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MAIN SYMPOSIUM 
Signals, switches, regulons & cascades: control of bacterial gene expression 

 
 
Full chapters of the following presentations will be published in a Symposium Book – Signals, switches, regulons 
& cascades: control of bacterial gene expression  – published for the Society for General Microbiology by 
Cambridge University Press. 
 
MONDAY 8 APRIL 2002 
 
0900 S. GOTTESMAN (National Cancer Institute, Bethesda, USA) 
  Stealth regulators: Global post-transcriptional regulation by small RNAs 
0945 R. MOXON (University of Oxford) 
  Gene variation and gene regulation in bacterial pathogenesis 
1100 C.J. DORMAN (Trinity College, Dublin) 
  DNA topology and regulation of bacterial gene expression  
1145 I.C. BLOMFIELD (University of Kent) 
  DNA rearrangements and regulation of gene expression 
 
1330 R.D. FINN, E.V. ORLOVA, M. VAN HEEL  & M. BUCK (Imperial College London) 
  Structures of multisubunit DNA-dependent RNA polymerases 
1415 M.S.B. PAGET, H.-J. HONG, M. BIBB  & M.J. BUTTNER (John Innes Centre, Norwich) 
  The ECF sigma factors of Streptomyces coelicolor A3(2) 
1530 R. LOSICK (Harvard University, Boston, USA) 
  Asymmetric division and cell fate 
1615 S. BUSBY (University of Birmingham) 
  Transcription activation at simple and complex bacterial promoters 
 
TUESDAY 9 APRIL 2002 
 
0900 B. MÜLLER-HILL (University of Koln, Germany) 
  What can be learned from the LacR family of Escherichia coli? 
0945 R. SCHLEIF (John Hopkins University, Baltimore, USA) 
  Into the heart of the AraC regulatory protein: genetics, biochemistry, and molecular dynamics 
1100 T.M. HENKIN (Ohio State University, Columbus, USA) 
  Transcription termination control in bacteria 
1145 K. GERDES (Odense University, Denmark) 
  Antisense RNAs in programmed cell death 
 
1330 J.A. HOCH (Scripps Research Institute, La Jolla, USA) 
  Control of signal transduction in the sporulation phosphorelay 
1415 R. DIXON (John Innes Centre, Norwich) 
  A stranglehold on a transcriptional activator by its partner regulatory protein – the case of the NifL– 
  NifA two-component regulatory system 
1530 D.A. MORRISON (University of Illinois, Chicago, USA) 
  Is anybody here? Cooperative bacterial gene regulation via peptide signals between Gram-positive  
  bacteria 
1615 N.A. WHITEHEAD, A.K.P. HARRIS, P. WILLIAMS & G.P.C. SALMOND (University of  
  Cambridge) 
  Quorum sensing in Gram-negative bacteria: global regulons controlled by cell-density-dependent  
  chemical signalling 
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 CELLS & CELL SURFACES / 
ENVIRONMENTAL MICROBIOLOGY / 

PHYSIOLOGY, BIOCHEMISTRY & MOLECULAR GENETICS GROUPS 
Gene expression in microbial niches 

 
 
WEDNESDAY 10 APRIL 2002 
 
0900 Functions of Salmonella genes activated in host 
cells 
DAVID W. HOLDEN 
Dept of Infectious Diseases, Centre for Molecular 
Microbiology and Infection, Imperial College of Science, 
Technology and Medicine, The Flowers Building, 
Armstrong Road, London SW7 2AZ - Tel: 44-20-7594 
3073 / Fax: 44-20-7594 3076 
The type III secretion system (TTSS) encoded by the Salmonella 
SPI-2 pathogenicity island is activated after bacteria are 
internalised by host cells, and is important for growth of 
Salmonella in macrophages.  The SPI-2 TTSS transfers effector 
proteins from the bacterial cell, across the phagosomal membrane 
and into the host cell cytosol. They prevent the recruitment of the 
respiratory burst complex on the phagosomal membrane, 
enabling Salmonella to avoid the toxic effects of reactive oxygen. 
The assembly of an F-actin coat around Salmonella phagosomes, 
and the effector protein SifA, are required to maintain the 
integrity of the phagosomal membrane. Another effector protein, 
SpiC, is thought to inhibit various aspects of cellular trafficking. 
Our current work is focussed on more detailed analysis of these 
and other activities of the SPI-2 TTSS. 
 
0940 Interaction of Listeria monocytogenes with 
Mammalian cells 
MICHAEL KUHN 
Microbiology (Biocenter), University of Würzburg, 
Würzburg, Germany 
Listeria monocytogenes is the etiologic agent of listeriosis, a 
severe food-borne disease. The clinical features of listeriosis 
include meningitis, meningoencephalitis, septicemia, abortion, 
and gastroenteritis. Following ingestion of contaminated food, 
Listeria disseminates from the intestinal lumen to the central 
nervous system and the foeto-placental unit. Virulence factors of 
L. monocytogenes include the invasion proteins InlA and InlB, 
the proteins LLO and PlcA that promote escape from the 
phagocytic vacuole and the proteins ActA and PlcB necessary for 
intracellular actin-based motility and cell-to-cell spread. 
 Invasion of endothelial tissues may be crucial in a L. 
monocytogenes infection leading to meningitis and/or 
encephalitis. We used human brain microvascular endothelial 
cells (HBMEC) to study the interaction of L. monocytogenes 
with endothelial cells which closely resemble native 
microvascular endothelial cells of the brain. L. monocytogenes 
interacts with the surface of HBMEC in an InlB-independent 
manner but the invasion of HBMEC by L. monocytogenes is 
strictly InlB-dependent. The invasion is inhibited by human 
serum. Once within the HBMEC, L. monocytogenes replicates 
efficiently, moves intracellularly by inducing actin tail formation 
and spreads from cell to cell. 
 As noted above, the L. monocytogenes surface protein ActA 
is an important virulence factor required for listerial intracellular 
movement. To identify new ActA-binding proteins we applied 
the yeast two-hybrid system and identified three different 
proteins one of which was identical to the human protein 
LaXp180. Using an anti-LaXp180 antibody, we showed that 
LaXp180 colocalizes with a subset of intracellular, ActA-
expressing L. monocytogenes but was never detected on 
intracellularly growing but ActA-deficient mutants. LaXp180 is a 
putative binding partner of stathmin, a protein involved in the 
regulation of microtubule dynamics. By immunofluorescence we 

showed that stathmin also colocalizes with intracellular ActA-
expressing L. monocytogenes. 
 
1020 Tissue infection and site-specific gene 
expression of Candida albicans 
BERNHARD HUBE 
Robert Koch-Institut, Nordufer 20, 13353 Berlin, Germany 
Phone: ++49 1 888 754 2116 / Fax: ++49 1 888 754 2328 / 
E-mail: HubeB@rki.de 
Among human pathogenic fungi, Candida albicans, a 
polymorphic yeast, has a dominant role of increasing medical 
importance. Although considered to be a harmless commensal in 
healthy individuals, this fungus frequently causes superficial 
infections of mucosa and skin under certain conditions, for 
example, when the normal microbial flora is unbalanced due to 
extensive antibacterial treatment. In immunocompromised 
patients, however, C. albicans may invade into deeper tissues, 
penetrate into the blood vessel system and cause life-threatening 
systemic infections. Therefore, this fungus not only has adapted 
to epithelial cells, but to a number of different tissues at various 
stages of an infection. While physical barriers and the immune 
system of the host are the crucial factors which control the 
commensal stage, a number of fungal virulence attributes must 
stand by to be expressed and required depending on the site and 
stage of invasion and the nature of the host response. 
Furthermore, the virulence properties must be highly adapted to 
the different environments, for example oral mucosa, blood or 
parenchymal organs. 
 One of the most important virulence attribute of C. albicans 
is the extracellular proteolytic activity due to secreted aspartic 
proteinases (Saps) encoded by a gene family of at least ten (SAP) 
genes. One possible explanation for the fact that such a large 
number of different SAP genes exist may be the necessity for 
specific and optimised proteinases during the different stages of 
an infection. Additional virulence attributes, such as adhesion 
factors, thigmotropism, phenotypic switching and other 
hydrolytic enzymes have been identified in C. albicans. All of 
these factors may be adapted to distinct stages or types of 
infection and are postulated to act in concert to facilitate fungal 
survival during the course of infections. Such an ability would 
need a precise and co-ordinated regulation of different genes 
possibly important for pathogenicity. 
 Using RT-PCR with gene-specific primers, cDNA-
subtraction methods and DNA-microarray technology, we began 
to investigate the transcription profile of known and potential 
new virulence factors of C. albicans during host contact using 
models of mucosal and systemic infection.  
 
1330 Gene expression during invasive growth of 
Candida albicans within matrix 
CAROL KUMAMOTO 
Dept of Molecular Biology and Microbiology, Tufts 
University School of Medicine, 136 Harrison Ave, Boston, 
MA 02111, USA - Tel: (617) 636-0404 / Fax: (617) 636-
0337 / Email: carol.kumamoto@tufts.edu 
Hyphal morphogenesis in Candida albicans is promoted by a 
variety of environmental stimuli.  In addition to nutritional cues 
and temperature cues, growth of the organism in contact with 
matrix promotes hyphal development.  The putative DNA 
binding protein, Czf1p, promotes hyphal development during 
growth within matrix.  Under these conditions, ectopic 
expression of CZF1 causes precocious hyphal development and 
deletion of CZF1 causes delayed hyphal development.  However, 
mutations affecting CZF1 do not alter the regulation of hyphal 
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development under most other conditions.  Expression of genes 
needed for filamentation may be promoted by Czf1p through 
interaction with a putative co-activator, termed Wnc1p (for WW-
domain iNteractor with Czf1). During growth within matrix at 
low temperature, filamentation is repressed by the transcription 
factor Efg1p.  Thus, in contrast to its important role as a 
promoter of hyphal development during growth at high 
temperature in serum, Efg1p acts to prevent filamentation under 
matrix embedded conditions.  We propose that Czf1p promotes 
filamentation during growth within matrix by relieving 
repression through physical association with Efg1p. 
 
1410 Protons at the gate: the genetics, biochemistry 
and Zen of E. coli acid resistance 
JOHN W. FOSTER 
University of South Alabama, College of Medicine, Mobile, 
AL 36688, USA 
Breaching the stomach acid barrier (pH 2) is a daunting task for 
all enteric pathogens.  E. coli and other select species with 
remarkably small infectious doses have solved this problem using 
dedicated systems of acid resistance (AR).  E. coli uses three 
systems to safeguard cells below pH 2.5.  AR1 protects in simple 
buffered media while systems AR2 and AR3 require extracellular 
glutamate and arginine, respectively, to defend against acid.  The 
mechanism of system 1 remains enigmatic but systems 2 and 3 
involve cytoplasmic decarboxylases and membrane antiporters.  
It is unclear whether proton consumption during decarboxylation 
elevates internal pH or is connected in some way to energy 
production at extreme low pH.  Regulatory features governing 
expression/activity of these systems are quite complex.  System 1 
is constitutively expressed but inhibitors produced at pH 8 
prevent activity when cells are moved to pH 2.5.  System 2 is 
controlled by five regulators including two sigma factors (sigma 
70 and sigma S), two repressors (CRP and H-NS), and two 
AraC-like regulators (GadX, an inducer, and GadW, an anti-
inducer).  AR2 can be induced in log phase at pH 5.5 and in 
stationary phase regardless of growth pH. Cyclic AMP status 
plays a central role in directing which regulatory circuit directs 
expression.  In contrast to AR2, system 3 is only induced 
anaerobically at low pH.  Transcription is activated by CysB and 
another AraC like regulator, AdiY.  It is also repressed by H-NS.  
The AR systems are most likely induced in vivo while E. coli 
ambles through the intestine, readying the microbe for 
subsequent encounters with stomach or other acidic 
environments. For example, system 2 is required for E. coli 
O157:H7 survival in the bovine gastrointestinal tract but AR 1 is 
needed in the less acidic (pH 3.5) environment of apple cider. 
 Redundancy provides an umbrella of protection. 
 
1450 pH: how fungi tailor gene expression to the 
environment 
HERB ARST 
Dept of Infectious Diseases, Faculty of Medicine, Imperial 
College of Science, Technology & Medicine, Ducane 
Road, London W12 ONN 
Many fungi can grow over a wide pH range. Such H+/OH- 
versatility requires both an efficient internal pH homeostatic 
system and an ambient pH gene regulatory system which enables 
production of molecules functioning beyond reach of the pH 
homeostatic system (permeases, secreted enzymes, exported 
metabolites) to be restricted to pH ranges over which they can 
function effectively. Ambient pH regulation of gene expression 
in Aspergillus nidulans is mediated by the zinc finger 
transcription factor PacC which responds to a six component pH 
signal transduction pathway. PacC activates expression of genes 
expressed preferentially at alkaline pH and represses expression 
of acid-expressed genes. Under acidic growth conditions 
intramolecular interactions hold PacC in a relatively inert 
(‘closed’) form which is not localised in the nucleus. In response 
to alkaline ambient pH signal transduction the 674 residue full-
length PacC is converted to an ~495 residue ‘open’ (i.e. 

accessible) nuclear-localised form and thence to the ~249 residue 
nuclear-localised functional form. Thus the processing of PacC 
involves two C-terminal cleavages of which the first, catalysed 
by the signalling protease, is regulated by ambient pH and the 
second, catalysed by the processing protease, is pH independent. 
Although the roles of most of the components of the pH signal 
transduction pathway remain to be determined, the result of pH 
signal transduction is the removal of ~180 C-terminal residues 
from PacC. One component of the pH signal transduction 
pathway has been identified by homology as a cysteine protease. 
 
1600 Plant pathogen gene expression in response to 
environment: What to do when you meet a plant 
E.T. PALVA1, H.J. HYYTIÄINEN1, T.J. SALORANTA1, T. 
PALOMÄKI1, R. MARITS2, A.M. TUIKKALA1 & S. 
HORTLING1 
1Dept of Biosciences, Division of Genetics, and Institute of 
Biotechnology, University of Helsinki, P.O. Box 56, FIN-
00014, Helsinki, Finland, 2Institute of Cell and Molecular 
Biology, Tartu University, Estonia 
The pathogenicity of the soft-rot phytopathogen Erwinia 
carotovora subsp. carotovora is mainly due to production of a 
large arsenal of extracellular enzymes, such as pectate lyases, 
polygalacturonase, cellulases and proteases. These enzymes 
degrade the plant cell wall, leading to maceration of the plant 
tissue and release of nutrients for the bacteria. Some strains of E. 
carotovora harbor the hrp locus encoding the type III secretion 
system required for delivery of additional virulence determinants. 
Both the extracellular enzymes and proteins secreted through the 
type III pathway may act as elicitors of plant defense and trigger 
plant resistance. Hence sensing of the environment and the 
timely expression of virulence genesis is crucial for a successful 
infection. Consequently, virulence gene expression is a tightly 
controlled process involving a number of both global and 
specific regulatory networks. These include quorum sensing, 
which enables the bacteria to sense the population density 
through accumulation a diffusible signal molecules and turn on 
the virulence genes when the cell numbers are sufficient for 
successful attack. Additionally, several two-component 
regulators are required for modulating virulence gene expression 
in response to external stimuli. The ExpS-ExpA (GacS-GacA) 
system is a central virulence regulator in E. carotovora and 
exerts its action through RsmA-rsmB. Other two-component 
regulators of virulence include PehR-PehS (PhoP-PhoQ) and 
PmrA-PmrB. The signals sensed by these regulators in E. 
carotovora are only characterized in some cases. E. g. PehR-
PehS modulates virulence gene expression according to external 
concentration of divalent cation, such as calcium. The roles of 
the different regulatory networks in virulence and their 
interactions will be discussed. 
 
1640 Phase variation as a method of adapting to host 
environments 
NIGEL J SAUNDERS 
Sir William Dunn School of Pathology, University of Oxford 
- Email: saunders@molbiol.ox.ac.uk  
Phase variation (the reversible switching of genes) has long been 
recognized to be associated with the expression of a variety of 
virulence determinants in pathogenic bacteria. The definition of 
the repertoires of these genes at a genome level has increased the 
number and type of genes recognized to the phase variable. A 
clearer picture that the essential feature of this type of gene 
switching is adaptation to different environmental conditions, of 
which variation in virulence genes is only an important sub-part, 
is now evident. In addition, it is possible to gain an appreciation 
of the interactions between different variable genes, and the 
corresponding phenotypic repertoires of these organisms, by 
considering systems that involve multiple variable genes. New 
mathematical models of population compositional changes also 
reveal the dynamic way in which this mechanism of gene 
switching can rapidly provide adaptation to different niche 
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conditions. Although the nature of adaptation by phase variation 
is qualitatively different from classical gene regulation the scope 
of this mechanism for the control of gene regulation is vast in the 
wide range of species that have adopted it. 
 
THURSDAY 11 APRIL 2002 
 
0900 Microarray analysis of Campylobacter jejuni 
reveals variation in gene expression dependent on 
growth temperature and environmental conditions  
NICK DORRELL 
Infectious and Tropical Diseases, London School of 
Hygiene and Tropical Medicine, Keppel Street, London, 
WC1A 7BE 
Campylobacter jejuni is the leading cause of bacterial food-borne 
diarrhoeal disease throughout the world, yet is still a poorly 
understood pathogen. This paucity of knowledge was the driving 
force behind the sequencing of the C. jejuni NCTC 11168 
genome. To exploit this information further, a whole genome 
microarray was constructed using PCR products representing all 
1654 annotated C. jejuni NCTC 11168 genes. Microarray 
comparisons of different C. jejuni strains reveal extensive genetic 
diversity and pave the way towards identifying correlates of 
pathogenicity and developing improved epidemiological tools. 
Microarray analysis has also been utilised to study changes in 
gene expression under different environmental stress conditions 
and also to study the effects of single gene mutations on the 
regulation of gene expression. For example, changes in gene 
expression when the bacteria is grown at 42°C (avian body 
temperature) compared to 37°C (human body temperature) 
highlights genes that may be involved in virulence. These studies 
should help to expand our understanding of how C. jejuni 
survives under many diverse environmental conditions and 
ultimately explain exactly how the bacteria causes diarrhoeal 
disease.   
 
0940 Pumping iron: the expression and regulation of 
iron acquisition systems in Helicobacter pylori 
DAVID J. KELLY 
Dept of Molecular Biology and Biotechnology, University of 
Sheffield, Western Bank, Sheffield S10 2TN 
In order to proliferate within a host, invading pathogenic bacteria 
have to obtain iron, and the expression of systems for acquiring 
this element play a crucial role in the establishment and progress 
of infection.  Although the host environment is rich in iron, the 
majority of this is not readily available to invading organisms as 
it is either intracellular or extracellular yet bound by high affinity 
ferric iron binding proteins of the transferrin class. Thus, iron 
stress is a particular problem for pathogenic bacteria.  
Helicobacter pylori occupies a unique niche in the gastric 
mucosa where it must cope with both acid-stress and variable 
iron availability.  However, unusually for a human pathogen, free 
iron may be available directly in this environment from dietary 
sources, in addition to lactoferrin, which is present in the 
mucosa.  We have been investigating the function and regulation 
of the various iron acquisition systems used by H. pylori to 
obtain iron. Ferrous iron is more stable than ferric iron at acid pH 
and our work has revealed that expression of the FeoB protein, 
which we have characterised as a high-affinity ferrous iron 
transporter, is essential for successful colonisation in an animal 
model. Residual iron transport in a feoB mutant is due to low-
affinity ferrous uptake via the magnesium transporter CorA. Both 
ferric reductase activity and a Fec-like ferric iron uptake system 
have a role in the acquisition of ferric iron in H. pylori. Some 
novel features of the regulation of iron acquisition by the 
regulatory Fur protein have been identified. A H. pylori fur 
mutant displays increased uptake of both ferrous and ferric iron, 
which leads to a significantly increased whole cell iron content. 
Northern hybridisation experiments showed that Fur regulates 
transcription of some, but not of all H. pylori iron acquisition 
genes, suggesting constitutive expression of some systems, with 

the capacity of extra uptake when required. Fur is also involved 
in acid resistance in H. pylori and positively regulates expression 
of the iron storage ferritin, Pfr, allowing concerted expression of 
iron acquisition and iron storage. Evidence for a role of Pfr in 
pathogenicity has also been obtained.  
 
1100 Environmental regulation of Bordetella 
lipopolysaccharide gene expression 
DUNCAN MASKELL & ANDREW PRESTON 
Centre for Veterinary Science, Dept of Clinical Veterinary 
Medicine, University of Cambridge, Madingley Road, 
Cambridge CB2 5DA 
One of the first examples of environmental control of bacterial 
gene expression was provided by members of the genus 
Bordetella.  The bvg two-component regulator first described in 
Bordetella pertussis is required for regulation of expression of a 
wide range of genes, including some required for virulence, such 
as pertussis toxin, filamentous haemagglutinin and pertactin.  
Other two component regulators have become apparent with the 
completion of the genome sequence of B. pertussis. Recently we 
have identified many of the genes required for 
lipopolysaccharide (LPS) expression in B. pertussis, B. 
parapertussis and B. bronchiseptica.  We and others have also 
observed major phenotypic changes in LPS expression when 
these bacteria are grown under different environmental 
conditions. Some of these changes are Bvg-mediated in response 
to environmental stimuli. In this presentation the variable 
expression of LPS in the bordetellae will be discussed as will our 
progress in identifying its genetic and structural basis. 
Implications of these phenomena for the life-style and evolution 
of these bacteria will also be discussed. 
 
1140 LuxS-dependent quorum sensing - metabolic 
curiosity or generic cell-to-cell communication? 
PAUL WILLIAMS 
Institute of Infections & Immunity, Queen’s Medical Centre 
and School of Pharmaceutical Sciences, University of 
Nottingham, Nottingham NG7 2RD 
Only a decade ago, few bacteria were understood to 
communicate via specific, diffusible signal molecules. Since 
then, this fascinating area has attracted considerable attention and 
diverse cell-to-cell communication systems have been identified 
in numerous bacteria. Quorum sensing, describes one particular 
form of cell-to-cell communication, where genes are expressed in 
a cell-density dependent manner after a critical concentration of 
signal molecules (autoinducers) has been reached. Recently, 
autoinducer-2 (AI-2), which is produced via the luxS gene 
product in diverse Gram positive and Gram negative bacteria, has 
been suggested to function as a generic bacterial signal molecule. 
But is AI-2 really involved in cell-to-cell communication in all 
bacteria which produce it? Although it has become fashionable to 
interpret co-ordinated multi-cellular behaviour in response to 
endogenously produced extracellular molecules as quorum 
sensing, this may not always be the case. Discrimination between 
true signalling molecules and metabolites present in culture 
supernatants depends upon rigorous chemical characterisation 
and a demonstration that the molecule controls cellular responses 
beyond those required to metabolise or detoxify the signal.  In 
this context, the role of LuxS and AI-2 in the activated methyl 
cycle and their contribution to quorum sensing will be explored. 
 
1400 Multiple quorum sensing sytems in Rhizobium 
leguminosarum influencing adaptation, biofilms and 
conjugation 
J.A. DOWNIE, V. DANINO, J. JONES, J.K. LITHGOW, M. 
SANCHEZ-CONTRERAS, E. WATSON, A. WILKINSON, 
F. WISNIEWSKI-DYE & A. ZORREGUIETA 
John Innes Centre, Colney Lane, Norwich NR4 7UH 
Rhizobium leguminosarum biovar viciae enters a symbiosis with 
legumes such as pea, and vetch, forming nitrogen-fixing nodules. 
In R. l. viciae, we have identified four loci involved in N-



Society for General Microbiology – 150th Ordinary Meeting – University of Warwick, 8-12 April 2002  - 8 - 

 

acylhomoserine lactone (AHL) production, and six LuxR-type 
regulators, which induce gene expression in response to AHLs.  
These AHL-based regulatory systems operate as a network in 
which there is cross regulation mediated via different AHLs.  At 
the top of this network are the chromosomal genes cinR and cinI, 
which respectively encode a LuxR-type regulator and an AHL 
synthase.  CinI produces N-(3 hydroxy-7-cis-tetradecenoyl)-L-
homoserine lactone (3OH,C14:1-HSL), which positively 
autoregulates cinI expression in a cinR-dependent manner. 
3OH,C14:1-HSL also upregulates the expression of the raiIR 
genes, which constitute a second level of quorum sensing 
control, that predominantly uses 3OH,C8-HSL. There are also 
two quorum sensing loci on the symbiotic plasmid pRL1JI.  One 
of these is involved in the regulation of plasmid transfer genes 
and the other (rhi) influences legume nodulation.  The various 
quorum-sensing regulatory systems influence a variety of 
phenotypes in R. leguminosarum, including plasmid transfer, 
nodulation, adaptation to stress, processing of 
exopolysaccharides, attachment and biofilm production. 
 
1440 Gene expression in the rhizosphere – shedding 
light with reporter genes 
KEN KILLHAM, OLIVER KNOX, CATRIN YEOMANS & 
DOMINIC STANDING  
Dept of Plant & Soil Science, University of Aberdeen, 
Cruickshank Building, St Machar Drive, Aberdeen AB24 
3UU 
The potential rewards for understanding and exploiting gene 
expression in the rhizosphere are considerable.  Direct 
biotechnological and broader benefits will result from knowledge 
of expression of genes involved in inoculum 
establishment/colonisation and in more target specific functions 
such as biocontrol, biofertilisation and bioremediation. 
 This paper will focus on two aspects of gene expression in 
the rhizosphere which have recently been investigated through 
the use of reporter genes introduced into rhizobacteria.  The first 
concerns nutrient (N and P) and carbon flow in the rhizosphere 
and exploits recently developed lux and gfp reporter gene 
systems in rhizosphere competent pseudomonads where 
expression is linked to N/P starvation and metabolic activity, 
respectively (Yeomans et al, 1999, Kragelund et al.).  Using 
wheat seedlings grown in soil-based microcosms, this suite of 
biosensors successfully reported on differences in microbially 
available nutrients and substrate between the rhizosphere and the 
bulk soil, delineating the extent of the rhizosphere itself.  The 
second exploits lux and gfp reporters of key signal molecules, 
such as AHLs (Elasri et al., 2001), and investigates the role of 
signalling in microbe-microbe and plant-microbe interactions in 
the rhizosphere.  Using soil microcosms with different pore 
connectivity and pore placement, the biosensors showed that the 
signal molecules can be detected in soils at relevant 
concentrations and that plant derived AHL mimics can also be 
detected. 
 The paper further considers the spatial and temporal 
dynamics of the gene expression observed using rhizobacterial 
reporter systems, particularly in soils where abiotic factors such 
as pore location and matric potential are as important as biotic 
factors.   The paper concludes by addressing the effect of 
complex interactions involving plant, microbes and soil animals 
(ciliated protozoa) on microbial gene expression in the 
rhizosphere. 
References 
Elasri, M; Delorme, S; Lemanceau, P; Stewart, G; Laue, B; 
Glickmann, E; Oger, PM & Dessaux, Y. 2001. Acyl-homoserine 
lactone production is more common among plant-associated 
Pseudomonas spp. than among soilborne Pseudomonas spp.. 
Applied and Environmental Microbiology 67, 1198-1209. / 
Kragelund, L. Hosbond, C. & Nybroe, O. 1997. Distribution of 
metabolic activity and phosphate starvation response of lux-
tagged Pseudomonas fluorescens reporter bacteria in the barley 
rhizosphere. Applied and Environmental Microbiology, 63, 

4920-4928 / Teplitski, M; Robinson, JB & Bauer, WD. 2000. 
Plants secrete substances that mimic bacterial N-acyl homoserine 
lactone signal activities and affect population density-dependent 
behaviours in associated bacteria. Molecular Plant Microbe 
Interactions 13, 637-648 / Yeomans, C., Porteous, F., Paterson, 
E., Meharg, A. A. & Killham, K.  1999.  Use of lux marked 
rhizobacteria as reporters of rhizosphere C-flow.  FEMS 
Microbiology Letters, 176, 79-83. 
 
1540 Commensal and competitive conditions in 
complex microbial communities 
SUSSE KIRKELUND HANSEN, JANUS A.J. 
HAAGENSEN, BJARKE B. CHRISTENSEN & SØREN 
MOLIN 
Technical University of Denmark, BioCentrum-DTU, 
Building 301, Lyngby, Denmark 
Studies of microbial communities living in heterogeneous 
assemblies on surfaces have been facilitated by employing 
molecular tools in combination with advanced fluorescence 
microscopy. Determinations of the identity and activity of 
individual cells are achievable when methods such as in situ 
rRNA hybridization (FISH) and molecular tagging with reporter 
genes are used. Using these tools combined with Scanning 
Confocal Laser Microscopy we have investigated the interactions 
in mixed-species communities grown in flow chambers. We have 
in particular focused on commensal relationships and 
competition in toluene degrading communities comprising 
Pseudomonas putida and an Acinetobacter sp. From these 
investigations we have obtained important information about the 
significance of structural relationships, community performance 
and development. Recently we have initiated investigations of 
the selection forces within the biofilms and the resulting 
occurrence of biofilm-induced mutations. Our results indicate 
that biofilm development is very much influenced by the bacteria 
involved and by the environmental conditions, and it is also clear 
that genetic drift within a biofilm population may have important 
impacts on the further community development. 
 
1620 Seeing it how it is – function of Pseudomonas 
fluorescens genes activated in the plant rhizosphere 
GAIL M. PRESTON, XUE-XIAN ZHANG, ROBERT W. 
JACKSON & PAUL B. RAINEY 
Dept of Plant Sciences, University of Oxford, South Parks 
Road, Oxford 
Pseudomonas fluorescens SBW25 is an aggressive colonizer of 
the plant rhizosphere and capable of promoting plant growth.  In 
order to understand the causes of its ecological success we have 
sought to identify P. fluorescens genes activated solely in the 
plant rhizosphere.  More than 100 rhizosphere induced (rhi) 
genes have been identified using purpose-designed IVET 
strategies and on the basis of in silico analyses these genes have 
been divided into several categories: those with a predicted role 
in (i) nutrient acquisition; (ii) environmental stress responses; 
(iii) antibiotic biosynthesis and resistance; (iv) attachment and 
surface colonisation; (v) secretion and plant interaction; (vi) no 
similarity to any previously characterized gene.  Together these 
rhi genes provide an indication of the environment as perceived 
by P. fluorescens, but essential before real insight emerges is 
knowledge of biological function and ecological significance.  
To this end we have performed detailed studies of loci encoding 
a type III secretion pathway that is capable of translocating 
effector proteins into plant cells, and of a multienzyme complex 
responsible for the biosynthesis of a modified form of cellulose 
and used, in conjunction with a chemosensory pathway, to 
control surface colonisation.   
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CELLS & CELL SURFACES GROUP – POSTERS 
 
CCS 01 Amidase- and urease-mediated ammonia 
production in Helicobacter pylori is modulated by Fur 
A.H.M. VAN VLIET, J. STOOF, S.W. POPPELAARS, E.J. 
KUIPERS & J.G. KUSTERS 
Dept of Gastroenterology and Hepatology, Academic 
Hospital Dijkzigt, Rotterdam, The Netherlands 
Background: Ammonia production is of vital importance to 
Helicobacter pylori, since ammonia is involved in several 
processes including acid resistance and nitrogen metabolism. In 
H. pylori, ammonia is enzymatically produced by the urease and 
amidase enzymes. Previous studies have indicated that H. pylori 
amidase and urease activity may be transcriptionally regulated, 
but did not identify key regulatory components. 
Aim: Identification of the role of the Fur regulatory protein in 
modulation of H. pylori ammonia-producing enzymes. 
Methods: H. pylori strains were grown in iron-restricted and 
iron-replete conditions, and amidase expression and activity was 
monitored by 2D-protein gel electrophoresis, Northern 
hybridization and enzyme assays.  
Results: Expression of amidase could only detected in iron-
restricted conditions, but was absent in iron-replete conditions. 
Amidase enzyme activity and levels of amiE mRNA were 
regulated likewise. Regulation was absent in an isogenic H. 
pylori fur mutant, demonstrating that Fur mediates AmiE 
regulation. Amidase activity was inversely correlated with urease 
activity; high amidase activity was associated with decreased 
urease activity, while low amidase activity was linked to 
increased urease activity.  
Conclusion: The regulation of H. pylori amidase by iron and Fur 
contrasts with regulation of other bacterial amidases, where 
amidase is regulated in response to substrate availability. Fur 
may be the master regulator of ammonia production and nitrogen 
metabolism in H. pylori. 
 
CCS 02 Early expression of hrp genes causes 
reduced virulence in Erwinia carotovora 
S. LEHTIMÄKI, A. RANTAKARI, A. TUIKKALA, O. 
VIRTAHARJU, E.T. PALVA, M. ROMANTSCHUK & H.T. 
SAARILAHTI 
Dept of Biosciences, Divisions of Genetics and General 
Microbiology, University of Helsinki, P.O.B. 56, FIN-00014 
University of Helsinki, Helsinki, Finland 
Background: Extracellularly targeted proteins are crucial for 
virulence of gram-negative phytopathogenic bacteria. The type 
III (hrp) pathway is the major virulence determinant in the 
genera Pseudomonas, Ralstonia and Xanthomonas, and in the 
nonmacerating species of Erwinia. The hrp cluster was recently 
partially characterized from the E. carotovora strain SCC1 and 
shown to enhance virulence in early infection. Here we have 
isolated and characterized 15 hrp genes covering the remaining 
part of the cluster. 
Methods: The hrp genes were cloned from a genomic lambda 
library, using the hrpA gene of SCC1 and hrcV gene of E. 
amylovora as probes. A marker-exchange mutation in the hrpX 
gene encoding the sensory kinase of the two-component 
regulatory locus hrpXY was constructed. The resulting mutant 
strain was subjected to virulence tests. Expression of the hrp 
genes was studied by Northern blot analysis and gene fusions to 
the reporter luc gene. 
Results: The 11 genes from hrpJ to hrcU formed a large 
transcript covering the genes from hrcN to hrcU. The hrpL, 
hrpXY and hrpS were transcribed as separate units. The mutant 
bacterium having a Tn insertion in the hrpX gene exhibited a 
reduced virulence phenotype in Arabidopsis plants. Northern 
blot analysis of the hrpN gene and luciferase activity assay of a 
hrpA-luc gene fusion showed that the mutant bacterium 
expressed the hrp genes at high level even in a noninducing 
medium. The mutation also resulted in accumulation of 
transcripts of the hrpY and hrpS regulatory genes, especially at a 

lower temperature, but had no effect on expression of the sigma 
factor-encoding hrpL gene. 
Conclusions: Reduced virulence of the mutant E. carotovora was 
considered to be due to constitutive expression of hrp regulated 
genes. Thus, erroneously timed expression of hrp-regulated 
genes may actually have a negative impact on disease progress in 
a susceptible host plant. 
 
CCS 03 The response of Bordetella bronchiseptica 
to intracellular signals 
MARTIN J. LYNCH, ROGER PARTON & JOHN G. COOTE 
Infection and Immunity, IBLS, Joseph Black Building, 
University of Glasgow, Glasgow G12 8QQ 
The animal pathogen Bordetella bronchiseptica has the ability to 
adapt to growth in a variety of different niches that include low-
nutrient external environments, the mammalian respiratory tract 
and an intracellular location within eukaryotic cells.  This project 
has used bioluminescence as a reporter system to investigate the 
response of the organism to different external signals. 
 Initially, lux-tagged B. bronchiseptica derivatives were 
constructed by transposon mutagenesis with Tn5 containing a 
promoterless lux cassette.  Phenotypic analysis, using 
bioluminescence as a reporter of promoter activity and the ability 
to survive within a murine macrophage cell line, was used to 
measure the response of the organism to the intracellular 
environment.  The sites of the Tn5 insertion have been 
determined by sequence analyses.  Plasmid-based lux and gfp 
reporters containing promoters of known Bordetella virulence 
genes have also been constructed for analysis of gene expression 
within macrophages.  Most virulence factors of B. bronchiseptica 
respond to environmental change via two-component regulatory 
systems (TCS) called BvgAS and RisAS.  Comparative 
bioinformatics has been used to identify novel TCS homologues 
in B. bronchiseptica and homologous DNA exchange 
mutagenesis has been employed to investigate a potential 
intracellular sensing role for these loci.  
 The data indicate the manner in which B. bronchiseptica 
responds to the intracellular environment. 
 
CCS 04 Orientational control of fimE expression in 
Escherichia coli 
BALJINDER K. SOHANPAL, HEMANTHA DON 
KULASEKARA & IAN C. BLOMFIELD 
University of Kent at Canterbury 
Phase-variable expression of type 1 fimbriae is in part controlled 
by site-specific DNA inversion of the fim switch in Escherichia 
coli. Of the two fim recombinases (FimB and FimE) that catalyze 
the inversion reaction, FimE exhibits a strong bias for phase 
switching from the ON to the OFF orientation.  The specificity 
associated with fimE is the result of two different mechanisms: 
(1) FimE exhibits a preference for the invertible element in the 
ON orientation as substrate for recombination (2) the invertible 
element in the OFF orientation acts in cis to inhibit recombinase 
activity (orientational control). We show here that the invertible 
element negatively regulates fimE, even though expression of a 
fimE-lacZYA transcriptional fusion is unaffected by orientational 
control. The fimE transcript extends into the invertible region 
and hence switch ON-specific and switch OFF-specific mRNA 
contain different sequences. Furthermore, we show that 
orientational control is suppressed by the insertion of a structured 
RNA (tRNAGly) between fimE and the fim switch, indicating that 
the switch OFF-specific mRNA is inactivated by 3' to 5' 
degradation. Analysis of the fim switch reveals that it contains 
two inhibitory elements that independently exert orientational 
control. 
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CCS 05 The Cpx two-component regulatory system 
of Vibrio cholerae 
ERNAWATI A. GIRI-RACHMAN & TIMOTHY R. HIRST 
Dept of Pathology and Microbiology, University of Bristol 
The cpx locus was first identified in E. coli, where it regulates 
expression of a number of periplasmic enzymes in response to 
extra-cytoplasmic stress. Alterations in pH or the inability to 
correctly fold periplasmic proteins results in the activation of 
CpxA, an inner membrane-located sensor protein, that in turn 
phosphorylates and activates a regulatory protein, CpxR. 
Phosphorylated CpxR binds to a DNA consensus sequence – the 
so-called cpx-box - found upstream of degP, ppiA and the yihE-
dsbA operon, leading to elevated expression of these enzymes, as 
well as to an increase in resistance to the aminoglycoside 
antibiotic, amikacin. 
 Homologues of the cpx locus are found in other Gram 
negative bacteria, including microbial pathogens such as Vibrio 
cholerae.  Hitherto no studies have been undertaken on the cpx 
locus in V. cholerae or its potential role in the pathogenesis of 
cholera.  Recently, a mutant El Tor biotype strain of V. cholerae 
was isolated by us that expressed elevated levels of DsbA and 
showed increased resistance to amikacin. 
Here we report the cloning and characterisation of the cpxRA 
genes of V. cholerae and an assessment of their role in 
controlling the biogenesis of virulence determinants. 
 
CCS 06 Identification and characterisation of 
Bordetella bronchiseptica pagP: a Bvg-regulated 
lipopolysaccharide palmitoyl transferase 
ANDREW PRESTON1, ELIZABETH MAXIM1, ELINOR 
TOLAND1, JERRY KING1, MARTINE CAROFF2 & 
DUNCAN J. MASKELL1 
1Centre for Veterinary Science, Dept of Clinical Veterinary 
Medicine, University of Cambridge, Madingley Rd, 
Cambridge CB3 0ES, 2Equipe Endotoxines, UMR 8619 du 
Centre National de la Recherche Scientifique, Biochimie, 
Universite de Paris-Sud, Orsay, France 
B. bronchiseptica lipopolysaccharide (LPS) expression is 
modulated by the Bvg two component system.  Switching from 
the Bvg- to Bvg+ phase results in a change of LPS profile as 
viewed by SDS-PAGE/silver stain. In the minus phase band B, 
band A and O antigen are expressed. In the plus phase the 
expression of O antigen is decreased, band B is absent and a 
doublet band A structure is expressed.  S. typhimurium  PagP is a 
PhoPQ-regulated, outer membrane, lipid A palmitoyl transferase.  
PagP-mediated modification of S. typhimurium lipid A 
contributes to resistance to host innate defences, particularly 
resistance to antimicrobial peptide mediated killing. A B. 
bronchiseptica PagP homologue was identified from genome 
sequence data. Mutation of B. bronchiseptica pagP results in 
expression of band B and a single band A in the Bvg+ phase.  
Structural characterisation of the LPS from this mutant revealed 
that whereas wild type Bvg+ phase LPS contained a secondary 
palmitoylation at the C3’ position the mutant LPS did not.  These 
data reveal that B. bronchiseptica LPS undergoes PagP-mediated 
palmitoylation as part of the Bvg-mediated response to 
environmental stimuli that is critical to infection. 
 
CCS 07 Interaction of the leucine-responsive 
regulatory protein (Lrp) with the fim switch in 
Escherichia coli and the regulation of FimB 
recombination 
MARYAM LAHOOTI, PAULA L. ROESCH & IAN C. 
BLOMFIELD 
Research School of Biosciences, University of Kent at 
Canterbury, Kent 
The phase variation of type 1 fimbriae in E. coli is the only 
known system where Lrp is a positive regulator and leucine 
potentiates this effect. We have shown that Lrp binds co-
operatively to three sites within the fim switch, and leucine 
promotes the selective dissociation of Lrp from site 3. Disruption 

of Lrp binding to site 3 in vitro results in loss of amino acid 
stimulation for fimB recombination and rapid switching even in 
the absence of exogenous amino acids. Thus, according to our 
current model, branched-chain amino acids and alanine (IVLA) 
stimulate the fim switch by promoting the conversion of a 
nucleoprotein complex that is less favorable for recombination 
(Lrp binds to sites 1,2, and 3, Lrp complex 1) into one that is 
more proficient (Lrp binds to sites 1 and 2 only, Lrp complex 2). 
In vitro, leucine and alanine promote the selective dissociation of 
Lrp from site 3 to form Lrp complex 2. Here we show that a 
mutation that increases binding of Lrp to site 3 in vitro (i) 
inhibits FimB recombination in minimal medium and (ii) 
diminishes the stimulatory effect of the branched-chain amino 
acids and alanine. However, we also show that additional 
sequences within the central portion of the fim switch play a key 
role in the amino acid regulation. 
 
CCS 08 Comparison of lipopolysaccharide 
biosynthetic genes between Bordetella avium and B. 
bronchiseptica 
LOUISE TEMPLE1,3, PATTY SPEARS2, PAUL 
ORNDORFF2, ANDREW PRESTON3, JULIAN PARKHILL4 
& DUNCAN MASKELL1 
1, 3Centre for Veterinary Science, Dept of Clinical 
Veterinary Medicine, University of Cambridge, 2School of 
Veterinary Medicine, North Carolina State University, 
Raleigh, NC, USA, 3Drew University, Madison, NJ, USA, 
4Pathogen Sequencing Unit, Sanger Centre, Hinxton 
Bordetella avium causes a upper respiratory infection in birds, 
primarily commercially grown turkeys, that is remarkably similar 
to infections by other Bordetellae in their respective hosts.  
Efforts to identify factors contributing to the virulence of B. 
avium resulted in the isolation of mutants with disruptions in 
genes necessary for lipopolysaccharide (LPS) biosynthesis. By 
SDS-PAGE and silver stain analysis, B. avium LPS is most 
similar to that of B. bronchiseptica.  Western analysis showed 
cross-reactivity with a monoclonal antibody to Band A (Band B 
plus trisaccharide) but not Band B (Lipid A plus core).  A 
genomic clone identified by homology with DNA adjacent to the 
mutations mentioned above was sequenced, revealing an operon 
partially analogous to the wlb operon in other Bordetellae.  
While 9 of the 12 wlb genes are present in B. avium, with 
predicted amino acid identities of 43% to 89%, homologues to 
wlbD and wlbI are completely absent. In B. bronchiseptica, 
waaA and waaC are divergently transcribed from wlb.  In B. 
avium, these genes are not present and in their place are two 
genes encoding a two-component regulatory system.  Work is 
ongoing to test heterologous complementation of B. 
bronchiseptica and B. pertussis LPS mutants with B. avium LPS 
genes. 
 
CCS 09 Identification and characterisation of a SirR 
homologue in Streptococcus pneumoniae 
REBECCA CADDICK, DAVID KIRKE, PAUL WILLIAMS & 
MIGUEL CÁMARA 
School of Pharmaceutical Sciences and Institute of 
Infections & Immunity, University of Nottingham, 
Nottingham NG7 2RD 
Metal ions, particularly iron, form an essential component of 
most biological systems. In order to survive, bacteria must be 
able to maintain an adequate supply of these metals by 
controlling uptake. In many bacteria, the expression of metal 
acquisition systems is controlled by homologues of the Ferric 
uptake regulator (Fur) or the Diphtheria toxin Repressor (DtxR). 
In Staphylococci, the Staphylococcal iron repressor SirR 
regulates the expression of genes involved in iron acquisition. 
 Streptococcus pneumoniae is a major cause of pneumonia, 
meningitis, and otitis media in humans. There is still very little 
known with regards to the regulatory mechanisms for metal 
acquisition in this bacterium. The aim of this investigation was to 
elucidate the molecular mechanisms used by S. pneumoniae to 
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adapt to iron-depleted environments such as those encountered 
within the host. 
 A gene homologous to sirR has been identified within the 
pneumococcal genome, amplified by PCR and cloned into the 
pBAD expression system. The recombinant SirR has been over-
expressed and purified as a 28-30kDa His-tagged protein for 
further characterisation studies. To identify the molecular targets 
of this transcriptional regulator, recombinant SirR is currently 
being utilised in gel-shift analysis using potential promoter 
targets. Furthermore, a strategy has been developed for the 
construction of a sirR insertion mutant to be used in proteomic 
investigations. 
 
CCS 10 Fluoroquinolone resistance in environmental 
bacteria 
JONATHAN N. HAWES1, PETER M. HAWKEY2 & 
ELIZABETH M.H. WELLINGTON1 
1Dept of Biological Sciences, University of Warwick, 
Coventry, CV4 7AL, 2Division of Immunity and Infection, 
School of Medicine, University of Birmingham, Birmingham 
B15 2TT 
Our aim is to study the genetic mutations associated with 
fluoroquinolone resistance and the effects of selective pressure 
on the resistance of environmental bacteria. Fluoroquinolone 
potency is determined by its activity in stabilising DNA 
complexes with DNA gyrase and topoisomerase IV. Both are 
tetramers consisting of gyrA/gyrB and parC/parE subunits 
respectively. Most significant resistance mutations map within 
these genes in regions known as the Quinolone Resistance 
Determining Regions (QRDR).  Clinical overuse has led to a 
rapid increase in cases of resistance. This has been compounded 
by the discovery that veterinary fluoroquinolones in the soil are 
converted back to their clinical forms.  We have screened a 
variety of environmental samples, selecting for different levels of 
fluoroquinolone resistance. All isolates were identified using 16S 
sequencing. Degenerate primers have been used to amplify the 
other genes of interest, which were then cloned and sequenced.  
Our second approach involved screening total community DNA 
for QRDR variations within a specific organism from different 
environmental samples. We have successfully used DGGE to 
separate different QRDR mutants from Pseudomonas aeruginosa 
– an important human pathogen against which fluoroquinolones 
are commonly used. We are currently looking at other such 
pathogens as well as using the technique to study the fate of 
different genotypes exposed to varying levels of antibiotic in soil. 
 
CCS 11 MvaT and the growth phase dependant 
control of quorum sensing in Pseudomonas 
aeruginosa 
KATHRYN WORRALL, STEPHEN DIGGLE, KLAUS 
WINZER, PAUL WILLIAMS & MIGUEL CÁMARA 
School of Pharmaceutical Sciences and Institute of 
Infections & Immunity, University of Nottingham 
Pseudomonas aeruginosa is an opportunistic human pathogen 
which produces a range of virulence factors, many of which are 
controlled in a cell density-dependant manner via a process 
known as quorum sensing. There are at least two quorum sensing 
circuits (lasRI and rhlRI) present in P. aeruginosa where LasI 
and RhlI are responsible for the synthesis of the signalling 
molecules N-(3-oxododecanoyl)-L-homoserine lactone (3-oxo-
C12-HSL) and N-butanoyl-L-homoserine lactone (C4-HSL) 
respectively. These two circuits are responsible for the regulation 
of a number of virulence determinants such as pyocyanin, LasA 
and LasB proteases and the cytotoxic lectin PA-IL (LecA). To 
search for novel regulators of quorum sensing mediated gene 
expression we have subjected a P. aeruginosa PAO1 strain, 
containing a chromosomal lecA’::lux fusion, to transposon 
mutagenesis and identified a  mutant showing a significant 
increase in lecA expression. Analysis of the transposon insertion 
site revealed the disruption of a gene homologous to the 
transcriptional regulator MvaT from Pseudomonas mevalonii.  

Subsequent phenotypic analysis of this mutant revealed that 
levels of pyocyanin were increased whereas levels of the LasA 
and LasB (elastase) proteases were reduced compared to the 
parent strain. In addition, the production of the quorum sensing 
signal molecules 3O-C12-HSL and C4-HSL was enhanced. 
Interestingly, in contrast to the parent strain, addition of both 3O-
C12-HSL and C4-HSL to the mvaT mutant significantly 
advanced the expression of the lecA’::lux fusion suggesting that 
MvaT is involved in the growth phase control of quorum sensing 
in P. aeruginosa. In order to identify the molecular targets 
regulated by MvaT, a PAO1 a chromosomal mvaT deletion 
mutant was constructed and subjected to proteomic analysis. 
Furthermore, the screening of a lux-based PAO1 promoter library 
in an E. coli expressing MvaT will help to identify new genes 
controlled by this regulator. 
 
CCS 12 Characterising distant cis-active elements, 
within the yjhA-fimB intergenic region, that regulate 
fimB expression in Escherichia coli 
SAMMIA EL-LABANY, ALICE BONNEN & IAN 
BLOMFIELD 
Research School of Biosciences, University of Kent at 
Canterbury, Kent 
The expression of type 1 fimbriae is subject to phase variation, 
the rapid (>10-4 per cell per generation) and reversible switching 
of a phenotype that leads to the production of a mixed culture. 
Phase variation of the fim genes is dependent, in part, on the 
orientation of a 314 bp invertible element (the fim switch). The 
inversion reaction is catalysed by one of two independently 
transcribed site specific recombinases, FimB and FimE. fimE and 
fimB are regulated independently, and differ both in their 
specificity and activity. Whereas fimB promotes recombination in 
both directions, fimE promotes recombination predominately 
from on to off. fimB is separated from the divergently transcribed 
yjhATS genes by a very large intergenic region (1.2kb) or “grey 
hole”. Using site-directed mutagenesis and allelic exchange, we 
have discovered that a region far upstream of fimB, but close to 
yjhA, activates expression of the recombinase gene. Merodiploid 
analysis reveals that the region controls fimB expression in cis. 
Using deletion analysis, followed by linker-scanning 
mutagenesis, we have identified two short but homologous 
sequences that are required for the observed control. 
 
CCS 13 The transcriptional regulator VanT controls 
extracellular protease and catalase production in 
Vibrio anguillarum 
JOHN D. PRIDE1, A. CROXATTO2, D.F. KIRKE1, A.M. 
HARDMAN1, M. CÁMARA1, D.L. MILTON2 & P. 
WILLIAMS1 
1School of Pharmaceutical Sciences and Institute of 
Infection and Immunity, University of Nottingham, 2Dept of 
Cell and Molecular Biology, Umeå University, 90187 
Umeå, Sweden 
Vibrio anguillarum is an economically important pathogen of 
marine and freshwater fish. In this study we have identified VanT 
a homologue of the V. harveyi transcriptional regulator LuxR. 
Homologues of this regulator are present in numerous additional 
Vibrio species in which they are known to regulate virulence 
factor production. 
 A V. anguillarum vanT null mutation resulted in a significant 
decrease in total protease activity due to the loss of expression of 
the metalloprotease EmpA. However, no changes in either 
virulence or the production of the quorum sensing signal 
molecules N-hexanoyl-L-homoserine lactone, N-(3-
hydroxyhexanoyl)-L-homoserine lactone and N-(3-oxodecanoyl)-
L-homoserine lactone were observed. 
Using a vanT::lacZ fusion, VanT was shown to negatively 
regulate its own expression. A lacZ fusion to a gene encoding a 
catalase was also found to be down regulated in a vanT null 
mutant. In addition, this mutant displayed diminished resistance 
to hydrogen peroxide. A catalase null mutant was constructed 
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and phenotypic analysis performed. Hence, a new member of 
the V. harveyi LuxR transcriptional regulator family has been 
characterised in V. anguillarum that appears to negatively 
regulate its own expression whilst positively regulating both 
metalloprotease, and catalase production. 
 
CCS 14 Regulation of the SEF14 fimbrial operon of 
Samonella enterica Serovar enteritidis 
K.A. SPRIGINGS, M.F. ANJUM & M.J. WOODWARD 
Dept of Bacterial Diseases, Veterinary Laboratories 
Agency (Weybridge), Woodham Lane, New Haw, 
Addlestone, Surrey KT15 3NB 
Salmonella possess different types of fimbriae that bind to 
different host tissues. 
 Fimbrial adhesins mediate interaction between bacteria and 
the host and therefore contribute to pathogenesis. Fimbriae are 
also important in adherence to environmental surfaces. 
Salmonella enterica Serovar Enteritidis possesses multiple 
fimbrial types including SEF14, SEF17, SEF21 (Type 1), PEF 
(Plamsid Encoded Fimbrae) and LPF (Long polar fimbriae) 
which are differentially regulated. SEF14 is restricted to some 
serovars within O serogroup D. SEF14 fimbriae are elaborated 
optimally at 37ºC, but little is known about the mechanism by 
which the SEF14 operon is regulated. The SEF14 fimbrial 
operon of Salmonella enteritidis is potentially regulated by the 
sefE gene product, an AraC type regulator. The effects of sefE on 
regulation and expression of the SEF14 fimbrial operon in 
Salmonella enterica serovar Enteritidis were studied by 
introducing the sefE gene on a plasmid into the wild type S. 
Enteritidis strain S1400. The results show that over-expression of 
the sefE gene resulted in increased production of SEF14 fimbriae 
indicating positive regulation of this operon by SefE. Gel 
retardation assays, using purified SefE protein, were used to 
determine the DNA –binding site of this regulator in the sefA and 
sefE promoter regions. The effect of overexpression of the 
SEF14 fimbrae on pathogenicity was assessed by tissue culture 
adhesion and invasion assays.  
 
CCS 15 Genomic indexing reveals limitation of the 
EPEC and EHEC classification of E. coli pathogens 
M.F. ANJUM1, S. LUCCHINI2, A. THOMPSON2, M.J. 
WOODWARD1 & J.C.D. HINTON2 
1Dept of Bacterial Diseases, Veterinary Laboratories 
Agency (Weybridge), New Haw, Addlestone, Surrey KT15 
3NB, 2Institute of Food Research, Norwich Research Park, 
Colney, Norwich NR4 7UA 
Some approaches for determining bacterial taxonomy focus on 
portions of the genome that experience low levels of variation 
and thereby disregard dynamic events that may be relevant to 
virulence. “Genomic Indexing”, the use of DNA microarrays to 
determine the presence or absence of thousands of genes in 
bacterial isolates, offers a powerful approach for assessing 
relatedness. We have used Genomic Indexing to study the clonal 
relationship of pathogenic E. coli O26, a highly heterogeneous 
serogroup that may be classified as genuine Enteropathogenic E. 
coli (EPEC) or Enterohaemorrhagic E. coli (EHEC) depending 
upon the presence or absence of vero-toxins (VTs). Microarray 
analyses of fourteen 026 isolates (seven VT-positive, and seven 
VT-negative), with other pathogenic and non-pathogenic E. coli 
showed that thirteen shared a common lineage, irrespective of the 
presence of the verotoxin prophage and other differences of 
virulence factors detected by PCR. The number of deleted genes 
amongst the 4262 genes of E. coli K12, was used as an indication 
of diversity of the pathogenic E. coli genome. Strains belonging 
to the 026 cluster contained deletions of 7.3 % of the genes 
present in MG1655. The 0157 EHEC strains had 10 % of genes 
deleted but the greatest differences were observed in 086 strains, 
with 20 % of genes missing, and were atypical for the species. 
The pathogenic strains carried a common deletion that mapped to 
a 22.3 Kb region on the E. coli K12 chromosome and this region 
could be a “hotspot” of genomic diversity. 

CCS 16 A role for lipopolysaccharide (LPS) but not 
intimin in Escherichia coli O157:H7 persistence in a 
specific pathogen free (SPF) chick model 
ANGUS BEST1,2, ROBERTO LA RAGIONE1, C. DAVID O’ 
CONNOR2 & MARTIN J. WOODWARD1 
1Dept of Bacterial Diseases, Veterinary Laboratories 
Agency (Weybridge), Woodham lane, New Haw, 
Addlestone, Surrey KT15 3NB, 2 Dept of Molecular Biology 
and Biochemistry, School of Biological Sciences, 
University of Southampton, Bassett Crescent East, 
Southampton SO16 7BX 
Escherichia coli O157:H7 has been a major cause of food-borne 
related disease in humans, since it was first isolated 20 years ago. 
Cattle are cited as the main source of infection, but large animal 
studies have not determined O157 factors involved in 
persistence. Recent data has suggested that a chick model may be 
an appropriate surrogate. To determine if LPS and intimin play a 
role in E. coli O157:H7 persistence, groups of day-old specific 
pathogen free (SPF) chicks were dosed orally with either shiga-
toxin negative E. coli O157:H7 strain NCTC 12900 or LPS 
(DM2) or intimin (DM3) derived knockout mutants. Groups of 
birds were also dosed orally with a double inoculum of either 
NCTC 12900/DM2 or NCTC 12900/DM3. Post mortem 
examinations recovered significant numbers of NCTC 12900 and 
DM3 from the caeca on days 1, 2 and 5 post dosing in both types 
of inoculum group. DM2 was also detected but at lower 
numbers. Weekly cloacal swabbing of double inoculum groups 
revealed that NCTC12900 and DM3 both persisted for 112 days, 
whereas DM2 only persisted for 49 days. In single inoculum 
groups DM3 persisted for 211 days, NCTC 12900 persisted for 
168 days and DM2 persisted for 140 days. Contamination of egg 
shells by NCTC 12900 (6%) and DM3 (14%) was noted. DM2 
versus DM3 in the same model has demonstrated that the LPS 
mutant was out competed by the intimin mutant. The data 
demonstrated that LPS, but not intimin is required for persistence 
in the day-old chick. 
 
CCS 17 The role of the somatic O-antigen in 
Salmonella enteritidis PT4 poultry infections 
P. CARROLL1,2, R.M. LA RAGIONE2 & M.J. 
WOODWARD2 
1Dept of Biochemistry, Royal Holloway, University of 
London, Egham, Surrey TW20 0EX, 2Dept of Bacterial 
Diseases, Veterinary Laboratories Agency (Weybridge), 
Woodham Lane, New Haw, Addlestone, Surrey KT15 3NB 
Salmonella Enteritidis PT4 is the major cause of food-borne 
salmonellosis in the UK. The dominance of this serotype is due 
to the fact that S. Enteritidis PT4 is able to exploit a specific 
niche in our industrialised poultry supply. Salmonella are able to 
elaborate a number of surface structures that are implicated in 
pathogenesis. Lipopolysaccharide, LPS, is a major constituent of 
the outer-membrane of Salmonella and is a potent immunogen 
and toxin that is associated with resistance to complement and 
certain antibiotics. LPS has been suggested to play a role in 
colonisation and persistence of the gastro-intestinal tract in mice, 
cattle and broiler chicks. However, the specific role of LPS has 
not been determined with regard to S. Enteritidis PT4 infection 
of chickens. In this study we have investigated the role of the 
LPS in the day old and the 4-week-old chick. We show that LPS 
is an important factor for persistent gastro-intestinal colonisation. 
 
CCS 18 The role of flagella in membrane ruffle 
formation and invasion of Salmonella enteritidis 
R.M. LA RAGIONE1, M.A. JEPSON2, H. EVANS1, W. 
COOLEY1 & M.J. WOODWARD1 
1Veterinary Laboratories Agency (Weybridge), Bacterial 
Diseases, Woodham Lane, Addlestone, Surrey KT15 3NB, 
2Cell Imaging Facility and Dept of Biochemistry, University 
of Bristol, University Walk, Bristol BS8 1TD 
 The role of flagella of Salmonella in pathogenesis remains to 
be clarified.  A growing body of research strongly supports the 
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concept that flagella are important in the invasion process.  It has 
been reported for S. typhimurium that membrane ruffles and actin 
rearrangement are required for entry into the hosts and that for 
entry into non-phagocytic cells a panel of effector proteins that 
are delivered to the host cell via a type III secretion system are 
required.  More recent studies in our laboratory demonstrated 
that flagella played a role in adherence and invasion of S. 
enteritidis to various tissue culture cell lines and to tissue 
explants from SPF chicks.  In addition flagella have been shown 
to be important in persistence of Salmonella enteritidis in the day 
old SPF chick model. 
 In these studies, we constructed a non-flagellate mutant of S. 
enteritidis by disruption of the fliC gene and compared it to its 
isogenic progenitor strain in a series of adhesion and invasion 
assays concentrating on the initial interaction between 
Salmonella and the host cell. Here, we report that flagella play a 
significant role in invasion of cultured cells and in inducing 
membrane ruffling. 
 
CCS 19 Intercellular signalling system in Escherichia 
coli that confers multiple antibiotic resistance between 
physically separated populations 
RICHARD D. HEAL & ALAN T. PARSONS 
BioPhysics Research Group, QinetiQ Ltd, Winfrith 
Technology Centre, Dorchester, Dorset DT2 8XJ 
Bacteria use intercellular signalling systems to regulate patterns 
of gene expression in response to a changing environment.  In 
Escherichia coli, a number of systems have been identified that 
signal a change in the phase of growth.  In all these systems, 
signalling occurs over a very short range and through the release 
of a signal molecule into the surrounding liquid milieu.  Our aim 
was to investigate whether intercellular signalling could occur 
between physically separated populations of Escherichia coli. 
 Using bi-partite Petri dishes, the transfer of a growth-
promoting signal between physically discrete populations of 
Escherichia coli BL21 was shown.  This growth-promoting 
signal was able to support the growth of neighbouring cells on 
otherwise non-permissive levels of ampicillin, tetracycline and 
rifampicin.  Optimal expression of the signal occurred during the 
stationary phase of growth, as shown by the expression profile of 
the RNA polymerase subunit sigma-38, and was unaffected by 
the use of Escherichia coli DH5� (luxS –) as the signalling 
population.  The growth-promoting effect was completely 
abrogated by the prevention of an air passage between the two 
populations. 
 In conclusion, multiple antibiotic resistance can be induced 
in physically discrete populations of Escherichia coli through an 
intercellular signalling mechanism.  The exact nature of the 
signal still remains to be determined but signal transmission is 
likely to involve airborne transfer of a signal species.  This novel 
intercellular signalling system may have an important role in 
bacterial biofilm formation and spreading. 
This work was carried out under funding from the UK MoD 
Corporate Research Programme. © British Crown Copyright 
(2001) QinetiQ 
 
CCS 20 BlrA, a transcriptional activator of �-
lactamase genes in Aeromonas hydrophila, and CreB, 
a metabolic global response regulator in E. coli, are 
related and share a common promoter-binding site 
KURSHID NURMAHOMED, MATTHEW AVISON, TIM 
WALSH & PETER BENNETT 
University of Bristol, Pathology and Microbiology, School of 
Medical Sciences, University Walk, Bristol BS8 1TD 
Aeromonas hydrophila produces 3 �-lactamases, AmpH, CepH 
and ImiH (CphA), encoded by co-induced unlinked genes. �-
Lactamase expression depends on BlrA and BlrB, the former 
related to response regulators typified by PhoB, the latter to 
signal sensors such as PhoR, encoded by an operon, blrAB, 
located upstream from ampH and most similar to E. coli creBC, 

encoding a two component regulator involved in carbon 
metabolism (Avison et al.(2001) J.Biol. Chem. 276, 26955-
26961) that also activates expression of ampH, cepH and imiH. 
The role of BlrA in �-lactamase expression has been 
investigated.  blrA and imiS , cloned into pBAD and pSU18, 
respectively, were put into E. coli and blrA expression activated; 
imiS was hyper-expressed. The promoter regions of ampH, cepH 
and imiH each has the sequence CTTCAC, in 2 cases as a 
punctuated tandem repeat, a sequence also found upstream of 
blrD, a gene for a putative membrane protein found downstream 
from ampH and co-induced with ampH. The creBC operon is 
linked to creD, a blrD homologue regulated by CreBC. A tandem 
CTTCAC repeat is also found in the creD promoter region. 
When this was cloned into the reporter pRW50 and the construct 
put into E. coli with blrA, expression of lacZ was stimulated by 
BlrA. The findings indicate that BlrA and CreB respond to the 
same nucleotide signal but regulate different gene sets.  
 
CCS 21 Salicylate degradation by recombinant 
pseudomonads 
K. DODGE, E. SCOTT & C. EDWARDS 
School of Biological Sciences, Life Sciences Building, 
University of Liverpool, Liverpool 
A redox controlled gene cassette has been constructed, in which 
salA (encoding for salicylate hydroxylase) has been inserted 
downstream of a modified ANR promoter. This involved the 
addition of the ANR promoter sequence to the salA forward 
primer at its 5’ end. The cassette has been inserted into the 
broad-host-range plasmid, pME6000, as well as into 
minitransposon Tn7, and expression has been tested in 
Pseudomonas aeruginosa and Pseudomonas putida strain 
KT2440, that contains a complete catechol degradation pathway. 
Degradation rates of sodium salicylate by recombinant bacteria 
have been monitored in conditions that promote ANR-driven 
gene expression. In addition, salicylate-utilising pseudomonads 
were isolated by enrichment from environmental samples 
inoculated into media supplemented with up to 10g/l sodium 
salicylate. Degradation rates of sodium salicylate by recombinant 
bacteria are compared with those of enriched salicylate degrading 
isolates. 
 
CCS 22 Expression of cadA in Salmonella 
typhimurium when exposed to short chain fatty acids 
I. ZABALA DIAZ & S.C. RICKE 
Texas A&M University, Dept of Poultry Science, Kleberg 
Center, 2472 TAMU College Station, Texas 77843-2472, 
USA 
Short chain fatty acids (SCFA) are commonly present in the 
gastrointestinal environment of most animals as a result of the 
fermentative process of the native microflora and have been used 
as antistatic agents in food industry to inhibit growth of spoilage 
and pathogenic microbial strains. Expression of virulence related 
genes in Salmonella is regulated by environmental conditions, 
including acidic environment. cadA encodes lysine 
decarboxylase and has been related to virulence development in 
Salmonella. The objective of this is to study expression of cadA 
in Salmonella under different SCFA.  S. Typhimurium JF3068, 
carrying a cadA:lacZ chromosomal fusion was used as a model 
system. For the virulence assay, a fresh colony was picked and 
used to inoculate LB. The culture was incubated overnight at 
37�C with gentle agitation. Aliquots were placed on fresh 
minimal mineral media supplemented with 0.1mM lysine and 
different SCFA compounds to adjust pH to 5.8. Induction of 
cadA was carried out for 2h at 37�C and �-galactosidase activity 
was measured as Miller units (MU). When SCFA were used 
separately as acidulating agents, cadA expression was induced 
when compared to negative controls (neutral pH, Mean MU = 
766.76 � 94.87): acetate and propionate caused a five-fold 
increase in cadA expression (Mean MU = 4357.95 � 1068.09 and 
4107.2 � 427.15 respectively), and butyrate alone caused a six-
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fold increased (Mean MU=4735.27 � 754.72).  Acidulation of 
the media by addition of an equimolar mixture of acetate, 
propionate and butyrate resulted in an increased cadA expression 
(Mean MU = 6644.12 � 1233.1) statistically similar to the 
response observed under fully inducible conditions (0.1mM 
Lysine and HCl-acidulated media, Mean MU = 6996.18 � 
793.55, p<0.05). These results suggest that the presence of SCFA 
cause induction of the virulence-related gene cadA in Salmonella 
Typhimurium which may be a factor in Salmonella pathogenesis 
in environmental niches encountered in the gastrointestinal tracts 
of food animals and during food preservation. 
 
CCS 23 Characterisation of iron uptake systems in 
Helicobacter pylori 
S.A. WAINWRIGHT, C. WAUGH, J. VELAYUDHAN & D.J. 
KELLY 
Dept of Molecular Biology and Biotechnology, University of 
Sheffield, Western Bank, Sheffield S10 2TN 
Helicobacter pylori is a Gram-negative, spiral-shaped bacterium 
associated with gastric ulcer disease and gastric carcinoma. To 
establish infection, H. pylori must obtain sufficient iron for 
essential metabolic roles. H. pylori inhabits the gastric mucosa 
where free iron may be available directly from dietary sources, in 
addition to lactoferrin, which is present in the mucosa. We have 
been investigating the systems that H. pylori is predicted to 
utilise for the uptake of both ferrous and ferric iron. These 
include the ferrous iron transporter, FeoB, and the ferric citrate 
uptake system, Fec. The role of ferric reductases has also been 
investigated.  
 H. pylori 11637 mutants were created by allelic exchange 
mutagenesis with chloramphenicol or kanamycin resistance 
cassettes.  Iron uptake was measured using ascorbate reduced 
55Fe (FeII) or with citrate in excess (FeIII) by centrifugation 
through silicone oil. Iron reductase activity was assayed by 
measuring binding of ferrous iron to ferrozine. The ceuE gene, 
encoding a putative periplasmic iron-binding protein, has been 
cloned to allow overexpression of the protein in E. coli. 
 FeoB is highly specific for ferrous iron with a Km of 0.54�M. 
Iron transport in an feoB mutant was 10-fold lower than in the 
wild type irrespective of whether iron was supplied in the ferrous 
or ferric form.  Fur-regulated ferric reductase activity has been 
observed which supplies ferrous iron for FeoB-mediated uptake. 
Low affinity ferrous iron uptake via CorA has been observed in 
an feoB mutant. A corA, feoB double mutant displays a very low 
level of ferrous iron uptake. Genes have been identified which 
show homology to components of the E. coli Ferric uptake 
system, Fec. The H. pylori Fec system does not contain a 
homologue of the FecB periplasmic-binding protein. However, 
two CeuE homologues have been identified and are being 
investigated for iron binding activity.  
 
CCS 24 Post-transcriptional control of Escherichia 
coli O157 extracellular secreted protein genes 
ANDREW J. ROE, ALAN McNALLY, DAVID G.E. SMITH & 
DAVID L. GALLY 
Zoonotic and Animal Pathogens Research Laboratories, 
Medical Microbiology, Teviot Place, University of 
Edinburgh, Edinburgh EH89AG 
The ability of Escherichia coli O157 strains to secrete locus of 
enterocyte and effacement (LEE) encoded proteins has been 
shown to vary between strains (McNally et al., 2001).  Our 
previous work examined over fifty strains and demonstrated that 
human outbreak strains produced significantly more LEE4 
encoded proteins compared with bovine strains when grown in 
MEM-HEPES.  We investigated the basis to this difference by 
constructing translational reporter fusions of the promoters of the 
LEE operons and by carrying out Northern analyses.  Our results 
show no difference in the activity of LEE-operon promoters 
between strains.  Northern analyses showed a marked difference 
in espA mRNA, with low secretion strains having a far greater 
concentration of espA mRNA compared with high secretion 

strains.  Our data suggests the presence of a chaperone that binds 
espA mRNA and directs it towards a membrane-bound ribosome 
or perhaps localised transcription-translation by RNAP and 
ribosomes at the membrane.  These coupled translation-secretion 
models, similar to those currently being investigated in Yersinia 
and Salmonella are outlined. 
 
CCS 25 A mechanism for the regulatory cross talk 
between P- and type 1 fimbriae 
N.J. HOLDEN & D.L. GALLY 
Zoonotic and Animal Pathogens Research Laboratory, 
Medical Microbiology, University of Edinburgh, EH8 9AG 
Bacterial adherence to host tissue is the normally first stage of 
persistence and is conferred by a range of tissue-specific 
adhesins. Bacterial isolates frequently have the potential to 
express more than one adhesin type, for example, type 1 
fimbriae, pyelonephritis associated (P) pili and S fimbriae 
adhesin gene clusters are commonly found together in isolates 
from urinary tract infections. These adhesin gene clusters are 
phase variable, which to some extent limits their co-expression. 
We have recently shown that cross-talk occurs between some 
adhesin gene clusters, adding a further, more specific layer of 
regulation. Expression of type 1 fimbriae is repressed by PapB, 
one of the two regulators for P pili, by blocking the normal 
recombination activity of FimB, a type 1 fimbriae regulator. 
PapB belongs to a family of at least 9 related adhesin gene 
cluster regulators and we have demonstrated that despite the high 
level of homology in this family, only PapB can fully repress the 
activity of FimB. The unique activity of PapB is conferred by 
amino acid residues located in the heterologous carboxyl 
terminus of the protein. Mutation of these residues prevents 
PapB binding to fim DNA. Footprinting studies have mapped the 
PapB binding site to a region approximately 12 bases upstream 
of the left hand inverted repeat of the fim switch. The footprint 
overlaps the IHF binding site I and lies adjacent to the FimB 
binding site. We are investigating whether PapB represses type 1 
fimbriae expression by preventing access of FimB, but not FimE, 
to fim DNA, or whether PapB interferes with IHF binding which 
in turn affects FimB recombination activity. 
 
CCS 26 Regulation of expression of putative 
virulence factors located on the large plasmid pO157 
of Escherichia coli O157 using promoter::lacZ fusions 
ALAN McNALLY, ANDREW J. ROE, DAVID G. E. SMITH 
& DAVID L. GALLY 
Zoonotic Animal Pathogens Laboratory, Medical 
Microbiology, University of Edinburgh, Teviot Place, 
Edinburgh EH8 9AG 
Enterohaemorrhagic Escherichia coli (EHEC) are a class of 
pathogenic E. coli that are associated with haemorrhagic colitis 
(HC) and haemolytic uremic syndrome (HUS) in humans. There 
are several different serotypes of EHEC, with E. coli O157 being 
the major pathogen in humans, particularly in the USA and UK. 
EHEC possess a 97kb plasmid, termed pO157 in E. coli O157, 
which contains several genes implicated in virulence of the 
organism. These include the lif gene encoding a large 
immunomodulatory molecule shown to inhibit lymphokine 
production and has a possible role in adhesion, and espP which 
encodes a member of the SPATE family of exotoxins, protective 
antibodies against which have been found in convalescing human 
patients of O157 infection. 
 We have constructed promoter::lacZ fusions, and using 
allelic exchange, have introduced these fusions into either E. coli 
MG1655 or E. coli O157 backgrounds in single copy into the 
deleted lac operon region. We have also cloned putative E. coli 
O157 regulators into pBad18 expression vector, as well as 
constructing a pACYC184 library of pO157 fragments. This has 
allowed us to search for specific factors that may influence 
expression of lif and espP via �-galactosidase assays. 
 Initial results suggest that while the regulation of these two 
potential virulence factors differs with respect to environmental 
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conditions, expression of both appears to be affected by other 
factors present on pO157, and unaffected by the E. coli O157 
virulence gene regulator Ler. We have also discovered that lif is 
repressed in an O157 background under the in vitro conditions 
tested to date, suggesting an as yet unidentified stimulus is 
required for lif expression if it is expressed in vivo.  
 
CCS 27 DcuSR: A Two-component system 
controlling C4-dicarboxylate-dependent gene 
regulation in E. coli 
K. JACKSON1, A.A. AMER1, M. AKTAS1, P. GOLBY2, J. 
MUNN1, D.J. KELLY3 & S.C. ANDREWS1 
1School of Animal and Microbial Sciences, University of 
Reading, Reading, Berkshire, 2VLA Weybridge, Surrey, 
3Molecular Biology and Biotechnology, Sheffield University, 
Sheffield 
E. coli can utilize C4-dicarboxylates (fumarate, succinate, malate, 
maleate and aspartate) as a sole source of carbon and energy both 
aerobically and anaerobically.  Four C4-dicarboxylate transport 
genes have been identified in E. coli: DctA that operates 
aerobically and DcuA, DcuB and DcuC which function 
anaerobically.  The genes encoding DctA (dctA), DcuB (dcuB) 
and the fumarate reductase system (frdABCD) are induced by a 
two-component regulator in response to C4-dicarboxylates.  The 
two-component regulator comprises a transmembrane sensor, 
DcuS, and a cytoplasmic response regulator, DcuR. 
 We have purified DcuR and the DcuS His-kinase and shown 
that DcuS autophosphorylates.  The phosphate group is 
transferred to DcuR, but dephosphorylation of phospho-DcuR is 
extremely rapid.  Gel retardation analysis indicates that un-
phosphorylated DcuR binds to the dcuB, dctA and frdA promotor 
regions specifically, but with low affinity (approximately 10 �M 
Kd).  Surprisingly, the DcuR-binding site for dcuB was found to 
be between 300 and 500 bases upstream of the putative 
transcriptional start site.  Subsequent analysis using truncated 
fragments of the promotor region, however, has revealed the 
presence of a second transcriptional start site closer to the DcuR 
binding site. 
 The DcuS protein appears to respond to external C4-
dicarboxylates via an N-terminal periplasmic domain.  In 
addition, evidence suggests that DcuS responds to redox, 
possibly via a central ‘PAS’ domain.  The ‘PAS’ domain has 
been purified as an isolated domain and linked to the His-Kinase.  
However, redox factors did not appear to affect 
autophosphorylation and no prosthetic group has been identified 
to date. 
 
CCS 28 Global iron dependent gene regulation in 
Escherichia coli 
J.P. McHUGH, F. RODRÍGUEZ-QUIÑONES & S.C. 
ANDREWS 
School of Animal and Microbial Sciences, The University of 
Reading, Whiteknights, Reading RG6 6AJ 
Iron is an essential nutrient for virtually all organisms, however it 
presents problems of toxicity, poor solubility and low 
availability.  Escherichia coli achieves iron homeostasis through 
regulation of numerous iron-acquisition systems and iron-storage 
proteins.  This regulation is mediated by the Fur (ferric uptake 
regulation) protein, which generally acts as a repressor that 
utilises ferrous iron as a co-repressor.  Fur also regulates genes 
involved in other functions such as acid shock response, defence 
against oxygen radicals, and virulence, and is therefore regarded 
as a global regulator.  However, the full extent of the Fe-Fur 
regulon is, as yet, unknown.   
 We have used the E. coli Panorama macroarray to detect Fe-
Fur regulated genes.  Gene expression profiles from wild type 
and Fur mutant strains were analysed alongside the expression 
profiles for the wild type grown in the presence and absence of 
an iron chelator, thus identifying genes affected by both iron and 
the Fur protein.  Genes involved in iron metabolism, iron-sulphur 
metabolism, nickel transport, energy production, stress resistance 

and nucleic acid metabolism were found to be Fe-Fur dependent 
along with several genes of unknown functions.  Importantly, 
four novel gene clusters were discovered that encode potential 
iron-transporters induced by iron restriction. 
 
CCS 29 Molecular cloning and electro-physiological 
characterisation of a K+ channel from Neurospora 
crassa 
STEPHEN ROBERTS 
I.E.N.S., Biology Dept, Lancaster University, Lancaster 
LA1 4YQ 
In contrast to animal and plant cells, very little is known of ion 
channel function in fungal physiology. Indeed, no ion channels 
have been cloned from filamentous fungi and only a few 
preliminary recordings of ion channel activity have been made 
from hyphal cells. In an attempt to gain an insight into the role of 
ion channels in fungal hyphal physiology, NcTOKA was cloned 
from the filamentous fungus, Neurospora crassa.  
 Hydropathy analysis showed NcTOKA to be a member of the 
two-pore domain K+ channel family. The patch clamp technique 
was used to investigate the biophysical properties of NcTOKA 
after heterologously expression of NcTOKA in yeast. NcTOKA 
mediated mainly time-dependent outward whole cell currents and 
the reversal potential of these currents indicated that it conducted 
both K+ efflux and Ca2+ influx. NcTOKA channel gating was 
sensitive to extracellular K+ such that channel activation was 
dependent on the reversal potential for K+. However, expression 
of NcTOKA was able to overcome the K+ auxotrophy of a yeast 
mutant missing the K+ uptake transporters, TRK1 and TRK2, 
suggesting that NcTOKA also mediated K+ influx. Consistent 
with this, close inspection of NcTOKA-mediated currents 
revealed small inward K+ currents at potentials negative of EK. 
NcTOKA single channel activity was characterised by rapid 
flicking between the open and closed states with a unitary 
conductance of 14 pS. NcTOKA was effectively blocked by 
extracellular Ca2+, verapamil, quinine and TEA but insensitive to 
Cs+, 4-aminopyridine and glibenclamide. The physiological 
significance of NcTOKA is discussed in the context of its 
biophysical properties. 
 
 
ENVIRONMENTAL MICROBIOLOGY GROUP – 
POSTERS 
 
EM 01 Stress, early in the sporulation of Bacillus 
subtilis, alters spore resistance and germination  
S. MOVAHEDI, J.K. LEE, S. HARDING & W. WAITES 
School of Biosciences, Division of Food Sciences, 
University of Nottingham, Sutton Bonington Campus, 
Loughborough, Leicestershire LE12 5RD 
 We have shown previously that heat shock early in 
sporulation of Bacillus subtilis increases the heat resistance of 
the spores formed subsequently.  However, the 60 heat shock 
proteins newly generated or over-expressed are lost later in 
sporulation, suggesting that they act by altering spore structure, 
rather than directly by repairing spore damage during 
germination and outgrowth.  In this study we have compared the 
effect of other stresses with a view to determining which stress 
proteins are important in altering spore structure. 
 B. subtilis SASP+ and SASP- were grown at 30oC in 2 x SG.  
Sporulation was induced by nutrient exhaustion.  Stress 
induction was for 30min as follows: heat, 30 to 48oC; cold, 30 to 
10oC; puromycin, 20µg/ml; ethanol, 4% v/v; acid, pH5.0 
adjusted with HC1 and pressure, 50 MPa.  Puromycin, acid and 
ethanol stress increased heat resistance of the spores formed 
subsequently, while cold shock decreased heat resistance at 95 
and 100oC but increased it at 85oC and 90oC.  Heat shock 
increased germination of SASP- in both L-ALA and AGFK 
systems but decreased germination in SASP+ while pressure 
shock delayed L-ALA induced germination in both strains.  
Puromycin and ethanol produced similar stress proteins to heat 
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shock but the newly formed proteins disappeared more slowly 
after removal of the stress.  Acid stress caused fewer proteins to 
be over-expressed and induced fewer new proteins than the other 
stresses.  Indentified stress induced proteins include DnaK (heat, 
ethanol), GroEL (heat ethanol), Gsp 170 (heat), GroES (heat, 
ethanol), S6 (cold), PPiB (cold), FbaA (cold), EF-TS (cold), IlvC 
(cold) and DnaJ (heat, ethanol). 
 Different stresses result in over-expression and induction of 
both common and different proteins which are lost later in spore 
formation and must act by altering spore structure, rather than by 
acting in repair during germination and outgrowth.  Further 
studies are needed to correlate different stress proteins with 
specific changes in spore properties and spore structure. 
 
EM 02 Interactions between Salmonella typhimurium 
and Acanthamoeba polyphaga: a new mode of 
intracellular growth within contractile vacuoles 
WILLIAM GAZE1, NIGEL BURROUGHS2, ELIZABETH 
M.H. WELLINGTON1 & MAURICE P. GALLAGHER3 
1Biological Sciences, University of Warwick, Coventry, 
CV4 7AL, 2Institute of Mathematics, University of Warwick, 
Coventry CV4 7AL, 3Institute of Cell & Molecular Biology3, 
Biology Division, University of Edinburgh, Mayfield Road, 
Edinburgh EH9 3JR 
Acanthamoeba polyphaga feeding on Salmonella typhimurium 
were observed by light microscopy and a detailed record of 
interactions kept by digital image capture and image analysis.  A 
strain of S. typhimurium SL1344 carrying a fis:gfp reporter 
construct (pPDT105) was used to assess intracellular growth in 
A. polyphaga on non nutrient agar (NNA) plates. Invasion of the 
contractile vacuole was observed as a rare phenomenon in 1:100-
1000 acanthamoebae. The salmonellae contained in contractile 
vacuoles illustrated significant up-regulation of fis relative to 
extracellular bacteria indicating that they were in the early stages 
of exponential growth, and reached numbers of 100-200 cells per 
vacuole after 4 days. Up-regulation of fis was also observed in a 
percentage of S. typhimurium cells contained within phagocytic 
vacuoles. Filamentation of S. typhimurium and E. coli cells was 
frequently observed in co-culture with A. polyphaga on non-
nutrient agar (NNA) plates, with bacterial cells reaching lengths 
of up to 500�m. Our results also suggest that acanthamoebae 
may play an important role in the dissemination of bacteria in the 
environment, amoebal faecal particles contained viable bacteria 
which illustrated significant colonial growth on NNA. Thus, it 
would appear that the relationship of S. typhimurium with A. 
polyphaga is more complex than the classical model of predator 
– prey interactions.  
 
EM 03 Molecular detection of Mycobacterium bovis 
and related species in soil 
J.S. YOUNG1, E. GORMLEY2 & E.M.H. WELLINGTON1 
1Dept of Biological Sciences, University of Warwick, 
Coventry, CV4 7AL, 1Dept of Large Animal Clinical 
Studies, Veterinary College of Ireland, Ballsbridge, Dublin 
4, Ireland 
 A study was done to investigate the survival and distribution 
of M. bovis in the environment. To determine if M. bovis 
survives and remains viable in soil, samples from a farm site in 
Ireland, which had undergone a bovine tuberculosis outbreak one 
month prior, were studied. PCR was carried out using primers 
directed to three        M. bovis group specific “antigen” genes, 
MPB64, MPB70 and Esat6. DNA was extracted from the soils, 
then short cycle number PCR was carried out, followed by 
computer-aided image analysis of DNA gels. This gave a method 
to quantify the number of cells present. To determine the 
turnover rate of Mycobacterium DNA in soil (in order to gain a 
picture of cell viability) DNA from M. bovis BCG was inoculated 
into soil in a variety of forms, e.g. free DNA, DNA in intact dead 
cells and DNA in live cells. This was monitored over time and 
DNA detected using PCR.  

 The diversity of the total mycobacterial population in these 
soils was also studied. Genus specific 16S rRNA gene primers 
were developed and used to provide PCR products which were 
then cloned and sequenced. This revealed the presence of other 
important pathogenic Mycobacterium species including M. 
avium, and M. paratuberculosis.  
 
EM 04 A molecular approach to understanding a 
chitinolytic community 
A. METCALFE1, M. KRSEK1, E.M.H. WELLINGTON1, J.I. 
PROSSER2 & G.W. GOODAY2 
1Biological Sciences Gibbet Hill Road, University of 
Warwick, Coventry CV4 7AL, 2Dept of Molecular and Cell 
Biology, University of Aberdeen, Institute of Medical 
Sciences, Foresterhill, Aberdeen AB25 2ZD 
Our aim is to determine the functional and taxonomic diversity of 
a chitinolytic bacterial community in a grassland fieldsite. To 
date work has concentrated on the burial of litter bags baited with 
crab shell chitin in lime and sludge treated soils. The 
methodology used was successful in monitoring chitinolytic 
activity and DNA extracted from chitin bag material was used to 
assess community structure and functional diversity. Degenerate 
PCR primers were designed which we have shown to amplify 
from a diverse range of chitinase genes in the environment. Some 
examples are Arthrobacter sp., S.maltophilia and streptomycetes. 
Analysis of our clone libraries by RFLP indicated that sludge 
treatment reduced the diversity of chitinases whereas lime 
treatment did not when compared to RFLPs of chitinase libraries 
constructed from bags buried in a control soil. Libraries were 
constructed from PCR amplified 16S rRNA from chitin bag 
DNA, using actinomycete specific primers. These libraries 
contained many streptomycete like sequences which agreed well 
with our findings in the chitinase libraries. Recent work has 
focused on the use of FISH to confirm the identity of the active 
chitin degraders in soil and on chitin bags. So far we have been 
able to detect many soil bacteria in the range 0.25-0.5�m using a 
general eubacterial probe, group and species specific probes are 
currently under optimisation. 
 
EM 05 The effect of acid shock on sporulating B. 
subtilis cells 
J.K. LEE, S. MOVAHEDI, S.E. HARDING & W.M. WAITES 
Food Sciences, School of Biosciences, University of 
Nottingham, Sutton Bonington Campus, Loughborough, 
Leicestershire LE12 5RD 
Bacterial spores are particularly resistant to physical and 
chemical treatment. One mechanism for this resistance is the 
presence in spores of unique proteins (small acid-soluble 
proteins-SASP) which bind to the DNA and alter its 
configuration from a B-type to an A-type. B.subtilis wild type 
(SASP-++) and mutant (SASP--- ) sporulating cells in 2SG 
media at 30C were acid shocked with HCl (pH 4, 4.3, 5, 6 
against a control pH of 6.2) for 30 minutes 1 h into sporulation. 
The D85-value of B. subtilis wild type (but not mutant) spores 
formed from sporulating cells acid shocked at pH 5 increased 
from 46.5 min to 78.8 min while there was no difference in the 
resistance of control and acid shocked spores at 90C or 95C. 
ALA or AGFK initiated germination of pH 5 shocked spores was 
not different from those of non-acid shocked spores. 2-D gel 
electrophoresis showed only one novel acid shock protein, 
identified as a vegetative cell catalase, which disappeared later in 
sporulation. This was synthesized in both wild type and mutant 
cells after acid shock at pH 5 and pH 4.3, although heat 
resistance increased only in the wild type after pH 5 shock, 
suggesting that both catalase and SASP were required for 
increased heat resistance. 
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EM 06 Microarray analysis of Salmonella gene 
expression following recovery from macrophage cells 
P. HARVEY, P. WIGLEY, M. JONES, K. PAGE, S. 
MUHAMMAND & P. BARROW 
Institute for Animal Health, Compton, Newbury RG20 7NN 
Salmonella infection in chickens remains a major public and 
animal health problem world-wide. A major aspect of Salmonella 
infection in man and poultry is the capacity to invade 
macrophages and survive and multiply with phagosomes.  This 
requires major changes in gene expression. 
Following the sequencing of the Salmonella genome, microarray 
technology is being used to identify changes in gene expression, 
at the genomic level, providing information on how bacteria 
respond to different environments.  In an attempt to elucidate 
how Salmonella survives within macrophages cells we have 
studied gene expression of S. typhimurium following recovery 
from infected J774 cells, macrophage-like cell line.  Cell lysis 
and centrifugation recovered Salmonella bacteria.  A full genome 
array of S. typhimurium is being developed at IAH and 
fluorescently labelled cDNA was prepared from bacterial RNA 
and hybridized to PCR products spotted onto a glass slide.  
Preliminary results showed that a number of genes, including 
some known to be required for survival in the intracellular 
environment, such as rfbk1, pagC and phoP, were up-regulated 
two hours after infection. 
 
EM 07 Environmentally induced genes of rhizobia 
MICHELLE BARR & PHILIP POOLE 
School of Animal and Microbial Sciences, University of 
Reading, PO Box 228, Reading RG6 6AJ 
Bacteria of the family Rhizobiaceae form symbiotic associations 
with roots of leguminous plants. The mechanisms that regulate 
rhizobial adaptation and survival in the environment have 
growing importance due to the application of inoculants to soils 
to increase crop yield, suppress plant pathogens and degrade 
pollutants. 
 An in vivo selection strategy is sought to understand the 
genetic basis of rhizobial colonization and survival in the 
rhizosphere leading to an effective symbiosis. In vivo expression 
technology (IVET) utilizes a mutant defective in survival in the 
environment that can be rescued for growth when complemented 
with a gene expressed downstream of a promoter probe library.  
 Preliminary tests have identified purN to be a suitable gene 
to cause auxotrophy in the environment. purN deletion mutants 
of Rhizobium leguminosarum 3841 and Sinorhizobium meliloti 
1021 are being constructed. Vectors to contain the promoter 
probe library have been made containing the rescue gene and a 
marker gene to analyze gene expression. 
 Future work includes the realization of the strategy, 
characterization of the genes identified by mutagenesis and 
phenotypic analysis, and comparative bioinformatics for the three 
sequenced rhizobial strains. 
 
EM 08 Adaptation of Rhizobium to environmental 
stress 
MARC FOX & PHILIP POOLE 
School of Animal and Microbial Sciences, University of 
Reading, PO Box 228, Reading RG6 6AJ 
When studying bacteria, it is important to know how each 
species grows and responds to certain conditions that can be 
found in their natural environment.  These conditions may 
include nutrient starvation, oxygen limitation, hyperosmolarity, 
acid or basic conditions and metal toxicity.  Rhizobia can exist in 
two states; as a free-living saprophyte in the soil and in a 
symbiotic relationship with leguminous plants.  The latter 
involves specific molecular signal exchange between the legume 
and the free-living bacteria, ending with Rhizobia forming root 
nodules on the plant.  How Rhizobia responds to environmental 
stress may affect the way it nodulates with legumes and so is 
important to characterise. 

 In this research, we investigate the stress responses found in 
Rhizobium leguminosarum 3841.  Approximately 30,000 
colonies of a 3841 library (containing a random chromosomal 
insert upstream of a promoterless GFP reporter plasmid) have 
been screened on acidic and hyperosmotic media.  
Approximately thirty strains containing promoters and induced 
by acid or osmotic stress were isolated. 
The plasmids from the identified strains were isolated and their 
DNA sequenced.  The genes found include FixG, a NodT 
homologue and many glycine betaine and proline transport 
systems.  The stress induced plasmid fusions are now being used 
to isolate the regulatory mutants in the control circuits for these 
stresses. 
 
EM 09 Molecular studies of the diversity of a fungal 
chitinolytic community 
MARTIN KRSEK, ANGELA METCALFE & ELIZABETH 
M.H. WELLINGTON 
University of Warwick, Biological Sciences, Coventry 
CV4 7AL 
The primary role of chitinases in nature is nutritional but they 
can also serve other purposes; in fungi they are involved in 
morphogenesis and pathogenicity/parasitism. Using available 
sequence data for fungal chitinases we designed a set of PCR 
primer pairs for different groups of fungal chitinases and checked 
their specificity against DNA isolated from bacteria and fungi. 
PCR products obtained were of different sizes confirming 
diversity of fungal chitinases. No products were obtained from 
bacteria tested indicating the primers were specific to the fungal 
chitinase group targeted. Two primer pairs were used to study 
diversity of the fungal chitinolytic community at a pasture field 
site and two clone libraries were made using DNA isolated from 
microbes degrading chitin bait at limed, sludged and control 
plots. Unique clones detected by different positions of their 
bands on DGGE gels were sequenced, compared with database 
and aligned. Clones obtained using primer pair for group 2 
showed very low diversity, the majority of them were similar to 
chitinase genes from Coccidioides immitis and few to 
Ajellomyces spp. and Emericella nidulans proving the primer 
pair is targeting the group of fungal chitinases it was designed 
for. The higher diversity of clones obtained using primer pair for 
group1+2 reflected the wider range of sequences used for primer 
design for this group. 
 
EM 10 Quorum sensing in Rhizobium leguminosarum 
J. JONES, F. WISNIEWSKI-DYE & J.A. DOWNIE 
John Innes Centre, Colney Lane, Norwich NR4 7UH 
Four N-acyl-L-homoserine lactone (AHL) synthases, encoded by 
cinI, raiI, traI and rhiI, have been identified in Rhizobium 
leguminosarum bv.viciae. Mutations affecting cinI, or cinR (the 
gene encoding the LuxR type regulator required for cinI 
expression) have an effect on expression of all the other AHL 
synthases. In a strain lacking the symbiotic plasmid (and hence 
traI and rhiI) we have examined the regulation of the raiIR genes 
by the cinIR system. It appears that N-(3 hydroxy-7-cis-
tetradecenoyl)-L-homoserine lactone (3OH,C14:1-HSL) made by 
CinI activates ExpR, a LuxR type regulator, to induce raiR 
expression. RaiR then induces raiI and the primary inducer has 
been identified as N-(3-hydroxyoctanoyl)-L-homoserine lactone 
(3OH,C8-HSL), the major AHL produced by RaiI. 
 Mutation of cinI had no visible effect on growth in strains 
lacking or carrying the symbiotic plasmid pRL1JI (for pea 
nodulation). However when a cinI mutant was made in a 
background containing the symbiotic plasmid pRP2JI (for bean 
nodulation) growth was inhibited. The effects of mutations in 
quorum sensing genes on growth and adaptation to stationary 
phase survival will be described. 
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EM 11 Environmental stresses influencing quorum 
sensing systems in Rhizobium leguminosarum 
M. SANCHEZ-CONTRERAS, F. WISNIEWSKI-DYE & J.A. 
DOWNIE 
John Innes Centre, Colney Lane, Norwich NR4 7UH 
A number of different quorum sensing systems have been 
identified in Rhizobium leguminosarum. The cinIR system is at 
the top of a regulatory hierarchy of genes involved in quorum 
sensing. CinI and CinR influence the expression of the other 
gene systems (raiIR, expR). 
 Bacterial communication, mediated by quorum sensing, plays 
an important role in different processes such as motility, 
attachment and biofilm formation that are important for 
interactions in the rhizosphere and can be conditioned by 
environmental stresses. In order to establish the influence of 
environmental stresses on the quorum sensing systems, a 
cinI/raiI double mutant of strain R. leguminosarum lacking a 
symbiosis plasmid was tested. The response of this double 
mutant to salt, oxygen, detergents, calcium and other stresses was 
assessed. The double mutant and wild type showed different 
responses to some of the stresses tested. The effect that these 
stresses have on the cinI and raiI single mutants and on mutants 
of other quorum sensing genes are yet to be determined. 
 
 
PHYSIOLOGY, BIOCHEMISTRY & MOLECULAR 
GENETICS GROUPS – POSTERS 
 
PBMG 01 Membrane sequestration of the signal 
transduction protein GlnK by the ammonium 
transporter AmtB 
GRAHAM COUTTS & MIKE MERRICK 
Dept of Molecular Microbiology, John Innes Centre, 
Norwich NR4 7UH 
The Amt proteins are ammonium transporters that are conserved 
throughout all domains of life, being found in bacteria, archaea, 
and eukarya.  In bacteria and archaea the Amt structural genes 
(amtB) are invariably linked to glnK which encodes a member of 
the PII signal transduction protein family; proteins that regulate 
enzyme activity and gene expression in response to the 
intracellular nitrogen status. We have now shown that in 
Escherichia coli and Azotobacter vinelandii GlnK binds to the 
membrane in an AmtB-dependent manner and that GlnK acts as a 
negative regulator of the transport activity of AmtB.   Membrane 
binding is dependent on the uridylylation state of GlnK and is 
modulated according to the cellular nitrogen status such that it is 
maximal in nitrogen-sufficient situations. The C-terminal domain 
of AmtB is the major part of the protein that is exposed in the 
cytoplasm and this is therefore a potential site of interaction 
between AmtB and GlnK.  Deletion of this region does not 
inactivate the transport activity of AmtB but does prevent GlnK 
association to the membrane.  The C-terminus is therefore either 
required directly for interaction with GlnK or is necessary to 
allow AmtB to adopt a conformation that allows GlnK to 
interact.   
 In conclusion, membrane sequestration of GlnK by AmtB 
represents a novel form of signal transduction in which an 
integral membrane transport protein functions to link the 
extracellular ammonium concentration to intracellular responses 
to nitrogen status.  These results also offer new insights into the 
evolution of PII proteins and a rationale for their trigonal 
symmetry.  
 
PBMG 02 The conjugative transposons Tn5397 and 
Tn916 are protected from the transcriptional and 
translational activities of the host genome 
ADAM P. ROBERTS & PETER MULLANY 
Dept of Microbiology, Eastman Dental Institute for Oral 
Health Care Sciences, University College London, 256 
Gray's Inn Road, London WC1X 8LD 

Tn5397 is a conjugative transposon, originally isolated from 
Clostridium difficile. The entire sequence of Tn5397 has been 
determined and examination of the sequence has shown that 
there are stop codons in all three of the positive reading frames 
very near to both ends of the element.  These should stop the 
production of fusion proteins originating from transcriptional 
read through into the element from the host genome and read 
through from the element into the bacterial DNA. Inverted 
repeats have been identified in the left end, which are predicted 
to form secondary structures, typical of Rho-independent 
transcriptional terminators, in transcribed RNA. The activity of 
the putative terminators was determined by placing them between 
a strong promoter and a reporter gene (lacZ). Transcription was 
shown to decrease when the terminators were present. 
Interestingly, the related conjugative transposon, Tn916 also has 
a similar structure in the same relative position although the 
nucleotide sequence of the stem-loop structure is different. It 
appears that these structural properties have evolved and are 
conserved to prevent transcriptional read-through from the host 
genome into the conjugative transposon. The transcriptional and 
translational isolation of these elements may explain their 
relatively low level of conjugative transfer. 
 
PBMG 03 The purification and characterization of 
phosphonopyruvate hydrolase, a novel carbon-
phosphorus bond cleavage enzyme from 
environmental bacteria 
ANNA N. KULAKOVA, MANDY HOUSTON, JOHN P. 
QUINN & G. BRIAN WISDOM 
School of Biology and Biochemistry, Queen's University of 
Belfast, BT9 7BL 
A novel carbon-phosphorus bond cleavage activity was detected 
in cell-free extracts of the environmental bacterial isolates 
Variovorax paradoxus Pal2 and Achromobacter piechaudii Pyr9.  
Both strains are able to utilize the naturally-occurring 
phosphonate L-phosphonoalanine as carbon, nitrogen and 
phosphorus source (and its transamination product, 
phosphonopyruvate, as sole carbon and phosphorus source).  The 
C-P cleavage activity was inducible in each isolate in the 
presence of phosphonoalanine or phosphonopyruvate; phosphate 
starvation was not required. It was specific for 
phosphonopyruvate, producing equimolar quantities of pyruvate 
and Pi by a metal-dependent hydrolytic mechanism.  Comparison 
of the activity in the two cell extracts suggests that significant 
differences exist between them.  The phosphonopyruvate 
hydrolase enzyme from V. paradoxus has been purified; 
intriguingly, N-terminal analysis indicates that it shares 
significant homology with the C-P bond forming enzyme 
phosphoenolpyruvate phosphomutase, whose product is 
phosphonopyruvate. 
 
PBMG 04 Does Rhizobium adopt the strategies of 
pathogens for acquiring iron? 
J. TODD, M. WEXLER, R.A. CARTER, K.H. YEOMAN, 
A.M. HEMMINGS, O. KOLADE & A.W.B. JOHNSTON 
School of Biological Sciences, University of East Anglia, 
Norwich NR4 7TJ 
The extreme insolubility of ferric (Fe3+) iron forces microbes to 
use special mechanisms to acquire this metal.  Rhizobium 
leguminosarum (which forms N2-fixing nodules on peas) makes 
and imports a siderophore (called vicibactin) specified by the vbs 
genes, whose transcription requires a specialised ECF � factor. 
However, Rhizobium also has Fe uptake systems that, hitherto, 
are characteristic of bacterial pathogens.  Thus, Rhizobium 
imports haem, a process that, like that of vicibactin import, also 
requires TonB protein. Further, it has at least three members of a 
sub-family of ABC transporters for inorganic Fe uptake, similar 
to those in (e.g.) Yersinia (Yfu system) or Haemophilus (Hit). 
 Transcription of all these Fe uptake gene systems is enhanced 
in Fe-deficient media.  Interestingly, this is not mediated by a 
fur-like gene we found in Rhizobium or by irr, another member 
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of the fur family which, itself, responds to Fe. (Although fur 
mutations confer no known phenotype, R. leguminosarum Fur is 
crystallisable and its structure was solved, suggesting a novel 
mechanism for the interaction between this class of 
transcriptional regulators and Fe co-repressor.). However, we did 
identify another gene, girA, mutations in which cause 
constitutive expression of at least 12 operons whose expression is 
regulated by Fe availability and which are involved in Fe uptake. 
The deduced GirA protein resembles no known transcriptional 
regulator and the mode of action of this potentially novel, global 
regulator is, at present, unknown. 
 
PBMG 05 DNA binding by the E.coli protein MelR 
DAVID C. GRAINGER & STEPHEN J.W. BUSBY 
School of Biosciences, The University of Birmingham, 
Edgbaston, Birmingham B15 2TT 
MelR is a member of the AraC family of transcription factors and 
regulates expression of the melibiose operon in E.coli. AraC 
family members possess a conserved region of approximately 
100 amino acids that is predicted to form two Helix-Turn-Helix 
DNA binding motifs. These protein motifs allow specific 
recognition of adjacent major grooves on the same face of the 
DNA double helix. Hence, AraC family members can bind DNA 
sequences in one of two distinct orientations. In this work we use 
FeBABE cleavage footprinting to examine the binding of MelR 
to the melAB promoter. We show that MelR binds its promoter-
proximal DNA target sequence, which overlaps the -35 hexamer 
and is essential for transcription activation, in the opposite 
orientation to other AraC family members. This suggests that 
AraC family members may interact with the transcriptional 
machinery in a variety of ways and do not share a common 
mechanism of transcription activation. 
 
PBMG 06 Regulation of carotenogenesis in 
Myxococcus xanthus: Repressors, anti-repressors, 
sigma factors and anti-sigma factors 
DAVID E. WHITWORTH & DAVID A. HODGSON 
Dept of Biological Sciences, University of Warwick, Gibbet 
Hill Road, Coventry CV31 2EP 
In Myxococcus xanthus, carotenoids are produced upon 
illumination, due to expression of the crt carotenoid biosynthesis 
genes. The majority of crt genes are clustered in the crtEBDC 
operon, which is repressed in the dark by CarA. Genetic data 
suggested that in the light, activation of crtEBDC is achieved by 
CarS removing the repressive action of CarA.  
 Production of CarS is a consequence of transcription of the 
carQRS operon, which is dependent upon the sigma factor CarQ. 
In the dark, it is proposed that CarR retains CarQ in an inactive 
form at the cell membrane. When illuminated, CarR releases 
CarQ, which mediates expression of carQRS and produces the 
inducer CarS. 
 Since CarS contains no DNA-binding motif, the relief of 
CarA-mediated repression was anticipated to be due to direct 
interaction between these proteins. We have used the yeast two-
hybrid system to demonstrate direct interactions between CarA 
and CarS. Confirmatory evidence for CarS anti-repressor action 
was provided by in vitro assays. A GST-CarA protein fusion 
binds specifically to a palindromic operator sequence within the 
crtEBDC promoter. CarA is prevented from binding to its 
operator and prebound CarA is removed, by the addition of 
purified CarS. CarS therefore acts as an anti-repressor. 
The yeast two-hybrid assay has also provided evidence for an 
interaction between CarR and CarQ. The next step in our studies 
is to generate stable mutant forms of CarR and CarQ, which are 
defective in binding to one another. Once such a mutant has been 
isolated, we will hunt for suppressing mutations in the other 
partner protein.  
 
 
 

PBMG 07 Promoter probing of Listeria monocytogenes 
during tissue culture infection 
RACHEL WRIGHT, MEIRION JONES & DAVID A. 
HODGSON 
Dept of Biological Sciences, University of Warwick, 
Coventry CV4 7AL 
Listeria monocytogenes is a Gram-positive opportunist pathogen 
of humans and domestic animals.  It is the cause of listeriosis, a 
severe food-borne disease. L. monocytogenes is an intracellular 
pathogen, spread by cell-to-cell contact.  It can escape the host 
cell phagosome and replicate freely within the cytoplasm.  The 
conditions inside the host cell differ from the extracellular 
environment and so the organism must adapt its physiology 
accordingly.  We have identified L. monocytogenes promoters 
that are activated during intracellular growth only, and may be 
involved in virulence. 
 We have constructed an integrative promoter probe with a 
promoterless operon consisting of the green fluorescent protein 
gene, gfp, and chloramphenicol acetyl transferase gene, cat.  A 1-
5kb L. monocytogenes library was constructed using the 
promoter probe. L. monocytogenes bearing the probe DNA 
library were used to infect mouse fibroblast L cells in tissue 
culture in the presence and absence of chloramphenicol. 
 Six promoters have been identified that are activated in L 
cells but not in broth.  These are currently being sequenced.   
 
PBMG 08 The molecular basis of the resistance to 
visible light killing in Myxococcus xanthus 
SAMANTHA BRYAN, ANDREW BERRY, DAVID 
WHITWORTH & DAVID HODGSON 
Dept of Biological Sciences, University of Warwick, 
Coventry CV4 7AL 
The crtEDBC operon and the monocistronic crtI gene encode the 
enzymes involved in carotenoid biosynthesis. The primary 
element within the carotenogenic regulon is the genetic switch 
between CarQ the sigma factor and CarR the anti-sigma factor. 
In the dark CarR tethers CarQ to the membrane, and the 
crtEDBC operon is repressed by CarA. When light interacts with 
the cell, CarR is inactivated and CarQ directs transcription of the 
carQRS and crtI genes. CarS relieves the repression by CarA of 
the crtEDBC operon and carotenoids are synthesised. 
 The carQRS promoter is very large spanning 145bp, site 
directed mutagenesis was carried out in this area, and promoter 
activity was assessed using � galactosidase assays. Varying 
levels of expression were noted from very high induction to no 
detectable level of promoter activity. We have identified a region 
spanning 78bp, which is critical for activity. Further more precise 
promoter mutagenesis will allow a better understanding of the 
possible interaction between CarQ and the carQRS and gufA 
promoters.  
 To elucidate whether the crtI gene is subject to 
autoregulation, it is being fused to a promoterless lacZ gene, � 
galactosidase assays will be performed to assess any loss of 
function. Sequencing has allowed new genes to be detected 
around crtI, these genes are currently being disrupted to elucidate 
any possible role in carotenogenesis. 
 
PBMG 09 Organisation and in vitro studies with Psp 
proteins 
SUSAN E. JONES, SARAH ELDERKIN, LOUISE LLOYD & 
MARTIN BUCK 
Dept of Biology, Faculty of Life Sciences, Imperial College 
of Science, Technology and Medicine, London 
Outer membrane proteins related to pIV, termed secretins, 
participate in the secretion of macromolecules across the outer 
membrane of many Gram-negative bacteria. The phage-shock-
protein (psp) operon from Escherichia coli is strongly induced 
by secretins including pIV and PulD. Two phage shock proteins, 
PspF, a sigma 54-dependent transcriptional regulator (and 
member of the AAA+ family of proteins), and PspA, the major 
secretin-induced cellular protein, interact to modulate psp gene 
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expression.  Both proteins are cytoplasmic, but PspA is also 
found associated with the cell membrane.  PspC  is an inner 
membrane protein, whilst PspE is found in the periplasm. 
Topology of PspB and PspD is undetermined. A working 
hypothesis is that insertion and assembly of the secretin in the 
outer membrane to form a channel (as demonstrated for PulD) 
can be ‘sensed’ by the cell via interaction with Psp proteins. 
Signalling through protein-protein interactions may ultimately 
modulate PspF activity. Our aim is to unravel the signal 
transduction pathway that responds to the stress imposed by 
secretin insertion. PspA and  PspF have been shown to 
physically interact by a variety of  in vitro assays. Fragmentation 
of PspF has revealed that a C-terminal domain required for PspF-
PspA interaction. Gene fusion technology has been used to show 
that PspD and PspB are inner membrane proteins.  We 
demonstrate that PspD encodes a stable protein, which has been 
purified. We propose a model for organisation of the Psp 
complex in the cell membrane.  
 
PBMG 10 How the E. coli phage shock protein PspA 
controls transcription activation by the AAA protein 
PspF 
SARAH ELDERKIN, SUSAN E. JONES, BEN 
HANKERMER, JOHN NIELD, JORG SCHUMACHER, JIM 
BARBER & MARTIN BUCK 
Faculty of Life Sciences, Imperial College of Science, 
Technology and Medicine, London 
The E.coli psp operon involved in the phage shock stress 
response contains five genes, pspABCDE. The encoded proteins 
form a signalling cascade enabling survival when secretins are 
expressed or when adverse environmental conditions challenge 
membrane integrity. The pspABCDE operon is transcribed from 
the pspA promoter by RNA polymerase holoenzyme containing 
the alternative sigma factor, sigma-54 (�54).  The holoenzyme 
binds to the pspA consensus promoter sequences but is unable to 
initiate transcription unaided. The PspF activator bound at the 
psp enhancer stimulates open complex formation at the pspA 
promoter. PspA negatively regulates the expression of the psp 
operon. 
 In vitro assays show that PspA inhibits PSPF-dependent 
isomerisation of �54, demonstrating that this inhibition is 
independent of core RNA polymerase.  Extra PspF but not extra 
�54, relieved inhibition of sigma isomerisation suggesting PspF is 
the target of PspA. We show PspA changes interactions of PspF 
with nucleotides. Specifically PspA inhibits ATPase activity of 
wild type PspF by reducing Vmax. Finally, this inhibition 
appears mediated by the formation of a complex between PspA 
and PspF indicating that PspA makes a direct interaction with the 
central catalytic domain of PspF. Inhibition by PspA appears 
specific to PspF and is not evident with other �54 activators. 
Single particle analysis has revealed structural information for 
PspA. 
 
PBMG 11 Proline metabolism in Streptomyces 
coelicolor A3(2): implications for secondary 
metabolism 
F. BARONA-GÓMEZ & D.A. HODGSON 
Dept of Biological Sciences, University of Warwick, 
Coventry CV4 7AL 
Although significant advances have been made regarding the 
biology of antibiotics, e.g. elucidation of the regulation of 
antibiotic biosynthetic pathways, little is known about the 
interaction between primary and secondary metabolism. To 
address the nature of this interaction, we have undertaken a 
genetic and biochemical analysis of proline metabolism in 
Streptomyces coelicolor A3(2), which acts as precursor  for the 
synthesis of the red pigmented tripyrrole undecylprodigiosin 
(Red). We have cloned the three genes of proline biosynthesis 
(proBA and proC) from S. coelicolor and used them to construct 

an artificial operon. We report the effect of overexpression of 
proline biosynthesis on Red production within S. coelicolor.  
 Proline catabolism is accomplished by two enzymes and 
pyrroline-5-carboxylate dehydrogenase is coded by putB. To 
analyse the role of proline catabolism on secondary metabolism, 
we have deleted putB from the chromosome and examined Red 
production. Proline oxidase, encoded by putA, still needs to be 
identified. Genetic regulatory studies using a promoter probe and 
enzyme activity assays of the proteins involved in proline 
metabolism have been used to complement these studies. Based 
on these results we propose a physiological framework for the 
interaction of proline and Red metabolism. 
 
PBMG 12 Mechanism and regulation of lactose uptake 
and metabolism in Clostridium acetobutylicum 
YANG YU1, HANS CHRISTIAN AASS1, MARTIN 
TANGNEY2 & WILFRID J. MITCHELL1 
1Dept of Biological Sciences, Heriot-Watt University, 
Riccarton, Edinburgh EH14 4AS, 2School of Life Sciences, 
Napier University, 10 Colinton Road, Edinburgh EH10 5DT 
Re-establishment of the acetone-butanol fermentation, which is 
currently uneconomic when set against chemical production, will 
be dependent on an increased understanding of the physiology of 
the solventogenic bacterium Clostridium acetobutylicum.  A 
description of mechanisms involved in carbohydrate assimilation 
will be of value in optimising conversion of substrates to end-
product.  We have investigated the uptake and metabolism of 
lactose by C. acetobutylicum ATCC 824.  Extracts prepared from 
cells grown on lactose and galactose, but not glucose, exhibited 
activities of a PEP-dependent phosphotransferase system (PTS) 
and phospho-�-galactosidase.  The lactose-specific PTS 
comprised both soluble and membrane-bound components.  
Inspection of the genome sequence of C. acetobutylicum ATCC 
824 revealed a lactose operon comprising genes encoding the 
PTS components and phospho-�-galactosidase, together with a 
putative repressor gene.  These genes were expressed on a 
polycistronic mRNA in cells growing on lactose or galactose, but 
not glucose.  In cultures containing both glucose and lactose, C. 
acetobutylicum ATCC 824 exhibited a classical diauxic growth; 
glucose was the preferred substrate, and expression of the lactose 
operon and appearance of enzyme activities occurred after 
glucose was depleted from the culture.  The lactose operon 
therefore appears to be subject to a dual control mechanism 
involving both induction and repression, details of which are 
currently under investigation. 
 
PBMG 13 Evidence for at least two distinct 
mechanisms for regulation of the multiple groE 
operons of Rhizobium leguminosarum 
PHILLIP GOULD, MARIA MAGUIRE, PACO RODRIQUEZ-
QUINONES & PETER LUND 
School of BioSciences, The University of Birmingham, 
Birmingham B15 2TT 
The heat shock induced chaperones GroEL and GroES are 
essential for bacterial growth.  Most bacteria contain a single 
groE operon, but several contain multiple operons.  We are 
investigating the regulation of the three groE operons of 
R.leguminosarum as part of a study of the significance of the 
multiple groE operons in this organism.  Analysis of mRNA and 
protein levels shows that the three operons are differentially 
expressed.  One operon (cpn-1) is highly expressed; the GroEL 
homologue encoded by this operon (Cpn60-1) constitutes ca. 
90% of the overall chaperonin pool, and is essential for growth at 
all temperatures.  The second operon (cpn-2) is expressed more 
weakly, and the third operon (cpn-3) is expressed more weakly 
still and only under microaerobic conditions.  Both cpn-2 and 
cpn-3 can be mutated without marked phenotypic effect.  All 
three operons are heat shock inducible.  Sequence analysis of the 
promoters for the three operons suggests regulation by both 
positive (alternative sigma factor) and negative (HrcA repressor) 
mechanisms.  Mutagenesis of the promoters of the cpn-1 and 
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cpn-2 operons showed that the former is HrcA regulated but the 
latter is not.  This was confirmed by the knockout mutagenesis of 
hrcA.  An rpoH homologue has been identified, cloned, and 
mutagenised.  Unlike the situation with E. coli, mutation of the 
rpoH gene does not produce a severe phenotype, consistent with 
this protein not having a role in the regulation of the essential 
cpn-1 operon. 
 
PBMG 14 The TrbA Regulon of RK2: an example of 
hypersensitivity in a complex regulatory system? 
LEWIS E.H. BINGLE, MALGORZATA ZATYKA, SUSAN E. 
MANZOOR & CHRISTOPHER M. THOMAS 
School of Biosciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT 
TrbA is one of the global transcriptional regulators of the broad 
host range IncP-1 plasmid RK2. It shows cooperative 
interactions with a second global regulator, KorB, at the trbB 
promoter (trbBp) responsible for expression of genes encoding 
the mating pair formation apparatus essential for conjugative 
transfer. TrbA has previously been shown to repress all four of 
the conjugative transfer gene promoters. 
 A detailed in-vivo study of the proposed TrbA binding site 
(OT) at trbBp was carried out via a series of point mutations in 
this promoter region. The results confirmed an imperfect inverted 
repeat, found at all transfer gene promoters, as the TrbA 
operator, and suggested that the dinucleotide flanking this motif 
is also involved in TrbA binding. The TrbA binding site at trbBp 
seems to be sub-maximal for TrbA binding, in that a perfectly 
symmetrical variant of the operator resulted in a higher level of 
repression by TrbA. This symmetrical “maximal” operator is not 
found at any site on the RK2 genome. To assess the importance 
of the OT found at trbBp being sub-maximal for the balance of 
transfer gene regulation in this plasmid, the wild-type, sub-
maximal, OT at trbBp was exchanged for the symmetrical 
maximised version via homologous recombination and resolution 
of an integrating plasmid. Conjugative transfer frequency for the 
mutant plasmid was compared to that of wild-type RK2, and was 
found to be substantially reduced, by up to 250-fold in stationary 
phase cultures. This major decrease in transfer frequency 
contrasts with a less than 2-fold increase in TrbA repression of 
trbBp observed in reporter gene assays, suggesting that the TrbA 
regulon is finely balanced and may be hypersensitive to the small 
genetic change we have effected. We suggest that this 
hypersensitivity is due to cooperative interactions between TrbA 
and KorB, and this hypothesis is currently being tested. 
 
PBMG 15 Operator selectivity by the KorB protein of 
IncP-1 plasmid RK2 
M. LUKASZEWICZ, K. KOSTELIDOU & C.M. THOMAS 
School of Biosciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT 
KorB, encoded by RK2 board-host range plasmid, is a global 
regulatory protein of genes involved in replication, stable 
maintenance and conjugative transfer of RK2. It is also essential 
for RK2 active partitioning - KorB belongs to the ParB family of 
partitioning proteins. KorB (358aa) is a dimeric protein. It binds 
to twelve operators within the RK2 genome (OB1 – OB12), with 
the consensus sequence 5’TTTAGCG/CGCTAAA3’. These sites 
are classified to three classes (I, II and III) because of their 
relation to promoters. Class I sites are situated 40 bp upstream of 
the transcription start point (tsp). Class II sites are up to 189 bp 
away (generally upstream) of a tsp while class III sites are not 
obviously connected to a promotor. As a part of a dissection of 
KorB we constructed series of deletions from the N-terminus - 
from N�30 up to N�150. We have studied DNA binding 
properties of these mutants. In studying footprints of these 
proteins at the trfA promoter (for the gene encoding the RK2 
replication protein) we observed that N�90 gives a footprint on 
the operator for KorA protein, 5’GTTTAGCTAAAC3’, as well 
as on OB. KorA is a second global regulator protein of RK2 and 
binds to seven sites in the genome. Since OA is similar to OB but 

has different spacing of the two halves we have studied the 
selectivity of KorB for its operator. What determines operator 
selectivity is clearly vital to ensure that each of the KorA and 
KorB regulons only respond appropriately to changes in KorA 
and KorB. We have used OB operator, its derivatives with 
additional 2 (OB+2), 4 (OB+4) or 8 (OB+8) GC nucleotides in the 
middle of OB palindrome as well as OA to explore binding 
affinity and mode of binding. Retardation gel experiments have 
shown that all tested N-terminal mutants bind to OB and its 
derivatives. Affinity to DNA of tested mutants at all OB sites is 2 
to 6 times higher in comparison to WT-KorB. There is a gradual 
decrease in affinity as the GC-rich core of OB is elongated. To 
study more details of this KorB phenomenon that result in its 
ability to change DNA binding specificity we have carried out  
DNAse I footprinting.  The obtained footprints show the same 
pattern of protection for all N-terminal mutants as well as for 
WT-KorB on the each of the particular OB sites but there is a 
change for N�90 on the OA site. The basis for operator 
selectivity by the KorB will be discussed.  
 
PBMG 16 Transcriptional repression by KorB of the 
broad-host-range RK2 plasmid 
KATARZYNA A. KAZIMIERCZAK & CHRISTOPHER M. 
THOMAS 
School of Biosciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT 
The KorB protein belongs to the ParB family of proteins, which 
bind to DNA and are involved in active partitioning of bacterial 
plasmids and chromosomes. Purified KorB is a dimer in solution. 
KorB binds specifically to twelve operators on the plasmid 
genome and negatively regulates activity of adjacent promoters. 
It can repress transcription when bound close to a promoter 
(proximal repression) and up to 189bp away (distal repression). 
A series of deletions in an internal patch of the protein between 
amino acids 218 and 255 suggested that this region may be 
required for repression but not for DNA binding. We found that 
several residues in this patch are conserved between two anti-
sigma factors AsiA of T4 phage and Rsd of Eschierichia coli. We 
carried out alanine scanning of these residues in order to define 
the region critical for repression and possibly for direct contact 
with RNA polymerase. Mutants were tested in vitro in band shift 
assays in order to study the ability to bind to DNA and in vivo in 
XylE assay in order to analyse repressor activity. Substitutions 
D233A, L246A and D234AK244A did not affect binding but 
caused loss of repression activity both proximal and distal. This 
suggested that these residues may be important for repression and 
possibly direct interaction with RNA polymerase. However 
deletion mutations showed that removing amino acids between 
230 and 250 does not affect repressor activity of the protein. 
Mutants with deletions between amino acids 246 - 255 (∆10), 
242 - 255 (∆14), 235 - 255 (∆21), 232 - 255 (∆25) were still able 
to repress transcription from studied promoters. Only mutant ∆38 
(deletion of amino acids 219 – 255) lost its repressor activity. 
These results suggest either that the region between aa 230 and 
255 is not essential for repression or that more than one region of 
KorB can contact RNA polymerase to cause repression. The 
further characterisation of the mutants proteins will be reported. 
 The amino acids identified by alanine scanning may play role 
in creation of a specific conformation of protein, which is 
important for its repression activity and that these residues may 
not be involved in making the direct contact with RNAP. 
 
PBMG 17 Control of chromosome partitioning by the 
parAB genes of Pseudomonas putida 
WEI ZENG, CHUNG-MIN CHIU & CHRISTOPHER M. 
THOMAS 
School of Biosciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT 
Many bacterial plasmids and chromosomes encode members of 
the parA and parB families.  ParB is normally a DNA binding 
protein specific for the cis-acting, centromere-like sequence 
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(pars) needed for better than random segregation of the genetic 
element encoding it.  ParA is an ATPase needed for symmetrical 
distribution of the ParB-DNA complexes.  Inactivation of parA 
or parB in Pseudomonas putida leads to accumulation of 
anucleate bacteria during the transition from exponential to 
stationary phase after growth in M9 minimal medium but not in 
Lbroth.  Omission of NaCl from Lbroth allows the Par- 
phenotype also to be expressed in rich medium. The genome 
sequence of P.putida revealed that there are at least ten 
sequences similar to the ParB binding site predicted on the basis 
of the ParB binding site from Bacillus subtilis.  These binding 
sites are distributed across more than half the genome.  One of 
the sites located near the replication origin overlaps the promoter 
for gyrB, encoding one of the subunits for DNA gyrase.  Purified 
ParB binds specifically to the gyrB promoter region.  We are 
testing the hypothesis that one function for ParB is to control 
expression of gyrB and that this may provide a connection 
between par gene function and control of supercoiling of the 
chromosome.  We are also testing the hypothesis that the 
differences in Par phenotype expression in different media is 
explained by relationship between stress induced by the medium 
and its effect on supercoiling. 
 
PBMG 18 Tripartite ATP-independent periplasmic 
(TRAP) transporters: an expanding group of 
functionally and structurally related systems 
GAVIN H. THOMAS, MARIA L. KEMPIS & DAVID J. 
KELLY 
Dept of Molecular Biology and Biotechnology, University of 
Sheffield, Firth Court, Western Bank, Sheffield 
Characterisation of the Dct transport system for C4-
dicarboxylates in Rhodobacter capsulatus, revealed a completely 
novel type of transport system. Essentially, this transport system 
is a secondary transporter that also has a requirement for an 
extracytoplasmic solute receptor protein (ESR). These TRAP (for 
tripartite ATP-independent periplasmic) transporters have three 
domains that were defined on the basis of homology to the three 
proteins that constitute the Dct system in R. capsulatus. These 
domains are formed by the ESR (DctP) and the two integral 
membrane subunits (DctQ and DctM). Using an in silico 
approach we have defined an additional family of TRAP 
transporters which are the only type so far identified in the 
archaea. These retain the tripartite nature except that the two 
integral membrane proteins are always fused (DctQM). These 
systems have an extracytoplasmic solute receptor protein that is 
not homologous to the DctP family, which we have designated 
the TAXI protein family. 
 To determine the structural and functional variety of the 
TRAP transporters, we are studying the four TRAP systems 
encoded on the genome of Pseudomonas aeruginosa, which 
include members of both the DctPQM and TAXI/DctQM 
systems. We have determined that one of the DctP-type ESRs 
binds C4-dicarboxylic acids with high affinity. As the C4-
dicarboxylate succinate is the preferred carbon source in 
P. aeruginosa, we have characterised its uptake in wild-type cells 
to establish the potentials roles of the TRAP transporters in this 
important and somewhat overlooked process. 
 
PBMG 19 Kinetic analysis of the Rhodobacter 
sphaeroides RegA/RegB two component regulatory 
system 
C.A. POTTER1, A. WARD1, P.J.F. HENDERSON1, M.P. 
WILLIAMSON2, C. LAGURI2 & M.K. PHILLIPS-JONES1 
1School of Biochemistry and Molecular Biology, University 
of Leeds, Leeds LS2-9JT, 2Dept of Molecular Biology and 
Biotechnology, University of Sheffield, S10-2TN 
In Rhodobacter sphaeroides the RegA/RegB two component 
regulatory system exerts global regulatory control over many 
metabolic processes including photosynthesis, reductive 
assimilation of carbon dioxide and nitrogen fixation. This 
regulation is modulated by changes in external aerobic/anaerobic 

environmental conditions via an as yet incompletely 
characterised signal pathway. Signal sensing occurs through the 
RegB sensor kinase and is transduced by the RegA response 
regulator protein. We have expressed in E. coli the full-length 
RegB sensor kinase and  RegA response regulator proteins as 
full-length his-tagged fusion proteins.  Through the use of nickel 
affinity column chromatography we have obtained sufficient 
purity and quantity of these recombinant proteins to enable us to 
characterise this signal transduction system. Full-length RegB is 
active constitutively in our assay, implying that in vivo 
autophosphorylation is inhibited by an upstream signal.  In the 
presence of excess ATP, RegB autophosphorylates with a half–
time of eight minutes under both aerobic and anaerobic 
conditions. The autophosphorylation of RegB occurs at an 
identical rate in the presence of RegA, indicating that (unlike the 
FixJ/FixL system) a complex between the histidine kinase and 
the response regulator is not required for efficient 
phosphorylation. RegA independent dephosphorylation of RegB 
is slower, with a half-life of approximately 35 minutes. The 
phosphate signal is transferred from RegB to RegA within 10 
seconds. Thereafter, loss of the phosphate from RegA in the 
presence of phosphorylated RegB is very slow. 
This research was funded through BBSRC grant B12958 
 
PBMG 20 Microarray analysis of Salmonella gene 
expression: identification of genes with a role in 
growth suppression in stationary phase 
P. HARVEY, S. MUHAMMAND, M. JONES & P. BARROW 
Institute for Animal Health, Compton, Newbury RG20 7NN 
Salmonella infection in chickens remains a major public and 
animal health problem world-wide.  Biological approaches, to 
control Salmonella infections in poultry, are being sought.  Live 
Salmonella vaccines, when administered orally to newly hatched 
chicks, multiply extensively in the intestine and exert a specific 
exclusion effect against salmonellas.  The basis of this inhibition 
of colonisation is thought to be similar to down-regulation of 
growth that occurs in stationary phase broth cultures.  Some 
genes associated with respiration are important in stationary 
phase metabolism.  In an attempt to understand this phenomenon 
we have studied the effect of mutations on nuoG and atpH on the 
expression of selected genes associated with metabolism. 
 Following the sequencing of the Salmonella genome, 
microarray technology is being used to identify changes in gene 
expression. As a preliminary step to establishing a full genome 
array of S. typhimurium, a small array containing 50 genes has 
been produced.  Changes in gene expression as a result of the 
two mutations were analysed using cultures of S. typhimurium 
F98 grown anaerobically to stationary phase.  Fluorescently 
labelled cDNA was prepared from bacterial RNA and hybridized 
to PCR products spotted onto a glass slide.  Consistent changes 
in gene expression, both up- and down-regulation, were 
observed.  The implications of the data are being investigated 
and will be discussed. 
 
PBMG 21 Identification of genes differentially 
expressed in a sensor histidine kinase mutant of M. 
tuberculosis using microarray 
SHARON KENDALL1, TANYA PARISH3, SHAMMIT 
SONEJI2, LORENZ WERNISCH2, JASON HINDS4, PHILIP 
BUTCHER4 & NEIL STOKER1 
1The Royal Veterinary College, London NW1 0TU, 
2Birkbeck College, London WC1E 7HX, 3Queen Mary and 
Westfield College, St Bartholemews and The Royal 
London School of Medicine and Dentistry, London E1 2AA, 
4St George’s Hospital Medical School, London SW17 0RE 
Mycobacterium tuberculosis has to withstand a number of hostile 
environments if it is to be a successful pathogen. The bacterium 
senses host environmental signals and survives by making 
appropriate changes in gene expression. Two component 
regulatory systems, made up of a sensor histidine kinase and a 
response regulator, are one of the mechanisms by which this is 
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achieved. Mycobacterium tuberculosis has 11 probable two 
component regulator genes and, as in other bacteria such as 
Salmonella typhimurium, these systems are likely to be of central 
importance to bacterial survival and virulence. 
 We have made a mutant of M. tuberculosis, �tcrS, that has an 
882bp deletion in the histidine kinase gene Rv1032c, thought to 
be involved in environmental sensing. We have been using 
microarrays to compare the expression profile of this mutant with 
the wild type strain H37Rv. Here we report 10 genes that are 
upregulated in �tcrS and identify a possible consensus sequence 
in the promoter region upstream of two of the genes. 
 
PBMG 22 The effect of carbon source on regulation of 
the multidrug efflux genes acrAB in Escherichia coli 
SIMON G. DANBY, JON D. RAND, DAVID L.A. 
GREENWAY & REG R. ENGLAND 
Dept of Biological Sciences, University of Central 
Lancashire, Preston, Lancashire PR1 2HE 
Multiple drug efflux pumps act as major factors to create the 
general intrinsic resistance of Gram-negative bacteria to natural 
and synthetic antibacterial agents. One such efflux system in 
Escherichia coli, encoded by acrAB-tolC operon, expels a range 
of antibiotics including, �-lactams, fluoroquinolones, 
novobiocin, tetracycline, erythromycin, and fusidic acid. It has 
been demonstrated that global environmental stress conditions, 
e.g. high osmolarity, fatty acids and 4% ethanol lead to an 
increased expression of acrAB-tolC.  
 To further investigate the factors effecting acrAB expression, 
E. coli SD1648, transformed with pNN602 (encoding acrAB-
lacZ) was grown in MOPS (3-(N-morpholino)propanesulphonic 
aci) defined media with varying carbon sources. The level of 
expression of acrAB is modulated according to the carbon source 
used during growth of E. coli. 
 Glucose repressed acrAB expression compared with other 
carbon sources such as pyruvate, succinate and acetate. Addition 
of cyclic AMP to growing cells of E. coli relieved repression of 
acrAB. An isogenic mutant of E. coli SD1648, containing a 
deletion of the adenylate cyclase gene (cya), showed a 50% 
decrease in acrAB expression compared with the parent strain. 
Addition of cAMP restored acrAB expression to the mutant 
strain. A mutation in the crp gene also caused a similar decrease 
in acrAB expression.  
 We conclude that expression of acrAB in E. coli is regulated 
at the transcriptional level by carbon sources. 
 
PBMG 23 Expression of the multidrug efflux genes 
acrAB during growth of Escherichia coli in nutrient 
limited conditions 
JONATHAN D. RAND, SIMON G. DANBY, DAVID L.A. 
GREENWAY & REG R. ENGLAND 
Dept of Biological Sciences, University of Central 
Lancashire, Preston, Lancashire PR1 2HE 
Multiple drug efflux pumps act as major factors to create the 
general intrinsic resistance of Gram-negative bacteria to natural 
and synthetic antibacterial agents. One such efflux system in 
Escherichia coli, encoded by acrAB-tolC operon, expels a range 
of antibiotics including, �-lactams, fluoroquinolones, 
novobiocin, tetracycline, erythromycin, and fusidic acid. It has 
been demonstrated that global environmental stress conditions, 
e.g. high osmolarity, fatty acids and 4% ethanol lead to an 
increased expression of acrAB-tolC.  It is highly likely that 
global stress conditions cause a decrease in microbial growth 
rate, which in turn regulates transcription of efflux genes. 
 To investigate this, E. coli strains (differing in their ability to 
produce sigma S) were transformed with pNN602 (encoding 
acrAB-lacZ) and grown in batch and chemostat culture under 
varying nutrient limiting conditions. Results from batch culture 
showed that in iron-limiting MOPS medium, expression of 
acrAB reached a peak at the end of exponential growth when the 
growth rate was 0.4 h-1. In chemostat culture, when the growth 

rate was set at 0.05 h-1 expression of acrAB was 3x greater than 
expression at 0.3 h-1. In chemostat culture the level of expression 
is greater under glucose–limitation, compared with either iron or 
nitrogen limitation. Slow growth rate regulation of acrAB 
transcription does not require the presence of sigma S. 
 We conclude that expression of acrAB in E. coli is regulated 
at the transcriptional level by slow growth rate and is 
independent of nutrient sources. 
 
PBMG 24 Microarray analysis of a Mycobacterium 
tuberculosis two component regulatory mutant 
GRETTA ROBERTS1, JOANNA BETTS2, GAVIN CHUNG2, 
DEBBIE SMITH3, NEIL STOKER3 & TANYA PARISH1 
1Dept of Medical Microbiology, Bart’s and the London, 
Queen Mary’s School of Medicine and Dentistry, 32 
Newark Street, London E1 2AA, 2GlaxoSmithKline, 
Gunnels Wood Road, Stevenage, SG1 2NY, 3London 
School of Hygiene & Tropical Medicine, Keppel Street, 
London WC1E 7HT 
Two component regulatory systems are one way in which 
bacteria can modify gene expression in response to changes in 
environmental conditions and have been implicated in the 
virulence of a number of bacteria including Bordatella pertussis 
and Nesseria meningitides. 
 There are eleven complete two component regulatory systems 
present in the Mycobacterium tuberculosis genome, these include 
the MtrA-MtrB system which has been found to be essential and 
the devR-devS system.  In an attempt to investigate the family of 
genes regulated by M. tuberculosis two component regulators we 
have constructed a mutant in one sensory histidine kinase, senX 
and studied the change in gene expression by whole genome 
microarray analysis. 
 We have identified a number of genes which appear to be 
differentially regulated in response to the removal of the sensor 
protein including the associated response regulator, RegX as well 
as members of the PE/PPE families.  The results from the 
microarray analyses have been subjected to meta-analysis and 
compared with reporter studies and quantitative PCR assays in an 
attempt to define the SenX regulon. 
This work was funded by the GlaxoSmithKline Action TB 
Initiative. 
 
PBMG 25 Colicin K synthesis is regulated post-
transcriptionally by the stress alarmone ppGpp 
IRENA KUHAR 1,2, BART J.A.M. JORDI2, WIM 
GAASTRA2, DARJA ŽGUR-BERTOK1 & JOS P.M. VAN 
PUTTEN2 
1Dept of Biology, Biotechnical Faculty, University of 
Ljubljana, Ljubljana, Slovenia, 2Bacteriology Division, Dept 
of Infectious Diseases and Immunology, Utrecht 
University, Utrecht, The Netherlands 
Colicins are plasmid encoded bacteriocins synthesized by and 
active against Escherichia coli cells and sometimes cells of 
closely related species such as Shigella and Salmonella. Strains 
producing colicins are found with high frequency in natural 
isolates and they have been implicated in intraspecies population 
dynamics however, little is known of the regulation of colicin 
synthesis. Colicin K belongs to the group of pore-foming colicins 
which destroy the electrochemical potential of the cytoplasmic 
membrane. Colicin production is encoded by three genes: cka 
encoding the colicin, cki encoding immunity and ckl encoding 
lysis.  
 Using a cka-lacZ fusion it was shown that expression is 
growth phase dependent with high activity in the late stationary 
phase. Nutrient depletion and expression in a relA spoT mutant 
strain demonstratred that cka is induced due to an increase in 
ppGpp. Western blot and Northern blot experiments 
demonstrated an increase in colicin levels after nutrient 
starvation while mRNA levels remained unaltered indicating that 
ppGpp is acting post-transcriptionally. ppGpp mediated 
regulation of cka synthesis was abolished by synonymous 
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replacement of rare codons by more frequently used ones at the 5' 
end of the cka mRNA as well as by increasing the availability of 
the rare tRNAleu. We propose that ppGpp regulates Cka synthesis 
by shifting the balance between mRNA and tRNA pools thereby 
changing the availability of cognate tRNAs. 
 
PBMG 26 Investigation into the relationship between 
development and osmotolerance in Streptomyces 
coelicolor A3(2) 
AMY BISHOP, PAUL HERRON & PAUL DYSON 
School of Biological Sciences, University of Wales 
Swansea, Singleton Park, Swansea SA2 8PP 
S.coelicolor undergoes a complex lifecycle where the formation 
of aerial mycelia and production of antibiotics are tightly 
controlled. Erection of aerial mycelia follows an accumulation of 
at least 5 extracellular signals, defined by the bld extracellular 
complementation cascade. A build up of turgor pressure within 
the hyphal tips directs growth and extension of hyphae. The 
increase in osmotic pressure requires an accumulation of cellular 
osmoprotectants. We have used transposon mutagenesis to 
identify a new bld locus, bld7C7, containing a cytoplasmic 
osmosensing two component regulatory system and an osmotic 
stress sensor/ regulator.  Phenotypic analysis of mutants grown 
on osmolyte-supplemented medium suggests that the system 
functions to positive regulate �B activity, influencing both 
morphological development and antibiotic production. Further 
analysis into the regulation of this osmosensing system is 
currently underway. 
 
PBMG 27 The regulation of virulence determinants in 
Erwinia carotovora subspecies carotovora  
CLARE PEMBERTON, STEVE HARRIS & GEORGE P.C. 
SALMOND 
Dept of Biochemistry, University of Cambridge, Main 
Building, Tennis Court Road, Cambridge CB2 1QW 
The phytopathogen Erwinia carotovora subspecies carotovora 
(Ecc) produces soft-rotting disease in a range of crops and 
ornamental plants. It possesses a multitude of degradative 
exoenzymes, including cellulases, pectinases and proteases, 
which are believed to act synergistically to degrade plant tissues 
and release the nutrients contained therein. 
 A complex regulatory network is employed to control the 
activity of these enzymes, allowing the bacteria to modify their 
production in response to small changes in the environment. In 
order to analyse this control network further, two novel 
regulators, HexC and HexS, have been studied. These regulators, 
designated hex for hyperproduction of exoenzymes, have been 
shown to downregulate the exoenzyme activity of Ecc cells when 
expressed in trans in the cell. The phenotype conferred on Ecc 
by these putative negative regulators has been characterised in 
this study using marker exchange mutagenesis. 
 The homology that exists between HexC, a secondary 
adenylate cyclase (CyaB) from Aeromonas hydrophila and 
putative adenylate cyclases from several Archaea has also been 
studied. Like CyaB, HexC has been shown to restore cAMP -
dependent functions in an adenylate cyclase-deficient strain of E. 
coli. The function of HexC as an adenylate cyclase in Ecc is 
being determined. HexS has been found to show low level 
homology to RcsA, a capsule biosynthesis activator in E. coli, 
and regulators of the LuxR family.  
 
PBMG 28 Discovery of a new and important global 
regulon, cre, in Escherichia coli using regulonomics 
PATRICK WALTER & MATTHEW B. AVISON 
Dept of Biochemistry, University of Bristol, School of 
Medical Sciences, University Walk, Bristol BS8 1TD 

Previously, it has been postulated that transcriptional control of 
genes that are members of the poorly characterized E. coli 
regulon, cre, is mediated through the “cre-tag” DNA sequence, 
TTCACnnnnnnTTCAC, because this sequence is found within 
450 bp upstream of all known cre regulon genes (Avison et al., 

2001 J. Biol. Chem. 276, 26955). We constructed a lacZ fusion 
in vector pRW50, using the DNA sequence upstream of the cre 
regulon gene, creD, including, or excluding the cre-tag. 
Induction of creD/lacZ expression (measured by �-galactosidase 
assay) in E. coli DH5� (cre+ lac-) occurred during growth in 
minimal medium with glucose as carbon source compared to 
growth in a complex medium. There was further induction when 
gluconate was the carbon source. These inductions did not occur 
in the absence of the cre-tag, indicating that that cre-tag sequence 
is necessary for creD transcriptional control. Accordingly, a 
search for 9/10 matches to the cre-tag was performed in the E. 
coli MG1655 genome; 378 cre-tag sequences were located, 85 
being associated with genes. When operon structures were taken 
into consideration, 190 putative cre regulon genes were 
identified. COG functional group analysis confirmed that there 
was significant clustering of cre-tag genes around COG G, 
“Carbohydrate transport and metabolism”, (�2

[1] = 40.45 
[p<0.0005]). Expression profile analysis of E. coli MG1655 
grown in complex, or minimal media containing glucose or 
gluconate as carbon source indicated that a significant number of 
cre-tag genes had the expected induction profile compared to 
non-cre-tag genes (�2

[1] = 9.48 [p<0.005]). Hence, Regulonomic 
analysis using the cre-tag sequence as bait allows the 
identification of true cre regulon genes and indicates that cre 
represents a global regulon of considerable importance that links 
E. coli carbohydrate metabolism with growth media. 
 
PBMG 29 Does the PnpR/S two component system 
regulate phosphate specific transport in 
Streptococcus pneumoniae?  
J. McCLUSKEY & T.J. MITCHELL 
Division of Infection & Immunity, University of Glasgow, 
Joseph Black Building, South Lab, University Avenue, 
Glasgow G12 8QQ 
The ability of bacteria to sense and adapt to environmental 
stimuli is often mediated by two component signal transduction 
systems (TCSs).  Global analysis of the genome of Streptococcus 
pneumoniae revealed 13 TCSs.  In this study we examined 
pneumococcal TCS04 which consists of a response regulator and 
a histidine kinase encoded by pnpR and pnpS, respectively.  
Homologues of this system are present in other bacteria and have 
been shown to up-regulate the expression of many genes in 
response to low environmental phosphate levels.  Included are 
the phosphate specific transporter genes pstS, C, A, B.  Previous 
investigations have revealed that the pneumococcal pnpR/S and 
the pstSCAB genes are adjacent on the genome but unlike in 
other bacteria, no regulation of the transporter genes by the TCS 
has been demonstrated.  In this present study we used  
microarray technology to compare gene expression profiles of 
wild type pneumococcus grown under different phosphate levels 
and proteomic analysis to examine the differences at the protein 
level.  These methods were also used to compare pnpR/S mutants 
with the wild type.  Analysis of the microarray and protoeomic 
data enabled us to determine which pneumococcal genes which 
may be regulated by pnpR/S in response to environmental 
phosphate levels.  Genes of interest were chosen and analysed 
further by RT-PCR and northern blotting.   
 
PBMG 30 Cell-cell signalling and pathogenicity gene 
expression in Xanthomonas campestris 
LISA C. CROSSMAN1, HOLLY SLATER1, PAUL 
WILLIAMS2 & MAX DOW1 
1Sainsbury Laboratory, John Innes Institute, Norwich NR4 
7UH, 2The School of Pharmaceutical Sciences, University 
of Nottingham, Nottingham NG7 2RD 
The synthesis of extracellular enzymes and extracellular 
polysaccharide (EPS) contribute to the ability of Xanthomonas 
campestris pv campestris to cause disease in plants. The rpf 
cluster of genes positively regulates production of these factors. 
RpfC/RpfG constitute an unusual two-component system that 
serves to sense environmental signals that may include the 
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diffusible signal factor DSF. The regulator RpfG has a typical 
input domain of a two-component regulator attached to an HD-
GYP domain. HD-GYP domain proteins are proposed to be 
phosphodiesterases involved in cyclic di-diguanylate signalling. 
In Acetobacter xylinum both the synthesis and turnover of cyclic-
di-GMP are catalysed by enzymes which contain GGDEF and 
EAL domains. The Pseudomonas aeruginosa gene encoding the 
protein PA2567, which has both GGDEF and EAL domains, can 
suppress the swarming-negative phenotype of an rsmA mutant 
(P36) of P. aeruginosa. We have now shown that PA2567 can 
suppress the enzyme- and EPS reduced phenotype of both rpfG 
and rpfGC mutants of X.campestris.  Conversely, rpfG can 
suppress the swarming-neagtive phenotype of P36, although the 
full reversion to a wild type phenotype depends upon the 
presence in trans of rpfC and on the presence of DSF in the 
culture medium. These observations provide preliminary support 
for the notion that the HD-GYP domain has a role in cyclic-di-
GMP signalling. 
 
PBMG 31 The prodigiosin biosynthetic genes of 
Serratia marcescens ATCC 274 
A.K.P. HARRIS, K. EVETTS & G.P.C. SALMOND 
Dept of Biochemistry, Tennis Court Road, University of 
Cambridge, CB2 1QW 
Serratia marcescens (Sma) isolates from a wide range of habitats 
including water, plants, insects and humans have been 
investigated. Prodigiosin is a bright red pigment produced by 
some, but not all, strains of Sma. Its biological function is not 
understood, but its production is less common in clinical isolates 
than in environmental isolates of Sma. It appears that the 
prodigiosin biosynthetic genes are present, yet cryptic in many 
non-pigmented Sma isolates, a characteristic that is under 
investigation. The prodigiosin biosynthetic genes of Sma ATCC 
274 have been identified, cloned, expressed in Escherichia coli 
and sequenced. The prodigiosin biosynthetic cluster of Sma 
ATTC 274 contains at least 14 genes, nine of which have 
homologues in the Red gene cluster of Streptomyces coelicolor 
which directs the synthesis of a related prodigiosin, and two 
more which have homologues at other loci in the Str. coelicolor 
genome. The gene order and orientation are very different in the 
Red and prodigiosin biosynthetic clusters, but show similarity 
with the Serratia sp. ATCC 39006 prodigiosin biosynthetic 
cluster. The regulation of the three pigment biosynthetic clusters 
is under investigation. In Serratia sp. ATCC 39006 a quorum 
sensing system controls the expression of prodigiosin. This is not 
the case in either Str. coelicolor, or the other Sma isolates 
investigated in this study. All of the Sma isolates produce a range 
of exoenzymes and three strains concurrently produce quorum-
sensing signalling molecules, probably BHL and HHL. I have 
identified quorum-sensing regulation of caesinase in one Sma 
strain. 
 
PBMG 32 The global response to DNA damage in 
Mycobacterium tuberculosis 
LUCINDA RAND & ELAINE O. DAVIS 
Mycobacterial Research, National Institute for Medical 
Research, The Ridgeway, Mill Hill, London NW7 1AA 
Mycobacterium tuberculosis is an intracellular pathogen, able to 
survive and replicate in macrophages.  Here the bacilli encounter 
host defences including reactive oxygen and nitrogen species, 
which amongst other targets can damage DNA.  Thus, the 
response to DNA damage may be important for M. tuberculosis.  
In this study we have examined global gene expression in wild 
type M. tuberculosis and a recA mutant strain following DNA 
damage by mitomycin C using microarrays.  While a number of 
known DNA repair genes were induced in the wild type strain, 
the majority of the induced genes were of unknown function.  
Generally, in bacteria DNA-damage inducible genes are 
regulated by the repressor protein LexA.  Following DNA 
damage, LexA is cleaved and no longer binds to its operator sites 
resulting in increased expression of the genes it regulates.  

Cleavage is dependant on its interaction with RecA bound to 
single-stranded regions of DNA formed due to the damage.   
Thus, LexA regulated genes are not induced in recA mutant 
strains.  Analysis of the recA mutant of M. tuberculosis indicated 
that only 20 genes were no longer inducible, implying regulation 
by LexA.  The majority of DNA damage inducible genes, 
including some known DNA repair genes, were equally induced 
in the recA mutant and wild type strains, suggesting regulation 
independent of RecA and LexA, while some genes appeared to 
be subject to dual regulation. 
 
PBMG 33 The role of conserved sequences in 
expression of Mycobacterium tuberculosis lexA and 
the divergently transcribed orf Rv2719c 
PATRICIA C. BROOKS & ELAINE O. DAVIS 
Mycobacterial Research, National Institute for Medical 
Research, The Ridgeway, Mill Hill, London NW7 1AA 
Expression of the lexA gene of M. tuberculosis is DNA damage 
inducible and this regulation is mediated by the LexA protein 
binding to an SOS box positioned upstream of the coding region.  
There are a further three SOS boxes located further upstream of 
lexA; however, studies in M. smegmatis have shown that these 
are not required for regulation of lexA expression but rather 
regulate a divergently transcribed orf termed Rv2719c.  This 
arrangement is conserved amongst four species of mycobacteria 
examined: M. tuberculosis, M. leprae, M. avium and M. 
smegmatis.  When the intergenic regions between lexA and the 
Rv2719c homologs from these species are aligned, blocks of 
conserved sequence are evident.  Amongst these are the four SOS 
boxes but there are also other motifs which are maintained across 
the species, one of which is clearly the –10 region of the lexA 
promoter.  Here we confirm that a single SOS box regulates lexA 
expression and the other three SOS boxes regulate Rv2719c 
expression in M. tuberculosis itself, and investigate the roles of 
the other conserved motifs in the expression of these two genes, 
using transcriptional fusions to a lacZ reporter gene. 
 
PBMG 34 Quorum sensing regulation of mupirocin 
biosynthesis in Pseudomonas fluorescens 
JOANNE HOTHERSALL1, A.K. EL-SAYED1, E.R. 
STEPHENS1, T.J. SIMPSON2 & C.M. THOMAS1 
1School of Biosciences, University of Birmingham, 
Edgbaston, Birmingham B15 2TT, 2School of Chemistry, 
University of Bristol, Cantock’s Close, Bristol BS8 1TS 
Mupirocin (pseudomonic acid A) is a polyketide antibiotic 
produced by Pseudomonas fluorescens NCIMB 10586. 
Mupirocin targets bacterial isoleucyl-tRNA synthase, as a 
competitive inhibitor of isoleucine. It is a potent inhibitor of 
Gram-positive bacteria, particularly methicillin resistant 
Staphylococcus aureus, and is used clinically as a topical 
treatment. Two genes, mupR and mupI, have been identified in 
the mupirocin biosynthesis cluster whose predicted amino acid 
sequences show significant identity to proteins involved in 
quorum sensing regulatory systems such as LasR/LuxR 
(transcriptional activators) and LasI/LuxI (synthases for N-acyl 
homoserine lactones (AHL) that activate LasR/LuxR) 
respectively. Inactivation by deletion mutations using a suicide 
vector strategy confirmed the requirement for both genes in 
mupirocin biosynthesis. Insertion of a xylE reporter gene into 
mupA, the first orf of the mupirocin operon, showed that mupR 
and mupI control expression of the operon so that the cluster is 
switched on in late exponential phase and into stationary phase. 
Promoter probe vectors are being constructed to identify the mup 
operon promoter(s). Cross-feeding experiments between bacterial 
strains and solvent extraction of culture supernatant 
demonstrated that wild type P. fluorescens NCIMB 10586 
produces a diffusible substance that suppresses the mupI mutant 
phenotype. Use of a biosensor strain showed that the MupI 
product activates the Pseudomonas aeruginosa lasRI system, 
which is preferentially activated by AHLs with long (C10-C14) N-
acyl side chains. Furthermore synthetic AHL molecules with N-
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acyl side chains of C8, C10, and C12 in length, and a diffusible 
compound produced by P. aeruginosa are each able to induce 
expression of the mup operon. Thin-layer chromatography of the 
P. fluorescens supernatant extract revealed a compound with a RF 
value similar to that of N-octanoyl-DL-homoserine lactone. 
Altogether this suggests that the diffusible inducer of the mup 
operon produced by MupI is a long chain AHL however, future 
mass spectroscopy analysis will determine the exact chemical 
nature of this substance. 
 
PBMG 35 Influence of mutations in DNA metabolism 
genes on tetranucleotide repeat-mediated phase 
variation rates of Haemophilus influenzae 
CHRISTOPHER D. BAYLISS, TAMSIN VAN DE VEN & E. 
RICHARD MOXON 
Molecular Infectious Diseases Group, Dept of Paediatrics, 
Weatherall Institute for Molecular Medicine, John Radcliffe 
Hospital, Headington, Oxford OX3 9DU - tel 01865 
222347, fax 01865 222626, email 
cbayliss@molbiol.ox.ac.uk 
Haemophilus influenzae, an obligate upper respiratory tract 
commensal/pathogen, uses phase variation to adapt to host 
environment changes.  The major mechanism of phase variation 
in this species involves 'slippage events' in short nucleotide 
repeat tracts (microsatellites).  Most such microsatellites in H. 
influenzae contain tetranucleotide repeats, but an exception is the 
dinucleotide repeats in the pilin locus.  We have shown 
previously that the length of the repeat tract is one factor 
controlling the rate of phase variation in H. influenzae (De Bolle 
et al., Mol. Micro. 2000 35 p211-222).  In order to investigate 
the influence of trans-acting factors on phase variation rates, we 
constructed mutations in genes encoding products involved in 
mismatch repair (MMR), nucleotide excision repair, 
transcription-coupled repair, recombination and DNA 
replication.  Only mutations in polI increased tetranucleotide 
(5'AGTC) repeat-mediated phase variation rates of 
chromosomally-located reporter constructs whereas mutations in 
mutS increased rates mediated by a dinucleotide (5'AT) repeat 
tract.  We propose a model of polI-deficient Okazaki fragment 
processing in which deletions of repeats are favoured because 
end-joining occurs without DNA polymerisation.  We also 
suggest that the refractoriness to MMR of hypermutation in H. 
influenzae tetranucleotide repeat tracts, a unique feature of this 
bacterial species, facilitates adaptive switching without an 
increase in the frequency of deleterious mutations, a phenotype 
that normally accompanies an MMR-mutator genotype. 
 
PBMG 36 Regulation of carbapenem production in 
Erwinia sp 
N.J.L. SIMPSON & G.P.C. SALMOND 
Dept of Biochemistry, University of Cambridge, Building 0, 
80 Tennis Court Road, Cambridge CB2 1QW 
Erwinia carotovora subsp. carotovora  (Ecc) produces the 
simple �-lactam antibiotic 1-carbapen-2-em-3-carboxylic acid 
(Car). Production of this antibiotic is tightly regulated in a 
quorum sensing dependent manner via the interaction of N-(3-
oxohexanoyl)-L-homoserine lactone (OHHL) with CarR. 
Interaction of CarR with OHHL leads to transcription of the car 
cluster. Production of plant-macerating exoenzymes is also 
regulated by OHHL and most of the known regulators discovered 
to date interact with both systems. One carbapenem dependent 
regulator, a SlyA homologue (hor), has been discovered in Ecc. 
The purpose of this project was to find further regulators of Car 
production using transposon mutagenesis and to characterise 
those found previously. Sequence analysis of a spontaneous 
streptomycin resistant Car-negative mutant has revealed a single 
amino acid change at codon 43 of RpsL, the S12 subunit of the 
30S ribosome. Analysis of further rpsL mutants has revealed that 
Lys-43 substitutions to Thr, Leu, or Asn give the same 
phenotype, whilst a mutation to Arg appears to have no Car 
defect. The effect of RpsL on Car production has been 

investigated using both transcriptional studies (lacZ fusions to 
carA (the first gene of the car cluster) and carI (the OHHL 
synthase) and primer extension analyses) and protein studies 
(Western blot analysis). It has been found that carA is not 
transcribed, possibly due to mutant RpsL causing mis-translation 
of CarR, CarI and/or Hor. Additionally, a proteomic approach 
has been taken in order to identify the functions of two CarR 
homologues discovered previously in this strain. 
 
PBMG 37 Quorum sensing and other regulators of 
secondary metabolism in Serratia 
HOLLY SLATER, MATTHEW CROW, LEE EVERSON & 
GEORGE P.C. SALMOND 
Dept of Biochemistry, University of Cambridge, Building O, 
Downing Site, Tennis Court Road, Cambridge CB2 1QW 
Some strains of Serratia make the red pigmented antibiotic, 
prodigiosin, as a secondary metabolite. Many physiological and 
environmental factors have been implicated in prodigiosin 
production, although very little is known about pigment gene 
regulation. We have taken a molecular genetic approach to 
further our understanding of this system. Recently, we have 
shown that in Serratia strain ATCC39006 (39006), prodigiosin 
is also under the control of quorum sensing and the novel 
regulatory protein Rap. We have cloned and sequenced the 
complete prodigiosin biosynthetic cluster from 39006, 
pigABCDEFGHIJKLMNO. RNA studies indicate that the pig 
cluster is transcribed as a polycistronic message from one major 
promoter. We have used transposon mutagenesis to generate a 
collection of mutants affected in pigment production. The sites of 
transposon insertions were mapped to within or outside of the 
biosynthetic cluster. The latter were presumed to be located 
within regulatory genes involved in the control of pigment 
production. All of the biosynthetic mutants were white with the 
exception of one orange mutant. The regulatory mutants were 
either pink or hyper-pigmented. Genetic analysis of the 
regulatory mutants revealed eight diverse genes in multiple loci, 
of which some encode homologues of known regulators, and 
others encode novel proteins. Two regulatory mutants are 
pleiotropic showing defects in production of prodigiosin, 
carbapenem and are opaque in appearance. The discovery of 
diverse regulatory genes involved in prodigiosin production is 
consistent with a largely phenomenological literature showing 
that pigmentation is responsive to multiple physiological and 
environmental stresses. We are currently attempting to define the 
roles of some of these regulators in pigment production. 
 
PBMG 38 Hyper-production of prodigiosin in Serratia 
L. EVERSON, H. SLATER, M.A. CROW & G.P.C. 
SALMOND 
Dept of Biochemistry, University of Cambridge, Tennis 
Court Road, Cambridge CB2 1QW 
Serratia sp. strain ATCC 39006 (‘39006’) produces the bright 
red pigment prodigiosin (Pig).  The role of prodigiosin within the 
cell is unclear, although its capacity as a mild antimicrobial is 
well documented. Previously, it has been shown that synthesis of 
this classical secondary metabolite is under the control of the 
global regulator protein Rap (regulator of antibiotic and pigment) 
and an acyl-homoserine lactone based quorum sensing system.  
Synthesis of this pigment is also sensitive to multiple 
environmental cues including temperature, media composition 
and oxygen limitation.  This study has shown that 39006 
modulates the production of Pig in response to phosphate 
concentration.  A hyper-pigmented miniTn5 mutant named Rop2 
was found to possess an insertion within a gene homologous to 
pstS.  pstS encodes a high-affinity periplasmic phosphate binding 
protein in E. coli and is part of an ABC type phosphate 
transporter system.  Disruption of this gene in E. coli results in 
the up-regulation of the Pho regulon via the two-component 
PhoBR system, a phenomenon usually associated with phosphate 
limitation.  Subsequently it was shown that growth on phosphate 
limiting media also results in a hyper-pigmented phenotype in 
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39006.  Work is currently underway to determine exactly how 
phosphate limitation causes over production of Pig and the level 
at which this regulation is exerted.      
 
PBMG 39 Osmotic regulation of the tipA promoter of 
Streptomyces lividans 
N. ALI, M. EVANS & P. DYSON 
Biological Sciences, University of Wales Swansea 
The thiostrepton-inducible tipA promoter is widely used to 
overexpress genes in Streptomyces. Binding of the TipA 
transcriptional activator protein to the operator located between 
the -10 and -35 hexamers permits basal expression; this binding 
and consequent transcription is enhanced by thiostrepton. The 
activator allows RNA Polymerase (RNAP) to contact both -35 
and -10 sequences that are separated by suboptimal spacing of 19 
bp. TipA-dependent, but thiostrepton-independent activation can 
also be achieved by modulating intracellular DNA superhelicity 
by adjusting the external osmolarity. Increasing the latter results, 
in turn, in an increase in negative superhelicity that presumably 
also reorientates the -35 and -10 hexamers in an appropriate 
manner to allow access for RNAP. Moreover, in conditions of 
low external osmolarity, thiostrepton induction is confined to the 
exponential phase of growth. Increased osmolarity extends the 
period of induction by increasing negative superhelicity in later 
growth phases. As well as having implications for the 
experimental manipulation of the promoter, increasing DNA 
negative supercoiling in stationary phase also reveals a role of 
the TipA:thiostrepton complex in inducing mycelial autolysis. 
 

PBMG 40 LuxS: its role in central metabolism and the 
in vitro synthesis of 4-Hydroxy-5-methyl-3(2H)-
furanone 
K. WINZER1, K.R. HARDIE1,2, N. DOHERTY1, D. KIRKE2, 
R. LINFORTH3, K.A. CORNELL4, M.T.G. HOLDEN5, A.J. 
TAYLOR3, P.J. HILL1,3 & P. WILLIAMS1,2 
1Infections and Immunity, University of Nottingham, 
Queen’s Medical Centre, Nottingham NG7 2UH, 
2Pharmaceutical Sciences, University of Nottingham, 
University Park, Nottingham NG7 2RD, 3Biosciences, 
University of Nottingham, Sutton Bonington Campus, 
Loughborough LE12 5RD, 4Immunology Research, R&D 
21, V.A. Medical Center, Portland, OR 97201, USA, 5The 
Sanger Centre, Wellcome Trust Genome Campus, 
Hinxton, Cambridge CB10 1SA 
Many bacteria produce signal molecules which function in cell-
to-cell communication. One of these molecules, autoinducer-2 
(AI-2), was first described as an extracellular signal produced by 
Vibrio harveyi to control luciferase expression. Production of AI-
2 depends on the luxS gene, homologues of which are present in 
many eubacteria. For Escherichia coli, an important role in the 
global control of gene regulation has been suggested. We and 
others have developed a system to produce AI-2 activity in vitro 
from S-ribosylhomocysteine (RH). LuxS catalyses the conversion 
of RH to homocysteine and a compound that exhibits AI-2 
activity. 4-Hydroxy-5-methyl-3(2H) furanone (MHF) was 
identified by mass spectrometry as a major reaction product. 
LuxS appears to be identical with the RH cleavage enzyme, an 
enzyme involved in the activated methyl cycle in some 
eubacteria. Manipulation of the intracellular concentration of S-
adenosylmethionine, an intermediate of this cycle and a precursor 
of RH, had significant effects on AI-2 production in E. coli. We 
suggest that most phenotypic changes observed with luxS 
mutants originate from a metabolic rather than a signalling 
defect. In many bacteria AI-2 may in fact not represent a signal 
molecule but a metabolite which is excreted early and 
metabolised in the later stages of growth. 
 

 
 
 
 

PBMG 41 Effects of the post-transcriptional regulatory 
system RsmA/RsmZ on virulence determinants and N-
acyl homoserine lactone production in Pseudomonas 
aeruginosa PAO-1 
F. WILLIAMS1,2, C. MATZ1, S.P. DIGGLE1, K. HEURLIER3, 
G. PESSI3, Z. HINDLE1, K. WINZER1,2, M.T.G. 
HOLDEN1,2, M. CAMARA1, D. HAAS3 & P. WILLIAMS1,2 
1School of Pharmaceutical Sciences, University of 
Nottingham, University Park, Nottingham NG7 2RD, 
2Institute of Infections and Immunity, University of 
Nottingham, Queen’s Medical Centre, Nottingham NG7 
2UH, 3Laboratoire de Biologie Microbienne, Université de 
Lausanne, CH-1015 Lausanne, Switzerland 
In Pseudomonas aeruginosa, the production of many virulence 
determinants and secondary metabolites is regulated via two 
quorum sensing circuits, the LasRI and RhlRI systems.  In 
addition, we have identified a post-transcriptional regulatory 
system, RSM (regulator of secondary metabolites) consisting of 
RsmA and RsmZ, which are putative homologues of CsrA/CsrB 
and RsmA/RsmB of Escherichia coli and Erwinia carotovora, 
respectively.  In these organisms, CsrA and RsmA represent 
RNA binding proteins which are antagonised by their cognate 
regulatory RNA molecules CsrB and RsmB.  Inactivation and 
over-expression studies of rsmA and rsmZ suggest that the RSM 
system has pleiotropic effects in P. aeruginosa.  Over-expression 
of RsmA negatively affects cyanogenesis, the production of 
pyocyanin, PA-IL lectin, and LasB proteases as well as the 
synthesis of the signal molecules N-(3-oxododecanoyl)-L-
homoserine lactone and N-butanoyl-L-homoserine lactone.  The 
observation that RsmZ over-expression leads to an increase of 
HCN production earlier in growth and elevated pyocynanin 
levels in the stationary phase is in agreement with an antagonistic 
effect of RsmZ on RsmA.  Furthermore, no swarming phenotype 
was observed in either a P. aeruginosa isogenic rsmA mutant or 
a strain over-producing RsmZ.  Interestingly, rsmZ expression is 
abolished in the rsmA mutant, indicating that RsmA is involved 
in the regulation of its antagonist. 
 
PBMG 42 Two-component signal transduction systems 
in Streptococcus pneumoniae: an attractive target for 
rational drug design? 
C.J. BENT, A. RIBOLDI-TUNNICLIFFE, N.W. ISAACS & 
T.J. MITCHELL 
University of Glasgow 
Increasing antibacterial resistance in Streptococcus pneumoniae 
has led to new targets being sought for antibacterial agents.  Such 
targets are the two-component signal transduction systems, 13 of 
which exist in S. pneumoniae. Two-component systems are 
comprised of a histidine protein kinase (HPK) and response 
regulator (RR) which are both involved in a phospho-transfer 
reaction usually resulting gene regulation.  The aim of this work 
is to obtain crystal structures of the various protein domains of 
two-component systems with respect to developing new, potent, 
anti-bacterial drugs. 
 We have cloned several RR proteins via PCR, overexpressed 
in E. coli, purified using standard chromatographic techniques 
and set-up crystal trials of three pure response regulator proteins, 
both the entire and receiver domains (RR02, RR06 and RR10, 
nomenclature from Lange et al. (1999). Single diffraction frames 
have been collected on both the entire RR02 protein and the 
receiver domain alone.  Crystals are highly variable in their 
diffraction qualities, with crystals from the same drop producing 
images with maximum resolution of 5.0-3.0Å on the in-house X-
ray generator.  Crystals grow in 2 – 3 days, but can be very 
unstable. Crystals must be harvested when they reach an 
appropriate size, flash frozen and a single frame collected.  
Suitable crystals are finally stored in liquid nitrogen until 
beamtime on a synchotron radiation source becomes available for 
in depth diffraction trials.  
 As well as the apo structure determination, we are currently 
co-crystallising the RR02 proteins with non-hydrolysable ATP 
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analogues (AMP-PNP and AMP-PCP) so as to obtain the 
structure of an activated response regulator.  DNA footprint 
experiments are also underway, in which we hope to discover the 
promoter region to which these proteins bind and regulate.  
When the sequence is known, we intend to co-crystallise the 
protein in a complex with DNA thus providing valuable insight 
into the mechanisms of two-component signal transduction 
systems.  An ability to disrupt/enhance these proteins ability to 
regulate gene expression would be an obvious starting point for 
novel drug targets. 
 
PBMG 43 Interaction of the BipA global regulator with 
ribosomes 
ROISÍN OWENS1, SEAN CONNELL2, KNUD H. 
NIERHAUS2 & C. DAVID O'CONNOR1 
1School of Biological Sciences, University of Southampton, 
2Max-Planck Institute for Molecular Genetics, Berlin 
BipA, also known as TypA, is widely distributed GTPase found 
in bacteria and plants.  In enteropathogenic strains of Escherichia 
coli (EPEC), targeted disruption of the bipA gene renders cells 
hypersensitive to the host defence protein BPI, implicating BipA 
in resistance to BPI.  Such bipA- strains also have an impaired 
ability to rearrange the actin cytoskeleton of infected host cells, 
exhibit increased motility and fail to grow at low temperatures. 
Sequence analysis of BipA shows that it belongs to the EF-G and 
TetM/TetO family of ribosome-binding GTPases, suggesting that 
the protein (i) may have GTPase activity and (ii) may operate 
through interactions with the ribosome.  To test these proposals, 
a hexahistidinyl-tagged version of BipA, (His)6BipA, and a 
G77V mutant were prepared and characterised. GTPase assays 
using γ-32P-labelled GTP or ATP showed that 70S ribosomes 
stimulated the GTPase but not the ATPase activity of (His)6BipA 
over ten-fold whereas the G77V mutant was devoid of either 
activity.  Thiostrepton, an inhibitor of EF-G, blocked the GTPase 
activity of (His)6BipA. Gel filtration experiments were carried 
out to investigate the association of (His)6BipA with ribosomes.  
(His)6BipA co-eluted with 70S ribosomes in the presence of 
GTP-γS but eluted much later in the absence of ribosomes.  Co-
elution was not observed when EF-G was included with 70S 
ribosomes and (His)6BipA.  These results establish that BipA is a 
GTPase that interacts with ribosomes.  The fact that the binding 
of BipA to 70S ribosomes is blocked by EF-G further suggests 
that they share identical or overlapping binding sites on the 
ribosome and point to a novel mechanism of action for a global 
regulator.  
 
PBMG 44 Enhancer-dependent transcription in enteric 
pathogens: New members of the σN-dependent 
regulon 
DAVID J. STUDHOLME 
Biochemistry & Molecular Biology, School of Biological 
Sciences, University of Southampton, Bassett Crescent 
East, Southampton SO16 7PX 
DNA looping mediated by regulatory proteins is a ubiquitous 
mode of transcriptional control that allows interactions between 
genetic elements separated over long distances of DNA.  In 
prokaryotes, the best-studied example of regulatory proteins that 
use DNA looping is the NtrC family of enhancer-binding 
proteins (EBPs), which activate transcription from σN-dependent 
promoters.  Genome sequencing has identified numerous novel 
EBPs, whose transcriptional targets are unknown. Using a weight 
matrix algorithm, I scanned the complete genome sequences of 
the enteric pathogens Salmonella Typhimurium, S. Typhi, 
Escherichia coli, and Yersinia pestis to find potential σN-
dependent promoters and thus identified probable targets for 
each of the uncharacterised EBPs.  In Salmonella, probable new 
members of the σN-dependent regulon include a two component 
signal transduction system, a flavoprotein and reductase, and 
utilisation of sugar acids. Intriguingly, three EBPs in S. 
Typhimurium have extensive sequence similarity to LevR in 
Gram positive bacteria and activate the transcription of novel 

phosphotransferase (PTS) transport systems.  Also, in Y. pestis, a 
FleR-like EBP probably activates several σN-dependent 
promoters identified upstream of motility-related genes. 
 
PBMG 45 Regulating the regulator: transcriptional 
control of novel GTPase BipA 
DAVID J. STUDHOLME, KAREN PLATT, SOPHIE PAYOT 
& C. DAVID O’CONNOR 
Biological Sciences, University of Southampton, Bassett 
Crescent East, Southampton SO16 7PX 
BipA is a global regulator that belongs to the ribosome-binding 
family of GTPases and that controls a wide range of stress- and 
virulence-associated processes in bacterial pathogens.  These 
processes include flagella-mediated cell motility, resistance to 
certain antimicrobial proteins and peptides and, in the case of 
enteropathogenic E. coli, their characteristic ability to rearrange 
the actin cytoskeleton of infected host cells. We wish to 
understand the transcriptional regulation of bipA in response to 
external stimuli.  Using primer extension analysis and lacZ 
transcriptional fusions, we discovered three promoters upstream 
of the E. coli bipA gene.  The bipA upstream region overlaps that 
of glnA, with which the transcription factors CRP and NtrC 
interact. Transcription of bipA was influenced by the 
composition of growth media and, in particular, was down-
regulated during amino acid starvation.  This effect was relA-
dependent, indicating that bipA is subject to the stringent 
response.  By measuring activity of transcriptional fusions in 
mutant backgrounds, the roles of CRP and NtrC on bipA have 
been defined.  We have also identified DNA sequence elements 
responsible for response to nutritional stimuli.  Possible models 
for the regulation of bipA are discussed. 
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0900 Mucosal immunisation: current status and 
future prospects 
JAN HOLMGREN  
University of Göteborg, Sweden 
Abstract not received 
 
0945 Potent immunomodulation by cholera toxin and 
related enterotoxins 
TIMOTHY R. HIRST, LOLKE DE HAAN, SYLVIA FRASER, 
MARCO SORIANI & NEIL A. WILLIAMS 
Dept of Pathology & Microbiology, University of Bristol, 
BS81TD 
While cholera toxin (Ctx) and E. coli heat-labile enterotoxin 
(Etx) are the principle virulence determinants of cholera and 
traveller’s diarrhoeal disease, respectively, it is also well-
recognised that the toxins possess remarkable immunological 
properties.   Ctx and Etx are comprised of an enzymatically 
active A-subunit and five B-subunits that bind with high affinity 
to GM1-ganglioside, a glycolipid found in the membranes of 
mammalian cells.  Here, we consider the distinct properties of the 
A- and the B-subunits and how they might modulate immune 
responses.  When epithelial cells encounter Ctx or Etx, the 
cAMP-elevating activity of the toxin A-subunit triggers 
transcription and secretion a number of anti-inflammatory 
cytokines, such as IL-6, IL-10 and IL-1R antagonist.  Moreover, 
neutrophil extravasation across the mucosa is completely 
inhibited by cAMP elevation. By contrast the B-subunit, which 
may be transcytosed across the epithelial layer appears to exert a 
spectrum of effects on immune cell populations including 
suppression of IL-12 and elevation of IL-10 secretion by 
monocytes, elevated antigen persistence in macrophages and an 
alteration in T-cell differentiation and survival.  The range of A- 
and B-subunit mediated effects on the immune system is likely to 
form part of an evasion strategy that assists the invading 
pathogen.  There is great interest in the exploitation of the 
immunomodulatory properties of these toxins and recent 
developments in this area will be considered.   
 
1330 Vaccine delivery technologies 
STEVE CHATFIELD  
Microscience Ltd, Wokingham 
Abstract not received  
 
1415 Alternative/additional strategies for vaccine 
development against panmictic bacterial pathogens 
DLAWER AA ALA’ALDEEN 
Molecular Bacteriology and Immunology Group, Division of 
Microbiology, University Hospital, Nottingham NG7 2UH 
Panmictic organisms, such as Neisseria meningitidis, use several 
highly efficient mechanisms to change their surface antigens to 
evade human immune defences.  These mechanisms include 
point mutations, phase-variation, intragenomic recombination, 
and intergenomic horizontal exchange of genetic material.  They 
complicate vaccine design and implementation because they 
render the protective, surface-exposed OMPs elusive targets for 
cross-protective vaccines, and allow the organism to persist in 
the human host and in the community for much longer than 
would otherwise be possible. Despite these, vaccine efforts 
against these organisms (e.g. Group B meningococci) have 
mainly focused on generating bactericidal antibodies against 
surface-exposed antigens. Whereas other antigens, including 
secreted proteins, have remained largely under-studied.   

We have recently demonstrated that meningococci can 
change the antigenic profile of the surface exposed proteins, and 

switch capsular expression (on and off), while carried in the 
nasopharynx of an individual host.  Others have also shown that 
the more invasive strains of the ET-37 complex are able to 
acquire, and exchange, capsular genes, while retaining their 
hypervirulent phenotype. There is a genuine concern that such 
escape among Group C strains may result from the strong 
selective pressure applied by an increased level of herd 
immunity, resulting from widespread use of the conjugate 
vaccine.  Indeed, the emergence of a serogroup B variant of ET-
37 complex associated with mass vaccination with plain CPS has 
been documented. 
 Taken together, these considerations, strongly suggest that 
we may never be able to eradicate the organism or even 
significantly reduce its circulation in the community. It might be 
more feasible to eliminate or reduce invasive disease, and accept 
an eternal co-existence with these organisms.  This might be 
achieved by targeting multiple virulence factors, which are 
primarily involved with pathology.  The rationale behind this 
alternative (or additional) approach is that virulence factors that 
do not have a central role in colonisation and dissemination may 
not be under such strong selective pressure to change quickly.  
Where they do, the multi-component nature of such a vaccine 
will minimise the chance of failure, in the short term at least.  In 
this presentation, recent data on the identification of several 
immunogenic secreted meningococcal proteins using various 
genomic and proteomic approaches, and evidence for the 
importance of these secreted proteins in manipulating the host 
gene expression, will be presented.  
 
1530 T cell inducing vaccines for malaria and 
tuberculosis  
ADRIAN HILL  
University of Oxford 
Abstract not received 
 
1615 Characterisation of an acapsular mutant of 
Burkholderia pseudomallei identified by signature 
tagged mutagenesis 
T. ATKINS1, R. PRIOR1, M. NELSON1, J. ELLIS1, P.C.F. 
OYSTON1, G. DOUGAN2 & R.W. TITBALL1  
1
Defence Science and Technology Laboratory, CBS 

Porton Down, Salisbury, Wiltshire SP4 OJQ, 2Biological 
Sciences, Centre for Molecular Microbiology and Infection, 
Flowers Building, Imperial College of Science Technology 
and Medicine, Exhibition Rd, London SW7 2AY 
Using a signature tagged mutagenesis approach, we identified a 
non capsulated mutant of Burkholderia pseudomallei which was 
attenuated in the mouse model of melioidosis.  Compared with 
the wild-type this mutant demonstrated a 105 fold increase in the 
median lethal dose in a murine model of disease.  A monoclonal 
antibody against high molecular weight polysaccharide did not 
recognise the mutant. To determine the kinetics of infection, 
mice were dosed i.p. and i.v. with mutant and wild type.  After 
i.p challenge the number of mutant bacteria in the peritoneal 
cavity declined whereas wild type bacteria proliferated. When 
administered by the i.v. route the mutant was able to cause 
disease, but the time to death was increased compared with the 
wild type.  The mutant failed to induce a protective immune 
response in the mouse model of disease. 
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1635 A new vaccinating approach against vector-
borne diseases: targeting the vector 
OLIVIER SPARAGANO 
Dept of Agriculture, University of Newcastle upon Tyne, 
NE1 7RU 
Ticks can be responsible for spreading many diseases at the same 
time as they can foster different pathogens (viruses, bacteria, 
protozoa). Therefore a new solution to control tick-borne 
diseases is to develop new vaccines against the vector not the 
pathogen. Ticks are usually feeding during three periods of their 
life cycle and take blood up to 7-10 days before moulting into the 
next stage. Pathogens are transmitted via the tick saliva and can 
be transferred between tick stages (trans-stadial transmission) or 
from female ticks to their off-springs (trans-ovarial transmission). 
Furthermore many tick components are involved during the 
feeding to counter-react against the host immune system and 
prevent blood clotting for instance. 
 Two types of antigens have already been studied for anti-tick 
vaccines: exposed antigens such as salivary gland proteins or 
concealed antigens such as Bm86 and Bm95 (from Boophilus 
microplus ticks) from the gut wall of the ticks. The first type of 
antigen can also prevent tick attachment and pathogen 
transmission but protective host immunity has not been 
successful under field conditions and therefore new studies are 
relying on concealed antigens. In the latter case antibodies 
produced by the host will be ingested by the ticks and will 
prevent ticks digesting the blood meal. Female ticks need to be 
fully engorged to lay eggs and previous studies showed female 
tick fertility dropping by 98% when host have been vaccinated 
with concealed antigens. However concealed antigens are not 
released into the host blood stream after each meal and antibody 
titres are showing short-term protection when used in field 
conditions. 

The prevention of tick survival will therefore affect the 
transmission of all pathogens they can carry but we need to 
consider that the tick eradication will stop boosting immunity 
towards a broad range of pathogens and could put at risk animals 
and human populations usually exposed and naturally 
immunised. We also need to validate cross-protection between 
different tick species. 
 
TUESDAY 9 APRIL 2002 
 
0900  Is there a role for active immunization of 
surgical and high risk hospitalized patients? 
ELLIOTT BENNETT-GUERRERO  
Columbia University College of Physicians & Surgeons, 
New York, USA 
Abstract not received 
 
0945 The development of vaccine-induced host 
resistance to Salmonella: macrophage functions, 
cytokine networks, T- B-cell interactions 
PIETRO MASTROENI 
Centre for Veterinary Science, University of Cambridge, 
Madingley Road, Cambridge CB3 OES – Email 
pm274@cam.ac.uk 
The outcome of a primary infection with a Salmonella vaccine 
strain depends on the fine balance between bacterial virulence 
and the progressive activation of host resistance mechanisms. 
Early in the infection, resident phagocytes restrain bacterial 
growth until the recruitment of inflammatory macrophages and 
the formation of granulomas aborts the net growth of the micro-
organisms in the tissues. Granuloma formation and macrophage 
activation requires the concerted action of TNF�, IFN�, IL12, 
IL15 and IL18. Phagocytes use sequential, functionally distinct 
mechanisms for Salmonella killing or growth inhibition. An early 
phase of rapid oxidative killing (dependent on the activation of 
the NADPH oxidase) is followed by an iNOS-dependent 
nitrosative bacteriostatic phase. The inability to counteract the 
oxidative burst contributes to the attenuation of Salmonella 

vaccines harbouring mutations in SPI-2 genes. CD4+ T-cell 
dependent immunity is needed for the clearance of bacteria from 
the tissues. A primary infection with an effective vaccine induces 
antibody responses against protein and LPS determinants as well 
as CD8+ and CD4+ T-cell memory. The development of such a 
protective long lasting response requires a cross-talk between B-
cell and T-cell mediated immunity.  
 
1330 Identification of surface-associated vaccine 
antigens in Gram-positive pathogens? 
JERRY WELLS  
Institute of Food Research, Norwich 
Abstract not received 
 
1415 Design and development of vaccines against 
Helicobacter pylori 
GIUSEPPE DEL GIUDICE, M.D. 
Research Center, Chiron SpA, Via Fiorentina 1, 53100 
Siena, Italy 
Helicobacter pylori causes one of the most widespread infections 
worldwide: it affects more than 50% of the human population, 
and is responsible for serious gastric pathologies such as chronic 
gastritis, peptic ulcer, atrophic gastritis and, in some individuals, 
gastric cancer. Current treatments with antibiotics are efficacious, 
but encounters several drawbacks at the level of compliance, side 
effects, antibiotic resistance, etc. The availability of vaccines 
could contribute in reducing the burden of H. pylori associated 
diseases. Several bacterial antigens have been identified as 
virulence factors and proposed as potential vaccine candidates. 
Some of these antigens have been tested in experimental animal 
models of challenge with H. pylori. The experiments in animals 
have shown that prophylactic and therapeutic vaccination against 
H. pylori is indeed feasible. Several open questions still remain 
concerning the understanding of the host-microbe relationship 
and the quality of the immune response which should be induced 
in order to confer protective immunity in man. The answers to 
these questions will be crucial in helping the preparation of 
appropriate vaccine formulations able to efficaciously protect 
humans both prophylactically and therapeutically. A few clinical 
trials have been carried out so far with still limited results. Other 
trials in humans are in progress and are planned for the next few 
years. The final hope is that these new vaccines will show the 
expected efficacy against H. pylori and will permit the 
elimination of this pathogen which has cohabited with humans 
for more than 100,000 years. 
 
1530 Peptide mimics of lipooligosaccharides as 
potential vaccine components 
BAMBOS CHARALAMBOUS  
Royal Free & University College Medical School, London 
Abstract not received 
 
1615 Neisseria lactamica: a new approach to 
vaccines against meningococcal disease 
K. REDDIN1, K. OLIVER1, P.BRACEGIRDLE1, R. 
BORROW2, K. CARTWRIGHT3, I. FEAVERS4, A. 
ROBINSON1, M. HUDSON1 & A. GORRINGE1 
1Centre for Applied Microbiology and Research, Salisbury, 
2Public Health Laboratory, Manchester, 3Public Health 
Laboratory, Gloucester, 4National Institute for Biological 
Standards and Control, South Mimms 
Immunological and epidemiological evidence suggests that 
carriage of the commensal organism Neisseria lactamica is 
involved in the development of natural immunity against 
meningococcal disease and N. lactamica has many surface 
structures in common with N. meningitidis. The use of an N. 
lactamica-based vaccine containing cross-reacting protein 
antigens may mimic this natural immunity against meningococcal 
infection and may pre-empt or enhance protection provided by 
natural carriage of commensal Neisseria species.  
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 We have explored the potential of N. lactamica to form the 
basis of a vaccine against meningococcal disease. Anti-sera 
raised against N. lactamica killed whole cells or OMVs, are 
cross-reactive with strains of N. meningitidis that represent a 
range of serogroups, serotypes and serosubtypes.  
 N. lactamica does not colonise the nasopharynx of mice. 
However, intranasal immunisation of mice with N. lactamica 
outer membrane vesicles (OMVs) or live N.  lactamica has 
elicited systemic and mucosal responses, measured as systemic 
and mucosal antibodies.  
 In addition, we have shown that vaccination with N. 
lactamica, using killed whole cells or OMVs is protective against 
lethal challenge with N. meningitidis in a mouse intraperitoneal 
challenge model. Further experiments have demonstrated that N. 
lactamica OMVs protected against challenge with diverse 
meningococcal isolates from the clonal lineages, ET5, ET37, 
lineage 3 and A4 cluster. To identify the antigens responsible for 
this protection, native preparative electrophoresis has been used 
to separate outer membrane proteins, and a group of proteins in 
the molecular weight range 25 – 30kDa has been identified, 
immunisation with which confer increased protection from 
meningococcal challenge.  
 Thus vaccines based on N. lactamica have the potential to 
provide serogroup-independent protection against meningococcal 
disease.  
 
1635 Use of an attenuated Bordetella bronchiseptica 
aroA mutant as a live mucosal vaccine and vector for 
heterologous antigens 
MARK ROBERTS & ANDREW STEVENSON 
Molecular Bacteriology Group, Dept of Veterinary 
Pathology, Glasgow University Veterinary School, 
Bearsden Road, Glasgow G61 1QH 
Inactivation of the aroA gene of B. bronchiseptica severely 
impairs its ability to colonise the respiratory tract of mice. The B. 
bronchiseptica aroA mutant was investigated as a live vaccine 
and vector for heterologous antigens. The B. bronchiseptica aroA 
mutant expressing the non-toxic fragment C (FrgC) of tetanus 
toxin (strain GVB120) was used to immunise mice intranasally. 
Immunised mice produced a strong serum and mucosal antibody 
response to B. bronchiseptica and serum anti-FrgC antibodies. 
Upon challenge with wild type B. bronchiseptica, immunised 
mice rapidly reduced the numbers of B. bronchiseptica in their 
respiratory tract, although clearance was more pronounced in the 
lower than in the upper respiratory tract. Immunisation with 
GVB120 protected ~ 40% of mice from tetanus toxin challenge. 
As far as we are aware, this is the first description of a 
recombinant B. bronchiseptica strain being used as a live vaccine 
vector for heterologous antigens. 
 
16.55 Evaluation of a cell-free protein production 
system for the production of Francisella tularensis 
vaccine candidates 
SONYA C. ROWE, SARAH L. HAYWARD, ELIZABETH 
SCANLON, RICHARD W. TITBALL & JULIE MILLER 
Dstl Chemical & Biological Sciences, Porton Down, 
Salisbury, Wiltshire SP4 0JQ 
Francisella tularensis is the etiological agent of tularemia, a 
serious, sometimes fatal disease of man. An effective live vaccine 
strain (LVS) of F. tularensis is available, however the 
mechanism by which it induces protection is unclear, therefore 
currently our research is focusing on developing a recombinant 
subunit vaccine.  
 Production of recombinant protein vaccine candidates using 
prokaryotic cell based expression systems can sometimes be 
time-consuming. Therefore, the recently launched Rapid 
Translation System (RTS500) developed by Roche Diagnostics 
has been assessed as an alternative high-throughput system, for 
production of F. tularensis putative protein sub-unit vaccine 
candidates. The RTS500 is a cell free expression system based on 
an optimised E. coli lysate with in vitro transcription and 

translation coupled in a specially designed reaction device. 
Growth conditions are controlled by the RTS500 instrument. Gene 
sequences of putative vaccine candidates have been cloned into 
both RTS and E. coli specific expression vectors and the 
influence of different growth parameters has been measured. The 
usefulness of this system when compared with traditional cell 
based expression has been assessed. 
 
POSTERS 
 
CM 01 Characterisation of diphtheria toxoids by in vitro 
methods: comparison with protective response 
CELIA PRIOR, BARBARA BOLGIANO, MARISA PEYRE, 
ROB TIERNEY & DOROTHEA SESARDIC 
National Institute for Biological Standards and Control, 
Blanche Lane, Potters Bar, Hertfordshire, South Mimms 
EN6 3QG 

Potency testing of diphtheria vaccines, by challenge, is the target 
assay for replacement by the European Pharmacopoeia. Whilst 
efforts are being made to validate methods to reduce numbers of 
animals and refine the biological end point used in potency 
testing of diphtheria vaccines, parallel studies are aimed at 
biochemical characterisation of the toxoids as a means to confirm 
consistency in quality control. In production of toxoid vaccines, 
the active toxin is produced from bacterial cultures and then 
inactivated with formaldehyde by a method that avoids 
destruction of the immunogenic potency of the toxoid and 
reversion of the toxoid to toxin, particularly on exposure to heat. 
Purification may be carried out before or after detoxification. 
One of the most critical steps in the production of toxoid vaccine 
is the detoxification process, which is variable and one of the 
main reasons for a need to confirm safety and efficacy of this 
product. Changes induced by detoxification process or 
purification methods can be characterised by physicochemical 
and immunochemical methods. We have used size-exclusion 
chromatography, SDS-PAGE and toxoid interaction with 
different monoclonal antibodies to study 24 different diphtheria 
toxoids, provided from ten vaccine manufacturers. Selected 
formulations were also tested for immunogenicity in guinea pigs. 
ELISA was used to titrate anti-diphtheria antibodies and Vero 
cell assay was used to quantify functional toxin neutralising 
antibodies. Preliminary studies confirmed that toxoid 
formulations, made by the same manufacturer and purification 
methods, gave highly consistent information in vitro and induced 
comparable protective antibody response in vivo. For several 
toxoids tested to date, significantly higher protective antibody 
response (p<0.5) was obtained for formulations with confirmed 
in vitro higher purity and antigenicity. 
 
CM 02 The B subunit of E. coli heat-labile toxin as a 
vehicle for the delivery of exogenous peptides into the 
class I antigen processing and presentation pathway 
LOLKE DE HAAN1, ARRON R. HEARN2, A. JENNIFER 
RIVETT2 & TIMOTHY R. HIRST1 
1Depts of Pathology & Microbiology, 2Biochemistry, 
University of Bristol 
Current immunisation strategies, using peptide or protein 
antigens, generally fail to elicit cytotoxic T lymphocyte (CTL) 
responses, since these antigens are unable to access intracellular 
compartments where loading of class I molecules occurs. In an 
attempt to circumvent this we investigated whether the GM1 
receptor-binding B subunit of E. coli heat-labile toxin (EtxB) 
could be used to deliver class I epitopes. We found that when a 
class I epitope was conjugated to EtxB it was delivered into the 
class I presentation pathway in a GM1 binding-dependent 
fashion, and resulted in the appearance of MHC-I/epitope 
complexes at the cell surface. Importantly, the efficiency of 
EtxB-mediated epitope delivery could be strikingly enhanced by 
incorporating, adjacent to the class I epitope, a 10 amino acid 
segment from the C-terminus of the DNA polymerase (Pol) of 
herpes simplex virus. If the epitope was extended at its C-
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terminus, EtxB-mediated delivery into the class I presentation 
pathway was found to be completely dependent on proteasome 
activity. Thus, by combining the GM1-targeting function of EtxB 
with the 10 amino acid Pol-segment, highly efficient delivery of 
exogenous epitopes into the endogenous pathway of class I 
antigen processing and presentation can be achieved. 
 
CM 03 Cellular immune responses elicited by 
meningococcal carriage and disease 
K. ROBINSON1, A. HASAN2, A. ROBINS2, I. TODD2 & 
D.A.A. ALA’ALDEEN1  
1Molecular Bacteriology and Immunology, Divisions of 
Microbiology & Infectious Diseases, 2Molecular & Clinical 
Immunology, University Hospital, Nottingham NG7 2UH 
Neisseria meningitidis colonises the human nasopharynx, from 
where invasion of underlying tissues may result in severe clinical 
syndromes. Immunity to meningococcal disease appears to be 
dependent upon bactericidal serum IgG, but little is known about 
the cellular response. Peripheral blood mononuclear cells 
(PBMCs) were collected from convalescent patients and carriers 
in order to study the T-helper subset response, which regulates 
the humoral response and is important for the generation of 
immunological memory.  
 In proliferation assays, PBMCs from patients responded with 
significantly higher stimulation indices than those of carriers, to 
the presence of meningococcal antigens. Using intra-cellular 
staining and flow cytometry, similar frequencies of activated 
IFN� and IL-5-positive CD4 cells were detected after in vitro 
stimulation with meningococcal antigens. These data indicated 
that unbiased T-helper subset responses were elicited by 
meningococcal carriage or disease.  
 High frequencies of activated IFN�+ NK cells, of the innate 
immune system, were detected following stimulation of PBMCs 
with meningococcal lysates. Determining the cellular source of 
cytokines is therefore extremely important when examining 
response phenotypes. 
 
CM 04 Human meningeal-derived cells defend 
themselves against meningococci 
K. ROBINSON1, D.B. WELLS1, P.J. TIGHE2, K.G. 
WOOLDRIDGE1 & D.A.A. ALA’ALDEEN1 
1Molecular Bacteriology and Immunology, Divisions of 
Microbiology & Infectious Diseases, 2Molecular & Clinical 
Immunology2, University Hospital, Nottingham, NG7 2UH 
During meningococcal meningitis, high levels of pro-
inflammatory cytokines and chemokines are found in the CSF. 
The cellular source of such factors is unknown, but since lower 
concentrations are detected in the serum it is thought that they 
may be locally produced. In order to study the response of human 
meningeal-derived epithelial cells to live meningococci, we used 
micro-arrays to examine differential expression of over 3,500 
human genes.  
 An up-regulation in gene expression of ten pro-inflammatory 
cytokines, chemokines and adhesion molecules was detected, 
including Interleukin-6, IL-8, TNFα, Macrophage inflammatory 
protein-2α, ICAM-1 and VCAM-1, indicating that meningeal 
cells could indeed be a source of the factors found in CSF.  
 In addition, differential expression of six anti-apoptotic genes 
was also detected. These studies represent the first evidence that 
meningeal cells resist the effects of pathogenic bacteria.  
Stimulating the cells with a preparation of meningococcal 
secreted proteins that had been depleted of lipooligosaccharide 
yielded similar results. Secreted virulence factors may therefore 
have a role in inducing pro-inflammatory and anti-apoptotic 
mechanisms. 
 
CM 05 A novel, rapid method for the detection of 
viruses 
DAVID SHAW & CHRISTOPHER STEVENSON 
Faculty of Applied Sciences, UWE, Bristol BS16 1QY 

Alamar BlueTM (Serotec Ltd) has been used recently as an 
indicator of cell damage in in vitro cytotoxity assays. This stain 
incorporates a REDOX indicator which exhibits both 
fluorescence and colourimetric change in the appropriate 
oxidation-reduction range relating to cellular metabolic reduction 
and is not cytotoxic at the concentration used here. 
 Vero cells were cultivated in 12-well plates (Costar) in 
medium 199 without phenol red, supplemented with 10% foetal 
bovine serum. When the monolayer was confluent, the medium 
was removed and the cells were inoculated with herpes simplex 
virus type 1 at an input multiplicity of infection of 30 TCD50. 
After allowing 30 min for virus adsorption, fresh medium 
containing 7% v/v Alamar Blue was added to each culture. 
Samples were taken at 2-hourly intervals post-infection and 
monitored for fluorescence at an excitation wavelength of 
560nm. The emission wavelength covered a range from 570nm to 
700nm.  
 The results clearly show that within two hours of virus 
infection, enhanced metabolic activity of cells could be 
demonstrated by a reduction of the REDOX indicator but not in 
the case of uninfected cells. This effect was abrogated totally 
when the virus was pre-incubated with immune serum for one 
hour prior to inoculation of the cells, suggesting a rapid means of 
virus detection and possible identification. 
 
CM 06 AspA, a novel, conserved, immunogenic and 
surface-exposed meningococcal autotransporter 
protein 
D. TURNER, K. WOOLDRIDGE & D. ALA’ALDEEN 
Division of Microbiology and Infectious Diseases, 
University Hospital, Nottingham 
Autotransporter proteins are important virulence factors in many 
Gram-negative bacteria. Autotransported serine protease A 
(AspA) via an in silico search of the meningococcal genome 
sequence database. AspA was amplified, cloned and expressed. 
Antibodies against recombinant AspA (rAspA) were detected in 
patients’ convalescent sera. Rabbit antiserum (R�AspA) was 
raised against rAspA and used to screen a panel of wild-type 
meningococcal strains. AspA was expressed in 8/10 
hypervirulent lineages examined, but not AspA mutant strains. 
Fractionation experiments confirmed that the precursor protein 
was present in the outer membrane, whilst the secreted forms of 
AspA (c. 68 and 72 kDa) were detected in culture supernatants. 
Surface-exposure was confirmed by immunogold-staining and 
electron microscopy. R�AspA exhibited bactericidal activity 
against the homologous strain (MC58). Site-directed mutagenesis 
of S426 in the putative serine protease site, abolished AspA 
secretion in E. coli, confirming auto-cleavage. In conclusion, 
AspA is a novel meningococcal autotransporter protein, which 
warrants further investigation as a vaccine antigen. 
 
CM 07 Genetic variation amongst aeromonas isolates 
from Libya 
A. ABDALLAH, C. ANTHONY HART & CRAIG 
WINSTANLEY 
Medical Microbiology & Genitourinary Medicine, University 
of Liverpool, Daulby Street, Liverpool L69 3GA 
Aeromonas species are a major cause of diarrhoea amongst 
children in Libya. Aeromonads have been separated into 
hybridisation groups (HGs) on the basis of DNA relatedness. 
However, the methodology for assigning strains to a HG is 
difficult. There is a need for the development of rapid methods 
for the identification and discrimination of clinical Aeromonas 
isolates.  Restriction fragment length polymorphism analysis 
following PCR amplification (RFLP-PCR) of the 16S rRNA 
gene has been proposed as a rapid method to identify Aeromonas 
species. In addition, PCR-RFLP analysis of the aroA gene has 
been used to identify aeromonads. In this study 52 Aeromonas 
isolates from different sources (human, chicken and hospital 
environmental) were analysed using PCR-RFLP of the 16S 
rRNA and aroA genes.  A 1236 bp aroA amplicon was obtained 
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from all Aeromonas isolates used in this study. Isolates were 
differentiated using HaeII restriction digestion of PCR 
amplicons. The 52 isolates studied could be separated into 9 
groups on the basis of their PCR-RFLP profiles. 16S rRNA 
amplicons were digested with AluI and MboI. 50 of the 52 
isolates could be identified using PCR-RFLP as A. hydrophila 
(9), A. caviae (16) or A.veronii (25). The results indicated that 
isolates from chicken carcasses were predominantly A.veronii 
whereas isolates from children or hospital environments were 
predominantly A.caviae or A.hydrophila.  
 
CM 08 Cyclic peptide-neutravidin complex as an 
immunogen for cross-reactive antibody production to 
group B meningococcal lipo-oligosaccharide 
H. TIWANA1, I.M. FEAVERS2 & B.M. CHARALAMBOUS1 
1Royal Free and University College Medical School, 
2National Institute for Biological Standards and Control 
Vaccines against meningococcal disease based on capsular 
polysaccharides have been developed, but the group B 
polysaccharide is poorly immunogenic since it mimics human 
cell surface antigens. As one alternative the meningococcal outer 
membrane lipooligosaccharide (LOS) contains epitopes that are 
immunogenic in man and has therefore been proposed as a 
potential vaccine component. Using a monoclonal antibody, 9-2-
L379, specific for the LOS L3,7,9 immunotype that is most 
frequently associated with disease, linear and constrained cyclic 
peptides were identified from panning phage display libraries. 
The antigenicity of these cyclic peptides was disrupted using 
standard chemical conjugation procedures, so a non-chemical 
procedure was developed. Cyclic peptides were biotinylated and 
complexed to Neutravidin as carrier protein mixed with various 
adjuvants and used to immunise Balb/c and C3H/HeN female 
mice. Total and subclass IgG antibodies were studied as well as 
lymphocyte production of IL-4, IL-5, IL-10 and IFN-γ cytokines 
in response to peptides or meningococcal LOS. Total IgG 
response showed a 4-fold increase over controls. The 
predominant cross-reactive antibody responses to LOS were 
IgG1 and IgG2b. Antibody functional studies and immunisation 
experiments on other cyclic peptides are underway. 
 
CM 09 The application of 2D-gel electrophoresis in 
ensuring the quality of meningococcal outer 
membrane vesicle vaccines 
K.V. BARSKI1, C.A. VIPOND1, S.E. HARDY1, R. 
BORROW2 & I.M. FEAVERS1 
1Division of Bacteriology, National Institute for Biological 
Standards and Control, Blanche Lane, South Mimms, 
Potters Bar, Herts EN6 3QG, Vaccine Evaluation 
Laboratory, 2Manchester Public Health Laboratory, 
Withington Hospital, Manchester M20 2 LR 
Endemic disease caused by Neisseria meningitidis remains a 
major public health issue. In Europe the successful introduction 
of conjugate vaccines against group C disease has served to 
highlight the need for vaccines that will offer comprehensive 
protection against all pathogenic serogroups of the 
meningococcus. The lack of a broadly cross-protective vaccine 
candidate against the genotypically and antigenically diverse 
group B meningococci continues to be a hurdle in 
meningococcal vaccine development. However, in Norway and 
Cuba, vaccines consisting of meningococcal outer membrane 
vesicles (OMVs) have been developed in response to outbreaks 
of group B disease caused by specific genotypes of the organism.  
The use of one such vaccine has been considered as an 
intervention in an ongoing outbreak of group B disease in New 
Zealand. Unlike conjugate vaccines, which are produced from 
highly purified components, OMV vaccines contain a complex 
mixture of outer membrane protein antigens, increasing the 
potential for variability between batches of vaccine. The current 
study explores the potential of 2D-gel electrophoresis to confirm 
the batch-to-batch consistency of OMV vaccines. The more 
abundant and immunodominant proteins in OMV vaccines, such 

as the porins, are antigenically variable, which reduces their 
potential to elicit cross-protective immunity against the diverse 
isolates responsible for endemic disease. Two dimensional gel 
electrophoresis permits the identification of less abundant 
antigens that may have better prospects as cross-protective 
antigens against meningococcal disease. 
 
CM 10 Identification of molecular mimics of 
meningococcal lipo-oligosaccharide as vaccine 
candidates 
K. CLOW1, P. BRETT1, B. CHARALAMBOUS2 & I. 
FEAVERS1 
1Division of Bacteriology, National Institute of Biological 
Standards and Control, Blanche Lane, South Mimms, 
Potters Bar, Hertfordshire EN6 3QG, 2Dept of Medical 
Microbiology, Royal Free and University College Medical 
School, Royal Free Campus, Rowland Hill St, London 
NW3 2PF 
Currently there is no vaccine that offers comprehensive 
protection against disease caused by all pathogenic serogroups of 
Neisseria meningitidis. The production of specific antibodies 
against meningococcal LOS plays an important role in the host’s 
defence against this organism. However, meningococcal LOS is 
poorly immunogenic, does not induce good immunological 
memory, is toxic and contains epitopes that mimic self antigens.  
We have investigated peptide mimics of LOS epitopes as 
alternative immunogens against meningococcal disease. Random 
peptide phage display libraries were screened with LOS specific 
monoclonal antibodies to identify peptide mimics.  Two 
monoclonal antibodies were chosen on the basis that they 
recognised potentially protective epitopes that were relatively 
conserved and not cross-reactive with human antigens. 
Consensus peptide sequences were identified for both antibodies.  
The specificity of these peptides for the appropriate monoclonal 
antibodies were confirmed by phage capture assays.  Real-time 
binding kinetic measurements on a resonant mirror biosensor 
suggested that peptides that were conformationally constrained 
had binding affinities to the monoclonal antibody that were 
comparable with native LOS and were therefore good mimics. In 
contrast, this degree of binding was not observed with linear 
peptides. 
 
CM 11 Assessment of E-test strips as a rapid method 
for sensitivity testing Haemophilus influenzae isolates 
in ocular diagnostic microbiology labs 
A.ADLAN1, A.A. AL-RAJHI1, T. ISSA1, J.N. FLETCHER2 & 
A.M. SNELLING2 
1King Khaled Eye Specialist Hospital, Riyadh, Saudi 
Arabia; 2Dept of Biomedical Sciences, Univ of Bradford, 
Bradford 
Haemophilus influenzae is a leading cause of bacterial eye 
infections. Antibiotics are widely used for treatment but in most 
cases this is empirical. With the increasing prevalence of 
antibiotic resistant strains, there is a greater role for sensitivity 
testing in the ocular diagnostic lab. This study evaluated E-test 
strips (AB Biodisk) as a possible quick and reliable method for 
determining MICs, compared to a conventional agar dilution 
(AD) method. A total of 146 recent isolates of H. influenzae were 
obtained from the King Khaled Specialist Eye Hospital Riyadh. 
These were isolated from diseased eyes (n=100), respiratory 
infections (20) and healthy eyes (18) and nares (8). Agar dilution 
MICs for 11 antibiotics were performed to NCCLS standards. E-
test strips were used as recommended by the manufacturer. The 
agreement between the MICs obtained by the two methods (i.e. 
within (+/-1 log2 dilution) was 92% for ampicillin and 
tetracycline, 93% for ofloxacin, cefuroxime and 
amoxicillin/clavulanic acid, 95% for chloramphenicol, 
gentamicin, ceftazidime and clarithromycin, 96% for 
ciprofloxacin, and 99% for erythromycin. 
Conclusion: There was a high degree of correlation between the 
results. E-test strips were considerably easier to use than AD, and 
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results were available for reporting to clinicians within 24hrs. 
The E-test methodology should help to improve prescribing 
practices in eye hospitals, and allows even the busiest lab to 
survey for local resistance rates. 
 
CM 12 Immunogenicity of mutants of tetanus toxin Hc 
fragments 
ZAHRA MIRSHAHI1, CELIA PRIOR1, OMAR QAZI2, NEIL 
FAIRWEATHER2 & DOROTHEA SESARDIC1 
1National Institute for Biological Standards and Control, 
Blanche Lane, Potters Bar, Hertfordshire, South Mimms 
EN6 3QG, 2Dept of Biological Sciences, Imperial College, 
South Kensington, London SW7 2AY 

Current tetanus vaccines contain chemically denatured tetanus 
toxin, which in its native form is one of the most potent bacterial 
neurotoxins known. Tetanus toxin is composed of a heavy (H) 
chain and a light (L) chain. The 100 kDa H chain confers 
neuronal cell binding and transport functions while the 50kDa L 
chain contains zinc-dependent endopeptidases activity 
responsible for inactivation of a key protein leading to inhibition 
of the release of neurotransmitters. In order to improve the safety 
of tetanus vaccines, the carboxy terminal fragment of H chain, 
termed HC or fragment C, has been considered as possible sub-
unit vaccine, as it is known to harbour protective epitopes, and it 
is entirely devoid of L chain enzyme activity. However, the 
native HC fragment can still bind neuronal cells and retains 
retrograde transport properties.  In order to study functional 
properties of the Hc domain of tetanus toxin, mutants with 
greatly reduced ability to bind to the primary neuronal cells and 
retrograde axonal transport properties were prepared (Sinha et 
al., Molecular Microbiology, 2000; 37: 1041-1051).  The 
purpose of this study was to evaluate the mutants for their ability 
to induce protective immune response to tetanus. We have use 
ganglioside GT1b binding and HC domain specific monoclonal 
antibodies to differentiate between the wild type Hc protein from 
the three mutants. We have used size-exclusion chromatography 
and SDS-PAGE to confirm purity and integrity of proteins. 
Before immunisation of animals we used the LAL in vitro 
endotoxin assay to determine the amount of LPS in recombinant 
proteins. The immune response was studied in mice and 
compared to wild type HC proteins, partially and fully inactivated 
tetanus toxins and conventional licensed tetanus vaccine. 
Partially inactivated tetanus toxin is used as a carrier protein in 
polysaccharide conjugate vaccines whereas fully inactivated 
tetanus toxin is used as a component in human tetanus vaccines.  
 
CM 13 The construction of a defined purine auxotroph 
in Francisella tularensis 
J.E. QUARRY, K.E. ISHERWOOD, J.F. ELLIS, P.C.F. 
OYSTON & R.W. TITBALL 
Dstl, CBS Porton Down, Salisbury, Wiltshire SP4 0JQ 
Francisella tularensis is a Gram negative, facultatively 
intracellular pathogen, which causes the debilitating disease 
tularemia in humans and a wide range of animals.  The 
attenuated F. tularensis live vaccine strain (LVS) can induce 
protective immunity against tularemia in humans, but the basis of 
attenuation is not understood at the molecular level, thus 
preventing its licensing as a live vaccine.  Therefore we aim to 
construct a rationally defined mutant that would be suitable for 
licensing as a vaccine.  The guaA gene, which is part of the 
purine biosynthetic pathway, has been identified as a potential 
target for mutagenesis.  A defined deletion was introduced into 
the central region of the guaA gene and a chloramphenicol 
resistance gene inserted at the deletion site.  The inactivated gene 
was cloned into the pUC18 plasmid.  The sacB gene was also 
cloned into the polylinker region of the construct to provide an 
additional means of selection.  The construct was introduced into 
the virulent F. tularensis HN63 strain by cryotransformation.  
Linear DNA, consisting of the inactivated gene plus the 
chloramphenicol cassette, was produced by digestion of the 

construct, and this was also introduced into F. tularensis HN63 
by cryotransformation. 
 
CM 14 Production and protective efficacy of a 
Burkholderia pseudomallei O-polysaccharide-flagellin 
conjugate 
N. WALKER, J. PRIOR, M. NELSON, P. HOLDEN, M.S. 
LEVER, P. RUSSELL, R.W. TITBALL & J. MILLER 
Chemical and Biological Sciences, Dstl, Porton Down, 
Salisbury, Wiltshire SP4 0JQ 
Burkholderia pseudomallei causes melioidosis, a disease that is 
endemic in Southeast Asia and Northern Australia.  It is a disease 
of both animals and humans.  After infection patients may be 
asymptomatic for several years before developing an acute 
suppurative, chronic granulomatous or septicemic disease.  
Infection can be treated with antibiotics, but the mortality rate is 
still high.  
 Passive protection using sera raised in rabbits immunised 
with a B. pseudomallei O-polysaccharide-falgellin conjugate has 
been shown to afford protection against B. pseudomallei 
challenge in diabetic rats.  We have produced an O-
polysaccharide-flagellin conjugate comprising the O-
polysaccharide of B. pseudomallei K96243 and a recombinant 
form of the flagellin of B. pseudomallei 4845.  The O-
polysaccharide was produced by cleaving the intact LPS 
molecule by acid hydrolysis and conjugated to the flagellin using 
an adipic acid dihydrazide spacer molecule. 
 BALB/c mice were immunised with the conjugate and the 
protective efficacy against a challenge of B. pseudomallei has 
been assessed.  
 
CM 15 Orogastric vaccination with Helicobacter pylori 
sonicate and cholera toxin reduces the burden of 
infection in guinea pigs 
S. RIJPKEMA & ZARMINA DURRANI 
Divison of Bacteriology, National Institute for Biological 
Standards and Control, Blanche Lane, South Mimms, 
Potters Bar 
In guinea pigs, Helicobacter pylori infection results in a Th1 type 
response and acute inflammation of the gastric mucosa. We 
studied the effect of orogastric vaccination with whole cell 
sonicate (CS) antigens and cholera toxin (CT) on H. pylori 
infection. This vaccine is efficacious in mice when given orally.  
 Guinea pigs, seven per group, received three orogastric doses 
of 2 mg CS of H. pylori GP15 and 100 µg CT or CT only in 
bicarbonate buffer at weekly intervals. Vaccinated and naïve 
animals were challenged seven weeks later with three orogastric 
doses of 109 H. pylori GP15 on alternate days. Animals were 
kept for three weeks. H. pylori was cultured from stomach tissue 
and specific antibodies were detected in serum, bile and gastric 
mucosa. 
 The burden of H. pylori infection was significantly lower 
(0.8 LOG) in guinea pigs vaccinated with CS and CT, compared 
to naive animals and animals receiving CT only. IgG levels in 
serum and the gastric mucosa were significantly lower in animals 
vaccinated with CT only. IgA levels in bile and the gastric 
mucosa did not vary significantly among groups. IgG2 prevailed 
and relative levels were highest in naïve animals.   
 We conclude that orogastric vaccination of guinea pigs is less 
effective in the prevention of H. pylori infection than observed in 
mice. The immune response remained biased towards Th1 
despite the use of CT as an adjuvant.  
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0900 Virus/host equilibrium in the 
immunocompromised patient 
L. BORYSIEWICZ  
Imperial College School of Medicine, London 
Abstract not received 
 
0930 Diagnosis and management of CMV infections 
in transplant patients 
VINCENT C. EMERY 
Royal Free and University College Medical School 
Human cytomegalovirus (HCMV) continues to be a major cause 
of morbidity in the transplant recipient.  Recent data from my 
group has shown that CMV replication in vivo is rapid with a 
doubling time of approximately 1 day and that viral load is a 
major factor in pathogenesis.  In primary CMV infection of solid 
organ transplant recipients, the basic reproductive number for 
CMV is ~ 15 indicating that a drug must be >95% efficacious at 
inhibiting replication in order to fully control replication.  During 
the presentation I will emphasise how these data can be used to 
optimise monitoring of infection and help rationalise different 
management strategies.  The effects of pre-emptive therapy 
(initiated after systemic detection of CMV) or prophylaxis (given 
immediately after transplantation) on CMV replication and the 
emergence of drug resistant viruses will also be discussed.  The 
aim of the presentation is to set the scene for the subsequent 
presentation by providing the audience with the basic concepts 
underlying our current understanding of CMV replication in vivo 
while highlighting the challenges remaining in the rapid 
diagnostic identification of CMV and how to use the results to 
manage patients appropriately. 
 
1015 Application of molecular-based techniques to 
CMV diagnosis and monitoring in transplant recipients 
JULIE D. FOX 
Medical Microbiology, UWCM, Heath Park, Cardiff  
CF14 4XN 
Study aim: The aim of the study was to evaluate a range of ‘in 
house’ and commercial assays for the early identification of 
active CMV infection in transplant recipients and to relate assay 
results to patient outcome. 
Methods: 1500 blood samples were taken from 200 transplant 
recipients (114 bone marrow/stem cell and 86 renal) up to 6 
months post-transplant. Whole blood samples were tested for 
CMV-specific antigen (pp65 antigenaemia assay), late mRNA 
(pp67 NASBA assay) and CMV DNA (single round and nested 
PCR). Plasma samples were screened for CMV DNA using 
commercial and ‘in house’ qualitative and quantitative PCR. 
Results: Only half of the patients who were treated with 
ganciclovir during the study period fulfilled the criteria for CMV 
disease according to our working definition. The correlation 
between molecular test results for individuals samples was not 
100%. Two very sensitive PCR-based tests were generally the 
first to give positive samples in a patient series but both assays 
had particularly poor positive predictive values. Therefore if 
these assays were used to guide treatment vulnerable patients 
could be given unnecessary toxic and expensive therapy. The 
antigenaemia assay was sub-optimal for surveillance of 
haematology patients because of the relatively high number of 
samples which had insufficient cells for analysis. This assay did, 
however have the best positive predictive value and specificity 
for both transplant groups. Of the qualitative molecular assays, 
NASBA and single-round whole blood PCR were a good 
compromise giving positive results relatively early in the disease 
process and trailing off quickly after a successful response to 
therapy. 

Conclusion: The high negative predictive value for all molecular-
assays is helpful in ruling out CMV-related disease and care must 
be taken that use of very sensitive qualitative molecular assays 
does not lead to inappropriate anti-CMV therapy. 
 
1130 Ocular herpes virus infections in immuno-
compromised patients  
S. MITCHELL 
Chelsea & Westminster Hospital, London 
Abstract not received 
 
1215  The role of KSHV/HHV8 infections in 
immunocompromised patients 
T.F. SCHULZ1, J. SHELDON1, M. LUPPI2, D. FARGE3, N. 
RENWICK4 & J. GOUDSMIT4 
1Dept Virology, Hannover Medical School, Hannover, 
Germany, 2Dept Medical Sciences, Modena, Italy 
3Hopital St. Louis, Paris, France, 4Academic Dept Virology, 
Amsterdam, The Netherlands 
Kaposi’s sarcoma –associated herpesvirus (KSHV) or human 
herpesvirus 8 (HHV8) is an old human virus that has co-evolved 
with human populations since the origin of Homo sapiens. It has 
now apparently become rare in many Western countries and in 
large parts of Asia, but remains highly prevalent in subsaharan 
Africa and relatively common in several Mediterranean 
countries, e.g. in Italy, Greece, Israel. As with other 
herpesviruses, transmission appears to occur in childhood, 
possibly from mother and infected sibling, favoured by 
conditions of close contact. In immunocompetent individuals 
KSHV/HHV8 infection appears to be associated with disease 
(classic Kaposi’s sarcoma) only extremely rarely. 

In immunocompromised patients (transplant recipients, AIDS 
patients) however, KSHV/HHV8 is a significant cause of 
morbidity and mortality. In transplant patients, Kaposi’s sarcoma 
(KS) is usually the result of a reactivated pre-existing infection 
with KSHV/HHV8, although the transmission of this virus and 
subsequent progression to KS has also been documented. Pre-
existing antibodies to KSHV/HHV8 at the time of transplantation 
are associated with a markedly increased risk for the subsequent 
appearance of KS. Viral load monitoring of KSHV/HHV8 may 
also be a guide to the prevention of transplant KS. Primary 
infection in an immunocompromised patient can manifest itself 
as also as Multicentric Castleman’s disease (MCD). Among 
HIV-infected individuals the subsequent acquisition of 
KSHV/HHV8 is associated with a particularly rapid progression 
to AIDS KS. Viral load in peripheral blood is detectable in about 
10% of patients at the point of seroconversion, subsequently 
declines, and increases again around the time of KS 
development. MCD is also associated with a measurable viral 
load in peripheral blood. In KS and MCD lesions most virus-
infected cells harbour latent KSHV, but a variable subpopulation 
of cells contains productively replicating virus. A number of viral 
genes that have been implicated in pathogenesis will be 
discussed. 
 
1400 Post transplant lymphoproliferative disease 
(PTLD) and EBV 
DOROTHY H. CRAWFORD 
Professor of Medical Microbiology, University of Edinburgh 
EBV infects over 90% of the population and establishes a 
persistent infection that is primarily controlled by cytotoxic T 
cells (CTL).  In immunosuppressed transplant recipients this is 
reduced or lost, and 1-10% develop EBV associated PTLD.  Risk 
factors for PTLD include high cumulative dose of 
immunosuppressive drugs and primary EBV infection following 
transplant.  Tumours are usually extranodal, often arising in the 
gut or grafted organ.  They generally consist of B lymphoblasts 
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which express all the latent viral genes, and may progress from a 
polyclonal to a monoclonal proliferation. 

First line treatment for PTLD is reduction of 
immunosuppression.  In most cases this allows regeneration of 
the CTL response and complete or partial regression of the 
tumour.  However, recurrences are common and the overall 
fatality rate exceeds 50%.  We have undertaken a pilot study to 
test the efficacy of treating PTLD patients with infusions of 
allogeneic EBV specific CTL grown from healthy blood donors 
and used on a best HLA match basis.  To date, 8 patients who 
failed to respond to other forms of therapy and had progressive 
PTLD have received CTL.  No infusion related toxicity occurred 
and no graft-versus-host disease or graft rejection developed.  
Infused CTL were detected in the circulation for up to 44 days 
after infusion, and EBV load in peripheral blood mononuclear 
cells was reduced in all but 1 patient.  Three of the 5 patients 
who completed the treatment attained complete remission, with 
the longest survival to date being 2.5 years. 
 
1445 Respiratory virus infections in transplant and 
immunocompromised patients 
ANNA MARIA GERETTI 
Consultant Virologist and Honorary Senior Lecturer in 
HIV/GU Medicine, Dept of Infection and PHL, King’s 
College Hospital (Dulwich), East Dulwich Grove SE22 8QF 
Individuals with iatrogenic immunosuppression may develop 
severe and often fatal respiratory infections with a wide range of 
RNA and DNA viruses. These include common respiratory 
viruses such as RSV, influenza, and parainfluenza, and more 
opportunistic viruses such as CMV, HSV, and VZV. Whereas 
opportunistic pathogens have received the most recognition, the 
ability of common respiratory viruses to cause life-threatening 
pneumonia has only recently been recognised. Published 
evidence provides circumstantial evidence in favour of an active 
diagnostic and early therapeutic approach to these infections. 
Available treatment strategies do not significantly reduce 
mortality associated with pneumonia, particularly after the onset 
of respiratory failure. However, lower tract involvement is 
usually preceded by upper respiratory tract symptoms, offering 
an opportunity for pre-emptive treatment. The identification of 
risk factors for progression from upper to lower tract disease may 
allow targeting pre-emptive treatment to high-risk patients. 
Further studies, however, are required to make firm conclusions 
over treatment protocols. Relatively little is known about the 
impact of common respiratory viruses in the setting of HIV 
infection. A few studies suggest that HIV-infected patients have 
frequent infections, prolonged viral shedding, and a high risk of 
pneumonia-associated death, but there are no data on the effects 
on HIV replication.  
 
1600 The problems of blood borne virus infections in 
liver transplant patients 
G. ALEXANDER  
Addenbrooke’s Hospital, Cambridge 
Abstract not received 
 
THURSDAY 11 APRIL 2002 
 
0900 How common are viral respiratory tract 
infections (RTIs) in haematoncology patients? 
Y. TAHA1, D. TAUSSIG2, J. CAVANAGH2 & C. AITKEN1 
1Depts of Virology, 2Haematology, Barts and The London 
NHS Trust, West Smithfield, London EC1A 7BE 
Background/ Objectives: In the winter of 1999-2000 a combined 
RSV/ Influenza A outbreak occurred in our Haematoncology 
unit. 56 patients were affected and 5 died. Nosocomial 
transmission occurred in 50% of cases. Following this, a 
systematic surveillance policy of all patients with respiratory 
symptoms was adopted.  
Methods: Respiratory samples were tested using 
Immunofluorescence. The results for the time period Oct 00- Sep 
01 were analysed. 

Results: 262 samples from 109 subjects (90 patients + 19 
relatives and staff members) were tested. 31/90 patients (34.4%) 
had a viral aetiology: RSV; 7 patients (21.2%), Influenza A; 5 
(15.2%), Influenza B; 9 (27.3%), Para-influenza-1; 1 (3%), Para-
influenza-3; 9 (27.3%) and Adenovirus; 2 patients (6%). 
Although no dual infections were detected 2 patients had 2 RTIs 
separated in time. Prolonged excretion (>10 days) was detected 
in 3 patients with RSV, 1 with Influenza A, 1 with Influenza B, 3 
with Para-influenza-3 and 2 with Adenovirus infection. The RSV 
and Influenza A/B infections occurred between 10/00 and 03/01 
where as the Para-influenza infections were detected between 
04/01 and 09/01. No nosocomial infections were identified. 
Conclusions: 
�	A viral aetiology was identified in over a third of patients 

with respiratory symptoms. 
�	Prolonged excretion was detected in 10/31 patients (32%). 
�	Systematic surveillance provides an opportunity for early / 

pre-emptive treatment and reduces the risk of nosocomial 
transmission. 
 
0915 CD8 cytotoxic lymphocyte responses against 
cytomegalovirus in renal transplant patients and 
healthy individuals 
FRANK M. MATTES1, AYCAN F. HASSAN-WALKER1, 
ANA L. VARGAS2, ANDREW DAVENPORT1, PAUL 
SWENY1, RODNEY E. PHILLIPS2, PAUL D. GRIFFITHS1 
& VINCE C. EMERY1 
1Royal Free and University College Medical School, 
University College London, London, 2University of Oxford, 
Oxford 
Human CMV infects 60% of adults in the developed world and 
90 % of the less developing countries. In the immunocompetent 
host, primary infection and reactivation are usually 
asymptomatic. In patients with impaired cellular immune 
function however, both primary infection and reactivation can 
cause CMV disease with serious consequences. T-cells (CTL), in 
particular cytotoxic T-lymphocytes, are the most important factor 
in controlling CMV replication. The CTL response against 
human CMV is directed mainly against the lower matrix protein, 
pp65 (ppUL83), and class I HLA-restricted peptides within 
ppUL83 has been mapped for HLA-A2, B7, B8 and B35.  
 HLA class I tetrameric complexes allow the direct 
measurement of  CD8 T-cell responses against CMV. We have 
conducted a prospective study in renal transplant patients to 
measure the class I HLA restricted CD8 response against CMV 
with tetrameric complexes. One hundred and eleven  consecutive 
posttransplant samples from 11 patients (4 A2, 3 B7, 4 B8, 1 
B35) obtained over a period of 165 days post transplantation 
(range 69 to 165 days). Five patients had at least one episode of 
CMV DNAemia, detected by PCR. Eighty four blood samples 
from 11 healthy donors were also analysed. We found a median 
frequency of 0.34% CMV ppUL83 specific CD8 T-cells (range 
0.0% - 4.8%) in renal transplant patients. Patients with CMV 
DNAemia had a lower frequency (median: 0.19%, range: 0 - 
2.3%), compared to non-DNAemic patients (median: 0.73%, 
range: 0 - 4.83%, p=0.003). On a per sample basis, CMV 
ppUL83 specific CD8 T-cells were in lower frequency during 
periods of DNAemia (median: 0.1% vesrus 0.43%, p=0.02). 
 We found a median frequency of 0.84% CMV ppUL83 
specific CD8 T-cells (range: 0.02% - 6.2%) in healthy donors, 
indicating that renal transplant patients have a lower level of 
specific CD8 T-cells against CMV.  
 
0930 Clinical utility of qualitative and quantitative 
plasma PCR for CMV in recipients of HSCT 
INÊS USHIRO-LUMB1, HITESH MISTRY1, BENNY 
CHERIAN1, JAMES CAVANNAGH2 & CELIA AITKEN1 
1Depts of Virology, 2Haematology, Barts and The London 
NHS Trust, London 
Background: PCR-based pre-emptive therapy with ganciclovir 
has been shown to reduce the incidence of CMV disease after 
HSCT.  However, the frequency and duration of antiviral therapy 
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prior to day +100 is a significant risk factor for late onset CMV 
disease, due to the ensuing delay in the recovery of CMV-
specific T-cell response. Further refinements in pre-emptive anti-
CMV therapy, guided by molecular-based surveillance methods 
are therefore required.   
Aim: To evaluate the clinical utility of two molecular-based 
methods of CMV detection in HSCT patients.  
Methods: 14 patients (170 samples) monitored for active CMV 
infection up to day +100 or +180 post allogenous BM transplant 
were included. Qualitative PCR (Roche Amplicor™) was 
performed prospectively on weekly plasma samples. The plasma 
viral load was performed retrospectively, using the Roche CMV 
Monitor™ assay.  
Results: Group A (n=7) includes patients with positive PCR 
results who were treated or pre-empted with ganciclovir. Group 
B (n=7) includes patients who did not have CMV disease nor 
receive PCR-guided antiviral therapy; two patients in this group 
had a single sample each positive for CMV DNA (2.6 and 2.7 
log10, respectively), and all other patients were consistently 
negative throughout the screening period.  In group A, the mean 
initial viral load value was 3.0 log10 copies/ml (range 2.5 to 3.5); 
the maximum peak viral load was 4.8 log10, the mean value 4.1 
log10  cp/ml (range 3.3 to 4.8). Absence of clinical response 
correlated with sustained or raising V/L, whereas undetectable 
levels (2.6 log10 cp/ml) was achieved following successful 
treatment. Discussion: The Roche Amplicor assay can adequately 
identify HSCT recipients at risk for CMV disease; since its 
sensitivity is lower than the Monitor assay and whole blood 
PCR, confirmation of positivity in a second sample should 
prompt pre-emptive therapy in high-risk HSCT recipients. The 
greatest utility observed for the Cobas Monitor was in 
monitoring response to antiviral treatment; it can facilitate 
recognition of virological response or failure to treatment, 
prompting changes in management at an earlier stage. Further 
data needs to be accumulated on the use of V/L to achieve a 
better balance between avoiding the risk of CMV disease, 
minimising exposure to anti-CMV drugs, and allowing re-
acquisition of CMV-specific responses during the immune 
reconstitution period.   
 
0945 Association of betaherpesviruses with graft 
rejection following liver transplantation 
YING TING LI, PAUL D. GRIFFITHS, VINCENT C. 
EMERY, A.K. BURROUGHS, DUNCAN A. CLARK 
Dept of Virology, Royal Free and University College 
Medical School of UCL, Royal Free Campus, London 
Human cytomegalovirus (HCMV) is the major infectious 
pathogen in transplant recipients.  Its impact is both direct 
leading to CMV disease, and indirect including solid organ 
allograft rejection.  The medical importance of the two newer 
human betaherpesviruses, human herpesvirus 6 (HHV-6) and 7 
(HHV-7) has not been fully delineated, although like HCMV 
they have the potential for enhanced pathogenicity in transplant 
patients.  In a previous prospective study we conducted in liver 
transplant patients, CMV and HHV-6 were independently 
associated with biopsy proven rejection whereas HHV-7 was not.  
To further investigate the role of the betaherpesvirus in allograft 
rejection in liver transplantation, we are using in situ techniques 
including immunohistochemical staining and in situ 
hybridisation to study the presence of the betaherpesviruses in 
liver biopsies.  The detection of CMV DNA by in situ 
hybridization was statistically associated with the presence of 
moderate to severe graft rejection (p=0.0017) whereas HHV-7 
DNA was only infrequently detected in liver biopsies.  We are 
presently testing the liver biopsies for HHV-6 DNA by in situ 
hybridization. Immunohistochemical staining with 
betaherpesvirus monoclonal antibodies was insensitive for in situ 
detection of these viruses.  Our results strengthen the evidence 
for a role of HCMV in graft rejection.  
 
 
 

1000 Complement regulation by KSHV 
O. BRAD SPILLER1, MAIRI ROBINSON2, LIZ 
O’DONNELL2, B. PAUL MORGAN1, ANDREW DAVISON2 
& DAVID J. BLACKBOURN2 
1University of Wales College of Medicine, Cardiff, Wales 
CF14 4XX, 2Institute of Virology, University of Glasgow, 
Church Street, Glasgow G11 5JR 
Background and objective: Kaposi’s sarcoma associated 
herpesvirus (KSHV) encodes several genes that specify potential 
immunomodulatory proteins.  We analysed the expression of one 
of these genes, open reading frame (ORF) 4, and the function of 
the ORF4 protein that is predicted to bind complement.   
Methods: ORF4 transcripts were characterised by 5’ RACE, 
Northern blotting and reverse transcription PCR.  Recombinant 
ORF4 proteins were expressed in Chinese hamster ovary (CHO) 
cells and assayed for complement regulation by flow cytometric 
quantification of the active form of C3 deposited on the cell 
surface.   
Results: ORF4 transcription initiates at nucleotide 1113, 29 
bases upstream of the predicted translation start site, and 
downstream of a putative TATA box.  The gene is expressed in 
virus–infected cells during lytic replication, but not during 
latency and is alternatively spliced.  Splicing may generate ORF4 
protein isoforms.  When expressed in CHO cells, the predicted 
ORF4 proteins inhibited the classical pathway of complement 
activation, at levels comparable to those of the known regulator 
of complement activation, human decay accelerating factor 
(DAF). 
Conclusions: The KSHV ORF4 gene is expressed during lytic 
replication and encodes a protein with three isoforms, all of 
which inhibit the classical pathway of complement activation.  
The expression of ORF4 may represent a viral strategy for 
evading the complement component of the innate immune 
response. 
 
1045 Real -Time Quantitative BZLF1 EBV DNA 
detection using the LightCycler PCR 
SUNITA PATEL, MELVYN SMITH & MARK ZUCKERMAN 
South London Public Health Laboratory and Dept of 
Infection, Guy’s, King’s and St Thomas’ School of 
Medicine, Department of Virology, Kings College Hospital, 
East Dulwich Grove, London SE22 8QF 
Introduction: Epstein-Barr virus (EBV) associated post-
transplantation lymphoproliferative disorders (PTLD) are clinical 
syndromes associated with EBV-driven lymphoproliferation. 
Risk factors for developing B cell lymphoproliferative disease 
(BLPD) include primary EBV infection and the intensity and 
type of long term immunosuppression to prevent graft rejection. 
High EBV DNA levels in peripheral blood samples have been 
reported prior to the onset of  PTLD.  
 The aim of this study was to develop a real time quantitative 
EBV DNA assay to investigate the natural history of EBV 
infections in a cohort of immunosuppressed patients including 
paediatric liver transplant recipients, to identify those at greatest 
risk of developing lymphoproliferative disorders and monitor 
response to therapy.  
Methods: BZLF1 is one of the EBV immediate early genes 
involved in the induction of lytic viral replication. We have 
developed and are currently in the process of evaluating a rapid 
novel real time quantitative PCR for the detection of the EBV 
BZLF1 gene in blood extracts from transplant recipients using 
LightCycler technology. Samples are amplified with a set of 
external log dilution standards with a detection limit of 1000 
copies per ml.   
Results: EBV DNA was detected in 14 of 75 whole blood, 
plasma and buffy coat samples collected from 4 of 11 paediatric 
liver transplant recipients, respectively. EBV DNA was detected 
in whole blood, plasma and buffy coat samples from one child 
with PTLD who was subsequently treated with rituximab (an 
anti-CD 20 monoclonal antibody that lyses B lymphocytes) and 
ganciclovir. The EBV DNA level fell below the limit of assay 
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detection in all samples after treatment. The other transplant 
recipients are being followed up. 
Conclusions: Preliminary data suggest that the LightCycler 
BZLF1 assay is a sensitive, specific and reproducible method 
suitable for high throughput routine detection of EBV DNA.  
 
1100  Quantitative real-time PCR assay compared to a 
conventional nested PCR for the detection of varicella-
zoster (VZV) DNA in human peripheral blood 
mononuclear cells (PBMCs) 
M.L. QUINLIVAN, F.T. SCOTT, M.E. LEEDHAM-GREEN & 
J. BREUER 
Dept of Medical Microbiology, Barts and The London, 
Queen Mary’s School of Medicine and Dentistry, 25-29 
Ashfield Street, London E1 1BB 
An assay was designed based on real-time PCR using ABI Prism 
SDS7700 and 7900 (TaqMan) systems for the quantitative 
detection of VZV DNA in PBMCs, taken from blood of patients 
presenting with herpes zoster.  Primers were designed to amplify 
a region of ORF 29 of the viral genome, detectable by the 
cleavage of an oligonucleotide probe labelled at the 5` terminus 
with FAM (6-carboxyfluorescein) and the 3` terminus with a 
TAMRA quencher.  The 77bp viral target was cloned in to a 
plasmid, which was serially diluted and used to construct a 
standard curve for absolute quantitation of VZV copy number.  
A pre-developed �-actin kit (PDAR, ABI), containing primers 
and a VIC labelled probe to target the �-actin gene in human 
DNA, was used as an internal control to prevent any false 
negative results and to normalise each PCR reaction.  Human 
placental DNA was spiked into each plasmid standard, which 
served as a target for the internal control primers and probe.  All 
reactions were multiplexed with the FAM and VIC probes and 
primers. 
 This system was compared to a previously designed 
conventional nested PCR assay, which also amplified a region of 
ORF 29 in the viral genome.  32 extracts were examined by both 
methods, 13 (41%) were found positive by conventional nested 
PCR and 28 (90% (including those found positive by the 
conventional method)) were found positive by real-time PCR.  
The real-time PCR was able to detect down to a single copy of 
viral target, compared to 50 copies of target for the conventional 
nested PCR.  Variation in levels of viral load in the PBMCs of 
patients presenting with acute zoster are currently under 
investigation, the results of which, may serve useful in the 
monitoring and treatment of this debilitating disease. 
 
1115  VZV Viraemia during acute herpes zoster is 
strongly associated with PHN 
J. BREUER1, F. SCOTT1, M. LEEDHAM-GREEN1,  
K. HAWRAMI1, R. WERNER2 & A. HALL2 
1Dept of Medical Microbiology, Barts and The London, 
Queen Mary’s School of Medicine and Dentistry, 25-29 
Ashfield Street, Whitechapel, London E1 1BB, 2London 
School of Hygiene and Tropical Medicine, Keppel Street, 
London WC1E 7HT 
Objectives: To measure varicella zoster virus (VZV) DNA in 
lymphocytes and relate findings to the likelihood of prolonged 
zoster-associated pain (ZAP) after acute herpes zoster. 
Methods: Prospective population study of patients presenting to 
their general practitioners with acute shingles.  Patients were 
referred at the acute rash stage by their general practitioners and 
the diagnosis confirmed by immunofluorescence, polymerase 
chain reaction (PCR) or culture of vesicle fluid.  Personal and 
demographic data were collected from patients and pain was 
assessed using quality-of-life questionnaires, the McGill 
questionnaire and visual analogue scale (VAS) scores.  Hospital 
Anxiety and Depression scores were also obtained.  Blood 
samples were collected at this initial visit and analysed by PCR 
for viral DNA in blood lymphocytes.  Patients were seen again 
and pain assessed at 6, 12, 36 and 52 weeks after rash onset.   
Results: To date 165 patients have been assessed over the six 
months following acute rash, 119 of these were tested by PCR 

for VZV DNA in lympocytes.  17 patients (18%) were found to 
have continuing pain at six months and this was significantly 
associated with increasing age (P<0.02), severity of pain at 
presentation (P=0.024) and the presence of VZV DNA in the 
blood at presentation (P=0.005).  Further analysis shows VZV 
viraemia to be predictive of pain lasting more than six months 
independently of age and VAS score. 
Conclusions: Our data offers a virological explanation of 
previously identified significant risk factors for pain persisting 
after acute herpes zoster.  Our results may lead to the 
development of laboratory tests which could be used to enhance 
the clinical evaluation of patients at highest risk of prolonged 
pain. 
 
1130 Worldwide distribution of a Bgl1 Allele in 
varicella zoster virus 
M. QUINLIVAN1, K. HAWRAMI1, W. BARRETT-MUIR1, P. 
AABY2, A. ARVIN3, V. CHOW4, P. MATONDO5, M. 
PEREIRA6, A. POULSEN2, M. SIQUEIRA7, M. 
TAKAHASHI8, Y. TALUKDER1, K. YAMANISHI8, R.A. 
NICHOLLS9, A. HALL10, M. LEEDHAM-GREEN1, F. 
SCOTT1, S. THOMAS10 & J. BREUER1 
1Dept of Clinical Virology, Barts and The London, Queen 
Mary’s School of Medicine and Dentistry, 25-29 Ashfield 
Street, London E1 1BB, 2Projecto de Saúde de Bandim, 
Apartado 861, Bissau, Guinea-Bissau, 3Professor of 
Microbiology, Stanford University School of Medicine, 
USA, 4University of Singapore 5Dept of Medicine, 
University Teaching Hospital, Lusaka, Zambia, 6Chinese 
University, Hong Kong, 7Laboratorio Central, Secao de 
Virologia, Fundacao Estadual de Producao e Pesquisa em 
Saude, Porto Alegre, RS, 90650-090, Brasil, 8Dept of 
Microbiology, Osaka University Medical School C1, Suita, 
Osaka 565-0871, Japan, 9Biological Sciences, Queen 
Mary’s School of Medicine and Dentistry, Mile End, London 
E1 4NS, 10London School of Hygiene and Tropical 
Medicine, Keppel Street, London WC1E 7HT  
We have used single nucleotide polymorphisms (SNPs) across 
the VZV genome to distinguish at least three major clades of 
varicella-zoster viruses (Barrett Muir 2001).  Viruses belonging 
to two of the clades, termed by us B and C appear to be common 
in subjects living in Europe, whilst viruses from Asia, the Far 
East and Africa group within a third large clade, A.  Preliminary 
data suggested that Clade A viruses were positive for the Bgl 1 
positive allele whilst clades B and C were negative (Barrett Muir, 
in press).  To investigate this finding and to examine more 
closely the distribution of the Bgl1 positive and negative alleles 
in relation to disease (varicella or zoster), geographical origin of 
the sample and demographic characteristics of the host, we have 
typed over 300 viruses collected within the UK and 100 collected 
from around the world for the presence or absence of the Bgl 1 
positive allele.  The relationship of the Bgl1 allele to 
phylogenetic subtype was examined in 33 UK viruses and 40 
viruses from around the world.   
 The association of Bgl1 VZV genotype from cases of 
shingles, with country in which primary infection occurred and 
ethnic origin was explored.  Herpes zoster in Caucasian patients 
in the UK was causecd by a Bgl negative virus in 90% of cases.  
Zsoter in non Caucasian patients in Singapore, Japan, Hong 
Kong and Zambia was casued by a Bgl postive virus in 96% of 
cases.  In Non Caucasian patients growing up in the UK, 65% 
had Bgl negative viruses, while in Non Caucasian patients 
immigrating as adults to the UK, 70% had Bgl postive viruses.  
The potential implications of these results for the natural history 
of VZV infection and reactivation are discussed. 
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1145 Adenovirus infections following allogeneic stem 
cell transplantation: the incidence and outcome in 
relation to graft manipulation, immunosuppression 
and immune recovery 
SUPARNO CHAKRABARTI1,3, HUSAM OSMAN 2, VIVIEN 
MAUTNER3, KATHRYN E. COLLINGHAM2 , CHRIS D. 
FEGAN1, PAUL E. KLAPPER4,  PAUL A. H MOSS3 &  
D.W. MILLIGAN1 
1Depts of Haematology1, 2Public Health Laboratory, 
Birmingham Heartlands Hospital, Birmingham, 3CRC 
Institute for Cancer Studies, University of Birmingham, 
Birmingham, 4Dept of Clinical Virology, Manchester Royal 
Infirmary, Manchester 
Adenovirus infections occur in 5- 21% of patients following stem 
cell transplantation (SCT) with an associated mortality of upto 
50%. However, a lack of prospective studies has hampered 
further developments in the understanding and management of 
this infection in the post-transplant setting. We propectively 
studied the incidence and outcome of adenovirus infection after 
SCT using a pre-emptive screening and a policy of reduction and 
withdrawal of immunosuppressive therapy if the virus was 
isolated. The incidence of adenovirus infection was 19.7% 
(15/76) and the virus was isolated exclusively in recipients of T 
cell depleted grafts. Patients receiving 50 or 100 mg Campath in-
vivo were at the greatest risk of adenovirus infection (45% 
probability) irrespective of donor-type and this was related to the 
slower lymphocyte recovery (both total and CD4+ T cells). Six 
(40%) of the 15 adenovirus infected patients developed 
adenovirus disease. Severe lymphocytopenia (< 300/ mm3) at the 
time of first detection was a major risk factor for development of 
adenovirus disease (p=0.001). In addition, failure to reduce 
immunosuppression (p=0.04) and a postive adenovirus PCR on 
blood at diagnosis (p=0.01) were both associated with fatal 
adenovirus disease. Based on this study, we recommend active 
surveillance for adenovirus infection in T cell depleted SCT and 
withdrawal of immunosuppression if possible, in patients with 
adenovirus infection. Pre-emptive antiviral therapy is warranted 
for the patients with severe lymphocytopenia, positive blood 
PCR and those in whom immunosuppression cannot be reduced.  
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1400 Exploiting Microbiology – developing your own 
business plan  
JOHN F. PEBERDY 
School of Life and Environmental Sciences, University of 
Nottingham, Nottingham NG7 2RD 
Academics in the arena of science and technology are 
increasingly considering the potential for the commercialization 
of their research.  In past decades, all too often we have seen the 
high prize ‘fruits’ of UK fundamental research in the biosciences 
being exploited in North America and Japan.  The tide is turning 
and almost daily we learn of a new spin-out company from a UK 
university.  Academics are increasingly entrepreneurial and 
younger members of the community are seeking some of the 
action.  Several factors are at play, the uncertainty of career 
development for postdoctoral researchers, the uncertainty of a 
career in academia and the realization that other career 
opportunities, including forming a company, exist.  UK 
Government has the view that our universities are the source of 
much wealth creation in knowledged based industries.  This will 
rely on academics seizing opportunities to protect their 
discoveries through patents and seeing this exploited either 
through licensing deals or by meeting the challenge of forming a 
company themselves.  It is apparent our universities are the 
homes of many science and technology based entrepreneurs.  The 
question is will they rise to the challenge? 
 
1420 Life in a small Biotech Company  
MILES CARROLL  
Oxford BioMedia, Oxford 
Abstract not received 
 
1440 Post doc to managing director – a risky 
business? 
TIM HART  
Cybersense Biosystems, Oxford 
The title of my presentation is such that whichever way my 
business goes between now and presentation time, I should still 
be able to deliver something! Such appears to be the life of a 
managing director in a biotech start-up. On the one hand, moving 
from academia to business is like jumping from the frying pan 
and into the nuclear reactor! On the other, its one of the most 
rewarding and exciting challenges I have faced yet.  
 My story is very simple. I used to be a post doc. Then, one 
day, I was presented with an opportunity to become involved 
with a colleague in spinning out some technology he had 
developed. It took 18 months to get the business off the ground 
and just as we were nearly there, my colleague dropped out, and 
as my academic career was beginning to suffer as a result of my 
entrepreneurial efforts, I decided I had no choice but to go it 
alone. Since then, I have never looked back or had the chance to.   
 On 17th September 2001, Cybersense Biosystems was finally 
born with a small amount of university seed funding and a DTI 
Smart award. The company is involved in the development of 
biosensors for the environment industry. By the time I give this 
presentation, I hope we will be on the way to securing second 
stage funding.  
 So, what do you need to try it yourself? Opportunity, resolve, 
excellent contacts and an ability to make your own luck. The rest, 
I’ll tell you as soon as I’ve found out myself! 
 
 
 
 
 

1530 Becoming a patent lawyer to the biotechnology 
and pharmaceutical industries 
TIM POWELL 
Bristows, London 
A Patent is a monopoly right of limited duration awarded to a 
person or organisation that makes a new, inventive scientific or 
technical advance. The public policy behind patents is to 
encourage innovation and to encourage the publication of 
scientific advances that otherwise may remain confidential. 
 Achieving effective patent protection is fundamental to the 
biotechnology and pharmaceutical industries. Patenting in this 
area has become high profile in the media, with issues such as 
gene patenting and access to medicines in the third world 
attracting press attention. 
 There are three legal professions that have a role in the 
patenting process. First, there are patent attorneys whose main 
role is to liaise with inventors, draft patent applications and 
prosecute these through National and European Patent Offices. 
Second, there are solicitors who specialise in patent law. Their 
role is to advise on the legal framework for the commercial 
exploitation of patents and also to conduct court litigation arising 
from patent disputes. Third, there are barristers who also 
specialise in patent law. Their main speciality is oral courtroom 
advocacy in patent disputes. 
 Postgraduate training as a patent attorney takes place while 
working at a firm of patent attorneys in private practice or 
alternatively a patent department in the industry. It takes 4-6 
years to qualify as a patent attorney. Once qualified, there are 
opportunities to become a partner in private practice or perhaps 
reach senior positions in industries. It is also possible to train to 
be a patent examiner in the National Patent Office or the 
European Patent Office in Munich. 
 Postgraduate training as a solicitor involves going to law 
school for two years, the first year being a conversion course for 
non-law graduates. Following law school there are two years 
training in private practice. On qualification there is the 
opportunity to become a partner in private practice or an in-
house legal advisor in industry. For barristers, training is two 
years at law school followed by one year of “pupillage” in a 
barrister’s chambers. 
 All three professions are well rewarded, with salaries at 
senior levels well into six figures. Starting salaries for patent 
attorneys are in the region of £15-£20,000 per annum and for 
trainee solicitors £25-£30,000. Initial earnings of a barrister may 
not be very great but can rise dramatically with a successful 
practice.  
 Information on the application process for the three 
professions can be obtained on the following websites:- 
cipa.org.uk (patent attorneys) / Law Society 
www.lawsociety.org.uk / Bar Council (barristers) 
www.barcouncil.org.uk 
 Further information about individual law firms and 
barristers’ chambers can be obtained from the following 
publications:- Legal 500 (solicitors and barristers) / Chambers 
Directory www.chambersandpartners.com 
 Alternatively, it is possible to apply to firms of patent 
attorneys and solicitors or to barristers’ chambers for vacation 
placements which give valuable work experience. 
 
1550 Careers in scientific publishing - from lab to 
laptop 
ALISON MITCHELL 
Editor, Nature Reviews Molecular Cell Biology, The 
Macmillan Building, Crinan Street, London N1 9XW 
The proliferation of scientific journals - both in print and online - 
has created many new jobs in the area of scientific publishing. 
Whether working on specialised research journals or broad 
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review titles, scientific editors can now combine their in-depth 
knowledge of a particular field with new journalistic skills.  
 Most editors begin their scientific life at the bench. So how 
do they then move into scientific publishing? What jobs are 
available? And what skills and experience are needed to get 
them? Taking the Nature Publishing Group as an example, 
various types of scientific journal will be discussed, with an 
insight into how they are run and the opportunities that are 
available within them.  
 
1610 Consumers, marketeers and other germs: 
microbiology in a multinational 
M.V. JONES 
Unilever Research, Port Sunlight Laboratory, Bebington, 
CH63 3JW 
When employees ask for flexibility and the ability to work in 
multi-disciplinary teams, you had better believe it! My own 
experience of being recruited to work on natural antimicrobials 
in lactobacilli but, instead, finding myself evaluating hand 
washing trials in Welsh hospitals and developing peracid 
disinfectants for Dutch breweries was only the start of a diverse 
career spanning household products, skin creams, sausages, 
hospital hygiene, ice-cream manufacture and water purification 
which managed along the way to include some fascinating 
science, early mornings in exotic locations (well Rotterdam 
anyway!) and frightening face-to-face meetings with consumers. 
 Microbiologists, within a consumer products company like 
Unilever, tend to either be employed to advise on and develop 
safe products and processes based on a thorough understanding 
of the risks in manufacturing and to the end user, or in new 
product development where the benefit is microbiologically 
based (e.g. fights tooth decay, kills all known germs, all-day 
deodorancy). The former has encouraged us to build knowledge 
in microbial growth modelling and risk analysis whilst the latter 
has lead to fundamental research in microbial ecology and 
biochemistry. However, some of the biggest challenges remain 
understanding consumer habits and motivation and explaining to 
one’s marketing colleagues that there are some things, for 
example the laws of thermodynamics, that can’t be changed in 
time for their next brand relaunch. 
 
 
EVENING SESSION for Student Members and 1st PostDocs 
only  
 
2000 Publish or perish? Is there life outside the lab? 
KATRINA E. HALLIDAY 
Cambridge University Press, North American Branch, 40 
West 20th Street, New York, NY 10011-4211, USA 
The careers that microbiologists are choosing to pursue are now 
more diverse than ever. However, after spending years in the lab, 
working on a Ph.D. and perhaps a post-doc or two, the 
possibility of moving to a job ‘out there in the real world’ often 
seems a daunting prospect and a move that you are ill-equipped 
for. That is how I felt four years ago when I finished my Ph.D. in 
the Department of Medical Microbiology at the University of 
Edinburgh. I knew that I loved science, but that a life at the lab 
bench was not for me. So I set out to find a career that kept me in 
touch with science, while allowing me to use other skills that I 
had developed during my time as a Ph.D. student. I applied to 
Cambridge University Press to join their Graduate Trainee 
Scheme and since then have worked as a Biological Science 
Editor, commissioning books in microbiology, biophysics and 
bioinformatics. 
 I hope to give you a feel for what my job involves and the 
type of skills that I use in my day-to-day work as an editor. I will 
also discuss the kind of jobs that are available to scientists in the 
world of book and journal publishing and how you might go 
about finding out more about these. 
 
 
 

2015  The Post doc experience in Europe 
TIM HART  
Cybersense Biosystems, Oxford 
Abstract not received 
 
2030  The Post-Doc bottle-neck - getting out of it! 
P. HOLDEN 
Roche Diagnostics Ltd, Bell Lane, Lewes, East Sussex 
BN7 1LG 
In many areas of UK Science it is a well recognised fact that 
there are many qualified scientists but very few career paths 
available to them in bench research. After a PhD (Edinburgh) 
and 10 years post-doctoral work in academia (Nottingham, 
Glasgow) and pharma (AstraZeneca) I decided to get out and 
pursue a new career as a Sales Representative. Not a glamorous 
one I hear you say? But one that now gives me freedom, 
flexibility and a visible career path without loosing my science 
roots. In this talk I will present my story of how I broke out of 
my post-doc bottle-neck. 
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FERMENTATION & BIOPROCESSING GROUP 
Fermentation studies: Post genomic era 

 
 

WEDNESDAY 10 APRIL 2002 
 
0900 Genomic analysis of high cell density E. coli 
fermentations: affected regulons and quorum circuitry 
WILLIAM E. BENTLEY 

Center for Agricultural Biotechnology, University of 
Maryland Biotechnology Institute, and Dept of Chemical 
Engineering, University of Maryland, College Park, MD 
20742, USA 

DNA microarray technology, widely used for human drug 
discovery and disease identification, affords a unique opportunity 
for unraveling metabolic regulation in bioprocess applications.  
Global analysis of gene transcription in recombinant E. coli has 
revealed that increased cell population density leads to profound 
changes in the transcription of several gene regulons. For 
example, cell-to-cell communication, or quorum sensing, enables 
cell density-dependent regulation of bacterial gene expression, 
and emerging evidence indicates the metabolic potential of the 
growth environment is conveyed. We have discovered that the 
extracellular quorum signaling factor, autoinducer-2 (AI-2), is 
lost following induction of heterologous proteins in E. coli, 
suggesting an intercellular signaling of the “metabolic burden” 
commonly associated with protein production in bacteria. 
Current efforts are focused on understanding the regulation and 
impact of such multicellularity. Genome spanning transcription 
analysis, coupled with bioinformatics tools that identify putative 
regulatory domains, will in the future be coupled with 
mathematical formalisms in order to more comprehensively 
understand metabolism in fermentation environments. This will 
ultimately lead to more efficient host/vector systems as well as 
more sophisticated bioreactor design and control strategies. 
 
0940 Engineering primary carbon metabolism for 
increased antibiotic production in Streptomyces 
MICHAEL J. BUTLER1, E.TAKANO1, C. AVIGNONE-
ROSSA2,5, P.W. POSTMA2, P. BRUHEIM3, S. JOVETIC4, 
F. MARINELLI4 & MERVYN J. BIBB1 
1John Innes Centre, Colney Lane, Norwich NR4 7UH, 
2E.C.Slater Institute, Faculty of Chemistry, University of 
Amsterdam, Nieuwe Achtergracht 127, 1018WS 
Amsterdam, The Netherlands, 3Dept of Biotechnology, 
Norwegian University of Science and Technology, Sem 
Selands vei 6/8, N7491 Trondheim, Norway, 4Biosearch 

Italia S.p.A, Via R.Lepetit 34, 21040 Gerenzano (VA), Italy, 
5School of Biomedical and Life Sciences, University of 
surrey, Guildford, Surrey GU2 7XH 
Deletion mutations were made in the chromosome of 
Streptomyces lividans in genes involved in primary carbon 
metabolism. In strains carrying multiple copies of the pathway-
specific transcriptional activator genes (for the actinorhodin or 
undecylprodigiosin pathways), the mutations caused enhanced 
antibiotic production. Deletion of a gene involved in 
transcriptional control via extracellular signalling in S. coelicolor 
also resulted in increased antibiotic production in this S.lividans 
experimental system. The underlying metabolic and genetic 
regulatory control mechanisms in relation to channeling of 
metabolites and the supply of reducing power for biosynthetic 
processes will be discussed in the context of their potential utility 
for antibiotic strain improvement. 
 
1050 Improvement of stress resistance during active 
fermentation in yeast 
JOHAN M. THEVELEIN1, KATLEEN LEMAIRE2, 
FRANÇOISE DUMORTIER1, A. TANGHE1, SAM VAN DE 
VELDE1 & PATRICK VAN DIJCK2 
1Laboratorium voor Moleculaire Celbiologie, 2Flemish 
Interuniversity Institute for Biotechnology-VIB, Institute of 
Botany and Microbiology, Katholieke Universiteit Leuven, 

Kasteelpark Arenberg 31, B-3001 Leuven-Heverlee, 
Flanders, Belgium - Email: 
johan.thevelein@bio.kuleuven.ac.be 
The initiation of fermentation in the yeast Saccharomyces 
cerevisiae is associated with a rapid loss of general stress 
resistance. This is inconvenient for industrial applications of 
yeast in which actively fermenting cells are subject to specific 
stress conditions, such as in the preparation of freeze doughs and 
high-sugar doughs. We have isolated mutants deficient in 
fermentation-induced loss of stress resistance ('fil' mutants). The 
fil1 mutant contained a specific mutation in adenylate cyclase 
which apparently reduced the activity to such an extent that 
glucose-induced loss of stress resistance was significantly 
prevented but without negative effect on the fermentation or 
growth rate of the cells. This showed that it was possible to 
enhance stress resistance during active fermentation without 
reducing the fermentation rate. The fil2 mutant contained a 
mutation in Gpr1, a G-protein coupled receptor which probably 
mediates glucose activation of the cAMP pathway. Recent work 
has provided strong evidence that glucose and also sucrose 
directly bind to the Gpr1 receptor as ligands. We have also 
isolated fil mutants directly in a commercial bakers' yeast strain. 
This was done by UV-mutagenesis of the tetraploid/aneuploid 
strain S47, preparation of small doughs with the mutagenised 
culture and subjecting the doughs to multiple rounds (up to 200) 
of freeze/thaw treatments. In this way we isolated strain AT25, 
which showed a better freeze tolerance than the parent strain S47 
and behaved in a very similar way as S47 for most other 
properties, although it turned out to be a diploid strain. Genome-
wide gene expression analysis of several strains derived from the 
AT25 strain has identified the aquaporin (water channel) genes 
AQY1 and AQY2 as determinants of freeze tolerance. Deletion of 
the aquaporin genes in a laboratory strain reduced freeze 
tolerance while overexpression of the aquaporin genes 
significantly enhanced freeze tolerance, also in the AT25 strain. 
These findings support a role for aquaporin-mediated plasma 
membrane water transport activity in determination of freeze 
tolerance in yeast. This appears to be the first clear physiological 
function identified for microbial aquaporins. We suggest that 
rapid osmotically driven efflux of water during the freezing 
process reduces intracellular ice crystal formation and resulting 
cell damage. Overexpression of aquaporins appears to be a 
promising way to improve freeze tolerance during active 
fermentation in industrial yeast strains. 
 
1130 The use of metabolomics to reveal the function 
of ‘silent’ genes 
S. OLIVER  
University of Manchester 
Abstract not received 
 
1400 The anaerobic life of Bacillus subtilis: 
Regulation of fermentation and anaerobic respiration 
ELISABETH HAERTIG, MARCO MARINO & DIETER 
JAHN 
Institute of Microbiology, Technical University of 
Braunschweig, Spielmannstr. 7, D-38106 Braunschweig, 
Germany 
Bacillus subtilis is able to grow in the absence of oxygen using 
ammonification and fermentative processes. The two-component 
regulatory system ResDE and the redox regulator Fnr are the 
currently known parts of the regulatory system for anaerobic 
adaptation. We found that ywiD located in the 5´region of the 
narGHJI operon is also involved the modulation of anaerobic 
gene expression. To investigate the global changes in gene 
expression we used DNA macroarrays representing the 4107 
genes of B. subtilis. The mRNA levels of these genes in B. 
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subtilis cultures grown under aerobic, fermentative and 
fermentative conditions in the presence of nitrate or nitrite were 
compared. We observed several hundreds of genes involved in 
various cellular functions to be repressed or induced under the 
different conditions tested. The involvement of established and 
new regulatory systems was analysed using the same technique. 
Based on the observed changes in gene expression an initial 
regulatory network for the response of B. subtilis to anaerobic 
growth conditions is proposed. 
 
1440 Funding Opportunities for post-genomic 
bioprocess studies  
A. COLLIS  
BBSRC, Swindon 
Abstract not received 
 
1530 Metabolic engineering and functional genomics: 
Moving towards systems biology 
JENS NIELSEN 
Center for Process Biotechnology, BioCentrum-DTU, 
Building 223, Technical University of Denmark, DK-2800 
Kgs. Lyngby, Denmark - E-mail: 
jens.nielsen@biocentrum.dtu.dk 
Metabolic engineering has lead to a more directed approach for 
stain improvement than classical approaches like mutagenesis 
and screening. As metabolic engineering involves introduction of 
directed genetic changes the developments in the field of 
genomics has had a significant impact on metabolic engineering. 
In functional genomics a number of very powerful analytical 
techniques have been developed, e.g. DNA arrays, proteomics 
and metabolome analysis. These techniques are very useful for 
comparison of mutant strains with different properties, and 
metabolic engineering can therefore benefit much from 
developments in functional genomics. In both metabolic 
engineering and functional genomics there is a trend towards 
application of a macroscopic view on cell function, particularly 
with the use of high-throughput analytical techniques like DNA 
arrays and metabolite profiling. With the increased understanding 
of the molecular mechanisms it is envisaged that in the future it 
will be possible to describe the interaction between all the 
components in the system (the cell), also at the quantitative level 
– and this is the goal of systems biology. Clearly the possibility 
to quantitatively describe the function of living cells using 
mathematical models will have a significant impact on metabolic 
engineering as it may lead to rational design strategies. In the 
lecture a genome-based mathematical model for the metabolism 
of Saccharomyces cerevisiae will be presented, and it will be 
discussed how such models can be combined with experimental 
data in the field of metabolic engineering and functional 
genomics.  
 
1610 Antibiotic production in Streptomyces: 
application of DNA microarray technology 
COLIN P. SMITH 
Dept of Biomolecular Sciences, UMIST, Sackville St, P.O. 
Box 88, Manchester M60 1QD 
We are studying the regulation of production of the calcium-
dependent antibiotic (CDA), a nonribosomal peptide, in the 
model streptomycete, Streptomyces coelicolor.  Nonribosomally 
synthesised peptides are a major class of commercially important 
microbial natural products. These peptides are assembled on 
giant modular nonribosomal peptide synthetases (NRPSs) via the 
thiotemplate mechanism. Each ‘module’ specifies the 
incorporation of a specific amino acid into the product and 
contains dedicated adenylation, condensation and thiolation 
‘domains’. Furthermore, the linear order of the modules within 
the giant polypeptides dictates the primary sequence of the 
peptide product. This colinearity provides great scope for 
‘reprogramming’ NRPS-encoding genes to produce novel 
peptides. In parallel with the regulatory studies we are adopting a 
broad approach to manipulating the CDA biosynthetic pathway. 
This includes site-directed mutagenesis of amino acid specificity-

conferring adenylation domains, module swapping, module 
addition, feeder pathway mutagenesis, mutasynthesis, and whole 
gene cluster up-regulation. It is clear that functional genomic 
technologies, such as DNA microarray-based analysis of the 
transcriptome will provide powerful new insights into specific 
and pleiotropic regulatory networks that control antibiotic 
production. Furthermore, this technology will allow us to 
investigate the global consequences of manipulating individual 
metabolic pathways, or transcription factors, and should facilitate 
the successful engineering of antibiotic pathways. We have 
constructed a DNA microarray representing most of the ca. 8,000 
genes of S. coelicolor and have started to analyse global 
expression profiles throughout the life cycle of wild-type and 
mutant strains. The construction of the array will be described 
and the current status of the array data analysis will be reviewed. 
 
POSTERS 
 
FB 01 Glycolytic regulation in Lactococcus lactis ssp. 
cremoris MG 1363 in response to self-acidification of 
the growth medium: transcript and enzyme profiles 
S. EVEN, N.D. LINDLEY & M. COCAIGN-BOUSQUET 
Laboratoire de Biotechnologie-Bioprocédés, UMR CNRS 
5504, UMR INRA 792, Institut National des Sciences 
Appliquées, 135, Avenue de Rangueil, 31077 Toulouse, 
cedex 4, France - il: ven@insa-tlse.fr 
Self-acidification is one of the most important stress phenomena 
encountered by lactic acid bacteria in industrial fermentation, 
since carbon substrate is metabolised into lactic acid and 
consequently the growth medium is acidified. In order to study 
the dynamic response of Lactococcus lactis towards this self-
acidification, the strain L. lactis MG 1363 was grown in a 
fermentor under uncontrolled pH conditions, and the 
fermentation kinetics and the profile of the central metabolism 
enzymes were analysed. Measurement of the cellular 
concentration and stability of the corresponding transcripts was 
also performed using DNA filters. 
 The medium acidification led to a strong decline of growth 
and catabolism rates. When pH-related growth arrest occurred, 
sugar catabolism remained active, albeit at a reduced rate, 
indicating cells had entered the post-acidification phase. Slight 
increase of the cellular concentrations of several enzymes 
occurred during the acidification process compensating the 
diminished specific activity due to cytosolic acidification. 
Transcript analysis indicated that gene expression was 
maintained under acid stress and that many mRNA were 
significantly more stable under such conditions.  
 
FB 02 Culture properties for stable continuous 
fermentation with methane as a carbon source 
D.G. BRACEWELL, H. BOTHE, K.M. JENSEN & L. 
JORGENSEN 
Norferm Danmark A/S, Stenhuggervej 22, DK-5230 
Odense M, Denmark 
Over the last 40 years the formation of biomass from single cell 
organisms for the production of protein rich foodstuffs has been 
well documented. The oil crisis in the 1970s lead to the failure of 
two high profile projects from BP and ICI both based on 
substrates from the oil and gas industry. The industry survived 
the crisis though in a less high profile position. The literature 
documents a considerable breadth in the type of processes and 
substrates used. Norferm, a division of Statoil, operates a 300m3, 
100m loop continuous reactor, which uses methane as a 
substrate. The location of the bioreactor in Norway where Statoil 
brings ashore Norwegian Sea gas is ideal. Using a reactor of this 
type it is possible to produce 10,000 tones of bioprotein per 
annum. Operating continuously is more efficient than a batch 
mode of operation. However it makes culture stability of primary 
importance. The main organism used is Methylococcus 
capsulatus (Bath), which is able to directly utilise methane as a 
carbon source. 
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Certain heterotrophic organisms have been found useful in 
improving culture stability. Three types of bacteria, which are 
thought to occupy different environmental niches within the 
culture, have been identified. These different types create a 
consortium of bacteria in the culture, which has superior stability 
over time in continuous culture compared to a pure 
Methylococcus capsulatus culture. The sequencing of the 
Methylococcus capsulatus genome, which is nearing completion, 
will allow further study on the metabolism of the organism. 
Experiments at the genome and proteome level methods are 
discussed. 
 

FB 03 Towards a molecular strategy to exploit 
uncultured actinomycetes for the detection of novel 
antimicrobial agents 
ANDREW BERRY & ELIZABETH WELLINGTON 
Dept of Biological Sciences, University of Warwick, Gibbet 
Hill Road, Coventry CV7 4AL 
The emergence of vancomycin resistant strains of enterococci 
ensures that the search for new classes and derivatives of existing 
classes of antibiotics is being undertaken with some urgency.  As 
a group actinomycetes are the most important producers of 
antibiotics, and are capable of synthesizing a wide range of 
compounds. Several important studies have shown irrevocably 
that only a fraction of the total microbial population is culturable. 
A possible alternative route to explore the enormous diversity of 
uncultured actinomycete populations is to make and screen 
Bacterial Artificial Chromosomes libraries of DNA isolated from 
actinomycete-rich habitats. The fact that genes encoding the 
biosynthesis of secondary metabolites are frequently clustered 
makes this viable. A key part of this strategy is to first identify 
habitats rich in actinomycetes and then isolate high molecular 
weight DNA from these environments. We have developed 
methodology to isolated fragments in excess of one megabase 
from soil. We have designed and are testing primers targeted 
both towards actinomycete-specific 16S rDNA and genes 
involved in the production of known antibiotic pathways. We 
have employed these in fingerprinting approaches to analyse 
actinomycete diversity from a wide range of terrestrial and 
marine habitats. 
 

FB 04 Kinetic of streptomycin production and 
degradation during batch cultivation of Streptomyces 
griseus in shake flask and bioreactor 
HESHAM A. EL-ENSHASY1,2, KAMAL Y. EL-SHAHID1 & 
HASSAN M. MOHAMMED1 
1Natural and Microbial Products Dept., National Research 
Center, Tahrir Street, Dokki, Cairo, Egypt, 2Bioprocess 
Development Dept, Genetic Engineering and 
Biotechnology Research Institute, Mubarak City for 
Scientific Research, Burg-Al-Arab, Alexandria, Egypt, E-
mail: enshasy@yahoo.com 
Streptomycin is an important aminoglycoside antibiotic produced 
by Streptomyces griseus. The biosynthesis of streptomycin is 
highly regulated by the carbon source (mainly glucose) in two 
different ways. The first is the catabolic repression, which cause 
a significant decrease in antibiotic yield when glucose added in 
high concentration at the beginning of cultivation process. The 
second is the degradation of the productive cells and the 
produced antibiotic after glucose consumption. However, the cell 
lysis is accelerated also by the produced antibiotic especially in 
case of aminoglycoside antibiotics. Therefore, to increase the 
antibiotic yield it is necessary not only to study the kinetic of cell 
growth and antibiotic production but also the process of cell lysis 
and antibiotic degradation. In the present work, the kinetic of 
streptomycin production and degradation by Str. griseus was 
studied under different cultivation conditions. The volumetric 
production of antibiotic was about 38% higher in bioreactor 
compared to shake flask. On the other hand, the cell growth in 
shake flask reached about the double of biomass obtained in the 
corresponding bioreactor culture. However, after complete 
consumption of glucose, significant decrease of antibiotic 

concentration accompanied with cell lysis was observed in both 
cultures. The antibiotic degradation rate and the cell lysis were 
higher in bioreactor culture. The relation between the production 
of protease and cell lysis in both cultures showed that, protease 
concentration was higher in bioreactor culture compared to the 
shake flask culture. Thus, the high cell lysis rate in the bioreactor 
culture was due to the combined effect of increased protease 
production and high shear stress as well.  
 

FB 05 Characterisation and manipulation of the non-
ribosomal peptide synthetase enzymes involved in 
CDA biosynthesis 
JOANNE NEARY1, 2, JASON MICKLEFIELD1 & COLIN 
SMITH2 
1Chemistry, 2Biomolecular Sciences, UMIST, P.O. Box 88, 
Manchester M60 1QD 
Recently a c. 80kb region of S. coelicolor A3(2) genome was 
identified as the gene cluster that encodes the biosynthetic 
enzymes required for the production of calcium dependent 
antibiotic (CDA). This region has been sequenced and encodes 
three non-ribosomal peptide synthetases (NRPS) and other 
enzymes that may synthesise CDA. CDA is a cyclic lactone 
undecapeptide which has a N-2, 3-epoxyhexanoyl fatty acid side 
chain attached. It contains some unusual amino acids in its 
peptide ring such as D-4-hydroxyphenylglycine, D-3-
phosphohydroxyasparagine and L-3-methylglutamic acid. CDA 
has structural similarity to Daptomycin, which is an important 
antibiotic currently in phase III clinical trials. We are currently 
investigating the mechanisms by which the NRPSs may 
synthesise CDA in vitro. By overproduction of recombinant 
NRPS modules in E. coli and S. coelicolor, we can test substrate 
specificity of adenylation domains and phosphopantetheinylation 
of thiolation domains. We are also investigating the acyl-transfer 
of the fatty acid moiety to the first amino acid residue of CDA 
(Ser). We intend to produce modified lipopeptides by site 
directed mutagenesis of NRPS domain active sites and by 
feeding of organically synthesised substrate analogues. 
 

FB 06 Physiological control of novel pigmented 
antibiotic produced by Saccharopolyspora erythraea 
MISTI USHIO1, JOHN M. WARD2 & FRANK BAGANZ1 
1Dept of Biochemical Engineering, 2Dept of Biochemistry & 
Molecular Biology, University College London, London 
Saccharopolyspora erythraea produces erythromycin A, an 
industrially important antibiotic, and soluble pigments.  The 
physiological factors influencing pigment production were 
studied using a red variant of S. erythraea wild-type, and the 
influence of the erythromycin synthesis genes on pigment 
production was investigated in shake-flask cultures.  The results 
showed that as the initial level of nitrate in the growth media was 
decreased, the amount of red pigment produced increased.  In 
parallel with the reduced nitrate levels, the amount of organic 
acid excretion increased and the maximum specific growth rate 
decreased.  Furthermore, addition of propionate decreased 
pigment production while added acetate had no effect.  A S. 
erythraea eryA deletion mutant produced four times less red 
pigment than the wild-type.  The isolation and antimicrobial 
activity of the pigments produced by S. erythraea were also 
examined.  The pigments produced by S. erythraea had 
antimicrobial activity against three gram-positive organisms 
tested.  The results provide insight into the physiological control 
of pigmented secondary metabolites produced by S. erythraea 
and an initial relation between pigment and erythromycin 
biosynthesis. 
 

FB 07 Flux balance analysis of Saccharopolyspora 
erythraea 
COLIN JAQUES1, FRANK BAGANZ1 JOHN WARD2 & 
YUHONG ZHOU1 
1Biochemical Engineering, 2Biochemistry & Molecular 
Biology, University College London 
Flux balance analysis has been applied to many aspects of 
primary metabolism in simple microorganisms such as E. coli.  
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However certain aspects of secondary metabolism make it far less 
accessible to flux balance analysis. The work here represents an 
attempt to address flux balance analysis to secondary 
metabolism.  New approaches have been identified and applied 
to the secondary metabolism of Saccharopolyspora erythraea.  
To achieve this a metabolic network has been constructed that 
takes into consideration the possibility of accumulation and 
breakdown of storage compounds and other cellular components.  
The changing composition of the biomass has been measured in 
batch culture under carbon and nitrogen limitation.  This 
information has been used to inform the flux balance model on 
the production and utilisation of biomass components linked to 
secondary metabolism.  The effect of changes in biomass 
composition on flux balance analysis is discussed. 
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FOOD & BEVERAGES GROUP 
Campylobacter: no longer the forgotten pathogen 

 
 
TUESDAY 9 APRIL 2002 
 
0900 The PHLS Sentinel Study: unravelling the 
epidemiology 
SARAH J. O’BRIEN & JENNIFER A. FROST 
Public Health Laboratory Service, London 
The epidemiology of campylobacter infection remains poorly 
understood even though it is the commonest cause of acute 
bacterial gastroenteritis in England and Wales.  Despite extensive 
study the majority of cases remain unexplained by known risk 
factors.  On 1 May 2000 a population-based sentinel surveillance 
scheme for campylobacter infection was launched in England 
and Wales with the aim of generating hypotheses for human 
campylobacter infection in a structured way by integrating 
epidemiological and microbiological data. 
 In the first year of the study, 7360 standardised 
questionnaires were received from 20 sentinel health authorities 
and 9655 isolates were referred from 14 PHLS and 22 NHS 
laboratories, giving an overall response rate of 76%. Descriptive 
analyses and case-case comparisons have been undertaken to 
generate hypotheses for infection.  
Notable features were a third peak in the age distribution of cases 
at 50 to 54 years, the high proportions of infection acquired 
abroad or during trips elsewhere in the United Kingdom (20% 
and 13% respectively), and the high proportion of cases reporting 
illness in the home or in the community at the same time.  
 Cases of Campylobacter coli infection were more likely to 
have consumed pâté (OR = 1.85; 95% CI 1.19-2.88; p=0.006) 
and bottled water (OR = 1.45; 95% CI 1.01-2.08; p=0.04) than 
C. jejuni cases.  The implication for analytical study design is 
that researchers should not aggregate different species, as this 
may mask important species-specific risk factors. 
The risk of acquiring antimicrobial resistant campylobacter 
infection was strongly associated with foreign travel.  Amongst 
travel-associated cases, infection with a ciprofloxacin resistant 
strain was associated with the consumption of chicken (OR 2.45; 
95%CI 1.28-4.70) and bottled water (OR 2.09; 95%CI 1.15-
3.81).  Indigenous cases infected with a ciprofloxacin-resistant 
strain were more likely to report the consumption of pre-cooked 
cold meats (OR 2.13; 95%CI 1.44-3.13) than cases infected with 
a sensitive strain.  Restricting analyses by travel status revealed 
different sets of risk exposures for acquiring a resistant C. jejuni 
strain, suggesting that different intervention strategies might be 
required. 
The hypotheses generated in this structured way can now be 
tested using targeted analytical and microbiological studies. 
 
1000 Molecular typing; the way forward? 
TRUDY M. WASSENAAR 
Molecular Microbiology and Genomics Consultants, 
Zotzenheim, Germany 
Genotyping methods specific for Campylobacter jejuni were 
developed in the early '90s, with the later addition of AFLP and 
MLST. These techniques have now been applied to the molecular 
epidemiology of C. jejuni for approximately seven years and 
provided valuable information. However, several observations 
have apparently weakened the value of genotyping methods for 
such investigations. Early studies indicated little or no 
correlation between data obtained with different genotyping 
techniques. Natural transformation and genetic instability appear 
to be the causes of the events leading to this complication and 
have generated the partly non-clonal population demonstrated by 
MLST. Such a non-clonal population, with unstable genotypes, 
is a nightmare to molecular epidemiologists. With the 
optimization of phenotypic methods, serotyping and phage 
typing remain important epidemiological tools in some 
laboratories. The discovery of particular serotypes with increased 

risks for inducing GBS has revitalized interest in this technique. 
Nevertheless, GBS-related serotypes are clonal and, therefore, 
would have been identified with any genotyping method. It is 
hypothesized here, that the relation between serotype and GBS 
may have led to an oversimplification of the underlying 
pathological mechanism. In conclusion genotyping remains an 
important epidemiological tool, as long as the complex 
population genetics of C. jejuni are taken into account.  
 
1030 Investigating genotypic instability of 
campylobacters from veterinary sources by in vivo 
passage through the chick model of colonisation 
A.M. RIDLEY, M. TOSZEGHY, S.A. CAWTHRAW & D.G. 
NEWELL 
Veterinary Laboratories Agency (Weybridge), New Haw, 
Addlestone, Surrey KT15 3NB 
The molecular typing techniques, Fla typing and PFGE which 
are most commonly applied to assist in investigating 
campylobacter epidemiology have demonstrated that the genome 
of Campylobacter jejuni is unstable both at single locus and 
whole genome levels. In order to investigate potential 
mechanisms from which genomic instability may arise, 
laboratory experiments were designed to detect and investigate 
genetic instability under defined conditions which reflect those 
stresses encountered in the abattoir environment. Selected 
isolates of unstable genotype, and stable counterparts, were 
subjected to defined stresses and to in vivo passage through the 
chick model of colonisation. In vivo passage through the chick 
model of colonisation was more likely to induce genotypic 
changes than in vitro treatment of isolates using heat and cold 
stresses. Investigations to assess whether instability is a 
mechanism for increasing survivability of campylobacter in 
poultry intestine were set up using mixtures of clonally related 
isolates which were subjected to in vivo passage for up to 4 
weeks. Recovered isolates were analysed by PFGE to determine 
whether one of the dosing strains out-competed others, indicating 
preferential selection under environmental stress. The results of 
these experiments and significance to campylobacter genotyping 
will be discussed. 
 
1045 Adaptation of Campylobacter jejuni NCTC11168 
during long term persistent colonisation of the avian 
gastro-intestinal tract: Development of NCTC11168 as 
a model for physiological studies of colonisation 
MICHAEL A. JONES1, KERRIE. L. MARSTON1, CLAIRE 
WOODALL2, DUNCAN MASKELL2, BRENDAN WREN3 & 
PAUL A. BARROW1 
1Institute for Animal Health, Compton, Newbury Berkshire 
RG20 7NN, 2Centre for Veterinary Sciences, University of 
Cambridge, Madingley Road, Cambridge CB3 0ES, 
3London School of Hygiene and Tropical Medicine, Keppel 
Street, London EC1A 7HT 
Experimental persistence studies were carried out with 
Campylobacter jejuni NCTC11168 in three-week-old Rhode 
Island Red chickens possessing a natural gut flora. Initial 
observations indicated that NCTC11168 colonised the intestine 
poorly, but persisted in the experimental group. After a period of 
in vivo selection variants of NCTC11168 were observed, which 
showed high level colonisation of the chicken. When isolated 
these passaged strains showed increased motility compared to 
that of the original strain used. 
 To determine if changes in motility would be sufficient for 
increased colonisation efficiency of this strain, a second strain, C. 
jejuni 11168H, which had been selected under in vitro on the 
basis of increased motility (Karlyshev A., Linton D., and Wren 
B. personal communication 2001), was tested for colonisation. C. 
jejuni 11168H also showed high level intestinal colonisation of 
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the chicken. This would indicate that the basis of improved 
colonisation in these strains might be due to the changes in 
motility alone. The complete sequence for Campylobacter jejuni 
NCTC11168 has been defined and we therefore propose that 
11168H is a good strain for the study of the physiology of 
Campylobacter during colonisation of the chicken. 
 
1315 Long-term consequences of Campylobacter 
infection 
MARK PALLEN 
University of Birmingham 
Campylobacter gastroenteritis has three important long-term 
consequences in humans: 
1. approximately a quarter of infections are followed by long-
term alterations in bowel habits, with 4-7% patients developing 
irritable bowel syndrome (a 10-fold increase in risk over the 
general population). 
2. around 1 in 100 infections are followed 7 to 10 days later by 
reactive arthritis, which can become incapacitating and chronic. 
3. around 1 in 1000 infections is followed by the demyelinating 
disorders Guillain-Barré syndrome and Miller-Fisher syndrome. 
Around a fifth of patients with Guillain-Barré syndrome are left 
with some disability, and approximately 5% die despite the best 
efforts of modern medicine. 
 In addition, rare life-threatening complications (e.g. 
endocarditis, device-associated sepsis) may follow invasion of 
the bloodstream by Campylobacter, particularly in immuno-
compromised patients. 
 In this talk I will review what is known of the epidemiology, 
clinical features and pathogenesis of these long-term sequelae of 
Campylobacter enteritis, which impose huge burdens on our 
society in terms of economics and of human misery and 
mortality. 
 
1345 The molecular epidemiology of Campylobacter 
spp in food-producing animals 
DIANE G. NEWELL 
Veterinary Laboratories Agency (Weybridge), Addlestone, 
Surrey 
Control of campylobacter in the food chain is proving very 
difficult. Recent surveys indicate that all major food-producing 
animals, including cattle, sheep, pigs and poultry, in Great 
Britain, are asymptomatically colonised with pathogenic enteric 
campylobacters. In some animals, for example broilers, the 
number of these organisms in the intestinal contents is extremely 
high. Thus the faecal contamination of meat products, especially 
from poultry, is considered a major source of human infection. 
As effective vaccines and competitive exclusion agents, to 
prevent or reduce colonisation, have yet to be developed, 
effective biosecurity at the farm level currently remains the only 
feasible approach. This approach is especially relevant to 
intensively farmed broilers. However, recent studies suggest that 
emperical biosecurity methods are only partly successful.  A 
detailed understanding of the sources and routes of transmission 
may provide information to target biosecurity more effectively. 
The recent development and application of molecular 
epidemiological tools for campylobacter strain typing is now 
beginning to provide this information. Investigations of the 
potential roles of horizontal (drinking and environmental water, 
poultry house staff, wild life, cleansing and disinfection, etc) and 
vertical transmission routes will be discussed. This information is 
now being used to test potential intervention strategies. 
 
1415 Campylobacter physiology and stress 
responses 
SIMON PARK 
University of Surrey 
Most foodborne bacterial pathogens are considered to be 
relatively robust organisms, as a consequence of the necessity to 
survive the inimical conditions imposed by both food processing 
and the application of food preservation practices. In this 
context, Campylobacter species appear to be unlikely foodborne 

pathogens, since amongst this category of bacteria they possess 
uniquely fastidious growth requirements and an unusual 
sensitivity  to environmental stress.  Campylobacters also lack 
many of the adaptive responses that can be correlated with 
resistance to stress in other foodborne pathogens. Most notably 
campylobacters do not mount the classical stationary phase 
response seen in other bacteria which results in enhanced stress 
resistance. Instead, tolerance to inimical conditions is actually 
greatest in exponential phase cells. We have recently provided 
evidence that stationary phase cultures of campylobacters are 
dynamic populations of cells and this may be an alternative 
mechanism for promoting survival under adverse conditions. The 
aim of this presentation is to outline the unusual physiology of 
campylobacters (C. jejuni and C. coli) in the context of these 
novel findings. 
 
1445 Construction of a gene-specific composite 
Campylobacter jejuni DNA microarray 
OLIVIA CHAMPION1, NICK DORRELL1, JASON HINDS2, 
GEMMA MARSDEN2, PHILIP D. BUTCHER2 & BRENDAN 
W. WREN1 
1Dept of Infectious & Tropical Diseases, LSHTM, London 
WC1E 7HT, 2Bacterial Microarray Group, St George's 
Hospital Medical School, London SW17 0RE 
A whole genome Campylobacter jejuni NCTC 11168 DNA 
microarray has been constructed using the ordered plasmid 
library resulting from the genome sequencing project. 
Genomotyping of 11 human isolates has revealed extensive 
genetic diversity and provided further evidence that the capsule 
accounts for Penner serotype specificity. However such a 
microarray has limitations as not all genes are represented by a 
unique PCR product. Currently a gene-specific microarray is 
undergoing construction, with PCR products designed to have 
minimal cross-hybridisation to the rest of the genome. The 
intention is to also include non-11168 genes, many of which 
have been donated from research groups around the world, to 
produce a composite C. jejuni microarray more representative of 
the species. Such non-11168 genes have been identified from the 
capsule and lipo-oligosaccharide biosynthesis regions and the 
81-176 virulence plasmid. Several non-11168 genes have also 
been identified from strain 81116 using subtractive hybridisation. 
 This second generation composite C. jejuni DNA microarray 
will be completed early in 2002. It is planned to construct a third 
generation array with even more non-11168 genes, so a request is 
made for further such sequences. 
 
1530 An important role for alternative electron 
transport pathways in Campylobacter jejuni under 
oxygen limited, but not anaerobic conditions 
MICHAEL J. SELLARS, STEPHEN J. HALL & DAVID J. 
KELLY 
Dept of Molecular biology and Biotechnology, The 
University of Sheffield, Firth Court, Western Bank, 
Sheffield S10 2TN 
Currently, Campylobacter jejuni is regarded as an obligate 
microaerophile, with a respiratory metabolism based on the use 
of oxygen as terminal electron acceptor. The genome sequence of 
strain 11168 reveals the presence of two terminal oxidases but it 
is clear that there are a number of putative reductases also 
encoded. These would be predicted to allow the bacterium to 
carry out respiration with several alternative electron acceptors to 
oxygen including nitrate, nitrite, fumarate, trimethylamine-N-
oxide and dimethylsulphoxide. With the exception of the nitrate 
reductase, activity was demonstrated for all these terminal 
reductases using reduced methyl or benzyl viologen as electron 
donor. 
 Inclusion of nitrate, fumarate, TMAO or DMSO in media 
was found not to increase either the growth rate or final cell yield 
when cells were cultured in brain-heart infusion broth in a 
controlled microaerobic atmosphere of 10% v/v O2 / 5%v/v CO2 
/ 85% v/v N2. However, when the growth rate was restricted by 
limiting gas diffusion into such liquid cultures, clear and 
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significant stimulation of both growth rate and final cell yields 
were observed in the presence of these alternative electron 
acceptors. In contrast, under strictly anaerobic conditions with 
hydrogen as the major electron donor, the addition of nitrate, 
nitrite, fumarate, TMAO or DMSO supported little or no growth 
in the same media. 
 C. jejuni possesses only an oxygen requiring, NrdAB-type 
ribonucleotide reductase, which we propose is the reason for the 
lack of anaerobic growth. This is supported by electron 
microscopy studies of anaerobically grown cells supplemented 
with the alternative electron acceptors. 
 
1545 Chameleonbacter jejuni - the changing sugar 
coat of a food-borne pathogen 
BRENDAN WREN  
Dept of Infectious & Tropical Diseases, London School of 
Hygiene & Tropical Medicine 
Despite the importance of Campylobacter jejuni as a major food-
borne pathogen and the most frequent antecedent infection 
triggering post infectious peripheral neuropathies such as 
Guillian Barre syndrome, remarkably little is known about the 
surface structure of the organism and how it interacts with its 
hosts. This was one of the driving forces behind the now 
complete C. jejuni NCTC11168 genome project. Discoveries 
arising directly from the genome project include the 
identification of (i) a novel phase variable capsule polysaccharide 
structure which accounts for the Penner serotyping antigen, (ii) a 
phase variable lipo-oligosaccharide structure that mimics GM1 
gangliosides, (iii) three sialylation pathways responsible for 
sialylation of lipo-oligosaccharide and the flagellae and (iv) an 
unusual "eucaryotic" general glycosylation pathway potentially 
responsible for the glycosylation of dozens of surface proteins 
including PEB3. The genetic analysis and overall structure of 
these features will be described and how this may relate to the 
ability of the organism to vary its surface structure to avoid the 
immune system. The potential role of some of these determinants 
in the adherence and colonisation of host cells will be described 
and how this may relate to the life cycle of C. jejuni in avian and 
human hosts. 
 
1615 Survival, sub-lethal injury and infectivity 
TOM HUMPHREY 
Dept of Clinical Veterinary Science, University of Bristol 
Studies on the behaviour of Campylobacter spp in hostile 
environments seem to suggest that these bacteria are much less 
robust than either Salmonella spp or Escherichia coli.  This is 
perhaps a little surprising given the success of Campylobacter 
jejuni, in particular, as a human pathogen.  One possible reason 
for the observed sensitivities of Campylobacter spp is that we 
have yet to finalise optimum culture and recovery conditions for 
these organisms.  The natural home of the thermophilic 
Campylobacter spp which cause human illness in the intestine of 
warm blooded animals.  If the bacteria are removed from this 
ecological niche into the wider environment they start to become 
damaged as a consequence of exposure to potentially harsh 
conditions.  In C.jejuni sub-lethal injury manifests itself by 
increased sensitivity to culture conditions used for the isolation 
of Campylobacter spp from clinical samples.  It is important that 
studies on survival take account of the manifestations of sub-
lethal injury.  In common with many other bacteria 
Campylobacter is believed to be able to enter a dormant phase 
where cells can assume a cocoide morphology and become much 
more difficult if not impossible to culture.  This phase has been 
termed “viable but non culturable” (VBNC).  There is some 
debate over whether cells in this physiological condition are able 
to cause infection.  This and other matters will be discussed. 
 
 
 
 
 
 

POSTERS 
 
FdBev 01 Evaluation factors affecting natural Zereshk 
(Berberis vulgaris) vinegar production  
ALI MOTAMEDZADEGAN & FAKHRI SHAHIDI 
Dept of Food Science, Collage of Agriculture, University of 
Ferdowsi, Mashad, Iran 
Berberis vulgaris (Zereshk), is cultivated widely in Iran .In 
addition to medical utilization, it’s fruit can be used as food .At 
present, due to short harvesting time and shelf life during 
storage, it is dried only by traditional methods. Our studies show 
that it can be processed to a variety of products like semi-
moisture fruit, jelly, beverages and etc. The whole fruit or wastes 
(damaged fruit during harvesting, handling, and storage) can be 
used in vinegar production too. In this study fruit juice was 
fermented in an under controlled fermentor using  
 S. cerevisiae at different pHs (3.2,4.2 & 4.8), temperatures 
(27 & 32
C) and extra substrate (sucrose) levels (0,2.5 & 5 
percent). Analysis of raw material, under processed and final 
product was done according to AOAC methods. The factorial 
experiment was done on a CRD design with 3 replications. A 
delay was observed in microorganism adaptation at the first stage 
of fermentation. Results show that alcohol production varies in 
different conditions (p<0.05). Most alcohol is produced in pH 
4.2, 32
C and 2.5% sucrose (p<0.05). Organoleptic qualification 
shows that natural Zereshk vinegar has a high consumer 
acceptance due to its color and taste.  
 

FdBev 02 Survival of Listeria monocytogenes during 
manufacture and ripening of White Iranian brine 
cheese 
MORTEZA KHOMEIRI & JALIL VAND YUSOFI 
Dept of Food Science and Technology, University of 
Natural Resource and Agricultural Science, Gorgan, Iran & 
Razy Vaccine and Serum Research Institute, Hesarak, 
Karage, Iran 
The ability of Listeria monocytogenes to grow/survive in Iranian 
White brined cheese during process and ripening was examined. 
Pasteurized milk (2.5%) was inoculated with Listeria 
monocytogenes (Serotype 4b) to a level between 6.9×105-
1.4×106 CFU/ml. Streptococcus thermophilus, Lactobacillus 
delbrueckii ssp. bulgaricus were used as starter culture (0.5%, 
V/V). Fresh cheese was placed into sterile 22% brine and held at 
room temperature for 16-18 hr. Then, it was placed into sterile 
10% brine and ripened for 7 weeks at 12-14
C. Duplicated 
samples of milk, curd, whey, and cheese were tested for some 
physico-chemical analysis and numbers of Listeria by surface 
plating of appropriate dilutions (in Tryptose Broth) on PALCAM 
agar. Initial dilutions were stored at 4
C and surface palted on 
PALCAM agar, weekly for 8 weeks. The number of L. 
monocytogenes  entrapped in curd during cheese-making were 
0.23 Log CFU/g greater than the inoculated milk. The results 
showed an increase in the number of L. monocytogenes during 
the first 2 weeks of ripening and a decrease in the rest of ripening 
period. However, this decrease did not lead to the complete 
disappearance of L. monocytogenes and the pathogen survived 
during 45 days of ripening. pH value of ripened cheese decreased 
to 4.58 after this period. 
 
FdBev 03 The controlled induction of lysogenic 
bacteriophage by food-compatible methods as a 
possible means of reducing the survival and 
proliferation of food- borne pathogens 
MICHAEL McMENAMY & MARTIN COLLINS 
Food Microbiology, Dept of Food Science, The Queens 
University of Belfast, Newforge Lane, Belfast BT9 5PX 
Future development of the Agrifood industry not only will have 
to restore public confidence in the safety of affordable food but 
also improve the efficiency of food processing in order that local 
producers and processors can compete economically in the 
highly competitive supermarket-supply arena. Techniques 
employed will aim to minimise the possibility that viable food 
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poisoning and food-borne pathogenic microbes might survive in 
foods on wholesale and retail sale. 
 The ability to induce temperate bacteriophage from wild-type 
bacteria to enter into their lytic cycle by the manipulation of 
environmental conditions (i.e. by food-compatible means) could 
allow the development of processes that may diminish the 
potential spread of microbial pathogens. 
 The incidence of temperate bacteriophages in a range of 
food-borne pathogens and food poisoning bacteria is being 
assessed using PCR based on the presence of bacteriophage 
integrase ( int ) DNA sequences in the bacterial genomes. 
Primers are based on sequences derived from known temperate 
bacteriophage genomes. Where sufficient sequence data is not 
available primers will be based on consensus sequences derived 
from related temperate bacteriophage genomes with the highest 
level of identity.  
 The effect of manipulating environmental conditions on lysis 
is studied using as model systems, bacteriophages �11 , �12 and 
�13 from Staphylococcus aureus, and coliphage �. The resulting 
data will lay the foundations for further investigation into the 
possibility of controlling lysis in a wide range of food-borne 
pathogens. 
 
FdBev 04 Rapid and quantitative detection of the 
microbial spoilage of meat using FT-IR spectroscopy 
and machine learning 
DAVID I. ELLIS1, DAVID BROADHURST1, DOUGLAS B. 
KELL1, J.E.M.J. ROWLAND2 & ROYSTON GOODACRE1† 
1Institute of Biological Sciences, 2Dept of Computer 
Sciences, University of Wales, Aberystwyth, Ceredigion 
SY23 3DD 
Fourier transform infrared (FT-IR) spectroscopy is a rapid, non-
invasive technique with considerable potential for application in 
the food and related industries.  We show here that this technique 
can be used directly on the surface of food to produce 
biochemically interpretable ‘fingerprints’.  Spoilage in meat is 
the result of decomposition and the formation of metabolites 
caused by the growth and enzymatic activity of microorganisms.  
FT-IR has been exploited to measure biochemical changes within 
the meat substrate, enhancing and accelerating the detection of 
microbial spoilage.  Chicken breasts were purchased from a 
national retailer, comminuted for 10 s and left to spoil at room 
temperature for 24 h.  Every hour, FT-IR measurements were 
taken directly from the meat surface using attenuated total 
reflectance, and the total viable counts (TVC) were obtained by 
classical plating methods.  Quantitative interpretation of FT-IR 
spectra was possible using partial least squares (PLS) regression, 
and allowed accurate estimates of bacterial loads to be calculated 
directly from the meat surface in 60s.  Genetic programming was 
used to derive rules showing that at levels of 107 bacteria.cm-2 
the main biochemical indicator of spoilage was the onset of 
proteolysis.  Thus using FT-IR we were able to acquire a 
metabolic snapshot and quantify, non-invasively, the microbial 
load of food samples accurately and rapidly in 60 s, directly from 
the sample surface.  We believe this approach will aid in the 
HACCP process for the assessment of the microbiological safety 
of food at the production, processing, manufacturing, packaging 
and storage levels. 
 
FdBev 05 The role of the thioredoxin system and thiol-
specific qntioxidant proteins in resistance to oxidative 
and nitrosative stress in Campylobacter jejuni and 
Helicobacter pylori 
M.D. GIDLEY, S.L. COMTOIS & D.J. KELLY 
Dept of Molecular Biology & Biotechnology, University of 
Sheffield, Western Bank, Sheffield S10 2TN 
Thioredoxin has been shown to be an essential protein in diverse 
bacteria and to play an essential role in their protection against 
oxidative stress. The Campylobacter jejuni genome encodes one 
thioredoxin protein and two thioredoxin reductases. The 
Helicobacter pylori genome encodes two thioredoxin proteins 
and two thioredoxin reductases. Both organisms encode thiol-

specific antioxidant proteins including thiol peroxidase (tpx) and 
bacterioferritin comigratory protein (bcp). Mutants were 
constructed by insertion of chloramphenicol and kanamycin 
resistance cassettes in the relevant genes and transferred to the 
chromosome by allelic exchange mutagenesis. The ability of the 
mutants to survive under various conditions of oxidative and 
nitrosative stress was assayed by viable counts in comparison to 
that of wild type. In H. pylori, the trxA1 (HP0824) mutant 
showed a substantial growth defect in normally optimal 
conditions implying that the trxA1/B1 thioredoxin system is 
important to normal cell growth. Viability of the HP0824 mutant 
was decreased substantially in air, hydrogen peroxide or methyl 
viologen (superoxide generator). The trxA2 (HP1458) mutation 
showed a growth defect but retained viability better than HP0824 
upon oxidative stress challenge. Nitrosative stress assays were 
performed using the NO releasers sodium nitroprusside and 
Glutathione-S-NO. Results suggested the importance of both trx 
systems in resistance to nitrosative stress. The viability of the tpx 
(HP0390) and bcp (HP0136) mutants was decreased in methyl 
viologen and the viability of the tpx mutant was also decreased in 
hydrogen peroxide. Mutants are currently being constructed in 
Campylobacter jejuni in order to determine the role of the 
thioredoxin system and thiol-specific antioxidant proteins in 
resistance to oxidative and nitrosative stress in this organism. 
 
FdBev 06 A sulphite respiration system in 
Campylobacter jejuni 
J.D. MYERS & D.J. KELLY 
Dept of Molecular Biology & Biotechnology, University of 
Sheffield, Western bank, Sheffield S10 2TN 
Campylobacter jejuni is a microaerophilic bacterium with a 
respiratory metabolism. Ther genome sequence of strain 11168 
shows an unexpected degree of complexity in terms of electron 
transport, suggesting that this bacterium is much more 
metabolically versatile than previously thought. We have recently 
shown that C. jejuni is capable of respiration using a wide range 
of electron acceptors in addition to molecular oxygen, such as 
fumarate, nitrate, nitrite, TMAO or DMSO and that this can 
support growth. However, the diversity of electron donors that C. 
jejuni might be able to use has not been thoroughly investigated. 
There are two genes in C. jejuni which encode novel 
molybdoenzymes with sequence similarity to a class of 
prokaryotic sulphite oxidases, including SorA from Thiobacillus 
novellus. We have investigated the possibility that C. jejuni is 
capable of respiration using reduced sulphur compounds as 
electron donors. High rates of oxygen reduction were measured 
upon addition of low concentrations (0.5 mM) of sodium 
sulphite to cell suspensions of strain 11168, irrespective of 
whether the cells were grown in the presence or absence of 
sulphite. Comparable rates were obtained with formate as an 
electron donor. In periplasmic extracts, sulphite specifically 
reduced c-type cytochrome, with a maximum at 553 nm. Rates of 
sulphite dependent cytochrome c reduction could be measured 
using horse heart cytochrome c, and a sulphite:ferricyanide 
reductase assay was also developed. The data indicate the 
presence of a periplasmic sulphite:cyt.c reductase in C. jejuni. 
The pathway of electron transport from sulphite to oxygen was 
investigated in intact cells by inhibitor studies. Sulphite 
respiration was completely insensitive to the cytochrome bc1 
complex inhibitor 2-n-heptyl-4-hydroxyquinoline-N-oxide 
(HQNO), whereas formate respiration was significantly inhibited.  
This is consistent with sulphite directly reducing soluble 
cytochrome c which is the immediate electron donor to the high-
affinity cb-type oxidase in C. jejuni. The genes encoding the two 
potential sulphite oxidases have been cloned in E. coli and 
insertionally inactivated. Our results indicate that sulphite, which 
is found in both the environment and some foods, could be an 
important electron donor for energy conservation in C. jejuni. 
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FdBev 07 Construction of a gene-specific composite 
Campylobacter jejuni DNA microarray 
OLIVIA CHAMPION1, NICK DORRELL1, JASON HINDS2, 
GEMMA MARSDEN2, PHILIP D. BUTCHER2 & BRENDAN 
W. WREN1 
1Dept of Infectious & Tropical Diseases, LSHTM, London 
WC1E 7HT, 2Bacterial Microarray Group, St George's 
Hospital Medical School, London SW17 0RE 
A whole genome Campylobacter jejuni NCTC 11168 DNA 
microarray has been constructed using the ordered plasmid 
library resulting from the genome sequencing project. 
Genomotyping of 11 human isolates has revealed extensive 
genetic diversity and provided further evidence that the capsule 
accounts for Penner serotype specificity. However such a 
microarray has limitations as not all genes are represented by a 
unique PCR product. Currently a gene-specific microarray is 
undergoing construction, with PCR products designed to have 
minimal cross-hybridisation to the rest of the genome. The 
intention is to also include non-11168 genes, many of which 
have been donated from research groups around the world, to 
produce a composite C. jejuni microarray more representative of 
the species. Such non-11168 genes have been identified from the 
capsule and lipo-oligosaccharide biosynthesis regions and the 
81-176 virulence plasmid. Several non-11168 genes have also 
been identified from strain 81116 using subtractive hybridisation. 
 This second generation composite C. jejuni DNA microarray 
will be completed early in 2002. It is planned to construct a third 
generation array with even more non-11168 genes, so a request is 
made for further such sequences. 
 
FdBev 08 Antibiotic treatment of commercial broiler 
flocks: incidence and mechanisms of fluoroquinolone 
resistance in Campylobacter 
DEBORAH J. GRIGGS1, HADDY WADDA2, MAGGIE 
JOHNSON1, GIL DOMINGUE3, STEPHANIE BULL3, 
JENNIFER FROST2, TOM HUMPHREY4 & LAURA J.V. 
PIDDOCK1 
1Antimicrobial Agents Research Group, Division of 
Immunity & Infection, University of Birmingham, B15 2TT, 
2PHLS Campylobacter Reference Unit, Colindale Ave., 
London NW9 5HT, 3PHLS FMRU, Church Lane, Heavitree, 
Exeter EX2 5AD, 4Clinical Veterinary Science, University of 
Bristol BS40 5DU 
In a study sponsored by DEFRA (formerly MAFF) to investigate 
the incidence and mechanism of fluoroquinolone resistance in 
Campylobacter in poultry, a barn-raised broiler flock colonised 
with Campylobacter was treated with enrofloxacin in the 
drinking water. A total of 190 isolates of C. jejuni and C. coli 
were isolated from the chickens pre-therapy, during therapy 
(after 3 days treatment), and at 1 week and 2 weeks post-therapy 
from faeces, litter, drinking water, and the barn environment. 
Isolates were serotyped, phage-typed and screened for resistance 
to fluoroquinolones. The susceptibility to 12 antimicrobial agents 
was determined. Among the pre-therapy isolates, 7/69 (10%; all 
C. jejuni) were quinolone-resistant, however, 51/59 (86%) of 
strains isolated during enrofloxacin treatment were quinolone-
resistant (both C. jejuni and C. coli; MIC90 nalidixic acid 128 
mg/l, ciprofloxacin 32 mg/l). Cross-resistance to some non-
quinolone agents (most commonly TmpAmp or TmpTetAmp) 
was also observed. Fluoroquinolone-resistant isolates (n=109) 
are under current investigation to determine the mechanism of 
resistance, and compared to a selection of susceptible isolates 
from the same flock. The topoisomerase genes gyrA and gyrB are 
being amplified by PCR and screened for quinolone resistance 
mutations within the QRDR by WAVE D-HPLC (Transgenomic 
Limited). 
 
 
 
 
 

FdBev 09 The effect of environmental factors on the 
growth, culturability and infectivity of Campylobacter 
jejuni 
ASMA U. PARVEEN, LINDA HARVEY & BRIAN McNEIL 
Strathclyde Fermentation Centre, Dept of Bioscience, 
University of Strathclyde, Glasgow G1 1XW 
Campylobacter jejuni, a food-borne pathogen, is recognised as 
the leading cause of bacterial gastroenteritis in the U.K. and 
several morphological forms are known to exist.  Greater 
understanding of the effects of environmental factors on C. jejuni 
is urgently required.  As a fastidious pathogen, C. jejuni normally 
only grows in vivo, and transmission to a new host often involves 
a period of exposure to a hostile environment.  How C. jejuni 
cells cope with such exposure and the possible role of the viable 
but non-culturable form (VNC) are poorly understood at this 
time.  New information concerning the influence of environment 
factors on the physiology and viability of C. jejuni should help 
increase our understanding of how these organisms survive and 
retain infectivity in natural environments. 
 In the present study, we present data on the response of C. 
jejuni to different environmental factors focusing principally on 
gas atmospheres, oxidant stress and pH. This information aims to 
clarify the possible significance of these responses in the life 
cycle of this pathogen.  This work involves the use of bioreactors 
to control the environmental conditions as parameters such as 
pH, dissolved oxygen and gas phase composition can be varied 
in a controlled and precise manner. 
 
FdBev 10 Comparison of the PATHIGEN® 
Campylobacter Test with standard microbiological 
plating methods for the detection of Campylobacter 
from retail poultry samples 
F. GAMEZ1, C. YOUNG1, T. NETHERWOOD2 & J. 
WHITE1 
1IGEN International Inc., 16020 Industrial Dr., Gaithersburg 
MD 20877, USA, 2IGEN Europe Inc., Oxford BioBusiness 
Centre, Littlemore Park, Littlemore, Oxford OX4 4SS 
A total of 125 poultry samples were collected from retail outlets 
in the Washington D. C. Metropolitan area and tested for the 
presence of Campylobacter.  Initially, 25 gram samples were 
enriched in Bolton Broth under microaerophilic conditions at 
37oC for 4 hours followed by 42oC enrichment for 40-44 hours.  
Enrichment cultures were plated onto Campylobacter blood agar 
plates and tested using the PATHIGEN Campylobacter Test.  
Colonies identified as Campylobacter were confirmed using the 
api Campy test.  Of the 112 samples tested in this manner, 26 
(23.2%) were positive for Campylobacter by culture.  There was 
an 87% concordance between culture results and the PATHIGEN 
Campylobacter Test with the PATHIGEN Campylobacter Test 
detecting 21 of the 26 positive samples.  To test the effectiveness 
of the selective enrichment step, a second set of samples was 
tested using a variety of enrichment media and growth 
conditions.  For these samples, 150 grams of chicken were 
blended to create a homogenate.  Each homogenate was divided 
into four 25 gram samples that were enriched under 
microaerophilic conditions in Bolton Broth, Bolton Broth 
containing laked horse blood, Tecra® Campylobacter Enrichment 
Broth, or aerobically in Bolton Broth.  All cultures were enriched 
and plated as described above.  The results showed that of the 15 
samples tested, 10 samples were positive for the presence of 
Campylobacter by at least one plating method.  For the 
PATHIGEN Campylobacter Test, the best results were obtained 
when samples were enriched aerobically in Bolton Broth where 9 
of the 10 positive samples were correctly identified (90%).   
More positive samples were identified using the PATHIGEN 
Campylobacter Test than any single enrichment and plating 
method.  
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FdBev 11 Acid adaptation of C. jejuni: a mechanism for 
survival in food production and in the host 
P. HARVEY & S. LEACH 
CAMR, Porton Down, Salisbury, Wiltshire SP4 0JG 
Campylobacter jejuni is a major cause of food poisoning in the 
UK.  Though a fastidious organism, C. jejuni is capable of 
surviving extreme conditions and maintaining the ability to 
produce disease.  Such extremes include exposure to acidic 
environments (pH 5.5-pH 2.5), which may be encountered in the 
natural environment and in the host. 
 C. jejuni was grown under continuous culture conditions and 
exposed to an acidic environment of pH 5.5, maintained by the 
addition of 2M HCl and 2M NaOH via peristaltic pumps.  Steady 
state was established and maintained for an extended period of 
time.  The acid-trained culture did not show a significant 
difference in its ability to withstand exposure to acid shock of pH 
3.5, when compared to untrained cultures.   
 However, there was a significant difference between the two 
cultures in their ability to invade a Caco-2 monolayer (ANOVA, 
p=0.001), with acid-trained cultures less able to invade.  Analysis 
of protein expression by 2-D gel electrophoresis identified 
proteins which were responsive to growth in an acidic 
environment.  These proteins may act as acid response proteins 
which allow C. jejuni to adapt to mild acidic environments in 
preparation for surviving extreme acidic conditions which it may 
encounter in the stomach or during food processing. 
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Normal populations 
0930  Overview: the investigation of bacterial 
populations 
MARTIN C.J. MAIDEN 
The Peter Medawar Building for Pathogen Research, 
University of Oxford, South Parks Road, Oxford OX1 3SY 
Bacteria live as members of communities, many of which 
comprise multiple widely diverse bacterial genotypes and 
phenotypes.  Even a 'pure culture', artificially or naturally derived 
from a single progenitor cell, contains a variety of phenotypically 
and genotypically distinguishable variants.  Further diversity is 
introduced by the environment in which the bacteria live, which 
may change over time.  Pathogenic and commensal bacteria, for 
example, have to contend with an environment which actively 
and antagonistically changing as a consequence of host responses 
to colonisation or disease.  The reductionist approach to research, 
which has been so successful in the development of molecular 
microbiology, has to restrict or eliminate many of the 
complications introduced by population effects, which 
consequently remain poorly understood.  In practice, no 
investigative study will be able to unravel entirely the 
complexities inherent in natural communities of microbes, rather 
it is necessary to focus on specific tractable questions.  Crucial to 
this endeavour is the design of suitable sample frames, first of a 
defined microbial community and second of the measurable 
variation in the population.  The advent of high-throughput 
nucleotide sequence determination, together with the 
development of population-based theoretical techniques, 
promises a renaissance of this field which will provide unique 
insights into the bacteria. These developments have the potential 
to revolutionise a number of our current concepts of bacteria and 
their natural history. 
 
1015 Non-cultivable bacteria in complex commensal 
populations 
WILLIAM WADE 
Dept of Oral Microbiology, King’s College London, Guy’s 
Hospital, London SE1 9RT 
Culture-independent characterisation of complex bacterial 
communities via PCR-cloning-sequencing strategies is now well-
established. Originally developed for the study of environmental 
ecosystems, they have now been applied to the human 
commensal microflora, including the normal flora of the mouth 
and lower gut. Studies of the mouth have confirmed that 
approximately 50% of the oral microflora is unculturable. 
Numerous novel lineages have been described, predominantly 
among the phyla Bacteroidetes and Firmicutes. It is hypothesised 
that some bacteria cannot be cultured on artificial media because 
their natural habitat is a biofilm. They are therefore accustomed 
to being part of complex nutritional or signalling interactions 
with other members of the biofilm and are unable to grow 
independently. Interestingly, a study of early oral biofilm 
formation revealed that unculturable bacteria were not present. It 
is hypothesised that early colonisers bacteria are able to grow 
independently in a variety of environments, including agar plates 
in the laboratory.  
 Molecular analysis of the human commensal microflora is 
revealing the full extent of the bacterial diversity present. This 
will aid our understanding not only of the aetiology of normal 
flora-related infections such as the dental diseases but of the 
interactions between bacteria, and between bacteria and the host, 
in health. 
 
 
 

Host-microbe interactions 
1330 Commensal communism and cytokine 
networking 
BRIAN HENDERSON 
Cellular Microbiology Research Group, University College 
London, London 
The ‘quantity’ and ‘quality’ of the cytokine networks we 
generate define our responses to both infectious and commensal 
bacteria.  Cytokine networks are dynamic entities and it is not 
clear how they are generated and maintained during infection.  
Nor is it understood how the microbiota on mucosal surfaces 
control local pro-inflammatory cytokine networks in health.  
Many bacterial components are now recognised to be able to 
induce cytokine synthesis and their ability to induce different 
forms of networks is beginning to be recognised.  One set of 
bacterial cytokine-inducing proteins that are coming to 
prominence are the molecular chaperones.  Surprisingly, 
homologous host proteins have also been found to have similar 
properties.  How these various bacterial and host proteins interact 
to form host-protective cytokine networks, both in health and 
disease, will be discussed. 
 
1415 IgA1 proteases and commensals 
MOGENS KILIAN  
Medical Microbiology and Immunology, Bartholin Bldg, 
University of Aarhus, DK-8000, Aarhus C, Denmark 
Immunoglobulin A1 protease activity is usually associated with 
virulence being a characteristic of all three principal causes of 
bacterial meningitis, Neisseria meningitidis, Haemophilus 
influenzae, and Streptococcus pneumoniae. However, several 
other species of streptococci that are commensals of the oral 
cavity and pharynx share this property. These include S. sanguis, 
S. oralis, some strains of S. mitis biovar 1, and Gemella 
haemolysans, all of which cleave the same proline 227-threonine 
228 bond in the IgA1 hinge region as S. pneumoniae. Analyses 
of the IgA1 protease genes (iga) of these species demonstrate 
that they share a common ancestor. The current hypothesis is that 
the IgA1 protease activity enables these bacteria to circumvent 
the colonization-inhibiting effect of S-IgA1 antibodies. This 
hypothesis is supported by in vitro adherence studies. Although 
there is evidence for in vivo cleavage of S-IgA1 by oral 
streptococci, kinetics studies of S. mitis biovar 1 populations 
with and without IgA1 protease activity do not support an 
obvious biological significance. Likewise, it is not clear why 
IgA1 protease genes have been maintained during evolution in 
the mentioned Streptococcus species but not in S. gordonii and 
other closely related taxa showing similar or identical ecological 
preferences. The difficulty in demonstrating a clear ecological 
effect of the activity may be a reflection of the very subtle 
relationship between the immune system and the commensal 
microflora on mucosal surfaces. This subtle relationship is also 
reflected in very limited antibody responses to IgA1 proteases of 
commensals compared to that against IgA1 proteases of overt 
pathogens. The possibility that IgA1 proteases serve additional 
purposes to IgA1 cleavage will be discussed.  
 
1500 Commensal bacteria isolated from the rectal 
mucosa induce differential respiratory bursts in 
polymorphonuclear leukocytes which is enhanced by 
opsonisation with serum from ulcerative colitis 
patients but not healthy controls 
ELIZABETH FURRIE, SANDRA MACFARLANE & 
GEORGE T. MACFARLANE 
MRC Microbiology and Gut Biology Group, University of 
Dundee, Dundee 
Members of the commensal microbiota live in close proximity to 
the host immune system without eliciting an inflammatory 
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immune response. Polymorphonuclear leukocytes (PMN) or 
neutrophils are the first line of defence against bacteria. They 
migrate to sites of invasion and phagocytose foreign organisms. 
This process can be greatly enhanced by opsonisation of these 
organisms by specific antibodies. Ulcerative colitis (UC) is a 
disease where this tolerance to commensal organisms is lost, 
resulting in a state of chronic inflammation, in which the mucosa 
of these patients is infiltrated with PMN and plasma B cells 
secreting antibody. In these studies the ability of 15 different 
bacterial species isolated from the rectal mucosa of UC patients 
to induce respiratory bursts in PMN was investigated. The 
bacteria were opsonised using serum from UC patients and 
healthy controls to determine whether the environment created in 
the inflammed mucosa of UC contributes towards prolongation 
of the disease. It was found that untreated organisms could 
indeed induce a respiratory burst in PMN, with bifidobacteria 
inducing the greatest respiratory bursts. On opsonisation with 
serum, it was observed that bacteria coated in antibodies from 
UC patients demonstrated an enhancement of the PMN 
respiratory burst of over 100%. The greatest enhancements were 
seen with Bacteroides fragilis, Bacteroides vulgatus, Escherichia 
coli, Enterococcus faecalis and Peptostreptococcus anaerobius. 
Furthermore, respiratory bursts towards opsonised bacteria were 
significantly faster and higher in magnitude.  These data provide 
evidence that the antibody response in individuals suffering from 
UC is directed towards the surface of normal commensal 
organisms, and indicate that this would aid progression of the 
chronic inflammatory state.  
 
1600 Life in a microbial world: Exploring how normal 
gut bacteria influence host physiology and 
development 
LORA V.  HOOPER, MELISSA H. WONG, & JEFFREY I. 
GORDON 
Dept of Mol. Biol. Pharm., Washington Univ. Sch. Med., St. 
Louis, MO, USA 63110 
Humans are colonized by a complex consortium of microbes that 
are more likely to function as allies than enemies. To examine the 
molecular foundations of host-commensal interactions, we 
colonized adult germ-free mice with Bacteroides 
thetaiotaomicron, a prominent component of the normal 
intestinal flora in mice and humans. DNA microarrays were 
employed to comprehensively profile changes in intestinal gene 
expression after colonization. The analysis revealed that this 
anaerobe affects expression of genes modulating essential 
intestinal functions, including nutrient absorption, mucosal 
barrier fortification, xenobiotic metabolism, and angiogenesis. 
To establish the cellular origins of selected responses, we 
combined laser capture microdissection, which preserves the 
influence of surrounding cells and the environment on gene 
expression, with real-time quantitative RT-PCR, which allows 
quantitation of changes in levels of selected mRNAs.  To 
determine the specificity of host responses, germ-free mice were 
colonized with two other components of the normal flora (E. coli 
and Bifidobacterium infantis), or with a complete intestinal flora. 
Together, our findings provide new perspectives about the 
beneficial and essential nature of host-bacterial partnerships in 
the intestinal ecosystem. 
Supported by NIH-DK-30292 to JIG, and by a Burroughs-
Wellcome Career Award in the Biomedical Sciences to LVH. 
 
1645 The ageing gut microflora and promotion of 
beneficial intestinal species 
EMMA J WOODMANSEY, SABINE BARTOSCH, MARK J.  
HOPKINS, JACQUELINE C.M. PATERSON, GEORGE T. 
MACFARLANE & MARION E.T. MCMURDO 
MRC Microbiology and Gut Biology Group & Dept of 
Ageing and Health University of Dundee, Dundee 
The majority of colonic bacteria play an important role in 
maintenance of host health through the formation of short chain 
fatty acids and vitamins, modulation of immune system reactivity 
and preservation of colonisation resistance.  In contrast to the 

numerous studies in infants and children, detailed knowledge of 
the changes that occur in the microflora and its metabolic 
attributes during ageing are limited. This investigation compared 
the gut microflora in young healthy volunteers and elderly 
people, examining variations in bacterial populations by 
culturing with selective and non-selective agars and using 
bacterial cellular fatty acid profiles (MIDI system) for bacterial 
identification.  The proteolytic and amylolytic activities of these 
isolates were also examined.  Results showed that while marked 
inter-individual variations occurred in microbiota composition, 
both ageing and antibiotic (amoxycillin, clindamycin, augmentin, 
flucloxicillin) treatment reduced anaerobe species diversity in the 
gut, with a significant rise in proteolytic bacteria in antibiotic-
treated patients.  These changes in anaerobe populations were 
accompanied by increases in numbers of facultative anaerobes, 
fusobacteria clostridia and lactobacilli, together with a reduction 
in amylolytic isolates, reducing the functionality of the 
microbiota, and possibly resulting in increased susceptibility to 
gastrointestinal infections in the elderly.  Double-blind feeding 
studies using prebiotic galactooligosaccharides (GOS) and 
fructooligosaccharides (FOS) were also done, with the aim of 
improving the composition of the microflora in elderly people, 
through promotion of beneficial bifidobacteria and lactobacilli. 
These organisms were enumerated to species level, before, 
during and after the feeding period, along with metabolic 
analysis of the microflora using a pH controlled batch fermenter. 
Net ammonia production decreased markedly during feeding, 
possibly reducing risk factors for tumour formation. The ability 
of faecal populations to provide colonisation resistance against 
Salmonella typhimurium was also analysed over a 48 h time 
period, with significant inhibition of the pathogen in some 
subjects during the FOS and GOS feeding periods. 
 
THURSDAY 11 APRIL 2002 
 
Normal microbiota in health and disease 
0930 Prokaryotic regulation of epithelial inflammatory 
responses 
ANDREW S. NEISH 
Dept of Pathology, Emory University School of Medicine, 
Atlanta GA, USA 
Prokaryotic organisms, both benign and pathogenic, thrive 
amidst the efficient cellular defenses of the mammalian intestinal 
epithelium.  Delineation of the mechanisms by which bacteria 
communicate with their eukaryotic hosts and the cellular sites 
that microbial signals act may shed light on this complex process. 
One useful model is Salmonella.  These diverse organisms are 
common enteropathogens in humans and can be carried 
asymptomatically in other vertebrates.  The clinical 
manifestations of Salmonella infection in humans results from 
the mucosal and luminal accumulation of polymorphonuclear 
leukocytes (PMN).  Circulating PMN’s are recruited along a 
gradient of induced chemotactic cytokines, for example 
interleukin 8. These inflammatory mediators are activated at the 
transcriptional level by the action of the NF-kB transcription 
factor.  This factor is itself activated by a rapid receptor mediated 
post-translational pathway. Interestingly, we have found a subset 
of Salmonellae, characterized by a non-inflammatory, non-IL-8 
inducing phenotype, are not inert bystanders, but instead confer a 
dominant negative anti-inflammatory state on colonized 
epithelial cells in vitro.  Infected host cells become refractory to 
inflammatory responses elicited by pathogens and cytokines 
because of inhibitory effects on NF-kB activation.  This 
phenomenon may represent a mechanism by which intracellular 
pathogens circumvent the host innate immunity or more general 
mechanism whereby commensal bacteria modulate host 
inflammation. 
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1015 Upregulation of human toll-like receptor 3 in 
response to commensal bacteria isolated from the 
rectal mucosa 
ELIZABETH FURRIE, SANDRA MACFARLANE & 
GEORGE T. MACFARLANE 
MRC Microbiology and Gut Biology Group, University of 
Dundee, Dundee 
Toll-like receptors (TLR) play a key role in recognition of 
bacteria and yeasts in the innate immune response. TLRs 
comprise a group of at least ten receptors that have different 
expression patterns in immune and non-immune cells. They are 
responsible for binding of bacterial surface antigens, and 
subsequent signalling to the cell that results in expression of 
inflammatory mediators. Their ligands are currently unknown, 
but bacterial products such as LPS, peptidoglycan and 
lipoteichoic acids may be involved. TLR-1, 3 and 4 mRNA are 
present in the colonic epithelium. TLRs are also expressed at 
equivalent levels of mRNA in the intestinal epithelial cell line 
HT-29. We have examined the effects of mucosal bacterial 
isolates on the synthesis of TLR mRNA. RNA was standardised 
by cell number and beta-actin levels of expression, and the 
products were cloned and sequenced to check specificity. TLR-1 
mRNA in HT29 cells was unaffected by Gram negative or Gram 
positive bacteria. TLR-3 mRNA was unchanged when untreated 
cells were compared to those treated with E. coli. Two 
Peptostreptococcus anaerobius strains upregulated TLR-3 
mRNA synthesis compared to the controls, as did Enterococcus 
faecalis, however, individual isolates exhibited great variablity in 
inducing expression of TLR-3. These results indicate that TLR-3 
expression is upregulated in epithelial cells when they encounter 
the surface of Gram positive bacteria. This may be important in 
epithelial cell adhesion and bacterial interactions on the mucosal 
surface. We are currently investigating the expression of 
immunomodulatory cytokines in these cells, in response to 
different species in the microbiota. 
 
1130 Bacteria and viruses in development/activity of 
the immune system 
J.J. CEBRA1, N.A. BOS2, H.-Q. JIANG1, M.C. 
THURNHEER1 & A. ZÜRCHER1 
1Dept of Biology, University of Pennsylvania, Philadelphia, 
PA, USA, 2Dept of Histology and Cell Biology, University of 
Groningen, Groningen, The Netherlands 
 Enteric bacteria and viruses drive the development of the gut 
mucosal immune system and act to maintain its steady state of 
'normal' inflammation.  We have been using germ-free (GF) and 
gnotobiotic (exactly known colonizing or infective microbes) 
mice and apparently innocuous commensal bacteria or enteric 
viruses to probe their role(s) in this overall process. 
 Either reovirus 1 or Morganella morganii, given 
intragastrically to GF mice, stimulates a transient germinal center 
reaction (GCR) in Peyer's patch (PP) B cell follicles, and a 
marked increase in IgA plasma cells in gut lamina propria, 
including ones making specific Abs.  This response waxes and 
wanes, although Ab secreting cells persist for long periods.  
While the reovirus infection is resolved, the gut colonization of 
M. morganii persists at high levels.  Thus PP GCRs are transient, 
and require successive stimulation with novel Ags to persist, 
while particular GCRs are self-limiting, even when the Ags 
persist in the gut lumen.  A comparison of seven innocuous gut 
commensal bacteria, each used to monoassociate GF mice, shows 
a wide variation in stimulation of total ('natural') IgA production 
in gut and the fraction of this that is demonstrably specific.  In 
some instances, the production of microbial induced IgA by 
nursing mothers or neonate can affect the whereabouts and levels 
of a particular commensal bacteria in the gut.  Only one of these 
supposedly 'innocuous' bacteria, monoassociating GF SCID 
mice, prepares the host for the development of ulcerative colitis 
on transfer of CD4+ T cells (Helicobacter muridarum).  Reovirus 
given intranasally or EDIM rotavirus given intragastrically 
selectively stimulates an effective induction of GCR and 
cytotoxic T cells in NALT or specific B2 rather than B1 cell Ab 

responses which clear the virus, respectively.  Presently, we seek 
to define the mechanisms for stimulation of IgA production by 
the B1 lineage and the possible protective roles of this product. 
 
1215 Diet, bacteria and cancer 
IAN ROWLAND 
Northern Ireland Centre for Food and Health, School of 
Biomedical Sciences, University of Ulster, Coleraine  
BT52 1SA 
Colorectal cancer is one of the major causes of death from 
malignant disease in Western Europe, USA, Australia and New 
Zealand. It constitutes around 14% of new cases of cancer in these 
countries and the incidence has risen slightly over the last 20 years.  
 There is considerable evidence from laboratory animals and 
human studies that the colonic microflora is involved in the 
aetiology of colon cancer. For example, germ-free rats treated 
with the carcinogen 1,2-dimethylhydrazine have a lower 
incidence of colon tumours than similarly treated rats having a 
normal microflora. We have recently demonstrated potent DNA-
damaging activity in faecal extracts from a proportion of healthy 
human subjects. Intestinal bacteria possess a range of xenobiotic 
metabolizing enzymes such as nitrate reductase and �-
glucuronidase which enable them to produce, from dietary 
components, substances with genotoxic, carcinogenic and 
tumour-promoting activity. They can synthesize carcinogens 
such as N-nitroso compounds, activate carcinogens to reactive 
DNA-damaging metabolites and deconjugate detoxified 
carcinogens in the colon releasing the active carcinogen. In 
addition they can produce tumour promoters such as ammonia 
and bile acids. 

It follows from the above that dietary regimens that modify 
the gut microflora may alter colon cancer risk. Non-digestible 
oligosaccharides, which significantly increase bifidobacteria in 
the gut, have considerable potential in this regard and there is 
some evidence from animal studies that they inhibit DNA 
damage and suppress pre-cancerous lesions in the colon. 
 
1415 Resistance gene pools among the skin flora: co-
operation or compartmentalisation? 
JONATHAN H. COVE 
Division of Microbiology, School of Biochemistry and 
Molecular Biology, University of Leeds, Leeds LS2 9JT 
The bacteriology of human skin is relatively simple and well 
defined.  Components of the normal flora include 
propionibacteria, coagulase-negative staphylococci, aerobic 
coryneforms including brevibacteria, members genus 
Micrococcus and related organisms. Although the skin is known 
to be an excellent medium for gene transfer, it is surprising that 
there is little knowledge of the ecological and spatial 
relationships that operate between members of the skin flora on 
the micro-scale and how these impact upon gene flux. Cutaneous 
bacteria represent a genetically diverse milieu with examples of 
low and high GC content. Different and contrasting strategies of 
survival have evolved in response to antibiotic selective pressure.  
These include examples of co-operation involving highly mobile 
genetic elements that cross species barriers (staphylococci and 
also coryneforms), compartmentalised strategies involving 
mutational resistance (propionibacteria) and inter-genus gene 
transfer (between corynebacteria and propionibacteria). These 
processes have given rise to a reservoir of antibiotic resistant skin 
bacteria with potential for dissemination.  A direct relationship 
between antibiotic treatment and acquisition of resistant strains 
by patients and their close contacts can be demonstrated. It is 
suggested that the skin flora can be used as a model system to 
provide fundamental information about the drivers of antibiotic 
resistance generally. 
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1500 Identification and characterisation of an antigen 
common to both P. acnes serotypes 
J.V. GLENN1, G. RAMAGE1, M.M. TUNNEY1, H. 
CLINGEN-VANCE1, M.G. MCMULLAN1,2, S. O'HAGAN1,2, 
S. VALANNE1, G.B. WISDOM 3, J.R. NIXON2 & S. 
PATRICK1 
1Dept of Microbiology and Immunobiology, School of 
Medicine, The Queen's University of Belfast, Grosvenor 
Road, Belfast BT12 6BN, 2Withers Orthopaedic Centre, 
Musgrave Park Hospital, Belfast, 3School of Biology & 
Biochemistry, Medical Biology Centre, The Queen's 
University of Belfast, Lisburn Road, Belfast 
Propionibacterium acnes is a Gram-positive, non-sporing 
anaerobic coryneform bacterium resident as part of normal 
human microbiota. It is implicated in prosthetic joint infection. 
Previous work in our laboratory has shown that, in 120 revision 
surgeries, P. acnes was isolated in 22% of cases and detected by 
non-culture methods in 63%.  In addition it is implicated in 
dental and ocular infection. P. acnes can be divided into two 
types on the basis of surface antigen composition and sorbitol 
fermentation.  
A MAb produced in-house labelled P acnes types I and II, P 
granulosum, Actinomyces naeslundii and A. israelii but not A. 
odontolyticus, A. viscosus, Staphylococcus spp. Streptococcus 
spp., C. hofmanni and C. xerosis by immunofluorescence 
microscopy. This MAb was used to analyse: P. acnes strains 
obtained from the National Type Culture Collection; revision hip 
arthroplasty isolates obtained in-house; acne associated isolates 
gifted by Dr A Eady, University of Leeds and dental isolates 
gifted by Prof W. Wade, King's College London.  In P. acnes 
and P. granulosum bands in the range of 25-30 kDa were 
identified by PAGE and immunoblotting.  
 
1600 Alterations to bacterial surface molecules in 
persistence of commensal organisms 
JEFFREY N. WEISER 
Dept of Microbiology, University of Pennsylvania 
Different cell-surface characteristics may be required for bacteria 
that normally colonize mucosal surfaces to cause infection and 
survive during an inflammatory process.  Many of the species 
that both colonize and act as pathogens phase vary the expression 
of these characteristics.  The focus of this presentation will be 
two organisms that commonly reside in the human respiratory 
tract, Stretococcus pneumoniae and Haemophilus influenzae.  A 
number of bacterial factors that allow for persistence on the 
mucosal surface of the airway during one phase and survival in 
other host environments in the other phase will be discussed.  
Examples to be presented include 1) the capsular polysaccharide 
of S. pneumoniae, which is expressed at low levels in the 
nasopharynx and higher levels in the bloodstream, and 2) 
phosphorylcholine (ChoP), a component of the cell-surface of 
both species.  ChoP, which is expressed by bacteria when on the 
mucocal surface, acts an adhesin allowing for attachment to 
epithelial cells via the receptor for platelet activating factor.  On 
the other hand, for bacteria that that have transited to the 
bloodstream, there is a selection for decreased ChoP expression.  
This may explained by the presence of high levels of a serum 
constituent, C-reactive protein (CRP), which specifically binds to 
bacterial ChoP leading to opsonization and complement 
activation.  
 
1645 The relationship between DNA inverted repeats 
and variation of Bacteroides fragilis  
S. PATRICK1, J. PARKHILL4, L. McCOY, M.J. LARKIN2, M. 
COLLINS3 & N. LENNARD4 
1Microbiology and Immunobiology, 2Biology and 
Biochemistry and 3Food Science, The Queen's University 
of Belfast, Grosvenor Road, Belfast BT12 6BN, 4The 
Sanger Centre, Wellcome Trust Genome Campus, 
Hinxton, Cambridge CB10 1S 
Bacteroides fragilis is a member of the normal resident intestinal 
microbiota of humans and an important opportunistic pathogen. 

Phase and antigenic variation of the surface components of B. 
fragilis has been long recognised. Bacteria with different sizes of 
encapsulating structures can be observed within a population of 
an individual strain by both light and electron microscopy. In 
addition, labelling with monoclonal antibodies reveals extensive 
antigenic variation within populations enriched for one capsular 
type. Antigenically variable surface components identified to 
date using monoclonal antibodies include: a high molecular mass 
polysaccharide (HMMPS) small capsule and six HMMPS 
associated with either a large capsule or slime production.  
Within the latter group, HMMPS with different sizes of repeating 
saccharide units have been identified by PAGE and 
immunoblotting. Analysis of the complete genome sequence of 
B. fragilis has revealed multiple inverted sequences that 
potentially control the variation of a range of surface 
components. These include seven polysaccharide biosynthesis 
loci.  Analysis of the invertible regions in populations enriched 
for one antigenic type by PCR amplification of primers that 
bridge the inverted repeat has located the regions that appear to 
control the differential expression of polysaccharides with 
different sizes of repeating unit. 
 
POSTERS 
 
MI 01 The growth restriction of bacterial pathogens 
using chemical inhibitors 
K.E. ISHERWOOD1, J.F. ELLIS1, M.A. SKINNER2, K.A. 
BROWN2, P.C.F. OYSTON1 & R.W. TITBALL1 
1Dstl, CBS Porton Down, Salisbury, Wiltshire SP4 0JQ, 
2Dept of Biochemistry, Imperial College of Science, 
Technology and Medicine, London SW7 2A 
Several commercially available chemical inhibitors are known to 
act on the biosynthetic pathways of micro-organisms and plants.  
Two such chemicals are glyphosate and protocatechuic acid 
(PCA), which target the aromatic amino acid biosynthetic 
pathway (aro).  Other chemicals include sulfometuron methyl 
(SMM) and metsulfuron methyl (MSM), which act on the 
branched chain amino acid biosynthetic pathway (ilv).  The 
absence of such pathways in higher animals means that chemical 
inhibitors such as these may have the potential for use as novel 
antimicrobials.  In this study, the chemicals described above were 
tested in vitro for inhibitory effects on the growth of three 
bacterial pathogens, namely Francisella tularensis, Burkholderia 
pseudomallei and Burkholderia mallei.   The growth of three 
strains of F. tularensis, three strains of B. pseudomallei and one 
strain of B. mallei was shown to be restricted by both of the aro 
biosynthetic pathway inhibitors.  For the ilv inhibitors, the 
growth of two strains of B. pseudomallei was restricted in the 
presence of either SMM or MSM. 
 
MI 02 A liquid based method for the assessment of 
bacterial pathogenicity using the nematode 
Caenorhabditis elegans 
M.P. SMITH, T.R. LAWS, T.P. ATKINS, P.C.F. OYSTON & 
R.W. TITBALL 
Dstl, Chemical and Biological Sciences, Porton Down, 
Salisbury SP4 OJQ 
The nematode C. elegans has previously been used for the study 
of the virulence mechanisms of the bacterial pathogens 
Pseudomonas aeruginosa and Burkholderia pseudomallei. 
Conventional assay methods using the nematode have relied on 
observations of individual worms exposed to the pathogen on 
solid media. During this investigation an alternative method for 
the study of bacterial virulence was investigated. This principally 
relies on the behavioural traits of an entire population of 
nematodes and hence yields an increase in sensitivity. When 
exposed to a detrimental pathogen while feeding in suspension 
the worm responds and a cessation of nematode feeding occurs. 
The feeding inhibition caused by the bacteria can then be 
quantified by measuring the optical density of the bacterial 
suspension over time. Using the feeding inhibition assay we have 
shown that P. aeruginosa PA14 successfully inhibits feeding of 
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the worms over a period of 72 hours. B. pseudomallei strain 576 
was also found to inhibit feeding rapidly, in less than 24 hours, 
through an undefined mechanism. This study suggests that the 
increased sensitivity of the feeding inhibition assay may be a 
better measure of bacterial virulence in the nematode C. elegans.  
 
MI 03 Use of a feeding inhibition assay for the 
comparison of Pseudomonas aeruginosa 
pathogenicity towards different strains of nematode 
worm 
T.R. LAWS, M.P. SMITH, T.P. ATKINS & R.W. TITBALL 
Dstl, Chemical Biological Sciences, Porton Down, 
Salisbury SP4 0JQ 
P.aeruginosa strain PA14 has been shown previously to cause 
nematode worm death. An assay has been developed for the 
assessment of the health of an entire population of nematode 
worms. A population of nematode worms growing in the 
presence of a bacterial pathogen has fewer individuals because of 
worm mortality and lowered embryo viability. Nematode feeding 
will be affected because of slowed population growth and the ill 
health of the individual worms. Free-living nematodes, such as 
Caenorhabditis elegans, use bacteria as a food source. Feeding 
can be quantified by measurement of the optical density of the 
bacterial suspension the worms are feeding on. A non-pathogenic 
control, Eschericheria coli, can be as a measure of normal 
nematode feeding. 
 Using the feeding inhibition assay, several strains of worm 
have been investigated. Caenorhabditis briggsae is very closely 
related to C.elegans. C.briggsae feeding was found to be 
inhibited by P.aeruginosa strain PA14 to a similar degree as 
C.elegans feeding. The C.elegans mutant phm2 has a defective 
grinder, the tooth-like structure used for grinding of food upon 
entry to the worm’s gut. The C.elegans mutant phm2 is 
significantly more susceptible to P.aeruginosa strain PA14, than 
the wild type C.elegans. The C.elegans mutant phm2 is also 
susceptable to P.aeruginosa strain PA01 which is not pathogenic 
to the C.elegans wild type strain. 
 
MI 04 Methylation in pathogenic bacteria 
V.E. TAYLOR, P.C.F. OYSTON & R.W. TITBALL 
Dstl, Chemical and Biological Sciences, Porton Down, 
Wiltshire SP4 0JQ 
Methylation controls a range of integral cellular processes in 
bacteria, including timing of DNA replication and expression of 
some genes.  Inactivation of the dam, encoding a DNA adenine 
methylase, of Salmonella typhimurium has been shown to 
attenuate the organism in vivo.  Over-expression of another 
methylase, CcrM, is attenuating in a number of organisms.  
These results indicate that methylation systems may be a suitable 
target for the production of defined attenuated vaccines.  To this 
end, we have examined three highly pathogenic bacterial species 
for the possession of methylation systems.  Yersinia pestis, 
Burkholderia pseudomallei and Francisella tularensis were all 
examined for the presence of the dam and dcm methylation 
systems.  All three species possessed methylases, and these may 
prove to be suitable targets for attenuation in future studies. 
 
MI 05 Cloning, purification and characterisation of 
Clostridium absonum phospholipase C  
G.C. CLARK1, T. KARASWA2, P.N. JAYASEKERA1, N. 
WALKER1, J. MILLER1, D. MOSS3, S. NAKAMURA2 & 
R.W. TITBALL1 
1Dstl, Chemical and Biological sciences, Porton Down, 
Salisbury, Wiltshire SP4 0JQ, 2Dept of Bacteriology, 
School of Medicine, Kanazawa University, Kanazawa, 
Japan, 3Dept of Crystallography, Birkbeck College, 
University of London, London WC1E 7HX 
Clostridium absonum is a Gram-positive bacterium that has been 
isolated from a number of patients suffering from gas gangrene. 
Like C. perfringens, C. absonum produces a phospholipase C 
(PLC) enzyme. In C. perfringens the PLC is responsible for 
many of the symptoms of gas gangrene and has been shown to be 

essential for development of the disease. Here we report the 
isolation, cloning, purification and characterisation of the C. 
absonum phospholipase C. The enzyme has a 28 amino acid 
signal peptide that is removed upon secretion to the periplasm of 
recombinant E. coli.  The mature protein has a molecular weight 
of 42.7kDa. The peptide sequence shows approximately 60% 
sequence homology to C. perfringens PLC and 49% to C. 
bifermentans PLC. Comparisons of activity of the C. absonum 
enzyme using the egg yolk, pNPPC, haemolysis and liposome 
assays were performed. The results showed that C. absonum PLC 
had twice the egg yolk activity, one and half times the haemolytic 
activity and over seven times the activity towards 
phosphatidylcholine based liposomes when compared with C. 
perfringens PLC. However, the enzyme had a lower activity than 
either C. perfringens or C. bifermentans PLC’s to the free 
substrate pNPPC and towards sphingomyelin based liposomes. 
Overall the results suggest that C. absonum PLC has a higher 
activity towards pure substrates in a membrane form than either 
C. perfringens or C. bifermentans PLC’s. The low activity 
observed towards SP liposomes, suggests that C. absonum may 
have a separate enzyme involved in sphingomyelin hydrolysis. 
 
MI 06 Comparison of lethal factor expressed as a his-
tagged protein in E. coli versus a coninuous exchange 
flow cell-free (CEFCF) system 
S. WHITE, S. ROWE, C. REDMOND & J. MILLER 
Dstl, Chemical Biological Sciences, Porton Down, 
Salisbury, Wiltshire SP4 0JQ 
Bacillus anthracis the causative agent of anthrax produces three 
toxic components, a lethal factor (LF), an edema factor (EF), and 
a protective antigen (PA).  The combining of LF and PA forms 
the toxic complex Lethal Toxin (LT), which is subsequently 
internalised into the host cell causing cell death.  PA is the main 
component of the current UK anthrax vaccine, and an immune 
response to PA inhibits the internalisation of LF that would 
otherwise end in cytotoxic death.  It is hoped that the in vivo 
sequence of events described above can be simulated in vitro in 
tissue culture systems to provide the basis for a surrogate marker 
of efficacy, for future non-human primate and clinical studies.  In 
order to develop this in vitro assay we have cloned and expressed 
a recombinant form of the LF from B. anthracis.  Cloning has 
been undertaken using conventional methodology with 
expression in E. coli and this method has been compared to 
expression in a cell free system, using the RTS 500 instrument 
recently launched by Roche Diagnostics. 
 The LF gene has been cloned into a pRSETA vector for 
expression in E. coli, and a pIVEX vector for expression in the 
RTS 500.  Both vectors produce His-tagged fusion proteins.  
Expression studies have been carried out to investigate the 
effects of growth temperature, induction time, culture volume 
and IPTG concentration on LF expression.  The His-tagged LF 
from both expression systems has been purified using 
immobilised metal affinity chromatography (IMAC).  The 
purified LF has been characterised by SDS PAGE, Native PAGE 
and gel permeation chromatography.  The recombinant LF 
produced will be used in the development of an in vitro 
cytotoxicity assay. 
 
MI 07 The importance of lactobacilli in maintaining the 
chicken crop microbial balance and their potential use 
as probiotics 
C.K. MASON & M.A. COLLINS 
Food Microbiology, Dept of Food Science, Queen's 
University of Belfast, Newforge Lane, Belfast BT9-5PX 
In contrast to the gut, the microflora of the chicken crop is 
relatively simple.  This is due to the presence of lactobacilli 
which produce lactic and acetic acids thereby lowering the local 
pH, hence preventing growth and colonisation of the crop by 
other organisms. 
 The EU ban of many antibiotics in chicken feed has seen a 
rise in diseases such as necrotic enteritis caused by Clostridium 
perfingens. Such concerns have renewed interests in the potential 



Society for General Microbiology – 150th Ordinary Meeting – University of Warwick, 8-12 April 2002  - 58 - 

benefits of probiotics.  These microbial feed supplements are 
thought to benefit the host by improving the intestinal microbial 
balance.  Lactobacilli are considered as potential probiotic 
organisms in the chicken as they are part of the normal 
microflora, and are known to attach to intestinal epithelial cells.  
Adhesion to epithelial cells is considered a prerequisite in order 
for the probiotic bacteria to exert beneficial health effects. 
 Lactobacilli from the crop of broiler chickens have been 
isolated and allocated into groups by RAPD-PCR data.  The 
adhesion ability of these isolates has been investigated by  (a) 
haemagglutination and (b) adhesion to an intestinal epithelial cell 
line.  These methods have been used to distinguish between 
strongly and poorly attaching isolates. Further studies will 
involve the identification of these isolates to species level by 16S 
rRNA sequencing.  In order to determine the microbial genes 
involved in attachment, differential display technology will be 
employed.   
 
MI 08 Investigation of the role of the CpxAR two-
component regulator in the virulence of Salmonella 
typhimurium 
SUE HUMPHREYS1, ANDREW STEVENSON1, JACI 
FARN1, MARGARET A. LOVELL2, PAUL BARROW2 & 
MARK ROBERTS1 
1Dept of Veterinary Pathology, University of Glasgow 
Veterinary School, Bearsden Rd, Glasgow G61 1QH, 
2BBSRC Institute for Animal Health, Compton, Newbury, 
Berkshire RG20 7NN 
In E. coli the extra-cytoplasmic stress response (ESR) is 
controlled by two over-lapping regulatory pathways. One 
pathway is controlled by an alternative sigma factor, �E(RpoE), 
and the other by a two-component regulator CpxAR. The two 
pathways regulate the expression of various genes in response to 
differing environmental cues. We are investigating the role of the 
ESR genes in Salmonella stress response and virulence. We have 
previously shown that rpoE is critically important for virulence. 
In order to investigate whether CpxAR is required for virulence 
we have constructed null mutants of cpxA and cpxR and a 
constitutive cpxA mutant (cpxA*). The survival of the three 
strains in mice was analysed using a competition assay. cpxA 
survived equally well as wild type but cpxR showed a reduced 
survival rate. The cpxA* mutant could not be compared directly 
with wild type but survived less well than cpxR. The colonisation 
of chickens by all three mutants strains was analysed and found 
to show some reduction compared to wild type although there 
was no difference in colonisation between the three strains. The 
cpxA* mutant invades macrophages and epithelial cells less well 
than the null mutants but can survive and replicate once 
established within cells. We are currently analysing the three 
mutants by 2D electrophoresis to identify proteins within the 
regulon that may account for the differing phenotypes between 
the stains. 
 
MI 09 Characterisation and Mutagenesis of the luxS 
locus in Staphylococcus aureus 
N.C. DOHERTY1, K. WINZER1, M. HOLDEN1 & P. 
WILLIAMS1,2 
1Institute of Infections and Immunity, Queen’s Medical 
Centre, University of Nottingham, Nottingham NG7 2UH, 
2The Pharmacy School, University of Nottingham, 
Nottingham NG7 2RD 
In many micro-organisms, the expression of specific phenotypes 
is regulated by mechanisms that monitor bacterial cell density 
(known as quorum sensing) by the accumulation of signal 
molecules (autoinducers). 
Quorum sensing has been shown to regulate various bacterial 
phenotypes, and specialised systems have been identified in 
Gram positive and Gram negative bacteria. The luxS system, 
however, appears to be present in both groups, as indicated by 
the presence of the luxS gene which catalyses the formation of 
the AI-2 autoinducer molecule. It has been suggested that this 
system represents a universal inter-species bacterial language. 

 The luxS gene has been identified in Staphylococcus aureus, 
an important human pathogen responsible for numerous 
conditions ranging from food borne disease to systemic 
bacteraemia and endocarditis. Hospital acquired MRSA 
infection, recalcitrant to antimicrobial chemotherapy, is of 
particular concern. 
 The contribution of luxS to staphylococcal quorum sensing 
and pathogenesis is under active investigation in our group. The 
growth phase dependent expression of luxS, and accumulation of 
its cognate autoinducer molecule is described. Construction of 
reporter gene fusions has enabled the characterisation of the luxS 
promoter elements.  Insertion-deletion mutants have been 
generated in various S. aureus backgrounds and characterisation 
of the luxS� phenotype is underway. 
 Assessing the contribution of the luxS system to 
staphylococcal pathogenesis will be beneficial in the elucidation 
of the role of luxS in the identification of novel therapeutic 
targets, essential in this era of multiple antibiotic resistance. 
 
MI 10 Structural and biophysical characterisation of 
several S. pneumoniae virulence factors 
A. RIBOLDI-TUNNICLIFFE, C.J. BENT, N.W. ISAACS & 
T.J. MITCHELL 
University of Glasgow 
The main objective of this project is the overexpression, 
purification, crystallisation and structural determination of 
bacterial virulence factors involved in pneumococcal infection so 
as to broaden our knowledge of the process of infection at the 
atomic level. These structures should also provide the foundation 
for the prevention and therapy of bacterial infection, by use of 
rational drug design. 
 Neuraminidase is yet another virulence factor of 
S.pneumoniae that is found on all strains of pneumococci 
examined (2). The enzyme cleaves terminal sialic acid from cell 
surface glycans such as mucin and glycolipids causing significant 
damage to the host cell glycans as well as to the host. This action 
will change the glycosylation pattern of the host and exposes 
more of the host surface which may reveal surface receptors, 
contributing to increased adhesion. There are at least two forms 
of neuraminidase expressed by S.pneumoniae NanA and NanB. 
We are working on NanA a 108kDa protein (3). The sequence 
homology between NanA and NanB is negligible. NanA has a 
propensity for degradation to smaller fragments during 
expression and purification (4). By careful manipulation during 
purification we have managed to purify NanA to homogeneity. 
NanA also contains a C-terminal signature sequence containing 
an LPXTGX motif (cell wall anchor). 
 Another of the most studied essential virulence factors of 
Streptococcus pneumoniae is pneumolysin (PLY). Pneumolysin 
is a 53kDa protein produced by all clinical isolates of 
S.pneumoniae. Pneumolysin aids the uptake of the organism by 
penetrating the hosts physical defence. Pneumolysin is a 
cytoplasmic enzyme released due to the action of pneumococcal 
autolysin. Therefore the virulence properties are dependent on 
the action of autolysin. Pneumolysin has several functions in the 
early pathogenesis of pneumococcal infection. The cytotoxic 
effects of pneumolysin can directly inhibit phagocyte and 
immune cell function, leading to the suppression of the host 
immune response (5). 
 We have overexpressed NanA, PLY and PLY mutants using 
E. coli, purified the proteins using standard chromatographic 
techniques and crystal trials have been set-up on the purified 
proteins.   
 Dynamic light scattering has shown the NanA and PLY 
mutants proteins are monodispersed however the PLY native is 
polydispersed.  Circular dichroism (CD) of NanA has revealed a 
mixed �/� fold, however Raman Optical Activity (R.O.A) has 
given conflicting results. CD of PLY and PLY mutants reveals a 
fold similar to that expected of close homologue perfringolysin. 
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MI 11 Alterations in epithelial proliferation and 
apoptosis during bacterial-induced intestinal 
hyperplasia 
NEIL MACINTYRE2, SUSAN RHIND2 & DAVID G.E. 
SMITH1,2 
ZAP Research Labs1 & Dept. of Veterinary Pathology2, 
University of Edinburgh 
Infectious intestinal epithelial hyperplasia is a major pathological 
characteristic associated with only few bacterial pathogens.  
These include the phylogenetically unrelated organisms 
Helicobacter pylori, Citrobacter rodentium and Lawsonia 
intracellularis.  In murine infection systems, hyperplasia induced 
by H. pylori and C. rodentium has been shown to be Th1-
dependent through requirement for active Interferon-� (IFN�) 
signalling systems.  In contrast, epithelial hyperplasia during L. 
intracellularis infection is enhanced in IFN�-receptor-deficient 
(IFN�R-/-) mice thus epithelial hyperproliferation is not mediated 
through Th1 responses.  The finding of this profound difference 
suggests that no single mechanisms is responsible for the 
common pathological alteration induced by these bacteria, 
perhaps reflecting different underlying mechanisms of cellular 
growth disturbance.  An investigation of alterations in immune 
cell populations and markers of cellular proliferation and 
apoptosis was performed with intestinal tissue from infected 
animals.  Substantial disturbances in local lymphocytes 
corresponded to increased proliferation and decreased apoptosis 
indicating that some common factors are targetted by each of 
these bacteria despite divergence in specific mechanisms of 
hyperplasia. 
 
MI 12 Epithelial cell responses to verotoxin and VTEc 
D.E. ELAINE HOEY, CAROL CURRIE, ARVIND 
MAHAJAN, DAVID GALLY & DAVID G.E. SMITH 
ZAP Research Labs & Dept. of Veterinary Pathology, 
University of Edinburgh 
Verotoxin (VT) is the crucial pathogenicity determinant s in 
human infection caused by verotoxigenic E. coli (VTEC).  VT 
crosses intestinal epithelium and enters the circulation where it 
targets endothelium and systemic sites.  Although potently 
cytotoxic via inhibition of protein synthesis and induction of 
apoptosis, VT also acts as an immunomodulatory stimulus.  
Despite the absence Gb3, the VT receptor, on human intestinal 
epithelium VT induces transcription and release of C-X-C 
chemokines (including IL-8 and GRO�) from these cells thereby 
mediating pro-inflammatory responses thus amplifying tissue 
damage.  Cattle are the main reservoir host for VTEC 
(particularly serotype O157) which are colonised 
asymptomatically therefore pathogenicity differs.  Recent 
findings indicate that Gb3 is expressed by a sub-population of 
epithelial cells in the cattle intestinal tract, specifically 
proliferating cells of the crypts.  Expression of this receptor may 
significantly affect responses to VT therefore induction of 
chemokine (IL-8) and transcription factor (NF-B) was 
examined comparatively between epithelial cells of human and 
bovine origins.  
 
MI 13 Expression analyses of the TlyA family in L. 
intracellularis and other pathogens 
GINA McALLISTER, PILAR ALBERDI, JENNIFER 
HARRIS, EDITH PAXTON & DAVID G.E. SMITH 
ZAP Research Labs & Dept. of Veterinary Pathology, 
University of Edinburgh 
TlyA proteins of bacteria belong to a novel family identified 
across a phylogenetically diverse range of bacteria.  These 
include several gastrointestinal pathogens such as Helicobacter 
pylori, Campylobacter jejuni, Brachyspira hyodysenteriae and 
Lawsonia intracellularis.  These proteins have been identified 
mainly through genomic sequencing and their expression and 
role(s) during infection remain to be fully defined.  TlyA deletion 
mutants in H. pylori and B. hyodysenteriae are attenuated, 
suggesting that these proteins perform important roles during 
infection.  Studies of the L. intracellularis orthologue, termed 

LsaA (for lawsonia surface antigen) indicate that this factor is 
expressed during infection in vitro and in vivo and suggest that 
this factor is involved during adherence and/or invasion of 
intestinal epithelial cells.  Analysis of the region upstream from 
the start codon of lsaA shows little relationship to predicted 
promoter regions of this gene in other organisms.  This may 
represent peculiarities in the regulation of this gene in L. 
intracellularis therefore analysis of lsaA expression was carried 
out comparatively with orthologues in other bacteria.  A dual 
approach involving RT-PCR and reporter constructs in 
heterologous host strains was used to assess relative levels of 
expression. 
 
MI 14 The immune response to the LEE antigens 
intimin280 and EspB in experimentally infected calves 
R.J. GIBBS, S. NAYLOR, D. GALLY, J. STEWART & I.R. 
POXTON 
University of Edinburgh 
Enterohamorrhagic Escherichia coli (EHEC) for example E.coli 
O157:H7, are known to harbour the LEE pathogenicity island 
crucial to the formation of A/E lesions. While these organisms 
are serious human pathogens, in the bovine host they appear to 
colonise without overt pathology. It is thought that antibodies 
may play a role in protecting the bovine host from EHEC 
colonisation/infection.  
 Recombinant Intimin280 and EspB were generated by PCR 
and subsequent cloning into a pGEX-4t2

  vector. Protein 
purification was achieved by affinity chromatography.  Twelve 
calves were challenged orally with a high dose of three different 
E.coli O157 strains. Samples of Faeces and blood samples were 
taken prior to the challenge and at weekly intervals thereafter for 
four weeks. ELISA and Western blots were then used to examine 
the antibody response in each animal against intimin280 and 
EspB.  
 All calves were found to have antibodies prior to the 
experimental challenge. Over the four week period the level of 
E.coli shedding fluctuated. No animal shed consistently 
throughout the whole experiment. Some of the calves had very 
low antibody levels, while in others the titre remained 
consistently high throughout the experiment. There appears to be 
no relationship between the serological immune response 
towards intimin280 and EspB and the ability of E.coli O157 to 
colonise the bovine gut. 
 
MI 15 Inactivation of a pneumococcal response 
regulator decreases pulmonary but not systemic 
virulence in murine pneumococcal pneumonia 
A.R. KERR, J. McCLUSKEY & T.J. MITCHELL 
Division of Infection and Immunity, University of Glasgow, 
Glasgow 
Despite the availability of appropriate antibiotics and a vaccine 
against Streptococcus pneumoniae, this organism remains a 
major human pathogen. S. pneumoniae can cause non-invasive 
infections such as otitis media as well as invasive diseases such 
as meningitis and pneumonia. The cause of death in 
pneumococcal pneumonia remains a puzzle. Even after antibiotic 
treatment has begun and the previously infected site is sterile, 
death can still occur. We are using a well characterised model of 
pneumococcal pneumonia to better understand the pathogenesis 
of the infection and to identify novel drug targets and vaccine 
candidates. 
 Bacteria use two-component systems (TCSs) to sense and 
react to their environment. TCSs are made up of a histidine 
kinase that becomes autophosphorylated on sensing the stimulus. 
The phosphate group is then transferred to the response 
regulator, permitting changes in gene expression or protein 
function. TCSs make good drug targets as intervention is 
possible at several sites.  
 Thirteen TCSs have been identified in S. pneumoniae. We 
have further investigated the role in pathogenesis of one of these 
TCSs (TCS6) in our mouse model of pneumococcal pneumonia. 
The response regulator of TCS6 was disrupted by the insertion of 
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an erythromycin resistance marker. The virulence of this mutant 
was evaluated following intranasal infection of 9 week old MF1 
mice. Intranasal infection with pneumococci deficient in the 
response regulator of TCS6 resulted in significantly lower 
bacterial loads within the lung airways, lung tissue and 
bloodstream of MF1 mice 24h post infection, but no difference 
in survival times. Levels of bacteraemia were reduced by up to 4 
logs. Intravenous infection with pneumococci deficient in the 
response regulator of TCS6 had no effect on bacteraemia 24h 
post infection. Thus the effect of TCS6RR appears to be 
important in pulmonary virulence during pneumococcal 
pneumonia but is not required during pneumococcal bacteraemia. 
 
MI 16 Two-component signal transduction in 
Streptococcus pneumoniae 
C.E. BLUE1, J-P. CLAVERYS2 & T.J. MITCHELL1 
1Division of Infection and Immunity, Institute of Biomedical 
and Life Sciences, Joseph Black Building, University of 
Glasgow, Glasgow G12 8QQ, 2Centre National de la 
Recherche Scientifique, Labotatoire de Microbiologie et 
Genetique Moleculaire CNRS-UPR 9007, Universite Paul 
Sabatier, 118, route de Narbonne, 31062 Toulouse Cedex 
04, France 
Understanding the mechanisms by which bacteria interact with 
their hosts and the genes expressed during infection is essential 
to further our knowledge of bacterial pathogenesis, and to help 
produce more effective therapies. Two-component systems, 
comprising a histidine kinase sensing module and a response 
regulator, are ubiquitous among prokaryotes and are fundamental 
to how bacteria sense their external environment. There are many 
examples of virulence genes being regulated by two component 
systems in response to external conditions and subsequently such 
systems are recognised as potential drug targets.  
 Thirteen histidine kinase/response regulator pairs have 
recently been identified throughout the genome of Streptococcus 
pneumoniae, a human pathogen responsible for pneumonia, 
meningitis and otitis media. Several of these, such as the 
ComD/E and CiaR/H, have previously been described, but many 
have not been recognised and their function within the 
pneumococcus has not been elucidated. 
 We have created a range of knock-out mutations in several 
genes of pneumococcal two component systems with the aim of 
characterising these systems further. In particular we have 
concentrated on a system that may be involved in the regulation 
of a putative zinc metalloprotease gene. The mutant strains have 
been analysed in our murine model of pneumococcal pneumonia. 
We are also using microarray analysis to investigate which genes 
are regulated by two component systems. 
 
MI 17 Organisation and regulation of the tonB operon 
of Burkholderia cepacia 
A.H. ASGHAR, M. TARAKTCHOGLOU & M.S. THOMAS 
Division of Genomic Medicine, University of Sheffield 
Medical School, Beech Hill Road, Sheffield S10 2RX 
Burkholderia cepacia is recognised as a serious pathogen of 
patients with cystic fibrosis (CF). The CF lung provides an iron 
limiting environment, suggesting that iron acquisition 
mechanisms are important for bacterial colonisation. We have 
identified the tonB, exbB and exbD genes of B. cepacia and 
showed that they are involved in siderophore-mediated uptake of 
Fe(III) in this organism. 220 bp upstream of tonB is a gene, bfd, 
encoding a 78 aa polypeptide exhibiting high homology to the 
bacterioferritin-associated ferredoxin of E. coli. RT-PCR and 
primer extension analysis demonstrated that these four genes 
comprise an operon under control of a single promoter. 
Consistent with this, polar insertions within bfd or the bfd-tonB 
intergenic region gave rise to a TonB-negative phenotype. Using 
a stain harbouring a chromosomal exbB-lacZ transcriptional 
fusion, the bfd promoter was shown to be fully repressed by 5 
�M ferric chloride. The B. cepacia fur gene, encoding the global 
regulator of iron regulated genes, was cloned under control of the 
tac promoter and expressed in an E.coli �fur strain harbouring a 

plasmid borne bfd-lacZ fusion. B. cepacia Fur was shown to 
efficiently repress the bfd promoter in E. coli in response to iron. 
The Fur titration assay (FURTA) allowed the identification of the 
Fur binding site (Fur box) overlapping the bfd promoter. 
 
MI 18 Identification and analysis of proteins 
expressed by Streptococcus pneumoniae cultured in 
human pooled serum 
K. OVERWEG, M. LIEBREGTS, F. MULHOLLAND &  
J.W. WELLS 
Institute of Food Research, Norwich 
Streptococcus pneumoniae is an important human pathogen 
which causes meningitis, otitis media, sepsis, and pneumonia. 
The precise mechanisms by which the pneumococcus survives in 
the human host are not fully understood. Generally, it is believed 
that identification and characterisation of in vivo expressed genes 
will provide insight into the mechanisms that underlie bacterial 
pathogenesis. Furthermore, in vivo produced factors are likely to 
be necessary for bacterial adaptation, growth and survival in the 
host. We have grown S. pneumoniae in human pooled serum 
(HPS) as a model of pneumococcal sepsis in order to identify the 
bacterial factors that might be expressed in invasive disease. To 
identify proteins that are expressed by S. pneumoniae growing in 
HPS, total cellular extracts of two different pneumococcal strains 
grown in HPS and a rich broth (Todd Hewitt Yeast Extract broth; 
THY-broth) were analysed by two-dimensional gel 
electrophoresis. The analysis of about 300 protein spots under 
both growth conditions revealed 95 differences in protein 
expression of which 69 were increased in amounts and 26 
decreased in amounts in the HPS grown bacteria. All 95 protein 
spots were excised, digested with trypsin and further analysed by 
peptide mass fingerprinting using matrix-assisted laser 
desorption ionization-time of flight mass spectrometry (MALDI-
tof). Pneumococcal DNA microarrays are being constructed and 
will be used to compare gene expression profiles of these 
cultures with that of the proteomics data. The role of the 
differentially expressed proteins in vivo will be discussed.  
 
MI 19 The role of Neisseria meningitidis luxS in cell-
to-cell signaling and septicaemia 
A. GREEN1, K. WINZER1, M. DELAROY2, Y. HUI2, D. 
BLACKLEY1, K.R. HARDIE1, C. TANG2, & T. BALDWIN1 
1Institute of Infections and Immunity, Queen's Medical 
Centre, C-floor, Nottingham, 2Dept of Paediatrics, John 
Radcliffe Hospital, Headington, Oxford 
Neisseria meningitidis is the leading cause of bacterial 
meningitis, and is also associated with septicaemia, which is 
often fatal.  Little is known about the regulatory networks 
governing the expression of its virulence factors.  Many bacteria 
possess a luxS gene that is required for the production of signal 
molecule termed autoinducer-2 (AI-2).  In Vibrio harveyi AI-2 is 
involved in the cell density dependent induction of 
bioluminescence.  It has been suggested that for other species AI-
2 fulfills a role in quorum sensing and is possibly involved in 
inter-species communication.  Therefore we sought to determine 
its role in pathogenic Neisseria species.  N. meningitidis possess 
a functional copy of the luxS gene that restores AI-2 production 
when expressed in a luxS negative E. coli strain. The presence of 
AI-2 in N. meningitidis culture supernatants has been verified by 
a bioluminescent reporter strain but the molecule was absent 
following mutation of luxS.  The ability of N. meningitidis wild 
type and luxS mutant strains to cause septicaemia was accessed 
using an in vivo model.  The results showed a significant 
reduction in the mutant’s ability to cause septicaemia.  This may 
indicate a possible role for cell-cell signaling in progression of 
septicaemia.  However, since mixed inoculation of the wild type 
and mutant were used for this experiment, it can be argued that 
AI-2 produced by the wild type should have restored any cell to 
cell signaling defect of the mutants.  Since LuxS also has been 
shown to play an important role in the metabolism of S-adenosyl 
homocysteine (SAH), the observed phenotype of the mutant may 
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originate in its inability to recycle SAH, resulting in a general 
reduction in fitness. 
 
MI 20 Role of DegQ (HhoA) in the Salmonella 
typhimurium extracellular stress response 
J. FARN, S. HUMPHREYS, A. STEVENSON & M. 
ROBERTS 
Dept of Veterinary Pathology, University of Glasgow 
During infection, Salmonella sp. are exposed to a variety of 
agents and environments that may either directly damage the 
bacterial cell or which can severely limit their ability to survive 
and grow.  Salmonella and other microorganisms possess a 
number of systems that allow adaptation to these environments.  
This system is controlled by the alternative sigma factor (�E) and 
the two component Cpx system, both of which are involved in 
the extracytoplasmic stress response (ESR) in E. coli and 
Salmonella.  One gene regulated by both of these pathways is 
htrA which encodes a stress-induced serine protease.  In E. coli, 
HtrA is required for survival at elevated temperatures, whereas in 
Salmonella, htrA mutants are reported not to be temperature 
sensitive but are more susceptible to a number of oxidising 
agents. 
 HtrA consists of a number of functional domains including a 
signal peptide, a Q-linker region, catalytic region and two PDZ 
domains.  In addition to htrA, both E. coli and Salmonella 
possess a periplasmic homologue, degQ (hhoA).  The two 
proteins display 60% identity and 75% similarity.  Both proteins 
retain the two PDZ domains and catalytic region but DegQ lacks 
the Q-linker region.  S. typhimurium htrA mutants have been 
shown to be less able to survive within macrophages and exhibit 
a profound reduction in virulence in mice.  We have also shown 
that an S. typhimurium htrA mutant grows less well than wild-
type Salmonella when cultured at 48
C.  This temperature 
sensitivity can be complemented by over-expression of degQ on 
a multicopy plasmid, but this higher level of DegQ expression 
does not complement a htrA mutation in vivo.  An S. 
typhimurium degQ mutant has been generated and does not 
appear to be sensitive to oxidative stress in vitro or to be 
attenuated in mice when compared to wild-type Salmonella or an 
S. typhimurium htrA mutant.  However, a double htrA degQ 
mutant is slightly more attenuated than the single htrA mutant 
when tested in a mouse model of infection.  These results 
indicate that degQ may play a minor role in the stress response of 
S. typhimurium. 
 
MI 21 Regulated expression in Streptococcus 
pneumoniae as a tool for antibacterial research 
KAREN O'DWYER, JENNIFER AMBRAD, PAN CHAN, 
DAVID HOLMES, KAREN INGRAHAM & MAGDALENA 
ZALACAIN 
GlaxoSmithKline Pharmaceuticals, Research and 
Development, 1250 South Collegeville Road, Collegeville, 
PA19426, USA  
The ability to control expression of individual bacterial genes is 
important in antibacterial research in the areas of target 
validation, target characterization and investigation of antibiotic 
mode-of-action. 
 A novel method for regulation of gene expression in the key 
Gram positive pathogen, Streptococcus pneumoniae, has been 
developed. Genes of interest are placed under control of the 
fucose inducible promoter, PfcsK, by allelic exchange mutagenesis 
and the mutant strains are analysed for growth dependence on 
inducer fucose. Growth dependence on fucose indicates the 
essential nature of the gene of interest. This method has been 
used successfully in a number of cases to provide absolute 
confirmation of gene essentiality. In addition, the correlation 
between level of expression of an essential gene and sensitivity 
to an inhibitor of the gene product can provide confirmation of 
mode of antibacterial action for that inhibitor.  
 This method for regulation of gene expression in S. 
pneumoniae is a powerful tool both for investigation of gene 

essentiality and for confirmation of target-related antibacterial 
activity. 
 
MI 22 Studying Bordetella bronchiseptica 
pathogenesis using a respiratory air interface organ 
culture system 
T.L. ANDERTON, A. PRESTON & D.J. MASKELL  
Centre for Veterinary Science, Dept. of Clinical Veterinary 
Medicine, University of Cambridge, Madingley Road, 
Cambridge CB3 0ES  
Bordetella bronchiseptica causes acute tracheobronchitis in 
dogs. It expresses many virulence factors, several of which are 
under the control of the bvg two component system. Here we 
describe the development of a novel, highly physiological air-
interface system for the culture of canine trachea and its use for 
studying the pathogenesis of B. bronchiseptica. 
 Tracheas from euthanased dogs were dissected into 5mm2 
pieces and mounted, ciliated surface uppermost as air-interface 
organ cultures. These were infected with wild type and bvg 
mutant strains of B.bronchiseptica, at 108 cfu per tissue piece and 
incubated for 24 hours.  Changes in surface morphology, such as 
loss of cilia, mucus production and epithelial cell damage, caused 
by infection, were assessed by scanning electron microscopy.  
Affect on mucociliary function was assessed by visible clearance 
of latex beads.  Wild type and mutant infection were compared. 
 Wild type bacteria were observed adherent to cilia. These 
pieces had ciliary stasis, produced mucus and epithelial cell 
damage. Bvg mutants did not adhere to the tissue piece and did 
not affect cilia function nor induce any damage, but did induce 
mucus production.  
 The pathology induced in the model by wild type infection 
mimics that seen in vivo. Infection by the bvg mutant did not 
induce pathology, suggesting that bvg controlled factors are 
important for the pathogenesis of B.bronchiseptica. The organ 
culture model is physiologically representative and can be used 
to assess the importance of virulence factors.  
 
MI 23 An antigen common to both Propionibacterium 
acnes serotypes as a marker for medical implant 
associated biofilm infection 
J.V. GLENN1, G. RAMAGE1, M.M. TUNNEY1, H. 
CLINGEN-VANCE1, M.G. MCMULLAN1,2, S. O'HAGAN1,2, 
S. VALANNE1, G.B. WISDOM 3, J.R. NIXON 2 & S. 
PATRICK1 
1Dept of Microbiology and Immunobiology, School of 
Medicine, The Queen's University of Belfast, Grosvenor 
Road, Belfast BT12 6BN, 2Withers Orthopaedic Centre, 
Musgrave Park Hospital, Belfast, 3School of Biology & 
Biochemistry, Medical Biology Centre, The Queen's 
University of Belfast, Lisburn Road, Belfast 
Propionibacterium acnes is a Gram-positive, non-sporing 
anaerobic coryneform bacterium resident as part of normal 
human microbiota. It is implicated in prosthetic joint infection. 
Previous work in our laboratory has shown that, in 120 revision 
surgeries, P. acnes was isolated in 22% of cases.  In addition it is 
implicated in dental and ocular infection. P. acnes can be divided 
into two types on the basis of surface antigen composition and 
sorbitol fermentation.  
 A MAb produced in-house labelled P acnes types I and II, P 
granulosum, Actinomyces naeslundii but not A. odontolyticus, A. 
viscosus, Staphylococcus spp. Streptococcus spp., C. hofmannii 
and C. xerosis by immunofluorescence microscopy. This MAb 
was used to analyse: P. acnes strains obtained from the National 
Type Culture Collection; revision hip arthroplasty isolates 
obtained in-house; acne associated isolates gifted by Dr A Eady, 
University of Leeds and dental isolates gifted by Prof W. Wade, 
King's College London.  In P. acnes and P. granulosum bands in 
the range of 25-30 kDa were identified by PAGE and 
immunoblotting.  This MAb was used to detect bacteria in 
material dislodged from retrieved medical implants by 
immunofluorescence microscopy. 
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MI 24 Development of a bifidobacterial synbiotic as a 
therapeutic strategy to treat ulcerative colitis 
AILEEN KENNEDY, SANDRA MACFARLANE & 
GEORGE. T. MACFARLANE 
MRC Microbiology and Gut Biology Group, University of 
Dundee, Dundee 
Ulcerative colitis (UC) is an acute and chronic inflammatory 
bowel disease of unknown aetiology, although bacteria are 
known to be involved in its initiation and/or maintenance. The 
rectal mucosa is the principal area of the gastrointestinal tract 
affected in UC. Microbiological analysis has demonstrated that 
mucosal bacterial populations differ between colitic patients and 
healthy subjects, especially with respect to certain bifidobacterial 
species. This raises the possibility that a deficiency in some types 
of bifidobacteria may be linked to UC. A therapeutic strategy was 
therefore developed to treat patients with UC involving the use 
of a bifidobacterium and non-digestible oligosaccharide 
synbiotic. Ten strains of Bifidobacterium were isolated from 
healthy rectal mucosae and characterised physiologically to 
assess their potential probiotic/therapeutic properties. 
Determinations of oxygen tolerance demonstrated that some 
Bifidobacterium strains were considerably more aerotolerant than 
others. The effects of freeze-drying on the viability of each of the 
strains was examined along with their pH and bile acid tolerance, 
the results for which were comparable for all the strains tested. 
Determinations of substrate specificities of all the strains with 
respect to different prebiotic oligosaccharides and carbohydrates 
were carried out. The results demonstrated that two of the 
bifidobacteria had a particular predilection for 
fructooligosaccharides (FOS). Tissue culture experiments 
demonstrated that these isolates had a significant ability to 
adhere to tissue culture cell lines (HT29, CACO 2), allowing 
their selection for use in synbiotic pilot study with the aim of re-
colonising the colonic and rectal mucosae in UC patients. 
 
MI 25 Development of a plasmid vector system for the 
production of knock-out mutants to enable genetic 
studies in Bacteriodes fragilis 
L.J. McCOY1, M.A. CURTIS2, M.A. COLLINS3 & S. 
PATRICK1 
1Dept of Microbiology and Immunobiology, School of 
Medicine, The Queen`s University of Belfast, Grosvenor 
Road, Belfast BT12 6BN, 2Dept of Medical Microbiology, St 
Bartholomew`s and the Royal School of Medicine and 
Dentistry, 32 Newark Street, London E1 2AA, 3Dept of 
Food Science, The Queen`s University of Belfast, 
Newforge Lane, Belfast BT9 5PX 
The Gram-negative anaerobic bacterium Bacteriodes fragilis is 
an important opportunistic pathogen frequently isolated from 
clinical infections such as intra-abdominal abscesses.  Currently 
the entire genome of strain NCTC 9343 is being sequenced as 
well as a partial shotgun sequence of strain 638R. These data 
should enable elucidation of B.fragilis virulence characteristics.  
Although B. fragilis has hitherto proved recalcitrant to the 
production of knock-out mutants, such mutants have been 
produced in the closely related Porphyromonas gingivalis.  As 
Bacteriodes fragilis strain 638R appears to be more amenable to 
genetic manipulation than strain NCTC 9343, it has been used in 
several genetic studies. A system for creating knock-out mutants 
is being developed in 638R, initially using the already 
characterised catalase (katB) gene to validate the system. The 
katB gene is amplified from 638R by PCR, and cloned into the 
vector pLYL01 (kindly donated by N Shoemaker). katB is then 
disrupted by insertion of an erythromycin resistance cassette, the 
plasmid linearised by restriction and electroporated into B. 
fragilis 638R. After recovery, antibiotic selection ensures that 
knock-out mutants due to homologous recombination can be 
recovered on selective media. 
 
 
 
 

MI 26 Identification of virulence genes in 
Streptococcus equi by signature tagged mutagenesis 
using Tn917 and in vitro infection models 
J.P. MAY, H. LINDSAY, M.A. CHARLTON, T. ANDERTON, 
D.A. WEST, A. PRESTON, J.D. SLATER & D.J. MASKELL 
University of Cambridge, Centre for Veterinary Science, 
Madingley Road, Cambridge CB3 OES 
Background and objective of investigation Streptococcus equi 
subs equi (S. equi) is an important equine respiratory pathogen of 
horses worldwide. This project characterised the molecular basis 
of two key stages in pathogenesis: adhesion to host respiratory 
epithelial cells and evasion of phagocytosis by neutrophils.  
Methods A library of S. equi signature tagged transposon 
mutants was generated using Tn917 incorporated into a vector 
(pTV408) allowing conditional (temperature-sensitive) 
replication in streptococci. Following transposition, the 
transposon and flanking chromosomal DNA could be rescued in 
E. coli, and the insertion site identified by sequence comparison 
(www.sanger.ac.uk). The library was screened using signature 
tagged mutagenesis (STM) protocols for (i) adhesion-deficient 
mutants by means of a novel equine air-interface respiratory 
organ culture infection model and (ii) mutants with decreased 
ability to evade phagocytosis by neutrophil killing assays. 
Results Approximately 3% of the library as being attenuated for 
epithelial cell adhesion or resistance to phagocytosis. Sequence 
analysis of the transposon insertion sites revealed homologies to 
genes already known to be involved with the pathogenesis of 
other streptococci and also genes not hitherto associated with 
streptococcal pathogenesis.  
Conclusion Tn917 is a suitable tool for generating libraries of S. 
equi mutants. These libraries can be successfully screened using 
appropriate in vitro infection models.  
Acknowledgements This work is generously funded by the 
Wellcome Trust and the Home of Rest for Horses.  
 
MI 27 Bacterial biofilm in fracture healing 
M.G. McMULLAN1, 2, J.V. GLENN1, S. O’HAGAN1, 2,  
D.R. MARSH2, 3 & S. PATRICK1 
1Dept of Microbiology and Immunobiology, School of 
Medicine, The Queen’s University of Belfast, Grosvenor 
Road, Belfast BT12 6BN, 2Withers Orthopaedic Centre, 
Musgrave Park Hospital, Stockman’s Lane, Belfast BT9 
7JB, 3Musculoskeletal Research and Education Unit, The 
Queen’s University of Belfast, Musgrave Park Hospital, 
Stockman’s Lane, Belfast BT9 7JB 
The tibia is the most frequently fractured long bone in the body 
with the femur next most common. These fractures are usually 
treated with intramedullary nailing to facilitate fracture union, 
although non-union or delayed union frequently occurs. The 
association between overt infection of implanted nails and 
delayed/non-union is well known; however, some fractures fail to 
unite without any obvious cause. Previous studies in our research 
group have shown that the detection of infection in failed hip 
prostheses is underestimated by current routine diagnostic 
practice because bacteria growing in a biofilm on the implant are 
not sampled. The aim of this project was therefore to determine if 
bacterial biofilm growth on fracture nails related to fracture non-
union. Tibial and femoral intramedullary nails, retrieved both 
from fractures that had united and fractures that had failed to 
unite, were subjected to mild ultrasonication to release the 
bacteria formed as biofilm on their surface. Bacteria were 
detected using anaerobic and aerobic culture methods and by use 
of immunolabelling. The rate of infection of nails removed from 
fractures that had failed to unite was higher than that of united 
fractures.  The predominant isolates were Propionibacterium 
acnes and Staphylococcus epidermidis.  
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MI 28 Determining lipopolysaccharide structure of P. 
gingivalis W50 using mass spectrometry 
M.M. MORGAN1, A.E. ASHCROFT2, Z. YOUSUF1, R.S. 
PERCIVAL1, M. RANGARAJAN3, A. HASHIM3, M.A. 
CURTIS3, P.D. MARSH1, W.A. BONASS1 & D.A. DEVINE1 
1Division of Oral Biology, Leeds Dental Institute, 
2Biomolecular Analysis Facility, School of Biochemistry & 
Molecular Biology, University of Leeds, 3Dept of Medical 
Microbiology, SBRLHMSMD, London 
Lipopolysaccharide (LPS), which is potentially involved in 
virulence, intrinsic resistance and as an immunostimulant, varies 
widely in composition both between and among bacterial 
species.  Porphyromonas gingivalis, an obligate anaerobe 
important in adult periodontal disease, alters expression of 
virulence determinants including LPS when grown under various 
environmental conditions.  In parallel with ongoing studies of 
induction of cytokine synthesis, we aim to characterize the 
structural changes that occur to P. gingivalis LPS in response to 
growth at altered temperature using mass spectrometry.  P. 
gingivalis W50 was grown anaerobically in batch culture at 
37
C, or in a chemostat under conditions of altered temperature, 
pH or haemin concentration.  LPS was extracted and purified.  
Previous work using NMR identified the O-polysaccharide 
portion of the P. gingivalis LPS.  On-line HLPC-MS, which has 
the benefits of using minimal amounts of sample as well as 
indicating the homogeneity of each eluting component, was used 
to further investigate P. gingivalis LPS and identify both the core 
polysaccharide and lipid A components.  The elucidation of LPS 
structure may aid understanding of the host response to this 
organism.  Once optimised this MS method will be used to fully 
characterise LPS from Burkholderia cepacia, an important 
respiratory pathogen. 
This work was supported by the MRC and DERA, Porton Down 
 
MI 29 Influence of previous use on bacterial 
populations in cot mattresses 
RICHARD E. SHERBURN & RICHARD O. JENKINS 
Dept of Biological Sciences, De Montfort University, The 
Gateway, Leicester LE1 9BH  
There is evidence that bacteria within the upper respiratory tract 
could be responsible for many SIDS cases. An increased risk of 
SIDS has been identified for infants sleeping on a mattress not 
completely covered with PVC (non-integral mattresses), with a 
further increase in risk when another infant has used the mattress 
previously. We have investigated non-integral mattresses for the 
possible influence of previous use on their microbial 
communities.  
 Bacterial contamination of non-integral mattresses was 
concentrated in the head and torso areas of the mattress with up 
to 105 viable cells recovered per cm3 of polyurethane foam. 
Viable bacterial numbers were not significantly different for 
previously used and not previously used mattresses at these 
points.  
 Significantly (p<0.01) higher numbers of Staphylococcus 
aureus and Streptococcus spp were isolated from previously used 
mattresses. S. aureus and �-haemolytic streptococci were isolated 
from 90% of all mattresses sampled. Bordetella pertussis was 
found on the surface of 30% of mattresses sampled, and 100% of 
those donated by a smoking household. Escherichia coli was 
isolated from 50% of previously used mattresses and 20% of not-
previously-used mattresses. Numbers of Escherichia coli and 
Bordetella pertussis were not significantly higher in previously 
used mattresses. Helicobacter pylori and Clostridium perfringens 
were not isolated.  
 Previous use of a cot mattress therefore appears to favour 
colonisation of polyurethane foam by Staphylococcus aureus and 
Streptococcus spp, which could increase exposure of infants to 
these bacteria. These findings are compatible with the common 
bacterial toxins hypothesis for SIDS and may explain why repeat 
use of non-integral cot mattresses is a risk factor for SIDS. 
 

MI 30 Colonisation of cot mattress foam by bacteria 
implicated in SIDS 
RICHARD E. SHERBURN & RICHARD O. JENKINS 
Dept of Biological Sciences, De Montfort University, The 
Gateway, Leicester LE1 9BH 
There is an increased risk of sudden infant death syndrome 
(SIDS) when an infant sleeps on a mattress not completely 
covered with PVC. Post-mortem examination of SIDS victims 
has shown greater colonisation of the upper respiratory tract by 
pathogenic bacteria than in non-SIDS cases. These bacteria may 
colonise the polyurethane foam of cot mattresses, forming 
reservoirs of infection. We have investigated the capability of 
Bordetella pertussis, Clostridium perfringens, Escherichia coli, 
Helicobacter pylori, Staphylococcus aureus, and Streptococcus 
pyogenes to colonise polyurethane foam from cot mattresses 
under different environmental conditions.  
 At room temperature and ambient humidity (approximately 
25% r.h.), only S. aureus (>200 days) and B. pertussis (39 days) 
remained viable for more than a few days. Temperature (20-
35
C) and inoculum size (102-105 cells per cm3 of mattress foam) 
had no apparent effect upon survival. Incubation of cells on older 
(5-10 years) cot mattresses gave increased survival at 25% r.h. 
for B. pertussis, E. coli and S. pyogenes. Survival of these 
species increased significantly (p<0.05) with increasing humidity 
(55-75% r.h.), with viable cells recoverable after 150-200 days. 
Bacterial numbers also increased with increasing humidity.  
 Contamination of cot mattress foam with urine, formula milk 
or breast milk resulted in an exponential increase in bacterial 
numbers, with up to 107 cells per cm3 of foam recovered 24 
hours post contamination. Bacterial release into the air above a 
mattress showed a concentration-dependent relationship: ca. one 
viable cell released per 500 cells present on 1 cm3 of mattress 
foam. Even low numbers of toxigenic bacteria present in cot 
mattress foam could - following a contamination event such as 
infant urination or regurgitation - rapidly give rise to substantial 
aerial release of bacteria capable of infecting the upper 
respiratory tract of an infant. 
 
MI 31 Haemolytic activity and production of a 30-kDa 
protein in type I and II Propionibacterium acnes 
isolates 
SUSANNA VALANNE1, EDWARD HAGAN1, BRIAN 
WISDOM2 & SHEILA PATRICK1 
1Dept of Microbiology and Immunobiology and 2School of 
Biology and Biochemistry, The Queen’s University of 
Belfast, Belfast 
The Gram positive anaerobic coryneform bacterium, 
Propionibacterium acnes, is a member of the normal human 
microbiota. P. acnes is postulated to be pathogenic in the skin 
condition acne vulgaris. In addition, it is implicated in 
opportunistic (e.g.. prosthetic joint), dental and ocular infections. 
P. acnes is comprised of two serological types (Types I and II) 
that can be distinguished by in-house produced monoclonal 
antibodies.  
 The association between types, haemolytic activity and 
production of a 30-kDa protein antigen (Type IV) was examined 
among recent prosthetic hip isolates. Thirty-four P. acnes Type I 
and thirty-four P. acnes Type II isolates were studied. Of the 
Type I isolates, 74% were haemolytic and of Type II isolates 
only 6%. Production of Type IV was assessed by 
immunoblotting or silver staining after SDS-PAGE. In all of 
Type II P. acnes isolates examined to date, Type IV was the 
predominant protein, whereas in 80% of Type I isolates Type IV 
was barely detectable. Interestingly, both P. acnes type I and II 
culture collection strains were non-haemolytic and did not 
produce Type IV in detectable levels. This would suggest the 
type strains are not representative of recent clinical isolates. The 
relevance of this to the virulence of P. acnes is subject to further 
research by our group. 
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MI 32 Characterisation of a �hasA allelic replacement 
mutant of Streptococcus equi subspecies equi 
D.A. WEST, J.P. MAY, J.D. SLATER & J.D. MASKELL 
University of Cambridge, Centre for Veterinary Science, 
Madingley Road, Cambridge CB3 0ES 
Streptococcus equi subspecies equi (S. equi) is a highly 
contagious respiratory pathogen of Equidae and is the causative 
agent of strangles. The genomic sequence of S. equi 
(www.sanger.ac.uk) has identified genes with similarities to 
virulence genes in other streptococci, for example hasA 
(hyaluronan synthase). Here we describe the generation and 
phenotypic characterisation of an allelic replacement hasA 
mutant  (�hasA).  
 The hasA gene was PCR amplified and cloned using the 
pCR2.1-TOPO vector system. The central 439 bp region of the 
gene was deleted and an erythromycin antibiotic resistance 
cassette inserted. The construct was electroporated into S. equi 
and colonies screened by Southern hybridisation. Capsule was 
measured at various stages during growth using a colorimetric 
assay. Polymorphonuclear leukocytes (PML) were prepared by 
gradient centrifugation and incubated with pre-opsonised log 
phase �hasA or wild type S. equi. Colony counts were 
determined before and after incubation. 
 In comparison to wild type S. equi the hyaluronan capsule of 
�hasA was reduced by greater than three fold during the 
exponential phase of growth. In contrast to wild type S. equi, 
hyaluronan capsule production in �hasA was not growth phase 
dependant. Furthermore, reduced capsule in the �hasA mutant 
was associated with at least a 100-fold reduction in viable colony 
forming units following a two hour incubation with PMLs, when 
compared to wild type S. equi. 
 hasA is important for phagocytosis resistance of S. equi. 
 
MI 33 Extracellular products of Burkholderia cepacia 
and resistance to antimicrobial peptides 
Z. YOUSUF1, M. MORGAN1, W.A. BONASS1, K. KERR2, 
J. KEEN3, R.S. PERCIVAL1 & D.A. DEVINE1 
1Division of Oral Biology, Leeds Dental Institute, 2Division 
of Microbiology, School of Biochemistry & Molecular 
Biology, 3Biomolecular Analysis Facility, School of 
Biochemistry & Molecular Biology, University of Leeds, 
LS2 9JT 
A critical role has been suggested for antimicrobial peptides 
(APs) in innate defence, especially against organisms such as 
Burkholderia cepacia, a ubiquitous organism that can infect 
immunocompromised patients.  While some outer membrane 
proteases have been associated with resistance to APs, the role of 
extracellular bacterial proteases is equivocal.  This study 
examined the effects on APs of extracellular products of 13 
strains, representing 6 B. cepacia complex genomovars.  All 
were resistant to high concentrations (500 �gml-1) of the majority 
of 18 APs tested, including human �- and �-defensins (HNP1, 
HBD1, HBD2).  Human LL-37 exhibited limited activity against 
4 strains.  SMAP 29 was the most active AP studied.  The effect 
of extracellular products of B. cepacia genomovars on APs was 
assessed by incubating culture supernatants with APs and 
determining residual antimicrobial activity.  While SMAP 29 was 
unaffected, D2A-22 and LL-37 were partly inhibited.  All 
supernatants reduced the activity of HBD2 after 2h incubation: 
after 3h incubation 3 supernatants eliminated HBD2 activity 
while with 3 others, antimicrobial activity increased.  All 13 
strains produced gelatinase, collagenase and leucine arylamidase 
and not trypsin, chymotrypsin, elastase or valine/cystine 
arylamidase.  Bacterial products responsible for affecting AP 
activities were not identified.  Because any observed inhibition of 
APs was slow or incomplete, this may not contribute directly to 
the high AP resistance of B. cepacia and related organisms.  
However, bacterially mediated alteration of AP structure may 
have an indirect role in vivo, as APs are significant effector 
molecules, with multiple functions in host defence. 
This work was supported by the MRC and DERA, Porton Down.
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0910 Current status of Vibrio taxonomy  
J. SWINGS  
Universiteit Gent, Belgium   
Abstract not received 
 
0950 Current status of Aeromonas taxonomy 
AMY MARTIN-CARNAHAN 
Dept Epidemiology and Preventive Medicine, University of 
Maryland School of Medicine, Baltimore, MD 21201 – 
Email aeromonasamy@home.com 
 The taxonomy of the genus Aeromonas within the family 
Aeromonadaceae has rapidly evolved in the last 15 years. The 
current Edition of Bergey's Manual of Systematic Bacteriology 
describes three mesophilic species, Aeromonas hydrophila, A. 
sobria, and A. caviae and one psychrophilic species, A. 
salmonicida. In the upcoming second Edition of Bergey's 
Manual, there are 14 phenospecies residing among 17 
genomospecies. While the phenotypic identification of clinically 
relevant species is fairly straightforward, the accurate 
classification and identification of the rarer, environmental 
species has proven to be quite problematic. Several different 
molecular methods have been published as means to circumvent 
DNA hybridization. These include MEES (multilocus enzyme 
electrophoresis), ribotyping, FAME (cell wall fatty acid profiles), 
AFLP (amplified fragment length polymorphism), species-
specific PCR-probes, and 16S rDNA RFLP analyses. One of the 
newest methods employed is MLST (multi-locus sequence 
typing), where a well-characterized set of Aeromonas strains 
representing all the known genomospecies are subjected to 
sequence analysis and comparison for several different genes, 
including 16S rDNA and other housekeeping genes such as recA. 
The data generated is used to construct phylogenetic trees of 
relatedness containing clusters of Aeromonas isolates and holds 
promise as a means to address the phylogeny and evolution of 
this genus.  
 
1330 The molecular approach to the taxonomy of 
Vibrio  
P.A.D. GRIMONT  
Institut Pasteur, Paris, France  
Abstract not received 
 
1410 The dilemma of atypical isolates – experiences 
with Aeromonas salmonicida 
RICHARD POWELL 
Dept of Microbiology, National University of Ireland, 
Galway, Ireland 
Aeromonas salmonicida is the well known bacterial agent 
associated with furunculosis disease of salmonid fish. The 
current classification of this species includes four subspecies of 
which A. salmonicida subsp. salmonicida describes isolates 
associated with salmonid furunculosis. This sub-taxon has also 
been arbitrarily termed typical in order to distinguish it from all 
other forms of A. salmonicida. In contrast, the basis for the other 
three subspecies (subsp. achromogenes, masoucida and smithia) 
has been questioned in light of a lack of repeated isolations in 
some cases, the identification of novel isolates from non-fish 
sources, and the many reports of isolations from salmonid and 
non-salmonid fish species showing disease signs that are 
dissimilar to furunculosis. Therefore, the current classification of 
these atypical isolates is problematic, while their significance 
with respect to the health of wild and cultured fish stocks is 
unclear. To address this situation, a three year collaborative study 
was undertaken that examined a large collection of atypical 
isolates using a variety of different microbiological, biochemical, 

serological and genetical methods. The results highlighted the 
heterogeneous nature of atypical isolates, incongruence between 
different methods, and the difficulty in establishing a useful 
characterisation system that encompassed atypical A. 
salmonicida. 
 
1450 The phenetic approach: the use of phenotype 
system for Vibrio 
R. MOLLBY 
Karolinska Institute, Stockholm, Sweden 
Abstract not received 
 
1600 Modern methods of data analyses 
MATS GYLLENBERG1 & TIMO KOSKI2 
1Dept of Mathematics, University of Turku, Finland, 2Dept 
of Mathematics, University of Linköping, Sweden 
According to a personal recollection of P.H.A. Sneath, Sir R.A. 
Fisher agree on the notions of numerical taxonomy but was 
concerned with the fact that there was no exact mathematical or 
statistical basis for it.  This lack of mathematical foundation 
means that even if the standard methods of classification and 
identification seem to work well and give reasonable results, 
there has not been a real understanding of why they work and 
what the underlying assumptions really are.  Another 
consequence of the lack of theory is that problems that have 
occurred in the implementation of numerical methods in 
taxonomy have usually been solved in a completely ad hoc 
fashion. 
 In this talk I review some recent mathematical methods of 
analysing bacteial data for taxonomic purposes. These methods 
are based on a few objective assumptions and may serve as the 
mathematical foundations of bacterial taxonomy. 
 Taxonomy deals with the description, classification, 
identification (and naming) of organisms. These activities are not 
independent but in fact strongly interrelated. Without a 
classification every organism has to be described separately.  On 
the other hand, when a taxonomy has been established it suffices 
to describe the taxa and the organisms with respect to the taxa. 
Classification can thus be viewed as a means for compressing 
and storing data. 
 Classification and identification are related, too. If a new 
organism, that has never before been encountered, is identified as 
belonging to an established taxon, then that taxon will be 
augmented by the new organism and consequently the 
classification will be slightly altered. If, on the other hand, the 
new organism is not identified within the existing taxonomy, 
then a new taxon has to be introduced and that, too, changes the 
whole classification. 
 The principle of parsimony of description alluded to above 
has been given a precise mathematical definition in terms of the 
so-called stochastic complexity (SC). Roughly speaking, SC 
measures the sum of the length of the description of the 
classification with respect to the classification model chosen, and 
the length of the description of the items within the classification. 
By "description", we mean a binary encoding. Minimization of 
SC thus amounts to finding the classification which minimizes 
the overall description length. Phrased differently, minimization 
of SC is a mathematical formalization of the idea of maximizing 
the information content of a classification. It gives an objective 
quantitative expression for the old taxonomic idea that 
classification is introduced in order to give us the greatest 
command over our acquired knowledge and that the simplest 
classification will lead most directly to acquisition of new 
knowledge. 
 A classification method closely related to that of 
minimization of SC is cumulative classification, which takes the 
interplay between classification and identification ito account. 
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Starting by a training set of items already classified by some 
method, new items are identified one-by one by assigning them 
to the class that has maximal posterior probability, given the 
item. New classes not present in the training classification can 
arise in this way because if an item is sufficiently different from 
all items in the training set it may happen that, given that item, a 
previously unseen class has the highest posterior probability.  We 
emphasize that this method works also for an empty training set: 
In this case, the first item to be identified will obviously form a 
singleton group of its own. After each identification, the 
taxonomy is updated. Cumulative classification can therefore be 
viewed as a probabilistic method of machine learning, which 
allows the classification to organize itself in response to new 
incoming information. 
 The methods presented are applied to large databases of both 
phenotypic and genotypic data of vibrios. The results reinforce 
some of the current views about the classification of vibrios, but 
also highlight problems that need to be addressed. 
This talk is based on joint work with H.G. Gyllenberg, Brian 
Austin, Jean Swings and collaborators. 
 
1640 Aeromonas-Vibrio and public health  
J.V. LEE  
Central Public Health Laboratory, London 
Abstract not received 
 
POSTERS 
 
SE 01 A polymerase chain reaction to distinguish 
Francisella tularensis strain tularensis from strain 
holarctica 
R.G. PRIOR, H. DIAPER, J.L. PRIOR & R.W. TITBALL 
Dstl, Porton Down 
The causative agent of tularemia, Francisella tularensis, may be 
divided into four subspecies.  Those most often associated with 
disease are the highly virulent tularensis (type A) and the less 
virulent holarctica (type B).  Current diagnostics do not 
adequately distinguish between these two and accordingly there 
is a need for a rapid and reliable test:  The O-antigen gene cluster 
of F. tularensis strain Schu4 was identified by interrogation of 
the partial genome sequence and primers were designed to 
amplify overlapping regions of this cluster by polymerase chain 
reaction (PCR).  Comparison of PCR products from a highly 
virulent type A strain and a less virulent type B strain has 
revealed a deletion of approximately 300 bp in the O-antigen 
cluster of the type B strain.  This simple analytical technique may 
be exploited as a diagnostic tool for the differentiation of these 
two subspecies. 
 
SE 02 Analysis of Brachyspira aalborgi based upon 
partial sequences of the 16s rRNA and NADH oxidase 
genes 
A.S.J. MIKOSZA & D.J. HAMPSON 
Division of Veterinary and Biomedical Sciences, Murdoch 
University, Murdoch, Western Australia 6150 
Brachyspira aalborgi is a fastidious anaerobic intestinal 
spirochaete which colonises the lower bowel of humans. Only 
four isolates have been cultured. Colonisation is observed 
histologically as an end-on spirochaete attachment to the 
colorectal epithelium, and has been associated with chronic 
diarrhoea, abdominal pain and rectal bleeding. In this study, 
partial sequencing of the 16S ribosomal RNA gene and the 
NADH oxidase gene of the spirochaete were performed. PCR-
amplification was undertaken on DNA which was extracted from 
paraffin embedded tissue (PET) obtained from single or multiple 
colorectal biopsies of 25 patients with histological evidence of 
intestinal spirochaetosis. The sequences obtained were compared 
with those of the four cultured strains of B. aalborgi, as well as 
with sequences from Brachyspira pilosicoli, another human 
intestinal spirochaete. Sequence comparisons confirmed that B. 
aalborgi is distinct from B. pilosicoli. The B. aalborgi 16S 
rRNA gene sequences from the patients were divided into four 

main groups, with no clustering of strains based on geographic 
origin. Sequences from patients lacking clinical signs were all 
located in one group, together with the type strain, whilst those 
from symptomatic patients were located in the other three 
groups. Virulence amongst B. aalborgi strains may be distributed 
along phylogenetic lines.  
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0900 Anatomy and consequence of viral persistence 
in the nervous system 
MICHAEL B.A. OLDSTONE 
Division of Virology, Dept of Neuropharmacology, The 
Scripps Research Institute, 10550 N. Torrey Pines Road, 
La Jolla, California 92037, USA 
Lymphocytic choriomeningitis virus (LCMV) is a natural murine 
pathogen.  LCMV is a negative-stranded RNA virus with a two-
segmented genome that encodes four genes, has an ambisense 
strategy of replication and is non-lytic for cells it infects.  As a 
consequence, cellular/tissue injury during acute CNS infection is 
absolutely dependent on the interaction of the host anti-LCMV 
immune response, in this instance (anti-LCMV CD8+ T cells) 
against infected ependymal cells lining the ventricles, cells of the 
choroid plexus and leptomeninges.  Mice expressing a single 
CD8+ T cell receptor (TCR) for CTL epitope GP31-43 and use of 
tetramer technology for both solution and in situ analysis of 
tissue deposited specific CD8 T cells during acute LCMV 
infection of the CNS allow measurement of the kinetics of 
specific anti-LCMV CTL trafficking to brain, visualization of 
CD8+ TCR interaction with infected cells and dissection of 
molecules in the TCR cluster (immune synapse). 
 A mandatory requirement for persistence of virus is the 
ablation of the specific antiviral immune response normally 
required to clear the virus from the host.  During persistent 
infection LCMV replicates specifically in neurons over the 
lifespan of the infected host.  Neither inflammation around blood 
vessels or neurons, nor necrosis of neurons occurs.  However, the 
continuous replication of virus genes in neurons alters several of 
their specific functions, especially in hippocampal neurons where 
GAP-43 expression is significantly down-regulated and 
consequential biologic defects in conditional learning occur.  
Searching for other virus-induced disorders in neuronal genes we 
combined gene array analysis and subtraction comparative assay 
from LCMV-infected and non-infected hippocampal neurons 
(TOGA).  Robust investigations uncovered 21 genes whose 
expression was significantly disordered.  Of these 15 known 
genes, the four interesting ones were uncovered because of 
hippocampal specificity and/or association with cognitive 
behavioral functions. 
 
0945 The interaction of Sindbis virus with neurons 
DIANE E. GRIFFIN, SUSAN H. COOK, DUNG THACH, 
JENNIFER ROWELL & JENNIFER L. NARGI-AIZENMAN 
W. Harry Feinstone Dept of Molecular Microbiology and 
Immunology, Johns Hopkins Bloomberg School of Public 
Health, Baltimore, MD, USA 
Sindbis virus (SV) is the prototype alphavirus, causes 
encephalomyelitis in mice and serves as a model system for 
understanding the pathogenesis of acute viral encephalitis.  The 
primary target cell for SV infection in the central nervous system 
(CNS) is the neuron and both host and viral factor influence the 
outcome of this interaction.  In young mice neurons are 
susceptible to apoptotic cell death, but in mature mice most 
neuron populations are relatively resistant to this mode of virus-
induced death. Mice that survive infection clear infectious virus 
through antibody and IFN-�-mediated mechanisms, but viral 
RNA persists for the life of the mouse. Virulent strains of SV 
(e.g. NSV) have coding changes throughout the genome that lead 
to more efficient replication in mature neurons and increased 
neuronal damage.  Genomic changes important for virulence are 
present in the structural proteins (E1 and E2), the nonstructural 
proteins (nsP2) and the 5’ NTR.  HE255Q, nsP2 and nt5 are 
particularly important mutations affecting neurovirulence.  The 

effects of these changes on murine infection can now be 
visualized over time using an in vivo imaging system that detects 
light and recombinant viruses engineered to express firefly 
luciferase. 
 The host also plays an important role in determining the 
outcome of neuronal infection by affecting virus replication and 
neuronal death.  BALB/c mice are relatively resistant to 
replication and spread of virus in the CNS compared to C57BL/6 
mice and this maps to a QTL on the short arm of chromosome 2.  
B6 mice deficient in various components of the immune system 
(e.g. TCR ���, TAP-1, �2m, CD4 and IFN-�) are resistant to 
fatal disease despite similar levels of virus replication and this 
appears to be a function of T cells and possibly the extent of 
macrophage activation in the CNS. B6 mice protected from fatal 
disease by passive transfer of immune serum 24h after infection 
develop tissue destruction in the region of the hippocampus that 
results in ex vacuo hydrocephalus after 3 weeks despite clearance 
of infectious virus.  Both infected and uninfected neurons are 
susceptible to excitotoxic damage mediated by amino acid 
neurotransmitters such as glutamate that are released from 
damaged neurons and from activated macrophage/microglia in 
regions of infection.  Cortical neurons in vitro and pyramidal 
cells of the hippocampus in vivo can be significantly protected 
by treatment with antagonist for the NMDA and AMPA 
glutamate receptors.  Only AMPA receptor antagonists protect 
ventral horn motor neurons and prevent fatal disease.  
 
1100 Balancing host defense and neuropathology: 
pathogenesis of neurotropic mouse hepatitis virus 
infections 
MICHAEL J. BUCHMEIER 
Division of Virology, The Scripps Research Institute, La 
Jolla, CA, USA 
The ability of a virus to manipulate the immune system has a 
pivotal effect on the progression of disease and the fate of the 
infected host.  Using two murine coronaviruses, MHV-A59 and 
MHV-JHM as models for viral-induced demyelination and lethal 
encephalitis respectively, the contribution of virally-induced 
immune responses to disease was evaluated.  Distinct glial cell 
cytokine and chemokine responses were observed soon after 
infection, and as the infections progressed and peripheral 
immune cells became increasingly involved, these responses 
became more polarized.  MHV-A59 infection triggered early and 
sustained upregulation of IFN� mRNA that was accompanied by 
a 3-fold increase in the infiltration of CD8 T cells compared to 
MHV-JHM infected brains. MHV-A59 infected mice also 
exhibited increased numbers of IFN� producing cells during 
acute encephalitis.  In contrast, MHV-JHM infection induced 
strong and ongoing transcription of the innate immune products 
IFN�, IL-6, and IL-1. High levels of MIP-1 and MIP-2 message 
observed at the onset of MHV-JHM infection correlated with a 
marked elevation in the number of macrophages and neutrophils 
in the brain relative to MHV-A59 infection.  Taken together, our 
results indicate that the fate of neurotropic viral infections may 
be determined by early resident brain cell innate responses and 
their effect on the preferential accumulation of peripheral cell 
populations within the CNS. The implications of these 
observations on acute encephalitis and chronic demyelinating 
diseases will be discussed. 
 
1145 Emerging viral infections of the CNS  
I. LIPKIN  
University of California, Irvine, USA 
Abstract not received 
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1400 Virus-mediated CNS disease in the absence of 
neuronal lysis 
GLENN F. RALL 
The Fox Chase Cancer Center 
Neurons of the mammalian central nervous system (CNS) are an 
essential and largely nonrenewable cell population. Thus, virus 
infections that result in neuronal depletion, either by direct lysis 
or by induction of a cytolytic immune response, could cause 
permanent neurological impairment in the host. In a transgenic 
mouse model of measles virus (MV) infection in which the MV 
receptor, CD46, was expressed exclusively in CNS neurons, we 
showed that MV-challenged, immunocompetent transgenic mice 
are protected from virus infection and CNS disease by the host T 
cell response.  Importantly, this protective response did not result 
in neuronal death, even during the peak of T cell infiltration into 
the brain parenchyma.  Moreover, interferon-gamma was crucial 
for clearance to occur, suggesting that the host immune response 
can promote cytokine-mediated viral clearance in the CNS 
without concomitant neuronal loss.  In other studies, when 
CD46+ mice were backcrossed to immunodeficient RAG-2 
knockout mice, MV challenge resulted in unrestricted infection 
and CNS disease in all mice.  Surprisingly, CNS disease was not 
due to lysis of infected neurons.  Rather, recent experiments have 
indicated that the unique mode of MV spread in neurons via the 
synapse results in functional neuronal impairment that leads to 
the observed neurological disease. 
 
1445 Analysis of the molecular mechanisms of 
alphavirus-induced demyelination using Semliki Forest 
Virus A7 and Chikungunya Virus Chimeras 
CHRISTOPHER LOGUE & GREGORY J. ATKINS 
Virology Group, Dept of Microbiology, Moyne Institute for 
Preventive Medicine, Trinity College Dublin, Dublin 2, 
Ireland 
Multiple Sclerosis (MS) is a chronic, autoimmune demyelinating 
disease of the CNS, the etiology and pathogenesis of which are 
still not fully known. Like MS, several virus infections are also 
charcterised by demyelination in the CNS, however the 
mechanisms of how these viruses do this are still unknown. In 
this investigation two alphaviruses have been studied to 
investigate the mechanisms of virus induced demyelination, one 
of which is SFV-A7, an avirulent strain of Semliki Forest Virus 
(SFV). This is known to induce demyelination in intransally 
(i.n.) infected BALB/C mice. Chikungunya virus (Chik) shares a 
74% homology with SFV-A7 and causes little or no 
demyelination in BALB/C mice infected intranasally. By 
constructing chimeras between these two viruses it will be 
possible to map the genetic determinants of demyelination on the 
virus genome. In order to carry this out the Chik genome was 
first fully sequenced and the construction of an infectious clone 
was undertaken.  
 
1500  Mapping the molecular determinants of 
neurovirulence in the measles virus haemagglutinin 
gene 
W.P. DUPREX1, I. DUFFY1, K. MÖLLER2, V. TER 
MEULEN2, J. SCHNEIDER-SCHAULIES2 & B.K. RIMA1 
1School of Biology and Biochemistry, The Queen's 
University of Belfast, Belfast BT9 7BL, Northern Ireland, 2 

Institut für Virologie und Immunbiologie, University of 
Würzburg, D-97078 Würzburg, Germany 
Measles virus (MV) has been adapted to grow in the brains of 
newborn rodents in order to study neurovirulence.  Two strains, 
CAM/RB and HNT, are commonly used in a model of acute MV 
encephalitis in which neonatal animals are infected 
intracerebrally.  Recombinant viruses expressing the 
haemagglutinin (H) genes of the brain-adapted strains have been 
generated to investigate if this protein is involved in mediating 
entry into neuronal cells.  This was shown to be the case and 
animals infected with the recombinant virus expressing the 
CAM/RB H gene became clinically ill and died 5 days post-
infection.  Site-directed mutations were made in the CAM/RB H 

gene and a panel of recombinant viruses was rescued to further 
map the amino acids involved in neuropathogenesis.  Two 
residues, R195 and S200, have been identified and these appear 
to function co-operatively as CAM/RB H recombinant viruses 
with the either G195 or N200 back mutations are not 
neurovirulent.  
 
1515 Efficient gene delivery to the central nervous 
system using lentiviral vectors 
PADRAIG STRAPPE1, DAVID HAMPTON2, JAMES 
FAWCETT22, CHAO ZHAO3, ROBIN FRANKLIN3 & 
ANDREW LEVER1 
1Infectious Disease Group, Dept of Medicine, 2MRC Brain 
Repair Centre, 3Applied Neurology Unit, Dept of Clinical 
Veterinary Medicine, University of Cambridge 
Lentiviral vectors have shown promise for effective gene 
delivery. Their attributes include efficient integration in the host 
chromosomes, absence of viral gene transfer to the recipient and 
the ability to infect non-dividing cells. We describe vectors based 
on Human immunodeficiency virus type one (HIV-1) and Simian 
immunodeficiency virus (SIV) which can transduce primary 
cultures of central nervous system (CNS) cell types including 
astrocytes, oligodendrocytes and dorsal root ganglion cells. The 
vectors have been developed for stereotactic injection of 
therapeutic genes but can be equally used as tools to fight 
infection in the CNS.  The Lentiviral vectors contain minimal 
viral sequence to ensure biosafety with optimum and restricted 
gene expression using cell type specific promoters such as glial 
fibrillary acid protein (GFAP for astrocytes), CNPase 
(oligodendrocytes) and Neuron specific enolase (NSE, for 
Neurons)  
 The vectors have been applied to in vivo models of axon 
demyelination and spinal cord injury and stereotactic injection 
into the white matter of rat spinal cord has demonstrated Green 
fluorescence protein (GFP) and beta galactosidase (beta-Gal) 
expression predominantly in glial cells. Both vectors showed 
similar transduction efficiencies. Data will also be presented on 
efforts to control transgene expression and possible clinical 
applications. 
 
1600 Frequency of active borna disease virus 
infection in Scottish blood donors and psychiatric 
patients 
F. DAVIDSON1, J. FAZAKERLEY2 & P. SIMMONDS2 
1SNBTS NAT Testing Facility, Summerhall, Edinburgh, 
2Laboratory for Clinical and Molecular Virology, University of 
Edinburgh, Summerhall, Edinburgh, EH9 1QH 
Borna Disease Virus (BDV) causes acute and persistent infections 
in a variety of vertebrates. It was originally described in horses and 
causes behavioural changes with phases of excitability and ataxia 
followed by apathy and withdrawal. Infection may be 
asymptomatic or associated with neurological and behavioural 
abnormalities. 
 Recently it has been proposed that BDV plays a role in human 
neurological and psychiatric illness. Studies have shown a higher 
BDV seroprevelance in these patient groups compared with 
controls. There is a great deal of controversy about results obtained 
from different assays. We have designed nested  PCR primers that 
amplify a region of the p40 gene of BDV. To investigate the 
frequency of BDV infection in the general population, we used the 
PCR to screen 100 PBMC samples from the Scottish National 
Blood Transfusion Service anonymous archive, and pooled plasma 
samples from a total of 25,000 donors. All samples were PCR-
negative therefore providing no evidence for widespread BDV 
infection in the general UK population.  
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1615 Enteroviral infection in motor neurone disease/ 
amyotropic lateral sclerosis: cause, complication or 
artefact? 
CHRIS WOODALL & PAMELA JOHNSTON 
School of Biological and Biomedical Sciences, GCU, 
Glasgow G4 0BA - Tel +44-141-331-3245, Fax +44-141-
331-3208, c.woodall@gcal.ac.uk 
The biology, epidemiology and pathogenicity of human 
enteroviruses (EVs) including polioviruses and other 
enteroviruses that cause acute poliomyeltis is broadly consistent 
with a role in the chronic progressive asymmetric paralytic 
disease, motor neurone disease/amyotrophic lateral sclerosis 
(MND/ALS). Against this background, evidence that associates 
EVs with MND/ALS would be compelling, but this evidence 
remains controversial. Currently, three studies show evidence for 
an association by detection of EV sequences in post mortem 
spinal cord and three do not. Motor neurone death in MND/ALS 
may be paraptotic, with cell death occurring over a period of 8 
months to twenty years or more. There is no known mechanism 
of EV latency, therefore, a hypothetical aetiological model would 
require EV persistence, and an attenuated pathogenicity that is 
unlike that of the highly lytic poliovirus. The longest partial 
5'UTR sequences from UK/French/Japanese cases show a close 
relationship to human enterovirus B and might represent variants 
capable of a persistence lifestyle phenotype in the CNS.  EV 
infection of the CNS could be a secondary phenomenum, or 
detection of EV sequences might be contamination of the highly 
sensitive detection methods employed. We will present the 
results of the largest study on the association between EVs and 
MND/ALS from cases originating in the West of Scotland.  
 
1630 The sequence of camelpox virus shows it is the 
closest known virus to variola virus, the cause of 
smallpox 
CAROLINE GUBSER & GEOFFREY L. SMITH 
Sir William Dunn School of Pathology, University of 
Oxford, South Parks Road, Oxford OX1 3RE 
Camelpox virus (CMPV) and variola virus (VAR) are 
orthopoxviruses (OPVs) that share several biological features 
and cause high mortality and morbidity in their single host 
species. To obtain a better understanding of OPV phylogeny and 
to discover novel immunomodulatory proteins, we sequenced the 
genome of a virulent CMPV strain (CMS) isolated from Iran, and 
the termini of CMPV strain 903 isolated from Somalia. The 
CMPV-CMS genome is 202,182 bp long, with inverted terminal 
repeats (ITRs) of 6,045 bp and has 206 predicted open reading 
frames (ORFs). The genome pattern is similar to other 
poxviruses; the central region encodes highly conserved genes 
involved in DNA and RNA metabolism or in virion assembly 
and structure, and which are transcribed from either DNA strand. 
In contrast, most genes within 25 kb of each terminus are 
transcribed outwards towards the terminus, are more variable 
between OPVs and encode proteins involved in host range, 
virulence or immunomodulation. The relationship of CMPV to 
other OPVs was analysed by comparisons of DNA and predicted 
protein sequences, repeats within the ITRs and arrangement of 
ORFs within the terminal regions. Each comparison gave the 
same conclusion: CMPV is the closest known virus to VAR, the 
cause of smallpox.  
 
1645 Functional consequences of interactions 
between HCV NS5A protein and Src family kinases 
ANDREW MACDONALD, KATHERINE CROWDER, 
ANDREW STREET & MARK HARRIS 
Division of Microbiology, School of Biochemistry and 
Molecular Biology, University of Leeds, Leeds LS2 9JT 
The Hepatitis C virus non-structural protein, NS5A, is a 
pleiotropic phosphoprotein.  We present here data demonstrating 
a specific interaction between NS5A and the Src family of 
tyrosine kinases.  In vitro binding assays using lysates of Cos 
cells expressing NS5A revealed an interaction between NS5A 
and the SH3 domains of Hck, Lck, Lyn and Fyn but not Src 

itself.  Mutational analysis of the NS5A protein assigned the SH3 
binding regions to two highly conserved class II proline-motifs 
near the C-terminus of the protein.  Purified wildtype and mutant 
GST-NS5A fusion proteins were used to analyse interactions 
between NS5A and full-length kinases. These data confirmed 
that these interactions require an intact SH3 domain and proline 
motif.  We will present the results of experiments designed to 
analyse the ability of NS5A to modulate the activity of Src-
family kinases.  Additionally we are exploring the functional 
consequences of NS5A expression with respect to down-stream 
signalling events mediated by Src kinases - recent results from 
these experiments will also be presented. 
 
1700 Investigation into the activity of respiratory 
syncytial virus M2-1 protein 
H.L. STOKES, L.C. THORPE, A.C. MARRIOTT & A.J. 
EASTON 
Dept of Biological Sciences, University of Warwick, 
Coventry CV4 7AL 
The RSV M2 gene contains two open-reading frames. The first, 
M2-1, encodes a 22KDa protein that is necessary for the 
production of full-length and readthrough mRNA. The M2 gene 
is unique to pneumoviruses and a number of conserved regions 
are shared in the RSV, pneumonia virus of mice (PVM) and 
avian pneumovirus (APV) M2-1 proteins. 
 A dicistronic minigenome containing CAT and LUC genes 
was used to assess the activity of the M2-1 proteins in the RSV 
plasmid rescue system in which the RSV N, P and L genes are 
provided in trans. RSV M2-1 increases the expression of 
downstream genes and enables readthrough mRNA to be 
produced in this system, whereas APV M2-1 is non-functional 
and PVM M2-1 displays a concentration dependent activity. 
 In order to determine the regions of RSV M2-1 that are 
important for its function, chimeric proteins were constructed 
between RSV M2-1 and either PVM or APV M2-1. These were 
analysed in the RSV plasmid rescue system for their effects on 
reporter gene expression and mRNA production. The results 
show that some chimeras appear to be non-functional and others 
display either RSV-like or PVM-like activity, and that the N-
terminus and C-terminus both contain regions important for this 
function. 
 
1715 Expression and characterisation of putative CC 
chemokines of fowlpox virus 
ANANYA JESHTADI & MICHAEL A. SKINNER 
Division of Molecular Biology, Institute for Animal Health, 
Compton, Newbury, Berkshire RG20 7NN 
The genome sequences of fowlpox viruses (FWPV) revealed 
genes encoding 4 putative CC chemokines. We have 
characterised these putative chemokines, C-terminally His-tagged 
and cloned into an FWPV expression/transfer vector under the 
control of a T7 promoter and an EMCV IRES. They were 
expressed in vitro, by coupled transcription/translation reactions 
(TNT), or in chick embryo fibroblasts (CEFs) co-infected with 
FWPV expressing T7 RNA polymerase (FPVT7) and 
recombinant FWPV (rFWPV-CC) expressing the chemokines. 
Anti-peptide sera were also raised against KLH-coupled, C-
terminal peptides. In TNT experiments, three of the chemokines 
produced slower migrating proteins in the presence of 
microsomal membranes than in their absence. The other, which 
has no glycosylation site, produced protein of the same size. The 
same three also released Endo-H resistant tagged proteins into 
the supernatant of cells infected by FPVT7 and the rFWPV-CC. 
Two proteins were also detected, by immunoprecipitation and/or 
western blotting with peptide-specific antisera, in culture 
supernatants and extracts of cells infected by ‘wild-type’ FWPV. 
At least three of the putative chemokines are, therefore, secreted 
proteins and are candidate immunomodulators. Work is in 
progress to identify any host ligands to which they bind and 
knock-out viruses have been generated for in vivo studies of viral 
pathogenesis. 
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09.00 Rabies virus infection of the CNS 
ALAN C. JACKSON1,2  
1Depts of Medicine and Microbiology & Immunology, 
2Queen’s University Kingston, Ontario, Canada - Tel 613-
548-1316, Fax 613-548-1317, Email 
jacksona@post.queensu.ca 
Rabies encephalomyelitis is an unusual disease because of its 
severe clinical features and fatal outcome and relatively bland 
neuropathology under natural conditions. These observations 
have supported the idea that neuronal dysfunction rather than 
neuronal death may explain the features and outcome. Impaired 
neurotransmission involving acetylcholine, serotonin, and GABA 
have been hypothesized, but evidence supporting a fundamental 
defect by any of these neurotransmitters is lacking. 
Electrophysiologic alterations occur in experimental rabies, but 
the mechanisms remain unexplained. There is in vitro evidence 
of abnormalities in potassium ion channels. Nitric oxide – 
mediated neurotoxicity has been proposed as an important 
mechanism of neuronal dysfunction, and this requires further 
study. Neuronal death with morphologic and biochemical 
features of apoptosis has been described after intracerebral 
inoculation of mice of different ages with CVS (fixed rabies 
virus). Apoptotic features are similar after stereotaxic inoculation 
of CVS into the neostriatum of mice and after intracerebral 
inoculation of adult Artibeus jamaicensis bats. However, mice 
and bats inoculated peripherally with CVS strains develop fatal 
disease without apoptotic features. Prominent apoptosis has not 
been described in natural rabies, and neuronal morphology is 
usually relatively normal. These observations suggest that the 
apoptotic process may not be of fundamental significance in 
producing clinical disease. However, mechanisms important in 
the induction of apoptosis may also be important in producing 
neuronal dysfunction in natural rabies. 
 
0945 Herpes simplex virus gene expression during 
latency establishment and reactivation 
S. EFSTATHIOU 
University of Cambridge 
A critical feature of the natural life cycle of herpes simplex virus 
(HSV) is its ability to establish latency within sensory neurones. 
During latency the virus genome is maintained in a non-linear, 
nucleosome bound state and transcription is restricted to a single 
region encoding the Latency Associated Transcripts  (LATs). 
Given the appropriate stimulus latent virus has the capacity to 
reactivate leading to a peripheral lesion in the dermatome 
relating to the affected ganglia.  Many aspects concerning the 
molecular events involved in the establishment, maintenance and 
reactivation of latency are poorly understood. In particular, the 
nature of transcriptional silencing during latency and the 
processes by which such repression is relieved to facilitate entry 
into the lytic cycle remain key questions. In order to examine 
patterns of virus gene expression within neurones at various 
times after infection and following the induction of reactivation, 
we are utilising recombinant viruses encoding reporter genes 
under lytic and/or latent promoter control.  In vivo studies 
utilising replication competent virus recombinants and infection 
of primary neuronal cultures with replication defective variants 
indicates that latently infected cells exist as non-uniform 
populations with distinct biological characteristics. In particular 
the responsiveness of latent genomes to various reactivation 
stimuli has shown that inhibition of histone deacetylases with 
trichostatin A (TSA) results in immediate early promoter 
activation within a subset of cells in which the LAT promoter is 
active. In contrast transcriptionally inactive latent genomes 
within non-neuronal and neuronal cells are refractory to TSA 
induction. The implications of these studies to possible 
mechanisms involved in latency establishment and reactivation 
will be considered. 
 

 
1100 The immunobiology of prion diseases 
ADRIANO AGUZZI 
Institute of Neuropathology, University Hospital Zurich, 
CH-8091 Zurich, Switzerland 
Mice deficient in the normal prion protein are resistant to 
exposure to prion infectivity, and expression of the normal prion 
protein by neurons is necessary for the development of 
histological damage1. But how do prions reach the brain after 
entering the body from peripheral sites?  The first portal of entry 
in the gut may be represented by M-cells2. Neuroinvasion, i.e. the 
process by which prions march through the body of the host 
towards the brain, is dependent upon expression of the normal 
prion protein in a non-hematopoietic extracerebral site3.  We 
therefore developed the hypothesis that neuroinvasion takes 
place in two distinct steps: first the lymphoreticular system is 
diffusely colonized by the agent, while at a later time infectivity 
progresses from lymphoreticular organs to the central nervous 
system4, probably via sympathetic nerves5,6.  There is an absolute 
requirement for B-lymphocytes in peripheral prion 
pathogenesis7.  Surprisingly, the presence of the normal prion 
protein is not necessary on B-lymphocytes to enable them to 
support this process8.  The mechanism of action of B 
lymphocytes may consist of presentation of lymphotoxin-ß to 
follicular dendritic cells9.  This paves the way to post-exposure 
prophylaxis strategies10 that exploit the anti-prion effect of 
soluble lymphotoxin-ß receptors. Why do follicular dendritic 
cells accumulate prions? We tested the hypothesis that prion 
uptake may be complement-mediated.  Indeed, certain 
components of the complement system (C1q, CR1/2) proved to 
play an important role in pathogenesis11. Finally, we have found 
that transgenic expression of an anti-PrP antibody heavy chain 
suffices to confer to mice antiprion protection – a finding that 
may be relevant to the development of antiprion vaccines12.  
1. Brandner, S., Isenmann, S., Raeber, A., Fischer, M., Sailer, A., 
Kobayashi, Y., Marino, S., Weissmann, C. & Aguzzi, A. Normal 
host prion protein necessary for scrapie-induced neurotoxicity. 
Nature 379, 339-43 (1996) / 2. Heppner, F. L., Christ, A. D., 
Klein, M. A., Prinz, M., Fried, M., Kraehenbuhl, J. P. & Aguzzi, 
A. Transepithelial prion transport by M cells. Nat Med 7, 976-7 
(2001) / 3. Blättler, T., Brandner, S., Raeber, A. J., Klein, M. A., 
Voigtländer, T., Weissmann, C. & Aguzzi, A. PrP-expressing 
tissue required for transfer of scrapie infectivity from spleen to 
brain. Nature 389, 69-73 (1997) / 4. Aguzzi, A. & Weissmann, 
C. Prion research: the next frontiers. Nature 389, 795-798 (1997) 
/ 5. Glatzel, M., Flechsig, E., Navarro, B., Klein, M. A., Paterna, 
J. C., Bueler, H. & Aguzzi, A. Adenoviral and adeno-associated 
viral transfer of genes to the peripheral nervous system. Proc 
Natl Acad Sci U S A 97, 442-7 (2000) / 6. Glatzel, M., Heppner, 
F.L., Albers, K.M. & Aguzzi, A. Sympathetic innervation of 
lymphoreticular organs is rate limiting for prion neuroinvasion. 
Neuron 31, 25-34. (2001) / 7. Klein, M.A., Frigg, R., Flechsig, 
E., Raeber, A.J., Kalinke, U., Bluethmann, H., Bootz, F., Suter, 
M., Zinkernagel, R.M. & Aguzzi, A. A crucial role for B cells in 
neuroinvasive scrapie. Nature 390, 687-90 (1997) / 8. Klein, 
M.A., Frigg, R., Raeber, A. J., Flechsig, E., Hegyi, I., 
Zinkernagel, R.M., Weissmann, C. & Aguzzi, A. PrP expression 
in B lymphocytes is not required for prion neuroinvasion. Nat 
Med 4, 1429-33 (1998) / 9. Montrasio, F., Frigg, R., Glatzel, M., 
Klein, M.A., Mackay, F., Aguzzi, A. & Weissmann, C. Impaired 
prion replication in spleens of mice lacking functional follicular 
dendritic cells. Science 288, 1257-9 (2000) / 10. Aguzzi, A. & 
Collinge, J. Post-exposure prophylaxis after accidental prion 
inoculation. Lancet 350, 1519-20 (1997) / 11. Klein, M.A., 
Kaeser, P.S., Schwarz, P., Weyd, H., Xenarios, I., Zinkernagel, 
R.M., Carroll, M.C., Verbeek, J.S., Botto, M., Walport, M.J., 
Molina, H., Kalinke, U., Acha-Orbea, H. & Aguzzi, A. 
Complement facilitates early prion pathogenesis. Nat Med 7, 
488-92. (2001) / 12. Heppner, F.L., Musahl, C., Arrighi, I., 
Klein, M.A., Rulicke, T., Oesch, B., Zinkernagel, R.M., Kalinke, 
U. & Aguzzi, A. Prevention of Scrapie Pathogenesis by 
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Transgenic Expression of Anti-Prion Protein Antibodies. Science 
294, 178-182 (2001). 
 
1145 Multiple roles of prion protein in the TSE 
diseases 
BRUCE CHESEBRO  
Rocky Mountain Laboratories, Hamilton Montana, USA 
The agent of transmission of scrapie, BSE, CJD and other TSE 
diseases of animals and humans remains an enigma. Although 
neither the viral hypothesis nor the protein only hypothesis has 
been proven, there is no doubt that the host-encoded prion 
protein (PrP) plays a critical role in several aspects of the disease 
process. Normal PrP expression is required for disease 
susceptibility. Species-specific PrP amino acid residues influence 
cross-species infection and subsequent adaptation of the agent in 
a new host species. Coexpression of heterogeneous PrP 
molecules from different species can inhibit or delay TSE 
disease, and PrP peptides may also be able to influence aspects 
of this process in vitro. Mutant PrP molecules are associated with 
genetic TSE diseases and also influence susceptibility to 
individual stains of TSE agent. Abnormal protease-resistant PrP 
may be a component of the transmissible agent. An overview of 
these topics will be presented including recent experiments 
involving detection of a subclinical carrier status found after 
cross-species infection in mice. 
 
1400 HIV in the CNS: still a cause for concern? 
JEANNE E. BELL 
Professor or Neuropathology, University of Edinburgh 
HIV infection leading to AIDS remains one of the major causes 
of death in a global context.  The course of this epidemic has 
been transformed in affluent societies by the advent of highly 
active antiretroviral therapy (HAART).  HIV related disease of 
the central nervous system (CNS) was formerly common in late 
stage disease, leading to cognitive impairment and dementia, 
HIV encephalitis (HIVE) and opportunistic conditions.  Since 
the introduction of HAART, these complications have declined 
dramatically.  The CNS may serve as a sanctuary for HIV to 
evade eradication by HAART. 
 Studies in Edinburgh have shown that HIVE was much more 
common in drug uses (DU) (60%) than in homosexual men 
(15%) with AIDS.  HIV isolates from autopsy brain and 
lymphoid tissue display increasing diversity and evidence of 
mosaicism with progressive CNS infection, but HIV variants 
within the brain remain apparently macrophage-tropic (R5-
tropic) to the end.  Before the onset of AIDS, a mild but 
significant CD8 lymphocytic infiltrate is present in the brain, 
together with microglial activation. 
 The cellular target of HIV in the brain is the microglial cell.  
Drug use induces activation of microglia which may confer 
increased CNS vulnerability to HIV infection. Since HAART 
was introduced, most patients are now maintained effectively in 
pre-AIDS.  We postulate that the mix of HIV-related chronic 
inflammation and drug related brain damage, in the presence of 
partial immune suppression, is likely to predispose to premature 
neurodegeneration.     
 Research funded by UK Medical Research Council and US 
National Institutes of Drug Abuse (NIH). 
 
1445 A stable N-terminal prion domain mapped using 
GFP fusion proteins expressed with recombinant 
baculoviruses 
YONGXIU YAO, JUNYUAN REN & IAN JONES 
Division of Microbiology, School of Animal and Microbial 
Sciences, University of Reading, Reading RG6 6AJ - 
Email: i.m.jones@reading.ac.uk) 
The amino terminal half of the prion protein (PrP) contains 
several unique features, most notably copper binding, that would 
benefit from more detailed structure and function study. 
However, expression studies of the isolated N terminus to date 
have resulted in poor expression whilst structural studies of the 
complete prion protein have shown the amino terminus to be 

disordered. To facilitate further studies of this region of the 
protein we have fused mouse PrP sequences to Green 
Fluorescent Protein (GFP) in a secreted and membrane attached 
cassette to mimic the cellular processing PrP undergoes during 
transport to the plasma membrane. Expression of the full length 
PrP protein (23-231) in this context led to notable cell surface 
fluorescence whilst expression of amino terminal fragments led 
to levels of fluorescence that were dependent on the particular 
sequences used. Residues 23-156 showed very poor fluorescence 
whilst constructs starting at amino acids 29, 37, 48, 68 and 76 
showed high levels of GFP at the cell surface. A shortened amino 
terminus was not always associated with high GFP fluorescence 
as residues 84-156 were as poorly expressed as residues 23-156 
when fused to GFP.  Analysis of the endpoints associated with 
high level expression suggested that hydrophobic residues at the 
mature amino terminus were detrimental to the expression of N 
terminal fragments. Based on these data a fragment encoding 
residues 29-156 was explanted to the E.coli expression vector 
pET23a and a stable amino terminal PrP fragment expressed and 
purified. The characterisation of the various recombinant PrP 
protein will be discussed. 
 
1500 TSE induced neurodegeneration: causes and 
consequences 
J.R. FRASER, E. JAMIESON, D. BROWN, K. BROWN, J. 
BARR & W.-G. LIU 
Institute for Animal Health, Edinburgh EH9 3JF 
The pathological changes in the CNS which develop as a result 
of infection with a transmissible spongiform encephalopathy 
(TSE) have been recognised for many years. However the 
relationship between neurodegeneration and clinical disease is 
not clear, and infection can be detected in the CNS long before 
disease is suspected clinically. Murine scrapie models enable us 
to examine the neuropathology in detail, and identify the precise 
sequence of events in the TSE infected CNS. There is 
considerable evidence for early neuronal damage leading to death 
through apoptosis, although different scrapie models show a 
range of responses to infection. We have examined the extent of 
loss in several models, ways of estimating loss, and the 
relationship between loss and the appearance of abnormal PrP or 
prion protein. Although the fibrillar form of this normal protein 
is associated with all TSEs, there is evidence to suggest that it 
may not be the sole trigger for neurodegeneration in the CNS. 
We have also had some success in delaying neuron loss by 
treating with growth factors and cell grafts. These strategies are 
designed to enable us to elucidate the molecular events in the 
CNS in the prolonged period between infection and death from 
TSE diseases. 
 
1515 Overexpression of Prnd in the CNS does not 
influence transmissible spongiform encephalopathy 
disease 
NADIA L. TUZI 1, ELAINE GALL1, DAVID MELTON2 & 
JEAN C. MANSON1 
1Neuropathogenesis Unit, Institute for Animal Health, 
Edinburgh, 2Sir Alastair Currie CRC Laboratories, MMC, 
University of Edinburgh 
The transmissible spongiform encephalopathies (TSE) are a 
group of fatal neurodegenerative diseases that affect animals and 
humans. PrP plays a central role in these diseases as 
demonstrated by PrP null mice being resistant to TSE disease. 
Several lines of PrP null mice have been reported with some 
displaying late onset ataxia. This phenotype is attributed to 
overexpression of the Prnd gene which encodes the protein 
doppel (Dpl). Dpl shares ~25% identity with PrP and resembles 
an amino-terminally truncated form of PrP.  Because of these 
observations, attention has been focused on whether the Prnd 
gene is involved in the TSEs. To address this question we have 
crossed our two lines of inbred PrP null transgenic mice that 
either overexpress Prnd (RCM) or do not (NPU) with mice that 
carry two alleles of the PrP gene, Prnpa[108F189V]. When 
challenged with a TSE agent, no difference in incubation period, 
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vacuolar pathology or distribution of PrPSc deposition was 
observed in the brains of the two groups. These results indicate 
that Dpl does not appear to influence the outcome of TSE disease 
in these transgenic mice and therefore may not be involved in 
naturally occurring TSE diseases in other species. 
 
1600 Molecular analysis of neuropathological 
changes in a mouse model of scrapie 
ALAN R. BROWN1, JEANETTE WEBB1, ROBERT 
WALKER1, SELMA REBUS2, ALUN WILLIAMS2 & JOHN 
K. FAZAKERLEY1 
1Laboratory for Clinical and Molecular Virology, University 
of Edinburgh,,2Dept of Veterinary Pathology, University of 
Glasgow 
Whilst the morphological changes that are characteristic of the 
transmissible spongiform encephalopathies (TSEs) are well 
documented, the molecular events leading to neurodegeneration 
remain an enigma.  By analysing CNS gene expression in the 
CV/ME7 mouse model of scrapie, this study aims to identify 
genes and cellular pathways involved in the neuropathology of 
TSEs.  Mice were sampled at nine timepoints throughout the 
course of infection.  RNA was purified from half brains and 
microdissected brain regions of scrapie-infected and mock-
infected mice, and studied by RNase protection assay (RPA) and 
Atlas™ cDNA Expression Arrays.  The other half of each brain 
was retained for histopathological study to allow correlation with 
molecular events.  The RPA was used to study the expression of 
inflammatory cytokines, and demonstrated the upregulation of 
IL-1� and TNF-� towards the terminal stages of disease.  cDNA 
expression arrays have been used to screen approximately 2,300 
genes, and have identified a number of genes that are 
differentially expressed (at least two-fold relative to controls) at 
various stages of disease.  These include genes encoding stress 
response proteins, molecular chaperones, apoptosis-associated 
proteins, exocytosis proteins, and regulators of ion and 
neurotransmitter concentrations.  Validation of array results by 
real-time RT-PCR is in progress. 
 
1615 Cross-neutralisation and cross-protection 
between rabies virus vaccine and other lyssaviruses: 
murine intracerebral model 
S.M. BROOKES1, G. PARSONS1, D. SELDON1, N. 
JOHNSON1, L.M. McELHINNEY1 & A.R. FOOKS2 
Veterinary Laboratories Agency – Weybridge, Rabies 
Research & Diagnostics Group, New Haw, Addlestone, 
Surrey KT15 3NB 
Rabies is a fatal encephalitic disease that occurs in most 
terrestrial mammals and is caused by members of the Lyssavirus 
genus.  Within this genus there are seven genotypes, classical 
rabies virus (genotype 1, RV), Lagos bat (G2), Mokola (G3) & 
Duvenhage (G4), European bat lyssavirus (EBL, G5 & 6) and 
Australian bat lyssavirus (ABL, G7). Disease caused by classical 
RV is preventable by prior use of commercial vaccines.  
However, only fragmented data are available on the ability of 
these vaccines to cross-protect against challenge with non-
genotype 1 viruses. 
 In order to address this we have measured cross-
neutralisation of viruses from G1 & 5-7 using sera raised against 
inactivated viruses using modified fluorescent antibody virus 
neutralisation (FAVN) assays.  In addition, the ability of a 
commercial vaccine to cross-protect against other genotypes 
(vaccine and wild G1 strains, and G5, 6 & 7) was measured 
following intracerebral challenge. Our data show evidence of 
medium to high levels of cross-neutralisation, but only partial 
cross-protection following challenge with non-vaccine strains. 
The implications of these results will be discussed. 
 
 
 
 
 
 

1630 Chronic allodynia in rats infected with varicella 
zoster virus but not herpes simples virus type 1 – a 
small animal model for post-herpetic neuralgia? 
R.G. DALZIEL1, M.A. MARK1, S. BINGHAM2, J.M. 
CHAMPION3, S.A. DENNIS3 & D. SUTTON3  
1Dept of Veterinary Pathology and Laboratory for Clinical 
and Molecular Virology, University of Edinburgh, Edinburgh 
EH9 1QH, 2Neurology, GlaxoSmithKline, Third Avenue, 
Harlow, Essex CM19 5AW, 3Dept of Host Defense, 
GlaxoSmithKline, 1250 S. Collegeville Rd, Collegeville, PA 
19426, USA 
Varicella-zoster virus (VZV), is the causative agent of two 
human diseases: chicken pox following primary infection and 
herpes zoster or  "shingles" following reactivation from a latent 
infection. A common complication of herpes zoster is post-
herpetic neuralgia, pain that persists after the rash has 
disappeared and which is characterised by the development of 
chronic hyperalgesia and allodynia. 
 We have previously described a rat model of VZV latency 
and have demonstrated striking changes in behavioural reflex 
responses indicative of mechanical allodynia and hyperalgesia 
which were undiminished up to five weeks post-infection, by 
which time all evidence of local injection trauma has 
disappeared.   We now report a continuation of this study and 
show that infected rats display signs of chronic allodynia that 
persists up to 75 days post infection but which resolve by day 
100 post infection.   In contrast animals infected with HSV-1 
display a mild transient allodynia which resolves by day 7-post 
infection. 
 Thus VZV, but not HSV-1, infection of rats results in 
prolonged behavioural changes indicative of neuropathic pain.  
The virus-specific nature of these behavioural changes parallels 
that observed in patients with zoster.  The rat VZV infection 
model may therefore prove useful in studying post-herpetic 
neuralgia. 
 
1645 Inhibition of the induction of the interferon 
response of cells by bovine viral diarrhoea virus 
J. McCAULEY1, S. BAIGENT1, G. ZHANG1, M. FRAY1 & S. 
GOODBOURN2 
1Institute for Animal Health, Compton, 2St George’s 
Hospital Medical School, London 
Abstract not available 
 
1700 Degradation of STAT1 and STAT2 by the V 
proteins of SV5 and hPIV2 respectively; consequences 
for virus replication in the presence of type I and type II 
interferons 
J. ANDREJEVA1, D.F. YOUNG1, S. GOODBOURN2 & R.E. 
RANDALL1 
1School of Biomedical Sciences, Biomolecular Sciences 
Bldg, North Haugh, University of St. Andrews, Fife KY16 
9TS, 2Biochemistry and Immunology, St. George's Hospital 
Medical School, University of London, London SW17 0RE 
 Simain Virus 5 (SV5) and human parainfluenza virus type 2 
(hPIV2) block interferon signalling by targeting STAT1 or 
STAT2 respectively, for degradation. Nevertheless, pretreatment 
of human 2fTGH cells with inerferon �	�IFN�� severely 
inhibited both SV5 and hPIV2 protein synthesis. In contrast, 
pretreatment of 2fTGH cells with IFN� had little obvious effect 
on SV5 protein synthesis but did significantly reduce the 
replication of hPIV2.  Furthermore addition of exogenous IFN� 
to the culture medium of 2fTGH cells 12h after a low 
multiplicity infection with SV5 significantly reduced the 
subsequent cell to cell spread of virus. 2fTGH cells were isolated 
that express the V protein of either SV5 or hPIV2; the cell-lines 
being termed 2f/SV5-V and 2f/PIV2-V, respectively. STAT1 
was not detectable in 2f/SV5-V cells and the cells failed to signal 
in response to either IFN���� In contrast, STAT2 was absent 
from 2f/PIV2-V cells and IFN��� but not IFN� signaling was 
blocked in these cells or IFN�. The molecular basis by which the 
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V proteins target STATs for degradation will be further 
described. 
 
1715 The roles of the leader and trailer regions of 
rinderpest virus in determining pathogenicity 
ASHLEY BANYARD, MICHAEL BARON & TOM BARRETT 
Institute for Animal Health, Pirbright Laboratory, Pirbright, 
Surrey GU24 ONF 
Rinderpest virus (RPV), a morbillivirus closely related to human 
Measles virus, is the cause of a major economic disease of large 
ruminants which is present in parts Asia and Africa. The most 
highly pathogenic form of the virus is the Saudi/81 strain. All 
morbillivirus genomes contain a 3' genome promoter followed 
by the coding regions for the six structural protein genes and a 5' 
antigenome promoter. These promoters are thought to play roles 
in directing replication and transcription as well as RNA 
encapsidation and packaging. Work in our laboratory using a 
CAT minigenome system has identified several nucleotides in 
the leader region of the virus that effect its replicative ability. 
Minor changes in the virus genome promoter may have 
significant effects on the ability of the virus to replicate, and 
consequently cause serious disease, in cattle.  Such changes 
could explain the emergence of highly pathogenic strains such as 
Saudi/81. We will describe the effects that changing the genome 
and antigenome promoters of different RPV strains have on the 
virus’ replicative ability in vitro and on pathogenesis in vivo. 
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0900 Architecture of the nucleus in mammalian cells 
WENDY BICKMORE  
MRC Human Genetics Unit, Edinburgh EH4 2XU 
Related functions in the cytoplasm often take place within the 
confines of discrete membrane bounded organelles 
(mitochondria, Golgi apparatus, peroxisomes etc). Despite the 
absence of such obvious physical compartments, the mammalian 
nucleus is also thought to be organised into domains associated 
with different facets of nuclear function. Proteins in common 
pathways often concentrate together into specific areas of the 
nucleus. For example, even though proteins involved in pre-
mRNA splicing move rapidly around the nucleus, they appear to 
concentrate into multiple nuclear "speckles". Similarly, the 
events of rDNA processing and ribosome biogenesis 
predominantly occur within the nucleolus.   
 I will discuss how the functional organisation of the nucleus 
is being uncovered at the level of both proteins and DNA 
sequence. I will describe how fluorescence in situ hybridisation 
(FISH) has revealed the relationship between gene activity and 
the intra-nuclear positions of chromosomes and genes. I will 
demonstrate how genome organisation and dynamics can now be 
studied in living cells and provide evidence that certain sites in 
the genome are "tethered" to different nuclear substructures. 
 I will also discuss how different approaches are being used to 
identify the proteins located in different nuclear compartments. 
This information can be used to understand both more about the 
functions of nuclear compartments themselves, and also to 
identify potential new components of these compartments from 
predicted protein sequences in databases.  
 It is now clear that the spatial organisation of the nucleus is 
intrinsic to its correct function in health and that perturbation of 
this organisation may be associated with disease and infection.  
Boyle, S. et al. (2001) The spatial organisation of human 
chromosomes in the nuclei of normal and emerin-mutant cells. 
Hum. Mol. Genet. 10, 211-219. / Sutherland, HGE et al. (2001). 
Large-scale identification of mammalian proteins localised to 
nuclear sub-compartments. Hum. Mol. Genet. 10, 1995-2011 / 
Hendrich, B and Bickmore W. (2001) Human diseases with 
underlying defects in chromatin structure and modification. Hum. 
Mol. Genet. 10, 2233-2242 
 
0945 Functional role of the latency associated 
nuclear antigen of Kaposi’s sarcoma-associated 
herpesvirus 
THOMAS F. SCHULZ1, EMRAH KATI1, JULIE SHELDON1, 
KAVITA NATHAN1, GUY SIMPSON1, GEORGINA PLATT1, 
KARIN MATTSON2 & LASZLO SZEKELY2 
1Dept Virology, Hannover Medical School, Hannover, 
Germany, 2MTC, Karolinska Institute, Stockholm, Sweden 
First discovered as a speckled immunofluorescence pattern in 
latently infected primary effusion lymphoma cell lines, the 
latency-associated nuclear antigen (‘LANA’) has turned out to 
play an important, but so far only partially understood, role 
during latent viral persistence. LANA is expressed in the nuclei 
of KSHV-infected B cells in multicentric Castleman’s disease, in 
the B-lymphoma cells of primary effusion lymphoma, in the 
spindle cells and atypical endothelial cells of Kaposi’s sarcoma 
and in bone marrow progenitor cells. LANA is a nuclear 
heterochromatin-associated viral protein, encoded by open 
reading frame (orf) 73 of the KSHV genome. It binds to episomal 
viral DNA and tethers viral episomes to mitotic chromosomes, 
thus ensuring their propagation into daughter cells during 
mitosis. In addition LANA activates or represses several cellular 
and viral promoters, inhibits p53-mediated transcription and 
apoptosis, binds to the retinoblastoma protein pRB and can 

transform rodent fibroblasts when co-transfected with an 
oncogenic H-Ras. 
 We have found that LANA also interacts with RING3, a 
member of the fsh/BET family of bromodomain containing 
nuclear regulators. Binding to RING3 appears to promote 
phosphorylation of LANA in vitro, and RING3 is relocated with 
LANA to mitotic chromosomes in primary effusion lymphoma 
cells. Two other members of this family, HUNK and ORFX also 
interact with LANA. The ET domain, characteristic for all 
members of the fsh/BET family, is responsible for this 
interaction. Orf73-encoded proteins of other rhadinoviruses, e.g. 
MHV68 and RRV, also bind to RING3, suggesting that this 
interaction may be important for a function shared by several 
rhadinoviruses. LANA differs from the orf73 proteins of HVS, 
MHV68 and RRV by being able to activate heterologous 
promoters, in the case of the EBV Cp promoter in the absence of 
known cis-acting regulatory sites. LANA exists as a 
heterochromatin-associated and a nucleoplasmic form which 
differ in their molecular weight. Overexpression of LANA in L-
cells appears to induce heterochromatin dissolution. The orf73 
protein of HVS is also heterochromatin associated and appears to 
induce nuclear condensation, whereas the orf73 proteins of 
MHV68 and RRV do not show an association with nuclear 
heterochromatin. Heterochromatin association of LANA, as well 
as its ability to activate the EBV Cp reporter, require the 
presence of a 15 aa region in its c-terminal domain. Taken 
together these findings suggest that the interaction with members 
of the fsh/BET family of nuclear proteins is a conserved feature 
among the orf73 proteins of several rhadinoviruses, whereas the 
ability to activate a heterologous promoter and to associate/ 
perhaps dissolve nuclear heterochromatin appears to be unique to 
LANA.  
  
1100 Mechanistic, functional and dynamic aspects of 
the interactions of HSV-1 regulatory protein ICP0 with 
nuclear sub-structures 
ROGER EVERETT 
MRC Virology Unit, Church Street, Glasgow G11 5JR 
DNA viruses utilize pre-existing cellular pathways for many of 
the processes of viral replication, and the trafficking of viral 
proteins and particles takes place via cellular organelles and 
structures. It is becoming increasingly clear that cellular sub-
structures within the nucleus have important roles in viral gene 
expression and DNA replication, particularly the small discrete 
domains known as ND10 or PML nuclear bodies. Many DNA 
viruses encode regulatory proteins that associate with and modify 
ND10, and their parental genomes and/or replication 
compartments have been shown to have a tendency to become 
juxtaposed to ND10. This talk will summarize the effects of 
HSV-1 immediate-early protein ICP0 on ND10 proteins, and the 
biochemical mechanisms by which these effects are induced. The 
importance of the spatial aspects of the initial events of the HSV-
1 lytic cycle will be illustrated by studies detailing the relative 
localizations of ICP0, ICP4 and ND10 in live cells. 
 
1145 Effects of adenovirus infection on ND10 
KEITH LEPPARD 
University of Warwick 
ND10 are nuclear substructures with which many different 
proteins have been associated. A consistent and defining 
component of them is the protein PML, the product of a gene 
that is rearranged in promyelocytic leukemia cells. ND10 are 
targeted by various viruses during the course of infection but 
there is considerable uncertainty about the purpose of this, 
reflecting doubt as to the true role of ND10 in an uninfected cell. 
Possible hypotheses range from ND10 having an antiviral 
function which must therefore be disrupted for a successful 
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infection, to ND10 providing some essential cellular function(s) 
which a virus seeks to harness during the infectious process. 
 Human adenovirus type 5 (Ad5) infection leads to the 
reorganisation of ND10, as defined by PML 
immunofluorescence, from their characteristic appearance as a 
limited number of spherical bodies per nucleus to a much larger 
number of elongated smaller structures known as tracks. 
Infection also causes a change in the pattern of PML isoforms or 
modified forms detectable in cell extracts. Both these effects 
require the Orf3 protein from the viral E4 gene that, along with 
the viral E1b 55K protein, associates with the reorganised ND10. 
The basis of and relationship between these effects will be 
considered during the talk. 
 

1400 General and specific perturbation of 
chromosomal and interchromosomal compartments 
upon nuclear DNA virus infection 
JUAN CARLOS GONZÁLEZ ARMAS1, KARINE MONIER2, 
ASTRID E. VISSER2, KEVIN F. SULLIVAN2 & PETER 
GHAZAL1 
1Division of Biomedical and Clinical Laboratory Sciences, 
Section of Medical Microbiology, University of Edinburgh, 
Edinburgh, 2Dept of Cell Biology, The Scripps Research 
Institute, La Jolla, CA, USA 
Perturbation of the eukaryotic cell nucleus due to virus infections 
is a key feature for understanding virus pathogenesis. Previous 
work in our lab described in detail the dynamics of chromatin 
alterations suffered by herpes simplex virus 1 (HSV-1) infection 
(Nat. Cell Biol. 2000. 2(9): 661-5). Here we present work that 
extends those studies to other nuclear replicating DNA viruses: 
Adenovirus 2 (Ad2) and murine cytomegalovirus (MCMV). For 
the purpose of these studies we have generated cell systems 
based on the green fluorescent protein (GFP) technology and 
which permits the monitoring of dynamic changes in chromatin 
distribution, replication compartments (VRCs), and the 
concomitant changes of specific nuclear structures, namely: 
nucleoli, Cajal (coiled) bodies and Speckels. While our results 
demonstrate that each virus has its own strategy they share a 
significant number of key features. Overall our experiments 
suggest that formation of VRCs and margination of host 
chromatin may be a general strategy used by a number of nuclear 
DNA viruses. 
 

1415 The Human Cytomegalovirus 72 kilo-Dalton 
major immediate early protein interacts physically and 
functionally with a constituent of ND10 bodies, hDaxx 
DAVID L. WOODHALL1, LINDA A. BRYANT1, GAVIN W. 
G. WILKINSON2, STACEY EFSTATHIOU2 & JOHN H. 
SINCLAIR1 
1Dept of Medicine, University of Cambridge, Level 5 
Addenbrooke’s Hospital, Hills Road, Cambridge CB2 2QQ, 
2Dept Medicine, Tenovus Building, University of Wales 
College of Medicine, Cardiff, CF4 4XX, 3Division of 
Virology, Dept Pathology, University of Cambridge, Tennis 
Court Road, Cambridge CB2 1QP 
The major immediate early proteins of human cytomegalovirus 
(HCMV) play a pivotal role in the control of viral and cellular 
gene expression during productive, lytic infection. One of the 
functions of the 72-kDa major immediate early protein (IE72) is 
to redistribute promyelocytic leukaemia protein (PML) and, 
concomitantly, to disrupt ND10 nuclear domains.  
 We have identified hDaxx, a protein which has been shown 
to be a component of ND10 nuclear domains, to be an in vivo 
and in vitro interaction-partner of IE72. We have also shown that 
modification of IE72 by the Small Ubiquitin-like MOdifier 
(SUMO-1) may also be important for this interaction. Titration of 
hDaxx into IE72-expressing cells leads to a partial recovery of 
PML in ND10 bodies, and super-expression of hDaxx inhibits 
IE72-mediated promoter activation. Moreover, we have 
demonstrated by immunohistochemistry and FACS analysis that 
cells expressing high levels of Daxx are refactory to infection by 
HCMV and other herpesviruses. 

 Furthermore, on investigating the broader role of ND10 
function and hDaxx super-expression, we have observed that 
fluorescence-tagged DNA also localises to ND10 upon 
transfection. Our results suggest that these structures play an 
important role in the regulation of any exogenous DNA delivered 
to the nucleus. 
 

1430 Visualisation of parental HSV-1 DNA and 
developing DNA replication compartments in live 
infected cells 
GEORGE SOURVINOS & ROGER EVERETT 
MRC virology Unit, Glasgow G11 5JR 
We have developed a system to visualise parental HSV-1 DNA 
and developing DNA replication centres in live infected cells. 
Amplicon plasmids were constructed that contain a replication 
origin, a packaging sequence, an EGFP fusion protein linked to a 
nuclear localisation signal and the tetR tetracyclin repressor 
DNA binding domain, and 14 copies of the tetO operator 
sequence recognised by the tetR domain. Packaged amplicon 
viral genomes derived from such plasmids contain over 200 
copies of the tetO sequence, and thus sequester sufficient EFGP-
nls-tetR to visualise the DNA by autofluorescence. Study by time 
lapse microscopy of live cells infected by amplicon genomes in 
the presence of wild type helper virus demonstrated the 
recruitment of EGFP signal into structures that start as tiny foci 
and develop into major nuclear compartments. Extensive control 
experiments demonstrated that the initial foci are parental 
amplicon genomes, and the developing foci are replication 
compartments. Combination of this technology with different 
spectral variants of EGFP-linked proteins has allowed the 
investigation of the localisation of the amplicon genomes with 
respect to viral and cellular proteins. The results of these 
experiments, including time lapse movie compilations, will be 
presented. 
 

1445 Packaging of herpes simplex virus DNA 
NIGEL STOW, IAIN PORTER, LYNSEY GILLESPIE & 
PAUL HODGE 
Medical Research Council Virology Unit, Church Street, 
Glasgow G11 5JR 
The herpes simplex virus type 1 (HSV-1) genome is a linear 
double stranded DNA of approximately 152 kbp. Input DNA is 
circularised upon infection and replicates in an “endless form” 
generating branched concatemeric structures. During the 
assembly of progeny particles, the concatemers are cleaved at 
specific sites corresponding to the genomic termini and, in a 
tightly couple process, the viral DNA is packaged into preformed 
capsids. We have carried out a detailed analysis of the cis-acting 
signals that are required for DNA encapsidation, and this has 
enabled the identification of sequences that play important roles 
both in the initiation and termination of the packaging process. 
Pulsed-field gel electrophoresis and hybridization studies with 
specific probes were used to examine DNA packaging in cells 
infected with an HSV-1 UL25 gene null mutant. The results 
indicate that the UL25 gene product is important at the late 
stages of the head-filling process, prior to release of capsids into 
the cytoplasm. The results from the two approaches also provide 
very strong experimental support for a model in which the 
direction of packaging is from the L towards the S terminus if the 
HSV-1 genome. 
 

1500 A baculovirus mutant with a host-specific defect 
in occlusion body formation in insect cells 
BARBARA J. KELLY1,2, SUSAN CHAPPLE1, LINDA A. 
KING2 & ROBERT D. POSSEE1 
1NERC Institute of Virology and Environmental 
Microbiology, Mansfield Road, Oxford OX1 3SR, 2School 
of Biological and Molecular Sciences, Oxford Brookes 
University, Oxford OX3 0BP 
Baculovirus replication in insect cells results in the production of 
budded virus in the late phase of replication and occluded virus 
or polyhedra in the very late phase.  Budded virus spreads 
infection to other cells, while polyhedra enable transmission 
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between insects.  The transition from budded virus formation to 
polyhedra production is poorly understood.  Autographa 
californica nucleopolyhedrovirus (AcMNPV) replicates in 
Spodoptera frugiperda and Trichoplusia ni cells.  However, 
budded virus production in T. ni cells is about 10-fold lower than 
in S. frugiperda cells, suggesting that there are both virus and 
host-specific factors regulating the process.  We have isolated an 
AcMNPV mutant (AcdefrT), which exhibits enhanced budded 
virus formation in T. ni cells, but is partially defective for 
polyhedra production in the same cells.  Virus replication in 
AcdefrT-infected T. ni cells was also accompanied by apparent 
apoptosis, an observation inconsistent with enhanced budded 
virus production.  However, no DNA laddering was recorded in 
these cells.  The blebbing noted in AcdefrT-infected cells may be 
a consequence of increased budded virus formation in T. ni cells.  
The mutation within AcdefrT appears to be host-specific, since 
infection of S. frugiperda cells with this virus yielded normal 
budded virus and polyhedra production, with no signs of plasma 
membrane blebbing. 
 

1515 Properties and interactions of individual PML 
isoforms 
K. LETHBRIDGE, N. KILLICK, J.DIMMOCK, N. HOLDEN & 
K. LEPPARD 
Biological Sciences, University of Warwick, CV4 7AL 
Promyelocytic leukaemia protein (PML) is the identity protein in 
the nuclear bodies known as ND10, PODs or PML nuclear 
bodies. The PML genetic locus consists of nine exons and is 
approximately 35kb, its transcription leads to a number of PML 
isoforms varying in molecular weight (48-97kb) owing to 
alternative splicing. Despite growing evidence that PML has 
many cellular functions and interactions there is little knowledge 
of the potentially different roles of specific isoforms. 
 In order to investigate this, a series of plasmids has 
constructed based on pCIneo carrying various PML cDNAs with 
the FLAG epitope added N-terminally. These FLAG-tagged 
PML proteins have been expressed in HEp-2 cells by transfection 
and their nuclear localisations have been established using 
fluorescence microscopy. Alterations in the localisation of these 
PML isoforms in response to infection with wild-type Ad-5 and 
viral mutants have also been observed.  The results of this work 
suggest that not all PML isoforms have the same nuclear 
organisation and that the E4 Orf 3 viral gene product is important 
in the re-arangement of isoforms altered during infection. Further 
work is currently underway to investigate interactions between 
specific PML isoforms and other viral and cellular proteins using 
immunoprecipitation and yeast-2-hybrid systems. 
 

1600 Aggresomes as sites specialised for virus 
assembly 
THOMAS WILEMAN, MIRIAM WINDSOR, SANDRA 
STEFANOVIC & COLIN HEATH 
Immunology and Pathology, Institute for Animal Health, 
Pirbright Labs, Woking 
The large cytoplasmic DNA viruses such as poxviruses, 
iridoviruses and African Swine Fever virus (ASFV) assemble in 
discrete perinuclear foci called viral factories.  Factories exclude 
host proteins suggesting that they are novel subcellular structures 
induced by viruses.  Novel perinuclear structures, called 
aggresomes are also formed by cells in response to misfolded 
protein (Johnston et al. 1998. J. Cell Biol. 143:1883-1898, 
García-Mata, et al. 1999. J. Cell Biol. 146:1239-1254).  In this 
study we have investigated whether aggresomes and viral 
factories produced by ASFV are related structures.  Aggresomes 
and viral factories were located close to the MTOC and required 
an intact microtubular network for assembly.  Both structures 
caused rearrangement of intermediate filaments and the collapse 
of vimentin into characteristic cages, and both recruited 
mitochondria and cellular chaperones.  Given that ASFV 
factories resemble aggresomes it is possible that a cellular 
response originally designed to reduce the toxicity of misfolded 
proteins is exploited by cytoplasmic DNA viruses to concentrate 
structural proteins at virus assembly sites. 

 

1615 Observation of measles virus in vitro and in vivo 
cell-to-cell spread by use of a recombinant virus 
expressing green fluorescent protein 
M. LUDLOW1, S. McQUAID3, S.L. COSBY1,2 & W.P. 
DUPREX1 
1School of Biology and Biochemistry, 2Centre for Infection, 
Inflammation and Repair, School of Clinical Medicine, 
3Queens University Belfast and Neuropathology 
Laboratory, Royal Group of Hospitals Trust, Belfast 
Measles virus (MV) is the atiological agent of the human central 
nervous system disease subacute sclerosing panencephalitis in 
which antigen has been detected in neurons and oligodendrocytes 
and to a lesser extent in astrocytes. To examine mechanisms of 
MV infection and spread in neural cells a recombinant measles 
virus (MVeGFP) which expresses enhanced green fluorescent 
protein (EGFP) has been generated. This can be used to follow 
virus cell to cell spread in real time. Infection of undifferentiated 
human neural precursor (NT2) cells with MVeGFP was 
characterised by extensive cell fusion with the consequent 
formation of syncytia. Spread of infection in differentiated NT2 
neurons, obtained after treatment of undifferentiated NT2 cells 
with retinoic acid, was mediated by interconnecting processes. 
MVeGFP intra-cerebral (i.c) infection of suckling Ifnarko-
CD46Ge transgenic mice expressing a MV receptor (CD46) 
resulted in complete mortality. Global spread of MVeGFP was 
studied in i.c infected brains. EGFP positive neurons, ependymal 
and meningial cells were observed by examination of coronal 
brain sections under UV light. 
 

1630 RSV assembly occurs at regions of the cell 
surface that are enriched in caveolin-1 
GAIE BROWN1, JAMES AITKEN 2, HELEN W.McL. 
RIXON & RICHARD J. SUGRUE1 
1MRC Virology Unit, Institute of Virology, Church Street, 
Glasgow G11 5JR, 2 Virology, University of Glasgow, 
Institute of Virology, Church Street, Glasgow G11 5JR 
We have employed immunofluorescence and transmission 
electron microscopy to examine the assembly of respiratory 
syncytial virus (RSV). RSV matures at the apical cell surface in a 
filamentous form that extends from the plasma membrane. 
Inclusion bodies (IBs) containing viral ribonucleoprotein (RNP) 
cores were observed immediately below the sites of filament 
formation on the plasma membrane. RSV filaments formed in 
close proximity to clusters of a host-cell protein, caveolin-1 (cav-
1) found at the cell surface membrane. We observed a significant 
change in the pattern of cav-1 distribution following virus 
replication. The cav-1 was closely associated with early budding 
RSV and was subsequently incorporated into the envelope of 
viral filaments maturing on the host cell membrane, but was not 
associated with other virus structures such as the RNPs. 
Incorporation of cav-1 into the mature virus occured within 
localised clusters rather than being uniformly distributed along 
the length of the viral filaments. Furthermore, when RSV 
particles from infected cell tissue culture medium were 
examined, the presence of cav-1 on the viral envelope was 
clearly observed. Collectively, these findings demonstrate RSV 
assembly at sites enriched in cav-1 which is subsequently 
incorporated into the envelope of the mature virion.  
 

1645 Sorting of the respiratory syncytial virus matrix 
(M) protein into detergent resistant structures is 
dependent on cell-surface expression of the 
glycoproteins 
GARY HENDERSON, JILLIAN MURRAY & ROBERT P. 
YEO 
MRC Virology Unit, Institute of Virology, Church Street, 
Glasgow, G11 5JR 
The interaction of the respiratory syncytial virus (RSV) Matrix 
(M) protein with the plasma membrane was investigated using 
polyclonal and monoclonal antisera raised against recombinant 
M expressed in bacteria.  M bound mainly to the plasma 
membrane although a significant proportion bound to internal 
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membranes.  However, no localisation of M with the Golgi was 
observed suggesting that transport of M to the plasma membrane 
was independent of the transport mechanism for the viral 
glycoproteins.  Expression from a recombinant baculovirus 
demonstrated the ability of M to bind membranes in the absence 
of viral glycoprotein expression.  When cell-surface expression 
of the viral glycoproteins was prevented using Brefeldin A, M 
was still found in association with the plasma membrane, but the 
characteristics of M's membrane binding ability were different to 
that found in untreated infected cells.  In the presence of normal 
glycoprotein expression, M was sorted into lipid rafts and, in 
addition, formed structures that could only be disrupted by 
treatment with high-salt buffers, a feature suggesting an 
interaction with the cytoskeleton or the formation of strong 
intramolecular associations.  Brefeldin A prevented M from 
being sorted into lipid rafts or from forming strong 
intramolecular associations.  Brefeldin A also affected the 
stability of M bound to the plasma membrane, as M was more 
readily dissociated in the presence of the inhibitor.  The results 
suggest that M binds to the plasma membrane independently of 
the glycoproteins, but that glycoproteins are involved in (1) 
increasing the stability of M's membrane binding, (2) in the 
formation of strong intra- or intermolecular bonds and (3) in 
sorting of M into distinct membrane structures. 
 
1700 Interaction of coronaviruses with the nucleolus 
and the nucleolar antigens, nucleolin and fibrillarin 
JULIAN A. HISCOX, HONGYING CHEN & TORSTEN 
WURM 
Virology Group, School of Animal and Microbial Sciences, 
University of Reading – Email j.a.hiscox@reading.ac.uk 
Coronavirus nucleoproteins (N proteins) localise to the 
cytoplasm and the nucleolus in both virus-infected primary cells 
and in cells transfected with plasmids that express N protein.  
The nucleolus is a subnuclear structure, which is the site of 
ribosome biogenesis, and sequesters cell cycle regulatory 
complexes.  Three of the major components of the nucleolus are 
fibrillarin, nucleolin and B23.  These proteins are involved in 
nucleolar assembly, ribosome biogenesis and act as chaperones 
for the import of proteins into the nucleolus.  We found that 
localisation of N protein to the nucleolus was an active process 
and involved defined nucleolar localisation signals.  Using 
confocal microscopy we showed that N protein colocalized with 
nucleolin and fibrillarin but not B23.  Using a fibrillarin-GFP 
fusion protein we found that N colocalized with fibrillarin in the 
perinuclear region and the nucleolus.  Fibrillarin was reorganized 
in primary cells infected with the avian coronavirus, and in 
continuous cell lines that express either avian or mouse 
coronavirus N proteins.  Pull down assays demonstrated that N 
protein interacted with nucleolin, and therefore provided a 
possible explanation as to how coronavirus N proteins localize to 
the nucleolus.  Coronaviruses may interact with nucleolar 
antigens to provide favourable conditions for virus replication 
and translation. 
 
1715 The matrix protein (M1) of influenza A virus 
determines filamentous virus morphology 
C.J. ELLEMAN & W.S. BARCLAY 
School of Animal and Microbial Sciences, University of 
Reading, Reading RG6 2AH 
Influenza A virus can occur in two distinct morphological forms, 
filamentous (some several microns in length) or spherical (100-
150nm in diameter). We have previously established, using a 
plasmid based virus rescue system, that RNA segment seven  
(which encodes the matrix protein M1 and the ion channel M2) 
controls the shape of the virus particle.  We generated single 
gene reassortants in a genetic background derived from influenza 
A/Victoria/75 virus which were filamentous when segment 7 was 
derived from A/Udorn/72 but spherical if the A/WSN/33 
sequence was present.  We now present new data using viruses 
rescued from chimeric cDNAs to show that the M1 gene, and not 
M2, confers the filamentous phenotype. Previous work from 

Roberts et al.(1998) had suggested that the amino acid sequence 
of M1 at residue 41 could influence virus shape.  We now 
confirm using a reverse genetics approach that a change of amino 
acid 41 from valine to alanine in the A/WSN/33 M1 sequence is 
sufficient to confer a filamentous phenotype. 
 
FRIDAY 12 APRIL 2002 
 
0900 Retroviruses: regulation of RNA splicing and 
transport out of the nucleus 
JØRGEN KJEMS 
Dept of Molecular and Structural Biology, University of 
Aarhus, C.F. Mollers Alle, Bldg. 130, DK-8000 Aarhus C, 
Denmark - Tel +45 8942 2686, Fax +45 8619 6500, E-mail 
Kjems@biobase.dk 
Retroviruses have evolved a complex gene expression strategy in 
order to produce multiple proteins from a single precursor 
mRNA (pre-mRNA) transcript. The main contributor to this 
diversity originates from alternative splicing. In HIV-1, a single 
primary transcript is used as a precursor for more than 30 
different mRNAs, encoding at least nine different proteins or 
protein precursors. The various mRNAs are produced from the 
alternative use of at least four different 5’ splice sites and eight 
different 3’ splice sites in a process regulated by a combination 
of suboptimal splice sites and splicing regulatory sequences 
termed splicing enhancer and silencers. We have investigated the 
mechanism for controlling the balanced expression of the early 
regulatory proteins Tat/Rev and the late structural protein, Env. 
We have uncovered an intricate interplay between negative and 
positive factors associated with cis-elements in the RNA and 
shown that the activities of the individual elements are fine-tuned 
by RNA secondary structure.  
 In order to express partially spliced viral mRNA in the 
cytoplasm retroviruses have evolved different systems to promote 
the nuclear export of mRNAs. In HIV, Rev is an obligatory 
protein that promotes the nuclear export of incompletely spliced 
HIV-1 mRNA species by a process usually reserved for cellular 
proteins. More simple retroviruses, that lacks the Rev system, 
have evolved another unique system that share some resemblance 
to nuclear export of cellular mRNA. Interestingly, we have found 
that the latter mechanism appears to closely related to the nuclear 
export system utilised by human retrotransposon, L1, suggesting 
an evolutionary link between the two systems. 
 
0945 Herpesvirus control of RNA export from the 
nucleus 
ADRIAN WHITEHOUSE 
Molecular Medicine Unit, University of Leeds, St James’s 
University Hospital, Leeds LS9 7TF 
A number of viruses including herpes, adeno, influenza and 
retroviruses replicate in the host cell nucleus. In order to 
complete their virus replication cycle they employ a number of 
mechanisms to transport viral nucleic acids into and out of the 
nucleus. In particular, a variety of viruses encode 
nucleocytoplasmic shuttle proteins which specifically mediate the 
nuclear export of viral RNA. Such proteins include human 
immunodeficiency virus type 1 Rev, herpes simplex virus type 1 
ICP27, influenza virus NEP, adenovirus E4orf6 and the 
herpesvirus saimiri (HVS) ORF 57 protein. HVS is the prototype 
gamma-2 herpesvirus, or rhadinovirus, an increasingly important 
family of viruses due to the recent identification of the first 
human gamma-2 herpesvirus, Kaposi’s sarcoma-associated 
herpesvirus (KSHV). 
 HVS ORF 57 is a multifunctional trans-regulatory protein 
homologous to genes identified in all classes of herpesviruses. 
Transactivation of late viral genes by ORF 57 occurs 
independently of target gene promoter sequences and appears to 
be mediated at a post-transcriptional level. Recent analysis has 
demonstrated that the ORF 57 protein has the ability to bind viral 
mRNA, shuttle between the nucleus and cytoplasm and is 
required for efficient cytoplasmic accumulation of virus mRNA. 
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This suggests that ORF 57 plays a pivotal role in mediating the 
nuclear export of viral transcripts. 
 An intriguing question regarding the functioning of virus-
encoded nucleocytoplasmic shuttle proteins is the mechanism 
they utilise to be transported through the nuclear pore complex. 
To address this issue, the yeast 2-hybrid system was employed to 
identify ORF 57-interacting cellular proteins. Results identified 2 
cellular proteins which are involved in cellular 
nucleocytoplasmic transport. First, I will demonstrate that ORF 
57 interacts with the importin alpha subunit, thereby utilising the 
cellular importin-mediated pathway to re-enter the nucleus. 
Second, I will show that ORF 57 shuttles and exports viral 
mRNA via a CRM-1 independent pathway. Further analysis has 
shown that ORF 57 mediates nuclear export via the TAP-
mediated nuclear export pathway by virtue of an interaction with 
the cellular RNA binding protein, REF/Aly. These results 
identify cellular interactions essential for the functioning of this 
important herpesvirus regulatory protein.  
 
1100 The replication complex: Assembly and 
replication of picornaviruses in membrane vesicles 
originating from the secretory pathway 
KURT BIENZ 
Institute for Medical Microbiology, University of Basel, 
Basel, Switzerland 
Membrane-associated viral RNA replication complexes are 
commonly found in cells infected with plus-strand RNA viruses. 
Different RNA viruses use and transform diverse cellular 
membrane compartments for building up their replication 
complex, but all have in common that their RNA replication 
depends on the presence of membranes. Conceivably, the 
membranes serve as a scaffold to prevent tangling and 
backhybridization of RNA intermediates during replication of the 
viral genome. For poliovirus (PV), the prototype Picornavirus, 
replication of viral RNA proceeds in a rosette-like replication 
complex, consisting of membranous vesicles, replicating viral 
RNA, and viral and cellular proteins. The formation of a PV 
replication complex is a cis-acting process coupling viral 
translation, vesicle budding and viral RNA synthesis. Expression 
of the PV nonstructural protein 2BC induces vesicles similar to 
those formed during a PV infection. Recently, we found that the 
vesicles, whether induced by PV infection or PV protein 2BC 
expression, carry the cellular COPII proteins which mediate the 
anterograde membrane traffic in uninfected cells. Thus, a cellular 
process is put under a viral regulation mechanism for the 
formation of a key component of the viral replication complex. 
The membrane alterations arising during PV replication 
culminate ultimately in cell destruction implying that the 
virulence of the virus is coupled to viral RNA replication. 
 
1145 Involvement of the actin cytoskeleton and lipid 
raft domains in influenza virus budding 
M. SIMPSON-HOLLEY1, D. ELLIS2, DAWN FISHER1, 
DEBRA ELTON1, J. McCAULEY3 & P. DIGARD1 
1Division of Virology, Dept of Pathology, University of 
Cambridge, 2Dept of Pharmacology, University of 
Cambridge, 3Institute for Animal Health, Compton 
Influenza virus produces virions of two distinct morphologies: 
pleomorphic spheres with an average diameter of around 100 
nM, and filamentous particles of the same diameter but with 
lengths of up to several µ m.  The mechanisms underlying the 
budding process remain largely uncharacterised, but previous 
work has shown that production of filamentous virions from 
polarised epithelial cells can be blocked by the actin-disrupting 
drug cytochalasin D.  In addition, it has been suggested that 
influenza virions bud from specialised domains of the plasma 
membrane known as lipid rafts. To further understand the 
mechanism of virus budding we have studied the effect of 
jasplakinolide, a drug which inhibits actin depolymerisation, on 
the production and morphology of filamentous virus using 
atomic force and confocal microscopy in conjunction with a 
GFP-M1 construct.  Jasplakinolide effectively blocked the 

production of filamentous virus particles, and instead caused the 
formation of annular structures on the cell surface which 
contained HA, M1 and NP.  Aggregates of ß -actin were found 
underneath and in the interior of these ring-like structures.  
Consistent with the hypothesis that the virus buds from lipid raft 
domains, viral filaments and the drug induced ring structures 
were resistant to extraction with TX-100 at 4° C.  Furthermore, 
both viral filaments and the annular structures contain DAF, a 
cellular raft associated protein.  We propose that an intact actin 
cytoskeleton is necessary to maintain the correct organisation of 
raft domains for filamentous influenza virion formation. 
 
1400 Role of the cytoskeleton in vaccinia virus 
replication 
RAFAEL BLASCO 
INIA, Dep. Biotecnologia. Ctra La Coruña km 7.5 E-28040 
Madrid, Spain 
Vaccinia virus morphogenesis is a complex process that produces 
several distinct forms of infectious particles. Intracellular Mature 
Virus (IMV) assemble in specialised areas of the cytoplasm 
termed viral factories. Some IMV acquire an additional double 
envelope through wrapping with cytoplasmic vesicles derived 
from the Trans Golgi Network (TGN), to generate Intracellular 
Enveloped Virus (IEV). Subsequently, IEV fuse with the plama 
membrane, liberating to the extracellular space virus particles 
(EEV) with an additional membrane with respect to IMV. Thus, 
virions have to be transported from the initial sites of assembly, 
to the wrapping areas, and finally to the plasma membrane or 
into neighbouring cells. Two different mechanisms have been 
proposed for virion transport. Fist, virions are transported by the 
microtubule cytoskeleton, both from the viral factories to the 
wrapping areas, and from these to the plasma membrane. Second, 
the enveloped viruses induce specialised actin structures that 
propell the virus out of the cell and into neighbouring cells. With 
the aim of  characterising the movement of enveloped virions in 
the infected cells, we have constructed recombinant viruses whith 
the green fluorescent protein (GFP) tagged to different virus-
induced structures. These recombinant viruses allowed us to 
study in more detail the mechanisms of virus transport. 
 
1445 Microtubules in herpes simplex virus infection 
GILL ELLIOTT 
Marie Curie Research Institute, Oxted, Surrey 
Herpes simplex virus type 1 (HSV-1) infection is known to 
involve cellular microtubules (MTs) at various stages. At virus 
entry, HSV-1 has been shown to utilise MTs for the 
transportation of the virus capsid from the cell surface to the 
nucleus. In infected neurones, MTs are also thought to be 
required for the transport of virus sub-components to the axon 
terminus prior to assembly and egress. Furthermore, MTs are 
reorganised and stabilised in infected cells, suggesting that HSV-
1 may have the capacity to specifically alter the nature of the MT 
network. We have previously shown that an individual structural 
protein of HSV-1, the tegument protein VP22, has the ability to 
re-organise and stabilise MTs when expressed in isolation from 
other virus proteins. We have now identified the regions of VP22 
involved in this MT interaction, and we suggest that VP22 may 
associate with MTs in a manner similar to cellular MAPs. We 
have also constructed an HSV-1 recombinant that expresses 
GFP-tagged VP22, and have used this to investigate the 
relationship between VP22 and MTs in infected cells. In 
addition, we have now deleted the VP22 open reading frame 
from the HSV-1 genome, and preliminary studies suggest that 
this virus is slow to initiate infection - a result that is consistent 
with a role for VP22 in capsid movement along MTs at virus 
entry.
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Cells & Cell Surfaces Group 
Poster: 
CCS 30 Localisation of the protein cluster producing 
an acetylated cellulose polymer in the plant colonising 
bacterium Pseudomonas fluorescens 
STEFANIE GEHRIG, ANDREW SPIERS, JOHN 
BOHANNON & PAUL RAINEY 
Dept of Plant Sciences, University of Oxford, South Parks 
Rd, Oxford OX1 3RB  
Pseudomonas fluorescens SBW25 rapidly diversifies when 
propagated in a spatially structured environment (static broth 
culture), producing a range of morphologically distinct niche-
specialist genotypes.  One of these morphs, termed Wrinkly 
Spreader (WS), forms a biofilm at the air-broth interface.  The 
primary cause of biofilm formation appears to be the over-
production of an acetylated cellulose polymer (ACP), triggered 
by a mutation in the wsp regulatory pathway controlling ACP 
production.  ACP is encoded by an operon of 10 genes termed 
wss.  The first and last genes (wssA & J) show significant 
similarity to the cell-cycle protein MinD.  Wss also contains 
genes encoding the cellulose synthase (wssB-F) and acetylation 
complex (wssG-I).  Fluorescent microscopy has revealed that 
ACP is specifically located at the cell poles in normal WS 
bacteria.  However, in cell-shape mutants (mreB) of WS, no ACP 
localisation is observed, although ACP is still expressed.  
Current work is aimed at understanding the molecular basis of 
ACP localisation.  To this end we are generating GFP fusions to 
each protein from the wss operon, and we intend to study the 
localisation of these in a variety of different genetic backgrounds.   
 
Clinical Microbiology 
Tuesday 9 April 2002 
1400 Identification of surface-associated vaccine 
antigens in Gram-positive pathogens 
SEAN HANNIFFY1, RAVIN SEEPERSAUD1, PETER 
MAYNE1, PHIL SIZER3, RICHARD LE PAGE2 & JERRY 
WELLS1 
 1Institute of Food Research, Norwich, NR4 7UA, 2Dept of 
Pathology, University of Cambridge, Tennis Court Road, 
Cambridge CB2 1QP, 3Provalis UK Ltd, Newtech Square, 
Deeside Industrial Park, Deeside, Flintshire CH5 2NT 
Group B Streptococcus (GBS; Streptococcus agalactiae) is part 
of the normal flora colonizing the respiratory, gastrointestinal, 
and urogenital tracts of humans. It is the leading cause of 
bacterial sepsis and meningitis among neonates and a major 
cause of endocarditis and fever in parturient women. 
Colonization of the maternal urogenital or gastrointestinal tracts 
has been shown to be an important risk factor.  
Immune responses to surface protein antigens could protect the 
neonate via transplacental transfer of serum IgG from the mother 
and provide cross protection against different serotypes of GBS. 
Antibodies against surface proteins may also mediate protection 
through the inhibition of virulence factors such as those involved 
in colonisation, avoidance of innate immune defences and 
growth and survival in the host. 
We have developed a focused genomic approach for rapidly 
screening the genomes of Gram-positive bacteria for genes 
encoding exported proteins. This method, termed “LEEP” (= 
lactococcal expression of exported proteins) exploits screening 
vectors that incorporate a lactococcal promoter and 
staphylococcal nuclease as a secretion reporter. We have tested 
this method in GBS and have quickly recovered and identified a 
large set of gene sequences encoding putative GBS surface 
proteins. Lead candidates have now been tested as vaccines in 
GBS mouse infection model and a number of these antigens are 
protective. Our results validate the use of LEEP for the 
identification of surface protein antigens that elicit protective 
immune responses.  

Poster: 
CM16 A novel method for the detection of Vibrio 
parahaemolyticus in seafood 
N. PAI, J. GREENMAN & T. PAGET 
University of Hull, Hull HU6 7RX 
Background: Vibrio parahaemolyticus is a halophilic Gram-
negative facultative anaerobe, which has been implicated in 
outbreaks of gastroenteritis resulting from the ingestion of 
contaminated seafood.  Recent outbreaks of V. parahaemolyticus 
food poisoning in Japan and the USA have heightened the need 
to develop a rapid and reliable method to detect this pathogen in 
seafood. Current methods in use are MPN-based, in addition, 
rapid methods such as DNA �ybridisation technology, PCR and 
ELISA have been used for detection but these can give false 
positive results with other Vibrio species. To overcome some of 
these problems, we have used phage antibody technology, which 
is an effective tool for the generation of antibodies against a 
range of immunogenic and non-immunogenic molecules. 
Methods: The NISSIM phage library was panned against whole 
cells of mixed strains of V. parahaemolytyicus. A negative 
panning step was incorporated, using closely related Vibrio 
species, to remove any cross-reacting antibodies. Phage clones 
specific for antigens on whole cells of V. parahaemolyticus were 
selected and cultured. The binding properties of these antibodies 
were further studied using ELISA, FACScalibur flow cytometry 
and fluorescence microscopy. Tests were also carried out with 
non-parahaemolyticus strains and other species to check for 
cross-reactivity. Results: We were able to isolate several clones, 
which bound only to V. parahaemolyticus cells using ELISA. 
The specificity of binding was confirmed by further analysis 
using flow ctyometry and fluorescent microscopy. Work is 
ongoing to compare the efficacy of these antibodies for detection 
of V. parahaemolyticus in seeded oyster tissue as compared to 
standard PCR methods. In addition we are also in the process of 
characterizing the exact nature of the phage-antibody specific 
antigen. Conclusion: We have shown in our system that phage 
display antibodies have the potential to distinguish between 
species of Virbio.  In addition, they have the potential to be used 
as diagnostic or identification tools. 
 
CM 17 Horizontal gene transfer of streptomycin 
antibiotic genes 
D. KALLIFIDAS, S. TOLBA & E.M.H WELLINGTON 
Dept of Biological Sciences, University of Warwick, Gibbett 
Hill Road, Coventry CV4 7AL 
Horizontal gene transfer (HGT) of streptomycin biosynthetic and 
resistance genes was studied in natural streptomycete 
populations. Identical genes had transferred from a streptomycin 
producer, S. griseus, to other diverse strains closely related to S. 
coelicolor, as indicated by the phylogenetic incongruency 
derived from the 16S rRNA and trpB phylogenetic trees. 
Transfer of partial streptomycin clusters containing the resistance 
gene were found to be silent indicating that other selective forces 
than resistance phenotype may account for such transfer events. 
The distribution of the streptomycin cluster within the S. griseus 
group was highly heterogeneous. S. griseus strains have been 
isolated from diverse sites having partial clusters or just the 
isolated resistance gene (strA).  Streptomycin application seems 
to promote the clonal selection of S. griseus harbouring strA 
which was not necessarily linked to the rest of the pathway. 
Other isolates similar to S. griseus appeared to have some 
streptomycin genes of different phylogenetic origin. This mosaic 
structure may be developed into a new pathway by followed 
selection. Two isolates were shown to have a distinct 
streptomycin cluster unrelated to previously characterised 
streptomycin pathway genes as indicated by the phylogenetic 
relationships of strA and strB1. This cluster may have been 
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transferred by another species followed by recombination and/or 
degeneration. Two further strains had identical genes and were 
not S. griseus indicating HGT event from S. griseus to S. limosus 
and S. platensis. 
 
Environmental Microbiology Group 
Poster: 
EM 12 The effects of salinity and UV light on 
Escherichia coli 
ROBERT H. REED & SUE VICARS  
School of Applied & Molecular Sciences, Northumbria 
University, NE1 8ST 
Faecal bacteria are subjected to environmental stresses during 
their discharge into coastal sea waters, e.g. via storm sewage 
outfalls. This study has investigated the combined effects of 
salinity and UV irradiation on E. coli under field and laboratory 
conditions using T90 (the time required to inactivate 90% of the 
bacteria), based on surface plate counts on a non-selective agar-
based medium. There was an observed synergy between salinity 
and UV irradiation, which was related to the osmotic effect of the 
salt water, rather than to any specific effect of the individual salts 
involved. The effect was depressed by low temperature, 
deoxygenation and by the addition of agents such as catalase and 
superoxide dismutase, which reduce the impact of reactive 
oxygen species, suggesting that photo-oxidation plays a major 
role in the inactivation process. Selective agents such as those in 
membrane lauryl sulphate agar, the standard medium for the 
enumeration of coliforms and E. coli in the UK, were found to 
give a reduced plate count, suggesting that such media may 
underestimate the number of faecal indicator bacteria in water 
samples exposed to salinity and/or UV stress. 
 
 
Fermentation & Bioprocessing Group 
Poster: 
FB 08 Engineered biosynthesis of novel spinosyns 
bearing altered deoxyhexose substituents 
SABINE GAISSER1, CHRISTINE J. MARTIN1, BARRIE 
WILKINSON1, ROSE M. SHERIDAN1, RACHEL E. LILL1, 
ALISON J. WESTON1, ANDY L. KAJA1, LESLEY S. 
BURNS1, SARAH J. READY1, CLIVE WALDRON2, GARY 
D. CROUSE2, PETER F. LEADLAY1,3 & JAMES 
STAUNTON1,4 
1Biotica Technology Limited, Cambridge, 2Dow AgroSciences, 
Indianapolis, USA, 3Dept of Biochemistry, University of 
Cambridge, Cambridge, 4Dept of Chemistry, University of 
Cambridge, Cambridge 
The presented work describes the isolation of novel spinosyn 
analogues by targeted glycosylation. The final step in the 
biosynthesis of spinosyn involves the transfer of a forosamine 
moiety to the C17 position of the pseudoaglycone to yield the 
biologically active compounds. The forosaminyltransferase 
encoding gene spnP (Waldron et al., 2001) was expressed in a 
Saccharopolyspora erythraea mutant strain. After feeding of 
spinosyn pseudoaglycones to these cultures novel spinosyns were 
isolated in which the beta-D-forosamine moiety in glycosidic 
linkage to the hydroxyl group at C17 is replaced by alpha-L-
mycarose. 
 
Food & Beverages Group 
Posters: 
FdBev 12 Growth kinetics and doubling times of 
enterotoxigenic Escherichia coli (ETEC) in salt- and 
non-salt- media 
N. ABDULLAH SANI & R. DAVIES 
School of Food Biosciences, Faculty of Life Sciences, 
University of Reading, PO Box 226, Reading, RG6 6AP 
The objectives of this study were to determine the survival and 
growth characteristics of a non-salt-adapted enterotoxigenic 
Escherichia coli (ETEC) strain E19475 in a laboratory medium 
at several temperatures and comparing them with salt-adapted 

cells of the same strain.  Secondly was to establish whether there 
is any variability between two techniques of serial decimal 
dilution method (contemporary and miniaturised). The doubling 
times (td) for the non-salt-adapted ETEC E19475 grown in 
tryptone soy broth (TSB) at 100C, 200C, 370C and 450C were 
6.10 h, 1.30 h, 0.40 h and 0.42 h respectively.  The growth 
kinetics of ETEC E19475 observed in the current study suggests 
that it grows at approximately the same rate as non-pathogenic 
and pathogenic isolates.  The rate of growth was relatively 
optimal from about 350C–450C.  The td values for ETEC E19475 
grown in salt-media, TSB3.5S (TSB + 3.5% NaCl) and TSB6.5S 
(TSB + 6.5% NaCl) at 370C were 0.90 h and 1.50 h respectively.  
There were good agreements between the td of ETEC E19475 td  
values for other pathogenic strains of E. coli when grown in 
medium with 3.5% or 6.5% NaCl.  The strain reached a 
maximum population of 108 cfu/ml in the salt-media and 
followed a biphasic growth pattern (diauxie).  A miniaturised 
serial decimal dilution method gave similar estimates of bacterial 
counts to the contemporary methods of dilution. 
 
FdBev 13 Investigation of surface carbohydrates 
necessary for colonization by Campylobacter jejuni 
NCTC 11168 
CHRISTINE SZYMANSKI1, FRANK ST. MICHAEL1, 
KINGSLEY AMOAKO2, SUSANTHA GOMIS2, HUA 
SHEN1, WAYNE CONLAN1, HAROLD JARRELL1, JEAN-
ROBERT BRISSON1, JIANJUN LI1, ANDREW POTTER2, 
WARREN WAKARCHUK1 & BRENDA ALLAN2  
1National Research Council, 100 Sussex Drive, Ottawa, 
Ontario, Canada, K1A 0R6 , 2Veterinary Infectious Disease 
Organization, 120 Veterinary Road, Saskatoon, 
Saskatchewan, Canada, S7N 5E3 
A significant risk factor in the transmission of Campylobacter 
jejuni to humans is the consumption and handling of 
contaminated poultry products.  Previous studies suggested that 
the lipooligosacharide (LOS) of C. jejuni 81-176 plays a role in 
INT407 cell invasion while the capsule of this strain is necessary 
to cause disease in ferrets.  In this study, we examined the role of 
these surface carbohydrates in C. jejuni NCTC 11168 
colonization of chicks and Swiss Webster mice. 
 Loss of capsule due to kpsM or glf mutation resulted in little 
to no colonization of chicks and Swiss Webster mice.  Removal 
of the branched sugar from the capsular polysaccharide resulted 
in colonization levels that were intermediate between that of the 
acapsular mutants and wildtype.  Severe truncation of the LOS 
core resulted in complete loss of chick and mouse colonization 
while removal of the sialic acid residue from the outer core LOS 
did not have an effect on colonization.  Our results indicate that 
both intact capsule and LOS are required for successful 
colonization of both the chick and mouse models. Also, Swiss 
Webster mice provide a good alternative model system to study 
the colonization of chicks. 
 
FdBev 14 Influence of the probiotic Lactobacillus 
rhamnosus GG on the intestinal pathogen Salmonella 
typhimurium: down to the molecular level 
S. KEERSMAECKER1, A. DEPALMA1, T. VERHOEVEN1, 
C.S. DETWEILER2, I. NAGY1 & J. VANDERLEYDEN1 
1Centre of Microbial and Plant Genetics, K.U. Leuven, 
Kasteelpark Arenberg 20, B-3001 Heverlee, Belgium 
2Dept of Microbiology and Immunology, Stanford University 
Medical Center, Stanford, CA 94305, USA 
Probiotics are widely sold today for their purported value in 
preventing and/or curing any number of diseases, such as 
bacterial infections. However, the mechanistic details underlying 
probiotic effects are not well understood yet. Salmonella 
typhimurium is an important human enteric pathogen that causes 
the overwhelming majority of cases of zoonotic salmonellosis in 
many countries, leading to an increased health cost. 
Lactobacillus rhamnosus GG is a well studied probiotic strain, 
and numerous clinical trials have reported antagonistic effects of 
L. rhamnosus GG on the invasion of S. typhimurium. The 



Society for General Microbiology – 150th Ordinary Meeting – University of Warwick, 8-12 April 2002  - 89 - 

mechanism behind this inhibitory effect is not clear, and both the 
involvement of antimicrobial metabolites and pH have been 
proposed as being responsible for the observed inhibition.  
 To disentangle the molecular mechanisms of the antagonism 
between probiotics and Salmonella, we have used a powerful 
technique to screen for Lactobacillus influenced Salmonella 
genes, namely Differential Fluorescence Induction. Clones of a 
Salmonella promoter-probe library fused to promoterless GFP 
have been incubated under different conditions containing the 
required inducing factors. By means of flow cytometry, clones 
differentially expressing GFP under these conditions, have been 
sorted out and analysed. In combination with the S. typhimurium 
genome sequence database, this should give an insight into the 
mechanism behind the probiotic effect, which would lead to a 
more efficient development of functional foods containing 
probiotics. 
 
FdBev 15 Survival of Campylobacter jejuni during 
oxidative stress: the role of a novel two-component 
system 
PAOLA GAROSI1, KATHRYN HOLMES1, KARL 
WOOLDRIDGE1, JULIAN KETLEY2, EMMA DAVÉ2 & 
JERRY WELLS1 
1Food Safety Science Division, Institute of Food Research, 
Norwich Research Park, Colney Lane, Norwich, Norfolk 
NR4 7UA, 2Dept Genetics, University of Leicester, 
University Rd, Leicester LE1 7RH 
Campylobacter jejuni is the major aetiological cause of bacterial 
diarrhoeal disease worldwide and is now the major cause of 
food-borne illness in the UK. Our research focuses on the 
investigation of the function of a highly important class of 
regulatory proteins known as two-component regulatory systems 
(TCS). In other bacteria TCS have been shown to play important 
roles in pathogenesis, survival in animal hosts and in controlling 
environmental stress. The Campylobacter genome contains six 
histidine kinase/response regulator gene pairs, in addition to four 
response regulators (RR) and one histidine kinase (HK) that are 
not genetically linked to one another. The results of the 
investigation of one paired TCS regulatory system (TCS01: 
genes Cj0889 and Cj0890) using functional genomics tools and 
physiological studies with genetic mutants of the TCS will be 
presented.  
 Knockout mutants of both the TCS01 HK gene and the 
adjacent RR gene have been generated in C. jejuni strain NCTC 
11168. Microarray expression profiling of mutant and wild–type 
strains was used to identify genes that might be transcriptionally 
regulated by the TCS. Differential expression profiling of the 
wild type and HK mutant revealed that a putative oxidoreductase 
and an adjacent integral membrane gene were substantially down 
regulated in the HK mutant compared to the wild–type. 
Additionally, the expression of several genes associated with the 
flagella apparatus including the flagellin subunit were highly up 
regulated in the HK mutant. Several different genes had altered 
levels of transcripts in the RR mutant; most notable was a 
substantial decrease in the level of catalase expression. As the 
genomic and proteomic expression analysis of TCS01 indicated a 
possible role for this regulatory system in oxidative stress we 
have compared the growth and survival of mutant and wild type 
strains under different oxidative stress conditions. The results of 
these physiological studies will be presented and the possible 
regulatory mechanisms and functions of the genes identified will 
be discussed.  
 
FdBev16 Iron stress in Campylobacter jejuni 
KATE HOLMES, FRAN MULHOLLAND, BRUCE 
PEARSON & JERRY WELLS 
Food Safety Science Division, Institute of Food Research, 
Norwich Research Park, Colney Lane, Norwich, Norfolk 
NR4 7UA 
C. jejuni is a leading cause of bacterial diarrhoea, the virulence 
mechanisms of which are still largely unknown.  Virulence genes 
in many pathogens are expressed in conjunction with iron stress 

genes; these are regulated by high-affinity iron uptake systems in 
response to low availability of free iron in the surrounding 
environment.  The fur gene is a regulator found in many bacteria 
that modulates gene expression in response to low iron. C. jejuni 
NCTC 11168 was cultured under low iron and high iron 
conditions and the differences in expression of genes and 
proteins was studied using both microarrays and 2D gel 
electrophoresis, respectively.  The expression of several genes 
previously demonstrated to be fur-regulated such as iron 
scavenging proteins and transport systems for iron bound 
proteins were shown to be expressed in iron-replete medium.  
Many other genes were also shown to be induced under iron-
limited conditions by the microarray expression profiling.  Data 
on the characterisation of genes regulated in response to altered 
levels of free iron will be presented. 
 
FdBev 17 In vitro transposition mutagenesis in 
Campylobacter jejuni: A genetic tool for exploring 
gene function and essentiality 
DUNCAN GASKIN, MARK CROWE & JERRY WELLS 
Food Safety Science Division, Institute of Food Research, 
Norwich Research Park, Colney Lane, Norwich, Norfolk, 
NR4 7UA 
Transposon mediated mutagenesis has been used to identify 
genes involved in pathogenicity and survival in a number of 
bacterial pathogens. In the case of Campylobacter jejuni the lack 
of natural transposons had prevented the application of these 
methods. Recent developments in in vitro transposition 
methodologies have broadened the application of transposon 
mutagenesis.  We have developed an in vitro transposition 
method for use with Campylobacter jejuni. Using commercially 
available Tn7 transposase we have generated complex libraries of 
gene insertions into chromosomal DNA isolated from 
Campylobacter jejuni NCTC11168. These have been 
transformed back into Campylobacter jejuni using both natural 
transformation and electroporation. Individual clones isolated 
from these transformations show single insertions at sites 
throughout the genome. Pooled genomic DNA from colonies 
obtained from such a library can be used to identify whether a 
particular gene is likely to be essential. PCR is performed using 
gene and transposon specific primers with the pooled genomic 
DNA as template. If no PCR products are observed then there are 
no insertions in the gene present in the library and it likely that 
the gene is essential. We have demonstrated that known non-
essential genes such as CJ1339 (Fla A) or CJ1385 (Kat) show 
multiple insertions.  
 In addition we are applying in vitro transposition 
mutagenesis with whole or partial gene PCR products to the 
rapid generation of specific gene inactivation mutants. After the 
transposition reaction, the PCR products containing transposon 
insertions are selected and transformed into Campylobacter 
jejuni. Assuming the target gene is not essential, resulting 
colonies contain single insertions into the target gene. 
Thus in vitro transposition mutagenesis provides a useful 
addition to the range of genetic tools available for 
Campylobacter jejuni applicable to gene identification and 
functional analysis. 
 
FdBev 18 Role of Campylobacter plasmids in virulence 
BRUCE PEARSON, LORNA FRIIS, ANGELA MAN, 
CLAUDIO NICOLETTI & JERRY WELLS 
Food Safety Science Division, Institute of Food Research, 
Norwich Research Park, Colney Lane, Norwich, Norfolk, 
NR4 7UA 
Several studies have shown a high occurrence of plasmids in 
Campylobacter  jejuni  and C. coli isolates recovered from 
poultry and humans. Plasmids range in size from 2kb to 200kb 
and can encode resistance to tetracycline and kanamycin. Despite 
the fact that plasmids have been shown to play an important role 
in the pathogenesis of disease caused by a number of enteric 
pathogens they have been largely ignored in studies of 
Campylobacter virulence.  However, recent studies have shown 
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the involvement of a large approximately 32 Kb plasmid in 
virulence of Campylobacter jejuni strain 81-176 (Bacon et al., 
Infection & Immunity, August 2000). We have shown that a 
clinical isolate of C.jejuni that is highly invasive (hyperinvasive) 
in cell invasion and epithelial cell translocation assays carries a 
large (approx 40 kb) tetracycline resistance plasmid. The DNA 
sequence of the plasmid has been determined by random shot-
gun sequencing of cloned DNA and by primer walking. The 
analysis of this sequence has revealed the presence of a type IV 
secretion system that includes a virB2 (pilin) structural 
homologue. The prototypical type IV secretion system is that of 
Agrobacterium tumefaciens which delivers oncogenic 
nucleoprotein particles to plant cells. Other enteric pathogens 
including Helicobacter pylori, Bordetella pertussis and Brucella 
spp. all use a type IV apparatus to export effector proteins during 
infection. Our hypothesis is that this novel Campylobacter type 
IV secretion system plays a role in virulence, possibly during 
invasion or by increasing intracellular survival rates. Studies are 
underway to investigate the biological properties of the plasmid, 
including its potential role in cell invasion.  
 
FdBev 19 Signature tagged mutagenesis of C. jejuni to 
determine genes involved in chicken colonisation 
C.A. WOODALL, A. GRANT, C. COWARD, M. JONES, P. 
BARROW & D. MASKELL 
University of Cambridge 
Campylobacter jejuni is the leading cause of food-borne 
diarrhoeal disease worldwide and humans are thought to become 
infected most commonly by consumption of contaminated 
poultry. The functional characterisation of genes from C. jejuni, 
especially those involved in virulence and colonisation, has been 
problematic, mainly because methods used to genetically 
manipulate other Gram-negative bacteria have been unsuccessful 
in several Campylobacter strains. Recently mutagenesis systems 
based on the Gram-positive transposon Tn552 and the eukaryotic 
transposon mariner have been used in vitro with C. jejuni 81176 
and in vivo with C. jejuni 480 respectively. Our aim is to create a 
signature tagged mutagenesis (STM) library in a C. jejuni strain 
to determine genes involved in chicken colonisation.  We report 
the successful use of an in vitro signature-tagged mariner 
transposon mutagenesis system using C. jejuni 11168 to generate 
600 mutants. Southern analysis and sequencing of 5 % of the 
mutant library indicates random transposition within the C. jejuni 
11168 genome. Preliminary screens to utilise the C. jejuni 11168 
library include assays for motility, sensitivity to different pH 
levels in the growth medium, and susceptibility to antimicrobial 
peptides. C. jejuni 11168 colonises chickens poorly, therefore 10 
other strains of C. jejuni, including a representative of each 
MLST clonal complex, have been assessed for their 
transposition/transformation ability and colonisation potential. C. 
jejuni strain G1 is highly transformable and allows in vitro 
transposition at high frequency with our signature-tagged 
mariner transposon.  We have also shown that it colonises 
chickens to high levels over a prolonged period. We are therefore 
constructing a library of STM mutants in C. jejuni G1 and this 
will be screened in poultry in an attempt to identify specific 
genes required for colonisation. 
 
FdBev 20 Horizontal gene transfer of streptomycin 
antibiotic genes 
D. KALLIFIDAS, S. TOLBA & E.M.H WELLINGTON 
Dept of Biological Sciences, University of Warwick, Gibbett 
Hill Road, Coventry CV4 7AL 
Horizontal gene transfer (HGT) of streptomycin biosynthetic and 
resistance genes was studied in natural streptomycete 
populations. Identical genes had transferred from a streptomycin 
producer, S. griseus, to other diverse strains closely related to S. 
coelicolor, as indicated by the phylogenetic incongruency 
derived from the 16S rRNA and trpB phylogenetic trees. 
Transfer of partial streptomycin clusters containing the resistance 
gene were found to be silent indicating that other selective forces 
than resistance phenotype may account for such transfer events. 

The distribution of the streptomycin cluster within the S. griseus 
group was highly heterogeneous. S. griseus strains have been 
isolated from diverse sites having partial clusters or just the 
isolated resistance gene (strA).  Streptomycin application seems 
to promote the clonal selection of S. griseus harbouring strA 
which was not necessarily linked to the rest of the pathway. 
Other isolates similar to S. griseus appeared to have some 
streptomycin genes of different phylogenetic origin. This mosaic 
structure may be developed into a new pathway by followed 
selection. Two isolates were shown to have a distinct 
streptomycin cluster unrelated to previously characterised 
streptomycin pathway genes as indicated by the phylogenetic 
relationships of strA and strB1. This cluster may have been 
transferred by another species followed by recombination and/or 
degeneration. Two further strains had identical genes and were 
not S. griseus indicating HGT event from S. griseus to S. limosus 
and S. platensis. 
 
Systematics & Evolution Group 

Poster: 
SE 03 Distribution of Vibrio cholerae non-O1/non-O139 
virulence associated genes among urban wastewater 
and wild shellfish isolates (river Rance - Brittany - 
France) 
SANDRINE BARON, SÉVERINE CHEVALIER & JEAN 
LESNE 
Ecole Nationale de la Santé Publique – Laboratoire 
d'Etude et Recherche en Environnement et Santé –CS 
74312- 35043 Rennes cedex- France 
Vibrio cholerae is an autochtonous inhabitant of riverine and 
estuarine environments and is found also in raw and treated 
wastewater. The serogroups other than O1 and O139 are 
recognized as facultative pathogens. 

The presence of potential pathogenic markers was 
investigated in two populations of Vibrio cholerae non-O1/ non-
O139 in the mouth of river Rance, Brittany, France during 
summers 2000 and 2001. 215 isolates came from an urban 
wastewater (sewered population of 45000) and 135 isolates from 
a wild shellfish growing area down-river in the estuary. 
 A multiplex PCR was performed in order to determine the 
presence of toxin genes ctxA, zot, ace, st, hlyA, tcpA, and OmpU 
and for the presence of regulatory genes for TCP expression 
(tcpI) and the central regulatory protein (toxR). 
 The differences in the distribution of the frequencies of 
virulence-associated genes between urban wastewater and wild 
shellfish isolates, allowed a discussion about the existence of a 
selective pressure during the intestinal transit in shellfish 
consumers, resulting in pathogenic potential increase. 
 Based on results of this study, surveillance of non-O1/non-
O139 V.cholerae in sewage discharges combined with genotypes 
monitoring using potential pathogenic markers could be valuable 
in human health risk assessment. 
 
SE 04 Vibrio cholerae abundances in two wastewater 
treatment systems of a coastal area (estuary of Rance 
– Brittany – France) 
SANDRINE BARON & JEAN LESNE 
Ecole Nationale de la Santé Publique – Laboratoire 
d'Etude et Recherche en Environnement et Santé – CS 
74312 - 35043 Rennes cedex- France 
Vibrio cholerae non-O1/non-O139 strains are recognized as 
occasional agents of sporadic and localized outbreaks of 
diarrheas. There is litte published information on their 
abundances in raw sewage in non endemic and non epidemic 
situations. 

The study was located in the estuary of Rance (north-western 
France) during summers 2000 and 2001.The presence of Vibrio 
cholerae non-O1/non-O139 was investigated in the treated 
sewage produced by a town of 45000 inhabitants and discharged 
in the river upstream wild shellfish growing areas. In grab 
samples collected between 9 to 12 am, V.cholerae was detected 
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during june to september 2000 and its abondance reached 
102MPN.L-1 during august, which is the month of tourists rush. 
Indeed, it is known that a very low number of carriers of 
V.cholerae in the sewered population could largely increase the 
abundance of this bacteria in raw sewage and then the load on 
the wastewater treatement system. 

The removal effiency of this treatment plant, (biological 
aerobic system with trickling filters and activated sludge) was 
evaluated during summer 2001. Unstable results were observed, 
probably due both to sporadic input of the bacteria in the 
sewerage system, and to hydraulic flow regime. Moreover in a 
waste stabilization pond system of the same geographical area, 
no decrease was observed between the inflow and the outflow. 
On the contrary, in both cases faecal pollution indicator bacteria 
showed significative reductions. 

Our results amphasize the need of more knowledge 
concerning the fate of either pathogenic or non-pathogenic forms 
of V.cholerae in sewage treatment works, because it could be 
dread that water-borne sanitation systems contribute to the 
spreading of this bacteria in the water resources. 

 
Virus 
Tuesday 9 April 
1100 Pathogenesis of prion diseases 
NEIL A. MABBOTT 
Neuropathogenesis Unit, Institute for Animal Health, 
Ogston Building, West Mains Road, Edinburgh EH9 3JF - 
Email: neil.mabbott@bbsrc.ac.uk 
Following peripheral exposure to transmissible spongiform 
encephalopathies (TSEs) or ‘prion diseases’, infectivity usually 
accumulates in lymphoid tissues before neuroinvasion.  The host 
prion protein (PrPc) is critical for TSE agent replication and 
accumulates as an abnormal isoform, PrPSc, in diseased tissues.  
Early PrPSc accumulation takes place on follicular dendritic cells 
(FDCs) in lymphoid tissues of variant Creutzfeldt-Jakob disease 
patients, sheep with natural scrapie or following experimental 
peripheral infection of rodents with scrapie.  Using a mouse 
scrapie model we have shown that FDC deficiency, or temporary 
FDC inactivation, blocks scrapie accumulation in the spleen and 
significantly impairs neuroinvasion.  The mechanisms by which 
TSE agents initially localize to lymphoid follicles, and interact 
with FDCs, are not known.  Antigens are trapped and retained on 
the surface of FDCs through interactions between complement 
and complement receptors.  We have shown that temporary 
depletion of complement C3, or genetic deficiency of C1q, 
significantly delayed the onset of disease following peripheral 
infection, and reduced the early accumulation of PrPSc in the 
spleen.  Thus, in the early stages of infection, C3, and perhaps 
also C1q, contribute to the localization of TSE infectivity in 
lymphoid tissue.  Taken together, these data suggests that 
treatments that interfere with the integrity or function of FDCs, 
offer a potential approach for early intervention in peripherally 
acquired TSEs. 
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VIRUS WORKSHOPS 
 

Workshop on DNA viruses 
Wednesday 10 April 2002 

 
09.00  Control of murine gammaherpesvirus-68 infection by type 1 interferons: a DNA microarray  
 analysis. 
 Bahram Ebrahimi, Fiona Ryan, Douglas Roy, and Tony Nash. 
09.15  Microarray analysis of host and viral gene expression in human B–cell lymphomas.  

Richard G. Jenner1, Karine Maillard2, Nicola Cattini2, Robin A. 1 Wohl Virion Centre, Windeyer Institute for Medical 
Research, University College London (UCL), London, UK. 2 Molecular Carcinogenesis Section, Institute of Cancer 
Research, Sutton, Surrey, UK. 3 CRC Viral Oncology Group, Wolfson Institute for Biomedical Research, UCL, 
London, UK. 

09.30  Identification of new herpesvirus gene homologues in the human genome. 
Ria Holzerlandt1, Christine Orengo2, M.Mar Albà1, Paul Kellam1 + 
Wohl Virion Centre, Department of Immunology and Molecular Pathology1, Biomolecular Structure and 
Modelling Unit, Department of Biochemistry2, University College London, United Kingdom. 

09.45 Phylogenetic analysis of Varicella Zoster Virus.   
Barrett-Muir W1, Nicholls R2, Breuer J1 

Department of Medical Microbiology1 and Biological Sciences2, Queen Mary College, 25-29 Ashfield 
Street, Whitechapel, London E1 1BB 

10.00 Varicella Zoster Virus Recombination Occurs in Areas of Mixed Genotypes 
Quinlivan ML, Barrett-Muir W, Hawrami K, Scott FT, Breuer J 
Department of Medical Microbiology, Barts and The London, Queen Mary’s School of Medicine 
and Dentistry, 25-29 Ashfield Street, London E1 1BB 

10.15 Functional characterisation of AlHV-1 ORF 57 protein. 
Leenadevi T.,  Dalziel R.G.    
Laboratory for Molecular and Clinical Virology, Department of Veterinary Pathology, Royal (Dick) 
School of Veterinary Studies, University of Edinburgh, UK.   

10.30  BREAK 
11.00 Functional characterisation of the Herpesvirus Saimiri ORF73 protein 

Michael A. Calderwood & Adrian Whitehouse 
Molecular Medicine Unit, University of Leeds, St James’s University Hospital, Leeds LS9 7TF. 

11.15 Precise manipulation of the Herpesvirus Saimiri genome. 
Rob White & Adrian Whitehouse 
Molecular Medicine Unit, University of Leeds, St James’s University Hospital, Leeds LS9 7TF. 

11.30 An investigation into the control of HSV-1 mediated membrane fusion using a transient transfection 
system. 
Rachel Atfield, Helena Browne and Tony Minson 
Department of Pathology, Unviersity of Cambridge, Tennis Court Road, Cambridge, UK 

11.45 A Role for Human Cytomegalovirus Glycoprotein gO in Mediating Cellular Fusion and a New 
Hypervariable Locus. 
A.P.Dyer, D. Paterson, D. Dewin, C. Mattick and U.A. Gompels. London School of Hygiene and Tropical 
Medicine, University of London, Keppel St. London, WC1E 7HT 

12.00 The B-subunit of E.coli Heat-Labile Enterotoxin Enhances the Immunogenicity of EBV Latent 
Membrane Proteins 
K. W. Ong, A. D. Wilson, T. R. Hirst, A. J. Morgan 

 Department of Pathology and Microbiology, School of Medical Sciences, University of Bristol, UK 
12.15 Reduced expression of cell surface MHC in the lytic cycle of Epstein-Barr virus 
 Sinéad E. Keating, Stuart Prince, Matthew Jones & Martin Rowe 

University of Wales College of Medicine, Section of Infection & Immunity, Tenovus Building, Cardiff, 
CF14 4XX 

12.30-2.00 Lunch 
2.00 Reactivation of Epstein-Barr virus: regulation of the lytic switch gene BZLF1 

Wolfgang Amon, Ulrich Binné and Paul Farrell 
Ludwig Institute, St Mary’s Hospital, London. 
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2.15 The recruitment of chromatin remodellers to silence hcmv immediate early gene expression 
Edward Wright, Mark Bain and John Sinclair.  Department of Medicine, Cambridge University, 
Cambridge, CB2 2QQ, UK. 

2.30 HSV-1 ICP0 associates with a SUMO-1 specific protease. 
Daniel Bailey and Peter O’Hare. 
Marie Curie Research Institute, The Chart, Oxted, Surrey, UK. RH8 OTL. 

2.45  The isolated RING finger domain of the Alphaherpesvirus HSV-1 ICP0 homologues act as ubiquitin 
  E3 ligases in vitro. 
 G.Dudley and R.D. Everett, MRC Virology Unit, Glasgow. 
3.00 Localisation of Herpes Simplex Virus Tegument Proteins to Nuclear Domains  
 Ian Hutchinson, Alison Whiteley and Gill Elliott 
 Marie Curie Research Institute, Oxted, Surrey RH8 0TL. 
3.15 Analysis of human herpesvirus 6 immediate early 1 protein 
 R.Stanton1, Dr J.D. Fox1 and Dr G.W. Wilkinson2 

 1Medical Microbiology, UWCM, Heath Park, Cardiff, CF14 4XN, 2Infection and Immunity,  
 UWCM, Heath Park, Cardiff, CF14 4XN 
3.30 – 4.00BREAK 
4.00 Subversion of the SUMO conjugation pathway in adenovirus infected cells. 
 Tony Vaughan and Ron Hay. 
 University of St Andrews 
4.15 Induction of NKG2D ligands and NK cytotoxicity associated with adenovirus vector delivery 
 Peter Tomasec*, Eddie Wang*, Veronika Groh1, Thomas Spies1, Susan Jacobs, Brian Mcsharry, Mathieu 
 Hauwel, Carole Rickards & Gavin Wilkinson 

Section of Infection and Immunity, University of Wales College of Medicine, Tenovus Building, Heath 
Park, Cardiff CF14 4XY, UK. 1Fred Hutchinson Cancer Research Centre, Clinical Research Division, 
1100 Fairview Ave. North, Seattle, WA98109, USA 

4.30 MHV-68 Alkaline Nuclease: Characterisation and Production of Soluble, Active Enzyme in E. coli. 
 Helen Rudge, Renos Savva*, Kenneth Powell, Dagmar Alber 

 Wolfson Institute for Biomedical Research, UCL, Cruciform Building, Gower Street, London. WC1E 6BT 
 *School of Crystallography, Birkbeck College, University of London, Malet Street, London, WC1E 7HX. 

4.45 Ovine Herpesvirus-2 Lytic Cycle Replication and Particle Production. 
 Jane Rosbottom, Mathias Ackermann, Bob Dalziel, Hugh Reid, and James Stewart. 
 Laboratory for Clinical and Molecular Virology, The University of Edinburgh, Moredun Research 
 Institute, Penicuik, EH26 OPZ, UK; University Inst. of Virology, Zurich, Switzerland. 
 

 
Virus Group Workshop - Retroviruses 

Wednesday 10 April 2002 
Session 1. Chair: Mark Harris, University of Leeds 

Mapping and characterisation of porcine 
endogenous retroviruses. 

Samantha Taylor, Department of Veterinary Pathology, 
University of Glasgow. 

Expression of endogenous envelope proteins in 
human placenta. 

Alison Muir, Andrew Lever, Ashley King, Department of 
Pathology, University of Cambridge.  

Early pathogenesis of D-type retrovirus infection 
following transmission. 

Dr Roseanne Wilkinson, Division of Retrovirology, NIBSC. 

Characterising the cells susceptible to 
superinfection following vaccination with live 
attenuated SIVmacC8. 

Debbie Ferguson, Division of Retrovirology, NIBSC 

T lymphocytes from HIV-1 seropositive 
individuals are targets for HIV-1 infection. 

S.Imlach, C.Leen, J.E. Bell and P. Simmonds, Laboratory for 
Clinical and Molecular Virology, University of Edinburgh. 

Molecular cloning of two related HIV-2 full-
length genomes and characterisation of virus-cell 
interactions. 

Christian Schmitz and Áine McKnight, Wohl Virion Centre, 
University College London 
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Characterisation of cellular receptor(s) for feline 
leukaemia virus 

Karen Adema, Chet Tailor and Brian Willett, Department of 
Veterinary Pathology, University of Glasgow 

Disruption of SIV Nef regulates 2-LTR circle 
production in vivo: significance in pathogenesis. 

Dr Neil Berry, Division of Retrovirology, NIBSC,  

Human PRP4, a serine-threonine kinase, 
interacts specifically with the HIV-2 Gag 
polyprotein 

Erin Myers, Dept. of Medicine, University of Cambridge.  

 
10.30 -11.00. Coffee 

Session 2. Chair: Jim Neil, University of Glasgow 

Is binding of SIV Nef with TCR� sufficient to 
confer wild-type virus replication in vivo? 

Neil Almond, Shamim Karim, Richard Stebbings, Fiona Cook, 
Alison Wade Evans, Neil Berry. Division of Retrovirology, 
NIBSC. 

Further analysis of the Nef-CD4 interaction. Matthew Bentham and Mark Harris, Division of 
Microbiology, University of Leeds 

Use of a membrane flotation assay to analyse 
Nef-membrane interactions. 

Gemma Dixon and Mark Harris, Division of Microbiology, 
University of Leeds. 

The role of HIV-2 nef in the early stages of viral 
replication. 

Keith Aubin and Áine McKnight, Wohl Virion Centre, 
University College London 

Sequences and structures involved in retroviral 
dimerisation. 

Tom Monie, Dept. of Medicine, University of Cambridge. 

The role of P2 in HIV Gag/RNA interactions. Nick Bennett, Dept. of Medicine, University of Cambridge.  

Structures of the internal loops of SL1 from the 
HIV-1 packaging signal. 

Jane Greatorex, Dept. of Medicine, University of Cambridge.  

Sensitisation of human immunodeficiency 
viruses to human serum by incorporation of 
ABO blood group antigens. 

Stuart JD Neil, Áine McKnight and Robin A Weiss, 
Department of Immunology and Molecular Pathology, 
University College London 

Towards Improved DNA vaccines against Feline 
Immunodeficiency Virus. 

Stephen P Dunham, Department of Veterinary Pathology, 
University of Glasgow 

 
 

PAPILLOMAVIRUS WORKSHOP 
Wednesday 10 APRIL 2002 

 
Opening Remarks  
10 minutes (Drinks available) 
8.50 - 9.00 
 
40 minutes 
9.00 - 9.40   INVITED SPEAKER Magnus von Knebel Doberitz  
Searching for new biomarkers for cervical cancer:  implications of molecular accidents in the complex interplay of papillomavirus 
oncogenes and epithelial differentiation 
Division of Molecular Diagnostics & Therapy, Dept of Surgery, University of Heidelberg, Heidelberg, Germany. 
 
12 minutes 
CD4+ and CD8+ T-cell responses to Human Papillomavirus proteins expressed at different stages of epithelial differentiation 
detected by ELISPOT assays of interferon-�release. 
JC Steele 1, S Roberts1, CH Mann 2, DM Luesley 2, SM Rookes 1, PH Gallimore 1 

1 CRC Institute for Cancer Studies; University of Birmingham, Edgbaston, Birmingham, B15 2TT; 2 of Gynaecological Oncology,  
Birmingham Women’s Hospital, Edgbaston, Birmingham, B15 2TG. 
 
12 minutes 
Protection of Dogs from Challenge with Canine Oral Papillomavirus by Plasmid DNA Immunisation.  
Richard Moore1, Peter Topley2, Lindy Thomsen2, Sarah Walcott2, Gerald Gough2, Margaret Stanley1. 
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1Department of Pathology, University of Cambridge, Tennis Court Road, Cambridge, UK;  2 Immunotherapeutics, GlaxoSmithKline, 
Gunnels Wood Road, Stevenage, UK. 
 
12 minutes 
Trial of vaccination with recombinant vaccinia virus expressing HPV 16 and 18 E6 and E7 for high grade ano-genital intraepithelial 
neoplasia. 
Peter Baldwin1, 4, Nichlas Coleman1, Robin Moseley1, Margaret Stanley1, John Latimer4 , Chris Boswell5, Jennifer Dobson5, Julian 
Hickling5, John StClair Roberts5, Jane Sterling1, 2, 3 
Departments of Pathology1 and Medicine2, University of Cambridge; Departments of Dermatology3 and Gynaecological Oncology4, 
Addenbrookeís Hospital, Hills Road, Cambridge, CB2 2QQ; Xenova Research Ltd5, 310 Cambridge Science Park, Cambridge, CB4 0WG. 
 
8 minutes 
Marked cellular abnormalities associated with recalcitrant HPV-positive vulval intraepithelial neoplasia 
Peter Baldwin1, William Alazawi2, Kate Bird2, Robin Moseley3, Margaret Stanley1 Nicholas Coleman2 and Jane Sterling1 
1 Division of Virology/ of Pathology, University of Cambridge, Tennis Court Road, Cambridge CB2 1QP UK; 2 MRC Cancer Cell Unit, 
Hutchinson/MRC Research Centre, Hills Road, Cambridge CB2 2XZ UK and 3  of Pathology, Addenbrooke’s NHS Trust, Robinson Way, 
Cambridge CBQ 2QQ UK. 
 
12 minutes 
Detection of HPV in liquid based cytology (LBC) Samples using real-time PCR and Hybridisation  
Heather A Cubie1, Kate S Cuschieri1, E. McGoogan2, A. Louise Seagar1; Catherine Moore1, G. Gilkisson2; M.J. Arends2, Michael W 
Whitley3 
1Regional Clinical Virology Laboratory, City Hospital, Greenbank Drive, Edinburgh EH10 5SB;  2Department of Pathology, University of 
Edinburgh Medical School, Teviot Place, Edinburgh EH8 9AG;  3St Triduanas Medical Practice, 54 Moira Park, Edinburgh EH7 6RU 
 
12 minutes 
Correlation of High-Risk HPV Status, Expression of Early-Gene (E7) and p16INK4a in Low and High-grade Cervical Precancer. 
R. Narula, R. Seth, M.Babawale A. Christian, J.Rippin and David Jenkins. 
Department of Histopathology, Queens Medical Centre, University Hospital, Nottingham, UK. 
 
10.50 - 11.10  COFFEE 
 
12 minutes 
Immuno Detection of HPV16 E2 Protein in a Series of Human Cervical Smears 
Mark Stevenson*, Julie Burns*, Mike Wells#, Roy L Stewart, David Hicks�, Sylvia Bates�, Norman J Maitland*.  
* YCR Cancer Research Unit,  of Biology, University of York, York YO10 5YW, United Kingdom; #  of Pathology, Medical School, 
University of Sheffield, Beech Hill Road, Sheffield S10 2RX, UK; � The Royal Hallamshire Hospital, University of Sheffield, Glossop 
Road, Sheffield, S10 2JF, UK 
 
10 minutes 
Is there any correlation between the expression patterns of P16INK4A and E2 in low and high-grade cervical precancers? 
A.Christian, M.Babawale, R.Seth and D.Jenkins 
Division of Pathology, University of Nottingham Medical School, Queen’s Medical Centre, Nottingham NG7 2UH. 
 
12 minutes  
Grade of cervical intra-epithelial neoplasia can be predicted using molecular markers of human papillomavirus infection present at 
the epithelial surface. 
Kate Middleton1, Lesley Morris2, Woei Peh1, Amira El-Sherif3, Karl Sotlar4, David Jenkins3, Rashmi Seth3, Heather Griffin1,5, Merilyn 
Hibma6, Ron Laskey7, Nick Coleman2 and John Doorbar1*. 
(1) National Institute for Medical Research, Mill Hill, London, UK. (2) Department of Histopathology, University of Cambridge, 
Cambridge, UK. (3) Department of Histopathology, Queens Medical Centre, Nottingham, United Kingdom. (4) Institute for Pathology, 
University of Tubingen, Tubingen, Germany. (5) MRC Centre for Protein Engineering, Hills Road, Cambridge, UK. (6) University of Otago, 
Dunedin, New Zealand.  (7) Wellcome/CRC Institute, Cambridge, UK.  
 
12 minutes 
HPV in skin cancer - passenger or participant? 
T.Surentheran1,2, J.C.Sterling3, L.Bell3, L.R.Ghali2, A.Storey2, C.A.Harwood2, J.M.McGregor2, J.Breuer1 

1Department of Virology and 2Centre for Cutaneous Research, Barts and The London Queen Maryís School of Medicine and Dentistry; 
3Department of Pathology, University of Cambridge, Cambridge. 
 
12 minutes 
Genital warts frequently harbour infection with other human papillomavirus (HPV) genotypes in addition to HPV type 6 or 11. 
Dilbinder K Gill1, Gareth Jones1, Mounir Ait-Khaled1, Gloria Sanclemente1, Nashat Hanna1, David Rowen2, & Charles JN Lacey1. 
1Jefferiss Trust Research Laboratories, Imperial College School of Medicine, Norfolk Place, London W2 1PG, UK; 2Department of GU 
Medicine, Royal South Hants Hospital, Southampton, UK 
 
10 minutes 
Is high oncogenic risk human papillomavirus infection predictive of the evolution of cervical neoplasia in women with HIV infection? 
Lacey CJN, Gill DK, Byrne M  
Jefferiss Trust Research Laboratories, Imperial College School of Medicine, Norfolk Place, London W2 1PG, UK 
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12 minutes  
Loss of gap junctional intercellular communication may be a late event in HPV- associated carcinogenesis.  
T.Aasen1,2, M.B.Hodgins1,M.Edward1, S.V.Graham2.  
1Department of Dermatology and 2Division of Virology, University of Glasgow, U.K. 
 
12.30 - 2.00  Lunch + Posters 
 
12 minutes 
Changes in Host Cell Genome and Transcriptome Associated with Integration of HPV16 in Cervical Keratinocytes. 
William Alazawi1,2,3*, Mark Pett1,2,3*, Tom Freeman4, Margaret Stanley3 And Nicholas Coleman1,2,3  
1 Medical Research Council Cancer Cell Unit, MRC/Hutchison Research Centre, Hills Road, Cambridge, UK; 2 Department of 
Histopathology, Addenbrooke’s Hospital Cambridge UK; 3 Department of Pathology, University of Cambridge, Tennis Court Road 
Cambridge; 4 UK MRC HGMP Resource Centre, Hinxton, Cambridge, UK;  *Equal first authors 
 
12 minutes 
Identification of NF-�B as a Target of HPV E6 Proteins using a Proteomic Approach. 
Jacqueline Onions and Alan Storey. 
ICRF Skin Tumour Laboratory, Centre for Cutaneous Research, 2 Newark Street, London. E1 2AT. 
 
12 minutes 
A functional interaction between the DNA damage response protein TopBP1 and HPV16 transcription/replication factor E2  
W. Boner, E.R. Taylor, M.S. Campo and I.M. Morgan 
Institute of Comparative Medicine (Pathology), University of Glasgow, Garscube Estate, Bearsden Road, Glasgow G61 1QH, Scotland 
 
12 minutes 
Localisation of E2 to PML-ND: PML-ND structure and transcriptional regulation 
Pablo Cordano, Afam Okoye, Roger Everett*, Iain M Morgan and M Saveria Campo 
Institute of Comparative Medicine, Veterinary School and *MRC Unit of Virology, Glasgow University, Glasgow 
 
10 minutes 
Inducible Expression of HPV16 E2 in Human Keratinocytes 
Christian Schmitz, Julie E. Burns and Norman J. Maitland 
YCR Cancer Research Unit, Department of Biology, University of York, PO Box 373, York, YO10 5YW 
 
12 minutes 
Selective Killing of Cervical Cancer Cells using Mutated Human Papillomavirus E2 Proteins. 
Geraldine Roeder, Joanna L. Parish, Emma J. Davidson*, Peter L. Stern*, and Kevin Gaston. 
Department of Biochemistry, School of Medical Sciences, University of Bristol, Bristol BS8 1TD, UK, & *Paterson Institute for Cancer 
Research, Christie Hospital NHS Trust, Manchester M20 9BX, UK. 
 
8 minutes 
Development of a real time PCR assay to detect the replication of DNA by HPV16 E2 and HPV16 E1 
E.R. Taylor and I.M. Morgan 
Institute of Comparative Medicine (Pathology), University of Glasgow, Garscube Estate, Bearsden Road, Glasgow G61 1QH, Scotland 
 
12 minutes 
Mechanism and Requirements for BPV-1 E1 Initiator Complex Assembly Promoted by the E2 Transcription Factor Bound to Distal 
Sites 
Cyril M. Sanders1 and Arne Stenlund2 

1Institute for Cancer Studies, University of Sheffield, Sheffield, United Kingdom, S10 2RX and 2Cold Spring Harbor Laboratory, PO Box 
100, Cold Spring Harbor, New York, NY 11724 
3.30 - 3.50  Coffee 
 
12 minutes 
HPV1 E1^E4 complexes with cellular replication factors and inhibits initiation of cellular DNA replication in vitro and in vivo. 
S. Roberts1, K. Stoeber2, G. Wolfler1, P.H. Gallimore1 & G. Williams2. 
1CRC Institute for Cancer Studies, University of Birmingham, Birmingham, UK; 2Department of Pathology, University of Cambridge, 
Cambridge UK. 
 
12 minutes  
HPV16 E1^E4 Arrests E6/E7-Expressing Cells in G2 by Sequestering the Mitosis Promoting Complex Onto The Cytoplasmic 
Keratin Network. 
C. Davy1, D. Jackson1, K. Raj2, P. Masterson3, J. Millar1, S.Cuthill4 and J. Doorbar1. 
1 National Institute for Medical Research, Mill Hill, London, UK;  2 Institut Suisse de Recherches Experimentales sur le Cancer, Epalinges, 
Switzerland;  3 Kudos, Cambridge Science Park, UK;  4 Roche Discovery, Welwyn Garden City, UK. 
 
10 minutes 
Production of papillomas in cottontail and domestic rabbits using CRPV knockout mutants reveals an essential role for E4 in viral 
replication and capsid synthesis. 
Woei Peh1, Janet Brandsma2, Nancy Cladel3, Neil Christensen3, and John Doorbar1. 
1. National Institute for Medical Research, The Ridgeway, Mill Hill, London, NW7 1AA, UK; 2. Yale University School of Medicine, New 
Haven, CT 06520, USA; 3. The Jake Gittlen Cancer Research Institute, The Milton S. Hershey Medical Center, Hershey, Pennsylvania, USA 
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12 minutes 
The E5 oncoprotein affects focal adhesions and cytoskeleton  
Emmanouella Tsirimonaki, Barbara Marchetti, Hossein Ashrafi, Pip Oíbrien and M Saveria Campo  
Institute of Comparative Medicine, Glasgow University Veterinary School, Garscube Estate, Glasgow  
10 minutes 
The E5 oncoprotein downregulates MHC class I 
M Saveria Campo, Barbara Marchetti, Emmanouella Tsirimonakis, Hossein Ashrafi and Pip Oíbrien 
Institute of Comparative Medicine, Glasgow University Veterinary School, Garscube Estate, Glasgow  
 
12 minutes 
Analyses of naturally-occurring Human Papillomavirus type-16 variant E5 proteins to identify amino-acids critical for mitogenic 
activity. 
Jon M. Bible1, Christine Mant1,  Ruth Gilchrist2, Barbara  Kell1, and John Cason1*. 
Virology Section, The Department of Infection1 and the ICRF/Richard Dimbleby Cancer Research Laboratory2, Guyís Kingís College and St 
Thomasí School of Medicine, Kingís College London, St Thomasí Hospital, London U.K.  
 
12 minutes 
The Human Papillomavirus Type 16 Negative Regulatory Element is a Complex Protein-Binding Site that Controls Polyadenylation. 
M. McPhillips, S.A. Cumming, T. Veerapraditsin and S.V. Graham, 
Institute of Biomedical and Life Sciences, Division of Virology, University of Glasgow, Church Street, Glasgow, G11 5JR, Scotland. 
5.10-5.20 - short break Drinks available 
 
5.20 -6.00  INVITED SPEAKER  Lawrence Banks (International Centre for Genetic Engineering and Biotechnology, Trieste, Italy) 
Dissecting the Contribution of HPV E6 and E7 to malignant transformation 
10 minutes 
 
6.00-6.10  Close 
 
POSTERS 
Is HPV part of the viral commensal microflora in sun-exposed and non sun-exposed normal skin? 
T.Surentheran1,2, C.A.Harwood2, C.Bordea3, C.M.Proby2, I.M.Leigh2 J.M.McGregor2, F.Wojnarowska3, J.Breuer1 

1Department of Virology and 2Centre for Cutaneous Research, Barts and The London Queen Maryís School of Medicine and Dentistry; 
3Department of Dermatology, Churchill Hospital, Oxford. 
 
High-risk Human Papillomavirus (HR-HPV) infection in women with Low-grade abnormal smear results in the UK. 
R.Seth, J.Rippin, J.Little, D.Jenkins, On Behalf of the Nottingham TOMBOLA team, Tayside TOMBOLA team and Grampian TOMBOLA 
team. 
 
P16INK4a Expression In Relation To High-Risk Human Papillomavirus (HR-HPV) Status In The Vulva 
Rashmi Seth, Mark Dunderdale, Emma Yates, John Rippin and David Jenkins. 
Department of Pathology, Queens Medical Centre, Nottingham. UK 
 
HPV16 E1^E4 causes collapse of the epithelial cell intermediate filament network by binding to keratins and interfering with the 
ability of 14-3-3 to act as a keratin solubility factor 
Qian Wang1, Ana Martin1, Clare Davy1, Phil Masterson1, Deborah Jackson1, Heather Griffin2, Bishr Omary3 and John Doorbar1 
1. National Institute for Medical Research, The Ridgeway, Mill Hill, London, NW7 1AA, UK; 2. MRC Centre for Protein Engineering, Hills 
Road, Cambridge, UK; 3. Department of Medicine, Palo Alto VA Medical Center, Palo Alto, USA 
 
An Investigation into the synergy between HPV-16 and the flavonoid quercetin in carcinoma of the upper GI tract. 
Richard G. Beniston and M. Saveria Campo 
Institute Of Comparative Medicine, Glasgow University Veterinary School Glasgow 
 
A yeast two-hybrid screen reveals several candidate functional partners for HPV16 E2  
W Boner And IM Morgan 
Institute of Comparative Medicine (Pathology), University of Glasgow, Garscube Estate, Bearsden Road, Glasgow G61 1QH, Scotland 
 
Expression, Purification And Characterisation Of The HPV2a E1 Protein 
Ariadna Lloansi Vila, Julie E. Burns, Igor Bronstein, R. Michael Sharrard, Norman J. Maitland 
YCR Cancer Research Unit, Department of Biology, University of York, PO Box 373, York, YO10 5YW 
 
HPV1 17K, 16K and 11K E4 proteins have different effects on  
keratinocyte growth 
G. Knight, D. Parkin, D., P.H. Gallimore, and S. Roberts. 
CRC Institute for Cancer Studies, University of Birmingham, Birmingham, UK. 
 
Impaired cell adhesion correlates with loss of discs large tumour  
suppressor protein in HPV18 E6-expressing cells 
R.A. Watson1, G.M. Reynolds2, P. Murray, L. Banks3, A. Viel4 & S. Roberts1. 
1CRC Institute for Cancer Studies, 2. Pathology, University of Birmingham, Birmingham, UK; 3International Centre for Genetic Engineering 
and Biotechnology, Trieste, Italy; 4Cutaneous Biology Research Center, Massachusetts General Hospital, Charlestown, USA. 
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Hepatitis Virus Workshop 
Wednesday 9 April 2002  

Organized by David ROWLANDS (University of Leeds) &  
John McLAUCHLAN (University of Glasgow) 

 
 
Structural analysis of HCV E2 glycoprotein. 
Reginald Clayton*, and Arvind H Patel, 
MRC Virology Unit,Glasgow. 
 
Characterization of hepatitis C virus structural proteins recovered from low density lipoprotein associated virions derived from a 
patient with common variable immunodeficiency. 
Nielsen, S, Bassendine, MF, Burt, A, Toms, GL.  
The Centre for Liver Research, The University of Newcastle upon Tyne, Newcastle upon Tyne NE2 4HH. 
 
HCV structural proteins: roles in particle assembly and morphogenesis. 
Beverley Isherwood and Arvind H Patel, 
MRC Virology Unit, Glasgow. 
 
Genetic variability of e1/e2 regions of hcv genotype 4. 
C. Argentini, S. Dettori, D. Di Paola, C. Gandin, M. Angelico and M. Rapicetta, 
Laboratory of Virology, Istituto Superiore di Sanita, Rome, Italy. 
Department of Gastroenterology, Universirty of Rome “Tor Vergata”, Rome, Italy. 
Medicine Research Institute, University of Alexandria,Alexandria, Egypt. 
 
The expression of the Transmembrane domains of HCV E1 protein induce cell death 
Anna R. Ciccaglione, Marcantonio Cinzia, Costantino Angela, Elena Tritarelli, Cristina Cammarata, Michele Equestre and Maria Rapicetta 
Laboratory of Virology, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy 
 
Role of signal peptide peptidase in the processing and trafficking of HCV core protein. 
John McLauchlan1, Marius K. Lemberg2, R. Graham Hope1 and Bruno Martoglio2 
1MRC Virology Unit, Glasgow. 
2Institute of Biochemistry, ETH Hoenggerberg,  Zürich, Switzerland 
 
Cryo-EM reconstruction of particles formed by the Hepatitis B small surface antigen 
Robert Gilbert1, Dave Stuart1, Lucy Beales2, Donatienne Blond2 and Dave Rowlands2 

1Division of Structural Biology, Wellcome Trust Centre for Human Genetics, Roosevelt Drive, Headington, Oxford OX3 7BN 
2School of Biochemistry and Molecular Biology, University of Leeds, Leeds LS2 9JT 
 
SCCA1 mediated hbv binding does not require the reactive site loop. 
P. MOORE AND T.J. HARRISON 
Centre For Hepatology, Department Of Medicine, Royal Free And University College Medical School, London 
 
The p7 protein of hepatitis C virus forms hexamers both in vitro and in cell culture. 
Steve Griffin, Lucy Beales, Dean Clarke, Jo Jager, Mark Harris And Dave Rowlands 
School Of Biochemistry And Molecular Biology, University Of Leeds, Leeds Ls2 9jt 
 
Hepatitis C virus NS3-4A cleavage is required for replication but not  for protease activity in trans. 
Victoria Armstrong, Hugo Caldas, Ros Gilbert, Carron Nairn and  
Richard M Elliott,  
Division of Virology, University of Glasgow,Glasgow.  
 
HCV Protease Cell Based Assay   
Vicky Chung 
GlaxoSmithKline, Gunnels Wood Road, Stevenage SG1 2NY 
 
Substrate complexes of HC-J4 RNA polymerase (NS5B) 
Damien O’Farrell, Rachel Trowbridge, Nicola Stock Dave Rowlands and Jo Jager 
Astbury Centre of Structural Molecular Biology, School of Biochemistry and Molecular Biology, University of Leeds, Leeds LS2 9JT 
 
A Host Genetic Marker Of Liver Disease Progression In Chronic Hcv Infection.  
M.A. Wozniak1, R.F. Itzhaki1, E.B. Faragher1, M.W. James2, S.D. Ryder2, W.L. 
Irving2,  
Trent Hcv Study Group, 1umist, 2university Of Nottingham 
 
In Vivo Dynamics Of Hepatitis B Deleted Genomes During Experimental Infection In Adult Woodchucks. 
V. La Sorsa, C. Argentini, U. Villano, R. Bruni, R. Giuseppetti, And M. Rapicetta, 
Laboratory Of Virology, Istituto Superiore Di Sanità, Rome, Italy. 
 
Replication of GBV-B in marmosets  
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Helen Bright 
GlaxoSmithKline, Gunnels Wood Road, Stevenage SG1 2NY 
 
Replication of GBV-B in marmoset hepatocytes    
Tony Carroll 
Glaxosmithkline, Gunnels Wood Road, Stevenage Sg1 2ny 
 
Expression Of Pol Ii Derived Hcv Transcripts That Are Replication Competent. 
Chris Mccormick, Dave Rowlands,And Mark Harris 
School Of Biochemistry And Molecular Biology, University Of Leeds, Leeds Ls2 9jt 
 
A Novel Interaction Between Hcv Ns5a Protein And P13k – A Putative Role In Translation. 
Andrew Street, Andrew Macdonald, Kate Crowder, Mark Harris 
School Of Biochemistry And Molecular Biology, University Of Leeds, Leeds Ls2 9jt 
 
Prediction and visualisation of RNA secondary structure in single stranded RNA viruses. 
A.Tuplin, and P. Simmonds.   
Virus Evolution Group, Laboratories of Clinical and Molecular Virology, University of Edinburgh, Summerhall, Edinburgh EH9 1QH, 
Scotland 
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09:00 
A Reverse Genetics System for the Avian Coronavirus Infectious Bronchitis Virus. 
Rosa Casais,1 Volker Theil,2 Stuart Siddell,2 David Cavanagh,1 And Paul Britton1* 
Division of Molecular Biology, Institute for Animal Health, Compton Laboratory, Compton, Newbury, Berkshire, RG20 7NN, United 
Kingdom,1 and Institute of Virology and Immunology, University of Würzburg, Versbacher Straße 7, 97078 Würzburg, Germany2. 
Avian infectious bronchitis virus (IBV), a group III coronavirus, is an important poultry pathogen. It contains a positive sense single-
stranded RNA genome of 27.6 kb that replicates in the cell cytoplasm. Major advances in the study of the molecular biology of RNA viruses, 
have resulted from the ability to generate full-length cDNAs for direct manipulation of the viral genomes. The objective of this work was to 
produce a reverse genetics system for IBV. Coronaviruses have the largest RNA virus genomes. This, together with genetic instability of 
some cDNA sequences in E.coli, has hampered the generation of reverse genetics systems. We have assembled a full-length cDNA from the 
positive-sense genomic RNA of IBV. The IBV genomic cDNA, under the control of a T7 RNA polymerase promoter, was assembled by in 
vitro ligation followed by direct cloning into the vaccinia virus genome.  Infectious IBV RNA was generated in situ following the 
transfection of restricted recombinant vaccinia virus DNA into primary chick kidney cells previously infected with a recombinant fowlpox 
virus expressing T7 RNA polymerase.  Recombinant IBV, containing two marker mutations, was recovered from the transfected cells, 
demonstrating that we have a reverse-genetics system for studying the molecular biology of IBV and the role of individual genes in 
pathogenesis. We are currently swapping spike protein genes. 
 
09:15 
The 5' end of Norwalk virus RNA acts as an enhancer of translation 
Russell J. Thompson and Richard M. Elliott 
Division of Virology, Church Street, IBLS, University of Glasgow, G11 5JR 
Norwalk virus, the prototype human calicivirus, consists of a single-stranded, positive sense RNA genome contained within a capsid shell. 
The genome itself is organised into an untranslated region of four nucleotides, three overlapping open reading frames and a forty-five 
nucleotide 3' untranslated region followed by a poly A tail.  
The method of translation and replication of the Norwalk virus genomic RNA is poorly understood and the virus does not replicate in cell 
culture. A viral-encoded protein, VPg, is attached to the 5' end of the genomic RNA, however its function is unknown. The 5' end of the 
genomic RNA has been predicted to form a double stem-loop structure and may be involved in translation of the viral proteins. The first 110 
nucleotides of the genomic RNA have been reported to bind to several cellular proteins including La, PCBP-2 and PTB (Gutierrez-Escolano 
et. al., Journal of Virology 74, 8558-8562). These proteins are known to be involved in the function of the poliovirus and HCV internal 
ribosome entry site (IRES) elements and it was hypothesised that a similar mechanism of internal ribosome entry could be involved in the 
translation of the Norwalk virus open reading frames. 
Therefore, Norwalk virus 5' terminal sequences were inserted between two reporter genes to construct a bicistronic RNA; however no 
evidence for expression of the downstream reporter was obtained. When inserted upstream of a single reporter gene, the Norwalk virus 5' 
sequence significantly increased the quantity of protein expressed in comparison to expression from a control reporter construct.  Further 
data will be presented to suggest the 5' end of the Norwalk virus genome acts as a translational enhancer element. 
 
09:30 
Kinetic analysis of the binding of non-phosphorylated and phosphorylated coronavirus infectious bronchitis virus nucleoprotein to 
RNA using surface plasmon resonance. 
Hongying Chen1, Andrew Gill2, C. Fred Kemp3, and Julian A. Hiscox1*.  
j.a.hiscox@reading.ac.uk 
1Virology and 3Cell and Molecular Biology Groups, School of Animal and Microbial Sciences, University of Reading, Reading, Berkshire 
RG6 6AJ, UK. 2Division of Molecular Biology, Institute for Animal Health, Compton, Berkshire, RG20 7NN, UK. 
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Phosphorylation of the coronavirus nucleoprotein (N protein) has been predicted to play a role in RNA binding.  To investigate this 
hypothesis we examined the kinetics of RNA binding between non-phosphorylated and phosphorylated N protein with various analogs of the 
coronavirus genome and non-viral RNA using surface plasmon resonance.  Mass spectrographic analysis showed that N protein contained 
two phosphorylation sites that mapped to (or near) predicted RNA binding domains.  Kinetic analysis using surface plasmon resonance 
indicated that non-phosphorylated N protein bound with higher affinity to viral RNA than phosphorylated N protein.  However, 
phosphorylated N protein bound to viral RNA with higher binding affinity than non-viral RNA.  The data indicated that an N protein 
binding site consisting of a conserved canonical sequence present near the 5' end of the genome functioned by promoting high association 
rates of N protein binding, as well as facilitating binding of more N protein to an RNA molecule. However, once bound to RNA, whether 
viral or non-viral, N protein had approximately the same dissociation rate.  The data also suggested that phosphorylation of N protein 
determined recognition of viral RNA from non-viral RNA. 
 
09:45 
Persistent infection of A735 astrocytes with Echovirus 6 and Coxsackievirus B3 
Pamela Johnston and Chris Woodall 
School of Biological & Biomedical Sciences, Glasgow Caledonian University, Glasgow, UK.  
e-mail: p.johnston@gcal.ac.uk,  
We have established a model of persistent infection in SV40-transformed human astrocytes (A735s), with Echovirus 6 (ECV6) and the 
related Coxsackievirus B3 (CVB3).  Confluent A735s were infected with ECV6 or CVB3 at a multiplicity of infection (MOI) of 0.4 TCID50 
per cell, and maintained for a period of 60days. Infection of A735s by ECV6 and CVBS showed completely different morphological 
characteristics in the first 72 hours post infection (pi).  CVB3 infected A735s showed no cytopathic effect (cpe), with cell death at a similar 
level to that of uninfected cells, based on observation by light microscopy.  In contrast, ECV6 infection of A735s showed approximately 
95% clearance of the monolayer within 72 hrs pi. The remaining viable cells proliferated in clonal islands, and easily attained confluence 
upon passage. Virus-specific sequences were detected by nested RT-PCR at 21 and 60 days pi.  Virus in culture supernatant was titred in 
CMK cells, and shown to be persistently shed up to 60 days pi.  The nature of persistence was characterized by indirect 
immunofluorescence, which indicated that every cell in respective culture was infected.  Cloned cell populations were derived at 60 days pi 
from persistently infected A735 progenitors, and challenged with related wild type and persistent virus.  These clonal cells showed resistance 
to superinfection at MOI of up to 2000 TCID50 per cell.  We will use this model of persistent infection to investigate host/virus factors which 
determine establishment of persistence.   
Sponsored by The Scottish Motor Neurone Disease Association 
 
10:00 
Coronavirus nucleoprotein delays cell growth and disrupts cytokinesis. 
Torsten Wurm1, Gavin Brooks2 Paul Britton3, Teri Hodgson3, and Julian A. Hiscox1*. 
Virology1 and Cell Cycle2 Group, School of Animal and Microbial Sciences, University of Reading, UK.  3Division of Molecular Biology, 
Institute for Animal Health, Compton, Berkshire, RG20 7NN, UK. 
*j.a.hiscox@reading.ac.uk 
We have previously shown that the coronavirus nucleoprotein (N protein) localises to the nucleolus during virus infection.  Proteins that 
localise to the nucleolus, and the structure itself, have been implicated in the regulation of cell growth and proliferation.  To investigate this, 
we transfected cells with plasmids expressing N protein under the control of Pol2 promoters.  After 72 hr we found that the number of cells 
in transfected populations with N protein expressing plasmids was less than control populations.  Using three colour labelling and FACS 
analysis we were able to rule out that N induced apoptosis.  Confocal analysis indicated that up to 25% of cells expressing N protein had a 
cleavage furrow and nucleoli in the daughter nuclei, consistent with the fact that cytokinesis had been inhibited in these cells, which would 
account for the reduced number of cells in transfected cell populations.  Aberrant cell division was confirmed with several coronavirus N 
proteins and in virus infected primary and continuous cell lines.  Confocal analysis also revealed that fibrillarin, a nucleolar antigen, was 
possibly redistributed in aberrantly dividing cells. We hypothesise that N protein might disrupt cytokinesis in order to promote conditions 
for virus assembly. 
 
10:15 
Biochemical analysis of a Poliovirus type 3 mutant polymerase 
Inga Dry, Ian Goodfellow and David J. Evans. 
Faculty of Biomedical and Life Sciences, Division of Virology, University of Glasgow, G11 5JR 
Previous work carried out to investigate the role of the 3’UTR of HRV14 identified a mutant (Mut 4) that showed only trace levels of 
replication in the replicon system. Sequence analysis revealed that in both poliovirus and rhinovirus derived viruses a substitution of a 
conserved asparagine for a tyrosine at residue 18 of the viral polymerase was all that was required to restore replication to wild type levels. 
Viruses with a native 3’UTR sequence, but carrying the N18Y mutation, grew slightly better than the parental virus (Meredith et al, J.Virol. 
73: 9952-9958). Recent work has begun to characterise the biochemical basis for this phenotype using polymerisation, terminal transferase 
and uridylylation activities. Preliminary studies have shown that whilst a subtle difference exists between the polymerisation activities of the 
wild type and the tyrosine containing polymerase there is no observed difference between the terminal transferase activities of the two 
proteins. 
 
Coffee 
 
11:15 
The Entry Mechanism of A Non-Enveloped Virus 
1Mario Forzan (Mario.Forzan@lshtm.ac.uk) and Polly Roy 12 
1Dept. of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT, UK 2 

Dept. of Medicine, University of Alabama at Birmingham, Alabama USA  
Bluetongue virus consists of two capsids, an inner capsid or ‘core’ and an outer shell that is composed of two proteins, VP2 and VP5.  We 
have reported previously that while VP2 is responsible for cell attachment, receptor binding, VP5 appears to be involved in cell 
permeabilisation during virus entry. Biological and structural analysis of VP5 protein shows similarities with some fusion proteins of 
enveloped viruses indicating that the protein may have similar fusion-like activity. To this end we have prepared a novel recombinant 
baculovirus designed to express VP2 and VP5 on the cell surface. The co-infected cells shown some interesting modifications suggesting a 
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possible apoptosis inducing function of the these proteins when expressed on the cell surface. However, initial studies using standard 
biological analysis did not confirm conventional apoptosis by these constructs. To determine whether VP5 (in presence or in absence of 
VP2), was sufficient to induce membrane fusion, insect cells were infected and than exposed a low pH for a short time. Cells infected with 
VP5 have shown fusion-like activity and syncytium formation in a pH dependent manner. Surprisingly, such activity was inhibited in 
presence of VP2 suggesting a possible interaction between the two viral proteins. The fusion-like activity of VP5 was confirmed in 
mammalian cells by constructing similar constructs using a mammalian vector system.  Our accumulating data confirm a role of BTV VP5 
protein in the cell entry during the viral infection, not just due to cell permeabilisation but due to a fusion-like activity. 
 
11:30 
Investigation of the early events during rotavirus infection of cells. 
Huseyin Mustafa and Malcolm A. McCrae. 
Department of Biological Sciences, University of Warwick, Coventry CV4 7AL. 
The process by which rotaviruses enter susceptible host cells has been poorly studied. There has been some limited analysis of the fate virus 
particles during binding and entry but the fate of individual viral proteins has not been investigated. Electron microscopic studies have 
suggested two possible modes of rotavirus entry,  receptor-mediated endocytosis and direct penetration of the cell membrane. During or after 
entry, it is assumed that the outer capsid proteins are lost or removed allowing transcription to be activated. We have used purified rotavirus 
particles labelled in vitro with biotin to study the early events in rotavirus infection. Biotinylated virus was allowed to bind to permissive 
BSC-1 cells by incubating at 4
C for 1 h. After washing off unbound virus, the temperature was shifted to 37
C to allow entry and cells were 
harvested at various times. Crude cell lysates were then analysed by SDS-PAGE and biotinylated viral proteins were detected by Western 
blot using streptavadin-HRP. Results show that uncleaved VP4 can be cleaved within 5 minutes at 37
C in the absence of trypsin in the 
media suggesting i) a protease on the cell surface may be able to cleave VP4 and ii) rotavirus entry into cells is very rapid. Further studies 
aimed at determining the cellular location of viral proteins at different times during entry are underway. 
 
11:45 
The Role of NS2 in the Replication of Bluetongue Virus 
1Konstantinos Lymperopoulos (Kostas.Lymperopoulos@lshtm.ac.uk), 2Rob Noad and 2Polly Roy 
1Dept. of Biochemistry, University of Oxford, Oxford OX1 3SR, UK 2Dept. of Infectious Diseases, London School of Hygiene and Tropical 
Medicine, London,  UK.  
In addition to 7 structural proteins, Bluetongue virus (BTV) produces 4 non-structural proteins on infection of susceptible cells. Of these, 
NS2 is an abundant non-structural phosphoprotein, which is a major component of the viral inclusion bodies (IB) found in BTV infected 
cells. NS2 has a high content of charged residues and has strong ssRNA binding affinity. Although little is known about its role in viral 
infections, its ability to bind RNA and intracellular association with nascent virions implicate NS2 is involved in the viral assembly 
mechanism and morphogenesis. In order to determine the precise role of NS2 in the replication of BTV we have investigated the affinity of 
NS2 for ssRNA as well as viral and cellular proteins. Using gel-shift assays we have been able to confirm that NS2 indeed exhibits 
preferential binding of BTV ssRNA over non-specific competitor RNAs. Further, by mutational analysis we have been able to determine the 
region of BTV RNA that directs this preferential binding.  

In addition to investigating the protein-RNA interactions of NS2 we have also investigated the protein-protein interactions. In vivo 
overexpression of NS2 in the absence of other viral protein results in the formation of IBs similar to those seen in BTV infected cells. 
Clearly NS2 is capable of interacting with itself, but may also interact with cellular proteins. This has been addressed using yeast two-hybrid 
system. A number of interesting cellular proteins that interact with NS2 have been identified. The implications of these interactions will be 
discussed. 
 
12:00 
Novel Vaccine Delivery System based on Bluetongue Virus Tubular Protein 
1Aileen Murphy (Aileen.Murphy@lshtm.ac.uk), 2Mrinal Ghosh, 1Christoph Wirblich and 12Polly Roy 
1 Dept. of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT, UK 2 
Dept. of Medicine, University of Alabama at Birmingham, Alabama, USA. 
Bluetongue Virus (BTV) NS1 protein forms tubules (NS1-TUBs) in mammalian cells and large quantities of the protein can be expressed in 
insect cells using the Baculovirus expression system.  We have exploited this viral protein of unknown function as an immunogen delivery 
system.  Tubules are helical assemblies of NS1 protein that present the C terminus of the protein to the outer edge effectively displaying 
appended residues in a regular and repeating array.  The NS1 gene in the baculovirus expression vector was manipulated to introduce both 
small and large immunogens including HIV, FMDV, HCV and Tumour.  The chimeric NS1 proteins have been generated and all have been 
shown to maintain the NS1 tubular structure.  The ability of many of these chimeric NS1-TUBs to stimulate humoral and cell-mediated 
responses has subsequently been assessed using in vitro and in vivo assay systems.  The results that we have obtained indicated that these 
non-replicating tubules not only induce protective humoral response but also CD4+ and CTL responses. We have also demonstrated that 
tubules could accommodate large immunogens (up to 60kDa) and polypeptides consisting of multi-epitopes.  Thus, NS1 tubules show strong 
potential as a novel vaccine delivery system. 
 

Lunch 

 

14:00 
Early assembly intermediates in rotavirus morphogenesis. 
Keun-Teik Chung and Malcolm A. McCrae. 
Department of Biological Sciences, University of Warwick, Coventry CV4 7AL. 
A number of putative replication intermediates in rotavirus morphogenesis including a so-called pre-core RI have been identified but the 
interactions involved in their formation has not been studied. The pre-core RI is composed of the viral mRNA species and a number of viral 
structural and non-structural proteins. We have made use of a novel mammalian two-hybrid system in an attempt to identify the protein-
protein interactions involved in the pre-core RI structure and the results of this analysis will be described. The two non-structural viral 
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proteins of the pre-core RI have also been expressed to high levels in E.coli as a route to obtaining large amounts of pure protein for use in 
assays aimed at probing their functions in the virus replication cycle and the progress to-date with this will also be described. 
 
14:15 
Bluetongue Virus Release and Role of Non-Structural Protein NS3 
1Christoph Wirblich (Christoph.Wirblich@lshtm.ac.uk) and 12Polly Roy 
1 Dept. of Infectious and Tropical Diseases, London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 7HT, UK 2 

Dept. of Medicine, University of Alabama at Birmingham, Alabama, USA 
Bluetongue virus is a non-enveloped arbovirus of the Reoviridae family.  Unlike other members of Reoviridae, BTV particles are released 
from infected cells both by cell lysis as well as by a budding mechanism. In insect cells, in which budding is the main mechanism of virus 
release, a significantly higher expression of the membrane-bound viral non-structural protein NS3 is observed, as compared to mammalian 
cells, in which budding plays only a minor role. The correlation between the extent of budding and the expression level of NS3 implicates a 
functional role of NS3 in the budding process.  The role of NS3 in virus release has been confirmed in previous studies using a heterologous 
expression system. To further address its role in the budding mechanism, a series of point and truncation mutants of NS3 were expressed in 
insect and mammalian cells and analysed for the effect on virus release. We also studied the interaction of NS3 with two cellular proteins 
that were identified in a yeast two-hybrid screen and the interaction with cellular proteins that are involved in the release of enveloped 
viruses.  
 
14:30 
Nucleoprotein levels regulate Bunyamwera virus replication 
Alain Kohl, Anne Bridgen, Friedemann Weber and Richard Elliott 
Division of Virology, University of Glasgow, Church Street, G11 5JR, Scotland 
Contact: r.elliott@vir.gla.ac.uk 
The genome of Bunyamwera virus, an arbovirus of the Bunyaviridae family, consists of three strands of negative sense RNA called L, M and 
S. The L segment codes for an RNA-dependent RNA polymerase (L protein), the M segment for the precursor to viral glycoproteins, and the 
S segment codes for the nucleoprotein N as well as for a nonstructural protein, NSs. The N protein encapsidates both genomic and 
antigenomic RNA during replication. Data obtained using minireplicon systems suggest that N levels are implicated in regulating viral 
replication, however it is unclear how this might happen. Here we show that N is sensitive to proteolytic degradation, that N levels can be 
enhanced by using the proteasome inhibitor MG132, and that N interacts with the viral polymerase L.  
We have recently described a mutant Bunyamwera virus (Bun delNSs) that does not express NSs. This virus grows to lower titers and has a 
small plaque phenotype. This virus also synthesizes increased levels of N compared to wt. Here we describe a revertant that grows to titers 
similar to those of wt, and show that growth restoration is directly correlated to decreasing N expression levels.  
Our results indicate that N levels are tightly regulated to ensure efficient viral replication, and that excess N might be degraded by the 
proteasome. 
 
14:45 
Dying to Help Us?: Influenza A virus infection of human respiratory epithelial cell lines. 
Edward W. A. Brydon1, H. Smith2 and C. Sweet1 

1School of Biosciences, 2The Medical School, University of Birmingham, Edgbaston, Birmingham, United Kingdom, B15 2TT. 
The most commonly used cell lines for the study of influenza A virus (IAV) infection, replication and apoptosis have previously been of 
non-human or non-respiratory origin, e.g. Madin Darby Canine Kidney (MDCK) or HeLa cells. IAVs primarily infect the respiratory tract 
tissues in humans. Using human respiratory epithelial cell lines we are investigating the cellular response to infection, in particular apoptosis 
and pro-inflammatory cytokine release. 
 
15:00 
Significant differences in nucleocapsid morphology within the Paramyxoviridae 
David Bhella, Adam Ralph, Lindsay Murphy and Paul Yeo 
Medical Research Council Virology Unit, Church Street, Glasgow, G11 5JR United Kingdom 
Nucleocapsid (N) proteins from representative viruses of three genera within the Paramyxoviridae, were expressed in insect cells, using 
recombinant baculoviruses. RNA containing structures, that appear morphologically identical to viral nucleocapsids, were isolated and 
subsequently imaged in the transmission electron microscope (TEM).  Analysis of these images reveal marked differences in nucleocapsid 
morphology between the genera investigated, most notably between viruses of the Paramyxovirinae and the Pneumovirinae sub-families.  
Helical pitch measurements were made, revealing that measles virus (MV, a Morbillivirus) N protein, produces helices that adopt multiple 
conformations with varying degrees of flexibility, while those of the Rubulavirus simian virus 5 (SV5), produce more rigid structures with a 
less heterogeneous pitch distribution.  Nucleocapsids produced by the Pneumovirus respiratory syncytial virus (RSV) appear significantly 
narrower than those of MV and SV5 and have a longer pitch than the most extended form of MV.  In addition to helical nucleocapsids, ring 
structures were also produced, image analysis of which has demonstrated that rings assembled from MV N protein consist of 13 subunits.  
This is consistent with previous reports that Sendai virus nucleocapsids have 13.07 subunits per turn.  We have determined however that 
SV5 sub-nucleocapsid rings have 14 subunits, while rings derived from the radically different RSV nucleocapsid have been found to contain 
predominantly ten subunits. 
 
Tea 

 
16:00 
Rabies virus detection employing in-situ hybridisation techniques  
Finnegan, C. J., Parsons, G., Brookes, S.M., Marsh, S., Mcelhinney, L. M., and Fooks, A. R. 
Rabies Research and Diagnostic Group, Department of Virology, Veterinary Laboratories Agency (Weybridge), New Haw, Addlestone, 
Surrey, KT15 3NB, UK. 
Rabies and rabies related viruses enter the peripheral nervous system and travel by retrograde transport to the central nervous system (CNS).  
The time taken for virus to travel from peripheral tissue through to the brain is variable.  Once virus has reached the brain it later 
disseminates to other organs.  However, the mechanisms by which these processes occur are still unclear.  Studies are underway in our 
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laboratory to investigate whether virus replication occurs at a peripheral bite site.  This process may be essential in order to achieve sufficient 
viral load for subsequent viral entry into the CNS.  In order to help elucidate virus trafficking, rabies virus specific non-radioactive in situ 
tools have been developed for host neuronal and non-neuronal tissues.  This study demonstrates the successful employment of digoxigenin 
labelled riboprobes for in-situ hybridisation (ISH) based on the nucleoprotein of the classical rabies and the European bat lyssaviruses. 
 
16:15  
The importance of the matrix (M) Protein in morbillivirus morphogenesis 
Mana Mohapatra, Satya Parida, Michael Baron and Tom Barrett.   
Institute for Animal Health, Pirbright Laboratory, Pirbright, Surrey GU24 ONF. 
The matrix (M) protein in negative strand RNA viruses is believed to play a very significant role in virus morphogenesis. It forms an inner 
coat to the viral envelope and is thought to serve as a bridge between the surface glycoproteins (F and H) and the ribonucleoprotein core.  
The M protein in the morbilliviruses has two highly conserved domains that are separated by variable hinge region. The two conserved 
domains are thought to bring about the interaction between the glycoproteins on the cell surface and the nucleocapsid structures in the 
cytoplasm, but it is not clear which domain binds to which.  Replacing the Rinderpest virus (RPV) M protein with that of the related Peste 
des petits ruminants virus (PPRV) did not have any adverse effect on virus viability, growth or phenotypic character in tissue culture, 
however, when an HA tag was introduced at the hinge region of the protein it drastically altered the phenotype and the resulting virus 
produced very large syncytia, unlike either of the parent viruses, but it did not alter the growth rate of the chimeric virus in tissue culture.  
Triple gene swaps, where the M, F and H of RPV were replaced with those from PPRV, could only be made when the M protein was not 
altered by the addition of the HA tag sequence, indicating that the sequence of the hinge region is not absolutely unimportant for the 
morbilliviruses.  In order to study which M protein domain interacts with surface glycoproteins and which with the nucleoprotein, chimeric 
RPV-PPR virus genomes are being made where the domains of the M protein of RPV are swapped for the corresponding domains of PPRV.  
Studying the growth characteristics of the viruses rescued from these cDNA constructs and the specific protein-protein interactions in 
infected cells may enable us to identify which domains of the M protein are involved in the different interactions.  
 
16:30 
Viral proteins involved in influenza virus-induced apoptosis. 
Susan J. Morris1, Harry Smith2 and Clive Sweet1 

1,2 School of Biosciences1 and The Medical School2, The University of Birmingham, Edgbaston, Birmingham B15 2TT, U. K. 
Previously, we have shown that apoptosis induced by influenza A virus was inhibited by an anti-neuraminidase compound [4-guanidino-2, 
3-dehydro-N-acetylneuraminic acid (GG167; Relenza; Zanamivir)], which does not enter cells, and acts at the attachment/entry phase of 
virus replication. A novel approach was used to confirm more directly that NA induces apoptosis, the NA of a strain of influenza A virus 
(clone 7a), which induces high levels of apoptosis, was expressed fused to the Herpes simplex virus tegument coat protein VP22, transfected 
into HeLa cells and the level of apoptosis determined.   

Clone 7a NA fused to VP22 induced a significant level of apoptosis confirming that NA activity is an important determinant of apoptosis 
acting during fusion protein translocation between cells. Furthermore, the induction of apoptosis was abrogated by antibody to transforming 
growth factor-�, which is activated by NA. This approach also showed that VP22/ NS1 protein of clone 7a induced apoptosis when 
expressed alone but inhibited double stranded RNA-induced apoptosis suggesting that this protein may have a dual mode of action.  
 
16:45 
Binding of influenza A H5 Haemagglutinin to the sialic acid receptor. 
Ruth Harvey, Leanne Satchell, James White and Wendy Barclay. 
School of Animal and Microbial Sciences, University of Reading. UK. 
The H5 subtype of influenza A virus is one of only two subtypes which has been found to acquire the string of multibasic amino acids 
around the HA1/HA2 junction which renders the protein susceptible to cleavage by ubiquitous proteases.  This in turn results in a virus with 
an extended tissue tropism and high virulence.  In 1997 a virus with this type of HA was isolated from chickens in Hong Kong and also from 
18 people with serious influenza illness, of whom 6 died.  Until this time, the replication of an unaltered avian virus in man had been 
presumed unlikely because the binding of the haemmaglutinin protein to the host cell receptor, sialic acid, appears to be host specific.  Thus 
viruses isolated from birds bind most strongly to the �2,3-linked SA found in abundance in the avian gut, whereas human influenza HA 
subtypes interact preferentially with the �2,6-linked SA which predominates in the human respiratory tract. 

To improve our understanding of the interaction between H5 HA and SA we have cloned and expressed the HA protein from the human 
index case in Hong Kong, A/HK/156/97 as well as from a related but nonvirulent avian H5 influenza, Duck/Singapore/97.  We have also 
generated mutants of these proteins altered in their predicted SA binding sites.  We will present data which describes the requirement for 
chaperoning of these HA proteins by the M2 protein for cell surface expression and SA binding, and will discuss molecular changes which 
might one day lead to the generation of viruses with high virulence potential adapted for replication and transmission in man.   
 
 
 


