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Most people associate the
gut bacteriu m Escherichia
coilwith disease or even
death, but in the laboratory it
provides an ideal organ ism
for advancing research into
cel l  and molecular biology.
Modelor menace? ln this
issue we exolore some of
the many facets of E. coli.

Gavin Thomas has devoted
his research careerto E.coli
and has even created a
sDecial istwebsite. On
p p ,  r r 4 - r r c n e g r v e s a n
overview of his favourite
microbe.

Thanks to genomics,
scientists now understand
why some strains of E. coli
are harmless whilst others
are pathogenic, Jeremy
Glasnerand Nicole Perna
describe (pp.12a-125)
how, as more and more
strains are sequenced, the
variability is surprising even
researcners.

E . co l iO l57 :H7  i s
infamous, thanks to a fatal
outbreak in Scotland in
1996. David Gallyand his
colleagues have been
f ind ing outwherethe
bacieria live inside their
cattle host (pp, 1 26- 1 2B),
The somewhat unexoected
results may well offer a
means of control l ing the
organ ism. However, this
strain of E. coliis not the only
cause of diarrhoeal disease,

as HenrySmiIh etal.
describe on pp. 1 1 7-1 1 B.

Notall E.coliare bad news.
K- 1 2 is probably one of the
most studied bacteria in
sc ience .Onp . l  l 6Nobe l
Prizewinner Josh ua
Lederberg recounts the
history of this fascinating
strain and its contribution to
genetics research, Other
strains of E coli hold
promise as probiotics and
may well prove a beneficial
component of ourdiet,
according to Bob Rastall
and Glenn Gibson on
p. 1 1 9. E, colihas boen long
in use as an indicator of
faecal pollution of food and
water. Keith Jones and
Richard Smith (pp. 1 20-
122) show howtesting for
these bacteria can be used
not only to show pol lut ion,
but also to track its source.

Getting awayfrom
E. coli, but staying with
research, Tony Minson
exami nes the im pl icat ions
of new codes of practice
for microbiologists in
Commenton p,  156,

And f inal ly, on a less
serious note, Mil ton
Wai nwright speculates on
how the conversation might
have gone in 1 934 had
Alexander Fleming been
involved rn a research
assessment exercise
( p p .  1 3 0 - 1 3 1 ) ,

These arlicles appear in
addit ion to al l the regular
features and reports of
Society activities,
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Escherichiacoli: model and menace
GavinThomas
All cell biologists have at least two cells of interest, the one they
are studying and E, coll (Fred Neidhardt)

Microbiology Today
Editor and E, coli
expert Gavin
Thomas explores
the various facets
of E, coli the
subject of this
ISSUC.

Itention E. coli to the man in the street, and

f n.'s most likely to make some references to a

V 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.

N E. coti K-l2zthe researcher's friend
The E. coli that most of us come across in the lab arc

usually derived from strain K-I2 ot strain B, with the

former being predominant. The history of this particular

strain is described in the article byJoshuaLederberg, one

of the many researchers who have made great leaps in our

understanding of bioiogy 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 rts 4'5 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

bacter ium to get  i ts  own genome sequencing project

was obvious and it was one of the first organisms where

interesting questions could be addressed by comparrng a

number ofsequences from'menace'strains to those ofthe
'model'. 

Glasner and Perna describe how these studies

have highlighted the relatively large differences between

genomes ofthe 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 arc a rclatlely minor component'

although their contribution is important, and Rastall

and Gibson describe interesting oid 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-I2, particularly in the recombi-

nant DNA era that started in the 1970s. The synthesis of

human therapeutics in E, coli,xtchas insulin and human

growth hormones, has had amajor impact on medicine.

N PathogenicE coli= anemerging 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 0157 H7 in Lanarkshire in 1996

when 20 people died.  01)1:H7 is far  f rom being the

only pathogenic E. coli strain and Henry Smith and

colleagues describe the different pathotypes present

in the environment. For OI1T: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 OI57: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 ofdisease caused by this bacterium in the UK.

N A model organism forthe 21 st 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 uitimate obiective of this new

direction is to be able to completely understand a'celi' to
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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 beliefis held by alarge grouping ofscientists

who have formed the International E. coli Alliance

(IECA), a worldwide consortium that is pooling

expertise and resources relating to E. coli and is akeady

providing post-genomic tools that will match those

avallable for Saccbaromyces cereuisiae and Bacillus subtilis.

Most recently a major project from Keio University in

Japanhas 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 stil l 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 atrivial exercise. Of

the 4,400 or so E. coli genes, over 1,500 have no cleqr

physiological function. High-throughput post-genomic

technologies are providing clues to the functions of

many of these genes, but in the end aclear functional

description of a gene product requires biochemical,

genetic and physiological data, l imiting 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 arafige 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 arc 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 crystailized and their 3D

structures solved, which is aiding the design of experi-

ments to determine function.

Metabolic reconstructions of E. colihave 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 akeady

seem to be able to make simpie in silico predictions that

agree well with in uiuo meastrements, but they are still a

Iong way from what one would consider a complete

cellular simulation.

\7ith this renewed interest in E. coli and the current
'coming 

together' of the previously disparate E. coli

research community, there is evefy reason to believe that

E. coli will retain its central place in biological research

into th is new mi l lennium.

C Dr Gavin Thomas is lecturer in the Department
of Biology, University of York, PO Box 373, York
YOl O sYW, UK.
TeL 01 904 32867 8, email ght2@york.ac.uk

FAR LEFT:
Coloured scanning electron
micrograph of  E.  col i015l ' .HT
bacte ri a.
COURTESY DR GARY GAUGLER /
SCIENCE PHOTO LIBRARY

LEFI:
Ihe home page of The [, coliindex'
(ht tp: / /ecol i .bham ac uk/)

Further rcading
For a summary ofthe
Pennington Report, see
www.abdn.ac.uk/mmbi
people/pennington-
group-report.shtml

Price, N.D., Papin, J.A.,
Schilling, C.H. & Palsson
B.O. (2003). Genome-scale
microbial in silico models: the

constraints-based approach.
Tren* B i otechno I 21, | 62-1 69.

Resources
TheE. coll 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 th e Escberichia coli

and Salmonella: Cellular and

Mo lecu lar B i o lo gy book,

otherwise kn ow n as the' E. co I i

bible' can be found online at

www.ecosal .orgl ecosall

index.jsp

Detai ls of the UKgrouping

within IECA, called

Integrated Biology of E. coli

(IBEC), can be found athttp:ll

ecoli.bham.ac.uk/ibecr

Information about access to

the new mutant library and

other tools from theJapanese

initiative can be found at

http ://ecoli. aist - nan. ac.jp
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K-12 is possibly
one of the most
studied bacteria in
science, Joshua
Lederberg, whose
pioneering work on
bacterial genetics
led to his winning
the Nobel Prize in
1 958, describes
the fascinating
history of this strain
oI E, coli,

TOP RIGHT:
Coloured transmission electron
micrograph of a section through an
F, coliK-12 bacterium
COURTESY KWANSSHIN KIM /
SCIENCE PHOTO LIBRARY

Further rcading
Brock, T. (1990). Ernagence of

B acter i a I G enerlcr. Cold Spring

Harbor: Cold Spring Harbor

Labotatory.

Lederberg,J. Archives
(http://profi les.NLM.nih.
gov/BB)

Lederberg,J.0987).

Genetic recombination i n

bacteria: a discovery account.

AnnuReaGenet2I ,2345.

Lederberg,J. (1998).

Eschericbia coli .In ln$ruments

of S cience. An H ittorical
Encyclopedia, pp. 230-232.

Edi tedbyR.Bud& D.J.

\7arner. Reproduced by

permission of Routledge/

Thylor& Francis Books, Inc..

Neidhardt, F. C. & others
(editors) ( 1 996). E s c ba i c h ia

coli and Salruonella
typhimuriurn: Cel lu lar and

A4 o / ecu la r B i o/ag7. Wash i ngton

DC: ASM.

Schaechter,M. (2000).

Escherichia coli, general

biology. InEncyclopedia of

Microbio lo gy, pp. 260. Edited

byJ. Lederberg & others. San

Dieso: Academic Press.

E.coli K. l2
Joshua Lederberg

Theodor Escherich, a German pediatrician,

cuitured 'Bacterium coli' in 1885 from the

faeces of healthy individuals, where it can be

found almost universally in the large intestine, or colon,

hence the 
'coli'. 

It was renamed Eschericbia coli in I9I9 in

a revision of bacteriological nomenclature, to lend more

specificity to this particular form of Bacterium. From

the beginning, although pathogenic strains were also

found, E. coli was used as a representative, harmless

bacterium that could be safely and easily cultivated even

on synthetic media. On rich media, it wil l grow with a

doubling time of 20 minutes; hence readily visible

colonies can be seen ovetnight when it is plated on

agar. Specialized media, l ike MacConkey's ag r,were

developed for the selective isolation and identification

of E. coli, as this was used as a global indicator for

the pollution of water supplies. Hence, during the

first half of the 2Oth centur% E. coli was well known to

bacteriologists. However, it was ntely,if ever, mentioned

in general biology texts, as bacteria were generally

regarded as pre-cellular in complexity and devoid of the

nuclei and othergenetic appafatus of 
'reaI'organisms.

The conceptual revolution that has catapulted

bacteria into the spearhead of molecular genetic study

dates to 1944. Avery, Macleod and McCarty reported

that pneumococcal bacteria could be transformed in

serological type with preparations of DNA, the first

robust evidence that DNA had anything to do with

genes. Unfortunately, there was litt le to connect

that transformation with genes as known in higher

organisms, and the opportunity to cross-breed bacteria

and look for recombination and segregation in the style

of Mendel was absent. Those challenges motivated my

own work, which by 1946 fi l led that vacuum, with

experiments on comprehensive genetic exchange and

linkage mapping using E. coli.

E. coli was chosen for these studies because of

its favourable husbandry just mentioned. Soon the

Matthew Effect came into play: the very accumulation

of knowledge, mostly concentrated on a single strain,
'K-12' 

, made it more likely that it would be a prototype

for still further studies. This strain was found to harbour

a lysogenic bacteriophage, lambda, which has seeded

a scientific industry of its own; it is also the seat of a

number of plasmids - intracellular DNA particles

transmitted by conjugation. The latter in turn provided

the basis for gene-splicing, genetic engineering and

modern biotechnology.

There are many myths about the provenance of
'K-12'- 

it has nothing to do with 
'Kindergarten-L2th

Grade'primary education, which is the usual association

with the acronym in the USA. Actually, strain K-12 was

isolated at Stanford University in 1922 from human

faeces, and was kept under that label for many years as a

stock strain in the bacteriology department there. In the

1940s, Charles E. Clifton used it for studies of bacterial

nitrogen metabolism, and his colleague Edward L.

Tatum then borrowed it for his work on the biosynthesis

of tryptophan from indole and serine. K-12 entered the

domain of genetics with Thtum's pioneering studies on

the production of nutrit ionally deficient murants in

1944. That work led to my collaboration with Tatum,

and the discovery of sexual recombination in 1.946.Since

then, K-12 has been used by thousands of other

investigators for innumerable genetic studies, and its

genome sequenced. In retrospect, we know how lucky

was the choice of strain K-Iz. \7ith the methods used in

1945,only one E. coli strain in twenty, chosen at random,

would have been successfully crossed, owing to the

idiosyncrasies of the F-plasmid which govern its sexual

behaviour. Likewise, if it had carried prophages different

from lambda, like P1, the integration of bacterial viruses

into the chromosome might have been obscured.

During many years of cultivation in the laboratory, the

strain has lost its 
'O' 

surface antigens, which is just as

well as it provides further assurance of its harmlessness

to people. On the other hand, this has leftK-I2 out of the

arena of study of pathogenesis, which comes to the fore

with specia l  s t ra ins of  E.  col i  l ike O1J7, which betray

close relationships to otherpathogens hke Sbigella.

Some of the most important of the scientif ic

applications of K-12 genetics have been in the field of

gene regulation, and the elaboration ofthe concept ofthe
'operon', 

with work centred at the Pasteur Institute in

Paris. The Nobel Prizes earned by FrancoisJacob and

Jacques Monod are but two of the dozen that by my

account arc afflliated with E, coli. The overall scientific

literature alluding to E. coli now encompasses over

100,000 publications; Google reports almost 3 mill ion

hits with 
'coli' 

onthe \7orld $7ide S7eb.

O Professor Joshua Lederberg, Raymond and
Beverly Sackler Foundation Scholar, Suite 4O0
(Founders Hall), The Rockefeller University, 1 230
YorkAvenue, NewYork, NY 1O021-6399, USA.
Tel. +1 21 2 327 7BO9: Fax +1 21 2 327 8651
e m ai I I ed e rbe rg @m ai l. rockef e I I e r. e d u

Based on material publishedinlnstruments of Science. An

Historical Encyclopedia (1997). Used with the permission of

Thvlor & Francis. New York. USA.
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E. colias a ciause of outbteaks of
diarrhoeal disease in the UK
Henry Smith, Geraldine Willshaw &
Tom Cheasty

Since Escherich f irst described in 1885 the

bacterium now known as Escbericbia coli rt has

become one of the best studied orqanisms in

microbiology.E.  col i  is  present as a commensal  in the

intestinal ttact of man and animals. However, certain

strains of E. coli can cause severe disease in these hosts.

This has led to detailed investigations of this 
'Jekyll

and Hyde' species and particularly in the last 25 yearc

with the emergence of  E.  col i  O1t7. .This br ief  over-

view aims to consider the contribution of E. coli as a

cause ofgeneral outbreaks ofdiarrhoeal disease in the

UK. Although outside the scope of this article extra-

intestinal pathogenic E. coli are also a significant

cause of human diseases such as infantile meningitis,

septicaemia and urinary tract infections.

S DiarrhoeagenicE coli
Comparison of the virulence properties of diarrhoeagenic
E. coli strains has resulted in the recognition of several

categories associated with disease. Those to be considered

here are the enteropathogenic (EPEC), enterotoxigenic

(ETEC), enteroinvasive (EIEC), enteroaggregative

(EAggEC) and verocytotoxin-produci ng (VTEC).

$i Outbreaks caused by EPEG, ETEC, El EC
and EAggEC
Pioneering work by Bray established the importance of

EPEC as a cause of outbreaks of infantile gastroenteritis

in the UK in the 1940s. These continued until the early

1970s, but since then outbreaks caused by 'classical '

EPEC strains have become very rare. The serotyping

scheme, devised by Kauffmann, played an important

part in these early EPEC studies. Outbreaks were caused

by certain serotypes including OII4:H2, O119:FI6,

OI27:H5,  O728:H2 and O142:H6.  These EPEC

strains form attaching and effacing (A/E) lesions that

result in destruction of the microvilli on the intestinal

epithelium and intimate attachment of bacteria to

pedestals at the apical cell membrane. The possession of

a gene termed eae that encodes the outer-membrane
protein intimin is essential for the formation of AIE

lesions. 'Classical '  or ' typical '  EPEC also possess the

EPEC adherence factor (EAF) plasmid, but this is not

required for A/E lesion production as so-called 'atypical'

EPEC strains lacking the EAF plasmid can produce

lesions. Outbreaks caused by atypical EPEC strains that

were eae-positive but lacked the EAF plasmid have been

identified in the UK in recent years (Table 1). These have

involved food-borne transmission and generally affected

adults. In one such outbreak, at a wedding reception,

isolates of the 'outbreak' strain were obtained from food

as well as infected individuals.
ETEC remain amajor cause of diarrhoea in developing

countries and also of travellers' diarrhoea. The patho-

genesis of ETEC requires colonization of the small

intestine and production of one or both of the two types

of enterotoxin, heat-stable and heat-labile. Outbreaks of

ETEC infection are very infrequently reported in the UK

but an example, involving adults where two different

serotypes were isolated, is shown in Thble 1.

EIEC nrely cause outbreaks in developed countries.

EIEC strains are very Iike Shigella spp. and cause

dysentery by invading intestinal epithelial cells. An

interesting outbreak occurred in Yorkshi rc rn 2003

(Table 1) and appeared to involve food-borne trans-

mission of  EIEC. Isolates of  E.  col i  OI24,  a typical

enteroinvasive serogroup, were obtained from cases

linked to a group of restaurants as well as from two food

handlers. All isolates possessed a genetic marker asso-

ciated with the enteroinvasive phenotype and were

resistant to four antimicrobial agents.

EAggEC were defined in the late 1980s based on the

pattern of adhesion to tissue culture cells. This group of

E, coli shows a characteristic 
'stacked 

brick' adhesion

pattern and histopathological lesions have been demon-

strated in animal models. EAggEC usually cause a

watery diarrhoea with vomiting and the disease can

be persistent, particularly in children in developing

countries. Outbreaks of EAggEC infection have been

reported in the UK and contaminated foods appeat

to be the transmission route (Table 1). In a study of

four outbreaks of gastroenteritis in the UK, EAggEC

was the predominant pathogen isolated. However,

additional pathogens, including S bigella sonnei, Campy lo-

bacter and other diarrhoeagenic E. coli, were also isolated

in a small proportion of cases in these four outbreaks.

This suggests that there had been considerable con-

tamination of the food vehicles implicated in these

outbreaks. So far EAggEC have not been detected in

animals and it appears that, l ike classical EPEC, ETEC

and EIEC, the reservoir for EAggEC strains is the

human gut. Food handlers who carry these types of

diarrhoeagenic E. coli may present a significant risk

of spreading infection. In a national study of infectious

intestinal disease in England EAggEC were detected

in 5.1 7o of cases presenting to GP practices, a higher

percentage than was found for Salmonella spp. in the

same study. This group of E. coli represents an emerging

problem as a cause of diarrhoeal disease. However,

tests for these E. coli arc not available in diagnostic

Wedding party,1997
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pble--!. $agp-les of food.borne ordbreaks caused by diarrlroeagenic
EcoliintheUK

E. coligtoup Setting Serotype
0?H10
0BB; H5
06: H16;0?: H-
01 24: H-
086; H34
098: ||-

Many cases of
gastrointestina
infection in the U K
are due to various
strains of E, coli.
Henry Smith and
his col leagues
at the Health
Proteciion Agency
review the recent
pattern of
outbreaks and
consider what
action should be
taken to protect us
in the f uture.

EPEC
EPEC
ETEC
EIEC
rAggru
EAgsEC
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' i  ,  [ /ain transmtssion
routes in  1  37 genera l  outbreaks
of  in fect ion wi th  VTEC 0157 in
England and Wales between 1995
and 2003.

Further reading
Donnenberg,M.S.
(editor) (200 2). E s c her iclt ia

co / i : Viru I ence Mecban i sru of a

Vers at i k P at hogen. SanDie go

Academic Press.

laboratories and work is in progress to

develop rapid and cost-effective tests

ForEAggEC.

Ss Outbreaks caused
byWEC
In contrast to infections with
EPEC, ETEC ANd EIEC,
human disease caused by
VTEC belonging to sero-
group OIS7 (VTEC O1't7)
has been recognized as an

emerging problem in the
UK. VTEC OItT and strains

belonging to other serogroups
are associated with a spectrum of

disease, including mild diarrhoea,

severe bloody diarrhoea and haemolytic

uraemic syndrome, which is the most common

cause ofacute renal failure in children in the UK. The vast

majority of data on VTEC in the UK relate to serogroup

OI1T because of the lack of simple tests and laboratory

surveillance for VTEC of other serogroups. Outbreaks of

infection caused by non-O157 VTEC have not been

reported so far in the UK, but several have been investi-

gated in the Republic of Ireland and continental Europe.

Outbreaks of VTEC OItT infection in the UK

have been reported since 198). Fig. 1 i l lustrates the

transmission routes in I37 outbreaks of VTEC OI1T

infection in England and \Wales between 1991 and2oj3.

The main transmission route in the majority of these

outbreaks was contaminated food or water and the foods

implicated most frequently were dairy products and

meats, both raw and codked. Person to person spread

and contact with animals or their faeces were also very

important routes of transmission. In the reference

laboratory the investigation of outbreaks requires

an integnted approach involving several different

typing methods together with detailed epidemiological

data. The use of phage typing of VTEC OlrT and VT

gene typing by PCR provide rapid methods for the

identification of possible outbreak cases as well as the

differentiation of 'outbreak' and 'sporadic' cases ofVTEC

OI57 infection. Pulsed-field gel electrophoresis (PFGE)

is currently the method of choice as a highly discrimina-

tory typing technique for strains of VTEC Ol57 as well

as several other gastrointestinal pathogens. Outbreak

strains belonging to different phage types rareiy share

PFGE profiles generated with the enzyme Xbal,whereas

there is significant discrimination of isolates within a

phage type. In the USA and Canada PFGE typing of

VTEC OI57, as part of the PulseNet scheme, has been

used to identify outbreaks that may have been missed or

not detected so rapidly by 'traditional' epidemiology.

Successful examples have included outbreaks caused

by distribution of contaminated ground beef to outlets

in several states. General outbreaks caused by widely

distributed foods of this type have not occurred in the

UK so far, although family outbreaks and sporadic cases

of VTEC C-757 infection result from the undercooking

of beefburgers or cross-contamination at barbecues.
Outbreaks of VTEC OI57 infection have been

reported in all parts of the UK with the most serious

being that in Central Scotland ]n 1996197. This led to

nearly 5 00 cases and21. deaths in elderly patients and was

caused by contaminated meat from a butcher's shop

in Lanarkshire. After this major outbreak, a detailed
investigation headed by Professor Hugh Pennington
resuited in the implementation of recommendations
that led to significant changes in the management,

distribution and handling procedures for the preparation

and sale of raw and cooked meat products. More recently

the Food Standards Agency Scotland and Scottish
Executive Health Department set up a Thsk Force on E,

coli Ol)7 under the chairmanship of Professor Bill

Reilly. The Task Force Report reviewed the risk of

infection with VTEC o-157 and recommended practical

measures that would help to protect public health.

,WThefuture
Several studies show that outbreaks, as well as sporadic

cases, caused by diarrhoeagenic E. coli in the UK are

significantly underestimated. Apart from VTEC OI57,

insufficient laboratory surveillance data are collected,

largely because suitabie detection methods are not

available in diagnostic laboratories. Several techniques,

mainly PCR-based, have been developed for the

detection of the different diarrhoeagenicE. coli but their

use has been restricted in general to reference and

specialist laboratories. The wider application of suitable

methods should be used in the investigation ofoutbreaks

of diarrhoeal diseases currently reported as of 
'unknown

aetiology'. Progress has been made in relation to VTEC

OI57 infection. Examples are the introduction of

improved legislation for butchers' shops, increased

awareness and control measures at 
'open' 

farms and in

relation to transmission via animals and their faeces.

These factors may have contributed to a decline in the

numbers of VTEC O 1 5 7 infections in the UK s ince 1999 .

The surveillance in piace for VTEC OI57 needs to be

maintained and also extended to cover non-Ol57 VTEC

as well as other diarrhoeagenic E. coli.This will allow a

better assessment of the public health importance of this

fascinating organism.

O Henry Smith, GeraldineWillshaw and
Tom Cheasty, Laboratory of Enteric Pathogens,
Specra/rsf and Reference M icrobiology Division,
Health Protection Agency, 61 Colindale Aven ue,
London NWg sHT, U K.
TeL 02OB 327 61 1 4; Fax 02OB 905 9929
em ai I h en ry. sm ith @h pa.o rg. u k

Animalcontact
(n:18)
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Bob Rastall & Glenn Gibson
E.coliasa ptobiotic

One rapidly developing area in the food

microbia l  sc iences is  the use of  d ietary

intervention to modulate the gut flora, with

the consequent aim of improving health. Although

probiotics have been used in human and animal nutrition

for centuries, many new food products have recently

become available, including fermented milks, lyo-

philized preparations and drinks. The most popular

delivery system for human use is yoghurt, whereby

additional cultures to the traditional starter strains

(Lactobacillas delbrueckil subsp. bulgaricas, S treptococcus

thernophilus) are used in the fermentation process andlot

added to the product afterwards. Both bacteria and yeasts

are used for their probiotic effects. The literature

indicates over l0 reported human trials with a so-called
'positive' result. These have largely centred around

gastro intest inal  d isorders,  such as protect ion f rom

travellers diarrhoea and alleviation of symptoms of

irritable bowel syndrome. However, some systemic

effects are also said to occur through the metabolic end

products of probiotic growth in the gut (e.g. acetic acid

is transported to muscle tissues where it can act as a

source of ATP) and probiotics have been used to treat

conditions such as atopic eczem^ and vaginosis. The

annual European market for probiotics is said to be in

excess of several bil l ion euros, with new product

developments occurring raPidlY.

The Greek translation of probiotic is 
'for 

l ife', and it

is formally defined as a 
'liue 

miuobial feed supplement

tt,hich beneficially fficts the bost animal by inprouing its

intestinal microbial balance'. This has since been modified

by a European working party on gastrointestinal

function foods to a'liue microbial food ingredient that is

beneficial to healtb'. This implies that health outcomes

should be defined and proven, which is not the case for all

of the purported benefits ofprobiotics. Most research has

been directed towards the use of intestinal isolates of

bacter ia as probiot ics.  Over the years '  many species

of micro-organisms have been used. They consist not

only of  lact ic  acid bacter ia ( lactobaci l l i ,  s t reptococci ,

enterococci, lactococci, bifidobacteria) but also Bacillus

spp., yeasts such as Saccharomyces spp. and fungi such

as Aspergillus spp.

Most probiot ic  bacteda ate Gram-posi t ive stra ins.

This is largely because of their abil ity to persist within

the gut ecosystem and produce organic acids such as

lactate and acetate. One difficulty with many probiotics,

however, is stability within the product. For example,

the bifidobacteria are strictly anaerobic, leading to

processing difficulties. Attention has therefore turned to

less fastidious micro-organisms and recent reports have

cited the use ofE. coli asaprobiotic.

Most of the work on probiotic E. coli centres around

one part icular  st ra in,  known as Nissle I9I7 .  I t  was

isolated in \World \Var I ftom a soldier who survived

a particularly severe outbreak of diarrhoea. Nissle

proposed the use of E. coli as early as 1915 and showed

in the 1930s that administration of this strain improved

symptoms in pat ients wi th non- infect ious bowel  d is-

orders. Subsequent work with Nissle 1917 has shown

that administration to infants results in colonization of

the gastrointestinal tract and a serum antibody response.

Further, such colonized infants showed reduced coloni-

zationby bacterial pathogens and potentially pathogenic

species. It has also been found that postnatal colonization

with Nissle 1977 resul ts in a s igni f icant ly  reduced

incidence ofallergies by the age of 10.

The use of this E. coli strain to treat Crohn's disease and

ulcerative colit is has generated attention. In well

controlled, doubly blind trials, Nissle 1917 was found to

be as effective as the drug mesalazine in maintaining

remission periods in patients with ulcerative colit is. In

addition, it was found to inhibit adhesion of pathogenic

E. coli strains isolated from patients with Crohn's disease

to intestinal epithelial cells. As such, the use of E. coli

as a probiotic for inflammatory bowel diseases has

renewed interest  in the use of  microbia l  intervent ion

for these conditions (established therapies include broad

spectrum antibiotics like metranidazole and anti-

inflammatory agents such as sulphasalazine - often,

neither are especially effective).

The data on Nissle 1917 suggests that  i t  may have

some use as a probiotic, although much more data from

human trials are required before firm conclusions can be

safely drawn. Further research to clarify how it works is

also necessary.

Use of a Gram-ne gative species as a probiotic is

rare, but is l ikely to stimulate interest in other species'

One aspect to consider is that within the normal

gastrointestinal microfl.ora, E. coli is normally present

only in relatively trivial numbers, when compared to

bacteroides, bifidobacterta, eubacteria, clostridia,

lactobaci l l i ,  etc.  In the context  ofcolonizat ion of the

neonatal gastrointestinal tract, the 
'Gold 

Standard' is

generally held to be human milk. The result of breast

feeding is a gastrointestinal microflora very much

dominated by Gram-positive micro-organisms (usually

bifidobacteria), more so than in formula feeding. In this

light, the strategy of colonization of infants with E' coli

should be pursued with caution.

O Dr Bob Rastallis Senior Lecturer in Food
Biotechnology and Glenn Gibson is Professor of
Microbiology in the Schoolof Food Biosciences,
lJ n i ve rs ity of Re ad i n g, Wh ite kn i g hts, Re ad i n g
RG6 6AP, U K.
Tel. 01 1 B 378 6726;email r.a.rastall@rdg.ac'uk

The use of
probiotic microbes
to improve health
is becoming wel l
established. Most
of the bacteria in
commercial
preparations are
Gram-positive, but
as Bob Rastall and
Glenn Grbson
describe, E. colimay
also prove to be a
useful probiotic,

ABOVE:
A premature tube fed baby
PHOIO J WESTWETL SG[/
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Much of the publ ic i ty
surrounding E, coli
is concerned with
death and disease,
However, for applied
and environmental
m icrobiolog ists,
such as those
involved in the water
industry E, coliis
regarded as an
extremely useful
tool,

(a) During the bathing season

{b) Non-bathing season
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Table L The eilfect of installation of a secondary sewage teatment
?!d a long sea outfall on E colinumbers (fr I OO ml sea water) at
MorecambeNordr

h, Number of triplicate samples,

The use of E. colias a tool in applied
and environmental investigatibns
Keith Jones & Richard J. Smith

$ E colias an indicator of faecal pollution
E. coli is found in the intestine of all warm-blooded
animals and is voided in large numbers in faeces.

Therefore, when faecal contamination is suspected it

should be possible to isolate E. coli.In other wo rds, E, coli

acts as an indicator of faecalcontamination.

It does this in two main ways.

First, because its density (number of bacteria per

100 ml water) is proportional to the amount ofpollution,

it acts as a quantitative indicator offaecalpollution.

Second, it serves as a surrogate for the presence of
pathogenic micro-organisms, e. g., S a /none I I a, C arrtpy I o -

bacter, E. coli OItl:H7 , Cryptosporidiurn, Giardia and

enteroviruses, which are present in faeces but in such
low numbers that they are difficult and expensive to

detect. As an indicator, E. coli should be found when-

ever pathogens are present and survive for as long as the

hardiest pathogen.

Additionally, the tests for indicators need to be

inexpensive, robust, sensitive, technically easy and work

in all types of water. This is exemplified by E. coli which

uses a select ive medium and incubat ion at  44oC.The

selective isolation medium, containing peptone, lacrose,

bile salts and apH indicator is familiar ro anyone who has

done microbiology. The lactose provides a substrate for

fermentation to lactic acid that changes the colour of a

pH indicator and the bile salts select for bacteria adapted

to an intestinal habitat. There is a range of selective

media for isolating and identifying E. coli. One such,

developed by CHROMagar,isshown in Fig. 1.
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$S E coli microbial standards
E. coli has been used as an indicator of faecalpollution for
over 100 years. Indeed, its use is so widespread that it is
enshrined in EU and World Health Organization
standards for the safe limits of E. coli in foods, drinking
water and bathing waters.

{a} Drinking water. There should be no E. coli indrinking
water. \7hen E. coli is found during routine monitoring,
boil water advisory notices are issued until the problem is
solved.

{bJ Bathring waters. The current EU Bathing \Water

Directive (I97 6) says that there should be no more
than 2000 faecal coliforms (this in rcaIity means E. coli
of animal origin) in 100 ml bathing warer. A more
stringent Directive of 500 E. coli per 100 ml water is
currently under discussion in the EU parliamenr and, as
suggested in an article in the November 2002 issue of
Microbiology Today, and this has implications for future
compliance of the UK's bathing warers.

{ci Fond" The Health Protection Agency guidelines
for the microbiological quality of ready-ro-ear foods,
fresh fruit, vegetables and salad vegetables have three
categories for the presence o{ E. coli (number per gram):
satisfactory, < 20 ; acceptible, 2 0- < 1 0 0 ; unsatisfactory,
> 100.

S The use of faecal coliform (E coli)counts in
Morecambe Bay bathing waters
This is an illustration of how E. coli can be used as both
an indicator ofpollution levels and to track the source of
that pollution.

A. Testing water quality
At Lancaster University we were involved in the micro-

bial testing of bathing waters at three beaches in More-

cambe Bay. One investigation was ro quantify the effects
of the installation of secondary sewage trearment and a
long sea outfall on water quality. Prior to that installation,
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sewage was simply macerated and discharged via a

short-sea outfall on the ebb tide. The results taken for

approximately a year before and after installation are

shown in Table 1.

Two features are immediately obvious. First, the

overall effect in year one was to reduce the average coli-

form numbers to below the EU Directive of 2000 E. coli

per 100 ml, but not below the proposed value of 500

E. coli per 100 ml. Second, there was much less effect in

winter. This is probably because there are many more

birds at Morecambe North in winter and less bacterial

die-offat lower temperatures and in low sunlight.

The effects on the compliance of Morecambe's three

bathing waters with the Bathing Sfater Directive were

dramatic.

Prior to the installation of secondary sewage treatment

none had passed the Directive. In the year after,two of the

three passed. In the subsequent year there was a failure,

but not the same one as in the previous year. The next,

they all passed. Since then there have been sporadic

fa i lures,  inc luding Heysham in2OO3.I t  is  usual ly  not

clear why the sporadic failures occur and the accompany-

ing bad publicity is not good for tourism. r

In the 1 990s it was realizedthat sewage treatment may

not be the sole answer to cleaning up the UK's bathing

waters and that diffuse sources (so-called non-point

sources) may be important, especially when there

are sporadic failures in compliance. Diffuse sources

include run-off from agricultural land (cattle and sheep

faeces), run-off from roads (dog faeces) and wild animals,

including birds. This stimulated an interest in finding

ways to track the origins of the faecalpollution reaching

the UK's beaches. A number of methods have been tried,

ranging from the Environment Agency's use of painted

cucumbers, to mimic the floatation characteristics of

faeces from sheep gtazing on salt marshes, to the release

of genetically engineered bacteriophage.

B. Use of E. coliin pollution source tracking
At Lancaster University we decided to concentrate on

methods involving E. coli,largely because we wanted to

exploit the immense know-how the water industry has

built up over the years*.

Initially we thought we might be able to work with

phenotypes of E. coli. This involved isolating a nnge of

E. coli from bathing waters, purifying them, obtaining

phenotypic, biochemical profiles using API 208

(bioM6rieux) and comparing them with isolates from

cattle, sheep, birds and humans. Indeed, we found

that there were relatively few E. coli phenotypes in the

bathing waters and that the dominant phenotype was

common in birds, particularly gulls and oystercatchers.

Unfortunately, the same phenotype was also found in

humans, cattle and sheep, although it was not dominant.

Most importantly, it was only a minor component

in the effluent from waste water treatment works

N($7T\7s). N7e concluded that while E. coli is an

excellent indicator of faecal pollution, it is poorly suited

to tracing the source of that pollution, at least when

using conventional methods. \7e decided, therefore, to

investigate a more discriminatory method using

genotyping of E. coli.

\7e developed a DNA-based typing scheme with

E. coli that can be used to (1) identify individual geno-

types and (2) identify animal/human sources.

E. coli were isolated from bathing waters and a variety

of sources with the potential for polluting bathing

watefs:

Effl uents from $7\7T\7s, humans

Cattle, sheep, beach donkeys, wild birds, dogs

Ribble estuary, tributary rivers

Fylde bathing waters at Blackpool and St Annes

Genotypes (DNA fingerprints) from each source were

matched with those from each of the bathing waters. The

genotyping procedure is presented in Fig. 3.

The results show that each bathing water is dominated

by only three or four clades of E. coli, for example, at

StAnnes (FiS.q.

\7e can also show that genotyping reveals the relation-

ships between sites, for example, major clades at St

Annes are less common in Blackpool South and least

common at Blackpool central (Fig. 5).

Recently we used genotyping to investigate whether

oystercatchers' faeces are responsible for the high

numbers of E. coli found in mussels growing in More-

cambe Bay. \7e akeady know that most Campylobacter

found in mussels comes from wild birds and the results

in Fig. 6 show that at least 50 7o of the E. coli also come

from oystercatchers and not, as previously assumed,

sewage.
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So, what can we conclude from our use of a DNA

fingerprinting genotyping to trace E. coli in the aquatic

environment?

Groups of genotypes are associated with particular

animalsources.

Bathing waters contain E. coli from human,

agricultural run-off and wild bird sources.

The proportions of genotypes from a particular

soufce are different in every bathing water.

Genotyping is able to identify which, and in what

proportion , animal or human sources contribute to

faecal pollution.

Genotyping is able to distinguish E, coli strains

better than conventional techniques.

It can, therefore, assist in tracing the source.

The phenotypes and genotypes of all the E. coli isolates

from all sources and the bathing waters are put orlto a

reference computer database to form a lib raty.Thereafter,

when bathing waters fail the EU Directive,E. coli can be

isolated from the positive faecal coliform counts,

genotyped and compared with the library strains with a

view to tracking the source of the pollution.

Research on pollution source tracking using avadety

of genotype-based molecular methods with E. coli and

other bacteria is being done by microbiologists in several

countries and the pros and cons ofparticular methods can

be accessed from the further reading section.
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SE co l i asasensor

As is readily apparent from other articles in this issue

of Microbiology Today, E. coli is a pre-eminent tool for

molecular biology, biotechnology and bioengineering.

In environmental microbiology, E. coli has been

modified to respond to a variety of stimuli by switching

on genes (reporter genes) that make them easily

detectable. Such strains tend to be used to detect

particular chemicals or to track bacteria in the environ-

ment. For example, E. coli, engineered to contain

luciferase genes, is able to luminesce and will ' l ight up'

quantitatively in response to different concentrations of

particular pollutants. E. coli cells, labelled with GFP

(green fluorescent protein), can be detected as individual

bacteria in biofi lms and even within grazing protozoa

(F ig .8 ) .

The use of E. coli as a tool in the ways described above is

not of course restricted to environmental microbiology.

It is used in industry, particulady the food industry, not

only to detect contamination and spoilage, but also as a

means oftracking the source of that contamination.

O Dr Keith Jones is Senior Lecturer in
Environmental Microbiology at Lancaster
Envi ron m e ntal Ce ntre, Lan caste r U n ive rs ity.
Lancaster LAI 4YQ. UK.
Te\.01524 593993: Fax01524 843854
e m ai I k.j o n es @l an caste r. ac. u k

C Dr Richard John Smith rs Senior Lecturer in
Molecular Microbiology at Department of
Biological Sciences, Lancaster U niversity,
Lancaster LAI 4YQ. UK.
Tel.01 524 59271 6; Fax Ol 524 843854
e m ai I r. s m ith @l an caste r. ac. u k

*'Ve are grateful for a mix of fundingfrom United Utilities,
Departrnent for Trade and Enuironment for tbe Regions, tbeJ on
Moulton Trust and the Ioy Welsb Educational Charitable
Trust.
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As more genome
sequences of
different strains
of E. coliare
completed,
researchers are
f inding asurpr is ing
variability.

Gomparative genomics of E. coli
Jeremy D. Glasner & Nicole T Perna

E. coli is notorious for two reasons;first, many

people have encountered one or more of the

nasty strains responsible for gastrointestinal

disease or u dnary tractinfection, and second, tamed to the

Petri dish in the 1920s, theK-I2 strain became a favourite

of geneticists and molecular biologists who discovered

and elaborated fundamental genetic and biochemical

processes by studying this organism. The realizatronthat

basic cellular activities such as metabolism, DNA repli-

cation and gene expression are achieved using homo-

logous systems in organisms as different as bacteria and

man led to extensive investigation of their molecular

basis in E. coli,owing to its easy manipulation in the lab'

In this way, E. coli, along with other experimentally

tractable organisms such as fruit flies and yeast, became

premier 'model  organisms' ;  systems where scient is ts

could extract maximai information about crit ical

processes with minimal experimental effort.

Not surprisingly, E. coli K-12 was among the first

organisms targeted for complete geflome sequencing

due to its prominent role as a model organism and

industrial tool. Genomes of additional strains of E. coli

have been sequenced because of their impact on human

health. Comparisons of these genomes revealed the

genetic diversity underlying the phenotypic diversity of

this species. Gene gain and loss is extensive, providing

different l ineages with distinct metabolic, pathogenic

and other capabilit ies. The variable regions identified

through comparative genomics are serving as candidates

for further research on the evolution, epidemiology

and molecular biology of E' coli. As more E' coli genome

sequences accumulate, we continue to discover new genes

in the population. Ongoing genome projects directed at

additional distinct pathdgenic E' coli wil l provide an

even richer data set. Perhaps the future of E. coli as a

model organism isE. coli as amodel bacterial species.

The E. coli K-l2strain MGl65 5 genome sequence was

publ ished in 1 '997. I t  marked the culminar ion of  a

project that spanned the transition from tedious radio-

active methods to automated fluorescent sequencing and

other technological innovations, advancing genome

sequencing in general and the efficient completion of

additional E, coli genomes.In 2001, two sequences were

published for enterohaemorrhagic E' coli strains of the

serogroup OItT:FI7, one isolated from a contaminated

ground beef lot associated with a disease outbreak in the

US and the other from the single largest reported

outbreak of all t ime, aI995 incident involving school

lunches in Japan. In 2003, genome sequences were

published for anE. coli strain (CFT073) associated with

urinary tract infections and two strains of Shigellafkxneri

serotype 2a(2457T and 301).

W Radical differences among genomes
A comprehensive understanding of the commonalities

and differences among these genomes has not yet been

achieved, in large part because of the massive amount of

genomic variability within the species. Even before the

first E, coli genome was complete there was substantial

knowledge of conservation in function, regulation

and chromosomal positions of genes involved in core

processes iike central metabolism, transcription and

translation as weil as examples of genes responsible for

differences between strains, often contained on mobile

genetic elements such as plasmids. As larger pieces of the

K-12 DNA sequence became available, examination of

patterns in DNA sequence composition and codon usage

revealed evidence of atyptcal 
'islands' nestled among

well studied genes. Despite evidence hinting at the

variabil ity within this species most researchers did not

expect the magnitude of changes observed when com-

pared with the next E. coli genomes.

The two E. coli O7t7:H7 genomes come from very

closely related strains and, as expected, their genomes are

extremely similar. However, comparison ofeither (l-157 :

H7 sequence to E. coliK-I2 reveals that an extraordinary

amount of gene loss and gain has occurred since these

strains last shared a common ancestor roughly 5 million

years ago.  The 5 ' l  mi l l ion base pair  (Mbp) Ol57:H7

genome is nearly 1 Mbp larger than the 4'6Mbp E' coli

K-12 sequence. This much was evident in advance of

genome sequencing. \fhat was more surprising was

whi le roughly 4 '1Mbp of  the chromosome was very

similar (-98'5 7o identtcal) between either 01'17:H7

and K-I2, this conserved'backbone' was punctuated

with hundreds of islands' of sequences specific to one

strain or the other.

For example, 015l :H7 strain EDL933 has over

1.4 Mbp of  DNA wi thout  a counterpart  in the K-12

genome, and these sequences are found clustered into

777 regions ranging from 50 to nearly 90,000 bp in

length. Among more than a thousand genes encoded in

these islands are some that were previously associated

with O157:H7 v i ru lence and many new candidate

pathogenicity factors, such as iron utilization and host-

cell adherence-associated genes, that arc now under active

investigation. A surprising discovery was two Iarge

islands, each containing (nearly identical, apparently

functional) genes encoding urease - and this in a strain

typically characterized by its lack ofurease activity in

clinical assays. A large fraction of the genomic differences

can be accounted for by the activity of mobile genetic

elements. Nearly40 7o of theO157-specific elements are

found in one ofat least 18 cryptic prophage or the one

intact bacteriophage (933\O' Interestingly, some of the

most characteristic virulence genes of Ol57:H7, those

for the Shiga-like toxins, are encoded within phages and

evidence is mounting for additional phage-associated

virulence determinants.

S Horizontal gene transfer
If we consider the comparison from the E. coli K-72
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perspective, it is important to note that many of the

regions of the K-12 chromosome without counterpart in

Ol51:H7 correspond to those previously noted islands

of atypical base composition. It is believed that these

odd sequences come from the occasional transfer of

DNA from other species and integration into the E. coli

chromosome, known as horizontal transfer. The strange

base composition of these sequences is due to a high

degree of variabil ity in this characteristic between

bacterial families. It is also significant that many of the

K-12 islands are found at the same position in the

chromosome as O 1 5 7 : H7 -specific islands, and these also

have atypical base composition. Taken together, these

observations suggest that the elements specific to each

strain accumulated over time by repeated horizontal

gene transfer, frequently with successive transfers

of different elements into the same slot of the core

chromosome, descended from the common ancestor of

aIIE. coli strains.

The fate of horizontally transferred sequences depends

on their cost or benefit to the bacteda, with those that

provide an obvious advantage under a wide variety of

conditions expected to increase in frequency in the

population and over long periods of time to evolve a

base composition typical of the species, a process referred

to as amelioration. The fact that we can recognize so

many atypical sequences in the islands differentiating

these closely related E. coli strains suggests that many of

these horizontally transferred regions are temporary

residents of the genome or provide an advantage specific

to conditions encountered by particular strains.

.W More E coti genomes

The publication of a 1'2 Mbp genome of the pyelo.

nephritis-associated E. coli srrainCFTOT 3 cemented these

views, and compar isons wi th an OI57:H7 and K-I2

genome easily reveals close to 3,000 genes encoded in

stretches ofthe chromosome common to all three strains.

However, the comparison also reveals more than another

mill ion base pairs of DNA not found in either of the

other strains. Here, aphylogenetic perspective is helpful.

E. coli K-12 and 0-757 '.H7 are more closely related to

each other than either is to this extraintestinal strain.

Again,although the island contents differ, we find many

of the same chromosomal sites reused to house these

strain-specific elements. Among the most notable

observations is the lack of a type III secretion system

encoded in this genome, given the apparent ubiquity of

these systems in Gram-negative pathogens. There are,

however, a number of previously unknown toxins and

adhesions to fuel further research on the molecular basis

of pathogenesis in the human urogenital tract. There is

an ongoing project to sequence the genome of RS218, a

quite different pathogen closely related to CFT073.

RS218 is associated with neonatal septis and meningitis,

and comparisons with existing sequences should reveal

genes common to both extraintestinal pathogens, but

not found in diarrhoeagenic or commensal strains, and

identify genes responsible for distinct aspects of their

diseases.

The year 2003 also saw the publication of two

genomes from S. flexneri. Molecular phylogenetics has

clearly demonstrated, and it is now widely accepted, that

Shigella are members of the species E. coli. This is cleady

borne out by comparisons of the,S . flexneri sequences with

the other sequenced genomes. However, one thing was

quite different - the rate of genome rearrangemenr is

much higher than observed in previous comparisons.

There are at least 15 rcanangements between the two

Sbigella genomes, and nearly all inversions are bounded

by insertion sequences which are abundant in these

genomes. In contrast, among all previous comparisons,

there is only one apparent inversion event bounded by

cryptic prophage in one of the two Ol57:H7 genomes.

N Even moreE corigenomes?
There is no reason to think that interest in sequencing

additional E. coli genomes is waning. There are a number

of important pathogen lineages, such as those with a K1

capsular polysaccharide, enteroaggregative E. coli,

enteropathogenic E. coli, and other Sbigella species with

sequencing projects underway and other significant

groups remaining. The existing data raise important

questions about the levels and mechanisms generating

and maintaining genome variability within and between

E. coli populations that will require substantial genome-

scale sequence information to resolve. The abundant

genetic, biochemical and physiological datafor E. coli,

emerging results from high-throughput microarray and

proteomic experiments and computational models of

whole-ce11 physiology promise future development of

this system. By leveraging the strength of E. coli as a

model organism and comparing processes across strains

of varying levels of relatedness and different lifestyles we

can adopt E. coli as a'model bacterial species'where we

can begin to dissect the complex processes involved in

diversifi cation of bacterial species.

O Jeremy D. Glasner, Scientist, and NicoleT.
Perna, Assistant Professor, research the molecular
biology and evolution of enterobacteria in the
Departmentof Animal Health and Biomedical
Scrences atthe University of Wisconsin, Madison,
wt 53706, usA.
Tel. +1 608 262 0728: Fax 11 608 262 7420
e m ai I n i co I e @g e n o m e.wi sc. ed u ;
jeremy@ g e nome.wi sc.ed u

ABOVE:
L inear  d iagram compar ing the
six complete [, coliand S, flexneri
genomes using a software tool
ca l led Mauve
COURTESY J D GLASNER& N I PERNA
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E H EC O | 57 =HT - getting to the
bottomof thebulgerbug
RoberlJ. O. Ouantrell, StuartW. Naylol
AndrewJ. Roe, Kevin Spears & David L. Gally

EnterohaemorrhagicE. coli (EHEC) emerged as

a human pathogen in the 1980s through a

series offood-borne outbreaks. Its notoriety

stems from the severe disease it can cause, especially in

the very young and the elderly. EHEC contain integrated

bacteriophage genomes capable of expressing a potent

toxin known as verotoxin (VT) or shiga-like toxin (SLT)

that destroys blood vessels by kil l ing endothelial cells.

Damage to blood vessels in the gastrointestinal tract

leads to the characteristic bloody diarrhoea associated

with this infection. Kidney damage and failure can also

be precipitated by the toxin and the very young are more

susceptible, due in part to a higher toxin receptor level in

the kidney. Fig. 1 outlines the key virulence-associated

factors produced by the organism.

E, col iOl57:  H7 is
a nasty human
pathogen, yet it
does not harm its
cattle host. Dave
Gally and his
colleagues are
f ind ing out why.

RIGHT (TOP DIAGRAfuI ) :
i : lg ,  "$ ,  D iagram i l lus t ra t ing some
of  the major  v i ru lence factors  o f
EHEC 0157. (1) Chromosomal DNA
conta ins pathogenic i ty  is lands ( red
and ye l low)  such as the locus for
enterocyte effacement (LEE) that
is  large ly  respons ib le  for  the
at tach ing and ef fac ing phenotype
Addi t iona l  v i ru lence t ra i ts  are
carr ied by the large p0157 p lasmid.
(2)  The LEE encodes a type |  |  I
secretion system that al lows the
in ject ion o f  bacter ia l  pro te ins in to
target  ce l ls  thereby a l lowing
int imate attachment (3) Init ial
bacter ia l  b ind ing to  host  ce l ls  or
bacter ia l  spread fo l lowing
at tachment  may be mediated by
f imbr iae.  (4)  Bacter ia l  mot i l i ty  is
dr iven by the presence of  f lage l lae
that may enhance penetrat ion of
host  defences,  inc lud ing mucus
thereby a id ing in i t ia l  a t tachment  to
host t issue. (5) Final ly t .  col i l lSl
car r ies  a  phage-encoded AB tox in
known as Shiga- l ike  tox in  (SLT)  or
verotoxin (VT), which can have
mul t ip le  e f fec ts  dependent  on host
and ce l l  type,  These inc lude
inh ib i t ion o f  pro- in f lammatory
responses and apoptos is
COURTESY D L GATLY

RI G HT:
t i : lW. i f i -  Lymphoid fol l ic les at
the bov ine termina l  rec tum.
(a)Locat ion o f  lymphoid fo l l i c les
(LF) after acetic acid treatment of
termina l  rec ta l  mucosa AC anal
canal ;  REC,  reg ion of  bacter ia l
co lon izat ion.  (b)  H&E sta in  o f  a
lymphoid fo l l i c le  (LF)  and fo l l ic le-
assoc ia ted ep i the l ium (FAE) a t  the
termina l  rec tum,  (c)  Microco lony
o f  EHEC 0157 :  H7  (g reen )
situated on FAE
COURTESY D L GALLY

S EHEC in cattle
There is now considerable evidence that ruminants,

particularly cattle, are the direct or indirect source of

most human infections. In the UK, North America and

Japan, the main serogroup associated with disease is

EHEC Ol57:H7. Unl ike in humans, EHEC OIJT:H7

does not cause overt disease in cattle and can be

considered a commensal. The overall aim of our research

is to understand how EHEC O 1 5 7 : H7 colonizes cattle so

that interventions can be designed to remove it from this

primary host and therefore prevent transmission

to humans. A key requirement is to determine where

and how EHEC O7t7:H7 persists in the bovine gastro-

intestinal tract) as this is a prerequisite to finding the

factors involved in bacterial persistence and designing

interventions.

S$Thebottom line
Cattle orally dosed with 109 EHEC Ol57:H7 shed up to
106 bacteriaper gramfaeces for at least 4 weeks. In our

work to Iocalize the bacterium in cattle, the first few

post-mortems of animals shedding high levels of EHEC

Ol51 :H7 in their faeces failed to find significant levels

^t any site within the gastrointestinal tract, including

the contents. As a result of this observation, attention

turned to the terminal rectum of the animal, with

subsequent work demonstrating that the bacteria

were really only colonizing the final few centimetres

of the gut at the terminal rectum adjacent to the anal

canal. EHEC OI57:H7
was coating the faeces
as the animal defaecated
and this was proven by
sampling the surface versus
the core ofthe faecal stool
(when such separation is
possible). The bacteria
are therefore being taken
in orally and more or
less ignore metres ofgastro-
intestinal tract and then
colonize in a narrow band
adiacent to the anus (this

research was supported
by a Veterinary Fellowship
from DEFRA and was
subsequently known as
The Fellowsbip of the Ringt).
This remarkable tropism
explained why others
had missed the site in the
past and opened up the
possibi l i ty of simple
interventions to remove the
bacteria from colonized
animals.
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sS,The molecular basis of colonization
Attention then turned to the molecular basis of this

t ropism. Examinat ion of  the s i te of  EHEC OI)7 :H7

colonization was not shared by the generic E. coli

population and revealed a region containing a high

concentration of sub-mucosal lymphoid foll icles (Fig,

2a). These foll icles contain B and T lymphocytes that

signal alterations to the epithelium above these

structures. This foll icle-associated epithelium (FAE)

is characterized by a

reduction in the levels of

mucus-secret ing goblet

cells and the presence of

cel ls  wi th shortened micro-

villi. These cells are similar

to M-cells found in the

small intestine that sample

lumenal antigens. In

conjunct ion wi th work

carried out using human

gastrointestinal explants,

this research indicates

tha t  EHEC O l tT :H7  i s

likely to interact initially

wi th M or M- l ike cel ls

in both humans and

cattle. Similarly, members

of the Enterobacteriaceae -

Salmonella, Sbigella and other pathotypes of E. coli -

have been shown to use M-cells as an initial point of

interaction with their host.

The obvious downside to contacting M-cells is that

their usual function is to take up foreign particles.

Bacteria such as Salrnonella have the capacity to take

advantage of this internalization, but this does not

appeat to be the case for EHEC OI1T:H7 as it is

predominantly extracellular. In common with these

other enteric pathogens, EHEC has a type III secretion

system that  enables the in ject ion ofbacter ia l  proteins

into host  cel ls  (see Figs 1,  )  and 6) .  The most obvious

consequence of this is the formation of attaching and

effacing lesions (Fig. 3) and this secretion system is

essential for colonization and persistence in cattle.

Another fundamental role for this system could be in

disabling the M-cell on contact to then allow

colonization of the epithelium in that area. This is

analogous to the type III secretion system of Yersinia

spp. that is able to rapidly disable macrophages and

prevent phagocytosis. One hypothesis to explain the

EHEC O7t7 :H7 tropism is that the type III secretion

system is only primed for action by signals present in

the lower gastrointestinal tract, thus allowing this

specific region to be colonized rather than FAE at higher

sites in the gastrointestinal tract. Subsequenr spread

and persistence of the bacteria at the terminal rectal site

will require other components such as flagellae and

fimbriae as well as the capacity to multiply in the mucus

Iayer.

r$$ EPECvS EHEC in cattle
In contrast to the related but non-toxigenic entero-
pathogenic E. col i  (EPEC), EHEC Ol57:H7 does not
cause disease in cattle and can colonize and potentially
recolonize animals for long periods (weeks). This
long-term shedding relies on prevenring both an

TOP LEFT:
$ '$9"  * \ .  A/E les ions in  the bov ine
spi ra l  co lon induced by a  human
EHEC 01 1 1  :  H-  s t ra in  (E43035N)
at  4  days post - inocu la t ion
REPRODUCED WITH PER[/ISSION
FR1llt Il I C R0 B l 0 L0 GY 1 48, 3767-3778

LEFT:
$$9. e$, Expression of t l r : ,  egfp
in  t ,  co l i015 l :H7 on contact  w i th
cu l tured EBL ce l ls  Cel ls  were
incubated wi th  bacter ia  before
f ixat ion a t  the t ime po in ts  ind icated
(b) ,  (d)  and ( f )  show express ion of
t ir ' , ' .egfp at 0 min (b) 15 min with
EBL contact  (d)  and 15 min wi thout
EBL contact  ( f )  (a) ,  (c )  and (e)  show
bacterial phase contrast images at 0
min (a) ,  15 min wi th  EBL contact  (c )
and 15 min wi thout  EBL contact  (e)
COURTESY D L OALLY

LOWER LEFT:
$*9"  $ .  [ /ode l  i l lus t ra t ing pr imed
express i0n of  type I  |  |  secret i0n 0n
colon izat ion o f  the bov ine termina l
rectt lm. (1 ) Transit ion through the
maj0rity of the bovine gastrointestinal
t rac t  w i thout  ep i the l ia l  in teract ion
(2)  In  the lower  gast ro in test ina l
t rac t  a  combinat ion o f  env i ronmenta l
cues inc lud ing h igher  bacter ia
leve ls  and quor t tm sens ing lead to
express ion of  the basal  type l l l
secret ion apparatus At  th is  t ime
the mRNA for the EspADB translocon
may a lso be produced (3)Wi th  a
further signal, such as cel l  contact
the mRNA is translated and EspA
filaments are pr0duced. Transcription
of certain type l l l  secreted effector
prote ins occurs  and in t imin is
e) (pressed and inser ted in to  the
bacter ia l  outer  membrane (4  & 5) .
Secretion of effector proteins may
0cct l r  in  a  c0-0rd inated manner ,
cont ro l led by both express ion
patterns and dif ferential aff ini t ies
of effector proteins for shared
chaper0nes that  escor t  the secreted
pr0te ins to  the apparatus and 0ut  0 f
the bacterial cel l ,  (6) Cytoskeletal
rearrangements  0ccur  as a
c0nsBquence of  the act iv i t ies  o f  the
injected effector proteins and
the in teract ion o f  in t imin wi th  the
translocated int jmin receptor (I i r)
The result is an int imately attached
bacter ium and an at tach ing and
effacing (A/E) lesion, (7) From this
in i t ia lb ind ing s i te  the bacter ia
spread t0  c0 l0n ize the sur rounding
epi the l ium us ing a combinat ion o f
f lage l lae,  f imbr iae and type l l l
secret ion Th is  inc ludes poss lb le
bacter lum-bacter ium b ind ing v ia
type lV p i l i .
COURTESY D.L. GALLY
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RIGHT:
$$9.  $"  (a )  EHEC 0157:  H7
responds to host environmental
signals and expresses adhesins on
i ts outer membrane. (b)EHEC
0157:H7 binds to microvillion the
host-cell surface (c) LEE4
(EspADB translocon) mRNA (shown
in blue) is translated in situ aIIhe
inner membrane of the TTSS The
tesultant Esp proteins are then
exported through the needle
complex ln this way translation
and secret ion are coupled.
(d )  EHEC 0157:  H/  p roduces  a
long EspA filament that allows the
injection of the translocated
intimin receptor (Tir) into the host
cell where it inserts into the
membrane EHEC 0157: H/ then
binds tightly to the host cell via this
Tir-intimin interaction. (e) Host-
cell cytoskeletal rearrangements
result in EHEC 015/:H7 embedding
jn the host cell membrane as part
of the formation of an attaching
and ef facing (A/E) lesion
COURTESY BIO\/ISUAL
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inflammatory response and an adaptive immune
response on colonization. Multiple factors contribute to
this biology.

1. The very restricted site of colonization may limit
responses in comparison to generalizedcolonization of
the gut, or gastrointestinal tract.

2.In uino, most EHEC isolates limit expression of
important surface antigens such as the type III
translocation fi laments and intimin; this is in stark
contrasr to EPEC strains characterized to date that
show less restricted expression.

3.The regulat ion in EHEC O1t7:H7 has evolved to
allow rapid expression of these type III secrerion-
related factors on contacr with host cells (Fig. 4).

4. Other EHEC factors such as VT/SLT appear to inhibit
pro-infl ammarory cyrokine expression.
Having described EHEC OI1T:H7 as a commensal in

cattle earlier in the article, it is clear that this belies a
complex multifactorial interaction with the bovine host
that leads to colonization by stealth. Transfer this
bacterium to humans as an incidental host and the
consequences can be devastating. This difference
primarily l ies with the receptor distribution for rhe
VT/SLT in the rwo hosts, but also is likely to reflect their
differences in colonization patterns, gene expression
and signalling pathways. Fig. 5 i l lustrates the initial
sequential interactions envisaged currently

S EHEC 0157: H7 -  the movie
Sfe have worked with a UK-based animation company
Biovisual (www.biovisual.co.uk) to produce a full-
length animation representing the key srages of EHEC
(-l-157:H7 interaction with rhe host. Biovisual produces
custom animations that aim to summarize complex
microbiological processes in a 3D environmenr. Still
images illustrating steps in the process are shown
in Fig. 6 and the full animation can be viewed at
the Biovisual website or ar our laboratory homepage
(www.vet. e d.ac.ukl zaplresearch/movie. htm).
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Alexander Fleming is interviewed
forthe 1934RAE
Milton Wainwright

A\Al:As you ate aware)

Alex, the next RAE is

upon us and we need

to get  our submission

ready in good t ime.

Last time we got

top marks and we

need to maintain this

standard, otherwise

our income will plum-

met and we will have

to engage in that

dreaded act iv i ty

teaching.

AF: But  what is  the point

of theRAE?

AW:\ilZell Alex, money is

tight and the Govern-

ment needs to make

sure that the 
'Golden 

Triangle' of Imperial and

Oxbridge get most ofit.

AF: But why don't they just give it to them?

AW:Because, Alex, decisions must be seen to be account-

able. Now, let's look at your submission. I see you

have given me the required four papers. All in low

impact factor journals. Could you start thinking

about publishing more ofyour work inLancet or the

BMJ?

AF: But I publish in specialized journals in my field,
medical bacteriology.

AW:I know that. Alex. Bu't these are now deemed to be
rubbish journals and we don't want St Mary's name
to be associated with rubbish, do we? As far as I can
see all that you are publishing on at the moment is
this penicillin stuff.

AF: N7ell there is lysozyme.

AW:Yes, but you did that work outside the relevant
dates. Lysozyme doesn't count any more. I don't
see much future in the penicillin stuff. Have you
purified it yet? You say in your paper it could be
used as a curative. Have you got atry industrial
partners interestedT

I tried collaborating with Raistrick, but they were
only interested in the yellow pigment. -We did some
tests on patients, but as you know, penicillin is very
unstable. Do you mind if I smoke?

AW:\)fhat about grants, Alex?

\fell, we applied to the MRC but they rejected the

penicillin work as a waste of time.

This is a long-lost
transcript of the
meeting between
Alexander Fleming
and his boss
Almroth Wright
aboutthe
forthcoming 1 934
RAE to be
submitted bythe
lnoculat ion
Department at
St Mary's Hospital,
London.

The views in this
humorous article
are the author's and
do not represent
SGM opinion.

ABOVE:
Portrait of Sir Alexander Fleming
(1881-1955) in his lab.
COURTESY SCIENCE PHOTO LIBRARY

AW:Alex, you need to get some grant income. \7hat

about dropping this penicillin stuff and working on

the ketogenic diet?

AF: You're not tell ing me, Almroth, that you believe

that feeding patients masses of fat to change the pH

of their urine is the way ahead for medicine?

AW:Of course not, but Foresight committees have

deemed the ketogenic diet the way forward, and

that's where the grant money's going.

AF: All this is extremely anti-academic and philistine,

Almroth. Can't we take on these bean counters?

AW:No, right or wrong, Alex, we have to fight for our

own siice ofthe cake. Times have changed.

AF: But real science hasn't. Anyway, penicil l in has a

great future.

AW:Look, I 've taken advice from my friends on this.

They think that your first penicillin paper is weak

and badly written. And more importantly, no one

cites any of these penicillin papers, so they can't be

important, can they? The RAE committees will

probably laugh if I submit them. Sfhat's more

worrying, this penicil l in stuff might adversely

affect their deci s ions.

ril7ell leave me out of the RAE.I don't mind.

AW:Sorry, Alex, everybody goes in. No opportunity this
time for fiddling the books.

AF: Look, Almroth, if penicillin is as important as I
think, it will revolutionize medicine and save
millions. \We might even get an Institute named
after us -imagine, the \Tright-Fleming Institute.
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If only the Department could provide me with a few
mice, I could test it.

AW:Alex, all I want is to get top marks in the RAE.
I'm not interested in revolutionizing medicine and
saving lives. And I am certainly not going to waste
Departmental funds providing you with mice.

AF: So, Almroth, what do you want me to do?

AW:Simple. Stop wasting your time on penicillin and
work on the ketogenic diet. This will allow you to
get grants. STho knows you might even get invited

::#;:t*s 
abroad and develop some markers of

AW:One last thing, Alex.

AF: Yes?

AW:The Departmental Safety Officer has asked me to
insist that you wear a lab coat.

S$ Postscript
Fortunately, Alexander Fleming ignored his boss. He
continued working with penicillin and searching for new
antibiotics throughout the 1930s. St Mary's did get its
Nfright-Fleming Institute and penicillin did save
millions of lives. The ketogenic diet, as a means of
treating infections, slipped into oblivion. Finally, most
of the photographs of Flemin B, as a famous laboratory
scientist, show him wearing a shining white lab coat!

Unfortunately, the minutes do not record the result of
the St Mary's bid to the 1934RAE.

C Dr Milton Wainwright, Department of ,
Molecular Biology and Biotech nology, U niversity
of Sheffield. UK.
em ai I M.Wai n wri g ht@sh effi el d.ac. u k

-Contact us for a free 10 day trial-

Thist le Scienti f ic o www.thist lescienti f ic.co.uk
te l  01698 338844 o fax 01698 338880
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Inspector of Micrcbiology

O RecentlyProfessorBrian Duerden has been
appointed by the government as the first Inspector of
Microbiology, a post based in the Departmentof Health.
The need for an Inspector of Microbiologywas identified
in the strategyfor infectious diseases Getting Ahead of
the Curveand was designed to ensure a high quality,
integrated microbiology service across the country
Councrlwas pleased to receive a letterfrom Brian saying
how pleased he was with the positive attitude the Society
was taking to help him in his new role,

Education and caleer activities

O The President exoressed pleasu re at the extent
of activities being undertaken by members of the
Marlborough House staff in these areas, which were
highl ighted in the Education Off icer 's reportto Counci l .
Ranging from careers fairs, new resources for schools,
training courses forteachers and technicians to a
communications workshop for PhD students and postdocs
as well as helping to judge the M ISAC composting leaf let
com petition. An i m pressive record of ach ievement for
SGM.

New managementstructure for SGM iournals
O Council was told of the implementation of a new
management structure, bringing the four journals and the
symposium series under a single overal l  manager with
responsibility for strategic decisions, with each journal
having a Senior Staff Editor for oversight of day-to-day
production matters, There was warm approval for the
appointmentof DrRobin Dunford as overall Manager
and his team of Senior Staff Editors:Lesley Hoyles
(l nte rn ati o n al J o u r n al of Syste m ati c an d Evo I uti o n ary
M icrob i o logy), Melanie Scourfield (J ou rn al of M ed i cal
M i c r o b i o I o g y), Gh ris 5i n clair ( M i c r o b i o I o g y) an d
Natafie lMldet (Journal of GeneralVirology).

O AlanVivian,GeneralSecretary t

&NNwwffiN ffiffi$RM ffiffiffiS
A new edition of the Address Book, containing a list of
names and contact details of Society members and other
useful information aboutthe Society, is being compiled
and wil l  be distr ibuted with the November issue of
Microbiology Today.

Please let the Membership Office have any changes to
your address, telephone/fax numbers or email details as
soon as possible, but no later than 13 August, Send
them to members@sgm.ac.uk

Also if anyone wishes to have their details omitted from the
Address Book and has not already notif ied the Membership
Office of this,thev should do so immediately.
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The AG M of the Society
wil lbe held onThesday7
September at the Society
meeti ng at Trin ity College
Dublin, Agenda papers,
including reports from
Officers and Group
Conveners, the accounts of
the Society for 2003 and a
special resolution to amend
Article 25 of theArticles of
Association, are in the
separate Annual Report
booklet distributed to all
members with this issue of
MicrobiologyToday.

ffiwwwwNN
Dr Ulrich Desselbelger,
Cambridge, has accepted
Council's invitation to be the
next General Secretarv of
the Society, He will stah his
term of office in Seotember,

Fol lowing the cal l for
nominations to f  i l l  three
vacancies for elected
members of Counci l ,  the
following have been elected
unopposed to serve forfour
yearsfrom 7 September
2004:

Prcfessorlain Hagan,
Paterson Institutefor
Cancer Research,
Manchester

Professor Bert Rima,
The Oueen's Universitv of
Belfast

DrKatherineSmart,
Oxford Brookes U n iversity

Biographies of the new
Officer and Counci l
Members wil l  be oublished
in the November issue of
Microbiology Today.
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Grants
H m . ww,*gxglffi $qp g'l*m $ ffi q:*rwl**rwler{fii$i..
#*i.r*,,*"***n€'*l
1Bq**$ $*:H ik ql';H!

This scheme allows scientrsts to travel f rom orto the
U K/Republic of lreland to carry out a defined piece of
research in any f ield of microbiology. Applicants must be of
senior postdoctoral level or above. The visits may be from
one to three months duration, The awards coverthe costs
of return travel, a subsistence allowance and a contribution
towards the costs of consumables in the host laboratorv.
The closing dateforapplications is 1 1 October2OO4.

$ wx'$,s *.rx ;lm R l$ q:p m m $ ffi ,.*'rs +x $ qp S wrux w wt* *
WrmmmN
Members are reminded thatfunding is again avai lablefor
competition this year. The purpose of the Fund is to assist
microbiologists in countr ies where microbiology is
i nadequately developed. Mem bers may apply for f u nd i ng to
run training courses in developing countr ies appropriate to
the needs of those countries, or for any other small project
to assist i n tech nology transfer f rom developed cou ntries.
The closing date for applications is I I October 2OO4,

ffi rwwx $ lg'sm p ffi; pwghiffi iksss ffi qs w.qffi
The Fund aims to promote talks on microbiological
topics in departmental seminar programmes. Applications
are invited f rom higher education inst i tut ions where
microbiology is taught for grants of up to S200 towards the
travel and, if necessary, accommodation expenses of an
invited speaker, Applications wil l  be dealtwith on af irst
come, first served basis during the academic year, Written
submissions should be sent to the Grants Off ice for
consideration.

Wa$mtrwmwrem fu *s Wqew$$u Ws-* **xN
Members who are permanently resident in a developing t

cou ntry are rem i nded that they may apply for f u nd i n g to
acquire fortheir l ibraries books, or possiblyjournals, relat ing
to microbiology. These annual awards are available as a
result of a generous donation from ProfessorT. Watanabe
of Japan. The closing date for applications to the Grants
Office is | 1 Oetobet 2OO4.

ffi N wwm$$qpwx ffi wwqp$s*ffis$rw*ffi trk €
ffisxwt#d ffiffi ffi ,ffiwte.s*ry'#m
Grants are available f rom this f und to members for projects
intended to lead to an improvement in the teaching of any
aspect of microbiology relevant to education in the U K. This
might include the development of teaching materials (e,9,
videos, slides, posters, CAL packages) or novel practical
exercises. Funding is also available forsmall projects to
promote the public understanding of microbiology, such as
workshops, talks, demonstrations, leaf lets, activities at
science festivals, Applications will be considered on af irst
come, f irst served basis during the calendaryear 2004.

The full rules of all Society grant schemes are available
on the SGM website atwww.sgm.ac.uk. Please
consult these before applying for an award, You can
download the application forms for schemes where
these are required, Cl ick on the'Grants & Funding'
button for details.

Any enquiries should be made to the Grants Office, SG M,
Marlborough House, Basingstoke Road, Spencers Wood,
Reading RG7 1 AG [Tel.+44(0)1 1 8988 1821 ;
Fax +44 (0) 1 1 8 988 5656;email grants@sgm,ac,ukl.

\$,ne,exgtrtt$sr*ls,t*s$Rffi S,ws"-e *rs$t*$ gs**
These enable undergraduates to work on microbiological
projects d u ri n g the su m mer vacation before thei r f i nal year,
They are intended to provide undergraduates with
experience of research and to encourage them to consider
a career in a laboratory-based science. Support is provided
atthe rate of S1 60 perweekfora maximum period of 8
weeks, Up to 5400 may also be awarded towards the cost
of consumables, Students are required to submit a brief
reportof their research on the completion of the
studentship, The scheme has proved to be very successful.
This year 68 applications were received (nine more than in
2003) and studentships were offered to 44 applicants.
A list of awardees is available f rom the SG M Grants Off ice
on reouest.

Cou ncil has set aside a further sum to f und vacation
studentships nextyear. Ful ldetai ls of the schemewil l  be
announced in the next issue of MicrobiologyTodayand
oublished on the SG M website.

N:gxS$ g'ffilN R$$$x'xx fu w** ffi ,gSw"g$ *.i * L* r *'r;;,*j
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Retired members are reminded thatthey may now apply
for a g rant to attend one SG M conference each year. The
award covers en-suite accommodation and the Society
dinner, up to a maximum of S250. Applications for grants to
attend the SG M meeting atTrinity College Dublin are now
invited.

S ffi Nn$ LN ffi #s er"$il$ s.$ {s R$ i{l*'R$ $xFs**mgsw
Nominations are invited from hioher education
i nstitutions for the u nderg rad uafe student who performs
best in microbiology in their penult imate BScyear, Each
student is awarded S 1 00, a certif icate and a f ree year's
undergraduate membership of the Society. The prizes
are intended to encourage excellence in the study of
microbiology by undergraduates and to promote
scholarship in, and awareness of, microbiology in
universities, Nomination forms were sent outto
departments in earlyJune, butfurthercopies may be
downloaded from the SGM website,

The closi n g date for the recei pt of applications by the
Grants Office is31 August20o,4.

;si.$['$$s'$!-$'$$sffi **xs-::hx
We are oleased to welcome
MrsJosie Underhill as
our afternoon receptionist,
in placeof Dianelames
who retired at Easter, Josie
has had a career in various
administrative posts,
inc lud ing a long s t in t  in
the offices at Readincl
Magistrates'Court. 

-

The duties of the morning
receptionist have been
taken overbyKarcn
flrfner, who has been
part-t ime membershrp
assistant for some vears,
Currently Karen is ilso
assist ing Josiane with the
arrangements forthe
SGM meet ing in  Dubl in ,
She wil l  be back in the
Membershio Off ice in
September, ready for the
annualsubscriot ions
rouno.

Congratulations to
Senior Staff Editor Natalie
Wilder on her recenr
marriage to James McG u i re
in  Reading.Wewish
the couple every f uture
happiness, They wil l  make
their home in Reading.

Drfohn Brimelow,
Managing Editor of Journal
of G eneral Vi rology,has
resigned his post. John has
worked on the Society's
journa ls  s ince 1985.
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Dr NickThomson
Title of Lecture: Taking an educated guess: the ART of
whole genome analysis

NickThomson completed his PhD atWarwick University,
studying bacterial molecular biology, and then wenton to
conduct a postdoctorate study on quorum sensing rn the
enteric bacteria at the Deparlment of Biochem istry
Cambridge University. He has worked as a SeniorComputer
Biologist atthe Pathogen Sequencing Unit (PSU) of the
Wellcome Trust Sanger Institute in Cambridge since 1 999,
and is currently a project managerfor bacterialwhole-
genome sequence projects of many imporlant microbial
pathogens, i ncl ud i ng C h I amyd i aceae, Sal m o n el I a typh i
and Yersinia pestis.

Nick is being presented with this prize for his efforts in
organizing the highly successf ul SG M-sponsored genomics
workshops. Their popularity has meantthatthey are now
runn ing for the third consecutive year with over 5 % of SG M
members estimated to have alreadyattended one of these
regional events, Centralfeatures of the workshops arethe
widely acclaimed and f reely available genome analysis
software Ademis (ART) and its sister program ACf, which
facilitates whole-genome comparison. The virtues of
these tools have been enthusiastically demonstrated by
researchers f rom the PS U, i ncl ud i n g the author of the
software Kim Rutherford, who are keen to show how the
ever-increasing amorphous mass of genomic datacan be
displayed and manipulated in a more easily interpreted
format.

Title of Lecture: Thoughts on persistent bactertal infections

Dr Falkow received his BSc degree f rom the University of
Maine and his PhD f rom Brown University, following which
he worked at the Walter Reed Army Institute of Research in
the Department of Bacterial lmmunology and was later
named the Assistant Ch ief of the Department. In 1 966 he
joined the faculty of Georgetown University Medical School
as Associate Professor of Microbiology. He later moved to
Seattle to become Professor of Microbiology and Medicine
of the faculty of the Department of Microbiology and
I m m u nology at the U n iversity of Wash i n gion Med ical School.
In 1 981 he became Chairman of the Deoartmentof Medical
Microbiology at Stanford University School of Medicine.
Sincel 985,he has been Professorof Microbiologyand
I m m u nology and Med ici ne at Stanford U n iversity.

Dr Falkow's laboratory is recognized throughoutthe world
forthe research group's observations related to molecular
mechanisms of bacterial pathogenesis. He has received
numerous awards and honours in recognit ion of his
accomplishments, including elect ion as Presidentof the
American Society for Microbiology ( 1 997-98). He has
received honorary doctorates in Europe and the US, has
served as an editorial board member of many prestigious
journals and belongs to numerous professional
organ izations. Dr Fal kow feels h is g reatest accom pl is h ment
has been that of mentorto many individuals who have
conti  nued their success in the study of microbial
pathogenesis in universit ies around the world.

Professor Stanley Falkow
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Micro-orqanisms and the safetv
and stabilitv of foods: an electr-onic
teachinq re-source for food
microbi6logy
ffi Alan Varnam
The phi losophy and methodology of higher education
teaching and learning are subject to constant f  lux,
Changes are driven by manyfactors, including the
outlook and aspirat ions of students, the needs of
employers, increased quanti t ies of datawithin the
body of  knowledge underp inn ing teaching and
changes in the technology avai lable for del ivery of
course material,  One of the importantconsequences
of  change is  the cont inu ing development  o f  new
courses which may combine elements of several
convent iona l  d isc ip l ines.  These inc lude a large number
of food-related courses at both undergraduate and
graduate level.

Microbiology is recognized as being of fundamental
importance in food science and other food-related
courses. The need for students to understand the
relat ionsh i  ps between m icro-organ isms and food
extends beyond directteaching of food microbiology
to other courses, such as technology and product
development. In many cases, teaching includes
problem-solvi n g and si m i lar student-based exercises
that require appl icat ion of microbiological knowledge
to concerns of safety and spoi lage, There are inherent
dif f  icult ies where the nature of the course means that
underlying student microbiological knowledge is
l imited. In'real-world'  exercises, inherent dif f icult ies
can be compounded by problems of obtaining relevant
data, These problems can affect teaching at both
undergraduate and graduate level,

The Deoartment of Health and Human Sciences at t

London Metropoli tan University teaches a number of
food-related courses, including BSc Food Science,
Food and Consumer Science and MSc Food Science,
The microbiological safety and stabi l i ty of foods is a
common feature and knowledge of hazards and
options for control is required at various levels across
the range of teaching, Diff icult ies in identi fying
hazards and control cause problems, Discussions with
students suggested that a custom-designed database
provid i  ng i  nformation about the m icro-organ isms
associated with different types of food would be of
considerable value. At the same t ime, a predict ive
model for major spoi lage organisms was developed by
DrJane Sutherland and col laborators in a European
Union-f unded project, There was obvious potential
synergy between the database, as a means of
identi fying micro-organisms l ikelyto be present, and
the predict ive model for determining the probable
extent of their growth, After much thought and many
doubts, i twas decided to develop an electronic
resource combining the database and predict ive
model ,

The resource develooed is based on Microsoft Off ice
software, The init ial  design comprised the originaltwo
components, the database and the predict ive model
entered through a'home pagei Having made the
decision to develop the resource, f  urther thought was
given to i ts f  unctional use. l t  had been noted in earl ier
teaching that some students encountering micro-
organisms in a problem-solving context showed a
natural incl ination to learn more, An extra element was
therefore added to the resource: i l lustrated text f  i les
that provide s u pplementary i  nformation concern i  n g
the malorfood-borne pathogens and spoi lage
micro-organisms,

The database is in MSAccess and consists of two
components. The f irst is af i le of approximately 1 00
food commodit ies l ist ing hazards, probable spoi lage
microflora and microbiological standards. Alerts are
inc luded warn ing of  poss ib le  new prob lems and notes
supply addit ional information. The second f i le
comprises food-borne micro-organisms, their basic
propert ies and control options.

The oredict ive model is constructed in MS Exceland
incorporates yeast, Bacillusspp,, lactic acid bacteria,
Ente ro b acte ri ace ae, pseu domo nads and B roc h oth ri x
th e rm o s p h acta.The output is d is played g raph ical ly,
ensuring that students work for their predict ionsl

The resource also includes guidance notes for users
and an empty MS Excel f  i le t i t led 'My resultsi  This f i le is
primari ly intended for use in laboratory classes.

There is considerable f lexibi l i ty in how the'functional '
parts of the programme are used in exercises, Any
part can be used individually, but a very effective
approach is to use the database to identify potential
problems. Once identi f ied the predict ive modelcan
be used to ensure product stabi l i ty and that shelf l i fe
requirements are met, At this stage, or at any other
t ime, the student can learn more about individual
micro-organisms from the text f  i les. These are
designed to be read at dif ferent levels according
to student background, but are not intended as an
electronic textbook, the general thrust being to target
specif ic points of direct relevance to the database,

The resource has been wellreceived bystudents,
although i t  is currently undergoing moie extensive
evaluation. Beyond the immediate aims, other learning
benef i ts, incl ud i  n g en hanced i  nterpretat ional abi I  i ty
and greater confidence in use of complex data are
apparenT,

The resource was developed with the aid of an
Education Development grant f  rom the SG M,
Naaema Jawaid, an u nderg rad uate student studyi ng
Biochemistry at London Metropoli tan worked on the
project and played a major role in its development.
'ffi Dr Alan Varnam, Department of Health
a n d H u m an Science s, Food M i crob io logy U n it,
Lo n d o n M et ro po I it a n U n i ve rs ity, N o rt h Ca m p u s,
1 66-220 Holloway Road, Holloway, London
N7 gDB, UK.
Tel. 0207 1 33 2524; Fax 0207 1 33 257 I
em a i I a,va rn a m @l on don m et.ac, u k

This fund supports
developments
likelyto lead to an
improvement in
the teaching of
any aspect of
microbiology relevant
to secondary or
tertiary (including
postgraduate)
education in the UK,
Forfulldetails of the
rules and an
application form see
the SG M website.
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Meetings on
the web
For up-to-date information on
future Society meetings and to book
on-li ne see : www,sgm,ac.uk

Meetings
organization
Ihe SGM meetings programmes
are organized bythe committees
ofthe special interest groups,
co-ordinated by the Scientific
Meetings 0fficer, Professor l|oward
Jenkinson. Suggestions for topics
for future symposia are always
welcome, See n, 151 for contact
details of Group Conveners,
Administration of meetings is
carried out by MrsJosiane 0unn at
SG M Headquarters, Marlborough
House, Basingstoke Road, Spencers
Wood, Reading RG7 'lAG (Tel, 0118
9BB 1805; Fax 01 1B 9BB 5656;
email meetings@sgm.ac.uk),

Offered papers
and posters
Many Groups organize sessions for
the presentation of short oral papers
or allow intercalated papers within
their symposia, 0ffered posters are
welcome at all Society meetings,

Offered posters

Each poster should be associated
eitherwith the Plenary Session
topic orwith a Group The subject
content of the latter should be
relevant to the remit of a Group (see
website for details): it does not have
to relate to the topic of the Group
Symposium taking place ata
particular meeting, General 0ffered
Po$ers will not be accepted.

Abstracts
Titles and abstracts for all
presentations are required in a
standard formatand should be
submitted through the SGM
website, Deadlines for submissions
are published in MicnbiolagyToday
and on the web, Forfurther
information contact the Events
Administrator.

$I!i*,$rui$;,*$j$l
:i','',1.1:,:;i :,',',': 

jil 
l, r:' "::,': . .n,t;;

,ii:i, ir,ri:'l:i' ;i :i: i:",i:i lii'iii .ii:: i;"i r:il, {r. '". "l} ,l".i :;:!' i. i't t*l,iii rlh*;l'.t I :r,';r rxl
'];'1"i 

l i::!,,i;' li .r::: lii:rl"rl:il,r:: li,lr,i t-,r!ll!i'*,, :i:r"'''iil :::s,i:::il:;{$:l;ii':ii.i,ij:i ,!i {,lt"i',i

O Plenary: Alternative antimicrobial
therapies
The City of Dublin promises to be an exciting venue forthe autumn meeting,
which is the firstthe SG[tl has held outside the UK for severalyears. A
packed programme of symposia and workshops has been planned but the
format of the meeting will be different in many ways from usual
r;iiii ,:,iti-"..t.., r'l! Ir"l! iiri:,,.:ri:,.:,r!.1 i'iii,i i,l

The scientific sessions willtake place in Trinlty College, but delegates will be
responsible for booking their own overnight accommodation Arrangements
have been made with Total Stay - The Hotel Shop who are offering bed and
breakfa$ in hotels at prices to suit all pockets Bookings should be made
directly with the agency by telephone 0el 0870 0112292) or online
(www.total$ay.com).

liiii i;ll *r i::ii ,..:,

No meals will be available atTrinity College, There is a huge variety of cafes,
bars, restaurants and pubs nearby where delegates can buy lunch and
dinner
i!ii:: i:i: i::: ::.ji I :::; 
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925 per day will be payable by SG [/| members for this meeting
Non-member regi$ration fees are 170 per day, These include refreshments
the abstracts book, all conference literature and administration Student
Members, Retired Members and Honorary Members are exemptfrom
regi$ration fees.
i$$ i:3i::jj::1, i",X,r:i!:t,ilti.:i..r;.*,"!'l:j, i.,.rr,"1l.j ii::l,jrii: iir"lii..:.* * iii:lili{'i"iil,

Ihese will be available, subject to the usual conditions A flat rate will be
paid for accommodation of 130 per night plus daily subsi$ence of 110,
For full details a form and allowances for travel see www sgm ac.uk/
grants/pg cfm
*$ir ::j, i"r':;, I rt1". ;,1:,; l;l i,! "i'lii;

Welcone Reception

Get to know your fellow delegatss 0rler a glass of wine on the first evening of
the conference,

lrish ilight

Instead of a formal Society Dinner, there will be an evening of unlimited
lrish food, drink (including Guinness, of course), music, dancing and other
traditi onal entertai nments,

0ld Janeson Distillery

Find out howtraditional lrish whiskey is made bytouring the exhibition,
Wine and a finger buffet wil l be served.

TriniUCollege

There are many attractions within the College, including the 0ld Library,
Book of Kells and the Dublin Expertence exhibition, Tickets will be available
at concessionary prices for conference delegates

ii.i i:ri;i:{:r i} tiiiri"i tirii !:il h: i:*,i,:.r {"} iii L,*:.:i

A booklet giving full details of the pr0gramrne is enclosed with this issue of
Microbiology Today, Any changes will be po$ed on the SGM website
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O Plenary: Molecular pathogenesis of virus
infections
0rganizers: PE Digard H.F, Jenkinson, A A Nash & R.E Randall
$!s ;i::',g*ltr,;m ;. {Lrri'::*'r

J L, WHITT0N (Scripps Research Institute, USA) Adaptive innune
resp0nse
G SCREAT0N (John Radcliffe Hospital) lnnune response [o Dengue virus
S B0RROW (Jgnner In$itute for Vaccine Research) lnnune response to
HIV
J K, FAZAC KERLEY (Ed i nbu rg h) P r,rsi ste nt RN A vi ru s i nfecti o n s
S, NICH0L (CDCP USA) fxotic virus pathogenesis
S SIDDELL (Bri$ol) Coronaviruses and SARS
J MANS0N (lAH, Edinburgh) [ransnisible spongiform encephalopathies
R, WEBSIER (St Jude's Children s Research Hospital USA) lnfluenzavirus
pathogenesis
R ANDIN0 (0alifornia USA) Antwiralpotentialof RNA silencing
D LEIB (Washington St Louis, USA) HSV infections in vivo
S.M LEM0N (Texas, USA) Molecular pathogenesis of HCV
S, HERRINGTON (St Andrews) Papillonaviruses & human neoplasna
0 HALLER (Freib urg, Germany) l ntracell ual r antiviral defe n ce m ec h an ism s
A ALCA[ll] (Autonoma, Madrid Spain) Poxvirus immune evasion
L DIX0N (lAH Pirbright)African swine fwer

O Other symposia and workshops

S SpecialSymposium - Emerging diseases
of wildlife and farmed animals
0rganizers: G. Schild & C Howard elal

S' Molecular typing and epidemiology
Clinical Microbiology/ Systematics & Evolution Groups
0rganizers: S C Clarke, N,A, Logan & G.S. Saddler

$S Antibiotic resistance
Clinical Microbiology Group/ BSAC
0roanizers: P Hawkev & M.B. Avison
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t l l{ l  Emerging infections: dangers to human
and animal health

Clinical Virology Group

0rganizers; D. Paton & P. Simmonds

l$ Virology: is it practical?

Education & Training Group

0rganizers: R.J Cooper & B A.B. Martin

S$ Microbe-pollutant interactions:
ecology, function and applications

Environmental Microbiology Group

0rganizers: G L Paton & K T, Semple

$$ Evolving bacteria and emerging food-borne
disease

Food & Beverages Group

0rganizer: M Peck

$$ Alternative models of infection

Microbial Infection Group

0rganizer: J.N. Fletcher

,$i$ Bacteriophage evolution, ecology and
appl icat ions

Physiology, Biochemistry & Molecular Genetics/ Cells & Cell
Surfaces/ Education & Training/ Microbial Infection Groups

0rganizers:M,C.M, Smith & G,PC, Salmond

$ Cel l t ropisms and host range

Virus Group

0rganizer: L. Dixon

{$$ Virus Group Workshops

RNA viruses - Organizers: P Digard & J, Mclauchlan '

DNAviruses - 0rganizers: D Blackbourn, L. Dixon & G Wilknson

Virus pathogenesis - 0rganizer: A,A Nash

Virus, immunity and vaccines - 0rganizer: N. Almond

Plantviruses - 0rganizer: J Carr

Prions - 0rganizer: J lVlanson

Email addresses ofall session oroanizers are available on the
SGM website.

ff *"*S u'* ,$*u
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Environmental
genomics
University College
Cork, Spring 2005
0rganizer: J.R. Marchesi

Rapid molecular
diagnostics in
medical
microbiology
University of Ulster,
Coleraine
September 2005
0roanizer:C J Lowerv

Mechanisms
of microbial
adherence and
invasion

Trini ty Col lege Dubl in
Apr i l2006

0rganizer:S G, Smith

For details of lrish Branch activities
contact the Convener, Catherine
0'Reil ly (coreil ly@wit ie)
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Gradline aims to
inform and entertain
SG M members in the
early stages of their
career i n m icrobiology.
Contributions from
undergraduate and
postgraduate
students or postdocs
are always welcome,
lf you have any news
orstories, orwould
like to see anytopics
featured, contact
Jane Westwell
(,westwell@sgm,
ac.uk).

ffi Life Science
Careers 2004
6 November
Ki nq's ilr:l i*g* {"." r:rid*r:

20 November
l*t*ci s, h..1 ari ch *s tc i

27 November
i l iarg*1,; Univ*rsity

Aimed at l i fe science
u nder- and postg rad uate
students, each conference
includes a range of talks
on career choices and
further training, plus a
smal lexh ib i t ion by
com pan ies, organ izations
and h igher  educat ion
insti tut ions. A CV review
service is also available,
by prior arrangement,

Cos t :S ,10 , t o  i nc l ude
refreshments and lunch

Detai ls and a booking
form are available at'
www.bsf.ac. u k/careers

,Spc;ns*iedby
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ffi Canyou describe a
typicalday?

There is no typical day,
but I  usual ly start by
check ing my emai l to
f ind out what needs mv
immediate attention. I  i ry
and speakto my PhD
students every day and
we meetformally each
week. Then much of my
day is spent at the
computerdo ing awhole
range of tasks relating to
research, teaching and
adminisirat ion. l f  i t 's a
quiet week, I  can spend a
day or so in the lab and
make some progress as
wel las  keeping in  touch
with what's going on.

Ajohin...

ffiWhat attracted you to
m i crob i ol ogy research ?

As an undergraduate,
lwas fascinated with
the mechanisms of  gene
regulat ion, the most
interesting examples
of which came from
microbes, primari ly E. col i .
I chose to work on E. coli
and having enjoyed my
PhD, l con t i nued  do ing
research, This opened my
eyes to other approaches
to s tudy ing the organism,
much of which was driven
by the t imely completion
of  the genome sequence
i n  1 9 9 7

ffi How did you find the
transition f rom postdoc to
lecturer?

This has been the most dramatic change I have
experienced in my career, Having been atthe bench
for B years, I  fel t  I  was gett ing quite good at doing
experiments, Not being able to use this experience
ful ly as an academic can be frustrat ing, although I have
learned a whole range of new ski l ls, Grant writ ing is the
biggest chal lenge and i t  carr ies the most pressure to
succeed as a new lecturer in a research-led
department, Teaching undergraduates is the other
obvious new role, but sl ightly less obvious is the
amount of administrat ion that needs to be done. There
are so many activities that keep the department
running, whether this is being involved in examinations,
marking, interviews, admissions, etc. Given al l these
other jobs that often have-short deadlines, planning
even the shortest experiment is dif f icult .  The day my
students look shocked when I out on a lab coat wi l l  be
a sad one, but one, I  fear, that is not too distant,

W How do you divide your time between research,
teaching and admin duties?

This mainly depends on whether or not i i  is term t ime,
with some parts of the academic calendar being so
busy that research does not get a look in, However,
equally there are quietert imes in the hol idays when
I can real ly get into the research again. I  do work
longer hours than I did as a posidoc - trying to be a
researcher and a lecturer at the same time, I have
a relat ively low teaching load, but, since i t  is al l  new
material,  i t  requires a lot of preparation. I  now also
organize'year in industry'placements, which can take
up a lot of t ime. There are also mv commitments with
the SG M fGavin is Editor of MiciobiotogyTodafi. All
new academics at York and other universities have to
do a Master 's levelqual i f icat ion in Academic Practice,
This involves extra t ime out of the lab, but should
theoreticallv make me a better teacher and researcher.

Flss*ltt # ** r.r gr*{ier n
Lecturer, Department of Biology
University of York
Freuinus Enrminyllr*nt
2000-2002 : Postdactwal Reseuch
Fellow, Departnent of Molecular
Biol ogy an d Biotech nology,
University af Sheffreld .r
1998-2000: PostdoctoralReseuth 

"ffi
Fellow, Departnentof Molecular . i:"*'ff
Microbiology, Jahn lnnes Centre, Norwich
f;riuca [iiln
PhD Biochemistry Universityof Birmingham, 1998
BSc (Hons) Microbiology, University of Bristol, 1995

W How do you see yourfuture?

Happily, I  can see my future in York for a considerable
t ime, I  hope that this wi l l  result in an expansion of my
research group as much as my other roles within the
deoartment,

ffiWhat advice can you offer people planning career
as an academic?

Talking to people who have recently made the
transit ion is a good idea. Although there is much
competit ion for academic jobs, col leagues of mine
who have decided that this is what they real ly want to
do have usually found posit ions, l f  you view being an
academic as the only route to having a permanent job
and st i l l  being able to do research, then I would advise
you to think strongly about applying for fel lowships,
This would al lowyou to focus on developing a
research group in the absence of ieaching and admin
duties, I  would say that being a lecturer is very dif ferent
from being a postdoc, but i t 's st i l l  a great job.

Fr,xr{hmr Effifmnffiimt$ffi $B
ffi The University of York (www.york,ac,uk)

ff i wwwshinionconsulting,com - career progression
advice & information for oostdocs

ffi http ://n extwave,sc i e n ce m ag.o r g / cgi / content/ f ull /
200 4 / 06/ 1 A / 6 - academic careers demystif ied

ffi Rothwell, N. (2002).Whowantsto be ascientist?
Choosing Science as aCareer. CUP,ISBN:0521-
52092-4

-$mfu mppms'tnxmEt$ms
ffi wwwjobs,ac.uk

ffi www,newscientistjobs.com

ffi wwwiobs,thes.co,uk

WmffiwwffiffiW ffiffiffiffiffiffiM ffiffiffi ffiwmwMffi mg
I W ffrm$$$m
1 . ' - . - ' - - ' * - - - - - ' -

$Jarfic Gavin Thomas
&ge 30

{$$,il$t$,F$l$$rSi.{s{*Y-TODAYVOLSl/AUc04Im



Keep up-to-date with
what's happening
in microbiology
education, Schools
Membership costs
onlyS, l0ayear ,  For
this, a named teacher
reoresentative will
receive Microbiology
Todayeach quarter,
advance copies of
newteaching
resources and
discounted fees on
SGM lNSETcourses,
To join seeuuuuw.
sgm.ac.uk/
membership

Enquir ies:
education@sgm,ac,uk

Education website:
www,microbiology
online,org.uk

E, coliK-12 - model N0T menace
in schoolwork
E. coli is a microbe used in a number of school
practicals, but recently there have been concerns about
its safety. Microbiology Today Editor Gavin Thomas
clears up these issues.

Escherichia col iK- 12 is a great organism to use in the
school lab for a variety of dif ferent experiments. This is
because i t  has actual ly been developed as a tool in
research labs to study basic principles of biology, ln this
art icle I  wi l l  introduce the species and general propert ies
of E. coliand comoare the strains that are used in the lab
to the pathogenic ones that cause disease in an attempt
to convince the reader that they are certainly not the same
beast.

I What are E. coli?
E, col iare Gram-negative bacteria that belong to the
y-Proteobacteria. As they primarily live in the mammalian
gut they have been grouped with other related bacteria as
'enteric '  bacteria. They are straight rod-shaped cel ls of
about  2  pm long and 0.5  pm wide,  which can grow and
divide rapidly by binary f ission (Fig, 1).

There are many dif ferent types of E. col iand the chief
way they are dist inguished is immunological ly using sero-
typing. The current typing system is based mainly on three
types of antigen: the somatic (O) antigen which corre-
sponds to terminal sugars on the cel l  surface l ipopolysac-
charide (LPS), the capsular (K) antigens and the f lagel lar
(H)  ant igen,  There are over  170 O ant igens,  over  100 K
antigens and over 50 H antigens, Hence, when we refer to
pathogenic strain O 1 57 :H7, i t  means that this E. col ihas
O antigen 157 and H antigen 7. Many other strains cause
disease as wel l ,  l i ke  026:H 1 1 .

I Why do we use f. coliK;121.
While there is a great diversity of strains in the environ-
ment, only a few are used in the lab. The majori ty are a
derivative of a commensal strain cal led K-12, described in
the ar t ic le  by Joshua Lederberg on p.  1  

'16.  
One of  the

main reasons why this microbe is a key research tool is
that  i t  i s  safe  to  handle ;you could  dr ink  a  cu l ture  o f  the
stuff and not notice any effect (not to be recommended,
however!). As well as being safe to use, K- 1 2 is ridiculous-
ly easy to grow. l t  is usually cultured in the lab on a r ich
nutr ient broth or agar, which supplies plenty of goodies for
rapid growth, Whilst i t  is often said to be able to divide
every  20 minutes,  that  is  rea l ly  on ly  under  absolu te ly
optimal condit ions. However, i t  st i l l  grows very quickly
compared to other microbes. This is a big advantage in
school as a culture can be set up one evening and by the
fol lowing day nice clear and dist inct colonies are visible on
an agar plate (Fig.2).

Growing E. col i in nutr ient broth is a quick and simple way
of propagating this microbe, but does not exploit  one of
E.  co l i ' s  most  impor tant  proper t ies .  Unl ike humans and
many other  microbes,  i t  doesn ' t  need lo ts  o f  complex
chemicals, l ike vitamins, to grow Just provide a solut ion of
some sugar  (g lucose is  best ) ,  ammonium su lphate,  sa l t
and phosphates and grow it aerobically at the 37 oC used
i n  researCh l2 [6pgf6r iac  and i f ' c  nor fan t ly  happy ,  SuCh

incubation temperatures are not al lowed in schools, but
even at the permitted maximum of 25 "C, K-12 st i l l  grows
well .  Basical ly, i t  can synthesize everything i t  needs to
make a completely new cel l  from these few simple mole-
cules, which is a seriously impressive feat,

I All E, coliare notthe same
Whi le  K-12 and B s t ra ins are safe  microbes,  we know
that there are other E. col iout there, l ike O 1 57: HZ that
can ki l l  people. However, these are quite dif ferent from
K-12 even though they have the same spec ies name,
This is i l lustrated very clearly when the DNA sequences
(genomes)  that  make up K-12 and O157:HT are
compared, They are 25 0/o dif ferent from each other! As
humans share about 99 0/o of their DNA with chimps, this
gives an indication of how much evolution and movement
of  genes have occurred in  the env i ronment  s ince these
two strains of E. colilast had a common ancesror,

Scientists now know why K-1 2 is not harmful, Many of the
known properties of the bacteria that allow them to cause
disease, cal led virulence factors, are seen in pathogenic
strains but not in K-12. In fact, the K-12 strain used in the
laboratory is even less dangerous than a commensal
s t ra in  l iv ing in  your  own gut  that  you might  iso la te  f rom
your  s too ls .  K-12 has been grown in  the lab for  many
generations and so has adapted to l ive there rather than
the in test ine,  l t  wouldn ' t  s tand a chance in  the hugely
competit ive environment that is your gut where bacteria
are constant ly  evo lv ing to  keep the i r 'cu t t ing edge 'and
not  be pushed out  by o ther  microbes.  Get t ing K-12 to
estab l ish i tse l f  in  the gut  would  be l ike  t ry ing to  qual i fy
for  a  Formula 1  race wi th  a  car  f rom 1922 (which is
when K-12 was taken from the somebody's gut) l  l t  was
competitive at the time, but is now way off the pace,

1 E. coliK-12 is a friendly bacterium
The art icle by Rastal l  and Gibson (p. 1 19) reports some
interesting studies that suggest E. colicould be used as a
probiot ic, but when you browse the web for information
about commensal E. col iyou wil l  f ind a statement some-
thing like 'E. coli is a friendly bacterium as it can produce
vitamins that we require, especially vitamin K. Not trusting
the internet as a particularly reliable source, I searched for
experimental data that supporis this assert ion. To see
what  I  found,  look a t  the longer  on l ine vers ion of  th is
article at www.microbiologyonl ine.org.uk

lGavin Thomas is lecturer in the Department
of Biology, University of Yorlg PO Box 373, York
YO10 ,YW UK.
Tel. 0 1 904 32867 8, em a il g ht2@yorkac.u k

A B OVE:
i: i r i r i .  i .  Coloured transmission
electron micrograph sl an [,  col i
bacterium in the early stages of
binary f ission,
CNRI / SCIENCE PHOTO LIBRARY

TOP RIGHT:
$rrir. :e " A nutrrent agar plate
streaked with an I callK-12 strain
afler overnight growth at 37'C.
COURTESY G THOMAS
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Dariel Burdass, Education Projects Administrator,
rounds up some recent microbiology education activities.

school  sc ience teachers  and technic ians.  The a ims of
the programme are to  ins t i l l  conf idence and to  suppor t
teachers and technicians rn carrying out al l  aspects of
practical microbiology safely and at the appropriate level
wi th in  the i r  laboratory ,  Th is  comment  f rom a teacher  in
L inco ln  h igh l ights  the pos i t ive  feedback the SGM have
been receiving:
'The course was excellent. I have a lot of useful ideas to
take back to the workplace, I feel my practical skills have
improved a great deal.'

The SGM has been ext remely  for tunate,  as  members
have continued to al low us to use their university laborato-
r ies. The teachers and technicians have appreciated being
able to use their excellent, often state-of-the-art, facilities.
We have received only positive responses from the univer-
sit ies,wrth many offering to host subsequent courses. l t  rs
hoped that this partnership approach wil l  continue giving
univers i t ies  the oppor tun i ty  to  showcase the i r  fac i l i t ies .
This was ref lected in the comments made by Ron Dixon,
principal lecturer in the Department of Biological Sciences,
University of Lincoln, io the press:
'This is the first time we have been invited to host this
event. The fact that we are stagtng the course shows that
the University of Lincoln is building a reputatton as an
excellent venue for science-based events,'

Course leaders  John Schol lar  and John Gra inger  have
once again travel led far and wide to del iver courses at the
Univers i ty  o f  Reading (2) ,  Univers i ty  o f  Surrey (2) ,
University of Wales Aberystwyth (2), University of
Le icester ,  Univers i ty  o f  L inco ln ,  Univers i ty  o f  P lymouth
and Yale FE College Wrexham, They have continued to be
i m m en sely popu lar and 220 teach ers/tech n icians have
been successf ul ly trai ned.

For the f irst t ime this year we offered at the University of
Aberystwyth a dedicaied course to 21 secondary school
science PGCE students. The education department was
able to incorporate the day into their course t imetable, The
SG M is keen to run more of these dedicated courses.

In response to more than 65 0/o of the delegates request-
ing an advanced microb io logy course,  the SGM has
developed Microbes, Maths and lCT. This workshop
supports the 42 microbiology option and provides a range
of microbial investigations for stat ist ical analysis. l t  was
successful ly tr ial led at the University of Reading and wil l
be launched September 2004.

t*&,.&""&..*-&**.&*S*&*&".&",*.'**i
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Chariotle Countv Council
at270 614342

MflSAC
J Composting: not just a load of old rot but a way t0
save the planet
This  year 's  secondary  schools  compet i t ion inv i ted s tu-
dents to produce an i l lustrated information leaflet suitable
for distr ibution by a local authority to the general publ ic to
encourage the use of composting as an important contr i-
but ion to  the recyc l ing o f  waste,  As wel l  as  h igh l ight ing
the role of microbes in the composting process students
also needed to include materials suitable for composting,
the technology of the process and the uses and value of
composting. The judges looked for original eye-catching
des igns that  presented the sc ient i f ic  in format ion in  an
accurate and engaging manner.

Once again the competition proved to be popular,attract-
ing 370 ent r ies  invo lv ing over  400 s tudents  f rom 46
schools, As usual there were more entr ies from the 1 1-
14 age group (over 80 0/o); however, the number of GCSE
entr ies  was s ignr f icant ly  reduced.  Th is  was par t icu lar ly
disappoint ing, as these students have to study the role of
decomposers in the breakdown of organic matter,

A panel  o f  microb io logy educat ion exper ts ,  compr is ing
MISAC members and off icers of the Society for Applied
Microb io logy,  ihe compet i t ion sponsor ,  car r ied out  the
judging.  Many ent r ies  were of  h igh qual i ty ,  They demon-
strated a good grasp of the scienti f ic principles and envi-
ronmenta l  issues invo lved in  compost ing.  A l though the
judges felt  unable to award prizes in the GCSE age group
th is  year ,  severa l  ent r ies  were h igh ly  commended and
i t  was dec ided to  g ive money awards to  them and the i r
schools.

The winner  o f  the 11-14 age range was Char lo t te
Matthews from Sandbach High School & Sixth Form
College; SfAM Treasurer Dr Val Edwards-Jones present-
ed the cash orizes and cert i f icates to the school. Further
deta i ls  o f  the winners  are ava i lab le  on the SGM educa-
t ion website (www.microbiologyon l ine.org.uk/misac). A
se lect ion o f  the posters  wi l l  be d isp layed on the MISAC
stand at the ASE Annual Meeting at University of Leeds,
6-8 January 2005.

Every school entering the competit ion received a pack of
microbiology teaching resources and each student was
sent a certificate of entry,

MISAC wishes to  exoress i ts  s incere thanks to  the
Society for Applied Microbiology for sponsoring the 1 6th
comoetit ion.

Next year's competition Fungi in your Shopping Basket,
sponsored by the Br i t ish  Mycolog ica l  Soc ie ty ,  asks
students to create a poster to inform the public of the
importance of fungi in the production of foods, drinks and
other goods they buy, A competit ion entry form can be
down loaded f rom www.microbiologyonline.org,uk
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ABOVE:
A se lect ion o f  the winn ing ent r ies
in the MISAC'Composting leaflet
compet i t ion

LEFT:
John Schol lar  ( far  le f t )  next
to Ron Dixon and John Grainger
( r ight )  w i th  par t rc ipants  a t  an
SGM Basic Practlcal [ / l icrobiology
Course.
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Science writer
MerielJones takes a
look at some papers
in current issues of
the Society's journals
which h ighl ight
new and exciting
developments in
microbiological
research,

AB OVE:
Ancient insects trapped in a piece
of amber.
CO U RTESY T G.VI tLA
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The science of molecular
palaeontology, where
researchers examine
ancient DNA from fossils,
has developed far enough
for commercial firms to sell
kits for isolating ancient
DNA. Considerable ski l l  is
still needed to obtain DNA
that has been preserved in
rock for millions of years.
One favoured source is the
semi-precious stone amber,
where the mixture of sugars,
alcohols,terpenes and
organic acids provides an
excellent dehydrating and
embedding environment for al l
micro-organisms.

Researchers atthe Universityof Santiago de Compostela
in Spain have been looking at genes from the common
baking and brewing yeast, Sacch aromyces cerevisiae,Ihal
has been embedded in amber.To dothis,they picked out
pieces of amber in which ants had been trapped, because
the insects pick up yeast cells as they clamber around in the
sugary nectar of flowers. The amber came from 1 5-30-
million-year-old rocks in the Santiago de Los Caballeros
Mountains in the Dominican Republic and from sl ightly older
Polish sources. Researchers used astandard procedureto

decontaminate the surfaces, to remove alltraces of modern
DNA, and then they ground the stones to a powder. Rather
than trying to exiract individual strands of ancient molecules,
they used the polymerase chain reaction (PCR)to make
multiple copies thatare much easierto detect,They also
checked thatthe datacame from short pieces of DNA, since
only smallfragments will survive the chemical degradation
that occurs over millions of years, Any long DNA molecules
will originate from contamination with modern DNA.

The researchers focused on several essential genes in
Saccharomyces cerevisiaethat can be easily recognized
and compared with modern sequences.They managed to
puttogether acomplete sequence of some genes asthey
existed in the Miocene and Oligocene.Theydiscovered that
the sequence of each gene had been conserved to a
differentextent between these epochs and the present.
Comparisons with gene sequences in modern yeasts have
allowed the researchers to discover more aboutthe
evolution of yeasts. Although molecular palaeontology is still
farfrom routine, it is providing exciting information about
fossil organisms from our past.

Veiga-Crespo, P., Poza, M., Prieto-Alcedo, M. & Villa, T.G.
(2004). Ancient genes of S accharomyces cereuisiae. Microbiology l5O,

222L-2227.
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Hospital microbiology
laboratories analyse
samples from patients using
standard orocedures that
have been proven to be
the best wayto deteci and
identify pathogens, Staff at
theChang Gung Memorial
Hospital-Kaohsiung, a
2,500-bed med ical centre
in southern Taiwan, now
wonder whetherthese
procedures miss a potential
pathogen.They had four
cases of urinarytract
infections (UTl) in otherwise
healthy women, All cleared
u p after anti biotic therapy,
butthe results of tests on
urine and blood were
puzzl ing.Al l the urine
cultures contained few, or
no. bacteria. butthe blood
cultures revealed a
M ethyl o b acferrum species,
This genus is normallyfound
in the environment,
particu larly soi I and sewage,
It has been reoorted from
some i nfections, but always
in peoplewhowere
immunocompromised. The
question was: how did ii get
intothe blood of thesefour
immunological ly normal
women?

The clinical microbiologists
susoected that the routine
urine cultures had notgiven

acomplete picture, so
tested exactly howto detect
M eth y I o b acte ri u m in urine.
They discovered that it
needed at least 40 hours,
ratherthan the standard 24,
to become visible on culture
media. In addition, its growth
was com pletely su ppressed
if the usual cause of UTls,
Esch e ri ch i acolr, was present.
The researchers therefore
susoect that UTls caused
by M ethy I o b acte ri u m are
under-reported, A good
testfor it in urine needs to
be devised to checkthis.
They also investigated the
antibiotic sensitivity of the
M et h y I o b acte r i u m i so I ates
and confirmed that, as
expected, ami nog lycoside-
type antibiotics killed them
all. Their recommendation is
therefore to switch to this
type of antibiotic if a UTI is
notcleared up promptly by
other treatments, Th is shou ld
end the infection even if its
cause has not been
positively identif ied.

Lee, C.-H.,Thng, Y.-F. & Liu,

I . -W. (2OO4). Underdiagnosis of

urinary tract infection caused by
M u hy I o ba cteriuz species with

current standard processing of

urine culture and its clinical

implications.r/ Med M icrobio I 5 3,
tJ5-759.
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Infection with human cytomegalovirus (HCMV) is
widespread throughoutthe world.In the U K,60 0/o of adults
have been infected bythe age of 40,There are onlytwo
situations when HCMV infection causes problems, lt can be
serious for babies of mothers who become infected during
their pregnancy, causing hearing loss,vision impairmentand
varying degrees of mental retardation. The other occasion is
if the immune system is notworking effectively,Then, HCMV
can cause pneumoniaand gastrointestinal disease,

There are no cures for HCMV infection, although some
antiviral drugs are used to treat at-risk patients. Like all
viruses, HCMV can only reproduce within a living cell and
researchers would obviously like to know all about its life
history. In 1 990,the complete genome of the virus was
sequenced, and this listing of all its genes has helped
researchers, However, the strain of thevirus thatwas
sequenced (AD 1 69) had been grown in cell culiures for
manyyears, lt has became obvious thatthis strain has
accumulated many mutations that make it differentfrom
wild strains, Researchers have therefore been studying
more recently isolated HCMVstrains, and,led byAndrew
Davison atthe Medical Research Council's Virology Unit in
Glasgow, UK,they have nowsequenced astrain called
Merlin that has been grown in culture foronlyashorl period,
They have also sequenced substantial regions from other
isolates, two of which weretaken directlyfrom infected
numans.

Comparisons between allthe sequences made the
researchers confidentthatthe Merlin strain contains the
full complement of 1 65 genes from the wild virus, with only
one obvious mutation ihat probably shortens one protein,
A surprisingly large number of genes had variations from
strain to strain. Many of these genes specify proteins
associated with the surface of thevirus or infected cell, or
that are secreted. This variation mighi be the consequence
of the human immune system permitting survival of newviral
variants that escape detection for a while, All the strains that
had been passaged through cell culture had mutations in
genes thatare thoughtto be involved in the abilityof the virus
to live in manytypes of cell, This was not unexpected, since
the virus is cultured in avery limited range of cells compared
with the numberthat itencounters in the wild, Further
investigation of these genes may give the researchers a
clearer ideaof howthevirus grows in differenttypes of cell
during infection.

Dolan, A., Cunningham, C., Hector,R.D. & 12 other authors
(2004). Genetic content ofwild-type human cytomegal ovirus.J Gen
Vi ro l85 , I30 I - I3 I2 .
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The conventional idea of
bacteria as single-celled
organisms floating around
oblivious to other bacteria
in the environment is
fading. All bacteria have
soph isticated systems to
sense and respond to their
environment, and
researchers have realized
that some secrete chemical
signals to communicate with
individuals of the same
species, The concentration
of the chemical informs the
bacterial cell of the number
of others in its surroundings.
Once athreshold level is
passed,the bacteria
collectively do somethi ng,
The actions are as diverse as
synthesizin g chemicals that
glow in the dark or starting
to behave as pathogens.
The latter is, of course, one
reason why researchers are
very interested in these
systems. Methods of
disabling the system, which
is called quorum sensing,
cou ld prevent diseases.

One interesting question
is what happens to the
chemicals after the signal
has been received.Thev
do not bui ld up in the
environment, and indeed,
would be useless as asignal
if they did. So how are the
chemicals destroyed?
In a recent issue of
M i crobiology,Martin Welch
and his colleagues at
Cambridge University, U K,
have reviewed information
aboutthe enzymes thai
degrade one class of these
communication chemicals,
the N-acylhomoserine-
lactones (AHLs). These
chemicals undergo partial
spontaneous chemicar
degradation in the
environment, However,
several species of bacteria
secrete enzymes that either
inactivate or completely
destrovAHLs,There are

even strains of Variovorax
paradoxuslhatcan live
with AHLs as the sole
energy source. The genes
for several of the enzymes
have been detected in many
bacteria, sug gesti ng that the
ability to metabolize AH Ls
is widespread, The race is
therefore on to develop
AHL-degrading enzymes
as so-called'ouorum-
quenchers' for treati ng
disease,

However, even though
an enzyme can degrade
AH Ls and disrupt quorum-
sensi ng-related activities
in carefully designed
laboratory experiments, th is
may not betheir role in real
life, When researchers test
the activities of the enzymes,
severalchemicals are
degraded with different
speeds and efficiencies and
there is no easywayto
identi{y which occurs in
nature, Bacteria are always
readyto exploit new sources
of food, and so the AH L-
degrading enzymes might
have this rather mundane
rote,

ln2002,researchers
discovered thatthe
pathogenic species
Ag ro bacte ri u m tu m ef ac i e n s,
which uses quorum sensing
to time the transfer of its
genes into plantcells, has
an enzyme that can degrade
AH Ls, This was the firsttime
that researchers had found
an AH L-degrading enzyme
in a bacterial species that
was known to produce
AH Ls, The enzyme, AttM,
was a potent blockerof AHL
accumulation. However,
cells withoutAttM were
not pathogenic, exactly the
opposite behaviour expected
of cells that are free to
accumulate AH Ls without
restraint, More recent
discoveries of AHL-
degrading enzymes in

bacteriathat use quorum-
sensing have revealed further
cou nte r-i ntu itive effects,
adding to a picture that
degradation may have a role
in fine-tuning AHL levels
rather than simply clearing
them away,Individual
bacteria can produce several
enzymes with potential to
degrade AH Ls and only
some mayhavethis role rn
yiyo. Researchers have
focused on AH L-degrading
enzymes to develop new
anti-bacterial therapies.
However, an understanding
of the complex rolesthese
enzymes play in bacterial life
may clarify which have most
potential and reveal f urther
therapeutic opporlu n ities,
as well as being intrinsically
interesting.

Roche, D.M., Byers, J.T.,
Smith, D.S., Glansdorp, F.G.,
Spring,D.R.&Velch,M.
(2004). Communication

blackout? Do N-acylhomoserine-

lactone-degrading enzymes have
any role in quorum sensing?
Microbiokgy I 50, 2023-2028.
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The new disease severe acute respiratory syndrome
(SARS) erupted into the news in late2OO2 as it spread from
China around the world, lt is transmitied very rapidly, has a
high mortality rate and there is still no effectivetherapy.
Nevertheless, within a remarkablyshort period of time the
causal agent had been identified and researchers had
discovered a surprisingly large amount of information
about it.

SARSturned outto be caused byacoronavirus, agroup
that produces respiratory and enteric disease in animals and
humans, Human coronaviruses are one of the causes of the
common cold, with generally mild symptoms. The general
principles of coronavirus biology, including howthevirus
replicates, are known, but SARS means thatthere is a new
u rgency for d iscoveri ng how to stop vi rus replication.
However,the infection of laboratoryworkers and their
contact persons in Taiwan and Singapore in 2003, and in
Berl ing in2004,means thatthere is real concern forthe
safety of anyone involved in this research and the fear that
laboratory infections may give rise to a new epidemic.

Researchers from the Cantonal Hospital St Gallen,
Switzerland,the Universityof Wurzburg, Germany and the
University of Bristol, U K, have now developed what should
be asafe method fortesting drugs that might provide
effective anti-SARS therapy, Vi ruses consist of an outer
coating surrounding the nucleic acid genome that contains
allthe instructions for making new viruses, The researchers
reasoned that, if thevirus lacked several of the proteins
required forthe exteriorcoating, itwould be unableto cause
an infection, but could still replicate while being trapped
within cultured human cel ls. Adding the gene for a
f luorescent protein in place of a missing one would provide
an easywaytotell if the virus was really replicating, lf itwas,
the cells should fluoresce.

To testthis idea, the researchers used a harmless human
coronavirus, rather than the SARS virus, To their satisfaction,
itworked and theywere even able to showthat addition of a
drug with antiviral activity made the fluorescence die away
as virus replication slowed. Once this methodology is
transferred to SARS, it should allow researchers to screen
hundreds of compounds safelyforanti-SARS activity, and
speed development of an effective treatment.

Hertzig, T., Scandella, E., S chelle,B., Ziebuhr, J., Siddell, S.G.,

Ludewig, B. & Thiel, V. (2OO4). Rapid identification ofcoronavirus

replicase inhibitors using a selectable replicon RNA.,I Gea Virol S5 ,
t t rT- r72t .

Severalhundred plant
diseases are caused by
organisms that are a big
problem for taxonomists,
The organisms cause serious
diseases with symptoms
including leaf yel lowing,
abnormal leaf and shoot
growth and a general decline
in vigour, so that correct
detection and identification is
important for plant health
protection, Diseases with
names like Nigerian lethal
decline of coconut, Australian
g rapevine yellows, rice
yellow dwarf and loofah
witches'-broom give a flavour
of the variety and severity of
the infections, The d ifficulty
is thatthe organisms,
which look l ike rounded to
filamentous wall-less
bacteria, will not grow outside
living tissue, They are found
in the phloem cells of plants,
and in the gut, haemolymph,
salivary gland and other
organs of sap-sucking
rnsects. The insects transmit
the disease between plants,
but may also suffer
premature death.

The organisms were
first detected in the late
1 960s, but were very poorly
characterized unti I the advent
of molecular biologicat
methods. From 1 992their
officialtrivial name has been
'phytoplasmal by analogy
with similar organisms cal led
mycoplasmas that are found
in animal cells. Collaboration
between researchers in nine
cou ntries over the last few
years has resulted in a
description and aseries of
rules to advise researchers
on naming conventions for
phytoplasma species. The
Phytoplasma/Spi roplasma
Working Team of the
I nternational Research
Project for Com parative
Mycoplasmology has

com prehensively exam i ned
all the available information.
As they point out, there has
been f irm evidence for a
single taxon descended
from one ancestral group
within the class Mollicutes
forthese organisms for over
1 5 years. Several distinct
taxa have been described,
but until now, there has not
been a general description
of the comorehensive taxon
' C an d i d atu s Phytopl as m ai
abbreviated as'Ca.
Phytoplasmai

The information needed to
support avalid species name
leaps directly into the 21 st
century, The sequence of a
piece of DNAthat provides
an essential component of
the cell's protein synthesis
machinery is the best piece of
unambiguous identi f icat ion,
andsothe l65rDNA
sequence has to be provided
from the reference strain
for all future descriptions of
' Ca, Phytoplasma' species,
In principle, this sequence
must be morethan 97'5 o/o 

,
similar in al l  individuals of
a'Candidatud soecies,
However,some
phytoplasmas share more
than 975 o/o of their 1 65
rRNA gene sequence, but
clearly represent separate
species, The phytoplasmas
concerned maycause
different plant diseases and
are subject to different
quaranti ne reg u lations. The
IRPCM Phytoplasma/
Spiroplasma Working Team
hasthoughtthrough how
to decide whetherthese
phytoplasmas really
constitute different soecies,
There must be evidence for
differences in the insect
vectors, natural plant hosts
andlor symptoms, and for
diversity in other genes
before two phytoplasmas

can be described as
different soecies,

The inabilityto grow
phytoplasmas outside
their host plant provides
a special d iff icu lty for
maintaining reference
strains. DrAssunta
Beriaccinifrom the
UniversitDr di Bologna
maintains an international
collection of phytoplasmas
within micropropagated
plants, The Working Group
has given thoughtto this and
advises anyone who names
a new species to depositthe
reference strain with her,
For soecies that cannot be
preserved in this way,
reference DNAfrom
infected olants has to be
maintained bywhoever
defined the soecies. This
com orehensive review of
the status of an imoortanr
group of plant pathogens
will orovide basic
i nformation for researchers
in this area for decades,

TheIRPCM
Phytoplasma/Spiroplasma

WorkingTeam-

Phytoplasmataxonomy

group (2004) .' C andi datus

Phytoplasma', a taxon for the

wall-less non-helical

prokaryotes that colonize plant

phloem and insects. IntJ Syst

Eaol Microbiol 54,Izt l  -1269 .

ABOVE:
A healthy (left) and a phytoplasma-
infected (righl) Iinnia elegans,
shot,ving a symptom known as
v i rescence.  As p lant  pathogens,  the
phytoplasmas cause severe
phys io lo  g ica l  changes and
dramat ic  morpholog ica l
modi f icat ions to  the i r  hosts
COURIESY ALBERTO TOSCHI UNIV.
DEGLI STUDI DI UDINE ITALY
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Wound botul ism was unknown in the U K and lreland
before 2000, but since then the Food Safety Microbiology
Laboratory (FSM L) of the Health Protection Agency has
tested 33 suspected cases. This lab is the specialrst
botulism reference laboratoryforthe UK and lreland and
Moira Brett,  Gil l  Hal las and Obioma Mpamugo have
recently reviewed these cases inlhe Journalof Medical
Microbiology.

Wound botulism is caused by neurotoxins produced by
C I o stri d i u m botu I i n u m,a spore-form i ng bacteri u m that is
always present in soi l ,  but only mult ipl ies in anaerobic
condit ions. The toxins bind to neurons, blocking their act ion,
which results in a progressive paralysis. Provided the nerves
have t imeto sorout newterminals in the absence of the
toxin, patients can make aslow recovery

All the recent cases seen by the FSM L came f rom drug
users rryho were injecting heroin into muscle or by'skin-
popping'and were probably caused by bacterial spores that
had contaminated the drugs, A particular dangerof injecting
heroi n i n th is way (rather than i ntravenously) is that it
damages muscle and causes scarring, reducing blood-flow
and encouraging an oxygen-free environment in which C.
botulinumcan thrive. lt is not known how many C. botulinum
spores are needed to cause i l lness in humans, but a mere
25 can be fatalto a guinea pig. Since very small amounts of
bacteria and toxins can cause disease, the levels in blood or
tissue samples can easily be too low to detect. Nevertheless,
the lab detected either bacteria, toxin or both in samples
from 1 9 of the 33 possible casesrand in al lof them the
patients had symptoms that were typical of wound botulism,
Treatment included antibiotics to kill C. botulinumto orevent
furthertoxin oroduction and antitoxin to counterthe effects
of thetoxin, However, severalof the patients needed suppo(
on a venti lator for days or even months because the toxi n
had weakened the respiratory muscles, Allthe patients
fortu nately recovered,

The classic sym ptom of wou nd botu I ism is a sym metrical
flaccid paralysis that descends the body with effects such as
slurred speech, difficulty with swallowing, vision or breathing
and weakness of the l imbs, although the order in which the
symptoms appear mayvary Wound botulism must now be
considered in drug users presenting with these symptoms,
part icularly i f  they have been inject ing into muscle or 'skin-
poppingiAs a result, this has implications forthe care of
drug users and can add to the requirementfor long-term
intensive care facilities.

Brett, M.M., Hallas, G. & Mpamugo, O. (2004). \7ound botulism
in the UK and heland.J Med Microbiol 53,5tt*t6I .
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Researchers from
India have identi f ied a new
species of bacterium in
arsen ic-contam i nated soi ls
of the Bengal Basin. Several
bacterial general such as
Baci I I u s, Dei n ococcu s,
D e s u I f ito b acte ri u m and
Ac i d ith i o b acl/us contai n
species that can survive the
toxic effects of arsenic. To
see if anyof these bacteria
were present in sand from a
contaminated aquifer in the
Chakdah district of West
Bengal, the researchers
spread it over a conventional
laboratory growth med ium
supplemented with 5 o/o

sodium arsenate.A host
of smooth, ci rcu lar yellow-
orange bacterial colonies
grew even in 20 mM
: r s c n r i o  I  l q i n n  a

m icroscope, the researchers
could seethat manyof the
cel ls were sl ightly swollen
because they had turned
into an endospore, These
survival structures are a
characteristic of the genus
Bacillus,butwere an
unusual combination of
an oval shape and cel lwal l
composit ion, Many more
physical and biochemical
characteristics were tested
to compare the bacteria with
the many identified Bacillus
species. The new bacteria
were suff iciently d iffereni
to be classified as a new
species and the researchers
have proposed the name
Baci | | us i nd icusto sign ify
the country in which this
arsen ic-resistant species
was f i rstfound.

Suresh, K., Prabagaran, S.R.,

Sengupta, S. & Shivaji, A.
(2OO4). B aci / lus indicus sp. nov.,

an arsenic-resistant bacterr urn
isolated from an aquifer in \West

Bengal, India . IntJ Syst Euol

Microbiol 54,1 383-l 389.
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&Uaccinesfor t|lE
W list A and Emerging
AnimalDiseases.
Deuelopments in
Biologicals, Uol. 114
Edited by F, Brown & J.A. Roth
Published by Karger (2003)
Eur0200.00/ CH F280,00/
US$243.50, pp.306
ISBN: 3-8055-7577-7

This book comprises the
proceedings for an international
symposium on vaccines for the
List A diseases identified by the
0ffice lnternational Des Epizooties
(0lE)and also selected emerging
diseases such as West Nile Fever,
List A diseases are considered to
have serious socio-economic or
public health implications and
to present severe threats to
international trade in food
animals, This is a very useful
source book, not only on the
important role of the 0lE butwith
chapters on individual diseases,
regulatory concerns, available
vaccines and their source. lt
provides an up-to-date reference,
Topically, FMD vaccines are
wellto the fore in a number of
chapters and this helps illustrate
the complexities involved in
decisions to use or not to use
vaccination during outbreaks,
Anybodywith an interest in how
and when vaccines should be
deployed against List A diseases.
should get a copy of this book.
lWillieDonachie
Moredun Research
Institute

gftnloOern Medical
Wtulislsbiology: The
Fundamentals
By S.C, Clarke
Published by Arnold (2003)
S19,99, pp,239
ISBN: 0-340-81044-0

This introduction to medical
microbiology is intended for
students, clinical microbiologists
and academic researchers. lt
gives an interesting overview of
many infectious diseases and
provides the important basic
facts regarding acquisition of an
infection, clinical signs and
treatment. Readers are expected
to have an understanding of

physiological and pharmacological
processes as ttften they are
alluded to but not explained,
The book achieves what it
sets out to do - to provide an
introduction to infectious diseases
and their cause, but due to the
extent of this topic, the depth of
field for each example is sadly
lacking, At best the reader can
gain a surface understanding of a
particular disease, which may
stimulate enough interestto seek
further literature on the subject.
However, I am not sure that this
is exactly why the intended
audience would read such a book.
There are some diagrams/figures
present, but itwould benefitfrom
pictures of the various infectious
agents or diseases which would
grab the reade/s attention and
spark further interest.
lGeorgina Hold
Universityof Aberdeen

Medical
lmplicationsol

Biofilms
Edited by M. Wilson & D. Devine
Published by Cambridge
University Press (2003)
$65.00/US$90,00, pp, 31 4
ISBN:0-521-81240-2

The increasing recognition
that micro-organisms frequently
attach themselves to surfaces and
adopt a sedentary lifestyle has
led to a huge expansion in the
literature pertaining to biofilms.
This bookfocuses on the role
played by biofilms in human
infections. lt appears to be based
largely on a symposium of the
same name organized by the
Editors forSGM in September
2000. The book is divided into four
parts, each containing three or
four chapters. The opening
section provides an introduction
to gene expression, quorum
sensing and antimicrobial
resistance in biofilms. The
remaining sections deal with
biofilm involvement in infections
of implanted devices, teeth and
mucosalsurfaces. All of the
chapters represent concise,
readable and reasonably cunent
overviews by experts from North
America and Europe, The book is
well produced, with a central
section of colour plates, Curiously,

the plates are also reproduced in
black and white at the appropriate
place in the text. 0verall, the book
will serve as a valuable reference
both for biofilm aficionados and
anyone, including final-year
undergraduates, with an interest
in infectious diseases.
llulia Douglas
Universityof Glasgow

d&UicrobialDiuersity
Wand Bioprospecting
Edited byA,T. Bull
Published by American Society
for Microbiolog1t (2003)
US$1 29,95, pp, 524
ISBN: 1 -55581 -267-8

ldo not knowwhatthe opposite
of 'a curate's egg'might be, but
this book is an example. Like the
curate's egg it is good in parts, but
in the case of this book the rest is
even better, I was a sceptical
reviewer, put off bythe title, but I
was hooked from the introductory
chapter ('the Rationale') which
set out the intention to examine
cunent understanding of
microbial diversity from both a
systematics and an ecological
perspective, and the result is a
collection of splendid reviews
which willbe of interestto those
in the field and an oft-consulted
work for the busy, essay-writing
student, The authors keep the
book's objective of bioprospecting
in mind, buttreat it liberally,
focussing more on the questions
of what is outthere, how does it
do what it does, and how can we
bring the process into the
laboratory?
lDaveRoberts
The Natural History
Museum,London

d&Micro-Facts:
WTheWorking
Companion for Food
Microbiologists. Fitth
Edition
Revised by L, Curtis & R. Lawley
Published by Royal Society of
Chemistry (2003)
$50.00, pp.279
ISBN: 1 -904007-54-6

This is a very useful and thorough
book for food microbiologists. lts
format is detailed, yetthe size is

small, Each chapter is therefore
compact and allows easy access
to usable data,
Most food-borne pathogens and
other food-associated bacteria
are included, Moreover, there are
sections on spoilage organisms,
viruses and protozoa. The
breakdown for each micro-
organism described is similar in
that description of the organism is
followed by sections on sources,
incidence, survival and control.
This makes the various
characteristics easy to compare.
There are few illustrations, but
this is intended to be more of a
factual book. Key references are
cited throughout,
The authors are to be
congratulated for bringing
together such a concise and
upto-date volume. Moreover,
new information on HACCP and
legislation add to the value of the
book, Perhaps future editions may
include more information on
fermented food organisms like
probiotics and starter cultures?
lGlennGibson
Universityof Reading

ffillcir!us.
W thuringiensrs: A
Cornerstone of Modern
Agriculture
Edited by M. Metz
Published by Haworth Press,Inc,
(2003)
U5$59.95, pp,237
ISBN:1-56022109-7

This comprehensive collection
of reviews and articles examines
many aspects of the use of
Ba ci ll us thu rin gi ensisin modern
agriculture, but focuses primarily
on the introduction of insecticidal
protein genes into crop plants, the
advantages and disadvantages of
this for agriculture and the
economic and ecological
consequences of this technology,
The contributions are well
researched (with references up
to 2003, but it is gratifying to see
that groundbreaking earlier work
is also acknowledged). Each piece
can be read as an individual
review, so thatthere is inevitably
a little bit of overlap between
articles, but not unduly so,
Although the general reader
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can easily assimilate most of the
chapters, some are essentially
very specialized research articles,
which, whilst not without interest,
may not have found theirtrue
niche in this book. The quality of
some of the figures is rather poor,
which does dilute the impact
when the benefits of Bt protection
are being illustrated, Probably a
bookforthe library ratherthan a
personal must-have,
lPeterMoris
H e ri ot-Watt U n ive rsity

dffiMolecularqWMicrobiology:
0iagnostic Principles
and Praetice
Edited by D.H. Persing,
F.C, Tenover, J. Versalovic,
Y.-W. Tang, E,R. Unger,
D,A, Relman & T,J. White
Published by American Society
for Microbiology (2004)
US$l 24,95, pp. 748
ISBN:1-55581 -221-X

As one of the authors points
out, molecular methods have
come of age, and techniques once
confined to research laboratories
should now have a role in clinical
microbiology. The publication of
this book is therefore timely. lts
53 chapters comprise two
sections, the former outlining the
underlying principles of cunent
molecular methods, and the latter
focusing on their application to a
range of bacterial, viral, fungal
and parasitic pathogens. The first
section should prove useful for
clinical microbiologists unfamiliar
with some of this newtechnology,
and many ofthe chapters have
effective diagrams that help
explain how the techniques
work. The Editors specifically
included personal experiences
of molecular biology, and I
particularly enjoyed reading David
Pershing's reflections on PCR and
the 0.J. Simpson murdertrialin
1994, Given the potential impact
of molecular biology on the
practice of clinical microbiology,
I recommend this bookto hospital
microbiologists.
fAlanlohnson
Health Protection
Agency,Colindale,
London

d&lrions: A Ghallenge
Wfor Science,
Medicine and the Public
Health System.2nd
Reuised and Extended
Edition. Gontributions to
MicrobiologyUol. 11
Edited by H.F. Rabenau, J. Cinatl &
H.W Doen
Published by Karger (2004)
C H F178.00/ Eu 10121.00 I
US$162.00, pp.222
ISBN: 3-8055-7656-0

A series of excellent reviews,
but of a limited range of aspects
of prion science. Despite the huge
budgets that have been put into
the subject, what we find is
beefed up versions of reviews and
official data:the most important
factors might be found missing,
We are beginning to understand
the diseases fairly well, but are
nowwatching the growth of
an epidemic of BSE in humans,
Surely now is the time to review
the prion science of diagnostics,
treatment and public health?
Well, these are largely missing.
As a regularly stabbed scientist
myself from the 1990s it rather
sticks in my throat to read a very
clear explanation that vCJ D is due
to BSE coming from researchers
spending years denying that it
would ever happen. I suppose I
should be impressed by such a
good re-review, but you will need ,
more information than this for a
now massive field.
f SteveDealler
Royal Lancaster
Infirmary

&Manauement
Wof ttluliiple Drug-
Resistant Infections
Edited by S.H. Gillespie
Published by Humana Press (2004)
US$1 25.00, pp. 403
ISBN:1-58829-230-4

Although the title suggests
this bookwould primarily be of
interest to clinicians, it is suitable
for a wider readership, as many
chapters cover a broad brief,
encompassing topics such as
drug resistance mechanisms,
pharmacodynamics and
susceptibility testing. Related
topics, such as molecular

epidemiology and infection
control are also covered. The
complexity of the therapeutic
dilemmas posed bysome highly
multi-drug-resistant pathogens
(not only bacteria, but fungi,
viruses and parasites) are
such. that this book does not
necessarily provide definitive
clinical solutions, However, this is
not meant as an adverse criticism,
as the book provides a wealth of
information about cunent options
forapproaching the problem of
multi-drug resistance, as wellas
giving pointers for what the future
may hold in the way of new drugs
and vaccines. lt is recommended
for clinicians working in
microbiology or infectious
diseases and allthose with an
interest in anti-infective therapy,
lAlanlohnson
Health Protection
Agency,Colindale,
London

&Molecular Genetics
Wol Bacteria, Second
Edition
By L, Snyder&W Champness
Published by American Society
for Microbiologlt (2002)
US$99.95, pp.582
ISBN: 1 -55581 -204-X

This is a wonderful book.
The authors have managed to
reach out to both introductory
level and advanced level
microbiologists with this text
book. The presentation and the
organization of the information is
excellent and the use of problems
and 'Questions for thought' is
great for both teacher and
student. Text boxes are frequently
used to highlight recent
discoveries or technological
breakthroughs. This book should
be essential reading for
microbiology undergraduates,
postgraduates and lecturers. lt is
also an information resource for
the thousands of researchers in
otherfields of biologywho use
bacterial genetics every day, lt is
wellworth the investment in the
second edition as it incorporates
new materialsuch as L subtilis
sporulation and greatly expands
on new and exciting fields,
including chromosome

Publishe/s vuebsite addresses

AmericanSocietyforMicrobiology rrvwrll,asmpress,0rg

Arnold www,arnoldpublishers,com

Cambrid ge University Press www.cambridge,org

Haworth Ptess, lnc www.haworth p ressinc.com

Horizon Broscience www,horizonbioscience,com

Humana Press www.humanapress com

Karger www,karger.com

Royal Society of Chemistry www.rsc,0ru
Wlley www.wileyeurope,com

segregation and cell division, the
relationship between D NA
replication, recombination and
repair, and many other topics.
Preparing lectures on bacterial
genetics without this book would
be substantially more time-
consuming. I can only thank the
authors for making my life a lot
easier.
lMaggieSmith
Universityof Aberdeen

d&Protein Expression
WTechnologies:
Gurrent Status and
Future Trends
Edited by F. Baneyx
Published by Horizon Bioscience
(2004)
US$180,00/$90,00, pp. 532
ISBN: 0-9545232-5-3

This book covers an often
neglected, however integral,
aspect of the biotechnology
sector. The book outlines various
prokaryotic and eukaryotic
methodologies that could be
adopted to enhance and optimize
protein production. Each chapter
includes a concise introduction
that leads the reader into the
practical approaches of the
various subjects covered. The
figures and tables are clearly
presented and well defined.
Furthermore, if greater detail is
required, the comprehensive and
up-to-date reference list allows
further specifics to be obtained.
This overall layout meansthat
the chapters flow well, without
hindering understanding with
excessive minutiae. Consequently,
the book is suitable for both

postgraduate and postdoctoral
research scientists. The bookwill
prove to be extremely useful in
any molecular biology lab.
lAndyWalker
U n iversity of Ca m bridge

&n History of Beer
Wand Brewing
By LS. Hornsey
Published by Royal Society of
Chemistry(2003)
S39.95, pp.742
ISBN: 0-85404-630-5

General histories of brewing
have been a bit like buses in the
last 12 months, You waitforages
(actually since 1975) and nothing
appears, and then three come
along at once, The latest addition
by the brewer and botanist lan
Hornsey is the most impressive
of the three, His bookwillappeal
to anyone with an interest in the
application of microbiology, but
is more than just a chronicle of
technological change, lt is a
magisterial account covering
8,000 years, which sifts the
historical evidence with skilland
care in charting the change in the
role of beer from cult social drink
to essential element of diet, and
now branded recreational
beverage. All is put into context,
with an informed analysis of the
literature and quotes in extenso.
lf you only have room for one
book on brewing, historical or
otherwise, on your shelves then
buy this one.
lRayAnderson
M a rch i n gto n, Uttoxete r
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Medical Research Council Laboratories
The Gambia

Head of Bacterial Diseases Programme

Established over 54 years ago, the Medical Research Council in

The Gambia employs around 700 staff from 20 countries and

hosts many visiting researchers. lts main base in Faiara

comprises laboratories, a hospital, computer centre, offices,

workshops and residential accommodation. There are also

field stations upcountry - Basse, Farafenni, Keneba, Bansang,

Walikunda and Caio (Guinea Bissau) - each in a dif ferent

ecological setting, providing varied research oPPortunities.

The Unit has a long and established history of research in the

area of bacterial diseases. MRC Gambia has hosted several major

vaccine trials, including those for Haemophilus influenzae tyPe B

and the pneumoccocal conjugate vaccine.TheTB group is

currently engaged in identifying surrogate markers for infection

and disease and the Unit's sexually transmitted infections

laboratory is aWHO - referenced laboratory.The Unit's

current programme of research in bacterial diseases includes

acute respi ratory infections, pneumoccocal disease, tuberculosis,

sexually transmitted infections and chlamydia. Investigations

range from the genetics of chronic infection, through

interventional studies with new vaccines, to surveillance studies

exploring the genetic risk factors for disease suscePtibility.

The Head of the Bacterial Diseases Programme will be in charge of one large

component of the Unit's research portfolio, play an important role in the

drawing up of the Unit 's next quinquennial plan and wil l  contr ibute to MRC

Gambia's future scienti f ic direct ion. The successful appl icant should be a

scientist of international status and be experienced in one or more of the

major areas of research, such as microbiology, bacterial genetics,

immunology, epidemiology, cl inical research or large-scale vaccine tr ials.

S/he must have proven leadership ski l ls.

Previous experience of working in developing countries will be advantageous.

Salary wil l  be within the MRC Band 2 range and wil l  be commensurate

with qual i f icat ions and experience. Overseas al lowances, furnished

accommodation, f l ights and other benefi ts wi l l  also apply.The appointment,

which we would l ike to be tal<en up as soon as possible, wi l l  ini t ial ly be for

a 5-year period.

Further details and application forms are available from Samantha Smith,

Human ResourceAdvisory Group, Medical Research Counci l ,

20 Park Crescent, London Wl B lAL,24 hour answerphone service:

+44(0\20 7637 6005. Fax: +44 (0)20 7637 036 l .

Email :  Samantha.smith@headoff ice.mrc.ac.uk

Closing date: 2 August 2004. Interviews: l2 August 2004.

For further information about MRC visit  www.mrc.ac.uK

The MRC is an Equal Opportunities Employer.

ffiMicroaray
Wgiointormatics
By D, Stekel
Published by Cambridge
University Press (2003)
$28,00/ US$45.00, pp. 263
ISBN:0-521 -5258i-X

The microarray process is
complex, including target
identification, reporter
generation, array manufacture,
data collection and analysis. The
author begins with chapters
describing the experimental
techniques used to manufacture
and use microarrays, and the
informatics required to select
and generate reporters to target
genes. These initial chapters
provide good summaries of the
approaches generally taken,
although they draw heavi[ from
experience with eukaryotic
microarrays and largely ignore the
c0nsiderati0ns required for their
microbiological application, The
subsequent chapters are the
strength of this book; they provide
a detailed summary of the
approaches and techniques used
in experimental design, data
normalization and data analysis,
The author concentrates on
examples of usage ofthe different
analysis methods, and largely
ignores implementation details;
refening the interested readerto
a good list of links and further

reading at the end of each
chapter, The bookwould be ideal
for biologists who wish to gain a
grasp of the different analysis
techniques available to the
microarray user.
lAdamWitney
StGeorge's Hospital
Medical School, London

&Protein Purification
ffi

WProtocols, Secon$
Edition, Methods in
Molecular Biology,
Vol.244
Edited by P, Cutler
Published by Humana Press (2004)
US$115,00, pp, 51 2
ISB N: 1 -58829-067-0

Eight years on this is a welcome
new edition which retains the
same overallformat of a
strategies chapter followed by
some 43 chapters, each dealing
with individual techniques.
Updating ranges from new
introductions, to additional
references and modified
protocols, The final six chapters
are new and include a useful
comparison of detection methods
and guides to proteomics and
mass spectrometry, The larger
format and hard binding make
this edition appear less of a bench
book, butthe Editor has wisely
retained the readily approachable

format and enhanced its overall
value as a practical manual,
collating a wide range of protocols
usefulfor both less and more
experienced practitioners.
lMartinCollins
The Q,ueen's U n iversity
of Belfast

dffiNanobiotechnology:
WGoncepts,
Applications and
Perspectives
Edited by C.M, Niemeyer&
C,A, Mirkin
Published by Wiley-VCH (2004)
Eurol 49,00/SFr 220.00, pp, 469
ISBN: 3-527-30658-7

Nanobiotechnology has recently
been receiving growing attention
as an evolving area ()f research
fusing biotechnology with the
nan()sciences, Perhaps, for many
biologists, they are aware of the
nomenclature, but understand
less about the real applications
of nanobiotechnology, This book is
the first serious attempt to define
current applications. The 27
chapters outline different aspects
of nanobiotechnology, each
written by one or more experts in
the field, The book is divided into
four sections. First, interphase
systems, that includes biological
coatings and microcontact
printing of proteins. The second

section covers protein-based
nan0structures and has an
excellent chapter on S-layers as
building blocks for generating
functional nanltstructures,
bacteriorhodopsin for
photochromic applications and
also chapters on protein
nanopores and biomolecular
motors. The third section covers
the interesting area of DNA-based
structures and finally a final
sectiltn covering nantlanalytics
and includes the majority of
commercial products in
nanobiotechnology now under
development, This book is clearly
presented with each chapter
carrying an overview,
introduction, a brief synopsis of
applications, finishing with
conclusions and outlook, and
every chapter is richly illustrated.
For those wanting to know more
about this emerging scientific
area, this is an excellent starting
point,
lSimonM.Cutting
Royal Holloway,
Universityof London

dffiRrinciples of
WUirology: Molecular
Biology, Pathogenesis,
and Gontrolof Animal
Uiruses
By S,J. Flint, LW Enquist,
V.R. Racaniello &A,M, Skalka

Published by American Society
for MicrobiologV (200a)
US$109,95, pp,944
ISBN:1-55581-259-7

This is an excellent text which
gives a comprehensive and
beautifully illustrated guide to
modern virology, Everything is
here, from descriptions of how
experiments are performed to
real data reproduced from
seminal papers. The aspects of
cell biology which virologists need
but may have forgotten since
graduate days are covered here
in admirable detail making this a
useful book to have around the
lab. There are also some lovely
touches in the boxes where
ground-breaking advances
relevant to the section are
highlighted, The book could prove
useful as a teaching aid; although
the information given extends
well beyond the undergraduate
level in breadth and detail, final-
year students will find its easy
reading a good way to consolidate
their advanced virology lectures.
Overall, Principles of Virologyis a
completely up-to-date and
accurate aid for anyone who
thinks of themselves as a
molecular virologist.
lWendyBarclay
Universityof Reading
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ALTERNATIVE AN D CONVENTIONAL
ANTI FOULING STRATEGIES.
INTERNATIONAL CONFERENCE OF
THE BIODETERIORATION AND
B IO DEG RADATION SOCI EIY

Aquatorium, Miilheim,
Germany
13-1 5 September 2004

C0NTACT: Prof. Dr Hans-Curt
Flemming, Secretariat I n gelore
Pinders. IWW Moritzstr, 26
D-45476 [/L]lheim, Germanv
(Iel +49 208 40303401 ; email
HansCurtFlemming@compuserve com
ori. p i nders@ iww-onli ne.de ;
www iww-online,de)

B[ilS ANNUAL SCIENTIFIC MEETING:
FUNOI IN THE ENVIRONMENT
Nottingham
13-1 5 September 2004

C0NTACT: BftilS [/eetings Manager
(email john peberdy@nottingham.ac.uk;
www britmycolsoc org uk)

HEALTH PROTECTION AGENCY ANNUAL
CONFERENCE 2OO4
University of Warwick
l3-1 5 September 2004

C0 NTACT: email hpaconference@
hpa org uk (www.hpaconference org uk)

1 lTH BIENNIAL CHALLENGER
CONFERENCE FOR MARINE SCIENCE
2004
Liverpool
13-17 September 2004

C0NIACT: Dr Judith Wolf, Proudman
0ceanographic Laboratory Bid$on
0bservatory, Prenton CH43 7RA
0el. 0151 653 8633; Fax 0151 653
6269; email jaw@pol ac uk;
www.ool,ac uk/ms2004/)

NSF INTERNATIONAL COURSE _
WATERBORNE PATHOGENS:
MINIMIZING RISK ASSOCIATID
WITH BUILDING WATER SYSTE[/]S
(IN CONJUNCTIONWITH HC
INFORMAIION RESOURCES INC.)
NSF Headquarters,
Ann Arbor, Michigan, USA
14 September 2004
C0NTACT: Tel, +1 800 673 62/5
(www.nsf.org/cphe)

AC I N tT 0 B A}TER2004 : 6TH
INTERNATIONAL SYMPOSIU[/l ON
THE BIOLOGY OF ACINETOBACTTR

Dublin.lreland
15-17 September 2004
C0NTACT: Kevin Towner, Department
of Microbiology, University Hospital
Nottingham NG7 2UH (Te1.0115 970
9163: Fax 0115 942 2190remail Kwin.
Towner@mail qmcuh-tr trent.nhs.uk)

[unrsco coNFERENCE -
CELLULAR AND [/OLECULAR BASIS
OF REGENERATION
San Feliu de Guixols, Spain
1 8-23 September 2004
C0NTACT: Corinne Le Moal, Publicity
0fficer & Conference 0rganizer,
EURESC0 0ffice,1 quai Lezay
Marn6sia 67080 Strasbourg France
(Tel, +33 3BB /67 135; Fax +33 3BB
366 987; email clemoal@esf org ;
www.esf org/ euresco/04/1c04177)

BIOTECHNOLOSY FORTHE
NON BIOTECHNOLOGIST
Hanington Hall Hotel, [ondon
23 &24 September 2004
C0NTACT: Management Forum Ltd,
48 Woodbridge Road Guildford GU1
+RJ 0e1 01483 570099; Fax 01483
536424; email regi$rations@
manaoement-forum co.uk:
www managementJorum.co uk)

JPGM G0LD CON: 50 YEARS 0F
[/lEDICAL WRITING _ I NTERNATIONAL

, CONFERENCE ON JOURNAL WRITING
AND PUBLISHING
Mumbai,India
23-26 Septemher 2004
C0NTACT: Dr Atul Goel, Dept of
Neurosurgery, Seth G S. Medical
College Parel [4umbai-400012 lndia
(Tel, +91 2224129884',Fax +91 22
25032398; email goldcon@
jpgmonline.com ; www.jpgmonline.
com/goldcon asp)

THE I[/ [/]UNOLOGY OF VACCI NES
AND VACCINE DEVELOPMENT: AN
INTERMEDIATE COURSE PROVIDIN G
AN IN-DEPT|-| ANALYSIS
The Bembrandt Hotel, [ondon
29 September 2004
C0NTACT: fulanagement Forum Ltd
48Woodbridge Road, Guildford GU1
4RJ (Tel,01483 570099; Fax 01483
536424; email regi$rations@
management-forum,co.uk;
wwlv management{orum.co.uk)
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FUNCTIONAL GENOMICS
OF PATHOGENIC BACIERIA
Copanello,ltaly
6-8 0ctober 2004
C0NTACT: Jeff Cole, Chairman
[4icrobial Physiology Section European
Federation of Biotechnolo gy (email
ia.cole@bham ac.uk;
www.efbpublic.org)

FRONTIERS OF CELIULAR
MICROBIOLOGY AND CELL BIOLOGY.
SPAIIAL AND TEMPORAL DYNAMICS
OF THE EN DOMEMBRANE SYSTE[/
San Feliu de Guixols {Costa
Brava), Spain
16-21 0ctober2004
C0NTACI: Corinne Le Moal, Publicity
0fficer & Conference 0rganizer
EURESC0 0ffice 1 quai Lezay-
[ilarn6sia, 67080 Strasbourg, France
(Tel, +33 3BB 767 135; Fax +33 38B
366 987; email clemoal@esf org ;
www.esf.org/euresco)

XIII BOTRYTIS SYMPOSIUM
Antalya, Turkey
25-31 0ctober2004
C0NIACT: Dr Yigal Elad (email
elady@volcani agri gov net.il;
www.agri.gov il/events/BotrytisSym/
BotrytisSymposi um.pdf)

RECOMBINANT PROTEIN PRODUCTION
Algarve, Portugal
11-14 November2004
C0NTACI: Jeff Cole Chairman
[/icrobial Physiology Section, European
Federation of Biotechnolo gy (email
i "  ^ ^ l ^ / ' 1 h h " -  

" ^ , ' t .j ,d,uu rtr(. !4j u I  rdr I  r ,du.u A,

www efbpublic org)

GENETICS AND MOLECULAR BIOLOGY
OF INDUSIRIAL [/ICRO ORGANISMS/
BIOTECHNOLOGY OF [/ ICROBIAL
PRODUCTS (GMBI [/I/BMP)
llilton San Diego Resort,
San Diego, California, USA
14-1 I November 2004
C0NTACT: SIM 3929 0ld Lee
Highway, Suite 92A Fairfax VA 22030-
2421 USA(Tel +1 703691 3357;
Fax +1 703 691 7991; email
info@simhq.org ; www.simhq.org)
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15TH EUROPEAN SOCIETY FOR
AN l[/AL CELL TECHN0L0GY Un
(ESACT UK) CONFERENCE
[eicester University
6-7 January 2005
C0 NTACT: email meetings@esactuk
org uk; www esactuk,org uk
r'' i
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4TH INTERNAIIONAL CONFERENCE
AND TRADE SHOW: GREEN TECH
2OO5 WITH gTH'SYMPOSIU[/l ON
RENEWABLE RESOURCES
Potsdam, The Netherlands
2&3Fehruary2005
C0NTACT: [ils Marieke Bouman
P0 Box 822 3700 AV Zei$ The
Netherlands [Tel, +31 (0) 30 6933 489;
Fax +31 (0) 30 691 394; email
mbouman@europoint-bv com ; www.
europoint-bv com/greentech2005l

MICROBIAL CELLS ATTHE SINGLE
CELL LEVEL
Semmering, Austria
26-29 May 2005
C0NTACT: Jeff Cole, Chairman,
Microbial Physiology Section, European
Federation of Biotechnology (email
j a cole@bham.ac.uk;
www.efbpublic org)
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iils5i *ii
AN INTRODUCTION TO THE
lM[/lUN0L0GY 0F VACCINES: A BASIC
ONE-DAY INTERACTIVE COURSE
The Rembrandt Hotel, london
28 September 2004
C0NTACT: Management Forum Ltd
48 Woodbridge Road Guildford GU1
4RJ 0el 01 483 570099; Fax 01483
536424; email regi$rations@
management-forum co.uk;
wt,vw.managementJorum.co uk)

EMERGING AND RE EMERGING
l00N0SES:A MEDICAL CRISIS AND
VETERI NARY PTRSPECTIVE
The Royal College of
Pathologists, London
11 ltlovember 2004
C0NTACT: Michelle Casey, The Royal
College of Pathologi$s,2 Carlton House
Terrace, London, SW1 Y 5AF (Tel: 020
7451 6740; Fax 020 7451 6701 ; email:
michelle casey@rcpath org ;
www.rcpath.org)
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Gomment
Codes of practice in research

Some U K
government bodies
have recently
issued a code of
oractice for
research carried
out by their
fund-holders.
Superf  ic ia l ly th is
seems a good
move, but as Tony
Minson descr ibes,
the pol icy also
heralds some
pitfalls for
m icrobio loq ists,

W Please note that
views expressed in
Commentdo not
necessarily reflect
off icialpol icyof the
SGM Counci l ,

S(/e are all awarc that operating standards * method

validation, sample documentation, record keeping -

vary in different laboratories. To alarge degree this

reflects the fact that errors have different consequences in

different circumstances, and this is perhaps particularly

true in microbiology laboratories. The detection and

characterization ofSARS, BSE or FMDV may impacr

immediately and dramatically on government policy

and action. Sfork in clinical diagnostic laboratories

determines hospital practice and patient trearmenr.

Research leading to the compilation oflarge databases

impacts quickly on large numbers of users who are

dependent on the accuracy ofthe information.

Nevertheless, most basic research in academic

laboratories has no immediate p nctical consequences.

A piece of work may, of course, change the way we think,

but such research is expected to stand the test oftime

before being established as scientific dogma. This does

not mean that standards in academic research

laboratories are, or should be, low, but very few work to
'Good 

Laboratory Practice'(GLP: the industry standard)

and most of us will at some time have received plasmids

or antibodies that are not quite what was claimed, or

cell lines contaminated with mycoplasma. This happens

very rarcly, but most of us operate on the basis of 
'receiver

beware'!

The current /aissez-faire situation in academic research

Iaboratories looks set to change. The Food Standards

Agency and DEFRA (together with the devolved

Regional counterparts) have issued a code ofpractice for

research with which laboratories must comply if they

wish to hold contracts from these agencies. Compliance

with the same code ofpractice is also a condition of

BBSRC support, but is required ofBBSRC institutes

only. As the Biosciences Federation has noted (April04

newsletter) this arrangement may be difficult to

sustain. It is hard to see how work funded by different

organrzations in the same laboratory can be performed

using different operating standards. And is it reasonable

that BBSRC Institutes, which often compete for funds

with universities and other organizations, should be

obliged to operate higher and more costly standards?

The implications are that there will be a drive towards

uniformity of standards applied by all funding agencies

to all laboratories. And in any drive to uniformity, there

will be demands that the highest standards become the

nofm.

The code ofpractice to be imposed by DEFRA, FSA

and BBSRC fromJune 2004 does not look particularly

alarming (www. foodstandards. gov. uk/multimedia/

pdfs/QACoPRes.pdfl though it includes phrases that

are not entirely familiar to all academic laboratories -

'validated 
standard operating procedures',

'countersigned 
note books'. The devil will, however,

be in the detail. $Vhat is meant by'record,s must beretained

in a form tbat ensures tbeir integrity and security and preuents

unautborizedtnodification'? \We should all be using

hard-cover laboratory notebooks with properly dated

pages, but must every originai image (\flestern blot,

acrylamide gel, confocal image) be stored in an

annotated, secufe, tamper-proofcentral database? The

costs of implementing such procedures, and of

demonstrating that they are in place, would be very

high. The statement 
'ln 

the longer term it is expected tbat

rnost researcb organizations taill assure tbe quality oftheir

researcb pracesses by means of afornzal system tbat is audited by

an impartial and competent tbirdparty against an apprlpriate

international ly recognized standard' gives some indicarion

of the bureaucratic burden and likely cost. Equally

important, would such measures suppress the

spontaneity and immediacy associated with the best

hypothesis-driven experimental research? Nfould the

quality ofprocess become more important than the

value of the outputT The challenge is not, perhaps, to

achieve high uniform standards, bur to identify the

purpose ofdifferent kinds ofresearch and to apply

standards that are relevant to pufpose.

To be against improvement in standards is like being

against motherhood, but we should be alert to the

dangers ofuniversal codes ofpractice imposed for

administrative tidiness. The fact is that the great

scientific leaps of the past l0 years have not been made

in laboratories using validated standard operating

procedures, well defined line-management systems, and

6-monthly milestones.
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