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Good foundations and houses

When you build a house, you...
— Lay a good solid foundation
—  Build up the walls
— 'I_'hr?n stick up the roof and make the house water
tight
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What Happens when you don’t build solid
foundations

http://www.youtube.com/watch?v=q4fdW_91RBU
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In the beginning we bulilt the roof, IntEnz...

i,

http://www.ebl.ac.uk/intenz

* IntegratecEnzyme database @ EBI.
»  Contains the recommendations of the NC-IUBMB.

« Source of enzyme.dat flat file (ENZYME databas&3)SI
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We built the roof without good foundations

Reactions in IntEnz/ENZY ME

» Plain text reactions
Redundancy

Ambiguity

Isolation (no cross-references)
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Redundancy

“ATP + a protein = ADP + a phosphoprotein”

“ATP + H20O = ADP + phosphate”

“The chemical reaction catalysed is the specifioerty that
distinguishes one enzyme from another, ...”
NC-IUBMB
Extracted fromEnzyme Nomenclature
(1992, Academic Press, San Diego, California)
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Ambiguity

» Compound names:
» COASH (EC 6.2.1.34)
» COA-SH (EC 1.2.1.58)
- CoA (EC 4.1.1.9)

» Alternative reactions / steps:

EC 1.1.1.42 - alternative reactions
“(1) isocitrate + NADP+ = 2-oxoglutarate + CO2 + NADPH”
“(2) oxalosuccinate + NADP+ = 2-oxoglutarate + CO2 + NAD PH”

EC 2.6.1.82 - overall transformation and its steps (first a, then b)
“(1) putrescine + 2-oxoglutarate = L-glutamate + 1-pyrro line”
“(la) putrescine + 2-oxoglutarate = 4-aminobutanal + L-g| utamate”
“(1b) 4-aminobutanal = 1-pyrroline (spontaneous)”
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|solation

* No cross-references from reactions to other reaction or
pathway databases.

IntEnz view ‘ MC-ILBMEB view ‘ ‘ EMZYME view | ta--

IntEnz Enzyme Momenclature |

EC1.2.34

Names

Accepted name: oxalate oxidase
Other name(s): asro-oxalo dehydrogenase
oxalic acid oxidase

Systematic name: oxalateoxygen oxidoreductase

Reaction

+
(11 oxalate +0,+2H" =2 CO, + HO,
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Later on we built some solid chemical
foundations

Chemical Entities of Biological Interest
. Freely available

 Focused on ‘small’ chemical entities (no proteins or
nucleic acids)

. lllustrated dictionary of chemical nomenclature
. High quality, manually annotated
. Provides chemical ontology

Access ChEBI at http://www.ebi.ac.uk/chebi/
EBI

ket
Dictionary
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What we needed now were some solid walls

* Independent of spatial location (subcelullar, tissue, organ,
species) and of the catalyst (concrete protein)

« As much coverage of EC nomenclature as possible.
« Strict controlled vocabulary for compounds.
» Chemically balanced chemical reactions.
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Why build another reaction database?

o Quality
 Chemically balanced, charge conserved reactions
» Directionality important

 Not Pathway centric
* Independent of enzyme and spatial location

* Reactions defined should be a building block of pathways
databases

e Not metadata centric
 No kinetic data or environmental data

* Independent identifier i.e. independent of EC number
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Hatching Rhea

dhosphate l ructose 6-phosphate

ﬁé&hﬂil

CHEBI:15954 CHEBI:16084
Formula: C6H1309P Formula: C6H1309P
Charge: O Charge: O
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Compounds in Rhea
* Unique name (SOURCE='IntEnz' in ChEBI)
'CoA'/'CoA-SH'/'Coenzyme A' problem solved.
* Normalized to their neutral form (with exceptions), but
this does not affect searches.

« Updated with any changes in ChEBI (name, formula,
merging of ChEBI ID).

13 13.02.09 EMBL-EBI ; f :



Rhea availability

http://www.ebl.ac.uk/rhea

http://www.ebi.ac.uk/intenz
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Rhea i a colaborative
effort between the
Swiss-Prot Group at the
Swiss Institute of
Bioinformatics (S1B) and the
Panda Chemainformatics
and Metaboliem Group at
the EBI.

Terms of Use ¢ EBI Funding :

EBl * Databases * Reactions & Pathways * Rhea

Rhea - Home

Rhea is a freely available, manually annotated database of chemical reactions created in collaboration with the Swiss
Institute of Bioinformatics (SIB).
Alldata in Rhea is freely accessible and available for anyone fo use.

Read more about Rhea.

o l Advanced saanch

Search

Search by compound name, ChEBI ID, reaction ID, equation, cross reference (2.9. EC number) or citation (author name,
title, abstract text, publication |D).

Exceptwhen searching by equation, you can use double quotes - to match an exact phrase - and the following wildcarnds:
? (question mark = one character), * (asterisk = several characters).

Examples:

®* Searching for caffe® will find reactions with paricipants such as caffeine, trans-caffeic acid or caffeop-CoA.
® Searching for ate%o® will find reactions with participants such as acefoin, acetone or adenosine.
®* Searching for an equation like ATF + water = ADP + phosphoric acid or O2 + oxalic acid -= 2 CO2 + H202 will try

to parse it and return any matching reactions in the database.

Contact EBl @ @ European Boinformatics Institute 2008-2009. EBI s an Cutstation of the European Molkecular Bology Laboratory.




Rhea - Search results

L' Information

« Compound name 'caffe* resolved to ChEBI IDs - [CHEBI:27732, CHEBI:15518, CHEBI:17417, CHEBI:17470, CHEBI:17395, CHEBI: 16433, CHEBI: 16384,
CHEBI:31332, CHEBI:36281, CHEBI:31966, CHEBI:18123, CHEBI:16112, CHEBI:31121, CHEBI:32115]

* [care

Advanced search

49 results for caffe*

1-25 0f 49

- Next 24

RHEA 21988

RHEA124.39

RHEA 12438

RHEA 12437

RHEA 23206

RHEA 23207

RHEA 23205

RHEA 20691

RHEA 20690

REHEA 20692

malonyl-CoA + pelargonidin 3-0-(6-0-caffeoyl-p-D-glucoside) 5-0-p-D-glucoside <?> 4"-demalonylsalvianin + CoA

Participant: CHEBI:31966, CHEBI:31121

caffeoyl-CoA + putrescine <=> N-caffecylputrescine + CoA
Other directions: RHEA 12436, EHEA 12437, RHEA: 12438
Participant:. CHEBI:15518, CHEBI1T417

N-caffeoylputrescine + CoA => caffeoyl-CoA + putrescine
Other directions: RHEA 12436, RHEA 12437, RHEA 12439
Participant: CHEBI:15518, CHEBI:17417

caffeoyl-CoA + putrescine => N-caffeoylputrescine + CoA
Other directions: RHEA 12436, RHEA 12438, RHEA 12439
Participant: CHEBI:15518, CHEBI:17417

{(-)-quinic acid + 2-O-caffeoylglucaric acid => chlorogenic acid + glucaric acid
Other directions: RHEA 23204, BHEA 23205, RHEA:23207
Participant. CHEBI:16112, CHEBI:17470

chlorogenic acid + glucaric acid <=> (-)-quinic acid + 2-O-caffeoylglucaric acid
Other directions: RHEA 23204, BHEA 23205, RHEA 23206
Participant:. CHEBI:16112, CHEBI:1T470

chlorogenic acid + glucaric acid => (=)-quinic acid + 2-O-caffeoylglucaric acid
Other directions: RHEA:23204, RHEA:23206, RHEA:23207
Participant. CHEBI:16112, CHEBI:17470

(-)-quinic acid + cis-caffeic acid => chlorogenic acid + H20
Other directions: RHEA 20689, RHEA 20690, RHEA 20692
Parficipant: CHEBI:16112, CHEBI:17395

chlorogenic acid + H20 => (—)-quinic acid + cis-caffeic acid
Other directions: BRHEA 20689, RHEA:20681, RHEA 20692
Parficipant: CHEBI:16112, CHEBI: 17395

chlorogenic acid + Hz0 <=> (-)-quinic acid + cis-caffeic acid



Rhea - Advanced search

Reaction search

Text search

All of these words j :l

Excluding words:

. == Search
In fizld: | all j _
Reaction atiribute search

S—— S—— S——
Folymerization: Iany T| Transport: Iany 7| Class of reactions: Iany j Complex reaction: iany jl

Chemical structure search

FPowered by ChEBI

S— e
File Edit Yiew Insert Atom Eond Structure Tools

2]190) £ Bk A%

Hel

-

Chemical Structure Search?

Similarity

|dentity Help @

More search options >>

[ seurcn |

Applet powersd by ChemAxon Marvin.

TEET]

1,

Structure Search powered by Chemistry Development
Kit.

=

| (ilailell =l

i

UJIO O 0w

II IExactlv Matching x| Help @

Excluding wordsl

Search in CahegorylAll j

“Wildcard character is %



























Download Rhea

+ BioPAX level 2
« RXN files
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Targets attained

« Unique reactions within the database (no redundancy).
« Consistent names for compounds, and clearly defined

alternative/step/coupled reactions (no ambiguity).
» Cross-linked to other reactions databases (no isolation).

- Stable reaction identifiers (unlike EC numbers).
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Congratulations SABIO-RK

* Providing an excellent example of using student curation
with expert curators

e Accessible data via Web Services

» Excellent work being done in mapping the chemical-
biology divide via compound name matching

Things to improve (in my humble opinion):
 Bridging further the chemical-biology divide

« Chemical structure searching
« Chemical structures

o Software stability
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Rhea team

Rafael Alcantara (Developer, EBI)
Kristian Axelsen (Curator, SIB)

Kirill Degtyarenko (Curator, ex-EPO)
Anne Morgat (Curator, SIB)

Paula de Matos (Coordinator, EBI)
Christoph Steinbeck (Team leader, EBI)

http://www.ebli.ac.uk/rhea
ftp://ftp.ebi.ac.uk/pub/databases/rhea
http://sourceforge.net/projects/intenz
Intenz-help@lists.sourceforge.net



