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Biodegradation: Ability adquired by some microorganisms to process recalcitrant, often 
xenobiotic compounds that do not form part of their central metabolism (CM) by 
transforming them into compounds that can enter into CM. Biodegradation processes have 
enormous potential for environmental cleanup (bioremediation) and in biocatalysis (green 
chemistry).

Biodegradación/Bioremediación
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• http://eawag-bbd.ethz.ch/
• Ellis, L.B., Hou, B.K., Kang, W. and Wackett, L.P. (2003) The University of Minnesota Biocatalysis/Biodegradation Database: post-
genomic data mining. Nucleic Acids Res, 31, 262-265.
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Estudio sistémico de redes metabólicas
(metabolismo central)

Representación del metabolismo como redes (grafos)



Yeast metabolic network

Estudio sistémico de redes metabólicas
(metabolismo central)

•Barabasi, A.L. and Oltvai, Z.N. (2004) Network biology: understanding the cell's functional organization. Nat Rev Genet, 5, 101-113.
•Jeong, H., Tombor, B., Albert, R., Oltvai, Z. N. & Barabasi, A. L. (2000). The large scale organisation of metabolic networks. Nature 407,
651-653
•Barabasi, A.L. and Oltvai, Z.N. (2004) Network biology: understanding the cell's functional organization. Nat Rev Genet, 5, 101-113
•Ravasz, E., Somera, L., Mongru, D.A., Oltvai, Z.N. and Barabási, A.L. (2002) Hierarchical organization of modularity in metabolic
networks. Science, 297, 1551-1555.



740 compounds
821 reactions

678 with associated enzymatic activity
308 specific enzymatic activity (4 EC numbers)

CM

UMBBD
Enzyme
Chemfinder
SwissProt
….

Name
Formula
SMILES string
Properties: sol., mw., …
3D structure (PDB).
…

Enzymes/substrates/products
Links to databases
…

EC code
Reaction
Organisms
Sequences
Links to databases
…

• Florencio Pazos, David Guijas, Alfonso Valencia & Victor De Lorenzo. (2005). MetaRouter: bioinformatics for bioremediation. Nucleic Acids 
Research. 33:D588-D592. 

Ensamblado de la red global de biodegradación



 Florencio Pazos, Victor De Lorenzo & Alfonso Valencia. (2003). The organization of the Microbial Biodegradation Network from a Systems-
Biology perspective. EMBO Rep. 4(10):994-999.

http://pdg.cnb.csic.es/biodeg_net

Red global de biodegradación
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Propiedades de la red global de biodegradación



Central Metabolism

X

 Florencio Pazos, Victor De Lorenzo & Alfonso Valencia. (2003). The organization of the Microbial Biodegradation Network from a Systems-
Biology perspective. EMBO Rep. 4(10):994-999.
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Knowing whether a novel chemical compound is likely to be metabolised by microorganisms is 
crucial for assessing the environmental risks associated to its production, transportation, utilization 
and disposal

But... after 50 years of research on microbial biodegradation, detailed knowledge about 
biodegradative pathways is available for only a few hundreds species

New pesticides and pharmaceuticals are being produced at rates that cannot be matched by 
experimental attempts to determine the outcome when spilled or released into the environment. This
makes essential to develop systems that can predict the fate of chemical compounds before releasing
them into the environment.

Predicting “biodegradability”



Predicción de Biodegradabilidad

- Sistemas basados en conocimiento experto (i.e. UM-PPS)

- Sistemas basados en aprendizaje artificial (i.e. BDPServer)



Hou, B.K., Ellis, L.B. and Wackett, L.P. (2004) Encoding microbial metabolic logic: predicting biodegradation. J Ind Microbiol Biotechnol., 
31, 261-272.

Predicción de Biodegradabilidad - UMBBD-PPS

As of February 4, 2008 6:17:17 AM CST, the UM-BBD contains 
291 biotransformation descriptions for 234 biotransformation
rules.

Acetophenone derivative -----> Benzoyl acetate derivative
(bt0202)

Acid chloride -----> Carboxylate (bt0026)

Acylsulfonate -----> Carboxylate + HSO3- (bt0227)

primary Alcohol -----> Aldehyde (bt0001)

secondary Alcohol -----> Ester (bt0002)

secondary Alcohol -----> Ketone (bt0002)

primary Alcohol with halogen on the same carbon -----> 
Aldehyde (bt0314)

Aldehyde -----> Carboxylate (bt0003)

.....

..

.



Hou, B.K., Ellis, L.B. and Wackett, L.P. (2004) Encoding microbial metabolic logic: predicting biodegradation. J Ind Microbiol Biotechnol., 
31, 261-272.

Predicción de Biodegradabilidad - UMBBD-PPS



• http://umbbd.ethz.ch/
• Ellis, L.B., Hou, B.K., Kang, W. and Wackett, L.P. (2003) The University of Minnesota Biocatalysis/Biodegradation Database: post-
genomic data mining. Nucleic Acids Res, 31, 262-265.

Predicción de Biodegradabilidad - UMBBD-PPS



Predicting biodegradability – Machine learning

Another approach: machine learning

Learn from examples of known recalcitrant/biodegradable compounds how to distinguish the two classes

Disadvantage: no information on the biodegradative pathway. Just final fate.

Advantage: fully automatic (non interactive) => can be applied to large collections of compounds

Requirements

- Examples of recalcitrant/biodegradable compounds (many)
- Description of the chemical structure which can be managed by the machine learning system
- ML method



Obtaining examples of biodegradable/recalcitrant compounds

Assumption: biodegradable compounds are those for which it is possible to find a pathway to CM. 
Otherwise they are recalcitrant.

xx



Gómez, MJ, Pazos F, Guijarro FJ, de Lorenzo V, Valencia A. (2007). The environmental fate of organic pollutants through the global 
microbial metabolism. Mol Syst Biol. 3:114.

Vectorial representation of molecules
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Machine Learning

Rule-based system 
(c4.5)

Rules for classification,
Expressed in terms of the 
attributes (triplets, ...)

Used to classify new (unseen) 
examples

Machine learning system

Advantages of rule-based systems compared with other ML, i.e. NN:

- Explicit rules in human-readable format

- Can handle missing values (solubility)

Quinlan, JR. (1993). c4.5: Programs for Machine Learning. San Mateo, CA. Morgan-Kaufmann

850 compounds



Gómez, MJ, Pazos F, Guijarro FJ, de Lorenzo V, Valencia A. (2007). The environmental fate of organic pollutants through the global 
microbial metabolism. Mol Syst Biol. 3:114.

Results

52 out of the 152 attributes involved in rules

E coli CM (733 comps.): 90.31% CMCD; 81.44% No-NB



•Gómez, MJ, Pazos F, Guijarro FJ, de Lorenzo V, Valencia A. (2007). The environmental fate of organic pollutants through the global 
microbial metabolism. Mol Syst Biol. 3:114.
•http://pdg.cnb.csic.es/DBPSERVER/

Using the predictor - BDPServer



Juan A. Garcia-Martin, M. Chavarria, V. de Lorenzo, F. Pazos. In preparation

Updating the system…



Gómez, MJ, Pazos F, Guijarro FJ, de Lorenzo V, Valencia A. (2007). The environmental fate of organic pollutants through the global 
microbial metabolism. Mol Syst Biol. 3:114.

Blind predictions

- Chemical compounds regulated by the ECB (HPVCs, LPVCs & Annex-I): 70% CMCD

- PubChem (USA). 3600 comps. aprox.
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