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Introduction - Reaction
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Introduction - Reaction kinetics

by "
—_— ]
— >
- I{_l
Vinaxh - - - oo
s
3
) Velooity = W = Mz 51
[5]+ Koy
o
[Substrate]

Vmax > maximal enzyme velocity
Km - Michaelis-Menten constant (k2+k-1)/k1



Systems Biology

[Gol = kit (ko[Ga]) — ks LoellPLC T [ [GallCacn]

| —o—Prowin  —o—Tryplaseactivity ([G a] + K 4) ([G a] + K 6)
[PLC T= k7[Ga] - ks—LP=C
([PLC ]+ Ko)
* * 4
[Cacy]'= (Caer — Cac) * klOpLCgi‘y:_ EEC + ki2*PLC +ki13*[G<]
A [Cacy] _k [Cacy] ks [Cacyt]n
([Cacyt] + K15) ([Cacyt] + K17) ([Cacyt]n + K1n9)

[Cacy]
([Cacyt] + K21)
* * 4
k1o Caiyt P|4_C + ks [Cacyt]
PLC" + K}; ([Cacyt] + K17)

[Casal” o — Cag)*kao—LC2]
([Ca]" + KJ) ([Caey] + K 21)

+ (Camit — Cacyt) *k20

[Caer]'=—(Caer — Cacyt) *

[Cawmito]'= K18




Systems Biology

e 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 nttp:/mwww.ebi.ac.ukibiomodels/

— information about complete published mathematical models of biochemical
networks

KDBI ntp:/ixin.cz3.nus.edu.sg/group/kdbi/kdbi.asp
— Kkinetic 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)

" KEGG _
_UniProt | Extraction> SABIO

N

f
SABIO-RK -
Kinetic
< pata
(publ.)
i

Organisms




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



S
SABIO-RK - Data model (schematic)

Environment

* buffer
° pH
 temperature

Infosource
e PubMed ID

* title
» authors
* journal

parameter
units

determined under

o Kinetic Parameter
Kinetic Law e Name
*type » type (e.g. Km, kcat, conc.)
* equation belongs « value (range)
to * standard deviation
e comment

from an

General Information
* organism
* tissue
 pathway
e comments

reported

Reaction
for

* stoechiometry
» EC classification

corresponding
species

Compound
* recommended name
* synonymic names

participate in

v

Reactant, Modifier (Species)
 compound or enzyme name
refers to * role (e.g. substrate, inhibitor, catalyst)

« |dentifiers for databases
(e.g. KEGG, ChEBI, UniProt)
» additional information

* location (compartment etc.)
» comments (modifications etc.)




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!

o Colour-coded representation of results
B - Kinetic data available matching search criteria
[] — Kinetic data available but not matching search criteria
B - No kinetic data available

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

REACTION KINETICS DATABASE

CONTACT | HELP | IMPRINT Reaction Search

Return Dnly reactil:lns h-uinn Limntsir Aogba mobebims l-l-.:- PN oY "3 1o [l — - - — —
Total number of reactions found for specified Kinetic Data Availability:

Specify Search Criteria) search criteria: 7 B :inctic data available matching the
search criteria

. Click here to view your search critaria & ; . .
Search Reaction : Kinetic data available, but not
with Reactants(s)

rmatching all search criteria

SBML g’lgi?jl R (Mudif',r Search) M 1o kinetic data available
Pyrimidine metabalism
Select Pathway & Humber of results per page: ( Display )
Delete Pathway
Show only reactions haring kinetic data
having Enzyme(s) matching the search criteria
in Organism(s) @end Selected Reactions to SBML FiI_@
Hormo sapiens
. :: E M L T . Select Reaction (s) Kim?tic Dat_a Enzyme Kinetic data
o Select Organism Reactions {De)Select All for this reaction for enzymes

SR, pesearch

EC#

Delete Organism (Click to View] [(Click to View)

e 274,14
©emLr o GrmbH in Tissue{s)/Cell Type(s) » 70 + cpp =-= cOP + A0 D E sl D=7 :
esaarch gGm 2 7.4
in {(IntrafExtra)Cellular L 07 414 -
dCMP + ATP <-> ADP + dCDP ] [ o
Having Kinetic Data Deter 2.7.4.4 .
pH dUMP + 5,10-
Methulenetetrahydrofolate <-> JTMP [F] = 2.1.1.45 £l
+ Dihydrofolate
2.7.1.21
Thyrnidine + ATP <-> ADP + dTMP F | — o
Ternperature [ 2.?. 1. 145
>
2.7.4.14
£ UMP + ATE =-= ADP + LIDE |:| - -
2.7.4.4 |
iR ibhcanon dCTP + DMA <-> Diphosphate + DA | = 2.7.7.7 =
reporting Parameters dTTP + DMA =-= DA + Diphosphate D - 2?? 7 -

(SuhmitSearch)( Reset Form j




Entry Hr. 5046 dUMP + 5,10-Methylenetetrahydrofolate <-> dTMP + Dihydrofolate

Organism: Horno zapiens

Tissue: unknown

Wariant: wildtype

EC Class: 2.1.1.45

Reversability: reversible

Substrates
| name ||ocation |comment| External References
5,10-Methylenetetrabydrofolate ynkrnown |- |[ KESG: COD143; CHERI: 15636; ]
|dump unknown | |[ KEGG: COD265; CHERL: 176225 ]
Products
| name ||ocation |comment| External References
|Dihl,ldrofolate urknawn |- |[ KEGG: CO0415; CHEBI: 15633; ]
|dTMD |unk.-,.-_.wn | |[ KEGG: CO0264; CHERL: 17013; ]
Modifiers
‘ name ‘Iocation effect ‘ comment External
References
E-5-(2-Bromovingl)-2'-deoxyuridine K Madifier- active spacies of
rmonophasphate HORROWT 1 nhibitor anticancer drug MBE1011
. Modifier-
‘Thymldylate synthaze(Enzyme) unknaown Catalyst ‘

Kinetic Law
| (keat*E*A) S (A+Em A% (1417 (KEi))) +l
Kinetic Law Type: Competitive inhibition

Parameters

| name | species type 5t_wvalue Deviation End_value | unit |comment

E-5-(Z-Bramoavinyl)-2'-
I deoxyuridine concentration |0 - 40 M -
monophosphate

E-S5-[2-Brarmoviny|)-2'-
Ki deoxyuridine Ki 4,17 0.29 pM -
rmonophosphate

|E |Enzt,lme |concentration |D.1 |- ph -

i/
kcatkrn_a ‘dump kcatfkm ‘?9000 ‘ (M*sec)

[ken_a [dump [krn |2.7 [o.32 uM -
kcat [kcat [o.z12 [0.0z0 1/sec

50 ‘- pM zaturated

B 2,10~ concentration
Methylenetetrahydrofolate
|A |dUMP |concentration |2 |- s ||.|M |-

Experimental conditions
5t_value end_value unit
pH 7.5 -
Temperature 20 - i
Buffer: 40 mM Triz-HCl, 25 rmmM MaCl2, 1mM EDTA, 100 mM beta-rnercaptoethanal
Comment: expreszed in E.coli
PUBMEDID: 12859954




SBML export

<listOfReactions=
- «reaction id="reac_0"=
- =listOfReactants=
<speciesReference species="spc_1"
<speciesReference species="spc_2"
<flistOfReactants=
- zlistOfProducts=
<speciesReference species="spc_3"
<specieskeference species="spc_4"
<flistOfProducts:
- =listoftModifiers=
=modifierSpeciesReference species=
=modifierSpeciesReference species=

P
P

i=
i

IISPE_EH ,."'I}
"enz_1" /=

<flistOftodifiers=
- zkineticLaw=
- <math zmlns="http:/ /v .w3.org
- <apply=
<cizkl_0=/ci=
LCi=SpC_9</Ci=
“cixKi</ciz
“cizenz_1</cix
“cizkcatkKm_A</ci=
<Ci=Km_A</ciz
<cizkecat</ciz
<cizspc_l</ciz
LCi=spC_2</Ci>
< apply=

species id="spc_3" name="Dihydrofolate" compartment="compart_1">
I <annotation>
- =rdf:RDF =mins:rdf="http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns" zmins: dc="http:/ /purl.org/dc/elements/1.1/">|
- =rdf: Description rdf: about="#Dihydrofolate"-
- =dcirelation>
- =rdf:Bag>
zrdf:li rdf:resource="http:/ /www.genome.jp/dbget-bin/www_bget?cpd:C00415" /=
zrdfili rdf:resource="http:/ /www.ebi.ac.uk/chebi/searchld.do?chebild=15633" />
=/rdf:Bag=>
</dc:relations
=/rdf: Description:=
</rdf: ROF =
</annotations
Jspecies>
species id="spc_4" name="dTMP" compartment="compart_1">
I <annotation>
- =rdf:RDF =mins:rdf="http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns" zmins: dc="http:/ /purl.org/dc/elements/1.1/">|
- =rdf: Description rdf: about="#dTMP">
- «dcirelation>
- =rdf:Bag>
zrdf:li rdf:resource="http:/ /www.genome.jp/dbget-bin/www_bget?cpd:C00364" /=

=/math=

zrdfili rdfiresource="http://www.ebi.ac.uk/chebi/searchld.do?chebild=17013" />

- zlistoOfParameters>
<parameter id="Ki" value="4.17" u

<parameter id="kcatKm_A" value="79000" units="onedivMsec" /=
<parameter id="Km_A" value="2_7" units="microM" /=

<parameter id="kcat" value="0.21

nits="microM" /=

3" units="onedivsec" />
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Kinetic Studies on the Mechanism of the Malate
Dehydrogenase Reaction™

Data integration
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SUMMARY

Thia wark s & kinetic investigation of the ¢
anism of malate dehydrogenase, prrpared
mince of whole bovine heart by s variatiol
methods. g :

The forward and reverse reactions catalys W
#ymn have been studied at pH 8.0 in the p
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Information source

* Publications
— Manual extraction
— no automatic information extraction at the moment
—> data stored in tables, formulas, graphs

- Input interface

e web interface
« structuring of data from literature



Input interface

Kinetic the Mechauism of the Makate
g - reaction O-Glucose + ATP = D-Glucose B-phasphate + ADP
SwissProt protein D P38557
EC-number 27.1.2 wildtype
species concentration
stoe name role cell. location range start range end deviation unit unit def. comment
1 ATP Substrate v unknown v
1 ADP Praduct 5 unknown v
1 D-Glucose B-phosy Product v unknown v
1 D-Glucose Substrate v unknawn v
1 B-[(3isobutoxy-5-isg Modifier-Activator v unknowen v
] 1 Enzyme Modifier-Catalyst ¥ unknown v

choose species: | (RF3Hydroxybutanoyl)n2) v add this species
enter species. | Glcose ATP search reactions
choose location | acrosome v ad this lacation

kinetic law
type Michaelis-Menten
formula (WmaeS)Km+S) reversidle ¥
variables
I e x —HH— name term comment

parameter

name role type species value stat  value end  deviation  |unit unit def.
E Varighle | concentration % || Enzyme |60 fibd nhd
Krn Constant ¥ | Kim v || ATP v (013 (1.006 b kA

S Variahle v || concentration v || ATP v

Wimax Constant || Wmax v (124 058 mlfml mlfml
G arighle ¥ | concentration ¥ || D-Glucose V100 mhd mhd
[ Varighle ¥ || concentration ¥ || 6{(3isohutoxy-5-isoprapoxybenzoyliaming]nicotinic acid v |10 iy i)

experimental conditions

pH temperature (*C) buffer
i start end start end composition
Al 22 25 mhd Hepes, 25 mhd KCL & mhd r
: : s other condition

start end unit name comment
organism Haomao sapiens strain
mechanism unknown unknawin ¥
tissue/celltype liver

- e - - S e e b ‘/ info source Stirmulation of hepatocyte glucose metabolism by novel small molecule glucokinase activators; Katy J. Bro

: = ! ' info type Journs

1 o comment expressed in E. coli




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.gmul.ac.uk/iubmb/enzyme/)
— for compound names - IUPAC recommendations (http://www.chem.qmul.ac.uk/iupac/)
— for parameter units - Sl system for unit notation

etc.

Links to other databases (KEGG, ChEBI, Swiss-Prot, PubMed etc.) and in
future annotations (Systems Biology Ontology nhttp:/imwww.ebi.ac.uk/compneur-srv/sbo/)
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Multiplicity of units

Extracted from paper

unknown
T
py/pl
pM
pmol/l
(p M)~ (2)
HM/min
pmole
pmoles
pmol*min® -1y plA {-1)
pmol s -1 mg*(-1)
pmol/ml
pMA -1 min®(-1)
pMA -1 min® {-1)
min® (-1 pMA (-1)
pM (-1)s* (1)
s* (1) pM* (1)
1/h™1/my
h*(-1)
h* -1
1/h
1/min

Internal identified/grouped as

pmol
pmol/{imin®pl)
pmolf{sec™muy)
pmoliml
1/[pM™min)
1/[pM™min)
1/[pM*min)
1/[pMTsec)
1/[pM™sec)
1/(h*myg)

1/h

1/h

1/h

1/min



Entry Nr. 5040 dUMP + 5.10-Methylenetetrahydrofolate <-> dTMP + Dihydrofolate

Organism:
Tissue:
EC Class:
Reversability: reversible
Substrates

name

5,10-Methylenetetrahydrofalapt | Gnknown

dUmMP

unknaown
Products
name location |co

Dihpdrofolate |unknown |- [ KEGG:

dTmp unknown |- [ KEGG:
Modifiers

name location
E-5-[2-Bromovingl]-2'-deaxyuridine
rmonophosphate unknown
Thyrmidylate synthase(Enzyme) unknown

Kinetic Law
{keat*E*L) / (A+Em A% (1+1/ (Ki)))
Kinetic Law Type: Cornpetitive inhibition

comment

E

External References

i CHEBI:

+ CHEBI:

effect

Maodifier-
Inhibitor

Modifier-
Catalyst

5t_value |Deviation End_value/ unit |comment

Parameters
name species type

E-5-[2-Bromovingl]-2'-

I deaxyuridine concentration |0
rmonophosphate
E-5-[2-Bromovingl]-2'-

Ki deaxyuridine Ki 4.17
rmonophosphate

E Enzyme concentration |0.1

kcatkm_A |[dUMP kcatf K 79000

krn_#& dUMP krn 2.7

kcat kecat 0.21

B =,10- concentration

Methylenatetrahydrofolate

A dUMP concentraty

Experimental conditions

5t _value end_value ung
pH 7.5 -
Temperature 30
er: 40 mM Tris-H
Comment: expressed in E.cali
PUBMEDID:

[ KEGS: 3 CHEBI: i)

[ KEGG: ; CHEBI: i1

Hormo sapiens

Annotations

Variant: wildtype

xternal References

Links to other
Databases

References

comment

active speces of
anticancer drug NB1011

' Annotation in SBML

species id="spc_3" name="Dihydrofolate" compartment="compart_1"> ‘
I <annotation>
- =rdfRDF =milns:rdf="http:/ /www.w3.0 099/02/22-rdf-syntax-ns" xminsT
- =rdf: Description rdf: about="# Dik¢drofolate"-
- =dcirelation>
- =rdf:Bag>
zrdf:li rdfiresource
zrdf:li rdfiresource
=/rdf:Bag=>
</dc:relations
=/rdf: Description:=
</rdf: ROF =
</annotations
Jspecies>
species id="spc_4" name="dTMP" compartment="compart_1">
I <annotation>
- =rdfRDF =milns:rdf="http:/ /www.w3.0rg/1999/02/22-rdf-syntax-ns" smins:dc="http:/ /purl.org/dc/elements/1.1/">
- =rdf: Description rdf: about="#dTMP">
- =dcirelation>
- =rdf:Bag>

http://purl.org/dc/elements/1.1/":

"http:/ /www.genome.jp/dbget-bin/www_bget?cpd:C00415" /=
"http:/ /www.ebi.ac.uk/chebi/searchld.do?chebild=15633" /=

g9¢12, 1mM EDTA, 100 mM b <rdf:li rdfiresource="http:/ /www.genome.jp/dbget-bin/www_bget?cpd:C00364" /=

zrdfili rdfiresource="http://www.ebi.ac.uk/chebi/searchld.do?chebild=17013" />




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, pmol/(s*mg), mM/min for enzymatic activity
Kinetic law types
— no controlled vocabulary available



Search for multiple entries for identical compounds

Curation

examples from

KEGG database

Entry co0zol Compound Entry 03802 Compound
Hame Nucleoside triphosphate; Hame Ribonucleoside triphosphate
NTP
Formula |CS5H1Z2013P3R
Formula CSH1ZO13P3R
Mass 372.9480
Mass 372.9489
Struoture - Structure CI)H : H CI)H
OH OH  OH o HO—B—0—P—0—P—Q A
HO—P-0——0—P-0 vwov v 1\@/
© w o —h
Co0201 HO OH
Mol file } | KCF file J | DB search ) C03802
Reaction |R00331 ROO333 RO0444 RO153Z ROZ318 ROZ3Z0 ROI3Z1 ROZ43Z \Mol file ) | SIMCOMP )
RO3149 ROS51Z Reaction |RO4315
Enzyme [2.7.1.40 1.7.1.74 2.7.4.6 2.7.4.10 :
3.7.7.6 1.7.7.28 3.7.7.46 3.7.7.48 LIoewts 403550
3.6.1.15 3.6.1.19 Enzyme 1.17.4.2
Other DBs|PubChem: 3501 Other DBs|PubChem: 6551
LinkDB All DBs LinkDB All DBs
KCF data _Show KCF Show
Entry cO0536 Compound
Entry o3z Compound Hame Triphosphate;
) ) i hosphat
Hame Inorganic triphosphate Tripolyphosphate
Fornmla HS010P3
Formula |H5010P3 Mass 257.0006
Mass Z57.9096
Structure HCI) HCI) HCI)
Struetuwxre| - .~ 4~ > | HO—P—O—P—0O—P—
HO HO HO R B s
| | 1 (0] (0] (0]
Ho—ﬁ—o—ﬁ—o—ﬁ—OH CO0536
o Mol file ) | KCF file } | DB search)
C03273 Reaction [RO0136 ROD138 RO1492 RO1SS56 ROZ504 RO4286 ROSZZ0 ROTZGH
Mol file J KCF ﬁ|E_J DB SEEFCI"I',I Pathway |(PATH: wap00190 Oxidative phosphorylation
- - - Enzyme 2.5.1.17 3.7.4.1 3.1.5.1 3.6.1.2
Other DBs PubChem: E£138 3.6.1.25 4.2.3.12
i Other DBs|PubChem: 3818
LinkDB All DBs ChEBI: 29203
3DMET: EO0124
KCF data Show
L LinkDB

All DBs




Curation

Search for multiple entries for identical compounds

— 1D 1371  D-Sorbitol 6-phosphate
— 1D 21224 D-Glucitol 6-phosphate

example from
SABIO-RK database

Entry co0754 Conmpound
Hame D-Zorbitol;
D-Glucitol;
L-Gulitol;
Sorhitol
Fornmula |CEH1406
Mass 182.0791
Structure OH
OH
HO
OH
H
CH
Coo794
Mol file J | KCF file } | DB search )
Reaction (ROO574 ROOS7S5 RO1697 RO1787 ROZEES ROZE66 ROZBET ROZBES
ROZ925 ROZ9Z6 ROSBZ0
Pathway |PATH: map00051 Fructose and mannose metabolism
PATH: mapOl005Z2 Galactose metabolism
PATH: map02Z060 Phosphotransferase system ([PT3)
Enzyme 1.1.1.14 il o aha dho 2L5] b il o b dk 1.1.99.21
1.1.99.28 fio o dho db 2.7.1.69 & 0 dho oS0
&) 04 o dho M
Other DBs|CAS: 5S0-70-4
FubChem: 4052



Curation support
NLP

name:
7-hydroxyheptan-2-one

v

parser

'

semantic representation:
compd(ane(7*C),pref([??* [7]-hydroxy]),suff([??*[2]-one]))

/ \s
SMILES string generator classifier
v v
SMILES string: classes:

CC=o)cceeco alcohol, alkane, ketone, etc.




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)

Functional groups of compounds 33

Al groups

Select compound in DB:

Smiles representation of compound:

|D-Glucase

| OCC{O)CON 0N O)C=0

lassify compound

Enter new Smilas:

oH OH
/ ’
OH
OH oH
Malecule Formula: CeHp 0
Malecular weigth: 180.06342
Functional Group | Definition
secondary alcahol R-Z{2R; R C

short chain alcohol
saturated alcohol
aliphatic alcobol
aldehyde

short chain aldehyde
saturated aldehyde
aliphatic aldehyde
carbohydrate

aldose

hexose

R-C(O)RIR; R: C, H; carbon chain = 8 C-at...
R-C{DWRIR; R C, H; carbon chain saturated
R-C{O)(RIR; R C, H; aliphatic carbon chain

R-C=0; R:C, H

R-Z=; Ri C, H; carbon chain < & C-atoms

R-C=0; R:C, H; carbon chain saturated
R-Z{=0JR; R C; aliphatic carbon chain
Cx(HEONx; Zx=8

Co(HEQ)x; 2<w<i; R-C=0

CulHEOx; x=6

Integrate new compound inko DB




Classification of Compounds: The overall architecture

Wl

Structured Input Data Unstructured Input Data
Import of structured data: SMILES, Mol-File.... Import of chemical compound names

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)
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...)

Output and Visualisation @

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



Querying for chemical compounds

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

Output with means of string matching:

EC5.1.3.3 alpha-D-Glucose 1-epimerase
alpha-D-Glucose <> beta-D-Glucose

Missing reactions for general molecules:

EC1.1.1.21 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

e OH OH

Glucose can be classified as
- alcohol C-OH )
- aldehyde C=0
- carbohydrate (C H,0), OH /
- Cs(H,0), 6 C-atoms
- (C HZO)X +-CH=0 OH OH
- aldohexose Cs(H,0), +-CH=0
- monosaccaride [ (C H,0),1; Glucose C¢H,,0,
Therefore the correct output should be
EC5.1.3.3 a-D-Glucose 1-epimerase

a- & B-
EC1.1.1.21 aldehyde reductase

alditol + NAD(P) = + NAD(P)H
EC2.7.1.1. hexokinase

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



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



Standardization

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



SABIO-RK statistics

(as of July 2006)

 SABIO-RK data extacted from literature
— 623 curated publications
— 5550 database entries (40% with rate equation)
— Kkinetic 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:
e Maximum 28

* Average 1,5



Conclusion

.

SOeT0O

REACTION KINETICS DATABASE
« 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

E+5 ES EF E+F

— 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)
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