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important set of techniques known as sensitivity analysis 
seeks to determine the relative importance or contribution  
of all the various steps in the network to the variables 
measured, since this allows experimenters to concentrate 
on those that matter.

Imagine a network with 1,000 enzymes. If knocking  
out just three of them would give a huge increase in a 
desirable flux, it should be a simple piece of molecular  
biology to effect this. The problem is that there are more 
than 100 million ways of choosing three from 1,000. How-
ever, the combination of sensitivity analysis and ‘what if?’ 
modelling allows one to search huge areas of the search 
space of possible networks in silico when seeking rational 
improvements in bioprocesses, and 100 million is not then 
a large number. This is the way to do business.

To conclude, systems methods are at the heart of  
modern microbiology, and are already revolutionizing 
how we work. The needs are user-friendly bioinformatics 
tools to integrate the many kinds of data, including high-
throughput sequencing data, ’omics data and biochemical  
network properties that together will help us solve the 
problems of systems microbiology.
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FURTHER READING
Herrgård, M.J. & others (2008). A consensus yeast metabolic network obtained from  

a community approach to systems biology. Nature Biotechnol 26, 1155–1160.
Jayawardhana, B., Kell, D.B. & Rattray, M. (2008). Bayesian inference of the sites of 

perturbations in metabolic pathways via Markov Chain Monte Carlo. Bioinformatics 24, 
1191–1197.

Kell, D.B. (2006). Metabolomics, modelling and machine learning in systems biology: 

towards an understanding of the languages of cells. FEBS J 273, 873–894.
Kell, D.B. (2009). The importance of mathematics in systems biology. Math Today 45, 
167–172.

Kell, D.B. & Knowles, J.D. (2006). The role of modeling in systems biology. In System 
Modeling in Cellular Biology: From Concepts to Nuts and Bolts, pp. 3–18. Edited by 
Z. Szallasi, J. Stelling & V. Periwal. Cambridge: MIT Press.

Park, J.H., Lee, S.Y., Kim, T.Y. & Kim, H.U. (2008). Application of systems biology for 

bioprocess development. Trends Biotechnol 26, 404–412.S
ys

te
m

s 
m

ic
ro

bi
ol

og
y

Backgrounds Stockxpert / Jupiter Images

I DEFINE AS A SYSTEM any-
thing consisting of entities that can 
interact with each other. These can 
then be described in terms of graphs 
(networks) of ‘nodes’ (the entities) 
interacting via ‘edges’. This rather 
general definition recognizes that 
tools for describing and understand-
ing biochemical networks can equally 
well be applied to problems of ecol-
ogy and population biology in which 
there are fluxes of matter, energy and 
information.

To describe properly the properties 
of such a system – I use metabolic  
networks as an example – requires four  
steps, in order: (i) determining the  
qualitative or topological structure of 
the network in terms of ‘who talks 
to whom’ – these are the kinds of 
networks observed on laboratory wall 
charts, and the reconstruction relies on  
genomic, biochemical and literature  
data; (ii) determining whether the  
interactions are direct (as in an actual 
reaction that transforms substances  
chemically) or indirect (such as  
where an entity modifies that step,  
e.g. by activating or inhibiting it); 
(iii) adding the kinetic rate equations 
for each of the steps; (iv) determin-
ing their parameters (mainly kinetic 
and binding coefficients). The first 
two steps are qualitative, the last two 
quantitative.

Given such information, prefer-
ably encoded using a standard such 
as the Systems Biology Markup Lan-
guage SBML (www.sbml.org), it is 
then possible to provide a stochastic or 
ordinary differential equation model 
of the entire metabolic network of  
interest, and to ‘run’ that model to 
provide the time evolution of the 
system variables (typically metabolic 
fluxes and concentrations). There are 
then many other things one might  
do with such a model, including  
comparing the predicted variables 
with those measured experimentally, 
seeking to estimate the parameters 
from the measured variables (‘system 
identification’ or ‘solving the inverse 
problem’) or seeing which changes 
in the network might beneficially 
change the system, e.g. for biotech-
nological purposes. A particularly  

How can the 
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“Systems methods are 
at the heart of modern 
microbiology, and are 
already revolutionizing  
how we work.”


