm.nih.gov/Taxonomy/)

– for enzymes IUBMB recommendations (http://www.chem.qmul.ac.uk/iubmb/enzyme/)

– for compound names IUPAC recommendations (http://www.chem.qmul.ac.uk/iupac/)

– for parameter units SI system for unit notation
etc.

• Links to other databases (KEGG, ChEBI, Swiss-Prot, PubMed etc.) and in 
future annotations (Systems Biology Ontology http://www.ebi.ac.uk/compneur-srv/sbo/)



Multiplicity of units
Extracted from paper Internal identified/grouped as



Links to other
Databases

Annotation in SBML

Annotations



Problems in curation process

• Missing or only partial information
– incomplete reactions (products not mentioned)
– assay conditions missing or reference to another paper
– kinetic law (or fitting equation) not described

• Complexity in the description of buffers
– e.g. coupled enzyme assay

• Identification of compounds, reactions and enzymes
– usage of unusual synonymic names
– isoenzyme not specified

• Multiplicity of parameter units
– e.g. katal, U, µmol/(s*mg), mM/min for enzymatic activity

• Kinetic law types
– no controlled vocabulary available



Curation
• Search for multiple entries for identical compounds examples from

KEGG database



Curation
• Search for multiple entries for identical compounds

– ID 1371 D-Sorbitol 6-phosphate
– ID 21224 D-Glucitol 6-phosphate

example from
SABIO-RK database



Curation support
NLP



Classification of Compounds
- List of definitions for compound 

classes and functional groups

- Automatic generation of structural 
formula, totals formula and 
molecular weight

- Classification using different 
criteria

Thus D-Glucose is a:
- Aldose

(functional group aldehyde)
- Hexose

(number of C-Atoms = 6)



Output and Visualisation
• Group definitions (at present: about 200 definitions)
• Graphical representation of the molecule
• Storage of graph object as file for structure comparisons

Classification
• Analysis of graph structure, i.e. detection of simple functional groups 
(e.g. aldehyde, amines, ketones, etc. ).

• Use of combinations of simple functional groups to detect higher order structures 
(e.g. nucleotides, carbohydrates, aldoses, hexoses...)

Classification of Compounds: The overall architecture

Structured Input Data
Import of structured data: SMILES, Mol-File.... 

Conversion into graphs
Atoms are represented as nodes
Bonds are represented as edges
Based on Chemical Development Kit API 
(http://cdk.sourceforge.net/api.html)

Unstructured Input Data
Import of chemical compound names



Querying for chemical compounds

Querying PubMed or a database:
Find all biochemical reactions with D-Glucose as participant!

Output with means of string matching:
EC 5.1.3.3 alpha-D-Glucose 1-epimerase

alpha-D-Glucose beta-D-Glucose

Missing reactions for general molecules:

EC 1.1.1.21 aldehyde reductase
alditol + NAD(P) aldose + NAD(P)H

EC 2.7.1.1. hexokinase
ATP + D-hexose ADP + D-hexose-6-phosphate

Reason: 
D-Glucose is a specific aldose or a specific hexose



Deriving a semantic annotation

Glucose can be classified as
- alcohol C-OH
- aldehyde C=O
- carbohydrate (C H2O)x
- hexose C6(H2O)6    6 C-atoms
- aldose (C H2O)x + -CH=O
- aldohexose C6(H2O)6 + -CH=O
- monosaccaride [ (C H2O)x ] 1

Therefore the correct output should be
EC 5.1.3.3 a-D-Glucose 1-epimerase

a-D-Glucose ß-D-Glucose
EC 1.1.1.21 aldehyde reductase

alditol + NAD(P) aldose + NAD(P)H
EC 2.7.1.1. hexokinase

ATP + D-hexose ADP + D-hexose-6-phosphate

Glucose C6H12O6



Curation support
NLP

• Search for multiple entries for identical compounds
– Linguistic analysis of chemical compound names
– Representation of compound structure (SMILES) based on compound 

name
– Building graphs based on the SMILES
– Search for identical graphs or subgraphs

– Classification of compounds based on structural similarities

basis for automatic information extraction of 
compound information from publication



SABIO-RK  implements the recommendations of the STRENDA 
commission

STRENDA = Standards for Reporting Enzymology Data

(http://www.strenda.org/)

Authors of publications insert their data into a database
- structuring of data
- full documentation of experimental conditions is needed
- online access to the data

Standardization



SABIO-RK statistics
(as of July 2006)

• SABIO-RK data extacted from literature
– 623 curated publications

– 5550 database entries (40% with rate equation) 

– kinetic data for 210 organisms

– 1160 biochemical reactions (340 enzymes) related to kinetic data

– 19838 chemical compound names

– 13470 different entries (IDs) for chemical compounds

– Numbers of synonyms per entry: 
• Maximum 28

• Average 1,5



Conclusion

• SABIO-RK
– Is a web-accessible database containing biochemical reaction

kinetics
– Merges general reaction information retrieved from other 

databases and kinetic data manually extracted from literature
– Is structuring literature information
– Is curated by biological experts
– Has a high degree of interrelation (all necessary information is

linked)
– Offers data export in SBML format



Future directions

• Information about reaction mechanism
– separate reactions for intermediate steps

– no database contains such data at the moment
• More information about signalling reactions/pathways
• Information about protein complexes

– information from literature and/or from other databases (UniProt etc.)
• Use of the database as a standard source for reaction kinetics data

– Scientist could use the database to store data in a structured format (Input 
interface)



SDBV group at EML Research:
Isabel Rojas
Renate Kania
Saqib Mir 
Andreas Weideman
Olga Krebs
Martin Golebiewski
Stefanie Anstein
Jasmin Saric

Systems biology people at EML Research:
Ursula Kummer
Ralph Gauges
Sven Sahle
Rebecca Wade
Mathias Stein

Financial support:

Acknowledgement



http://sabio.villa-bosch.de/SABIORK


	Overview
	Introduction - Reaction
	Introduction - Reaction kinetics
	Systems Biology
	Public sources for kinetic data
	Motivation for SABIO-RK
	SABIO-RK - Database content
	SABIO-RK - Data model (schematic)
	SABIO-RK web interface
	SBML export
	Data integration
	Information source
	Insert procedure
	Database population and annotation
	Multiplicity of units
	Problems in curation process
	Curation
	Curation
	Curation support�NLP
	Classification of Compounds
	Querying for chemical compounds
	Deriving a semantic annotation
	Curation support�NLP
	SABIO-RK statistics�(as of July 2006)
	Conclusion
	Future directions
	Acknowledgement

