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Bridging Experiment and Model:

The SABIO-RK Database



• Biochemical model simulations need experimental reaction kinetics data

• Kinetic parameter values highly depend on environmental conditions

• Enzyme characteristics vary between organisms, tissues and cellular locations

• Kinetic parameters are only interpretable with their corresponding kinetic laws

• To link data for single reactions to complete sets of corresponding information

• Data must be easily accessible and interchangeable (data export for exchange)

We aimed at creating a database that collects and standardizes kinetic data,
relates the data to its biochemical, environmental and experimental context,
cross-links corresponding data and associates it with external resources
to make the data comparable and accessible in standard formats

Why we have developed SABIO-RK ?



� Information about biochemical reactions and pathways mainly collected from
other databases (e.g. KEGG) merged with corresponding kinetic data

� Manual curation, assisted by tools for standardization and integration

� Data is unified, systematically structured, normalized, interrelated and annotated

� Access through a web-based user interface and through web-services (API)

� Data export in Systems Biology Markup Language (SBML)

SABIO-RK

Database Population and Access



SABIO-RK

Database Population: Literature Extraction

Full-text publication

Data source:

• Scientific Publications

• Data found in Text, Tables,

Formula, Graphs,

Pictures...

� Manual data collection is

often difficult and tedious

SABIO-RK input interface



SABIO-RK

Database Population: Literature Extraction

Lists of values (LOV) SABIO-RK

Input Interface



Data Integration Problems:

Parameter Units
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Units from SABIO-RK for kinetic parameter Vmax:

Problems:

- Multiple definitions:

  e.g. Katal or Unit

- Different scaling:

  mM/s = 10-3 M / s

  �M/s = 10-6 M / s

  nM/min = 10-9 M / min ...

- Different compositions:

  e.g. �mol/s or �mol/(s*mg)

- Wrong parameter unit:

  e.g. 1/s � describes kcat



SABIO-RK

Normalization of Parameter Units



Controlled Vocabularies and Ontologies

- To unambiguously identify entities or terms in database entries

- Facilitate the search, interpretation and comparison of the data

- Permit a matching with other databases based on a shared vocabulary

- Facilitate the integration of different database entries into kinetic models

- Allows to trace back the provenience of exported data

Some Biomedical Ontologies:

• ChEBI (Chemical Entities of Biological Interest)

• Gene Ontology (GO)

• Systems Biology Ontology (SBO)

• NCBI taxonomy



Annotations

Element:

Entity, Process...
Annotation

Qualifier

Biological entity

A

Biological entity

B
Relationship

represents represents

e.g. Reaction:

NAD+ + 1-Hexanol <->

NADH + Hexanal + H+

e.g. Enzymatic activity:

EC 1.1.1.1

isVersionOf



Annotations

It is all about REPRESENTATION and MAPPING



SABIO-RK

Annotations and Controlled Vocabulary

Infosource

• PubMed ID

• title

• authors

• journal

Kinetic Law

• type � SBO

• equation

Environment

• buffer

• pH

• temperature

Reactant, Modifier (Species)

• compound name (given in publication)

• role (e.g. substrate, inhibitor) � SBO

• cellular location � Gene Ontology

• comments (modifications etc.)

Kinetic Parameter

• name

• type (e.g. Km, kcat) �SBO

• value (range)

• standard deviation

• comment

• SBO-ID

Reaction

• stoechiometry

• EC classification

• enzyme variant

General

Information

• organism

  � NCBI-ID

• tissue

• pathway

• comments

Unit

Compound

• recommended name

• synonymic names

• IDs in external databases

  (KEGG, ChEBI, PubChem ...)

• additional information

for a

determined under

parameter units

corresponding species

participate in

belongs

to

refers

to

reported

for

from a

SBML Unit

defined as

Protein complex

• UniProt IDs
catalyzes

Annotations to

external

resources

Controlled

vocabulary



SABIO-RK

Cross-Linking External Databases

Chemical

Databases

Literature

Database

Protein

Database



SABIO-RK

Cross-Linking Databases: Enzyme

Biochemical

Databases



User Interface:
Database Entry
with Kinetic Data



SABIO-RK

Export of Annotated Data in SBML



SABIO-RK

API Access

(Web Services)

- Integration possible in

  simulation tools

- Cross-linking with

  other databases

- Several entry points

- Data export in SBML

- ChEBI already uses

  API for cross-reference

- CellDesigner currently

  is implementing access

Web service methods



SABIO-RK and MeMo

 Data Storage System for Kinetic Data

MatlabKineticsWizard

Data Parser

(Instrument Dependent)

Kinetic
Parameters

(e.g. KM, kcat)

Lab DB

e.g. MeMo
SABIO-RK

Experimental
Raw Data

+ Meta Data

Experimental Data

Data Model
(Java)

Kinetic Parameters
+ Meta Data

(XML)

Experimental
 Raw Data

Instrument Independent

Cross-References



SABIO-RK and MeMo

 Data Storage System for Kinetic Data

XML for experimental data

• Developped for data import into SABIO-RK

• Database mapping 1:1

   � Data directly integrated into SABIO-RK

• Uses Controlled vocabulary (Constraints)

• Supports annotations for many data types

   � MIRIAM compliant (URI + #ID)

• Data model flexible and conferable



Conclusions

• SABIO-RK is a web-accessible database that contains interrelated data describing

biochemical reaction kinetics embedded in the environmental conditions’ context

• Access through a web-based user interface or through web services (API)

• Manual curation of the data with some semi-automatic support

• Controlled vocabularies are applied and developed

• Content is annotated to ontologies and external resources (also exported in SBML)

• Tools for normalization of the data help to integrate heterogeneous information

• Direct import of experimental data from the instrumentation to SABIO-RK will speed-up

database population (cooperation with the University of Manchester)

• We are working on the graphical display of pathway and reaction data in SABIO-RK
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