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Good foundations and houses

When you build a house, you...
– Lay a good solid foundation
– Build up the walls
– Then stick up the roof and make the house water 

tight



What Happens when you don’t build solid 
foundations

http://www.youtube.com/watch?v=q4fdW_91RBU



In the beginning we built the roof, IntEnz...

• Int egrated Enzyme database  @ EBI.

• Contains the recommendations of the NC-IUBMB.

• Source of enzyme.dat flat file (ENZYME database, SIB).

http://www.ebi.ac.uk/intenz
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We built the roof without good foundations

Reactions in IntEnz/ENZYME

• Plain text reactions

� Redundancy

� Ambiguity

� Isolation (no cross-references)
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“ATP + a protein = ADP + a phosphoprotein”
��������������������������������������������������� �	������������������������������������������������� ������
�����

�����������������������������������

“ATP + H2O = ADP + phosphate”
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Redundancy

“The chemical reaction catalysed is the specific property that 
distinguishes one enzyme from another, ...”

NC-IUBMB
Extracted from Enzyme 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”
“ (1a) putrescine + 2-oxoglutarate = 4-aminobutanal + L-gl utamate”
“ (1b) 4-aminobutanal = 1-pyrroline (spontaneous)”
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Isolation

• No cross-references from reactions to other reaction or 
pathway databases.
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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)
• Illustrated dictionary of chemical nomenclature
• High quality, manually annotated
• Provides chemical ontology

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



Why build another reaction database?

• 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

• Not metadata centric
• No kinetic data or environmental data

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

“D-glucose 6-phosphate = D-fructose 6-phosphate”

CHEBI:15954
Formula: C6H13O9P

Charge: 0

CHEBI:16084
Formula: C6H13O9P

Charge: 0

1 D-glucose 6-phosphate � -D-fructose 6-phosphate1<?>

RHEA:11816 Chemically balanced
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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).
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Rhea availability

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

http://www.ebi.ac.uk/intenz
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Download Rhea

• BioPAX level 2

• RXN files



Master headline13.02.0927

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).



Congratulations SABIO-RK

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

• 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

• Software stability
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