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Natural Products
Plants

Nitrogen compounds
Terpenoids
Phenolics
Polyacetylenes

Aromatic hydrocarbons

Xenobiotics
Xenobiotic chemicals are biologically active 
molecules that are foreign to an organism.
Xenobiotic chemicals include herbicides, growth 
regulators, fungicides, and insecticides.
The use of the term xenobiotic with respect to 
biodegradation should be discontinued. 

Organic Compounds
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Pollutants
Most organic and inorganic chemicals are subject 
to enzymatic attack through the activities of living 
organisms 

Type of pollutants
BTEX (Benzene, Toluene, Ethylbenzene, Xylene) 
PAH (Polycyclic aromatic hydrocarbon)
Nitroaromatic compounds
PCB (Polychlorinated biphenyls) 
Chlorinated aliphatic compounds
Heavy metals (Cd, Cu, Pb…) 
Nuclear wastes 
Agricultural chemical wastes (Triazine, DDT)
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Pollutants
Fate

Mineralized and converted to completely oxidized 
products, such as CO2
Transformed to another compound that may be 
toxic or nontoxic
Accumulated within an organism
Polymerized or bound to natural materials

Bioremediation
a pollution treatment technology that uses 
biological systems to catalyze the destruction or 
transformation of various chemicals to less 
harmful forms.
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Metabolic Logic
The guiding hand of natural selection makes a metabolic 

pathway that almost optimally captures the available 
free energy in a given organic compound.

MetaMaps
Show clusters of metabolism that are linked by a 
common metabolic logic and stripped of all interleafing 
metabolism.

Complexity of Organic Compounds
Linear
Branched
Ring
Aromatic hydrocarbon
Heterocyclic rings
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To define the core 
metabolism
To convert untypical 
functional groups into 
typical ones.
Multiple functional 
groups and positional 
isomerism make 
combination impossibly 
large.

Basis for Predicting 
Biodegradation
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C1 Metamap

Core metabolism
Methanotrophs 
Methylotrophs
2-e Oxidation

Carbon and Energy 
Needs
By carrying out 
oxidation on the 
carbon fragments

Response to CH2Cl2
Limited energy – enough enzymatic turnover  
Cross-linking – thios in the cytoplasm, glutathione
Excellent solvent – enough enzymatic turnover
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C2 Metamap

Rule for C1 compounds
Two-electron oxidation

Nine Intermediates
Nodes of metabolism: 
acetate and glyoxylate

Ethane, ethene, ethyne
From dehalogenation of 
haloalkanes and haloalkenes
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Cycloaliphatic Metamap
Basic Carbon Skeletons

Cycloalkanes
Cyclic terpenes
Aromatics with 
saturated rings
Steroids

Functionalization 
and Cleavage
Monooxygenation
Dehydrogenation
Baeyer-Villiger 
monooxygenation
Ring-ester hydrolysis

Aerobic
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BTEX Metamap: Aerobic Metabolism

BETX
Benzene, Toluene, Ethylbenzene, 
Xylene
Largely from refining of petroleum
Low boiling point

Benzenoid aromatic ring
Resonance stability
Substantial energy
NADH or NADPH required
Iron required for dioxygen activation
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BTEX Metamap: Anaerobic Metabolism
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PAH Metamap
PAH: Polycyclic Aromatic Hydrocarbons

Ubiquitous products
Naturally produced by diagenesis

Dioxygenation Decarboxylation
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Heterocyclic-Ring Metamap
Heterocyclic-ring compounds contain carbon atoms and one 
or more heteroatoms, defined as nitrogen, oxygen and sulfur.
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Triazine-Ring Metamap

A nitrogen heterocyclic ring

Three nitrogen atoms 
symmetrically displaced

Unusual example in 
biodegradation: a ring 
structure completely 
metabolized by hydrolytic
reactions
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Organohalogen Metamap
Organohalides: compounds containing a carbon 
bonded to fluorine, chlorine, bromine and iodine.
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Rules of Biodegradation Prediction

Large compounds are usually broken into smaller 
molecules at bonds that can be easily cleaved.
Compounds that contain repeating structures tend to 
degrade first into these substructures.
Small compounds are preferentially converted to 
intermediary metabolites in the smallest number of 
catalytic steps. 
Pathways are likely to be optimized for maximum yield of 
metabolic energy.
Novel pathways arise faster when fewer evolutionary 
changes to preexisting pathways are required.
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Most (>60％) biodegradation reactions are 
oxidation-reduction reactions.
Under aerobic conditions, compounds containing 
only carbon and hydrogen are initially metabolized 
via oxygenases.
Chemically facile hydrolysis reactions generally 
have metabolic priority, e.g., ester, amide, and
nitrile hydrolysis.
Polymers are generally poorly metabolized unless 
they contain readily accessible, chemically facile 
hydrolyzable groups.

Rules of Biodegradation Prediction
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Pathway prediction system flow 


