
Metabolic Networks



Metabolism
Metabolism is the totality of all the chemical reactions 
that operate in a living organism.



Cells are chemical factories



Metabolism?

Key classes of biochemicals:

amino acids

 proteins

carbohydratescarbohydrates

 bacterial envelope

nucleotides

 genetic material

lipids

 membranes

coenzymes 

 transfer chemical groups

minerals

 assist in biochemical 
transformations





Metabolites and Biochemical 
Reactions

• Metabolite: an organic substance, e.g. glucose, oxygen

• Biochemical reaction: the process in which two or more molecules 
(reactants) interact, usually with the help of an enzyme, and produce a 
product 
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• Most of the reactions are catalyzed by enzymes (proteins)

Glucose + ATP  

Glucokinase

Glucose-6-Phosphate + ADP



glucose

Enzymes

Metabolic reactions are catalysed by proteins called enzymes.

glucose 6-phosphate



Metabolic pathways

Traditionally, biochemists consider a series of consecutive 
metabolic reactions to form a pathway.



Metabolic networks

However,
pathways oftenpathways often
overlap so much
that it is more
accurate to
consider the set of
all metabolic
reactions as
forming a
network.



Why should we study metabolic 
networks?

Fundamental to life

Since enzymes are encoded in the genome, metabolism is one mechanism by
which an organism’s genotype (specific set of genes) is connected to its
phenotype (how it behaves). Many metabolic processes are common to all
forms of life.

Biotechnology

Deep understanding of the metabolic networks of bacteria is needed if they
are to be genetically modified to produce a desired product with maximum
yields.

Medicine

Aberrations in human metabolism are fundamental to diseases such as
diabetes and some types of cancer.
Knowledge of the metabolic networks of pathogens and parasites can help to
select drug targets (or target combinations) that will be most effective.



How should we represent 
metabolic networks?

Traditional textbook 
representation:

Compounds are shown as boxes.

Arrows connect compounds to Arrows connect compounds to 
show interconversions.

Arrows are labelled with the name 
of the associated enzyme.

Cofactors (commonly-used 
compounds) included with curved 
arrows.



Biological Network Model

 It is usually represented by a 2-D diagram with characteristic 
symbols linking the protein and non-protein entities. 

 A circle indicates a protein or a non-protein biomolecule.

 An symbol in between indicates  the nature of molecule-
molecule process (activation, inhibition, association, 
disassociation, etc.)



Metabolic Network Structure

Nodes: chemicals 
(substrates)

Links: chem. reaction                              

H. Jeong, B. Tombor, R. Albert, Z.N. Oltvai, and A.L. Barabasi, Nature 407, 651 (2000).

Organisms 
from all 3 

domains of life 
are scale-free

networks.

Archaea Bacteria Eukaryotes



Metabolic network representations



Effect of  network representations

E. Almaas, J. Exp. Biol. 210, 1548 (2007)



Effect of  network representations

E. Almaas, J. Exp. Biol. 210, 1548 (2007)
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Network statistics
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