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Why we have developed SABIO-RK ?

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
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Database Population and Access

Lab experiments User interface
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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)
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| Database Population: Literature Extraction
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Data source:
» Scientific Publications

 Data found in Text, Tables,
Formula, Graphs,
Pictures...

- Manual data collection is
often difficult and tedious
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Full-text publication SABIO-RK input interface
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Database Population: Literature Extraction

Lists of values (LOV)
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Input Interface

kinetic law

type 'Sequential Bi Bi

|formula |(E*kcat*A*B)/(Kia*Kb+Ka*B+Kb*A+A*B)
variables

name term

| | |
parameter

name role type

|Kb | | Constant B | Km

|Ka | | Constant E | Km

Ikcat | | Constant E | kcat

|Kia | | Constant E | Kd

Ikcat_Kb | I Constant I kcat/Km
Ikcat_Ka I | Constant I kcat/Km

IA I |Variable | concentration
|B | |Variable | concentration
|E | |Variable E] | concentration

choose kinetic law type:

Productinhibition

Pseudo first order

Pseudo first order transition of enzyme into active form
Random Bi Bi

Random Bi Bi (modified)

Random sequential

Random sequential Bi

Random Ter Ter

Random Uni Bi

Rapid equilibrium ordered

Rapid equilibrium random

Rapid equilibrium random Bi Bi
Rapid equilibrium random Ter Ter
Reversible Michaelis-Menten
Second-order mass action
Sequential

Sequential Bi Bi with competitive substrate inhibition
Sequential Bi Bi with substrate inhibition
Sequential ordered

Sequential ordered (modified)

Sequential ordered Bi Bi

Sequential ordered Bi Ter

Sequential ordered Bi Uni

Sequential ordered forming a dead end complex
Sequential ordered multistep

Sequential ordered Uni Bi

Sequential with competitive substrate inhibition
Steady-state ordered Ping Pong Uni Uni Bi Bi
Steady-state random

Second-order mass action

]
ion unit unit def. \
[ [ ]|
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Data Integration Problems:
Parameter Units
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Units from SABIO-RK for kinetic parameter Vmax:

U/g
mol/(min*ug)
mol/(h*mg)
pgmol/(min*mol)
mM/s
mmol/(min*ug)
mmol/(h*mg)
MM/(sec*mgq)
Mmol/(min*mg)
pgmol/(min*g)
U/pg
gmol/(min*umol)
MM/min

mU/ml

mM/min
nM/(min*mg)
nmol/min
U/pmol

U/ml
nmol/(s*mgq)
mol/(mol*min)
fmol/(pmol*min)
MM/s

katal/mg
pMmol/min
nmol/(min*mg)
HM/(h*mg)

nM/sec

mmol/(min*mg)
pmol/(h*mg)
U/mg
pmol/(mg*sec)
nM/min
MM/(min*mgQ)
pmol/(sec*mgq)
pmol/(min*mg)
MM/ (min*uM)
pmol/(min*pmol)
nmol/(h*mg)
pmol/min

fmol/min

Problems:

- Multiple definitions:
e.g. Katal or Unit

- Different scaling:
mM/s =103M/s
uM/s =10°%M/s
nM/min=10° M/ min ...

- Different compositions:
e.g. umol/s or umol/(s*mgq)

- Wrong parameter unit:
e.g. 1/s - describes kcat
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SABIO-RK
Normalization _of Parameter Units

Vmax Vmax
specific Vmax concentration
per m(Enzyme) change
[ 1 [ 1
Vmax1= X Vmax2=Y Vmax3=Z Vmaxd= Q Vmaxb=R
[[umolf(mi n*mg]]} { [nmol/{h*ug)] } [ [pmolf{s™g)] } [ (UM min] } [ [nhdfh] ]
| scALnG | scaLnG | | scaun |
Ymax1 = f1"X = xq (Vmax2 =Y = YJ (Vmax3 =137 = 7t Vmaxd = f4*Q = QJ ﬁ‘maxS =f5tR =R
[molf{s*a)] [molf{s*a)] [Mis]

[Vmax], = mol/(s*g)

TRANSFORMATION
to standard unit

* m(Enzyme)

[Vmax] = mol/s




Controlled Vocabularies and Ontologies
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- 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
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Annotations

Quallfler
Element: Annotation
Entity, Process...

represents represents

Blologlcal entity Biological entity
B
Relatlonshlp

e.g. Reaction: isVersionOf | ™
NAD+ + 1-Hexanol <-> ——- E-g-1E1r‘Z1yTat|C activity:
NADH + Hexanal + H+ 1.1,
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Annotations

It is all about REPRESENTATION and MAPPING
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Annotations and Controlled Vocabulary

Infosource

 PubMed ID
« title
 authors
* journal

from a

U UJ
=180 reported
for

catalyzes

Protein complex
* UniProt IDs

Compound

* IDs in external databases
(KEGG, ChEBI, PubChem ...)
 additional information

defined as
embpers o
Controlled
vocabulary
determined under
parameter units
»,
=10 belongs = D 5
equatio to
=10
fora
C e Ci . e
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BO-ID
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corresponding species
participate in
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Cross-Linking External Databases

SABIO-RK

Reaction Details

Stochiometric Equation dUMP + 5,10-Methylenetetrahydrofolate <-> dTMP + Dihydrofolate

dUMP
Substrates 5.10-Methylenetetrahydrofolate
dTMP -
Products Dihvdrofolate Literature
Ergzrmesulf_nown to EC Number SWP/UnitProt Link | PubMedID Database
catalyse this . -
reaction (curated 2.1.1.45 Homo gap‘lens‘ SWP/Un!tPro 12859954
information) 2.1.1.45  Escherichia coli SWP/UnitPro 14967040 v
One carbon pool by folate
Pathways Pyrimidine metabolism Compound Details
Protein 8
Data base ( Back ) ( List of Reactions )
Common Name dUMP
2'-Deoxyuridine 5'-phosphate
- Deoxyuridine 5'-phosphate
Chem Ical Synonyms Deoxyuridine monophosphate
Deoxyuridylic acid
Databases SABIO-Compound-ID 1334
External Links
\ CAS-ID 964-26-1
\ Kegg-ID €00365
\ PUBCHEM Substance ID 2656
CHEBIIDs 17622
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Cross-Linking Databases: Enzyme

Enzyme
(recommended)
name

Alternative names

EC Classification

Classification

Catalyses reactions

External links

" .

SABIO-RK

Enzyme Details

Thymidylate synthase

5,10-Methylenetetrahydrofolate: dUMP C-methyltransferase
Methylenetetrahydrofolate:dUMP C-methyltransferase
Synthase, thymidylate

TMP synthetase

TS

TSASE

Thymidylate synthetase

dTMP synthase

2.1.1.45
Transferases

Transferring one-carbon groups

Methyltransferases

dUMP + 5,10-Methylenet olate <-> dTMP + Dihydrofolate

L-Glutamate + Dihydro JTP <-> ADP + Phosphate + Dihydrofolate
2-Mercaptoethanol + £-51 wvinyl)-2'-deoxyuridine monophosphate <-> 1-(3-
Hydroxy-4-hydrox@methy. (—  —ntyl)-5-[1,4]loxathian-2-yl-1H-pyrimidine-2.4-dione

Expasy /

KEGG = .

IntEnz (EBI) / Biochemical

fuBHB Databases
/

Reactome
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Entry Nr. S046

dUMP + 5,10-Methylenetetrahydrofolate <-> dTMP + Dihydrofolate

e i

Organism:
Tissue:

EC Class: 2.1.1.45

Reversability: raversible
Substrates
name location comment

5,10-Methylenetetrahydrofolate ynknown -

dump unknown -
Products
name location comment

Dihydrofolate ynknown -

dTMP unknown ~
Modifiers

name location effect comment
E-S5-(2-Bromovinyl)-2"-deoxyuridine Modifier- active species of

monophosphate unknown Inhibitor anticancer drug NB1011

K Modifier-
unknown icatalyst

Thymidylate synthase(Enzyme)
Kinetic Law

g}(cat’E")'Q/ (A+Km A7 (71+I/ (K1)))
Kinetic Lavw Type: Competitive inhibition

Parameters
name species type St_value Deviation End_value

E-S-(2-Bromovinyl)-2'-

1 deoxyuridine concentration 0 - 40
monophosphate
E-S-(2-Brornovinyl)-2'-

Ki deoxyuridine Ki 4.17 0.29
monophosphate

E Enzyme concentration 0.1 g

keatkm_A dump keat/Km 79000 -

Krn_A dump Km 2.7 0.33

kecat keat 0.213 0.020
5,10- B

B Methylenetetrahydrofolate concentration |50

A dump jconcentration 2 - 32

Experimental conditions
St_value end_value unit
pH 7.8 .
Temperature 30 = °C
Buffer: 40 mM Triz-HCI, 25 mM MqaCl2, 1M EDTA, 100 mM beta-rercaptosthanel
Comment: exprassad in E.coli
PUBMEDID: |

2859954

Homo sapiens

unknown

Variant: wildtype

External
References
|Pratein: [FLADICTE
unit comment
uM -
UM *
uM =
1/ L
(M*sec)
MM -
1fsec -
uM saturated
HM -

SABIO-RK

User Interface:
Database Entry
with Kinetic Data

Compound Details

( Back (

dump

2'-Deoxyuridine 5'-phosphate
Deoxyuridine 5'-phosphate
Deoxyuridine monophosphate
Deoxyuridylic acid

List of Reactions )

Common Name

Synonyms

SABIO-Compound-ID 1334
External Links

CAS-ID 964-26-1
Kegg-ID Cc00365
PUBCHEM Substance ID 2656
CHEBIIDs 17622
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Export of Annotated Data in SBML

<rdf:li rdf:resource="http:/ /www.genome.jp/kegg/reaction/#R02101" />

</rdf:Bag>

</bgbiol:is>
</rdf:Description>
</rdf:RDF >
</annotation>
<listOfReactants>
<speciesReference species="spc_1" />
<speciesReference species="spc_2" />
</listOfReactants>
<listOfProducts>
<speciesReference species="spc_3" />
<speciesReference species="spc_4" />
</listOfProducts>
<listOfModifiers>
<modifierSpeciesReference species="enz_1" />
<modifierSpeciesReference species="spc_5" />
</listOfModifiers=>
<kineticLaw metaid="meta_kl_0">
- <annotation>
- <rdf:RDF xmins:bgbiol="http://biomodels.net/biolo
- <rdf:Description rdf:about="#meta_kl_0">

lkspecies metaid="meta_spc_2" id="spc_2" name="5,10-Methylenetetrahydrofolate" compartment="compart_1">
| <annotation>
- <rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmins:bgbiol="http://biomodels.net/biology-qualifiers/">|
- <rdf:Description rdf:about="#meta_spc_2">
- <bgbiol:is>
- <rdf:Bag>
<rdf:li rdf:resource="http://www.ebi.ac.uk/chebi/#CHEBI:15636" />
<rdf:li rdf:resource="http://www.genome.jp/kegg/compound/#C00143" />

</rdf:Bag>
</bgbiol:is>
</rdf:Description>
</rdf:RDF >

</annotation>
l</species>

species metaid="meta_spc_3" id="spc_3" name="Dihydrofolate" compartment="compart_1">
I <annotation>

- <rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" xmins:bgbiol="http:/ /biomodels.net/biology-qualifiers /">
- <rdf:Description rdf:about="#meta_spc_3">
- <bgbiol:is>
- <rdf:Bag=>
<rdf:li rdf:resource="http://www.ebi.ac.uk/chebi/#CHEBI:15633" />

- <bgbiol:isDescribedBy >

<rdf:li rdf:resource="http://www.genome.jp/kegg/compound/#C00415" />

- <rdf:Bag>

<rdf:li rdf:resource="http:/ /www.pubmed.gov/#12859954" />

</rdf:Bag>
</bgbiol:isDescribedBy >
</rdf:Description>
</rdf:RDF >
</annotation=

- <math xmins="http://www.w3.0org/1998/Math/MathML">

- <apply>
<cizkl_0</ci>
<cizkcat</ci>
<cizenz_1</ci>
<ci=Km_A_spc_1</ci>
<ci=spc_2</ci>
<ci=Ki_spc_5</ci>
<cizkcatKkm_A_spc_1</ci>
<ci=spc_5</ci>
<ci=spc_1</ci>

</apply>
</math>
- <listOfParameters=>

<listOfUnitDefinitions>
- <unitDefinition id="onedivsec" name="onedivsec">
- <listOfUnits>
<unit kind="second" exponent="-1" multiplier="1" offset="0" /=
</listOfUnits>
</unitDefinition>
- <unitDefinition id="onedivMsec" name="onedivMsec">
- <listOfUnits>
<unit kind="second" exponent="-1" multiplier="1" offset="0" /=
<unit kind="litre" multiplier="1" offset="0" />
<unit kind="mole" exponent="-1" multiplier="1" offset="0" />
</listOfUnits>
</unitDefinition>
- <unitDefinition id="microM" name="microM">
- <listOfUnits>
<unit kind="mole" scale="-6" multiplier="1" offset="0" />
<unit kind="litre" exponent="-1" multiplier="1" offset="0" />
</listOfUnits>

<parameter id="kcat" value="0.213" units="onedivsec" />
<parameter id="Km_A_spc_1" value="2.7" units="microM" />
<parameter id="Ki_spc_5" value="4.17" units="microM" />

</unitDefinition>
</listOfUnitDefinitions>




KEGG ID

getCompoundIDFromKEGGID ,

getCHEBIID

getCompoundIDFromCHEBIID

getCompoundName

getCompoundID
getKEGGID

searchCompounds

Compound Name

getReactionIDFromCompound

ChEBI ID

getPathwayNames

searchEnzymesByName

getReactionIDFromEnzyme ,

getMultipleCompoundIDs

getKEGGReactionID

Compound ID

Reaction ID

IﬁetReacﬁonlDByKEGG N

getCompoundIDFromSpeciesiD [KEGG Reaction ID]\_/

getSubstratesSpeciesIDs

getReactionInstancelDs

searchEnzymesByECNumber

getECFromReactionID )

getReactionIDFromEC )

getECByName

getProductsSpeciesIDs

getActivatorsSpeciesIDs )

Species ID

getInhibitorsSpeciesIDs

getCatalystsSpeciesIDs )

getCofactorsSpeciesIDs)

Reaction Instance
/ ID

EC Number

getTissue )

getEnzymeVariant),

Tissue Name
etEnzymeProtein
getKinLawIDs ) : Enzyme Variant

getKinLawIDsNotNull ,

getUnknownModifiersSpeciesIDs )

getLocationID

getReactionEquation )

Kinetic Law ID

getKinLawIDFromPubmed ,

Protein

getPubmed

getKineticLaw

Location ID
toichiometric

Equation
getLocationName

PubMed ID

getOrganismFromKLID ,

Kinetic Law
Formula

getExpConditions

getParametersXML )

Y

R Experimental
[ QOrganism ] [ Conditions I Parameters

Generatas
;

Web service methods
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SABIO-RK
APl 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
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Data Storage System for Kinetic Data

Data Parser
(Instrument Dependent)

Experimental
Raw Data

<

Data Model
(Java)

KineticsWizard

Experimental
Raw Data
+ Meta Data

Instrument Independent

Experimental Data

Kinetic Parameters
+ Meta Data

Kinetic
Parameters
(e.9. Ky, Keat)

(XML)

e.g. MeMo | ¢

SABIO-RK

Cross-References

T
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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

Eepozncdzze pllimpp: g
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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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