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�
Mention E. coli to the man in the street, and 
he’s most likely to make some references to a
dodgy burger and the resulting diarrhoea. The

menace is familiar, but the model is not. By contrast, the
ubiquitous use of E. coli as a model organism and work-
horse of molecular and cell biology means that most
biologists are more likely to know the model and not
much about the menace.

� E. coli K-12: the researcher’s friend
The E. coli that most of us come across in the lab are
usually derived from strain K-12 or strain B, with the
former being predominant. The history of this particular
strain is described in the article by Joshua Lederberg, one
of the many researchers who have made great leaps in our
understanding of biology using E. coli. The development
of bacterial genetics made E. coli an even more tractable
organism to study and by the early 1990s almost half 
of its 4.6 megabase (Mb) genome had been sequenced 
by groups around the globe interested in particular
aspects of its biology. The rationale for it being the first

bacterium to get its own genome sequencing project 
was obvious and it was one of the first organisms where
interesting questions could be addressed by comparing a
number of sequences from ‘menace’ strains to those of the
‘model’. Glasner and Perna describe how these studies
have highlighted the relatively large differences between
genomes of the same species and how they have evolved.

E. coli’s natural habitat is the mammalian gut, and
each of us have billions of them growing happily inside
us at this very moment. As commensal organisms in 
our gut flora they are a relatively minor component,
although their contribution is important, and Rastall
and Gibson describe interesting old and new data to
suggest that they could be used as probiotics to treat
certain conditions. As E. coli grows in our intestines it 
is being continually shed in huge numbers in the 
faeces and hence directly out into the environment (in
most mammals). The presence of E. coli in faeces and 
the readiness with which it can be selectively cultured
has resulted in it also being used as a marker of environ-
mental faecal pollution. Jones and Smith explain this
application of E. coli and the interesting work they are
now doing to trace the sources of contamination by
genetically typing the isolated strains.

Biotechnology has also benefited greatly from scienti-
fic advances in E. coli K-12, particularly in the recombi-
nant DNA era that started in the 1970s. The synthesis of
human therapeutics in E. coli, such as insulin and human
growth hormones, has had a major impact on medicine.

� Pathogenic E. coli: an emerging menace
The widely perceived fear of E. coli as a dangerous
microbe is a relatively recent development. It first really
came to the attention of the UK general public after the
major outbreak of O157:H7 in Lanarkshire in 1996
when 20 people died. O157:H7 is far from being the
only pathogenic E. coli strain and Henry Smith and
colleagues describe the different pathotypes present 
in the environment. For O157:H7, it is now clear that
the major reservoir for this bug is in cattle, where the
bacterium does not cause disease. David Gally and
colleagues describe their exciting work in tracking down
exactly where O157:H7 lives in the cow and how 
this localization is mediated. Their work suggests a
physical method to reduce the risk of contamination
while cows are at the abattoir, which with other 
measures implemented as part of SGM president Hugh
Pennington’s government report, should help reduce the
incidence of disease caused by this bacterium in the UK.

� A model organism for the 21st century
Now that microbiology is in the post-genomic era,
scientists are developing more holistic approaches to
studying microbes, alongside the traditional reduction-
alist methods. The ultimate objective of this new
direction is to be able to completely understand a ‘cell’ to

the extent that its behaviour can be modelled and hence
predicted in silico. In selecting a candidate ‘cell’ on which
to base these new experiments, E. coli seems like a strong
choice. This belief is held by a large grouping of scientists
who have formed the International E. coli Alliance
(IECA), a worldwide consortium that is pooling
expertise and resources relating to E. coli and is already
providing post-genomic tools that will match those
available for Saccharomyces cerevisiae and Bacillus subtilis.
Most recently a major project from Keio University in
Japan has resulted in the creation of a library of mutant
strains containing single knockouts in over 4,000 E. coli
genes.

To be able to construct an in silico model of a microbial
cell, much still needs to be done to complete the ‘parts
list’ of the cell to be modelled. Even for an organism as
well studied as E. coli, this is not a trivial exercise. Of 
the 4,400 or so E. coli genes, over 1,500 have no clear
physiological function. High-throughput post-genomic
technologies are providing clues to the functions of 
many of these genes, but in the end a clear functional
description of a gene product requires biochemical,
genetic and physiological data, limiting the rate at
which these discoveries can be made. An alternative
strategy is to create a reduced E. coli. That is, to remove 
all the genes that we do not think have an important
function for the cell. This will make modelling easier as
the number of working parts is reduced. Fred Blattner
and colleagues in the USA have removed over 0.5 Mb of
the original 4.6 Mb genome with no reduction in growth
rates on a range of commonly used growth media. It is
likely that these two methods will be combined in
practice. Comparative genomics highlights regions of
the genome that have been acquired relatively recently,
which can be removed without having a major effect 
on phenotype in respect to growth in standard lab
conditions. Then genes that are still uncharacterized in
E. coli and are widely distributed across different
microbes can be studied in detail on the assumption 
that their ancient and ubiquitous presence implies an

important conserved cellular function. A number of
these proteins have now been crystallized and their 3D
structures solved, which is aiding the design of experi-
ments to determine function.

Metabolic reconstructions of E. coli have been created
by several groups and the most complete reconstruction,
from Bernhard Palsson and his colleagues in San Diego,
also overlays transcriptional regulatory information,
adding a further layer of detail. These models already
seem to be able to make simple in silico predictions that
agree well with in vivo measurements, but they are still a
long way from what one would consider a complete
cellular simulation.

With this renewed interest in E. coli and the current
‘coming together’ of the previously disparate E. coli
research community, there is every reason to believe that
E. coli will retain its central place in biological research
into this new millennium.
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Resources 
The E. coli index serves as a
gateway to resources for both
the model and the menace and
can be found at http://ecoli.
bham.ac.uk/.

The text of the Escherichia coli
and Salmonella: Cellular and
Molecular Biology book,
otherwise known as the ‘E. coli
bible’ can be found online at
www.ecosal.org/ecosal/
index.jsp

Details of the UK grouping
within IECA, called
Integrated Biology of E. coli
(IBEC), can be found at http://
ecoli.bham.ac.uk/ibec/

Information about access to
the new mutant library and
other tools from the Japanese
initiative can be found at
http://ecoli.aist-nara.ac.jp
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