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Alternative antimicrobial therapies
Novel targets for future development of antibacterial agents
David J. Payne
Dept of Microbiology, MMPD CEDD, GlaxoSmithKline, 1250 S. Collegeville
Road (UP1345), Collegeville, PA19426, USA
The need for new antibiotics is a broadly recognized concern of
health care professionals and not surprisingly anxiety over the issue
now regularly percolates to the popular press.
The availability of bacterial genomes revolutionized antibiotic
discovery for many companies enabling the identification of new
antibacterial targets at a speed unimaginable in the pregenomic era.
To exploit this opportunity many companies designed technology
platforms that industrialized the selection and validation of novel
antibiotic targets. This presentation will draw from our experiences of
evaluating 100s of novel targets to exemplify the broad variety of new
antibacterial strategies to come from this exercise.
However, despite this impressive technological advance no new class
of broad spectrum antibiotic has reached clinical use in the last 20
years and the prospects for new class antibiotics being launched in
the next 5–10 years are concerningly low.
This presentation will illustrate the challenges that face antibiotic
research in the post genomic world, such as success at high throughput
screening, the significant challenges of chemical optimization of
antibiotic leads and novel target surprises! Finally, approaches for
tackling these hurdles will be discussed along with prospects for
delivering the next generation of novel mechanism antibiotics.

Structural proteomics for new antimicrobials
M.B. Schmid
Affinium Pharmaceuticals, Toronto, Canada
Abstract not received

Escherichia coli and probiotics as antibacterials
Anna Snelling1 & Peter Hawkey2
1Dept of Biomedical Sciences, University of Bradford, Bradford BD7 1DP;
2The Medical School, University of Birmingham, Birmingham B15 2TT

With the incidence of antibiotic resistance continuing to escalate,
probiotics are being critically evaluated as alternatives to antibacterials
for preventing or treating disease. Such research is dominated by
Lactobacillus and Saccharomyces species, while Gram negative
bacteria have received comparatively little attention. However, the
latter have been successfully used in aquaculture to prevent
infections and selected strains of E. coli can reduce faecal shedding of
enterohemorrhagic E. coli in calves or interfere with the adherence
and invasion of intestinal pathogens. There is mounting evidence that
E. coli may be of use in preventing or ameliorating disease in humans.
The incidence of nosocomial infections in neonates can be reduced by
oral administration of a probiotic strain shortly after birth, and in one
study this protection against infection was still evident at age 10 years.
Treatment strategies for inflammatory bowel diseases can involve long
courses of antibiotics, and this is another area where probiotic E. coli
may be an effective alternative.
The exogenous application of lactobacilli in cases of vaginal or
urinary tract infection is an ancient approach, now gaining scientific
acceptance through controlled trials. An estimated 1 billion women
suffer from such infections per year, and are often at increased risk

of sexually transmitted diseases, preterm labour and treatment
complications due to antibiotic resistance. Thus, if probiotic treatments
become more widely accepted, they could have a significant impact
on amounts of antibiotics prescribed worldwide. Studies evaluating
probiotics for the treatment of traveller’s diarrhoea, Clostridium difficile
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infection and prophylaxis against bacterial translocation following
surgery or trauma are also yielding promising results. Antibiotics
compromise colonization resistance afforded by our normal gut flora,
so the implantation of non-pathogenic strains is a way of protecting
vulnerable patients from additional infections.
It is clear no single probiotic strain will be beneficial in all these
situations. More studies looking at combinations of strains / species
are needed, including mixing Gram positive candidates with Gram
negative, as happens naturally.

Phage therapy of local or systemic disease
Paul A. Gulig, Julio L. Martin, Karen E. Cerveny & Donna H. Duckworth
Dept of Molecular Genetics & Microbiology, Box 100266, University of
Florida College of Medicine, Gainesville, FL 32610-0266, USA
When bacteriophages were discovered in the early 20th Century, they
were employed as antibacterial treatments in medicine. However, the
poor understanding of their biology and the development of antibiotics
ended the medical use of phages except in Eastern Europe, where
phage therapy is still practiced today. Because of emerging antibiotic
resistance, phages have again been studied for treating bacterial
diseases in animal models. We recently showed that Vibrio vulnificusspecific phages could protect mice against lethal infection, suggesting
possible therapeutic use for phages in treating V. vulnificus sepsis or
wound infection. We are examining the usefulness of phages in
treating oysters to clear them of V. vulnificus contamination and
prevent human disease. We first developed an experimental infection
procedure for oysters. When oysters were infected with V. vulnificus
and treated with phages, vibrio contamination was reduced by 95 %.
Similar levels of clearance were obtained when treating naturally
contaminated oysters with a pool of phages that collectively lysed 88
% of V. vulnificus strains in our collection. We are currently examining
ways to improve the efficiency of this phage treatment. These results
and those of others to be discussed demonstrate the potential
usefulness of bacteriophages in preventing or treating human disease.

Inhibitors of microbial adhesion as antibacterial agents
Itzhak Ofek
Dept of Human Microbiology, Sackler Faculty of Medicine, Tel Aviv
University, Israel
The majority of infectious diseases are initiated by adhesion to
tissues of the host of pathogenic organisms, which frequently express
a multiplicity of adhesins with distinct specificities. Soluble agents that
block adhesion in vitro were found to protect against experimental
infections in vivo. Significantly, this has been shown for soluble
carbohydrates as many pathogens express lectins which act as
adhesins. In two clinical trials, however, administration of soluble
sialyl-containing saccharides did not prevent colonization and disease
by the peptic ulcer pathogens Helicobacter pylori and the otitis
pathogens Streptococcus pneumoniae and Hemophilus influenzae.
These failures could be because the bacteria expressed multiple
adhesins. Attachment of different oligosaccharides to soluble
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polymeric carriers or their derivatization in the form of dendrimers
will greatly enhance their antiadhesive activity as well as diversify
their ability to inhibit multiple adhesins. Materials in foodstuffs with
broad spectrum of anti-adhesion activity are an attractive alternative.
This has been shown for a high molecular weight, tannin-like, material
in cranberry juice, which blocks adhesion of diverse bacterial species
and prevents urinary tract infections and reduced salivary mutans
streptococci in humans. Because antiadhesion therapy does not select
for resistant strains, it may form the basis for developing new
antimicrobial drugs.

New antimalarial drugs: some unconventional approaches
Angus Bell
Dept of Microbiology, Moyne Institute, Trinity College, Dublin 2, Ireland
Antimalarial chemotherapy is a particularly difficult problem for a
number of scientific and non-scientific reasons. The protozoal parasites
that cause malaria, Plasmodium species, are difficult to target
successfully because of their eukaryotic-type cellular organization,
highly complex biology and tendency to develop drug resistance. The
non-scientific reasons why new antimalarial drugs have been slow in
coming relate chiefly to the perceived lack of financial reward for
tackling this mainly third-world disease. It has therefore fallen to
publicly-funded researchers to devise ingenious new ways of
combatting this devastating pathogen at a bargain-basement cost.
One way to do this is to ‘piggy-back’ on other, better-funded research
programmes and to identify lead compounds with extensive records
of evaluation of safety and in vivo pharmacology from some other
application. Current work on antimalarial drug development will be
summarized and two unconventional approaches under investigation
in Dublin – using immunosuppressive drugs and tubulin-binding
herbicides as leads – will be discussed in detail.

Peptide inhibitors of oral bacterial adhesion
Charles Kelly, Justine Younson, Ban Hikmat, Julian K-C Ma &
Thomas Lehner
King’s College, London
Microbial adhesion to host surfaces is a crucial early step in infection.
Initial attachment of Streptococcus mutans (the main aetiological agent
of dental caries) to the tooth surface is mediated by a cell surface
adhesin termed streptococcal antigen I/II (SA I/II). SA I/II binds to
salivary glycoproteins that are adsorbed to the tooth surface. By using
peptide mapping together with site-directed mutagenesis and surface
plasmon resonance analyses, we have identified a sequence of 20
amino acid residues within SA I/II that contributes to receptor binding.
A synthetic peptide (p1025) corresponding to this sequence was tested
in a human model of S. mutans infection. Direct application to teeth of
p1025, over a period of 3 weeks, conferred protection against infection
for at least 4 months. Since p1025 was only detectable in the mouth
for 4–6 hours after application, the extended protection is not due to
persistence of the peptide. We suggest that p1025 initially prevents
attachment of S. mutans and that colonization is subsequently
prevented by other plaque bacteria occupying the ecological niche.
The approach of competitively and specifically blocking adhesion of
pathogenic micro-organisms to mucosal surfaces may be applicable
to other infections.

Antibody inhibitors for staphylococci
Joseph M. Patti, PhD
Inhibitex Inc., 1165 Sanctuary Parkway, Suite 400, Alpharetta, GA 30004,
USA
Microbial adhesion is the first crucial step in a series of events that
leads to infection in humans. Staphylococci express MSCRAMM®
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proteins, a family of cell surface adhesins that facilitate adherence and
colonization by attaching to extracellular matrix components of host
tissues or serum-conditioned implanted biomaterials. Using genomic
and proteomic tools, we have identified a number of human antibodies
that target these MSCRAMM® proteins. The MSCRAMM® protein
antibodies inhibit staphylococci from attaching or recolonizing host
tissues or implanted medical devices, as well as promote clearance by
the immune system. We currently have three programs focused on
developing human antibodies for the prevention and treatment of
staphylococcal infections. Veronate®, a human polyclonal
immunoglobulin containing elevated levels of antibodies to both
S. aureus and S. epidermidis MSCRAMM® proteins, is being developed
for the prevention of infections in very low birth weight infants.
Veronate® is currently in a single, pivotal Phase III clinical trial.
Aurexis®, a humanized monoclonal antibody that specifically
recognizes clumping factor A (ClfA), is currently in a Phase II trial.
Finally, we are developing a nosocomial vaccine that will prevent both
S. aureus and coagulase-negative staphylococci infections. Data
supporting all three approaches will be the topic of discussion.

Auto transporters as delivery vehicles
M. Alexander Schmidt, Damini Tapadar, Christian Buddenborg, Inga
Benz & Daniel Müller
Institut für Infektiologie, Zentrum für Molekularbiologie der Entzündung
(ZMBE), Universitätsklinikum Münster; Von-Esmarch-Str. 56, D-48149
Münster, Germany
The extensive surface area of the mucosa is the primary target site
for microbial pathogens and also represents the first barrier of the
host. Enhancing the immune defenses at the mucosa would therefore
greatly facilitate protection. However, most present day vaccines are
still applied systemically and therefore usually do not confer mucosal
protection. For the induction of mucosal immune responses live oral
vaccines would have considerable advantages.
Autotransporter proteins have emerged as simple but efficient
modules for the translocation of passenger proteins across Gramnegative cell walls. The AIDA (adhesin involved in diffuse adherence)
autotransporter has been identified and characterized in our
laboratory. For the development of live oral vaccines we have
engineered the AIDA autotransporter system (‘AID-A-System’) for the
surface presentation of heterologous polypeptides on commensals
and/or attenuated organisms as live carriers. Model antigens tested
include the p60 antigen of Listeria monocytogenes, the OspA/OspG
antigens of Borrelia burgdorferi, various Shiga-like toxin B subunits of
enterohemorrhagic Escherichia coli (EHEC) and the N protein of
measles virus. Recombinant probiotic E. coli strain Nissle 1917 strains
have been employed in immunization experiments in Balb/c mice.
Evaluation of the humoral mucosal and systemic immune responses
showed that by oral immunization specific antibody responses against
the surface expressed recombinant proteins are induced.

Synthetic TLR4 agonists as adjuvants and immunomodulators
D.H. Persing
Corixa Corporation, Seattle, USA
The challenges of developing vaccines for emerging diseases are
numerous, but recent technical advances in the understanding of
Toll-like receptors (TLRs) as adjuvant receptors, their engagement
for mucosal immunization and immune modulation, and their
incorporation into biodegradable polymeric matrices provides
considerable support for the view that major advances are on the
horizon. Recently, it has been discovered that standalone activation of
TLRs can lead to dramatic changes in susceptibility to atopic
inflammation and to heightened resistance to infectious challenge.
This presentation will provide 3 scientific vignettes discussing

Killing pathogenic bacteria like never before
Vincent A. Fischetti
Rockefeller University, 1230 York Avenue, New York, NY 10021, USA
We have exploited the rapid, lethal and highly specific action of
bacteriophage lytic enzymes to destroy pathogenic bacteria. Our results
show that in vitro 107 bacteria can be reduced to sterility seconds
after enzyme contact. We now have enzymes that are specific for
S. pyogenes, S. pneumoniae, and B. anthracis S. aureus, E. faecalis/
E. faecium and group B streptococci. In animal models, we precolonize mice with either streptococcal or pneumococcal species (orally
or nasally) and remove them completely with a single dose of phage
enzyme delivered to these sites. In a septicemia model with
S. pneumoniae, bacteria are reduced by >2-logs from the blood of
infected animals with a single intravenous dose of enzyme. A lytic
enzyme called PlyG from the g-phage of B. anthracis was
specific for all worldwide isolates of B. anthracis. When >1 LD100 of
B. anthracis bacilli were delivered i.v. to mice only 10 % of animals,
followed for 12 days, survived. When PlyG was injected i.v. 15 min
after infection, 90 % of the mice recovered fully. Resistance to the
enzymes has not been found nor do antibodies neutralize their activity.
Thus, phage lytic enzymes are a new reagent to control resistant
pathogenic bacteria, offering a capability previously unavailable.

Vaccines that alter the gastric immune response
Peter B. Ernst, DVM, PhD

inflammatory that the niche is damaged to the point it can no longer
support the organism.

Therapeutic potential of antimicrobial (host defence) peptides
R.E.W. Hancock
Dept of Microbiology and Immunology, University of British Columbia,
Vancouver, BC V6T 1Z3, Canada
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emerging vaccine technology as applied to two emerging diseases—
influenza and tuberculosis. In Vignette #1 we will describe how
immune modulation via TLR4 can provide a period of innate
resistance to airway infectious challenge by a variety of bacterial and
viral agents. In Vignette #2, we will show that by exploiting the link
between the innate and adaptive responses, it is possible to generate
an influenza vaccine that is continuously protective within hours of
the first dose. Finally, in Vignette #3 we will describe an approach to
development of a TB vaccine that produces a full complement of
cellular and humoral responses after a single dose.

Cationic host defence (antimicrobial) peptides are produced by virtually
all organisms, ranging from plants and insects to humans, as a major
part of their innate defences against infection. Improved cationic
antimicrobial peptides were designed based on both structure-guided
and combinatorial approaches. Biochemical and animal model studies
demonstrate that these peptides have potential as topical antibiotics,
and clinical trials are underway. It was recently demonstrated that host
defence peptides also modulate innate immunity. Human gene
microarrays were utilized to demonstrate that peptides interact with
monocytic and epithelial cells to induce the expression of dozens of
genes, including those involved in boosting innate immunity and
suppressing inflammation/sepsis. Functional and animal model studies
confirmed these activities. It was demonstrated that the human peptide
LL-37 triggered MAP kinase signalling pathways. Using biotinylated
IL-37 we demonstrated that this peptide had at least two binding sites
on the surface of cells and, in the presence of foetal bovine serum,
trafficked to a perinuclear location, via an endosomal route. We were
able to develop peptides with no antibacterial activities that were
nevertheless able to protect against infection in animal models,
providing a new concept in anti-infective therapy.

Receptor depletion in antimicrobial therapy
C. Svanborg
University of Lund, Sweden
Abstract not received

Enteroaggregative Escherichia coli: novel mechanisms and
interventions

Division of Gastroenterology and Hepatology, University of Virginia,
Charlottesville, VA, USA

James P. Nataro

Helicobacter pylori is a lifelong infection affecting the majority of
humanity. Natural or controlled infection of humans or experimental
animals is rarely cleared without antibiotics suggesting that the
organism has developed mechanisms to evade the immune response.
In contrast, immunization of mice not only prevents colonization, but
also is capable of clearing an ongoing infection. Since T cells induced
by infection do not eliminate the organism but they are required for
immunity, immunization must quantitatively and/or qualitatively alter
the Th cell response. Immunity is independent of B cells but requires
T cell responses. Since the bulk of the infection resides in the lumen,
immunity must be conferred by the direct or indirect effect of immune
T cells on epithelial cells such that the favorable niche is disrupted and
the infection is cleared. Investigations have shown that Th2 cells favor
protection, possibly through the expansion of mast cells or through the
ability of Th2 cytokines to alter the epithelial cell niche. Enhancement
of Th2 cells by concomitant infection with an intestinal nematode or
the administration of IL-4 can decrease bacterial load and inhibit
gastritis. Immunity is disrupted in mice lacking IFN-γ or IL-12 –
two cytokines that select for Th1 cells. In addition, IL-10 deficient
mice develop Th1 cells and a marked gastritis that prevents
colonization. These results support the notion that persistence may
emerge by restricting the host response to a level that favors the
organism, possibly by the effect of regulatory T cells. Thus, successful
immunization must enable the host to coordinate an immune/
inflammatory response that is either very aggressive or so anti-

Enteroaggregative E. coli (EAEC) is an emerging enteric pathogen
whose pathogenetic strategy comprises colonization of the enteric
mucosa and elaboration of cytotoxins and enterotoxins. We have
characterized a large number of plasmid-borne and chromosomal
virulence factors in EAEC strains and have shown that a set of factors
under the control of the AggR protein are associated with diarrheal
pathogenicity. Epidemiologic studies have shown that most EAEC
strains are resistant to the antimicrobial agents that are typically used
to treat diarrhea in developing countries. Antibiotic resistance genes
are carried on a transmissible virulence plasmid and on chromosomal
integrons. For this reason, alternative interventions may be helpful for
management of persistent infection due to EAEC. One such intervention
may comprise the anti-aggregation factor called dispersin. Dispersin is
a 10 kDa secreted protein that adheres to the surface of EAEC strains
by electrostatic attraction. In the absence of dispersin, the chief mucosal
adhesin of EAEC, the Aggregative Adherence Fimbriae collapse onto
the surface of the bacterium, apparently by virtue of electrostatic
attraction. The dispersin protein may act as a molecular insulator to
shield the fimbriae from attraction by LPS. However, addition of
additional dispersin protein to EAEC cultures can inhibit the adherence
of the bacteria to epithelial cells. In addition, we have identified several
proteins that are secreted through the outer membrane of EAEC strains
via secretion channels, whose structures can be inferred. Blockade of
these secretion pores may provide additional antimicrobial strategies
that could be extrapolated to many other pathogens.

University of Maryland School of Medicine, Baltimore, USA
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Secreted effector molecules
Repertoire of pathogenic Escherichia coli type III secreted proteins
B. Brett Finlay
Biotechnology Laboratory, University of British Columbia, Vancouver,
V6T 1Z3, Canada
Two types of E. coli (enteropathogenic E. coli (EPEC) and
enterohemorrhagic E. coli (EHEC, or O157)) cause severe diarrhea, with
EHEC also causing hemolytic uremic syndrome in a subset of cases.
These pathogens subvert host epithelial cells by forming a cellular
protrusion (pedestal) on the cell surface. Pedestal formation is mediated
by bacterial proteins that are inserted into the host cell via a bacterial
type III secretion system. One of these injected proteins, Tir, is inserted
into the host cell membrane where it acts as the bacterial receptor on
mammalian cell surfaces for intimin and nucleates actin beneath
adherent bacteria. There are five Locus of Enterocyte Effacement (Lee)
encoded type III effectors, including Tir, Map, EspF, EspG, and EspH.
However, we have recently identified several non-LEE encoded
effectors (Nle’s) that utilize the LEE-encoded type III secretion system
that are distributed in several pathogenicity islands. NleA is a critical
virulence factor, being delivered to the host golgi. An update will be
provided on these recently identified Nle effectors, including their
distribution among various EPEC and EHEC isolates and their role in
pathogenesis.

Subversion of the host actin cytoskeleton by enteropathogenic
bacteria
V. Koronakis
University of Cambridge
Understanding the molecular basis of bacterial pathogenicity is
central to combating human and animal infections, especially with
the increasing incidence of antibiotic resistance. Bacterial pathogens
manipulate eukaryotic target cell function to promote their
internalization, intracellular motility and survival. These processes
require the action of bacterial effector proteins, which are secreted by
virulence-associated export systems and either exposed on the
pathogen surface or delivered into the host cell membrane or cytosol.
Remarkably, many effectors share no apparent sequence similarity to
cellular proteins yet mimic eukaryotic functions. Characterization of
these effectors and their targets is not only uncovering new paradigms
in microbial pathogenesis, but is also illuminating the sophisticated
host mechanisms controlling fundamental cellular processes. The
subversive arsenal of bacterial pathogens is thus augmenting the
‘toolkit’ of the cell biologist.

Nod proteins and bacterial detection
Dana Philpott

Vesicle-mediated export of toxins
B.-E. Uhlin
Umeå University, Sweden
Abstract not received

Effectors of the Coxiella and Legionella Dot/Icm section systems
Craig R. Roy, Eva Campodonico, Eric Cambronne, Anja Lührmann,
Takahiro Murata, Hiroki Nagai, Shira Ninio, Susan McGrath &
Xiaoxiao Pan
Yale University School of Medicine, Section of Microbial Pathogenesis,
Boyer Center for Molecular Medicine, 295 Congress Avenue, New Haven,
CT 06536, USA
Our work has focused on the repertoire and function of proteins
injected by related bacteria that have parasitic relationships with their
hosts. Under investigation are two intracellular pathogens that are
highly related but have very different intracellular strategies for
survival. Legionella pneumophila is a facultative intracellular
pathogen that infects protozoan host cells in nature but also infects
alveolar macrophages in the human lung, resulting in a severe
pneumonia called Legionnaires’ disease. Coxiella burnetii is an
obligate intracellular pathogen that is transmitted to humans by
infected animals, resulting in febrile illness called Q-fever.
Phylogenetic data indicate that Coxiella and Legionella have a
common ancestral origin. Both Legionella and Coxiella produce a
related type IV secretion system called Dot/Icm. Coxiella components
of Dot/Icm system can restore function to Legionella dot/icm mutants.
Proteins injected into host cells by these specialized ‘type IV’ secretion
systems have been identified. Screens used to discover these type IV
substrates and functional activities associated with some of these
injected substrates will be discussed. These studies are elucidating
microbial strategies used for the manipulation of host cellular
processes and immune mechanisms that have evolved to combat
microbial infection.
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Groupe d’Immunité Innée et Signalization, Institut Pasteur, 28 rue du
Dr Roux, Paris 75724, France
Recent studies into the innate immune recognition of pathogens
have highlighted the role of a family of membrane-bound receptors,
the Toll-like receptors (TLRs), in host defense. This family of proteins
shares homology with the Drosophila protein Toll, which mediates
innate immune defense against fungal and Gram-positive bacterial
infections. TLRs recognize so-called pathogen-associated molecular
patterns or PAMPs, which are microbial structural components such
as lipopolysaccaride. In addition to the membrane-bound TLR family
of pattern recognition receptors, we and others have recently
uncovered a cytosolic surveillance system that is likely important
during infection by invasive pathogens or pathogens that associate
intimately with the host cell. This system is mediated by a family of
cytosolic proteins, call NBS/LRR (nucleotide-binding site/leucine-rich
repeat) proteins, which are structurally similar to plant disease
resistance proteins or R proteins. The two prototypes of this family
that have been best characterized are Nod1 and Nod2. Nod1 and
Nod2 recognize distinct motifs peptidoglycan. We have shown that
Nod1 plays an important role in the sensing of Gram-negative
bacterial infections of epithelial cells. Activation of defense responses
in cells infected with Shigella flexneri or Helicobacter pylori appear
to be mediated by this intracellular pattern recognition protein.

Enteroaggregative Escherichia coli Pet toxin – structure/function
and secretion analyses of a cytoskeletal altering toxin
I.R. Henderson
Bacterial Pathogenesis and Genomics Unit, Division of Immunity and
Infection, University of Birmingham, Edgbaston, Birmingham B15 2TT
Several years ago we identified a protein termed Pet. This protein
was secreted by enteroaggregative E. coli isolated from an outbreak in
a Mexican paediatric ward in which several children succumbed to
infection. Subsequent investigation revealed that this protein was

and the bioinformatic identification of nearly 40 effectors in a
sequenced P. syringae genome. Currently P. syringae has over 60
effectors, vastly more than in any other pathogen. We then created a
microarray carrying all effectors and virulence-associated genes,
probed it with the gDNA of 60 P. syringae strains, and mapped the
distribution of these genes onto a strain phylogeny created by
multilocus sequence typing. Finally, we are carrying out growth and
virulence assays on a range of host plants to identify associations
between the ability to grow and cause disease on specific hosts, the
evolutionary history of the strains, and the suite of effectors and other
virulence-associated genes carried by the strains. Preliminary data
identifies a type III-dependent lytic transglycosylase that is
significantly associated with growth on Arabidopsis thaliana.

Nod1 and Nod2 are pattern-recognition molecules involved in
peptidoglycan detection
Stephen Girardin

Subversion of cellular actin dynamics by Burkholderia pseudomallei
Mark P. Stevens, Joanne M. Stevens, Lowrie A. Taylor, Michael W. Wood
& Edouard E. Galyov
Division of Microbiology, Institute for Animal Health, Compton
Laboratory, Berkshire RG20 7NN
Burkholderia pseudomallei is a Gram-negative facultative intracellular
pathogen that causes melioidosis, a serious invasive disease of
animals and humans. The organism can invade epithelial cells, resist
phagocyte killing, lyse endosomes, spread from cell-to-cell via actin
tails and induce cell fusion. Our laboratory has demonstrated roles for
an Inv/Mxi-Spa-like type III secretion system in B. pseudomallei
invasion, endosome escape and virulence in mice. Furthermore we
have identified a type III secreted guanine nucleotide exchange factor
that promotes bacterial invasion by stimulating Rac1 and Cdc42. Once
free in the cytoplasm of infected cells, B. pseudomallei can induce the
continuous polymerization of actin at one pole in a manner
dependent on the cellular Arp2/3 complex, but not N-WASP or
Ena/VASP proteins. We have identified a bacterial factor (BimA)
required for actin-based motility of B. pseudomallei. BimA shares
homology with the Yersinia type V secreted adhesin YadA and is
located at the bacterial pole at which actin polymerization occurs.
Mutation of bimA abolished actin-based motility of B. pseudomallei in
J774.2 cells and transient expression of BimA in HeLa cells results in
F-actin clustering reminiscent of that seen upon WASP
overexpression. Antibody-mediated clustering of a chimaeric CD32
protein in which the cytoplasmic domain was replaced with BimA
results in localization of the chimaera to the tips of F-actin enriched
membrane protrusions. Purified BimA protein is a direct binding
partner of actin in vitro and is capable of stimulating Arp2/3
dependent polymerization of pyrene-labeled actin in a cell-free
system. Our data provide novel insights into how B. pseudomallei
subverts cellular actin dynamics to enter and exit eukaryotic cells.

Evolutionary and functional genomics of Pseudomonas syringae
Type III effectors
David S. Guttman
Dept of Botany, University of Toronto, Toronto, ON M5S 3B2, Canada
Tel. +1 416 978 6865; Email david.guttman@utoronoto.ca
We are using comparative and functional genomic methods to
identify genes that determine host specificity and virulence in the
agronomically important plant pathogen Pseudomonas syringae. We
developed the first functional screen for type III secreted effector
proteins, a class of protein translocated directly from the bacterial
pathogen into the host cell via a specialized secretory apparatus. This
screen led to the discovery of a conserved type III secretion signal,

Unité de Pathogénie Microbienne Moléculaire, Institut Pasteur, 28 rue du
Dr Roux, Paris 75724, France
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encoded on the large virulence plasmid of the prototypical
enteroaggregative E. coli strain 042. Over the intervening years
continued investigations have revealed that Pet is a serine protease of
the chymotrypsin clan. Once secreted, the protein is internalized by
enterocytes, localizes to the focal adhesion complexes, and specifically
degrades the cytoskeletal protein spectrin. Degradation of the focal
adhesion complex results in eventual release of cells from the
substratum. Secretion of Pet into the extracellular milieu occurs via
the autotransporter protein secretion pathway. Recent years have seen
a renewed interest in the mechanism of autotransporter secretion yet
much of our understanding of this pathway is derived from
investigations of multiple different proteins cobbled together to form
an overall picture of the secretion pathway. As a result we have
undertaken a comprehensive investigation of autotransporter secretion
using Pet as our model protein. Detailed knowledge of the function of
Pet has provided a scaffold for investigating the structure–function
relationship of this protein and how it relates to secretion.

Toll-like receptors (TLRs) represent the most studied family of
Pattern-recognition molecules (PRMs) involved in the detection of
highly conserved microbial motifs. TLRs are membrane-anchored
molecules which are located either at the plasma membrane or found
intracellularly associated to structures such as the Golgi apparatus.
However, it is generally assumed that the detection of microbial motifs
by TLRs is achieved at the plasma membrane. A new class of
mammalian PRMs is represented by Nod proteins, among which Nod1
and Nod2 remain the most studied members. In contrast to TLRs, Nod1
and Nod2 are cytosolic molecules which achieve microbial detection
within this cellular compartment. Nod1 and Nod2 both detect
peptidoglycan, a macromolecule found in bacterial cell walls. Within
the peptidoglycan polymer, Nod1 detects (GlcNAc)-MurNAc-L-Ala-DGlu-mesoDAP, a motif found principally in Gram-negative bacteria,
while Nod2 detects (GlcNAc)-MurNAc-L-Ala-D-Glu, the minimal
peptidoglycan signature found in all bacteria.
In addition to Nod1 and Nod2, TLR2 has been shown to detect
peptidoglycan. However, we now provide evidence that TLR2 is not a
sensor of highly purified peptidoglycan, and instead efficiently detects
bacterial contaminants often co-purified with peptidoglycan, such as
lipoproteins or lipoteichoic acids. Therefore, Nods and TLRs are
complementary, rather than overlapping, families of microbial PRMs.

Cif: a new family of effector molecules that block the eukaryotic
cell cycle and reorganize the actin cytoskeleton
Guillaume Sanchez, Jean-Philippe Nougayrede, Xavier Charpentier, Olivier
Marches, Michèle Boury, Claude Watrin, Fredéric Taieb & Eric Oswald
UMR1225 INRA-ENVT, 23 chemin des Capelles BP 87614, 31076 Toulouse
Cedex 3, France
Enteropathogenic Escherichia coli (EPEC) and enterohemorrhagic
E. coli (EHEC) are closely related pathogens. Both use a type III
secretion system encoded by the Locus of Enterocyte Effacement to
subvert and attach to epithelial cells through the injection of a large
repertoire of effector proteins. We have identified a novel EPEC and
EHEC effector protein, the Cycle Inhibiting Factor (Cif) not encoded by
the LEE but by a lambdoid prophage. Cif is a modular protein
composed of an exchangeable secretion and translocation signal linked
to a functional domain present in other putative effector proteins from
Burkholderia pseudomallei and Phototorhabdus luminescens. Cif is not
required for the formation of attaching-effacing lesions in vivo.
However, upon translocation into host cells, Cif induces a progressive
cytopathic effect characterized by the recruitment of focal adhesions,
assembly of actin stress fibres and nucleus enlargement due to the
inhibition of mitosis. The host cell cycle alteration occurs
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independently of Rho activation, and is linked to the maintenance of
Cdk1 in the premitotic tyrosine-phosphorylated state. In contrast to the
Cytolethal Distending Toxin, which also blocks host cell-cycle at the
G2/M transition and induces DNA double strand breaks in target cells,
Cif blocks mitosis of mammalian cells without inducing detectable
phosphorylation of histone H2AX, a DNA damage-associated
modification. Cif is a new and original member of a growing family
of bacterial cyclomodulins that subvert the host eukaryotic cell cycle.

Unearthing the role of enteropathogenic Escherichia coli LEE and
non-LEE encoded effector molecules within host cells
Brendan Kenny
Wellcome Trust Senior Fellow in Basic Biomedical Sciences, Dept of
Pathology and Microbiology, University of Bristol, BS8 1TD
Email b.kenny@bristol.ac.uk
The human intestinal pathogen, enteropathogenic Escherichia coli
(EPEC), causes a diarrhoeal disease through a mechanism that is
dependent on the injection of ‘effector’ proteins into gut epithelial
cells. The genes for a Type Three Secretion System (TTSS), five effector
proteins (EspF-H, Tir and Map) and an outer membrane protein,
Intimin, are encoded on the LEE (Locus of Enterocyte Effacement)
‘Pathogenicity Island’. Intimin enables EPEC to anchor to host cells by
its interaction with the plasma membrane inserted Tir effector
molecule. Whilst studies have revealed an essential role for TTS in
inducing a plethora of host cellular responses, the molecules triggering
many of these remain unidentified suggesting the existence of either 1)
multifunctional and/or inter-dependent effector activities and/or 2)
additional non-LEE effector molecules. Our studies with a bank of
mutants carrying deletions of the espF-H, map, tir and eae (Intimin)
genes in various combinations support both proposals and also reveal
(i) the cryptic nature of LEE effector molecules, (ii) synergistic and
antagonistic effector activities or (iii) Intimin-mediated signalling that
is independent of Tir, (iv) extracellular control of effector function and
(v) cellular processes whose modulation is dependent on 1, 2 or 3
LEE-encoded molecules or independent of LEE effector molecules.

Helicobacter pylori effector protein secretion and
immunomodulation
B. Gebert, W. Fischer, R. Hoffmann & R. Haas
Max von Pettenkofer Institut LMU, Pettenkoferstr. 9A, D-80336 München,
Germany
H. pylori has developed a unique set of virulence factors, allowing its
survival in a rather special ecological niche, the human stomach
mucosa. The vacuolating cytotoxin (VacA) and the cytotoxin associated
antigen (CagA) are major bacterial factors involved in modulating the
host. VacA, so far mainly regarded as a cytotoxin for the gastric
epithelial cell layer, apparently has profound effects in modulating the
immune response and probably inducing a local immune suppression.
VacA is expressed as a 140 kDa precursor protein and actively secreted
by a type V autotransporter mechanism. In contact with host cells the
extracellular 95 kDa VacA forms anion-selective pores by
oligomerization of membrane-bound monomers and is internalized by
endocytosis. Vesicle trafficking results in large acidic vacuoles. VacA
efficiently blocks proliferation and activation of T lymphocytes. We
showed that VacA interferes with the T-cell receptor/interleukin-2
(IL-2) signaling pathway. Nuclear translocation of Nuclear Factor of
Activated T-cells (NFAT), a transcription factor acting as a global
regulator of immune response genes, is abrogated, resulting in downregulation of IL-2 transcription. T-cells are arrested at the G1/S cell
cycle. VacA mimics in part the activity of the immunosuppressive drug
FK506 and might induce a local immune suppression in the gastric
mucosa, which could explain the extraordinary chronicity of the
H. pylori infection.
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E-sy learning
Setting up and running undergraduate courses online virtual
courses in the big room
Alan J. Cann
Dept of Microbiology & Immunology, University of Leicester
Provision of online learning continues to grow, and seems to know
no bounds. There is a vast amount of pedagogical research describing
different approaches to learning, but this is a forbidding literature for
most microbiologists, peppered with impenetrable educational jargon.
To try to find a way though the haze, this talk will ask:

modern global climate change. Among the important goals of this
class are: (1) dissuading students that microbes are germs, and
therefore bad; (2) teaching non-science students to think critically and
objectively; (3) making the underlying principles relevant so that
students can in turn (4) find ways to communicate these principles of
science to children; (5) providing students with online resources that
are scientifically accurate and trustworthy, amid a virtual sea of
misinformation. The last is a vitally important issue in the new world
of virtual classrooms, where the web is perceived as the easiest way
to get answers to classroom questions.

• How did we get here?
• What are we trying to do?

Developing, using, and evaluating on-line materials in microbiology

and

Roy M. Ventullo1, Chris Knudson2 & Wei Yang2

• Where are we going?

1Dept of Biology; 2Information Technology Services, Wartburg College,

Don’t know the difference between a VLE and an MLE (or a TLA)?
This is the talk for you!

Making e-learning effective: lessons learned from an online
master’s course for high school teachers
Spencer A. Benson
Director Center for Teaching Excellence, University of Maryland College
Park MD, USA
The application of modern electronic communications systems for
distance education (E-Learning) holds great promise and challenges.
The Master in Life Sciences program (MLFC) at the University of
Maryland College Park is a new (3 years old) E-learning initiative
within the College of Life Sciences to meet the needs of teachers and
others for professional development with respect to science (biology
and chemistry) knowledge. The 30-credit hour on-line program enable
students to enroll, learning and complete the Masters program via the
Internet. Since its inception in 2001, more than 200 students from
around the world have enrolled in the program. The program has been
a tremendous success and is sanctioned by a number of professional
societies including the National Science Teachers Association (NSTA).
The presentation will present some the challenges in designing and
delivering a high standards course on-line, how the faculty have met
these challenges, and the how the use of a common course template
has contributed to the success of the program. The presentation will
discuss faculty workload issues, ways to ensure and enhance student
engagement and learning, and how assessment issues are handled.

Education & Training

Education & Training Group session

Waverly, Iowa 50677, USA
Online simulations have the potential to add enormous value to
the science laboratory environment. Simulations allow learners to
internalize knowledge by learning new skills in a risk-free
environment. We use a combination of laboratory exercises and virtual
microscope websites to introduce the students to microscopic
techniques and their application. The virtual scanning electron
microscope (http://www.wartburg.edu/biology/coursematerials/
semforweb/semprimer.htm) and fluorescence microscope (http://www.
wartburg.edu/ biology/fluorescentmicro/index.htm) were designed
using Adobe Photoshop for the images, Adobe Imageready for the
GIF animations and Dreamweaver for the Web pages. These online
simulations allow the students to learn the parts of the microscope
as well as their function prior to attending lab sessions.
We designed several inquiry-based exercises which cover various
aspects of microbial ecology in Biology I and Microbiology. In Biology
I, student teams propose research projects incorporating aquatic
microcosms to study attached and water column microbiota. In
Microbiology, individual students or teams propose projects to study
pure culture or mixed-community biofilms. The projects result in poster
presentations which are peer and faculty reviewed for publication in the
on-line journals, WURJ and SLIME. The effectiveness of the on-line
materials and student learning was assessed using formative and
summative tools and indicate the websites had pedagological value.

Learning at a distance session
Jonathan Ball, Alex Tarr & Steven Boneham

Integrating aquatic microbiology into online resources and courses

University of Nottingham

for K-12 teachers

This presentation will focus on our experiences of e-learning for
campus based students, and how this can be applied to the
development of distance learning courses. Over the past few years
we have been actively exploring a number of e-learning tools,
including animated tutorials, on-line assessment, and on-line student
evaluation within a virtual learning environment to support a range of
students at the University of Nottingham. We are now using this
expertise to develop a Postgraduate Certificate (by e-learning) in
Molecular Biology. This is a subject that is at the forefront of
Biosciences and Medicine. Molecular biology is well suited for
development as an on-line course as the subject matter is complex and
the associated practical work expensive. To aid easy e-learning
material authoring, as well as increase re-usability between courses, we
have developed a re-usable learning object (RLO) database system.

Paul Kemp
Stony Brook University, New York, USA
The School of Professional Development at Stony Brook University
offers a complete Masters of Education program online. SPD students,
nearly all of whom are teachers of children aged 5–18, are required to
take at least one graduate science course. The most popular course is
Introduction to Oceanography. Because microbial processes underlie
many oceanic geochemical cycles, a large part of this course deals with
communicating the importance of microbes in marine (and freshwater!)
ecosystems. Topics range from the pre-Cambrian transformation of
Earth to an oxygen-based global ecosystem, to the exotic abyssal
hydrothermal vent environments, to the critical role of microbes in
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These RLOs are being embedded within a portal environment with
other learning materials such as suggested texts / hyperlinks, animated
tutorials, on-line audio lectures, and formative and summative
assessments. The course will be launched in 2005.

Active learning strategies for the virtual classroom
S. Zablotney
SUNY Fredonia, Port Ludlow, USA
Engaging students in the learning process is critical to their
achievement in the classroom. In the virtual classroom the importance
of this is multiplied because of the perceived limited interactions that
may occur between faculty and students in this new educational
environment. I have found that the use of various educational
strategies enhancing the students’ engagement in the material. My
experiences include the use of a virtual seminar employing student
lead discussions, website discussions, and team-based case studies.
Each of these requires the student to become actively involved in
material through a question and answer process. Students are
evaluated on the quality of their questions and answers, as well as the
frequency of their participation. Students report that they rarely have
an opportunity to participate in this level of discussion in the
traditional classroom. They are able to view the topic from perspectives
they would never have considered before. The students’ reactions to
the course suggest that the virtual classroom may facilitate students’
learning by the removal barriers inhibit their participation in similar
discussion in the traditional classroom.

Visualizing the science of genomics: an international online
collaborative research project
Kathy Takayama
School of Biotechnology and Biomolecular Sciences, The University of
New South Wales, Sydney NSW 2052 Australia
In the current post-genomic era, we are faced with the challenge of
effectively teaching the functional significance of genomics to our
students. How can we engage students in a contextual learning
experience that us reflective of the practical applications of genomics?
Visualizing the Science of Genomics (VSG) was developed as a unique
investigative approach to enable students to experience the thrill of
collaborative scientific research to study genomics using authentic case
studies. The primary goal of VSG was to engage students in the
dynamic process of scientific inquiry using a multidisciplinary
approach. The challenge: to accomplish this within a fully online
environment. Research teams composed of students from different
countries and different disciplinary backgrounds collaborated on an
open-ended project to analyse, hypothesize, and formulate models
from, HIV-1 genomic sequences in a highly interactive online platform.
The teams faced the challenge of developing their own research
question(s) and appropriate methodology for investigation. VSG
emphasized the process of investigation, facilitating students’
metacognitive awareness of the scientific approach. The VSG project
provided not only an inquiry-based approach to facilitate open-ended
research, but developed a sense of ownership in students and resulted
in the creation of a global online research community through
multidisciplinary collaboration.
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Functional genes and functional genomics in the environment
Functional genomics of Photorhabdus: symbiont and pathogen

Microbial genomes in the environment

D.J. Clarke

Johannes A. van Veen, George A. Kowalchuk & Johan H.J. Leveau

Molecular Microbiology Laboratory, Dept of Biology and Biochemistry,
University of Bath, Bath BA2 7AY

Centre for Terrestrial Ecology, Netherlands Institute of Ecology
(NIOO-KNAW), P.O. Box 40, 6666 ZG Heteren, The Netherlands

Photorhabdus is a genus of entomopathogenic Gram-negative bacteria
that belong to the family Enterobactericeae. Remarkably, at the same
time as being pathogenic to insect larvae, Photorhabdus also have a
mutualistic relationship with entomophagous nematodes of the family
Heterorhabditiae. In the laboratory Photorhabdus can be maintained in
two stable, phenotypically distinct forms, termed the primary and
secondary variant. The primary variant is characterized by the presence
of phenotypes that are absent from the secondary variant, and these
phenotypes include bioluminescence and the production of
extracellular enzymes, pigments and antibiotics. Both variants grow
equally well and are equally virulent when injected into insect larvae.
However, only the primary variant can support nematode growth and
development in vivo and in vitro. Therefore, it has been suggested that

The field of environmental microbiology is changing spectacularly
now that the ‘winds of -omics’ have reached its shore. More and more
researchers are implementing tools of genomics, proteomics and
metabolomics to understand the role of micro-organisms and their
diversity in the functioning and stability of various complex
ecosystems. In the first part of this presentation, we will give a brief
overview of some of the exciting answers that such approaches have
already provided, and we will weigh these answers against the new
and daunting questions that all the metagenomic libraries, microarray
data and terabits of shotgun sequence information have left us with so
far. In the second part, we will introduce the story of Collimonas

the primary-specific phenotypes are symbiosis factors. To address this
question we have begun a comprehensive genetic study into the role of
the primary-specific phenotypes in symbiosis. Our data suggests that
the genes encoding the primary-specific factors are part of a coordinately regulated regulon that is actively repressed in the secondary
variant. This data supports the hypothesis that the primary-specific
phenotypes are required for the mutualistic interaction with the
nematode and the contribution of this work to our understanding of
the tripartite bacteria-nematode-insect interaction will be discussed.

fungivorans as a case study for a bottom-up genomic approach in
environmental microbiology. This newly discovered soil bacterium
serves as our model organism to study the phenomenon of bacterial
mycophagy, i.e. the ability of certain bacteria to consume living fungal
hyphae. Whole genome sequencing, genome-wide mutation analysis,
and functional screening of genomic libraries are integrated into a
model of how C. fungivorans and possibly other mycophagous bacteria
influence the structure, functioning, and turnover of fungal
communities in soil ecosystems.

Environmental Microbiology

Environmental Microbiology Group session

Functional analysis of the interaction of Rhodococcus equi with its
environment
Wim G. Meijer

Contribution of functional glgC and ppk genes to intestinal

Dept of Industrial Microbiology, Conway Institute of Biomolecular and
Biomedical Research University College Dublin, Dublin 4, Ireland

colonization, growth and survival of Salmonella enterica

Rhodococcus equi, an intracellular parasite of macrophages, causes
life-threatening pyogranulomatous pneumonia accompanied by gross
lesions such as macro-abscesses and cavitation. Although young foals
are the primary host for this pathogen, R. equi sporadically infects
other animals such as pig, cattle and goat. Over the last decades
R. equi infections occur with increasing frequency in humans
diagnosed with HIV and in those that have undergone organ
transplants. In humans, the disease is clinically very similar to that
seen in foals and proceeds with massive purulent cavitary pneumonia.
R. equi is closely related to mycobacterial species, such as
Mycobacterium tuberculosis, with which it shares many physiological
and pathological features. However, in contrast to M. tuberculosis,
R. equi virulence is dependent on a large virulence plasmid harbouring
a 27 kb pathogenicity island. Evidence to date shows that R. equi
establishes itself in macrophages by preventing phagosomal-lysosomal
maturation, a process which is strikingly similar to the strategy
employed by M. tuberculosis. However, the virulence mechanisms
involved remain unclear. In order for R. equi to survive in the host it
adapts its transcription profile resulting in expression of virulence and
virulence associated genes. This paper focuses on the adaptation of
R. equi to survival and growth in macrophages.

A. McMeechan1, T.A. Cogan1, P.A. Barrow2 & T.J. Humphrey1
1School of Clinical Veterinary Science, University of Bristol, Langford
House, Langford BS40 5DU; 2Institute for Animal Health, Compton
Laboratory, Compton, Nr Newbury, Berkshire RG20 7NN

This study examined the contribution of the intracellular energy stores,
glycogen (Glc) and polyphosphate (Ppk), to intestinal colonization,
growth and survival of Salmonella enterica. In Rhode Island chickens,
neither a Glc– (glgC::km) nor a Glc–Ppk– (glgC::km ppk::spc) mutant of
S. typhimurium was greatly attenuated in intestinal colonization
ability. In minimal media, growth rates and yield of S. typhimurium
mutants were significantly reduced in the order glgC, ppk and glgCppk
and the differences were less marked in rich media. Survival was
measured in either 0.85 % NaCl or in M9 base – a solution containing
all the nutrients required for growth, except carbon. In 0.85 % NaCl
the ppk mutant displayed reduced viability by day 5 and failed to
survive beyond day 7, relative to the wild type. In M9 base, the
attenuated survival of the ppk and glgCppk mutants occurred at a time
point likely to correspond with conditions of phosphate limitation. In
vitro survival of S. typhimurium was not adversely affected by a glgC
mutation. For growth and survival, a synergistic effect of the double
mutant was observed. Thus, a functional ppk gene was more important
than glycogen accumulation for growth and survival outside the host.
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Genomic analysis of two isolates of the phytopathogenic fungus
Microdochium nivale
Catherine Collins, Fergal O’Gara, Fidelma Boyd & John Morrissey
Microbiology Dept, University College Cork, Ireland
Email C.Collins@ucc.ie
Fungi cause more plant disease than any other group of microbes.
Avenacin is an antifungal molecule found in the roots of oat plants
that plays a role in protecting the plant from fungal infection.
However, some fungal plant pathogens can produce the family 3
glucosyl hydrolase enzyme avenacinase, which hydrolyses avenacin
and so enables the fungus attack the plant. Here, we outline a genomic
approach being used to identify differences between two strains of the
phytopathogenic fungus Microdochium nivale. M. nivale OOO19 is
pathogenic to oats while M. nivale OOW3 is not. Southern analysis of
digested genomic DNA has revealed the presence of the avenacinase
gene in M. nivale OOO19 but not in M. nivale OOW3. Two partial gene
sequences of family 3 β-glucosidase enzymes were amplified with
degenerate primers using M. nivale OOO19 genomic DNA. A M. nivale
OOO19 genomic library has been constructed and screened with the
two M. nivale β-glucosidase probes and a heterologous avenacinase
probe to isolate the corresponding full-length genes. Sequence analysis
indicates the β-glucosidase genes share approximately 40 % similarity
with the avenacinase sequence. Work is ongoing to identify the
avenacinase gene. Data obtained should help us understand how
phytopathogenic fungi evolve to overcome antifungal molecules in
nature and so gain access to new hosts.

Functional diversity in ammonia oxidizing bacteria
T.E. Freitag & J.I. Prosser
School of Medical Sciences, Dept of Molecular and Cell Biology,
University of Aberdeen, Foresterhill, Aberdeen AB25 2ZD
Autotrophic ammonia oxidizing bacteria play a central role in the
cycling of nitrogen in terrestrial and marine environments, where they
perform the first stage of nitrification, oxidation of ammonia to nitrite.
Traditional approaches to characterization of ammonia oxidizing
communities have been severely limited by difficulties in isolating and
identifying pure cultures from environmental samples. Molecular
techniques, in particular analysis of 16S rRNA genes amplified from
DNA and RNA extracted from environmental samples, have
demonstrated considerable diversity in natural communities, the
influence of environmental factors on the distribution of different
groups and the existence of phylogenetic groups with no cultured
representatives. These discoveries are exemplified by molecular analysis
of ammonia oxidizers in marine sediments and overlying waters in
Loch Duich, Scotland. Phylogenetic analysis of 16S rRNA gene
sequences amplified from extracted nucleic acids demonstrated
dominance of ammonia oxidizer communities by a Nitrosospira cluster
(cluster 1) in overlying water and in sediments possibly capable of
carrying out anoxic nitrification. In addition, fingerprinting analysis
(denaturing gradient gel electrophoresis) and sequence analysis
provided evidence for two different Nitrosospira cluster 1 ecotypes in
water and sediment samples. More detailed phylogenetic analysis also
suggested that Nitrosospira cluster 1 is phylogenetically distant from
the other Nitrosospira clusters and may represent an independent
Nitrosospira lineage.

Metaproteomic and metagenomic investigations of activated sludge
Philip L. Bond1,2, Paul Wilmes1 & Margaret Wexler2
1School of Environmental Sciences; 2School of Biological Sciences,

University of East Anglia, Norwich, Norfolk NR4 7TJ
In microbiology the use of ‘omic’ approaches is providing much insight
into gene expression and functional products. As most micro-organisms
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present in environmental samples cannot be obtained in pure
culture, a major challenge of the post-genomic era is to access the
function and products of the ‘unculturable’ contingent. Our approach
is to analyse activated sludge systems (a wastewater treatment process)
by metaproteomic and metagenomic investigations for the discovery
of metabolic mechanisms important to the system performance.
From a laboratory-scale activated sludge system, optimized for
enhanced biological phosphorus removal (EBPR), we are combining
metaproteome and metagenomic analyses with simultaneous
determination of biochemical transformations and microbial
community composition. An initial metagenomic library was
constructed into a broad host range cosmid vector, and contains
an estimated 90 Mb of activated sludge DNA.. The mixed community
proteome has been separated by 2D-PAGE and from initial analyses
highly expressed protein spots have been excised and identified
using Q-ToF MS with de novo peptide sequencing. The proteins isolated
included an outer membrane protein (porin), an acetyl coenzyme A
acetyltransferase and a protein component of an ABC-type branchedchain amino acid transport system. These proteins possibly stem from
the dominant and uncultured Rhodocyclus-type polyphosphate
accumulating organism (as determined by FISH) in the activated
sludge. In other work metagenomic libraries have been constructed
from various processes within a full-scale activated sludge system.
Sources of DNA include that from the primary sediment (resembling
raw sewage), from the aerobic activated sludge reactor, and from the
anaerobic sludge digester. An estimated total of 3200 Mb of DNA
has been cloned. Metagenomic libraries were transferred to the
nitrogen-fixing symbiont Rhizobium leguminosarum, and
transconjugants screened for their ability to utilize steroid compounds
as a sole carbon source. A cosmid conferring this ability has been
isolated and characterized. Sequencing of the cosmid is currently
underway to determine, for the first time, genes conferring oestrogen
degradation.

Diversity in the rumen metagenome revealed by suppressive
subtractive hybridization
Elizabeth A. Galbraith, Dionysios A. Antonopoulos & Bryan A. White
Dept of Animal Sciences, University of Illinois at Urbana-Champaign,
1207 W. Gregory Drive, Urbana, IL 61801, USA
Structure and function of rumen metagenomes from steers fed hay
and grain based diets were analysed using suppressive subtractive
hybridization (SSH). Aims of this research included validation of the
technique with complex metagenomic systems, discovery of its
limitations, and identification of differences in the structural
composition and functional diversity of rumen samples from hay and
grain fed animals. SSH was perfomed using total genomic DNA
isolated from three steers, two fed a hay diet and one fed a grain-based
diet. Analysis of 384 subtractive hybridization fragments specific to the
rumen metagenome of one hay-fed steer following hybridization with
the rumen metagenome of a second hay-fed steer exposed an
unexpectedly large difference in Archaeal community structure
between the rumen microbial populations of these two steers fed
identical diets and housed together. Comparisons of the rumen
metagenomes from animals fed different diets, showed diversity
between the rumen communities, including differences in surface or
membrane proteins, and proteins related to sporulation. Limitations of
the SSH technique were exposed, including the high frequency of
subtraction fragments with similarity to transposon or phageassociated proteins, and housekeeping genes. Our study demonstrates a
novel approach to comparative analyses of environmental microbial
communities through the use of SSH.

lessons from the Rhodopirellula baltica SH1T genome

Mecoprop degradation functional genes in Burkholderia sp.
D. Zakaria, C. Whitby, S.K. Burton & H.M. Lappin-Scott

Frank Oliver Glöckner, Marga Bauer, Hanno Teeling, Thierry Lombardot,
Chris Würdemann & Dörte Gade for the REGX-consortium

Dept of Biological Sciences, University of Exeter, Prince of Wales Road,
Hatherly Laboratories, Exeter EX4 4PS

Max Planck Institute for Marine Microbiology, Microbial Genomics
Group, Celsiusstrasse 1, 28359 Bremen, Germany
Email fog@mpi-bremen.de

Chlorophenoxy alkanoic acid herbicides are a group of structurally
related compounds and extensively used to kill broad leaved weeds
in cereal crops. Accumulation in the environment presents a serious
threat due to their carcinogenic and tetratogenic effects. Degradation
of these herbicides occurs by the natural microbial communities in
the environment. However mecoprop [2-(2-methyl-4-chlorophenoxy)
propionic acid] persists in the environment due to its resistance to
microbial degradation. tfdA, B and C are the genes encoding enzymes
to catalyse the first three steps of mecoprop degradation. These genes
are normally plasmid borne in most of the chlorophenoxyalkanoic
acid herbicides degrading bacteria. After many unsuccessful attempts,
a pure isolate was isolated from soil which has the ability to degrade
mecoprop and we identified this as Burkholderia sp. A large plasmid
approximately 200 kbp was isolated from Burkholderia sp. The cured
strain could not degrade mecoprop thus implying that the plasmid
plays an essential role in degradation. Experiments carried out on the
cured and parent strain proved that the parent is resistant to both
mercuric chloride and ampicillin and contained the functional genes
tfdA, B and C. Further investigation is required to study other
functional genes in this isolate and to characterize the isolated
plasmid.

In the year 2000 the Department of Molecular Ecology at the
Max Planck Institute for Marine Microbiology initiated a marine
environmental genomics initiative – the Real Environmental
Genomics project (REGX). This project aims at the understanding of
the adaptations of marine bacteria to changing environmental
conditions. Two sulfate reducing bacteria (SRB) (Desulfobacterium
autotrophicum, Desulfotalea psychrophila) and one planctomycete
(Rhodopirellula baltica) were selected for whole genome sequencing,
annotation and functional analysis (see www.regx.de).
Planctomycetes are shown as abundant members in marine habitats,
involved in important transformations of the global C- and N-cycles.
Typical features of this group are a peptidoglycan-less cell wall, a
polar cell organization and a life-cycle with a polar, yeast-like cell
division. With 7.145 Mb R. baltica has one of the largest circular
bacterial genomes published so far. The annotation process identified
the standard pathways for heterotrophic bacteria like glycolysis,
citrate cycle, oxidative phosphorylation and additionally the pentose
phosphate cycle. Unexpected for an aerobic heterotrophic bacterium
was the presence of all genes for heterolactic acid fermentation,
key genes for the interconversion of C1-compounds and 110
sulfatases. First results from transcriptomics and proteomics
confirmed its specialization on carbohydrate degradation. The
availability of genomic and functional genomics data for R. baltica
can now be used to predict a certain life-style for this fascinating
organism.
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Genome analysis of environmentally relevant marine bacteria –

The distribution of the gentamicin gene cluster in nature
R. Pnaiser, S.J. Bryan, A. Berry, J. Unwin, S. Standage &
E.M.H. Wellington
Dept of Biological Sciences, University of Warwick, Coventry CV4 7AL
Email rpnaiser@bio.warwick.ac.uk

Adaptive advantages from functional genes encoded in the
MGE pool
A. Mark Osborn
Dept of Biological Sciences, University of Essex, Colchester CO4 3SQ
Email osborn@essex.ac.uk
Horizontal gene transfer plays a central role in prokaryotic
evolution and adaptation. Comparative genomic analysis has shown
that significant numbers of chromosomally borne genes have been
acquired via horizontal gene transfer events. In addition, prokaryotic
organisms host an extraordinary diversity of mobile genetic elements
(MGE) including plasmids, integrative and conjugative elements (ICE),
transposons, insertion sequences (IS), and integrons and gene
cassettes. These MGE have contributed both to gene transfer between
chromosomes but importantly also facilitate rapid adaptation via the
acquisition of MGE-borne genetic determinants that allow prokaryotes
to respond rapidly to changes or challenges in their environment. In
this respect the MGE could be considered to be carrying an auxiliary
genome of functional genes that can be more readily transferred
between bacteria, than the chromosomally encoded informational and
operational genes. This presentation will review historical perspectives
of the MGE-encoded horizontally gene pool including antibiotic
resistance, host pathogenicity determinants and biodegradation
capabilities. Subsequently, functional adaptive responses that are
conferred on their hosts by MGE will be discussed in the light of
data derived from genome sequence projects, exogenous isolation
of plasmids, and more recent metagenomic analysis of the
Sargasso Sea.

It is the aim of this study to increase the current knowledge of
gentamicin producing and non-producing Micromonospora species in
nature. It is not known to what extent the GM gene cluster is retained
within Micromonospora species in nature and if it is subject to
horizontal gene transfer.
In this study selective and non-selective isolation for gentamicin
producing and non-producing Micromonospora species has yielded
a large number of isolates from Mediterranean soil communities and
native soils providing the opportunity to study these natural
populations. Resistant quotients revealed population sensitive and
resistant to gentamicin at high and low levels. Soil isolates were
identified on the basis of morphology and 16S sequence analysis.
Approximately 125 isolates including type strains were PCR screened
for grmA, grmO, gntA and gntB, key target genes known to be
involved in gentamicin biosynthesis and resistance. Previous work
revealed a methyltransferase-encoding gene (grmA) from M.
echinospora DNA, when cloned and expressed into a sensitive host
Streptomyces lividans, it conferred resistance to gentamicin. M.
echinospora chromosomal DNA was shown to not only contains
grmA but possibly a second gene, grmO (putative). Previous work
in the lab has proven, gntA and gntB, to have a key role in the
2-deoxystreptamine production, which is required as a precursor
in many aminogylcoside antibiotics.
PCR has revealed that some isolates particularly those resistant to
gentamicin have been shown to posses some but not all of these key
genes. Phylogenetic analysis will be used to observe the diversity of
these genes in thirty natural isolates. The diversity analysis should
reveal the extent of any horizontal gene transfer events.
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(Experimental) genome evolution
D. Schneider & Estelle Crozat
Université Joseph Fourier, Grenoble, France
Twelve populations of Escherichia coli were founded from a
common ancestral clone and serially propagated in a glucose-limited
environment for 20,000 generations, during which time they achieved
substantial gains in fitness. Each day, populations alternated between
active growth and nutrient exhaustion. DNA supercoiling in bacteria
is known to be influenced by nutritional state, and DNA topology
helps coordinate the overall pattern of gene expression in response to
environmental changes. We therefore examined whether the genetic
controls over supercoiling might have changed during the evolution
experiment. Parallel changes in topology occurred in most
populations, with the level of DNA supercoiling increasing, usually
in the first 2,000 generations. Two mutations in genes that control
supercoiling were discovered in a focal population. Moving the
mutations, alone and in combination, into the ancestral background
had an additive effect on supercoiling, and together they reproduced
the net change in DNA topology observed in this population. Also,
competitions demonstrated that both mutations conferred a significant
advantage in the environment in which they evolved. These findings
define a new class of fitness-enhancing mutations, and indicate that
the control of DNA supercoiling is an important target of selection in
evolving populations of bacteria.

Microbial epigenetics
Prions

The [Het-s] prion of Podospora: influence of the globular domain
of HET-s on prion propagation and higher-order aggregate

Prion–prion interactions in yeast
Susan W. Liebman, Sviatoslav Bagriantsev, Michael E. Bradley &
Joo Hong
Dept of Biological Sciences, University of Illinois at Chicago, Chicago,
IL 60607, USA
Self-propagating protein aggregates (prions) appear to be the
infectious agent for certain neurodegenerative diseases. The term
prion has been expanded to include several genetic traits in yeast that
are propagated by this unusual ‘protein only’ mechanism including
[PSI+] and [PIN+]. [PSI+] is a prion form of the translation
termination factor Sup35, and [PIN+] is a prion form of Rnq1.The
[PIN+] prion is required for the de novo appearance of [PSI+], possibly
by a heterologous cross-seeding mechanism. Different variants of
[PIN+] can be distinguished by the efficiency with which they
enhance the appearance of [PSI+] or destabilize some [PSI+] variants.
Thus a variant specific cross-talk between different prions is important
in both the de novo appearance and the inheritance of yeast prions.
We have examined size and properties of prion aggregates isolated
from different variants of [PSI+] and [PIN+]. The [PSI+] and [PIN+]
prion aggregates appear to maintain their independent characteristics
even when present together in the same cells. In addition, unlike
curing with GuHCl, the mechanism by which [PIN+] destabilizes [PSI+]
does not involve a change in the size of the [PSI+] prion subparticle.
This work was supported by NIH grant GM56350.

organization in vivo
Axelle Balguerie, Suzana Dos Reis, Marie-Lise Maddelein & Sven J. Saupe
Laboratoire de Génétique Moléculaire des Champignons, Institut de
Biochimie et de Génétique Cellulaires, UMR 5095 CNRS/Université de
Bordeaux 2, 1 rue Camille St Saëns, 33077 Bordeaux cedex, France
The [Het-s] prion of the fungus Podospora anserina propagates
as a self-perpetuating amyloid form of the HET-s protein. The
HET-s protein in its prion form triggers a cell death reaction termed
heterokaryon incompatibility when interacting with the HET-S
protein, an allelic variant of HET-s. The HET-S variant is devoid
of the prion properties. HET-s displays two distinct domains, a
N-terminal globular domain and a C-terminal unstructured prion
forming domain (spanning residue 218 to 289). A peptide
encompassing the 72 C-terminal residues of HET-s allows HET-s
propagation. Our comparative analysis of HET-s and the HET-S
variant indicate that the globular domain of the protein modulates
the prion behaviour, determines the incompatibility type and influence
higher-order aggregate organization in vivo. Current hypotheses on
how the HET-s/HET-S interaction might lead to cell dismissal will
be presented.

Pathogenesis of mammalian prions
A. Aguzzi
University Hospital Zurich, Switzerland

Yeast prion propagation

Abstract not received

Mick F. Tuite1, Frederique Ness1, Lev Z. Osherovich2, Angela Dunn1,
Melanie S. Welch1, Hsuh-Lui Ho1, Mark J. Howard1, Jonathan Weissman2
& Brian S. Cox1
1Dept of Biosciences, University of Canterbury, Kent; 2Cellular and

Molecular Pharmacology, UCSF and HHMI, 600 16th St., San Francisco,
CA 94143-2240, USA
Prions constitute a rare class of protein, that can switch to a
robust amyloid form and then propagate that form in the absence of a
nucleic acid determinant, thereby creating a unique, protein-only
epigenetic determinant. Details of the mechanism by which a prion is
propagated are beginning to emerge from a range of in vivo and in
vitro studies with yeast (Saccharomyces cerevisiae) prions. [PSI+], the
prion form of the Sup35p protein, is particularly amenable to such
studies. We have focussed on two aspects of the mechanism by which
the prion form of Sup35p is propagated: defining the Sup35p
sequence and structural requirements for prion formation and
transmission using a combination of site-directed mutagenesis and
NMR analysis; and defining the role of the molecular chaperone
Hsp104 in prion propagation. For the latter we are using an in vivo
approach to understand why overexpression of this stress-inducible
chaperone results in loss of [PSI+] from growing cells. Our recent
findings will be described and related to the molecular events
associated with the propagation of infectious mammalian prions,
particularly the generation of new prion seeds.
Acknowledgements: This work was funded by the Wellcome Trust and the
BBSRC (Kent).

Prions bare all: proteins that elicit disease and expose diversity
Heather True1 & Susan Lindquist2
1Washington University Medical School, St. Louis MO, USA;
2Whitehead Institute for Biomedical Research, Cambridge MA, USA

Eukaryotic Microbiology / The Genetics Society

Eukaryotic Microbiology Group /
The Genetics Society joint session

Phenotypic plasticity and the exposure of hidden genetic variation
each affect the survival of individuals and the evolution of new
traits, but the contributing molecular mechanisms are largely
unknown. A single factor, the yeast prion [PSI+], might exert a
profound effect on both. [PSI+] is a conserved, protein-based genetic
element (prion) formed by a self-perpetuating change in the function
of a translation termination factor. When cells are cured of [PSI+],
the spectrum of growth conditions in which they thrive changes in a
manner that varies with the genetic background. Examining three
plausible explanations for this phenotypic diversity, all traits tested
proved to involve [PSI+]-mediated read-through of nonsense codons.
Strikingly, the phenotypes analysed were genetically complex and
genetic reassortment frequently converted [PSI+]-dependent
phenotypes to stable traits that persisted in the absence of [PSI+].
As an epigenetic mechanism that globally affects the relationship
between genotype and phenotype, [PSI+] expands the conceptual
framework for phenotypic plasticity, provides a one-step mechanism
for the acquisition of complex traits, and affords a route to the
genetic assimilation of initially transient epigenetic traits.
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Control of DNA methylation by methylation of histone H3 in

has defined VRN genes required to cause down-regulation of

Neurospora

FLC and maintain the cellular memory of vernalization. Our current
understanding of how these mediate vernalization will be discussed.

Eric U. Selker, Hisashi Tamaru, Michael Freitag, Emanuela Berge &
Kristina Smith
Institute of Molecular Biology, University of Oregon, Eugene,
OR 97403-1229, USA
Methylation of cytosines can silence transposable elements and
selected cellular genes in mammals, plants and fungi. Recent findings
have revealed mechanistic connections between DNA methylation and
features of specialized condensed chromatin, ‘heterochromatin.’ In
Neurospora crassa, DNA methylation depends entirely on
trimethylation of Lys9 in histone H3 by the histone methyltransferase
DIM-5. Methylation by DIM-5 is directed by one or more factors that
recognize products of RIP (repeat-induced point mutation). In addition,
DIM-5 is sensitive to other modifications of histone H3, notably
methylation of Lys4 and phosphorylation of Ser10. DNA methylation
does not appear to be directed by RNA in Neurospora. The trimethylLys9 mark by DIM-5 is recognized by the Neurospora homologue of
heterochromatin protein one (HP1). The HP1 homologue is essential for
DNA methylation, is localized to heterochromatic foci and this
localization is dependent on the catalytic activity of DIM-5.

The aggregation of Lsm4p: prion-like characteristics and the
facilitation of the de novo formation of [PSI+]
Irina L. Derkatch, Catherine J. Potenski & Nancy K. Horstman
New York University School of Medicine, Dept of Microbiology,
550 First Ave., MSB217, New York, NY 10016, USA
Prions are meta-stable: they can be lost or cured and reappear de
novo. In yeast, Hsp104 depletion can cure all known prions. Some
prions ([URE3],[PIN+]), can re-appear in the progeny of cured cells.
Others ([PSI+]) would form only after the cell regains a heterologous
prion or in cured cells overexpressing Lsm4p or other proteins bearing
a sequence resembling prion domains in high N and/or Q contents.
Lsm4p functions in mRNA splicing and degradation. We demonstrate
the formation of fluorescent foci following the overexpression of
Lsm4::Gfp fusion, indicative of Lsm4p aggregation. Aggregation is
facilitated by [PIN+], and the kinetics of Lsm4p aggregate formation is
similar to that of [PSI+]. Hsp104 is critical for Lsm4 aggregateion, and
aggregate-carrying cells are usually found in clusters, indicative of the
aggregate transfer to daughter cells in a prion-like manner. In [pin–],
where [PSI+] formation is dependent upon the Lsm4p overproduction,
[PSI+] aggregates are detected exclusively in the cells carrying
Lsm4::Gfp foci and in the close proximity to the latter, whereas in
[PIN+] background [PSI+] aggregates appeared in the cells devoid of
Lsm4::Gfp foci. This demonstrates the role of Lsm4 aggregation for the
formation of [PSI+] and suggests the possibility of epigenetic
modulation of mRNA processing.

Epigenetic regulation in the control of flowering
Caroline Dean, Josh Mylne, Thomas Greb, Nuno Geraldo, Gyorgy Szittya,
Catherine Baxter, Fuquan Liu, Chikako Shindo, Lynne Barrett &
Clare Lister
Dept of Cell and Developmental Biology, John Innes Centre, Norwich
Many plant species will not flower until they have experienced a
long period of cold temperature, or ‘winter’. This process, known as
vernalization, ensures plants overwinter vegetatively and flower in the
favourable conditions of spring.
Vernalization epigenetically regulates RNA levels of a floral repressor,
FLC. Prolonged cold results in a reduction in FLC RNA levels, which
then remain constant at that lower level when plants are moved back
to warm temperatures or when cuttings are made from the mother
plant. Identification of vrn mutants, defective in vernalization response,
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Vernalization antagonizes the function of FRIGIDA, which up-regulates
FLC. These combined activities thus prevent flowering until winter has
passed. In contrast, vernalization works in parallel to genes such as
FCA and FY to repress FLC expression. The talk will address how these
pathways interact to regulate FLC expression at different stages in the
plant life-cycle and how their predominance has altered in natural
Arabidopsis variants adapted to very different growth conditions.

Imprinting and epigenetic reprogramming in mammalian
development
Wolf Reik1, Annabelle Lewis1, Hugh Morgan1, Adele Murrell1,
Svend Peterson-Mahrt2, Robert Feil3, Eamonn Maher4, Fatima Santos1
& Wendy Dean1
1Laboratory of Developmental Genetics and Imprinting, Babraham
Institute, Cambridge CB2 4AT; 2Cancer Research UK Clare Hall
Laboratories; 3Institute of Molecular Genetics, Montpellier, France;
4University of Birmingham

We are interested in expression, organization, and function of
imprinted genes. We find that differentially methylated regions in the
imprinted Igf2 and H19 genes interact physically. These interactions
are epigenetically regulated so that maternal and paternal chromatin is
partitioned into distinct loops. In the neighbouring IC2 (Imprinting
Centre 2) domain we find that imprinting in the placenta is maintained
despite hypomethylation in the Dnmt1-mutant; these genes are instead
marked by repressive histone modifications which depend on the
imprinting centre IC2. Different epigenetic marking systems may thus
be involved in imprinting; these may have different stability and hence
show different susceptibility to being disrupted in human Assisted
Reproduction Technologies (ART) such as IVF.
Epigenetic reprogramming of DNA methylation and chromatin marks
occurs in early embryos and in primordial germ cells, and is likely
related to pluripotency and erasure of imprints. We are investigating
the interplay of DNA methylation with chromatin dynamics, and are
interested in identifying factors that play a role in reprogramming.

Beautiful ideas and ugly facts; searching for an epigenetic code
Bryan M.Turner
Chromatin and Gene Expression Group, Institute of Biomedical Research,
University of Birmingham Medical School, Birmingham B15 2TT
Histones are the commonest proteins in the cell nucleus and associate
intimately with DNA to form the basic structural unit of chromatin,
the nucleosome core particle. Like children, nucleosomes are influential
by their very presence and cannot easily be ignored. At first it seemed
that nucleosomes were a necessary structural evil, useful for packaging
DNA (admittedly important) but not much else. The cell had
mechanisms that moved them gently to one side to allow the adults
(polymerases. ligases etc) to take care of important domestic matters
such as transcription, replication and repair. It is now becoming clear
that nucleosomes can influence nuclear function in more subtle ways
than was first imagined. They do this largely through a variety of
enzyme-catalysed, post-translational modifications, nearly all in their
N-terminal tail domains. It is now well established, as first suggested
over ten years ago, that some at least of these modifications can act
as receptors for non-histone proteins that, in turn, influence chromatin
function. In recent years, this idea has been extended by proposing
that histone modifications, singly or in combination, form an
epigenetic code specifying patterns of gene expression or other
chromatin functions. This is a beautiful hypothesis with enormous
potential explanatory power. However, to be useful, the epigenetic code
must offer consistency (if not the near universality of the genetic

Chromatin-remodelling and other epigenetic
phenomena
RNA interference, heterochromatin and centromere architecture
Robin Allshire
The Wellcome Trust Centre for Cell Biology, University of Edinburgh,
Mayfield Road, Edinburgh EH9 3JR
Email robin.allshire@ed.ac.uk
Small interfering RNA generated from a synthetic hairpin can
mediate the assembly of silent chromatin on and transcriptional
silencing of a homologous target gene in plants and fission yeast. The
RNA interference pathway also processes non-coding transcripts
derived form centromeric repeats in fission yeast to trigger the
assembly of heterochromatic domains flanking the kinetochore. It is
likely that this process is conserved since RNAi components are
required for centromeric heterochromatin integrity in Drosophila.
What is the function of centromeric heterochromatin? Previous
studies demonstrate that in fission yeast, Schizosaccharomyces pombe,
the lysine 9 histone H3 methyltransferase Clr4 (ortholog of Suv39) and
Swi6 (ortholog of HP1) are required to attract a high concentration of
cohesin and mediate tight physical cohesion between sister chromatids
specifically at centromeres. Our recent analyses suggest that
heterochromatin and cohesin are required for the formation of an
architecture that prevents merotelic orientation of kinetochores and is
thus required for normal chromosome transmission. Merotelicaly
oriented kinetochores can readily escape the metaphase spindle
checkpoint and as such is probably a major contributor to aneuploidy
in mammalian somatic cells.

Targeting the chromatin remodeling activity of Isw2 complex in vivo
M.E. Gelbart1,3, J. Delrow2 & T. Tsukiyama1
1Division of Basic Sciences, 2Genomics Resource, Fred Hutchinson
Cancer; Research Center, Seattle, WA 98109, USA; 3Molecular and Cellular
Biology Program, University of Washington, Seattle, WA 98195, USA

The Isw2 ATP-dependent chromatin remodeling complex represses
several classes of genes in Saccharomyces cerevisiae. However,
chromatin immunoprecipitation (ChIP) analyses indicated that the
complex is not preferentially enriched at sites of remodeling, and its
association with these sites does not depend on the transcription
factors required for Isw2 remodeling. These data suggest either that
Isw2 complex is not physically recruited to target sites to remodel
chromatin or that this recruitment was missed in the ChIP assay. To
distinguish between these possibilities, we used a catalytically-inactive
Isw2 mutant (Isw2c.i.) in the ChIP assay and found transcription
factor-dependent association of the mutant at two known Isw2
transcriptional targets. We next performed genome-wide location
analysis of wild-type and catalytically-inactive Isw2. Several loci that
were highly enriched by Isw2c.i. in these studies also showed dramatic
defects in chromatin structure in an isw2 deletion background. Thus,
the localization of this mutant has identified new sites of Isw2
remodeling in vivo. Furthermore, we found a positive correlation
between genes with promoter enrichment of Isw2c.i. and genes that
require Isw2 for wild-type levels of transcription. These data further
suggest that Isw2c.i. is associated with chromatin at sites of Isw2
activity. Therefore, we used the genome-wide distribution of Isw2c.i. to
look for new functions of Isw2 complex and found that Isw2c.i. is
highly enriched near Ty retrotransposons or LTRs and upstream of
tRNA genes. Since Ty elements and tRNAs are typically associated
within the yeast genome, we are currently investigating how Isw2 is
targeted to these sites and whether Isw2 regulates tRNA gene
expression and retrotransposition. Additionally, the Isw2c.i. mutant
will be a useful tool in dissecting the mechanisms of Isw2 recruitment
to target sites, and these studies are currently underway.

Schizosaccharomyces pombe HIRA-like proteins contribute to the
function of pericentric heterochromatin

RNAi-mediated epigenetic control of the genome

Kate Martin1, Amanda Greenall1, Alison Pidoux2, Robin Allshire2 &
Simon Whitehall1

Shiv Grewal

1Cell & Molecular Biosciences University of Newcastle;
2ICMB, University of Edinburgh

Laboratory of Molecular Cell Biology, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland, USA
Email grewals@mail.nih.gov

Background: HIRA-like (Hir) proteins are evolutionarily conserved
and are implicated in the assembly of repressive chromatin. In
Saccharomyces cerevisiae Hir proteins contribute to the function of
chromatin around centromeres. However, S. cerevisiae has ‘point’
centromeres that are fundamentally different to the complex
centromeres of metazoans. In contrast, Schizosaccharomyces pombe has
complex centromeres, whose domain structure is conserved with
human centromeres and are assembled into chromatin that resembles
that of pericentric heterochromatin in metazoans. Thus we have
examined the function of the S. pombe Hir proteins Slm9 and Hip1.
Results: Consistent with a role for these proteins at centromeric
heterochromatin, deletion of hip1+ or slm9+ results in increased
chromosome loss and sensitivity to spindle damage. Transcriptional
silencing and ChIP experiments indicate that neither protein is required
for the deposition of the centromere-specific histone H3 variant, Cnp1
(CENP-A). However, hir mutants exhibit severely reduced silencing in
the outer centromeric repeats and also at mating type loci indicating
that they contribute to the function of heterochromatin at these sites.
Conclusions: Hip1 and Slm9 are required for accurate chromosome
segregation because they contribute to the function of pericentric
heterochromatin. Our data suggest that Hir proteins may be required
for the function of metazoan centromeres.

In eukaryotes, the organization of chromatin into higher-order
structures governs diverse chromosomal processes. Heterochromatin
assembly at the centromeres facilitates proper segregation of
chromosomes, and the formation of specialized chromatin structures at
telomeres serves to maintain the length of telomeric repeats as well as
suppress recombination. By using fission yeast as a model system, we
previously defined precise sequence of events during heterochromatin
assembly and showed that formation of constitutive heterochromatin
involves an orchestrated event of histone modifications including
histone deacetylation, histone methylation and recruitment of
heterochromatin protein Swi6/HP1, which is conserved in higher
eukaryotes. Moreover, we demonstrated that distinct site-specific
histone H3 methylation patterns dictate the specific organization of
chromosomes into discrete structural and functional domains.

Eukaryotic Microbiology / The Genetics Society

code), heritability and predictive power. It is in these areas that ugly
facts lead us to ask whether the beauty of the hypothesis may be no
more than skin deep.

The mechanisms that define a specific chromosomal domain as
preferred site of heterochromatin assembly are not fully understood.
Our recent studies have suggested the involvement of RNA interference
(RNAi) machinery in nucleation of heterochromatin assembly. We find
that centromeric repeat sequences and RNAi cooperate to nucleate
heterochromatin, which then spreads to neighboring sequences in
Swi6/HP1-dpendent manner, leading to silencing of nearby genes.
Double stranded RNA generated from the centromeric repeats
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are processed by Dicer enzyme into ~22nt small interfering RNAs
(siRNAs). These siRNAs join the RITS complex (which contains
Argonaute protein, a heterochromatin-associated chromodomain
protein Chp1 and a novel protein Tas3) and guide the complex to
the homologous sequences, resulting in nucleation of heterochromatin
assembly. Although formation of heterochromatin requires RNAi
machinery, we find that other mechanisms are involved. We have
discovered an RNAi independent pathway involving highly conserved
proteins that cooperates with RNAi machinery to establish
heterochromatin. Our recent progress on the mechanisms of
heterochromatin assembly and its functions will be discussed.

Involvement of ROS in crippled growth, an epigenetic cell
degeneration of Podospora anserina
Fabienne Malagnac, Hervé Lalucque & Philippe Silar
Institut de Génétique et Microbiologie, Université de Paris Sud, 91405
Orsay cedex, France
Crippled Growth (CG), an epigenetic cell degeneration in the
filamentous fungus Podospora anserina, likely results from the
sustained and abnormal activation of a MAPK cascade. Although, the
physiological signal triggering the activation is known, i.e., stationary
phase, the underlying molecular machinery as well as the reason for
the sustained activation is unknown. In order to elucidate the
mechanism, we screened for numerous mutations that affect the
activation of the MAPK cascade. Some act positively while others act
negatively on the cascade. PaNox1, one of the affected genes has been
identified as encoding a NADPH oxidase, a plasma-membrane protein
involved in the generation of superoxide ions. Genetic data show that
PaNox1 acts upstream PaASK1. Most mutants affected for CG,
including those located in the MAPKKK, MAPKK and MAPK genes
display abnormal superoxide and peroxide secretion, suggesting that
ROS may participate in the control of CG.

cytoskeletal morphogenesis in the African trypanosome
Keith Gull
Sir William Dunn School of Pathology, University of Oxford
African trypanosomes generate consecutive waves of parasitaemia
by changes of the antigenic coat – the parasite’s main mechanism of
host immune evasion. This coat consists of a single variant surface
glycoprotein (VSG) type. Hence, a major question exists as to how a
trypanosome accomplishes transcription of only one of a multi-allelic
family of VSG expression sites (ES), to display on the surface a
single VSG type at any one time. We have identified a novel
RNA polymerase I-containing extra-nucleolar body, which is
transcriptionally active and present only in the bloodstream form
of the parasite. Visualization of the active ES locus by GFPtagging showed that it is specifically located at this unique pol I
transcriptional factory. The presence of this transcriptional body in
post-mitotic nuclei and its stability in the nucleus after DNA digestion
provide evidence for a coherent structure. We have proposed that the
recruitment of a single ES and the concomitant exclusion of inactive
loci from a discrete transcriptional body contribute to the mechanism
responsible for VSG mono-allelic expression.
Trypanosoma brucei is characterized by a shape and form imposed
by an internal microtubule cytoskeleton. The trypanosome exhibits a
cell polarity defined by a flagellum attached to the cell body which
transects a left-handed helix from posterior to anterior. This lefthanded helix is mirrored internally by a unique set of microtubules
and filaments constituting the flagellum attachment zone along with a
subpellicular corset of microtubules. We have shown that cell polarity
and form is defined, in part, by epigenetic phenomena such as
cytotaxis. In this case a unique flagellum connector links the tip of
the new flagellum to the lateral aspect of the old – so enabling new
cellular structure to acquire structural position and polarity from
the existing cell.

The ons and offs of the Pap epigenetic switch in Escherichia coli:
the mechanisms by which DNA adenine methylase and
Chromatin remodelling in Aspergillus
Claudio Scazzocchio
Institut de Génétique et Microbiologie, Université Paris-Sud, Orsay,
France
Aspergillus nidulans should be an ideal organism to study
epigenetic processes. It has a sexual and a parasexual cycle; cytoplasm
and nuclei from different strains can coexist in heterkaryons, from
where uninucleate conidiospores carrying autonomous colour markers
can be isolated.
In order to search for heterochromatic regions we constructed a
heterologous transposon carrying a cell-autonomous colour marker.
Surprisingly in more than 13,000 independent transposon insertion
events no silencing or variegation was detected. In parallel we
followed two other approaches. One was the deletion of components
of chromatin. The second was the study of a number of well-known
promoters, subject to specific induction processes and to carbon
and/or nitrogen metabolite repression.
The roles of the specific transcription factors AlcR (ethanol utilization),
NirA, (nitrate utilization) and PrnA (proline utilization), of the global
repressor CreA, and the GATA factor AreA will be described.
Surprisingly we found that RcoA, the homologue of the S. cerevisiæ
Tup1p is not recruited by the carbon catabolite repressor CreA, but is
necessary for the maintenance of the default structure of two different
carbon catabolite repressible promoters.
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Epigenetic phenomena involved in antigenic variation and

environmental factors regulate switching
D. Low
University of California, Santa Barbara, USA
A number of bacterial genes, including those coding for Pap
pili expressed by uropathogenic Escherichia coli, are regulated
epigenetically by DNA methylation. Pap pili gene expression is
controlled by a reversible OFF/ON phase switch that is orchestrated by
binding of Lrp to pap pilin promoter proximal sites 1,2,3 (phase OFF
state) and pap promoter distal sites 4,5,6 (phase ON state). Movement
of Lrp between proximal and distal sites controls pap pilin
transcription, and is modulated by the local regulator PapI and DNA
adenine methylase (Dam). In phase OFF cells the global regulator Lrp
is bound to pap sites proximal to the pilin promoter whereas in phase
ON cells Lrp is bound to promoter distal sites. The local regulator
PapI increases the affinity of Lrp for the sequence ‘ACGATC’, which
contains the target ‘GATC’ site for DNA adenine methylase (Dam)
and is present in both promoter proximal and distal sites. Methylation
of the promoter proximal GATCprox site by Dam is required for
transition to the phase ON state by blocking PapI-dependent
binding of Lrp to promoter proximal sites. Pap phase variation is
environmentally controlled via the CpxAR two-component regulatory
system. Activation of CpxAR inhibits Pap phase variation by
generation of phosphorylated CpxR effector protein (CpxR-P), which
competes with Lrp for binding to both promoter proximal and
distal pap DNA binding sites, shutting off pap transcription.

unknown
Richard D’Ari
Institut Jacques Monod, C.N.R.S., Universités Paris 6 & 7, 2 place Jussieu,
75251 Paris Cedex 05, France
An epigenetic system has two (or more) alternative stable steady
states in which cells of identical genotype and under identical
culture conditions exhibit two (or more) different phenotypes. One
requirement for an epigenetic situation is the presence of a positive
feedback loop in the logical circuit of the system. Several epigenetic
situations in bacteria are well understood: the ‘maintenance
concentration’ of lac operon inducer that maintains a previously
established induced or uninduced state; the CI/Cro repressors of phage
lambda, each of which represses the expression of the other; certain
pilus-coding operons, in which one or another GATC site in the DNA
(target of the DNA adenine methylase) is maintained unmethylated by
one or another set of transcriptional regulators. Other bacterial
examples are less well established: peptidoglycan synthesis in which
the length of new glycan chains is thought to be dictated by the
length of the old chains; spherical, unstabilized L-forms, lacking
peptidoglycan but able to regenerate a cell wall and revert to rods;
the growth rate in minimal succinate medium, which can vary from
60 to 120 minutes at 37 °C, depending on unknown parameters.
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Epigenetic systems in prokaryotes: from the known to the

19

Fermentation & Bioprocessing

Fermentation & Bioprocessing Group session
Gram-positive cell factories
Expression systems for industrial Gram-positive bacteria
J. Kok
Dept of Molecular Genetics, Groningen Biomolecular Sciences and
Biotechnology Institute, Kerklaan 30, 9751 NN Haren, The Netherlands
Gram-positive bacteria play important roles in our daily life, either
in a negative way as pathogens or food and feed spoilers or in a more
positive manner as ‘work horses’ for the production of e.g. many
proteins, enzymes and antibiotics, in important bioconversions and in
the (industrial) fermentation of a wide variety of food products. The
advent of genetic engineering techniques and the in-depth genetic
analysis of a number of important industrial Gram-positive bacterial
species, culminating in the elucidation of the nucleotide sequences of
the chromosomes of a number of these during the last decade, allow
wilfully altering the genetic make-up of the bacteria. First of all, the
know-how and tools are used to better understand the workings of the
organisms per se or, more specifically, in the processes in which they
are involved. Ultimately, of course, one would like to employ this
knowledge to the benefit of mankind by using it to improve the
technological performance of the bacteria. A number of the most
salient highlights in gene expression systems for Gram-positive
bacteria will be discussed. The exciting new avenues of studying gene
expression in a number of these bacteria on a genome-wide scale and
in a spatio-temporal way with DNA-microarrays and fluorescent
reporter proteins will also be detailed.

Engineering streptomycetes for antibiotic production
Kevin A. Reynolds, PhD
Virginia Commonwealth University, USA
Industrial fermentations of streptomycetes produce a large number
of commercially important polyketide antibiotics. Fermentation titers in
these strains have been increased through extensive mutagenesis and
screening approaches. When new polyketide products of commercial
interest are discovered, a similar lengthy process of strain improvement
to increase fermentation titers is required. An alternative approach is to
clone and sequence the corresponding biosynthetic genes cluster and
use this to replace the antibiotic biosynthetic genes in an existing
industrial strain. We have undertaken such an approach using an
industrial strain of Streptomyces cinnamonensi , which produces the
monensin A as its natural polyketide product. We have deleted the
monensin biosynthetic genes and used the corresponding Dmon strain
for heterologous expression of two different polyketide biosynthetic
processes with a range of different promoters. We have also examined
the pathways which provided the appropriate precursors for the
monensin biosynthetic process under industrial conditions, and shown
that they differ significantly from literature predictions. Engineering of
these pathways may permit the availability of various polyketide
precursors to be matched to the appropriate polyketide biosynthetic
process, and lead to additional titer increases. The successes, failures
and surprising findings from this work, and the strengths and
drawbacks of this approach, will be presented.

Solventogenesis and sporulation in clostridia
Peter Dürre
Microbiology and Biotechnology, University of Ulm, Germany
Clostridium acetobutylicum and C. beijerinckii are able to produce
industrially important solvents such as acetone, butanol, and
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2-propanol. The respective enzymes are induced shortly before the
transition from the exponential to the stationary growth phase. The
bacteria thus counteract the deleterious effects of butyric and acetic
acids that had been synthesized during active growth. Regulation of
solventogenesis is closely coupled to that of sporulation, a metabolic
network that guarantees long-time survival. Five operons are
meanwhile known in C. acetobutylicum that are essential for acetone
and butanol synthesis. Their regulation is complex, involving RNA
processing, co- or post-translational modification of a gene product,
DNA supercoiling, and several transcription factors (among them
Spo0A, the master regulator of sporulation). Signals for initiation of
endospore formation are not transduced via a phospho relay, as no
spo0F and spo0B genes are present in clostridia. However, regulation
of spore formation is controlled by the same cascade of sigma factors
as found in bacilli. Solventogenesis is also coupled to the stress
response and can be artificially improved by metabolic engineering.

The Bacillus cell factory: an unfolding story
C.R. Harwood
Cell and Molecular Biosciences, Newcastle University, Framlington Place,
Newcastle upon Tyne NE2 4HH
The transport of secretory proteins from their site of synthesis in
the cytoplasm to their functional location is of major biotechnological
importance. In Bacillus the majority of secreted proteins arrive at
the trans side of the cytoplasmic membrane in an essentially unfolded
form. They must then fold into their native configuration in an
environment that is dominated by a high density of immobilized
negative charge – analogous to an ion exchange resin. It is essential
to cell viability that these proteins do not block the translocation
machinery, form illegitimate interactions with the cell wall or, through
intermolecular interactions, form insoluble aggregates. Native Bacillus
proteins therefore have intrinsic folding characteristics that facilitate
their rapid folding, and this is assisted by a variety of folding factors,
including enzymes, peptides and metal ions. Despite these intrinsic and
extrinsic folding factors, secretory proteins do mis-fold, particularly if
the cell is subjected to certain types of stress. Consequently, Bacillus
species encode membrane- and cell wall-associated proteases that act
as a quality control machine, clearing mis-folded or otherwise aberrant
proteins from the translocase and the cell wall. The relevance of these
quality control mechanisms will be discussed in relation to the
exploitation of Bacillus species for the biomanufacture of heterologous
proteins.

Lactic acid bacteria as factories for the engineering of peptide
antimicrobials
Colin Hill
Alimentary Pharmabiotic Centre, University College Cork, Ireland
The very term cell factory conjures an image of a high throughput
system, with most of the metabolic flux committed to the mass
production of specific end-products. However, there are also factories
manned by craftsmen which are devoted to the production of low
volume, but high value, precision engineered end-products. In these
instances the high value of the end-products more than compensates
for the relatively low production levels. The production of highly
complex peptide antimicrobials such as lantibiotics falls into this
second category. Indeed, dramatic overproduction might in fact be

Engineering of sterol/steroid metabolism in rhodococci
Robert van der Geize & Lubbert Dijkhuizen
Dept of Microbiology, Groningen Biomolecular Sciences and
Biotechnology Institute (GBB), University of Groningen, The Netherlands
Conversion of (phyto)sterols into steroids, important precursors for
drug synthesis, based on microbial degradation of the aliphatic side
chain of the sterol molecule, is hampered by the ability of these
microbes to also open the steroid polycyclic ring structure. Over the
years different approaches have been tested to block the enzymes
involved in ring opening, 3-ketosteroid 9-α-hydroxylase (KSH) and
3-ketosteroid ∆1-dehydrogenase (KSTD). This included the use of
chelating agents to inhibit KSH activity (e.g. 2,2’-dipyridyl), gene
inactivation through classical mutagenesis (e.g. UV irradiation), or of
19-hydroxylated steroids to chemically prevent ring opening.
We have constructed molecularly defined mutant strains of
Rhodococcus species specifically and stably blocked at the level of
steroid delta1-dehydrogenation and steroid 9-α-hydroxylation.
Characterization of the steroid catabolic pathway revealed the presence
of multiple KSTD and KSH genes/isoenzymes in rhodococci. This
necessitated the development of a substantial molecular toolbox for
this actinomycete, including protocols for electrotransformation,
conjugation, targeted gene disruption and unmarked gene deletion, as
well as the development of Rhodococcus cloning and expression
vectors, for use in genomic library construction, functional
complementation and gene expression. The application of this toolbox
has allowed rational construction of Rhodococcus strains with
optimized properties for sterol/steroid bioconversions.
Reference: R. van der Geize & L. Dijkhuizen (2004). Harnessing the catabolic
diversity of rhodococci for environmental and biotechnological applications.
Curr Opin Microbiol 7, 1–7

Metabolic characterization of lactic acid bacteria and the
implications for metabolic engineering
M.J. Gasson
Institute of Food Research, Norwich
Abstract not received

Pathway analysis and metabolic engineering of Corynebacterium
glutamicum for the production of amino acids
H. Sahm, L. Eggeling, A. De Graaf & B. Eikmanns
Institute of Biotechnology, Research Centre Jülich, D-52425 Jülich,
Germany
The Gram-positive bacterium Corynebacterium glutamicum is
used for the industrial production of amino acids, e.g. of L-glutamate
and L-lysine. During the last 15 years, genetic engineering and
amplification of genes have become fascinating methods for studying
metabolic pathways in greater detail and for the construction of strains
with the desired genotypes. In order to obtain a better understanding
of the central metabolism and to quantify the in vivo fluxes in
C. glutamicum we determined the flux distribution at the branch
point between glycolysis and the pentose phosphate pathway. These
data indicate that the oxidative pentose phosphate pathway in
C. glutamicum is mainly regulated by the ration of NADPH/NADP
concentrations and the specific activity of glucose-6-phosphate
dehydrogenase. Recently we detected that a biotin-dependent
pyruvate carboxylases exists as an important anaplerotic enzyme in
this bacterium. A pyruvate carboxylase mutant showed a substantially
increased overproduction of L-lysine. Furthermore, we found that
in C. glutamicum two biosynthetic pathways exist for the synthesis
of DL-diaminopimelate and L-lysine. The relative use of both pathways
in vivo is dependent on the ammonium concentration in the culture
medium. Finally, we studied amino acid export in C. glutamicum
and identified the L-lysine exporter LysE, the L-threonine exporter
ThrE, and the two component exporter BrnFE specific for the aliphatic
hydrophobic amino acids. Based on these various results, new
strategies for the manipulation of this industrially important amino
acid producer became possible.

Fermentation & Bioprocessing

counter productive, in that it would be lethal to the production
organism. Nonetheless, the production of higher amounts of
antimicrobials, of multiple antimicrobials from a single cell, and of
specifically engineered variants remains a tempting goal. The complex
two component lantibiotic, lacticin 3147, produced by a few strains of
Lactococcus lactis, will serve as a model to discuss these possibilities.
Our successful efforts to overproduce lacticin through genetic
engineering, and less successful attempts to create more potent
molecules through protein engineering will be discussed. Some
recently developed applications for these powerful antimicrobials
will also be presented.
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An overview of probiotics
Glenn Gibson
Food Microbial Sciences Unit, School of Food Biosciences,
The University of Reading
Probiotics have a very long history of use in humans and animals,
with the first recorded intakes dating back to several hundred years
ago. However, they have never been so popular as is currently the
case. Economically, their widespread use generates significant income
annually and new product developments rapidly occur. Popular
vehicles for their administration include the traditional dairy sector, as
well as drinks, and lyophilized forms. Several selection criteria exist to
ensure product safety, but quality control can be extremely variable in
terms of microbial content. Bifidobacteria, lactobacilli, other lactic
acid bacteria and some yeasts are used as products. Each offers varying
challenges for viability and integrity, both in the product and following
ingestion. Nevertheless, the literature reports well over 50 controlled
human trials that suggest efficacy in a range of gastrointestinal and
systemic disorders e.g. gastroenteritis, inflammatory bowel diseases,
colorectal cancers, irritable bowel syndrome, allergic reactions,
cardiovascular disorder, urinogentital infections, ASD’s. Given the lack
of reliable therapies for many of these conditions the prophylactic/
therapeutic use of probiotics is likely to increase further. However, to
fully realise the potential for probiotics, it is important that mechanistic
explanations of effect are given and reliably tested. This has occurred
recently with the advent of genomic based technologies. However,
there is still some scepticism about probiotic use. Collaborative research
such as the large EU funded FP5 projects have helped to identify the
preferred avenues for probiotic use and concomitant effects. This
presentation will review the history of probiotics, their mechanisms of
effect, applications and new research developments.

Interactions between lactic acid bacteria and pathogens
Luc De Vuyst & Lefteris Makras
Research group of Industrial Microbiology, Fermentation Technology,
and Downstream Processing, Dept of Applied Biological Sciences, Vrije
Universiteit Brussel, Pleinlaan 2, B-1050 Brussels, Belgium
Since a long time lactic acid bacteria (LAB) are used in fermented
foods because they greatly influence their nutritional, organoleptic and
shelf-life characteristics. Concerning the latter they inhibit both
spoilage bacteria and food-borne pathogens. In addition, some strains
of LAB have been shown to display interesting probiotic properties.
One of these properties is the potential to inhibit pathogenic bacteria.

resulting low pH are responsible for the observed antimicrobial activity.
However, even after pH neutralization, CFCS from selected LAB have
shown anti-H. pylori activity in vitro. Moreover, this activity was
abolished after proteinase treatment but not after heat treatment. These
data indicate that antibacterial substances other than lactic acid or
acetic acid and possibly of a peptide nature are responsible for such
inhibitory activity.
Similarly, several LAB strains have been shown to in vitro inhibit
Salmonella enterica serovar Typhimurium, another Gram-negative
pathogenic bacterium, causing gastroenteritis. CFCS from selected LAB
showed clear inhibition of S. typhimurium beyond the influence of
lactic acid. The exact mechanism of this inhibitory activity is not
known yet.

The potential of seven probiotics isolated from elderly individuals
for use as antipathogenic agents
K. Manderson, K. Tuohy, R.A. Rastall & G.R. Gibson
Food Microbial Sciences Unit, School of Food Biosciences, University of
Reading
Three lactobacilli and four bifidobacteria isolated from healthy elderly
Europeans were screened for their suitability as probiotics specifically
targeting the elderly, which have an increased risk of Clostridium
difficile infection. All seven strains of bacteria were capable of
inhibiting the growth of C. difficile in a deferred cross streak inhibition
assay. The mechanism of pathogen inhibition was further investigated
using a liquid inhibition test and L. plantarum was also tested in
mixed culture, to determine inhibitory activity within a competitive
environment. The probiotics were determined to be bile resistant up
to a level of 0.4 % oxgall for 11 hours and were stable in a simulated
stomach acid environment at pH 3 for 20 minutes. However at pH2,
their survival was limited. The probiotics all showed a certain level of
antibiotic resistance, including resistance to vancomycin and
metronidazole, two of the commonly used antibiotics in the treatment
of C. difficile gastroenteritis. Further, the ability of the probiotic strains
to attach to cultured human cell lines (HT29 and CACO-2) was
investigated.

From discovery to delivery: new generation vaccines for
streptococcal pathogens based on recombinant lactic acid bacteria
Sean Hanniffy, Andy Carter, Kate Carlisle & Jerry Wells
Institute of Food Research, Norwich

LAB are known to produce bioactive molecules such as organic acids,
fatty acids, hydrogen peroxide, diacetyl, and ethanol. Many strains
also produce bacteriocins, bacteriocin-like compounds, and other lowmolecular-mass inhibitory substances (reuterin, reutericyclin…). They all
show antimicrobial activity against spoilage and pathogenic bacteria.
Some strains of Lactobacillus plantarum display antifungal activity,
due to the production of organic acids and/or cyclic dipeptides.

Many species of pathogenic streptococci are commensals which
asymptomatically colonize the mucosal surfaces of humans but can
cause invasive disease, particularly in young children, the elderly and
individuals with underlying chronic illnesses. Due to drawbacks with
existing vaccines and increasing resistance to antimicrobial drugs,
morbidity and mortality due to streptococcal infections remains a
considerable burden necessitating the development of alternative
approaches to vaccination and therapy.

Several LAB strains have been shown to in vitro inhibit Helicobacter
pylori, a Gram-negative pathogen causing gastritis, peptic and
duodenal ulcers, and relating to the development of gastric cancer.
Moreover, cell-free culture supernatant (CFCS) of such strains
decreased H. pylori viability in vitro. The exact underlying mechanism
of the anti-H. pylori activity exhibited by LAB is not clear, although a
number of reports point out that the organic acids produced and the

We have used recombinant lactic acid bacteria (LAB) technology for
both the discovery and mucosal delivery of vaccine antigens against
Streptococcus pneumoniae and Group B Streptococcus. Using a genetic
screen developed in Lactococcus lactis, we identified a large set of gene
sequences encoding exported proteins in both these pathogens, some
of which were protective in mouse models of infectious disease.
A number of these antigens have now been expressed in L. lactis

Use of the probiotic, Lactobacillus acidophilus DSM13241 in
companion animals
M.-L. Baillon, Z.V. Marshall-Jones & R.F. Butterwick
Waltham Centre for Pet Nutrition, Waltham-on-the-Wolds, Leicestershire
Lactobacillus spp. promote various health benefits in humans,
however few studies have assessed the health effects of probiotics
in companion animals. Studies were undertaken to assess whether
L. acidophilus DSM13241 would survive transit through the feline and
canine gastrointestinal tract and promote health effects. Longitudinal
studies in both animal species demonstrated that supplementation of
the diet with the strain resulted in a significant increase in faecal
lactobacilli and decrease in faecal clostridia. Molecular fingerprinting
of bacterial isolates recovered from faeces demonstrated survival of the
probiotic through the GI tract of cats and dogs. Administration of the
probiotic also resulted in a variety of systemic changes including
improved phagocytic capacity of granulocytes, a reduction in serum
endotoxin levels and changes in blood cell populations.
A study in cats with a naturally acquired, clinical Campylobacter
infection demonstrated that administration of the probiotic strain
gave a significant reduction in the shedding of Campylobacter in
faecal matter and a reduction in the rate of re-infection.
Supplementation of the canine and feline diet with L. acidophilus
DSM13241 confers various gastrointestinal and systemic health
benefits.

Molecular fingerprinting and tracking of lactic acid bacteria in
human health applications
Willem M. de Vos
Wageningen Centre for Food Sciences and Laboratory of Microbiology,
Wageningen University
Email willem.devos@wur.nl; www.wcfs.nl
The human gastro-intestinal (GI) tract represents one of the bodies’
metabolically most important organ and is colonized by a myriad of
microbes that contribute to nutrient processing, affect immune
function, and stimulate a variety of other host activities. A specific role
has been postulated for lactic acid bacteria that have an intimate
relation with our body. This notably holds for lactobacilli that inhabit
the upper GI tract and form a normal part of our diet. Cultureindependent approaches based on 16S rDNA diagnostics have shown
that the diversity of the GI tract microbiota is host-specific but varies
greatly in time and space [Zoetendal et al. (1998) AEM 64, 3854;
Favier et al. (2002) AEM 68, 219] . Using group-specific primers this
has been confirmed for lactobacilli and sequence analysis of 16S rDNA
clone libraries showed the presence of a variety of new intestinal
species while consumption of lactobacilli resulted in temporarily shifts
in the Lactobacillus population [Heilig et al. (2002) AEM 68, 114].
To analyse the functionality of these ingested lactobacilli, specific
attention has been given to L. plantarum capable of efficient GI tract
survival and transient colonization. The complete genome sequence of
L. plantarum WCFS1 has been determined and used as basis for a
variety of functional genomics studies (Kleerebezem et al. (2003) PNAS
100, 1990; De Vos et al. (2004) COB 15, 86] These include the analysis
of promoters active in the GI tract as identified by an IVET strategy in
mice, micro-array analysis of samples from the human GI tract, and

proteome analysis of specifically enriched Lactobacillus populations.
An overview of the most recent and salient results will be presented
and discussed.

Genomic studies of lactic acid bacteria
Todd R. Klaenhammer, A. Azcarate-Peril, R. Barrangou, T. Duong &
Eric Altermann
Dept of Food Science & Genomic Sciences Program, North Carolina
State University, Southeast Dairy Foods Research Center, Raleigh,
North Carolina 27695, USA
Lactic acid bacteria are widely used for the industrial production of
fermented dairy products and form a group of related low GC content
Gram-positive bacteria. The major species used in food and dairy
manufacturing are Lactobacillus, Lactococcus, Streptococcus,
Pediococcus and Leuconostoc. Traditionally most are applied as starter
cultures or used as probiotic cultures, delivered in dairy vehicles. The
recent appearance of the genomes of Lactococcus lactis, Bidifobacterium
longum, Lactobacillus johnsonii, and Lactobacillus plantarum, and
pending completion of many draft genomic sequences, is now
promoting in depth investigation into the comparative genetic content
of lactic acid bacteria. This explosion of DNA sequence information,
accompanied by the development of bioinformatic tools for nucleic acid
and protein analysis, now allows rapid characterization of the lactic
acid bacteria for their genomic content and expression profiles across
the entire genome. Comparative genomics has already revealed
important similarities and differences in strains, species, and genera and
will likely identify key genetic features responsible for the beneficial
properties ascribed to probiotic lactic acid bacteria. Practical genomics
for the lactic acid bacteria also promises to establish the genetic
landscape, correlate genotypes with desirable phenotypes, establish
genetic criteria for strain selection, improve culture stability by stress
preconditioning, provide opportunities for metabolic engineering, and
uncover a mechanistic basis for the beneficial activities of probiotics
when delivered in various foods. This presentation will examine the
genomic content of probiotic Lactobacillus cultures, compared to those
lactic acid bacterial genomes that have appeared recently. In addition,
expression profiling by whole genome microarrays will be used to
illustrate how environmental conditions encountered during
biomanufacturing, fermentation, and the gastrointestinal tract can
impact gene expression and culture functionality.

Development of bacteriocins as food preservative agents
Ingolf F. Nes
Laboratory of Microbial Gene Technology, Dept of Chemistry,
Biotechnology and Food Science, Agricultural University of Norway,
P.O. Box 5003 N-1432 Aas, Norway
Tel: +47 64949471; Fax +47 64941465; Email ingolf.nes@ikbm.nlh.no
In the last 10 years numerous bacteriocin studies including basic
studies as well as applied studies have been published. Fifthteen years
ago nisin was the only LAB bacteriocin with known amino acid
sequence. Today a large number of bacteriocins have been
biochemically and genetically characterized and even some bacterioins
have been structurally determined by NMR analysis.
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including the pneumococcal vaccine candidate antigen, PspA. When
administered intranasally, the L. lactis-PspA vaccine was protective in
a respiratory model of pneumococcal disease. The efficacy of this
vaccine was better than that obtained with purified PspA and
correlated with a more balanced Th1:Th2 immune response. These
results show for the first time the potential of L. lactis for mucosal
vaccination against streptococcal disease.

Despite the many studied bacteriocins dissapointing few have
demonstrated a commercial application potential in food. One may
ask why this is the case? An important factor for this may be that the
expectations were to high and such compounds did not appear to be
the ‘magic bullet’ that some believed. With a different attitude we
may still find important niches for using LAB and their bacteriocins
in food preservation.
LAB bacteriocins do have different range of targets; some have a
narrow range while others have a broad range of G+ targets.
Furthermore the most potent bacteriocins kills its target cells at as low
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one bacteriocin molecule per cell, while others is much less potent.
Also the range of target bacteria is unpredictable and bacteriocins
often kill only a selective number within the target species.

Lactic acid bacteria in sourdough
Rudi F. Vogel
Lehrstuhl für Technische Mikrobiologie, Technische Universität
München, Weihenstephaner Steig 16, 85350 Freising, Germany
Email rudi.vogel@wzw.tum.de
Cereal fermentations, namely sourdoughs are dominated by lactic
acid bacteria (LAB). The functional properties of these bacteria
determine their competitiveness in this system as well as the
technological properties of the dough and the sensorial quality of
the baked goods. Beyond these ‘traditional’ properties, these LAB
harbour some potential for ‘added value’ food.
Recently, the consideration of functions rather than organisms
is becoming attractive. This new perspective is possible by the
growing insight into the genomes of LAB. Genes and operons can be
investigated with respect to their impact on a process or product by
their over expression or deletion, or by deviation of pathways
by metabolic engineering.
Some of the interesting functional properties of sourdough LAB
are characterized on the genetic and biochemical level. These include
essential functions in dough and bread, namely flavour (precursors)
from proteolysis and amino acid metabolism, texture variation and
prebiosis through oligo- and exopolysaccharides, redox status and
crumb structure as well as prebiotic and antimicrobial determinants.
With these examples a strategy appears which leads from the
traditional organismic view of a food fermentation into a functionally
oriented one: Within a pool of organisms with a safe tradition,
functionally equivalent ones may be chosen independent of their
phylogeny, taxonomy or origin of isolation.

Diversity of lactic acid bacteria in whisky fermentations and their

cider fermentations
William F. Morrissey1,2 & Alan D.W. Dobson2
1National Food Biotechnology Centre, University College Cork, National
University of Ireland, Cork; 2Microbiology Dept, University College Cork,
National University of Ireland, Cork, Ireland

This study was undertaken in an attempt to gain a better
understanding of the evolution dynamics of lactic acid bacteria
(LAB) involved, in the malolactic acid fermentation (MLF) in traditional
Irish cider fermentations; using both classical and molecular based
techniques. Several industrial scale, natural cider fermentations were
monitored and indigenous LAB identified, initially by screening for
the malolactic enzyme (mle) gene.
The mle positive isolates were subsequently characterized at strain
level by RFLP analysis of genomic DNA followed by pulse field
electrophoresis. Individual strains were then identified at species level
using 16S rDNA sequence analysis. A diverse range of LAB was
observed in the first 48 hours of the fermentations, with diversity
being greatly reduced as the fermentations proceeded. Oenococcus oeni
was the dominant species detected throughout all the cider
fermentations studied, with several different O. oeni strains being
observed, which perform the MLF simultaneously with the alcoholic
fermentation, coinciding with a slight increase in pH and reduction in
total acidity. The occurrence of the MLF simultaneously with the
alcohol fermentation has not previously been reported in similar
studies performed on ciders manufactured in French and the UK and in
the wine industry in general, where it normally occurs post the alcohol
fermentation.

The enzymatic activities of wine lactic acid bacteria
Angela H. Matthews, Paul R. Grbin & Vladimir Jiranek
School of Agriculture and Wine, The University of Adelaide,
Waite Campus, PMB 1, Glen Osmond 5064, Australia

During the production of Scotch whisky the wort is not boiled as it
is in a brewery. Consequently the fermentation comprises the added
yeast and a natural flora of bacteria. This bacterial flora tends to be
stable. Over a 12-month period we almost invariably isolated the
same bacteria from fermentation samples from Glenkinchie Distillery,
notably Lactobacillus brevis, Lactobacillus ferintoshensis,
Lactobacillus fermentum and Lactobacillus paracasei, indicating that
the distillery generates and maintains its own bacterial flora.

Recent advances in biotechnology have enabled the development
of commercial enzyme products for application in wine production.
Most of these products contain enzymes that are sourced from
organisms not generally associated with the winemaking process, for
example Aspergillus species. Wine is a different and typically harsher
environment than that which is native to these organisms. As a
result, their enzymes are inefficient catalysts under the conditions
characteristic of wine, which are typified by low pH, low temperatures
and the presence of inhibiting agents such as ethanol. One way to
overcome such limitations is to source these enzymes from organisms
that are endogenous to wine. Lactic acid bacteria (LAB) are capable
of growing in both grape juice and wine and it is expected that
their enzymes will function under these conditions also.

Denaturing gradient gel electrophoresis (DGGE) revealed that the
initial bacterial community in the fermentation is more diverse than
we had suspected and included cocci and Bacillus coagulans. As the
fermentation proceeds the diversity declines and, one or two strains
dominated by the mid stage (about 45 h) often to be replaced by a
homofermentative bacterium related to Lactobacillus acidophilus in
the late stages. This bacterium has recently been assigned to a new
species, L. suntoryeus.

In this study, 50 LAB from the genera of Lactobacillus, Pediococcus and
Oenococcus were screened for several oenologically-significant
enzymes, including polysaccharide-degrading and lipolytic enzymes.
LAB from the three genera have been found to have enzymatic activity
towards a number of polysaccharide substrates, including β-glucan,
lichenan and carboxymethyl cellulose. In addition to this, lipolytic
activity was demonstrated for a number of LAB using a range of
substrates, including tributyrin and 4-nitrophenyl acetate.

contribution to spirit flavour
Fergus G. Priest
International Centre for Brewing & Distilling, Heriot-Watt University,
Edinburgh EH14 4AS

The effects of LAB growth during the fermentation on spirit flavour
include increased concentrations of esters, and of some distinctive
flavour compounds such as damascenone. LAB are also able to
decarboxylate p-coumaric acid and ferulic acid into 4-vinylphenol and
4-vinylguaiacol respectively. These various effects can be detected by
sensory analysis and are generally beneficial to spirit flavour.
Acknowledgements: I am grateful to Suntory Ltd for financial support and to
the staff of Glenkinchie Distillery for providing samples.
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Lactic acid bacteria and wine quality
Aline Lonvaud-Funel
Faculté d’œnologie, Université Victor Segalen Bordeaux 2 351,
Cours de la Libération, 33405 Talence, France
Winemaking results of the successive growth of yeast and lactic acid
bacteria (LAB) which contaminate the grape must. LAB are responsible

However besides their positive aspects, wine LAB may also induce
spoilage not only on the sensorial but also on the hygienic aspect.
Biogenic amines, mainly histamine and tyramine, are produced by
some strains capable of histidine and tyrosine decarboxylation. These
strains are characterized by the histidine and tyrosine decarboxylase
activities. The corresponding genes have been sequenced for different
species isolated from wines containing high level of amines. The
genes are very widespread over the wine LAB species, not attached
to a particular one. There is a strict correlation between biogenic
amines in wine and the bacterial strains. Since PCR detection of
these strains is relatively easy, the microbial analysis of wines is
appropriated.

Lactic acid bacteria in the dairy industry
Gerald Fitzgerald & Douwe van Sinderen
Dept of Microbiology and Alimentary Pharmabiotic Centre, University
College Cork, Ireland
The lactic acid bacteria (LAB) have been exploited by man for
thousands of years in the production of a wide range of milk derived
fermented foods. These include a variety of fresh and matured cheeses,
yoghurt type products, lactic butter and sour cream.
The LAB employed in dairy fermentations include members of
the genera Lactococcus, Lactobacillus, Leuconostoc, as well as
Streptococcus thermophilus. One of the original roles of these bacteria
was to assist in the preservation of the perishable raw material, milk.
Today, the production of fermented dairy products is largely driven
by the consumer demand for foods that have unique and desirable
organoleptic and, increasingly, health promoting qualities.
Factors important in the optimized use of LAB in dairy fermentations
relate to aspects of technological relevance, including reliable and
consistent activity, bacteriophage resistance, and flavour development.
In addition, probiotic LAB are the subject of significant interest for
their health promoting properties and much research effort is being
devoted to providing scientifically and clinically rigorous validation of
health claims attributed to these bacteria. The availability of complete
genome sequences of a significant number of LAB has provided new
genomics-based strategies for understanding and manipulating key
functional and physiological attributes of LAB.

Molecular analysis of gut lactic acid bacteria isolated from
pig faeces
Narut Thanantong1, Kevin Hillman2, Sandra Edwards1 &
Olivier Sparagano1
1School of Agriculture, Food and Rural Development, University of
Newcastle, Newcastle upon Tyne NE1 7RU; 2Microbiology, Aberdeen

Veterinary Centre, Mill of Craibstone, Aberdeen AB21 9TB
The phylotypes of lactic acid bacteria isolates cultured from faeces
of weaned piglets were studied by evaluating the 16S Ribosomal RNA
(rRNA) gene sequences. These piglets were fed with different diets and
microbial diversity was important to check in case different diets could
influence the microflora species. Genomic DNA was isolated from
bacterial colonies grown in MRS agars under anaerobic condition.

The 16S rRNA genes were amplified by PCR using the Eubacterium
primers. The obtained sequences were compared with the DNA
sequences in the gene databanks. Genotypic examination demonstrated
that the majority of the bacteria isolated 16S rRNA genes were similar
to those of Lactobacillus acidophilus. Additionally, other acquired
sequences of isolates were highly related to the DNA of Lactobacillus
reuteri, Streptococcus bovis and Sarcina ventriculi. The results not only
show the phylogeny of the cultivable gut micro-organisms of pigs but
may also provide the preliminary data to select the potential specific
oligonucleotide probes for the macro-array identification of the
pig faecal micro-organisms.

Functional enhancement of lactic acid bacteria through metabolic
engineering
Peter Rådström
Applied Microbiology, Lund Institute of Technology, Lund University,
P.O. Box 124, SE-221 00 Lund, Sweden
Lactic acid bacteria are involved in several industrial food
fermentations where they are responsible for the rapid acidification of
the raw material and contribute to flavour and texture of the final food
product. Due to their industrial importance and metabolic simplicity,
they have also been the target for numerous metabolic engineering
attempts. In particular, the catabolic engineering of the pyruvate
metabolism in Lactococcus lactis has been very successful. This paper
will review the anabolic engineering of the extracellular
polysaccharides (EPS) in lactic acid bacteria. By altering the levels of
enzymes in the central metabolic pathway and/or overexpressing the
eps gene cluster it is possible to increase the modest production of EPS
in lactic acid bacteria. Strategies that have been applied to enhance
EPS formation include single, multiple and whole pathway
engineering. Here we show that the low production level of EPS in
Streptococcus thermophilus has been improved by uncoupling EPS
biosynthesis from glycolysis and channelling the metabolic flux toward
the formation of precursor nucleotide sugars. As well, the functional
enhancement of EPS-engineered lactic acid bacteria in yoghurt
production and in particular the altered physiology of engineered
strains in milk cultivations will be discussed.

Lactate utilization by human gut anaerobes
Sylvia H. Duncan, Petra Louis & Harry J. Flint
Microbial Genetics Group, Rowett Research Institute, Bucksburn,
Aberdeen AB21 9SB
The microbial community that inhabits the human colon contains
many bacterial species; some of these have only recently been isolated
while others remain uncharacterized. The majority of these bacteria are
anaerobes that ferment dietary substrates to short chain fatty acids in
the colon forming mainly acetate, propionate and butyrate. Although
many colonic bacteria including bifidobacteria and lactobacilli species
produce lactic acid, it does not normally accumulate as a product in
the gut of healthy individuals. Lactic acid may, however, accumulate in
the colon under certain disease states such as ulcerative colitis. We
describe here the isolation of several groups of anaerobic bacteria from
human faeces that are able to convert lactate into butyrate. When
lactate utilizing strains were grown in co-culture with a starchutilizing Bifidobacterium sp., with starch as the carbohydrate energy
source, all of the lactate produced by the Bifidobacterium strain was
converted to butyrate. Such cross-feeding can help to explain the
reported butyrogenic effect of dietary resistant starch. The
establishment of lactate utilizing, butyrate producing bacteria in the
colon may be important in stabilizing metabolic activities and in
preventing excessive lactate accumulation.
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for the malolactic fermentation (MLF) which succeeds to the
alcoholic fermentation carried out by yeast. They are very diverse in
genera, species and strains. Due to their ability to metabolize numerous
wine components LAB are a significant factor of wine quality due
to their contribution to taste and flavour. MLF mainly improves the
sensorial quality by decreasing the acidity as result of the
decarboxylation of the aggressive malic acid to the softer lactic
acid.
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Lactococcus lactis: a ‘vitamin factory’ of the future?
Catherine Burgess1, Wilbert Sybesma3, Jean-Guy Leblanc4,
Jeroen Hugenholtz3 & Douwe Van Sinderen1,2
1Dept of Microbiology, Biosciences Institute, 2Alimentary Pharmabiotic
Centre, University College Cork, Ireland; 3Wageningen Centre for Food
Sciences, Wageningen, The Netherlands; 4Centro de Referencia para
Lactobacillos (CERELA), San Miguel de Tucuman, Argentina

Riboflavin (Vitamin B2) is the precursor molecule for the synthesis
of the coenzymes flavin mononucleotide (FMN) and flavin adenine
dinucleotide (FAD), both of which are essential for basic cellular
metabolism. The vitamin is synthesized by plants and many microorganisms but higher animals including humans lack this biosynthetic
pathway and must obtain the vitamin from their diet. The potential
for riboflavin deficiency is still very realistic and to meet consumer
demands several thousand tons are produced industrially each year
using both chemical and biotechnological processes for use as food
and feed fortifications. The food industry is constantly striving to
develop novel starter cultures for fermented foods with enhanced
characteristics which result in a value added product and at the same
time consumers are increasingly demanding healthier food options.
Nutraceuticals are defined as foods or food components with claimed
medical or health benefits.
Lactic acid bacteria (LAB) are industrially important microbes that are
used all over the world in a large variety of food fermentations. Of this
group of micro-organisms L. lactis is by far the most extensively
studied and many efficient genetic tools have been developed for the
organism. This study describes two different approaches used to create
riboflavin overproducing strains of L. lactis, the application of this
knowledge to other LAB and the development of a multivitamin
overproducing strain of L. lactis. This work demonstrates the potential
of L. lactis to be used as a ‘vitamin factory’ for the in situ production
of vitamins in fermented foods.

Nutritional aspects of polysaccharides and oligosaccharides from
Leuconostoc mesenteroides
G.L. Côté
US Department of Agriculture, Agricultural Research Service, National
Center for Agricultural Utilization Research, Fermentation Biotechnology
Research Unit, 1815 North University St., Peoria, Illinois, 61604, USA
Many lactic acid bacteria (LAB) secrete extracellular enzymes that
convert sucrose into polysaccharides. These enzymes, known as
glycansucrases, use the high-energy bond present in sucrose to enable
the transfer of glucose or fructose into oligomers or polymers. The best
known of these products is dextran from Leuconostoc mesenteroides
NRRL B-512F, but other glucans or fructans have been explored
recently for their applicability for certain food formulations. One of
these, alternan, is unique in its combination of high-molecular weight,
low viscosity, and resistance to enzymic digestion. Glycansucrases can
also be used to make a wide variety of oligosaccharides, many of
which show promise as prebiotics. One advantage of using
glucansucrases for the synthesis of prebiotic oligosaccharides is that
the oligomer size (DP, or degree of polymerization) can be controlled
by manipulation of reaction conditions so that oligomers ranging from
disaccharides to dodecasaccharides may be obtained. Current USDA
research on glycansucrases as applied to the food industry will be
discussed. Alternansucrase and the polysaccharide and oligosaccharide
products from it will be compared with other glucansucrases and their
products, including dextransucrase and levansucrase.

Zoonotic infections
Q fever
C. McCaughey
Belfast Regional Virus Laboratory, Royal Hospitals Trust, Kelvin Building,
Grosvenor Road, Belfast BT12 6BA
Q fever is a zoonotic disease caused by C. burnetii, a globally
distributed bacterium. Typical signs and symptoms associated with
acute infection in humans are headache, pyrexia, respiratory tract
infection including atypical pneumonia, and hepatitis. However
asymptomatic infection appears to be common in humans. Chronic
infection is well recognized, usually in the form of Q fever
endocarditis. Although cattle, sheep and goats are believed to be the
primary reservoirs of C. burnetii, infection has been noted in a wide
variety of other animals, including domesticated pets and wild rodents.
This overview will focus on the epidemiology, pathogenesis and
clinical impact of Q fever. Current work on the distribution and
determinants of seroprevalence for C. burnetii in humans, cattle and
sheep will be described. The possible role of C. burnetii in the genesis
of cardiovascular disease will be explored. The application of molecular
diagnostic approaches to human acute and chronic Q fever will be
described.

Evaluation of different diagnostic approaches for porcine
brucellosis
Sally Cutler, Simon Brew, Rachel Thirlwell, Terry Murphy,
Adrian Whatmore, Emma Young, Paul Browning, Lorraine Perrett &
Stephen Shankster
Bacterial Zoonoses, Statutory & Exotic Bacterial Diseases, Veterinary
Laboratories Agency, Weybridge, Surrey
Brucellosis is a zoonotic disease of major importance worldwide.
Many countries have worked towards eradication of disease through
detect and slaughter campaigns and use of vaccination. Those such
as the UK that have achieved officially brucellosis free status cannot
become complacent, as the threat of re-introduction is ever present
through livestock movements. This has been demonstrated by the
recent introduction into a herd in Cornwall, the source of which
remains elusive.
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In order to improve our diagnostic abilities, we have looked at
one of the problems areas where diagnostic methods fail on the
level of an individual animal. In the OIE manual it states that ‘None
of the conventional serological tests used for the diagnosis of
porcine brucellosis are reliable for diagnosis in individual pigs’.
Significant problems exist through the serological cross-reactivity
that occurs following infection with Yersinia enterocolitica 0:9.
This results from similarities in the o-polysaccharide side chain of
the lipopolysaccharide possessed by both microbes.

Vector-borne zoonoses in Europe: emergence, prevalence,
prevention and legislation
Olivier Sparagano
School of Agriculture, Food and Rural Development, University of
Newcastle, Newcastle upon Tyne NE1 7RU
The arrival of 10 new EU members this year will complicate the
problem of evaluating the zoonotic risks in some Eastern countries
where Lyme Disease and tick-borne encephalitis are endemic for
instance. The enlargement of the EU could lead to the spread of some
diseases due to animal and populations not being screened as before
when these countries were not part of the EU. The old Council
Directive 92/117/EEC being soon replaced by the Sanco/2929/99-Rev.2
is mainly dealing with food borne zoonoses as do the UK zoonoses
group reports not always taking into account the potential risks from
vector-borne diseases as both are mainly focusing on food-borne
zoonoses. EU Data are compiled in the Reports in Trends and Sources
of Zoonotic Agents through the German Federal Institute of Veterinary
Medicine and Consumer Protection showing increasing numbers of
bovine tuberculosis, salmonellosis and borreliosis in UK. Furthermore
the recent outbreaks of West Nile viruses and blue tongue viruses in
the South of Europe are also of some concern as it seems the mosquito
vectors are spreading North. We also should remember that around
half of the OIE List A diseases, the most infectious and contagious
diseases, are transmitted by vectors. Within UK, diseases are not
always notifiable in Wales, England or Scotland. Finally the ban of
some acaricide and insecticides products by the European Union in the
next few years and the current observed pesticide/acaricide resistances
will also put more pressure on some countries to try to stop the
proliferation of some vectors and perhaps find new alternative methods
of control. This paper will review the new emerging vector-borne
diseases, the potential risks in UK and Europe and how the problem is
tackled by EU directives and national legislations.

In order to address these problems of cross-reactivity, test sensitivity
and specificity, we followed the experimentally infected pigs through
their course of infection using different diagnostic approaches. A
mini-pig model was used with groups receiving either 107 or 105 of
B. suis biovar 1, or 1010 Y. enterocolitica O:9, or sham inoculated
negative controls. A non-infected sentinel animal was included in each
group of animals. Cultivation from blood during the course of
infection was successful from all animals that received 107 and
additionally, the sentinel animal, but only one from the 105 group of
Brucella infected animals. Yersinia enterocolitica was recovered by
cultivation from all animals in this group including the sentinel.
Serology using OIE recognized and approved tests (RBT and cELISA)
showed cross-reactivity with the Y. entrocolitica group (all with RBT
and two of five animals with cELISA). The improved specificity of the
cELISA must be assessed together with the slight improvement in
sensitivity of the RBT that was also able to detect one animal in the
105 group. One animal in the 107 group failed to seroconvert despite
the successful cultivation of brucellae from this animal. Use of a IFN-γ
assay showed the ability to differentiate between those animals with
brucellosis and those infected with Y. enterocolitica, however, the
animal that failed to seroconvert in the 107 group was also negative by
this assay. None of the 105 group was detected using the IFN-γ assay.
Molecular approaches using PCR revealed that this method was
unreliable when applied to whole blood, however, served better to
speed and assist detection in cultivated material and post-mortem
samples. VNTR profiles showed stability throughout the course of
infection, adding confidence in this technique as a possible method
for profiling strains in the future.
Despite improvements in specificity, diagnostic methods for
porcine brucellosis appear to still be plagued with sensitivity issues.
Consequently, tests are still only to be recommended on a herd basis
rather than tests that could reliably diagnose infection in the
individual animal.
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Bovine tuberculosis – new light from an old window

P.C.F. Oyston

1Veterinary Sciences Division, Stoney Road, Stormont, Belfast BT4 3SD;
2Agricultural and Environmental Science Division, Newforge Lane, Belfast

Dstl, Porton Down, Salisbury, Wiltshire SP4 0JQ

BT9, Department of Agriculture and Rural Development for Northern
Ireland
Tuberculosis, caused by Mycobacterium bovis, is still recognized as
a significant animal health problem in several countries as well as a
recognized zoonosis, constituting a public health risk in a number of
developing countries. The wide host range of the aetiological agent
includes most farmed animal species and several significant wildlife
species, as well as humans. National bovine tuberculosis programmes
in developed countries, based on regular tuberculin testing and
removal of infected animals, has led to the eradication, or significant
reduction in the incidence, of bovine tuberculosis in cattle herds.
However, despite considerable effort and expense, these control
measures have been only partially effective, for example in the UK,
Ireland and New Zealand, which have a recognized wildlife reservoir of
infected animals. Such national programmes are not economically
viable in most developing countries, where M. bovis infection
contributes to tuberculosis in humans, to a largely unknown and
uncontrolled extent.
Recent advances in our understanding of the immunology and
molecular biology of mycobacteria, including genome sequencing
and post-genomic analysis should allow the development of alternative
strategies for disease control and eradication, based on a better
understanding of pathogenesis, epidemiology, diagnosis and
vaccination. This paper will highlight some significant recent
developments in tuberculosis research.

Pathogenesis of Bartonella henselae infection: subversion of
endothelial cell function by translocated virulence proteins
Ralf Schulein, Michael Schmid, Patrick Guye, Thomas Rhomberg, Michaela
Dehio & Christoph Dehio
Division of Molecular Microbiology, Biozentrum of the University of
Basel, Basel, Switzerland
Bartonella henselae is an arthropod-borne zoonotic pathogen
which causes a broad range of clinical manifestations in humans.
Remarkably, B. henselae can specifically colonize the human vascular
endothelium, resulting in inflammation and the formation of
vasoproliferative lesions known as bacillary angiomatosis and bacillary
peliosis. Cultured human endothelial cells provide an in vitro system
to study this intimate interaction of B. henselae with the vascular
endothelium. However, little is known about the bacterial virulence
factors required for this pathogenic process. Recently, we identified
the bacterial type IV secretion system (T4SS) VirB/D4 as an essential
pathogenicity factor in Bartonella. T4SS are multicomponent
transporters that allow bacteria to transfer protein or DNA substrates
to a wide array of target cell types. Here, we demonstrate that the
VirB/D4 T4SS of B. henselae mediates most virulence attributes
associated with the interaction of this pathogen with cultured human
endothelial cells. These include (i) massive rearrangements of the actin
cytoskeleton, resulting in the formation of bacterial aggregates and
their internalization by the so-called invasome structure, (ii) nuclear
factor kappa B-dependent proinflammatory activation, leading to
cell adhesion molecule expression and chemokine secretion, and (iii)
inhibition of apoptotic cell death, resulting in enhanced endothelial cell
survival. Moreover, we show that these diverse effects are mediated b
y the VirB/D4-dependent translocation of several bacterial effector
proteins. We conclude that the VirB/D4 T4SS and the thereby
translocated effector proteins are major virulence determinants of
B. henselae, required for targeting multiple endothelial cell functions
by this vasculotropic pathogen.
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Tularaemia

Robin A. Skuce1, John M. Pollock1 & Sydney D. Neill2

Francisella tularensis causes tularemia, and is one of the most
infectious pathogens known, with an infectious dose of less than
10 cfu in humans. Tularemia is a zoonosis, found in a wide range of
animals such as rabbits, hares, rodents, and beavers. Transmission
occurs usually through the bite of an insect, such as a tick, biting fly
or mosquito, but can also be through ingestion of infected foodstuffs
and drinking water, or through inhalation of the bacterium. In humans
the most common presentation is ulceroglandular tularemia, a disease
typified by flu-like symptoms, normally with a low mortality rate.
Other forms of tularemia, such as typhoidal, gastrointestinal and
pneumonic tularemia, are more serious diseases and may have
mortality rates up to 60 %, depending on the type of strain causing
infection. A live attenuated vaccine (strain LVS) has been used widely,
but the basis of attenuation of LVS and how it induces a protective
immune response are not known, and thus the vaccine is unlicensed.
Work is underway to develop either a sub-unit vaccine or a live
attenuated vaccine to replace the LVS strain, and which will be suitable
for licensing.

A study of cattle as a reservoir for zoonotic infection with
Campylobacter jejuni using multi-locus sequence typing
P.S.L. Kwan1, A. Birtles2, F.E. Bolton2, A.J. Fox2, N.P. French3,
S.E. Robinson3 & M. Upton1
1Dept of Medical Microbiology, University of Manchester, Clinical
Sciences Building, Manchester Royal Infirmary, Oxford Road, Manchester
M13 9WL; 2Health Protection Agency North West Laboratory, Manchester
Medical Microbiology Partnership; 3DEFRA Epidemiology Fellowship
Unit, University of Liverpool

Campylobacter jejuni is the leading cause of human bacterial
gastroenteritis worldwide and is a major zoonotic disease. Various
animals including cattle, sheep and pigs are important reservoirs. The
epidemiology of C. jejuni in animal populations or their products
which enter the food chain remains poorly understood, due partly
to problems with accurate strain characterization. Multi-locus
Sequence Typing (MLST), an accurate and phylogenetically robust
characterization method for population studies of Campylobacters,
was applied to C. jejuni strains isolated from cattle faeces in a
longitudinal study of five dairy farms. The population dynamics of
the C. jejuni strains, as identified by Clonal Complex, demonstrated
variation within and between cattle populations over time. The most
prevalent strains were from ST-61 and ST-42 clonal complexes and
both have caused human infections. This study has further confirmed
the important associations between cattle and C. jejuni clonal
complexes ST-61 and ST-42, and suggests that the likely origins of
human Campylobacter gastroenteritis due to these strains may be
associated with cattle and/or dairy products. This is the first study of
C. jejuni in dairy cattle populations using MLST for accurate strain
characterization and the identification of important host-strain
association has significant implications for disease control and
prevention.

Microarray analysis of Dam-defective mutants of Yersinia
V.L. Taylor, R.W. Titball, & P.C.F. Oyston
Dstl, Porton Down, Salisbury, Wiltshire SP4 0JQ
We have identified a DNA adenine methylation (Dam) system in
Yersinia pestis, the causative agent of plague. Dam is responsible for
controlling the timing of DNA replication, the regulation of the
expression of a number of virulence genes and also has a role in
post-replicative mis-match repair. Mutants of Salmonella enterica

Anaplasma (formerly Ehrlichia)/neutrophil interactions
S. Edwards
University of Liverpool
Anaplasma phagocytophilum (formerly known as Ehrlichia
phagocytophila) is the causative agent of tick-borne fever in sheep,
pasture fever in cattle and human granulocytic ehrlichiosis (HGE).
It is an obligately intracellular bacterium whose main mammalian
hosts are granulocytes (neutrophils) although it may be successfully
cultured in vitro in human and tick cell lines. Infection causes fever,
leukopenia, thrombocytopenia and increases in liver enzymes, and in
immunocompromised humans its reported mortality rate in the
USA is 2–5 %.
In view of their important role in host defence against bacterial
infections and their abundant cytotoxic armoury, the neutrophil
would appear to be an unlikely host for A. phagocytophilum.
Furthermore, the neutrophil has a very short half life of only 12–18 h,
undergoing cell death by apoptosis. For effective colonization, the
bacterium would have to evade the potent antimicrobial systems of
neutrophils and ideally extend neutrophil lifespan by delaying its
apoptotic programme.
A phagocytophilum can block the ability of neutrophils to generate
reactive oxygen metabolites by down-regulating NADPH oxidase
activity. The pathogens replicate within membrane bound vesicles in
the cytoplasm that do not mature into active phagolysosomes
containing granule enzymes. In vivo and in vitro infection of
A. phagocytophilum also delays neutrophil apoptosis thereby providing
a mechanism by which infected neutrophils can survive longer in the
circulation enhancing the survival of the pathogen and its spread
through the body.

Glanders
David DeShazer
US Army Medical Research Institute of Infectious Diseases, Fort Detrick,
MD 21702, USA
Burkholderia mallei, the causative agent of glanders, is a Gramnegative bacillus. It is a highly adapted parasite of horses and cannot
persist in nature outside of its horse host. Approximately 90 % of B.
mallei infections in horses are latent and chronically infected equines
serve as efficient reservoirs for transmitting the disease to uninfected
animals, especially under conditions of crowding. Clinical cases of
glanders in horses are characterized by nasal discharge from one or
both nostrils, enlargement and induration along the lymphatics and in
the lymph nodes, and the presence of nodules, pustules, and ulcers on
the skin, lungs, and other organs. Humans are incidental hosts for B.
mallei and glanders in humans is almost always fatal without
antibiotic intervention. It is widely believed that B. mallei has the
potential for use as a weapon of biological terrorism, but no vaccines
are currently available. Recent information about the B. mallei
genome, virulence determinants, pathogenesis, animal models, and
vaccine candidates will be presented.

The use of subtractive hybridization for the genome comparison of
Campylobacter jejuni strains with phenotypic differences in chicken
colonization and the identification of variable genetic regions
If Ahmed, Dave Ussary, Gina Manning & Diane G. Newell
Dept of Food and Environmental Safety, VLA (Weybridge), New Haw,
Addlestone, Surrey KT15 3NB
With the current availability of only a single genome sequence for
Campylobacter jejuni (NCTC 11168) subtractive hybridization has
proved a useful tool for comparative genomics. In our previous studies,
the genetic basis of chicken colonization potential variations in
virulence between a poor colonizer, strain NCTC 11168 and a good
colonizer, strain 81116 was investigated. Twenty-three unique DNA
sequence fragments were identified as present in strain 81116 but
absent in NCTC 11168. Experimental methods, including genome
walking and degenerate PCR, have been used to obtain further
sequence data on some these fragments. These include amino acid
similarities to two arsenic resistance genes (arsB, arsC), a di-tripeptide
transporter (dtpT), Cj0033B, a γ-glutamyltranspeptidase gene (ggt), and
a conjugal transfer gene (traG). Interestingly, TraG has some similarity
to regions in the cagA pathogenicity island in the genomes of the
closely-related organism H. pylori. Generally, the tra genes encode the
transfer machinery on conjugative plasmids or are involved in Type IV
secretion systems. Preliminary data indicates that the genetic regions
surrounding traG have no similarities within the available databases.
In N. gonorrhoeae, the presence of traG was indicative of a variable
genetic island containing a DNA secretion system (Dillard and Seifert,
2001). Further investigation is required of the region surrounding traG
to identify whether other conjugation genes are present. Finally, the
dtpT and ggt genes were hypothesized to be putative chicken
colonization determinants and the phenotypic properties were
characterized by using defined mutants.
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serovar Typhimurium that lack Dam are avirulent and are suitable
as live vaccine vectors. A Dam methylation system has previously been
identified in Yersinia pseudotuberculosis. Previous reports have shown
that Dam was essential for viability, and over-production of Dam led
to a >6000 fold attenuation in virulence. We have created isogenic
dam mutants of both Y. pestis and Y. pseudotuberculosis. In order to
characterize the effect of inactivating dam more fully, we have
analysed gene expression using a microarray based on the annotation
of the Y. pestis CO92 genome. Both mutants were attenuated in
BALB/c mouse models of disease showing a key role for Dam in the
regulation of virulence.

The neuroendocrine stress hormone norepinephrine augments
Escherichia coli O157:H7-induced enteritis and adherence in a
bovine ligated ileal loop model of infection
Isabella Vlisidou1, Mark Lyte2, Pauline M. van Diemen1, Pippa Hawes3,
Paul Monaghan3, Timothy S. Wallis1 & Mark P. Stevens1
1Division of Microbiology, Institute for Animal Health, Compton
Laboratory, Berkshire RG20 7NN; 2Dept of Surgery, Minneapolis Medical

Research Foundation/Hennepin County Medical Center, 914 South 8th
Street, D3, Minneapolis, MN 55404, and Dept of Biological Sciences,
Minnesota State University-Mankato, Mankato, MN 56001, USA;
3Bioimaging Dept, Institute for Animal Health, Pirbright Laboratory,
Surrey GU24 0NF
Enterohaemorrhagic Escherichia coli (EHEC), an emerging zoonotic
pathogen of world-wide importance, is responsible for outbreaks of
bloody diarrhea and haemolytic uremic syndrome (HUS) in humans.
Ruminants are major reservoirs of EHEC and strategies aimed at
reducing the carriage of EHEC in ruminants are expected to lower the
incidence of human EHEC infections. The development of such
strategies requires an understanding of the molecular mechanisms
underlying intestinal colonization of ruminants by EHEC.
An important aspect of both symbiosis and pathogenesis is
bacteria–host communication. E. coli O157:H7 can respond to host
neuroendocrine hormones such as norepinephrine (NE) in vitro.
However the importance of this response in vivo is still unknown.
Remarkably, E. coli O157:H7 can be transformed to a more virulent
state when present in the environment of the bovine intestine in
presence of NE. More precisely, norepinephrine was found to augment
E. coli O157:H7-induced enteritis and adherence in a bovine ligated
ileal loop model of infection. The enteropathogenic and inflammatory
effects were dependent on the ability of the organism to adhere to
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mid ileal mucosa using the major adhesin Intimin and its translocated
receptor Tir.
Our study offers the possibility of controlling diarrhea-causing E. coli
infections by blocking with antagonists of the catecholamine signaling
pathway.

Horizon scanning for emerging and re-emerging zoonotic infectious
disease risks to the UK population
M. Pietzsch, E. Kerrod, D. Avenell, J. Medlock & S. Leach
Health Protection Agency, Porton Down, Salisbury, Wiltshire SP4 0JG
The Microbial Risk Assessment team, part of the Department of
Health’s Strategic Response Capability at the Health Protection Agency,
Porton Down, undertake risk assessments for emerging and reemerging infectious diseases that may pose a risk to the UK
population. Emerging zoonotic diseases from resident wildlife and
livestock, (Lyme borreliosis, ehrlichiosis, babesiosis) have heightened
concerns over diseases already endemic in our wild population, in
addition to emerging and re-emerging diseases (West Nile virus, plague
and hantavirus) resulting from international animal movements,
increasing animal populations, climate change and natural importation
and migration.
The field of vector-borne and zoonotic disease is an area of
research that is currently less developed in respect to public health in
the UK. Through the collation of datasets, including vector and host
distribution, habitat, climate and human demographics, and the use of
GIS and mathematical models, MRA are assessing and tracking disease
incidence and risk factors relevant to the UK population and their
potential for change with time. The MRA team are developing risk
assessments on vector-borne and zoonotic infectious diseases as well
as keeping abreast of global emerging disease issues, providing a
timely reporting system to relevant bodies within the HPA and DH.
Preliminary GIS modelling outputs demonstrate the approach to
predictive mapping of tick distribution and climatic constraints on
mosquito species in the UK, in addition to related risk assessment work
such as potential West Nile virus vectors in the UK, hantavirus and risk
of importations of exotic ticks via migratory birds and reptiles.

Brucellosis in animals and man
Philip H. Elzer
Louisiana State University AgCenter and School of Veterinary
Medicine, Dept of Veterinary Science, 111 Dalrymple Building, Baton
Rouge, LA 70803, USA
There are six recognized species in the genus Brucella. These Gram
negative facultative intracellular pathogens are characterized by their
host specificity and cause chronic infections in many ungulates and
man. Brucellae are known to cause abortion and infertility in wild and
domestic ungulates. Besides the agricultural economic loss associated
with brucellosis, four species of brucellae are zoonotic agents. After the
recent tragic events associated with September 11, 2001, three species
of Brucella are also considered ‘agents of mass destruction.’
Human brucellosis, also known as ‘undulant fever,’ is characterized
by cyclical fever that starts two to three weeks post-exposure. Night
sweats, headaches, backaches, and general malaise are symptoms
associated with acute infection. Chronic brucellosis can lead to a
debilitating condition, including arthritis, dementia and even death.
B. melitensis is the most infectious to man in that 1–10 colony
forming units are thought to cause disease followed by B. suis
(1000–10,000 cfu), B. abortus (100,000 cfu), and finally B. canis
(>1,000,000 cfu in an immunocompromised individual). Currently there
is no approved vaccine for human use, and a vast majority of the
animal vaccines are virulent to man. Therefore, the need for a human
vaccine is paramount.
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Molecular chaperones and protein folding
Molecular chaperone machines
Molecular chaperones and protein folding: overview
R. John Ellis
Dept of Biological Sciences, University of Warwick, Coventry CV4 7AL
The term `molecular chaperone` came into general use after the
publication of a paper in 1987 that suggested it is an appropriate
phrase to describe a newly defined intracellular function – the ability
of several unrelated protein families to assist the correct folding and
assembly /disassembly of other protein-containing structures (1). The
identification of the chaperonin family of molecular chaperones the
following year (2) triggered a continuing wave of research in many
laboratories aimed at unravelling how the GroEL/ES chaperones, and
later the DnaK/DnaJ chaperones, from Escherichia coli facilitate the
folding of newly synthesized polypeptide chains and the refolding of
stress-denatured mature proteins. Much detailed information is now
available about the structure and function of those families of
chaperone that assist protein folding (3). It is well established that
a subset of proteins require this chaperone function, not because
chaperones provide steric information required for proteins to fold
correctly, but because chaperones inhibit or reverse side-reactions that
would otherwise cause some of the chains to form non-functional
aggregates. The success of this wave of research has changed the
paradigm of protein folding from the earlier view that it is a
spontaneous process of self-assembly to the current view that it
is an chaperone-assisted self-assembly process.
References: 1. Ellis, R.J. (1987) Nature 328, 378–379. 2. Hemmingsen, S.M. et al.
(1988) Nature 333, 330–334. 3. Hartl, F.U. & Hayer-Hartl M. (2002) Science 295,
1852–1858.

Mechanism of folding of newly synthesized proteins in bacteria

Chaperones from different families control and maintain the proper
conformation of several proteins. The proper conformation of proteins
is challenged by stress conditions. Exposure of cells to extreme heat
shock conditions results in massive aggregation of cellular. Chaperones
from Hsp70, Hsp100 families and small heat shock proteins (sHsps) are
involved in the control of protein aggregation and reactivation of
aggregated proteins. We investigated the initial events of the
disaggregation reaction in real time using denatured, aggregated green
fluorescent protein (GFP) as a substrate. Bacterial Hsp70 (DnaK), its
cochaperones (DnaJ, GrpE) and Hsp100 (ClpB) were incubated with
aggregated GFP and the increase in GFP fluorescence was monitored.
Incubation of aggregated GFP with DnaK/DnaJ/GrpE but not with ClpB
resulted in the rapid initiation of the disaggregation reaction. Under
the same conditions a complex between DnaK, DnaJ and GFP, but not
ClpB, was formed as demonstrated by sedimentation analysis and light
scattering experiments. Chaperone dependent disaggregation of
chemically denatured, aggregated luciferase, showed that, similar to
GFP disaggregation, incubation with Hsp70 results in the rapid start of
the reactivation reaction. For both aggregated GFP and luciferase,
incubation with Hsp70 chaperones changes the initial rate but not the
overall efficiency or rate of the refolding reaction. Our results clearly
demonstrate that DnaK and its cochaperones act before ClpB at the
initial steps of the disaggregation reaction.
We also investigate another process contributing to the efficient
disaggregation of protein aggregates, namely the stabilization of
aggregates in disaggregation competent state by small heat shock
proteins. IbpA, the small Hsp from Escherichia coli, was isolated for the
first time and was shown to cooperate efficiently with IbpB, the other
small Hsp from E. coli, in stabilization of thermally inactivated
substrates in refolding competent state.

Regulation/genomics/pathogenesis

Bernd Bukau
Zentrum für Molekulare Biologie (ZMBH), Universität Heidelberg,
Im Neuenheimer Feld 282, D-69120 Heidelberg, Germany
The folding of newly synthesized proteins in the cytosol is assisted
by a network of functionally cooperating chaperones. In bacteria, the
ribosome-associated Trigger Factor is the first chaperone that interacts
with the nascent chains emerging at the ribosomal exit tunnel. Downstream of Trigger Factor, the DnaK and GroEL chaperone system
interact with the folding intermediates and guide them to the native
state. It remains unclear to what extent folding occurs co- or posttranslationally.
This seminar will present the genetic analysis of the chaperone
network operating in E. coli, and the biochemical dissection of the
action of Trigger Factor. Furthermore, the crystal structure of Trigger
Factor at 2.7Å resolution, together with the structure of its ribosomebinding domain in complex with the large ribosomal subunit, will be
presented. These structures were obtained in cooperation with the
group of Nenad Ban at the ETH Zurich.

Stress signalling pathways
C. Gross
University of California, San Francisco, USA

Physiology, Biochemistry & Molecular Genetics

Physiology, Biochemistry & Molecular Genetics
Group session

Effective mechanisms to deal with stress are vital to all living
organisms. To maintain cellular viability, stress signaling pathways
and their responses must be rapid, sensitive and robust. In E. coli,
separate responses cope with stress in the cytoplasmic and envelope
compartments of the cell. Each response is carried out by an alternative
σ factor. A signal transduction cascade that has proteases as central
mediators controls the activity of each σ. During normal cell growth,
the envelope stress response is induced primarily by unassembled outer
membrane porins (OMPs) in the envelope compartment. σE directs this
response and its activity is controlled by RseA, a membrane spanning
anti-σ factor. I will discuss the design principles of the proteolytic
cascade that carries out regulated proteolysis of RseA.

Role and mechanism of action of HspR, a negative autoregulator
Disaggregation of protein aggregates by chaperone proteins network
Krzysztof Liberek, Szymon Zietkiewicz, Agnieszka Lewandowska &
Marlena Matuszewska
Dept of Molecular and Cellular Biology, Faculty of Biotechnology,
University of Gdansk, Kladki 24, 80-822 Gdansk, Poland
Email liberek@biotech.univ.gda.pl

of the DnaK chaperone machine of actinomycete bacteria
C.P. Smith
School of Biomedical and Molecular Sciences, University of Surrey,
Guildford GU2 7XH
HspR, a transcriptional repressor, was first discovered in Streptomyces
coelicolor and was subsequently described in other actinomycetes, such
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as Mycobacterium, and some more distantly related genera such as
Helicobacter. The repertoire of HspR-regulated genes in each species
varies, although the majority encode chaperones and proteases. HspR
unusual as a repressor in that its ability to repress transcription is
dependent on the binding of one (or more) of the gene products it
regulates – DnaK. This regulatory strategy provides a simple corepressor titration feedback control mechanism. Thus, following heat
shock DnaK is required in the cell for interacting with and facilitating
the folding of denatured proteins and transiently, there will be
insufficient DnaK to form a complex with HspR – leading to induction
of the HspR regulon, which includes dnaK. The in vitro and in vivo
studies that support this model will be described. When the DnaK
chaperone machine of S. coelicolor is depleted in vivo growth ceases.
However, after a period of 20–30 h the depleted culture recovers to
grow at a normal rate; this suggests that S. coelicolor is able to
compensate physiologically for the lack of a major chaperone system.

HrcA, a negative regulator of the heat shock response in diverse
bacteria
Peter A. Lund
School of Biosciences, University of Birmingham, Birmingham B15 2TT
Although the best characterized system for regulating the heat shock
response is the rpoH-dependent system of Escherichia coli, regulation
by repression appears to be a more widespread mechanism for heat
shock gene regulation among bacteria. The HrcA protein is an
important repressor of heat shock genes. First characterized in detail in
Bacillus subtilis, it has been found in many diverse bacteria, although
orthologues generally display a low level of similarity. It binds to an
inverted repeat sequence known as the CIRCE sequence to repress a
small number of heat shock genes, typically including orthologues of
the E. coli groES and groEL genes and sometimes also orthologues of
E. coli dnaK. It occurs in bacteria that also use an rpoH system, and in
those that lack an rpoH but also use the HspR repressor to regulate
their heat shock genes. Its activity appears to depend on the action of
the chaperone GroEL, which provides an explanation as to how it may
lose its action on heat shock, and distinguishes it from other regulators
(RpoH, HspR) which are controlled more by the DnaK chaperone. In
this talk I will review what is currently known about the HrcA
protein and the way in which it operates, and present data from

R. leguminosarum (where together with an RpoH system it has a role
in regulating three paralogous groE operons) and C. jejuni (where it is
predicted to function, together with HspR, to regulate both the groE
operon and the operon containing hspR).

Type III protein secretion chaperones in bacterial virulence
Matthew S. Francis
Dept of Molecular Biology, Umeå University, SE-901 87 Umeå, Sweden
Type III secretion (TTS) systems have evolved as an efficient means
for Gram-negative bacteria to interact with eukaryotic cells, either in
pursuit of establishing an infection niche or generating a symbiotic
relationship. This principally occurs through the direct TTS targeting
of effector proteins across three barriers; the bacterial inner and outer
membrane and the plasma membrane of eukaryotic cells. At this final
location, modulation of normal host cell processes determines the
fate of interacting bacteria. Intracellular effector localization is
strictly dependent upon another set of secreted proteins, termed the
translocators, which form pores in the plasma membrane through
which effectors traverse. Intriguingly, customized chaperones are
required for the pre-secretory stability and/or efficient TSS of both sets
of secreted substrates. These respective chaperone-substrate
combinations are thought to implement a hierarchy of secretion, e.g.
translocators before effectors. Chaperones are small (~10–20 kDa) and
are generally grouped into four classes depending on the nature of
their substrate; class IA chaperones target a single effector, class IB
chaperones target multiple effectors, class II chaperones specifically
engage the two translocators, and class III chaperones bind proteins
involved in flagella biosynthesis. While class I chaperones possess
strikingly similar b-sheet and a-helical folds that contribute to binding
of a discrete domain within substrate effectors, we have shown that the
class II chaperones are structurally distinct, containing three internal
tetratricopeptide repeats (TPRs). Each TPR motif consists of two antiparallel α-helices predicted to form an all helical array. Using the LcrH
chaperone of Yersinia pseudotuberculosis as a model, genetic analysis
has confirmed that the TPRs are necessary for engaging substrate. Also
discussed will be the burgeoning role of class II chaperones, such as
LcrH, in TTS system regulation, which has identified additional binding
partners. Thus, the full gamut of versatility within this intriguing
chaperone family clearly remains to be uncovered.

Monday 6 September

Tuesday 7 September

Peter Wildy Prize for Microbiology

Marjory Stephenson Prize Lecture

Nick Thomson (The Wellcome Trust Sanger Institute, Cambridge)
Taking an educated guess: The ART of whole genome analysis
Nick Thomson completed his PhD at Warwick University,
studying bacterial molecular biology and then went on to conduct a
postdoctorate study on quorum sensing in the enteric bacteria at the
Department of Biochemistry, Cambridge University. He has worked as a
Senior Computer Biologist at the Pathogen Sequencing Unit (PSU) of
the Wellcome Trust Sanger Institute in Cambridge since 1999, and is
currently a project manager for bacterial whole genome sequence
projects of many important microbial pathogens including:
Chlamydiaceae, Salmonella typhi and Yersinia pestis.
Nick is being presented with this prize for his efforts in organizing
the highly successful SGM sponsored genomics workshops. Their
popularity has meant that they are now running for the third
consecutive year with over 5 % of SGM members estimated to have
already attended one of these regional events. Central features of the
workshops are the widely acclaimed and freely available genome
analysis software Artemis (ART) and its sister program ACT, which
facilitates whole genome comparison. The virtues of these tools have
been enthusiastically demonstrated by researchers from the PSU,
including the author of the software Kim Rutherford, who are keen to
show how the ever increasing amorphous mass of genomic data can
be displayed and manipulated in a more easily interpreted format.

Stanley Falkow, PhD (Stanford University School of Medicine, Stanford,
CA 94305-5124, USA)
Thoughts on persistent bacterial infections
The initial encounter of a pathogenic micro-organism with its
preferred host usually results in a dramatic engagement with the innate
and adaptive immune system, which may give rise to disease
symptoms. If the host survives this initial infection, the host immune
system usually clears the invading offender. However, some pathogenic
bacteria are capable of establishing persistent infections in mammalian
hosts despite activating inflammatory and antimicrobial responses. For
example, Helicobacter pylori inhabit the human gastric mucosa and
persistence can be life-long. S. typhi causes systemic infection (typhoid
fever) that involves colonization of the reticuloendothelial system
(RES). Some S. typhi-infected individuals become life-long carriers,
periodically shedding high numbers of bacteria in their stools. H. pylori
and S. typhi only colonize humans. Persistently infected carriers are
the reservoir of these pathogens and the carrier state is an essential
feature of these bacterial pathogens if they are to survive within a
restricted host population.

Special Lectures

Special Lectures

Persistent bacterial infection poses several fundamental biological
questions. What is the replicative and metabolic state of the bacteria
during persistent asymptomatic infection? How do these organisms
manage to escape for so long in the presence of host immunity and a
robust adaptive immune response to infection? One answer is that
these pathogenic bacteria possess a number of novel mechanisms to
manipulate the host immune response to their advantage.

Dr Stanley Falkow received his BS degree from the University of
Maine and his PhD from Brown University, following which he worked
at the Walter Reed Army Institute of Research in the Department of
Bacterial Immunology and was later named the Assistant Chief of the
Department. In 1966 he joined the faculty of Georgetown University
Medical School as Associate Professor of Microbiology. He later moved
to Seattle to become Professor of Microbiology and Medicine of the
faculty of the Department of Microbiology and Immunology at the
University of Washington Medical School. In 1981 he became
Chairman of the Department of Medical Microbiology at Stanford
University School of Medicine. Since1985, he has been Professor of
Microbiology and Immunology and Medicine at Stanford University.
Dr Falkow’s laboratory is recognized throughout the world for
observations related to molecular mechanisms of bacterial pathogenesis.
He has received numerous awards and honours in recognition of his
accomplishments including election as President of the American
Society for Microbiology 1997–98. He has received honorary doctorates
in Europe and the US, has served as an editorial board member of
many prestigious journals and belongs to numerous professional
organizations. Dr Falkow feels his greatest accomplishment has been
that of mentor to many individuals who have continued their success in
the study of microbial pathogenesis in universities around the world.
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Neisseria meningitidis produces three non-redundant DsbA proteins
S. Sinha, P. Langford & J.S. Kroll
Dept of Paediatrics, Imperial College London, St Mary’s Campus,
Norfolk Place, London W2 1PG
Neisseria meningitidis is an invasive pathogen capable of causing
life-threatening meningitis and septicemia, and is responsible for many
deaths worldwide.
The thiol-disulphide oxidoreductase DsbA ensures the correct folding
of many exported bacterial proteins by forming intramolecular
disulphide bonds. DsbA has been implicated in the virulence of many
bacterial pathogens including N. meningitidis, through its function in
the folding of virulence factors.
The N. meningitidis MC58 genome contains three genes (nmb0278,
nmb0294 and nmb0407) with homology to E. coli dsbA.
We have investigated the DsbA activity of the products of these
genes by studying their ability to complement a dsbA-deficient
E. coli strain. Our assays showed that all three meningococcal proteins
displayed DsbA activity but differed in their affinity for substrate
proteins.
We have constructed knockout mutants of individual and multiple
dsbA genes in N. meningitidis. These strains, with wild-type, have been
used to study the role of the different DsbAs in meningococcal biology
and virulence. We speculate that NMB0407 may be the functional
homologue of E. coli DsbA, while NMB0278 and NMB0294 could have
more specific protein-folding functions directed at a restricted range
of targets.

Rapid detection of viable Mycobacterium paratuberculosis in milk
using phage amplification
Emma Stanley1, Richard Mole2 & Cath Rees1
1School of Biosciences, University of Nottingham, Loughborough
LE12 5RD; 2Biotec Laboratories Ltd, Martlesham Heath, Ipswich IP5 3RG

Mycobacterium avium subspecies paratuberculosis (MAP) is the
causative organism of Johne’s disease in cattle. Although not currently
classed as a zoonotic agent, a link has been proposed between MAP
and the development of Crohn’s disease in humans. MAP has been
identified in retail samples of pasteurized cow’s milk in the UK,
causing concern that milk is the vehicle for transmission of MAP
to humans.
Detection of MAP by culture is hampered by the slow growth of
the organism, the decontamination procedures required to remove
competitors and occurrence of MAP in low numbers. We have
developed a bacteriophage-based test, which can rapidly and
specifically detect low numbers of MAP bacilli in milk. Using this
method the detection and enumeration of MAP in spiked milk samples
can be completed in 24 hours, rather than the 12 weeks taken by
conventional culture methods. In pasteurized milk samples, positive
results were only seen if viable MAP were present. The method
developed does not require stringent chemical decontamination of
the samples and therefore lowers the potential limit of detection
of MAP cells that can be detected in milk.
Phage amplification is a newly developed MAP detection assay which,
in combination with a novel PCR protocol, can rapidly and specifically
identify MAP bacilli in unpasteurized bovine milk samples. Using this

34

method the detection of MAP in milk samples can be completed in
48 h, rather than 12 weeks required for conventional culture methods.
This assay has currently been tested on a herd known to include
clinical cases of Johne’s disease.

The role of the arginine deiminase system in acid tolerance and
pathogenesis of Listeria monocytogenes
Sheila Ryan, Cormac G.M. Gahan & Colin Hill
Dept of Microbiology, University College Cork, Ireland
Listeria monocytogenes is a Gram-positive facultative intracellular
pathogen which is an important agent of food-borne disease, causing
a rare but life-threatening illness called listeriosis. The disease
primarily affects pregnant women, neonates, older adults and
immunocompromised individuals, causing an estimated 2,500 illnesses
and close to 500 deaths in the U.S. each year. The ability to tolerate
highly acidic environments enhances the potential for growth of
Listeria in low pH foods and permits survival during gastric transit.
One mechanism that the bacterium may use to survive under such
conditions is the arginine deiminase (ADI) system, which has been
found to function in protecting bacterial cells of other genera against
the damaging effects of acidic environments. The pathway ultimately
liberates ammonia from arginine, resulting in an increase in
intracellular pH and thereby protecting against the lethal effects
of low pH.
The genes involved in arginine catabolism were identified in the
recently published Listeria genome and these loci (arcA, arcB, arcC,
arcD) were mutated. A gene encoding a putative regulator of the
pathway, ArgR, was also identified and mutated. Acid resistance of the
cultures was assessed both in complex and minimal media and it was
found that all mutants were found to be more acid sensitive than the
parent cells. Transcriptional analysis of revealed that arcA expression
was reduced in the DargR mutant, confirming that ArgR is a positive
regulator of the system. In addition, the ArgR mutant demonstrated
significantly reduced virulence in the murine model of infection.
Results therefore suggest an important role for the ADI system in
listerial acid resistance and pathogenicity.

A novel chromosomal conjugation system within Salmonella
enterica serovar Typhi
Stephen Baker, Derek Pickard & Gordon Dougan
Centre for Molecular Microbiology and Infection, Dept of Biological
Sciences, Imperial College, Exhibition Road, London SW7 2AZ
Genome sequencing programmes of enteric bacteria have illustrated
that their chromosomes exhibit significant conservation of gene order
and content which may favour efficient transmission and survival.
However, interspersed amongst the conserved portions of the
chromosome are regions of variation that involve either insertion or
deletion of blocks of novel genes and/or gene islands. These novel
gene islands increase the genetic diversity of the bacteria, contribute to
their competitiveness and facilitate the colonization of novel niches
within the host. Salmonella enterica serovar Typhi (S. Typhi) is the
causative agent of typhoid fever and is restricted to humans. The
genome sequence of S. Typhi CT18 revealed multiple gene islands,
designated Salmonella Pathogenicity Islands (SPIs). Analysis of SPI-7

Staphylococcus aureus: evolutionary history and pathogenicity
revealed using a virulence-associated gene microarray
Ingrid Ines1, Haroun Shah1, Edward J. Feil2, Saheer Gharbia1 &
Nicholas A. Saunders1
1SRMD, Health Protection Agency, 61 Colindale Avenue, London
NW9 5HT; 2Dept of Biology & Biochemistry, University of Bath,
Bath BA2 7AY

Staphylococcus aureus is a major nosocomial pathogen but is
increasingly isolated from nursing homes and the community. The
continued emergence and spread of multi-drug resistant clones
imposes a severe public health burden, and the difficulties in
epidemiological monitoring of these clones are exacerbated by
heterogeneous expression. Complete genome sequencing from multiple
S. aureus strains has revealed a large number of virulence genes,
but the presence of specific genes varies from strain to strain.
An oligonucleotide probe microarray has been constructed to
investigate the distribution of these genes in the natural population,
and evolution of epidemic strains. The array is comprised of 383
probes including virulence-associated genes present in four strains for
which complete genome sequences are available. Forty strains were
examined on the array, and the inclusion of seven sequenced strains
provides a means to test the reliability of the data.
Gene difference distance trees based on the array data are similar
in topology to that prepared using concatenated MLST sequences,
implying that gene loss and acquisition is generally an incremental
process reflecting the evolutionary history of the isolates. However,
differences in the topologies of these trees reflect occasional largescale recombination events. The data provide useful insights into the
evolution of S. aureus and in particular the origin of important
MRSA clones.

Transport of African swine fever virus from assembly site to the
plasma membrane
Nolwenn Jouvenet, Paul Monaghan & Thomas Wileman
Dept of Immunology and Pathology, Pirbright Laboratories, Institute for
Animal Health, Ash Road, Woking, Surrey GU24 0NF
African Swine Fever virus (ASFV) is a large DNA virus that assembles
in viral factories located close to the microtubule organizing centre.
We have investigated the mechanisms of ASFV transport from viral
factories to the plasma membrane. The first step appears to be the
recruitment of conventional kinesin by fully assembled virions in
factories and the subsequent use of this microtubule motor to reach the
cell surface. Once delivered to the plasma membrane, particles induce
the formation of long actin-containing projections that propelled them
away from the cell. Video microscopy revealed that these filopodia-like
projections are stable and that viruses are able to move backward and
forward along them. These filopodia might be used for cell to cell
spread.

Coding or non-coding: the role of antisense frq in Neurospora
crassa
Z. Mohammed, G.D. Robson & S.K. Crosthwaite
School of Biological Sciences, University of Manchester, Manchester
M13 9PT
Background: In the model organism Neurospora crassa, frequency
(frq) mRNA and FRQ protein play key roles within the circadian clock.
Natural antisense frq RNA is expressed from the same locus, but is
thought to be non-coding. To investigate the link between antisense
frq RNA and the clock, several clock properties were studied in
antisense frq defective strains.
Methods: Antisense frq defective strains were grown in 25ºC constant
darkness and given 18ºC pulses at various times through out the
circadian day. The phase of the clock was analysed through the clock
controlled event of conidiation. Bioinformatic analysis on the antisense
frq sequence was employed to identify potential ORFs and putative
splice sites.
Results: When temperature pulses were administered at different
times of the circadian day, the phase shifts between wild-type and the
antisense frq defective strains were markedly different. The phase shifts
given due to temperature pulses were also different to phase shifts
induced by light pulses. Bioinformatic analysis of the 5.5 knt antisense
RNA revealed eight small potential open reading frames which share
some homology with potential open reading frames in Sodaria
fimicola.
Conclusion: Antisense frq appears to regulate the response of the
Neurospora clock to light and temperature.

The application of proteases in leather manufacture
Farhad Foroughi, Tajalli Keshavarz & Christine Evans
Fungal Biotechnology Group, University of Westminster, 115 New
Cavendish St, London W1W 6UW
Microbial biotechnology may provide valuable tools for the
processing of animal hides and skins into leather since the existing
processes involve the generation of substantial quantities of
environmentally hazardous chemicals and effluent streams with high
C.O.D. and B.O.D. content. Much of this waste is produced during
‘unhairing’ by lime-sulfide. Therefore a screening programme was
initiated to isolate micro-organisms from putrefied hides and skins
and assess their suitability as biocatalytic depilatory agents.
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using bioinformatics, PCR and microarray has revealed that the island
in this form is specific to S. Typhi and is composed of several modules
including genes that encode and transport the vi (virulence) capsule.
Further investigation using PSI blast reveals gene clusters that contain
homology to proteins responsible for plasmid replication and
conjugation, which share significant homology to many other nonrelated bacteria. Using the non-conjugative plasmid R300B, we have
shown that this region has the ability to mobilize DNA. These data
suggests that SPI-7 like islands represent a novel family of
chromosomal elements that are highly homologous, and in the case
of S. Typhi have the ability to transfer DNA.

Enzyme assays using a number of proteinaceous substrates
were developed to identify and quantify various protease activities.
Subsequently isolates were grown on different media and tested for
their extracellular enzyme activities to determine the most suitable
enzyme activity profile for hair removal. Following trials on hide and
skin pieces; enzyme production from candidate organisms was scaledup from shake flask culture to bioreactor scale (75 L) for pilot trials on
whole hides and skins.
The ideal enzyme would remove hair completely from the hair follicles
without the requirement for lime-sulfide that is the process currently
used in tanneries.

Transcriptional organization and virulence gene regulation in
Rhodococcus equi ATCC 33701
Gavin A. Byrne, Dean A. Russell, Enda P. O’Connell & Wim G. Meijer
Dept of Industrial Microbiology, Conway Institute of Biomolecular and
Biomedical Research, University College Dublin, Ireland
Rhodococcus equi, an intracellular parasite of macrophages, causes
life-threatening pyrogranulomatous pneumonia accompanied by gross
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lesions such as macroabscesses and cavitation. Although young foals
are the primary host for this pathogen, R. equi sporadically infects
other animals such as pigs, cattle and goat. Over the last decades
R. equi infections occur with increasing frequency in humans
diagnosed with HIV and in those that have undergone organ
transplants or immunosuppressive treatments. In humans, the disease is
clinically very similar to that seen in foals and proceeds with massive
purulent cavitary pneumonia. However, in contrast to foals, the
mortality rate in humans is high, often exceeding 50 %.
Virulence of R. equi is dependent on the presence of a plasmid
containing a 27kb pathogenicity island harbouring virulence genes.
One of these, vapA, is essential for virulence. The expression of this
small, cell wall associated lipoprotein, is controlled by temperature and
pH. The aim of this study is to determine which transcriptional
regulators are required. The involvement of two transcriptional
regulators encoded within the pathogenicity island as well as the
transcriptional organization of these regulators and the vapA locus will
be discussed.

Cells & Cell Surfaces Group
CCS 01 Prevalence of the vacuolating autotransporter toxin gene
vat among clinical isolates of Escherichia coli causing cystitis,
pyelonephritis and prostatitis
Nick J. Parham1, Amanda Fivian11, Michael A. Russell1, Sam Pollard1,
Chengje Liu1, Mickaël Desvaux1, Joaquim Ruiz2 & Ian R. Henderson1
1Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, The Medical School, University of Birmingham, Edgbaston,
Birmingham B15 2TT; 2Servicio de Microbiologia, Instituto Clínico de
Infecciones e Inmunologia, IDIBAPS, Hospital Clínic, C/. Villarroel
170, 08036-Barcelona, Spain

Recently, a vacuolating autotransporter toxin gene, vat, was
described in a strain of avian septicaemic Escherichia coli. We
identified the presence of this gene in the uropathogenic strain
E. coli CFT073 and in the neonatal meningitis causing strain
E. coli RS218. PCR was used to examine the prevalence vat among
the phylogenetically defined ECOR collection and a collection of
uropathogenic E. coli isolates causing cystitis, pyelonephritis and
prostatitis. The prevalence of vat was high among uropathogenic
isolates, but especially those from prostatitis. This result correlated
with a high prevalence in the B2 ECOR group, indicating a clonal
origin of UPEC. Interestingly, the strains in which vat was initially
described are associated with septicaemia thus we examined a
collection of blood-borne E. coli strains, isolated from Birmingham
NHS hospitals, for the presence of vat. The vat gene did not
demonstrate an overall higher prevalence in blood borne isolates
than that that displayed in the uropathogenic isolates, nevertheless
it had a high prevalence among the B2 group of the blood borne
E. coli.

CCS 03 The type V secretion system in Fusobacterium nucleatum
Mickaël Desvaux, Arshad Khan, Anthony Scott-Tucker, Mark J. Pallen &
Ian R. Henderson
Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, The Medical School, University of Birmingham, Institute for
Biomedical Research, Edgbaston, Birmingham B15 2TT
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Fusobacterium nucleatum is a key micro-organism in oral
microbiology, playing a crucial role in plaque development and
being frequently associated with periodontal diseases. The virulence
of this Gram-negative bacterium is related to its ability to adhere
to a wide range of other plaque micro-organisms, invade host
tissue cells, and modulate the host immune response. Recent in
silico analyses of the genomes of the two sequenced strains
F. nucleatum subsp. nucleatum ATCC 25586 and F. nucleatum
subsp. vincentii ATCC 49256 suggested that the type II, III, IV, V
and the chaperone/usher protein secretion pathways were absent
from F. nucleatum. However, such a paucity of protein secretion
systems appears unusual when considering the virulence
associated with F. nucleatum and the presence of one or more
such systems among every other Gram-negative pathogen
sequenced to date. In the current study the question of protein
secretion systems in F. nucleatum was revisited. Here we identify
proteins resembling members of the type V secretion systems,
i.e the type Va (autotransporters;TC #1.B.12), type Vb (two-partner
system;TC #1.B.20) and type Vc (Oca family;TC #1.B.42). The type
V secretion pathway represents the largest protein secretion family
and appears as a premium source of virulence factors. This
work brings new insight in protein secretion and virulence of
F. nucleatum.

CCS 02 Prevalence of the PicU pathogenicity island virulence
genes among isolates of Escherichia coli causing cystitis,

CCS 04 Assay of protein translocation efficiency using a PhoA

pyelonephritis and prostatitis

reporter system: structure–function analysis of the unusual signal

Nick J. Parham1, Roy Chaudhuri1, Chengje Liu1, Sam Pollard1, Mickaël
Desvaux1, Joaquim Ruiz2 & Ian R. Henderson1
1Bacterial Pathogenesis & Genomics Unit, Division of Immunity &

Infection, The Medical School, University of Birmingham, Edgbaston,
Birmingham B15 2TT; 2Servicio de Microbiologia, Instituto Clínico de
Infecciones e Inmunologia, IDIBAPS, Hospital Clínic, C/.Villarroel
170, 08036-Barcelona, Spain
We recently described the presence and characteristics of a novel
autotransporter protein in Escherichia coli CFT073, a highly virulent
uropathogenic strain. Examination of the genomic context of picU,
the gene encoding this autotransporter, revealed it was present on a
pathogenicity island with several other genes encoding putative
virulence factors. PCR was used to examine the prevalence of the
pathogenicity island virulence loci amongst a collection of E. coli
strains isolated from patients with cystitis, pyelonephritis
andprostatitis and among the phylogenetically defined ECOR
collection. Serine protease autotransporter proteins were found to be
highly prevalent in all groups, but more so among urovirulent
strains. PicU, a two-partner secretion system, ferritin-binding protein
and RTX toxin genes were also found to be more prevalent among
pathogenic isolates. These results correlated with the high prevalence
of these genes in the B2 ECOR group, indicating a clonal origin of
uropathogenic E. coli. Further work is required to examine the
functions of these gene products in urinary tract infection.

sequence of the Pet autotransporter
Mickaël Desvaux, Anthony Scott-Tucker & Ian R. Henderson
Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, The Medical School, University of Birmingham, Institute of
Biomedical Research, Edgbaston, Birmingham B15 2TT
Some proteins secreted via the type V secretion pathway, i.e.
members of the type Va (autotransporters;TC #1.B.12), type Vb
(two-partner system;TC #1.B.20) and type Vc (Oca family;TC
#1.B.42), possess an unusually long signal sequence containing
around 50 amino-acid residues. All these signal sequences possess a
conserved N-terminal extension such these unusual signal sequences
can be divided into five regions, which from the N-terminus can be
successively termed n1- (charged), h1- (hydrophobic), n2-, h2-, and
c-domain (cleavage site). While the n2-, h2- and c-domains are
reminiscent of typical Sec-dependent signal sequences, the function
of the N-terminal extension, and the signal sequences as a whole,
remains obscure. To investigate the function of these unusual signal
sequences a reporter system was developed using an Escherichia coli
alkaline phosphatase (PhoA) fusion. Following sequential deletion,
random and site directed mutagenesis, the signal sequence of the
autotransporter Pet was investigated from a structure–function point
of view. Translocation efficiency was severely affected when the
signal sequence was only composed of n1- and h1-domains.
Surprisingly, translocation efficiency was significantly increased
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when both n1- and h1-domains were deleted. This work brings
new insight in autotransporter translocation through the inner
membrane.

CCS 07

Flag2: a gene cluster putatively encoding a novel RpoN-

dependent flagellar system in Escherichia coli
Scott A. Beatson1, Chuan-Peng Ren1, Julian Parkhill2 & Mark J. Pallen1
1Bacterial Pathogenesis & Genomics Unit, Division of Immunity &

CCS 05 Bioinformatic analysis of Cpi-1 and Cpi-2, a pair of
adjacent type-III-secretion gene clusters in the Chromobacterium
violaceum genome that resemble the Spi-1 and Spi-2 pathogenicity
islands
Helen Betts, Roy R. Chaudhuri & Mark J. Pallen
Bacterial Pathogenesis & Genomics Unit, Institute of Biomedical
Research, The Medical School, University of Birmingham, Birmingham
B15 2TT
Chromobacterium violaceum is a Gram-negative, motile
β-proteobacterium found in abundance in soil and water in
tropical and sub-tropical climes. It is found in high abundance in
the Amazon river and produces a novel purple pigment –
violacein, which has been shown to have many antibiotic,
anticancer and antiviral properties. C. violaceum is also an
opportunistic pathogen of humans and other mammals,
associated with high mortality.
The Brazilian National Genome Project Consortium has recently
sequenced the genome of C. violaceum. An unexpected but
interesting finding was two type-III-secretion gene clusters located
adjacent to each other in the C. violaceum chromosome. However,
these were poorly described, annotated and analysed in the genome
sequence and the associated paper. We have performed an in-depth
bioinformatics analysis of these two clusters—which we have named
Cpi-1 and Cpi-2—and of their associated gene products and secretion
systems. We have found many parallels with the Spi-1 and Spi-2
systems from Salmonella enterica and with the locus for enterocyte
effacement from Escherichia coli. We have identified a variety of
candidate secreted proteins, including four SseB/EspA homologues.
Our analysis adds a comparative approach to the study of allied
type-III secretion systems, defining the core and optional components
of these systems and lays the groundwork for future laboratorybased studies.

Infection, Institute for Biomedical Research, Medical School, University of
Birmingham, Birmingham B15 2TT; 2Wellcome Trust Sanger Institute,
Hinxton
Escherichia coli is said to be the most intensively studied model
organism, although this is really only true of strain K-12. We were
surprised to discover through bioinformatics analysis of the
enteroaggregative E. coli 042 genome sequence that this strain
possessed a ~45 gene cluster putatively encoding an entirely novel
RpoN-dependent flagellar system, similar to the lateral flagellar
systems of Aeromonas and Vibrio. We were also surprised to see that
in the other nine available Escherichia/Shigella genome sequences
there is a two gene ‘scar’ (fhiA/mbhA) at the site of this cluster. We
then surveyed a well-characterized collection of 72 strains (the ECOR
collection) using short PCRs flanking the scar and cluster boundaries
to show that the cluster was present in 15 of the 72 strains. We used
a recently devised strategy that we have called tiling-path PCR to
establish a complete tiling path through the cluster and show that the
cluster was intact in all 15 strains. Thus, far from being a one-off in
an atypical genome-sequenced strain, we have shown that ~20 % of
E. coli strains possess a lateral flagellar cluster. Efforts are now
underway to find a phenotype for the cluster.

CCS 08 ORF15, a cell wall protein of Clostridium difficile
Jenny Moore, Anne Wright & Neil Fairweather
Centre for Molecular Microbiology & Infection, Dept of Biological
Sciences, Imperial College, London SW7 2AZ
Surface layers (S-layers) are a crystalline array of one or a few
proteins found on the surface of many bacteria. The majority of
Clostridium difficile strains produce two S-layer proteins (SLPs) posttranslationally derived from the SlpA gene product. The S-layer’s
external position suggests that it may be important in the interaction
of bacteria with their environment, in the case of C. difficile
particularly in gut adhesion.
The high molecular weight SLP is a member of a family of 28
proteins in C. difficile each containing a conserved domain showing

CCS 06 3-BASE: an on-line resource to aid the study of type-III
secretion and its use in predicting the type-III effector repertoire of
Escherichia coli
Roy R. Chaudhuri & Mark J. Pallen
Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, Institute for Biomedical Research, Medical School, University
of Birmingham, Birmingham B15 2TT
Type-III secretion is of key importance in the biology of bacteria,
is central to our understanding of bacterial motility, virulence,
symbiosis, and ecology and provides an attractive drug and vaccine
target. However, researchers working on type-III secretion are facing
the problems of data overload, fragmented communities and
disjointed resources. To address these problems we have begun work
on an on-line resource, 3-BASE (http://3base.bham.ac.uk), that will
help the type-III secretion research community cope with the data
overload. Graphical comparisons between different type-III secretion
systems are supplemented with the ability to launch sequence and
literature searches. In addition, we have launched 3-MAIL
(http://colibase.bham.ac.uk:8080/mailman/listinfo/3-mail) a mailing
list on type-III secretion. Test-driving the 3-BASE system, we have
been able to identify over a dozen new candidate type-III secretion
effectors in E. coli O157 Sakai.
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homology to an autolysin of Bacillis subtilis. This amidase domain is
thought to anchor the protein within the cell wall. Another member
of this family is termed ORF15. It is a large protein, 167 kDa,
consisting of the N-terminal homology domain followed by nine
almost perfect 120 amino acid repeat units. Cellular localization and
expression patterns of this protein have been investigated. ORF15 is
present at the C. difficile cell wall, as demonstrated by mass
spectrometry analysis of separated cell wall proteins. The full length
protein is expressed during exponential phase, with shorter
derivatives also observed by western blotting. In contrast, the protein
seen during stationary phase is truncated.

CCS 09 ABC transporters in Streptococcus mutans
Alexander J. Webb & Arthur H.F. Hosie
Dept of Microbiology, The Dental Institute, King’s College London,
London SE1 9RT
Dental diseases, such as tooth decay (i.e. caries) and periodontal
disease, are possibly the most frequent bacterial infections in
humans. Although they are not life threatening, they are a
considerable economic burden, particularly in the developed world.

streptococcus has not previously been studied. However, analysis of
the genome sequence of S. equi has identified a gene cluster with
homology to a recently identified haem-uptake system in
Streptococcus pyogenes. This gene cluster consists of ten open
reading frames (ORF). The first five ORFs appear to encode proteins
involved in haem uptake and include two membrane-associated
proteins termed Sehr and Sehp followed by a typical ABC transporter
(HtSeABC) which includes a ligand-binding lipoprotein, an ATPase
and a permease. Several of these proteins have been cloned,
overexpressed and purified from Escherichia coli and their ligandbinding properties determined.

CCS 12 Expression of clumping factor A in Staphylococcus aureus
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Streptococcus mutans is the bacterium most commonly associated
with dental caries. The ubiquitous ATP-binding cassette (ABC)
transporters are one of the largest and most highly conserved protein
super-families. Characterized members of this family are involved
in diverse functions, including the uptake of nutrients (such as
carbohydrates, amino acids, phosphate and metal ions), antibiotic
export and antimicrobial peptide secretion. Here we describe the
preliminary characterization of the ABC transporters present in the
sequenced strain of S. mutans, UA159. We present a summary and
bioinformatic analysis of these transporters. Preliminary experimental
evidence indicates that this study will provide a valuable insight
into the physiology of this species and its interaction with the oral
micro-flora.

Judy Higgins & Timothy J. Foster
Dept of Microbiology, Trinity College Dublin, Dublin 2, Ireland

CCS 10 Adhesion and invasion by Escherichia coli K1
Robert Fagan & Stephen G.J. Smith
Dept of Microbiology, Trinity College Dublin, Dublin 2, Ireland
Email faganr@tcd.ie
Escherichia coli is a major cause of septicaemia and meningitis
in neonates. Sepsis occurs in approximately one in every thousand
live births, with 10 % progressing to develop meningitis. A
disproportionate number of these infections are caused by strains
expressing the K1 capsule; up to 40 % of septicaemia isolates and
80 % of meningitis isolates. To date, most studies have focused on
immune evasion and bacterial penetration of the blood-brain barrier.
To date, more than 15 E coli proteins have been shown to contribute
to these events, including: OmpA, YijP, IbeA and IbeB. However it
is still unclear how the bacteria first colonize and then invade the
epithelial surfaces prior to septicaemia.
We have cloned a gene from E. coli K1 strain RS218 which, when
over-expressed in E. coli K12, promotes adhesion to and invasion
of cultured CHO cells. The protein encoded by this gene is 90 %
identical to Hra1 and is also highly homologous (63 % identical) to
Tia, another adhesin/invasin from ETEC. This protein, designated
Hek (Hra1 from E. coli K1), is a 26 kDa outer-membrane protein and
is predicted to form a β-barrel in the outer membrane consisting of
8 anti-parallel, amphipathic β-sheets with four short periplasmic
turns and four longer external loops. In addition to the invasive
phenotype, expression of multicopy Hek in an E. coli K12 strain also
confers a heat-resistant haemagglutination phenotype, similar to that
observed with Hra1, and an auto-aggregation phenotype, similar to
that reported for the Ag43, FimH and Cah proteins.
With its high level of homology to well characterized virulence
factors such as Tia and Hra1 and its ability to promote both invasion
of mammalian cells and attachment to other bacteria, Hek is an
interesting candidate protein which may be responsible for
colonization and perhaps invasion of, the intestinal epithelium in
neonates. Here we present data supporting this hypothesis.

CCS 11

Characterization of haem uptake in Streptococcus equi

Mary Meehan & Peter Owen
Dept of Microbiology, Moyne Institute of Preventive Medicine, Trinity
College, Dublin, Ireland
Iron is an essential element in physiology of most microbes and
importantly, in the development of infectious disease. To overcome
the low availability of iron in mammalian hosts, pathogens have
developed an array of iron uptake systems including the use of the
iron-rich reservoir of haem-containing proteins. The group C
streptococcus, Streptococcus equi subsp. equi is an important
respiratory pathogen of horses. Iron utilization by group C

Clumping factor A (ClfA) is a cell-surface-associated fibrinogenbinding protein of S. aureus. It binds the extreme C-terminus of the
γ-chain of fibrinogen. ClfA is a virulence factor in several animal
infection models, and is a protective antigen. The fibrinogen-binding
proteins ClfB, FnbpA and FnbpB are expressed and are functionally
active predominantly in the exponential phase of growth. In this
study, clfA::lacZ fusion reporter assays, western immunoblotting and
northern blotting experiments showed that ClfA is expressed weakly
in exponential phase, and at a substantially higher level in stationary
phase. Induction of ClfA expression in stationary phase is dependent
on the alternative (stationary phase) sigma factor, SigB. A SigBdependent transcriptional start site was mapped 31bp 5’ to the
clfA open reading frame. clfA transcription in exponential phase
occurred from a weak, SigB-independent promoter located approx.
1000 bp 5’ to the clfA open reading frame. Transcription from both
promoters was shown to be independent of the SarA and Agr
global regulators.

CCS 13 Location of the binding site of clumping factor B in the
tail region of type I cytokeratin 10
Evelyn J. Walsh, Louise M. O’Brien & Timothy J. Foster
Moyne Institute of Preventive Medicine, Dept of Microbiology, Trinity
College Dublin, Ireland
A key risk factor for S. aureus disease is carriage of the bacterium
in the moist squamous epithelium in the anterior nares. S. aureus
adhesion to desquamated human nasal cells is partly mediated by
the cell wall-associated surface protein ClfB. The receptor for ClfB
on squamous cells is likely cytokeratin 10 (K10). Keratins are a
multigene family of polypeptides that form intermediate filaments.
They are present in the epidermis and constitute the cytoskeleton of
vertebrate epithelial cells. Keratins consist of a central rod domain
which forms an a-helical coiled-coil dimer between a type I and
type II molecule, flanked by non-a-helical head and tail regions.
The carboxy tail region is polymorphic in amino acid sequence and
size. It contains quasipeptide repeats of glycine and serine residues
called glycine loops. Using recombinant human and mouse K10
we examined the binding of ClfB to K10 at the molecular level.
Recombinant proteins corresponding to the full length K10 protein
and the head and tail regions of K10 were tested for their ability to
support the binding of S. aureus cells and recombinant ClfB. The
binding site for ClfB was located in the tail region of K10. Peptides
were synthesized corresponding to a conserved glycine loop and a
quasipeptide repeat motif. Peptides inhibited ClfB binding to K10. The
precise K10 peptide sequence that binds to ClfB is being investigated.
The binding of S. aureus via ClfB to K10 contributes to
understanding the mechanism by which the bacterium adheres to
nasal epithelial cells in vivo and may lead to alternative methods of
decolonization.
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CCS 14 The Yop effector translocon of Yersinia
Sandra Ed1, Jeanette Bröms1, Mattew Francis2, Anna-Lena Forslund1 &
Åke Forsberg1
1Dept of Medical Countermeasures, FOI Swedish Defence Research
Agency, Cementvägen 20, 901 82 Umeå, Sweden; 2Dept of Molecular
Biology, Umeå University, 901 87 Umeå, Sweden

Yop effector translocation by Yersinia into infected target cells is
facilitated by the translocon components LcrV, YopB and YopD.
Presumably these proteins form a pore in the eukaryotic cell
membrane through which the effectors traverse. Mutation in any of
the genes encoding the translocators results in abolished
translocation. The translocators are also essential for the ability to
lyse erytrocytes. YopB and YopD are presumably part of the pore
complex. The role of LcrV in translocation is less clear. LcrV has
been shown serve as a protective antigen in Yersinia infections and
antibodies directed against LcrV both block the translocation and
protects against aerosol challenge of highly virulent Y. pestis in
animal infection models. LcrV, YopB and YopD are encoded within
lcrGVHyopBD operon. The opportunistic pathogen Pseudomonas
aeruginosa encodes a homologous operon, pcrGHVpopBD. In Yersinia
background PcrV forms smaller pores and translocation of Yop
effectors is inefficient. However, PcrV restores full complementation
of LcrV in Yersinia in the presence of the native Pseudomonas
translocators. This indicates that PcrV/LcrV interacts with the other
transloactors and that these specific interactions are critical for
formation of a functional translocon.

CCS 15 Regulation of needle assembly and substrate specificity
switch in the Yersinia type III secretion system
Moa Lavander1,2, Petra J. Edqvist1, Lena Sundberg1,2, Jan Olsson1,
Scott A. Lloyd1, Hans Wolf-Watz1 & Åke Forsberg1,2
1Dept of Molecular Biology, Umeå University, S-90187 Umeå, Swede;
2Dept of Medical Countermeasures, National Defense Research Agency,
S-90182 Umeå, Sweden
A key element in the type III secretion system (TTSS) of pathogenic
Yersiniae is the secretion machinery itself, the Ysc apparatus, which
forms a needle-like structure on the bacterial surface. Via the
secretion machinery host effectors, Yops, can be translocated into
eukaryotic target cells. The focus of this study is the regulation of
assembly of the secretion machinery, and characterization of some of
the Ysc proteins that contribute to formation of the secretion
apparatus. YscU, an inner membrane protein with a C-terminal
cytoplasmic domain, is shown to be cleaved within a conserved site
in this domain (NPTH263–266), at Proline264. Further analysis reveals
that the conserved site, NPTH, but not the processing per se, is
required for YscU function. YscP is a soluble TTSS component that is
found both intra- and extrabacterially. A yscP null mutant strain
exports elevated levels of the needle component YscF to the bacterial
surface, building abnormally long needles, and is impaired for
secretion and translocation of Yop effectors. Second site mutations in
the cytoplasmic domain of YscU partially suppress the yscP mutant
phenotype. These results reveal that YscP and YscU interact, directly
or indirectly, in regulation of TTSS substrate specificity.

CCS 16 Determination of the genes involved in the processing of
extracytoplasmic proteins in veterinary streptococci
Emma Denham, Phil Ward & Jamie Leigh
Institute for Animal Health, Compton, Berkshire RG20 7NN
Streptococcal infections are considered to be a major worldwide
problem. Streptococcus uberis is a common cause of bovine mastitis
and cannot be controlled by good dairy husbandry. Streptococcus
suis in pigs is associated with meningitis, arthritis, endocarditis,
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pneumonia and septicaemia. It is has also been isolated from humans
where it is able to cause meningitis and septicaemia.
An investigation is being undertaken to characterize the
mechanisms involved in processing of extracytoplasmic proteins in
both of these bacteria. pGh9+ISS1 mutant banks in both species have
been constructed and screened for mutants with unusual secretion
of plasminogen activator (S. uberis) and suilysin (S. suis).
In S. uberis 35 mutants have been isolated displaying atypical
plasminogen activation. In S. suis 13 mutants have been isolated that
lack suilysin activity. Mutations within pauA and sly genes
respectively, only account for a subset of these clones.
Using this approach we will enhance our understanding of the
mechanisms governing expression and localization of putative
virulence determinants to the extracytoplasmic space.

CCS 17 Potentiating the insecticidal toxin complexes of
Photorhabdus bacteria
M. Hares, N. Waterfield & R. Ffrench-Constant
Dept of Biology & Biochemistry, University of Bath, Bath BA2 7AY
The toxin complex (tc) genes of Gram-negative bacteria comprise a
large and rapidly growing family whose function remains obscure. In
the insect pathogenic bacterium Photorhabdus, these genes encode
high molecular weight insecticidal toxins (Tc’s) with oral activity
against caterpillar pests. One protein, TcdA, has recently been
expressed in transgenic plants and shown to confer insect resistance.
These toxins therefore represent potential alternatives to those from
Bacillus thuringiensis (Bt), which are currently widely deployed in
transgenic crops. However, levels of TcdA expression in transgenic
plants were low and the full toxicity associated with the native toxin
was not reconstituted. Here we show that increased activity of the
toxin TcdA requires potentiation by two other gene products, TcdB
and TccC. Moreover, this same pair of proteins can also potentiate a
second toxin, TcaAB. To elucidate the functional domains present in
these large proteins, we expressed fragments of each toxin or
potentiator gene within mammalian cells. Several domains showed
toxic effects when expressed in transfected cells, others showed
specific phenotypes such as nuclear translocation. Our results show
that the Tc toxins are complex multi-domain proteins and confirm
that expression of more than one gene product will be necessary to
reconstitute full activity in insect resistant transgenic plants.

CCS 18 Use of an adapted Tn7-based mutagenesis system in
Lactococcus lactis to define the CluA surface protein domain
essential for cell aggregation
Régis Stentz, Mike Gasson & Claire Shearman
Institute of Food Research, Norwich Research Park, Colney, Norwich
NR4 7UA
CluA is a cell surface protein that causes cell aggregation and is
essential for high efficiency conjugation in Lactococcus lactis
MG1363. A six domain structure has been proposed based on its
homology with related aggregation proteins from Enterococcus and
Streptococcus. Analysis of CluA domain function has been performed
using a Tn7-based transposition system adapted from the GPSTM-LS
linker scanning system (New England Biolabs). 30 independent cluA
insertion mutants, expressing modified CluA proteins at the cell
surface, were isolated, further characterized and tested for
aggregation. CluA was strongly affected in its cell binding capacity
by mutations in the variable domain III and in the NH2-terminal half
of the conserved domain IV, both located in the NH2-terminal region
of the protein.
This newly developed miniTn7 BsrGI element allows the selection of
randomly inserted miniTn7 elements in Gram-positive bacteria and

CCS 19 The CluA additional domain of the Lactococcus lactis CluA
surface protein is involved in DNA transfer
Régis Stentz, Mike Gasson & Claire Shearman
Institute of Food Research, Norwich Research Park, Colney, Norwich
NR4 7UA
Most work on the Lactococcus lactis MG1363 CluA protein has
focussed on its ability to cause aggregation. Sex factor transfer
between cluA– strains depends on the presence of CluA in the donor
strain. Complementation of the cluA– mutation in the recipient strain
is insufficient to restore a high level of sex factor transfer. This
suggested that in addition to promoting cell-to-cell contact, CluA is
involved in DNA transfer.
A structural and functional analysis of the CluA protein has been
carried out using a new miniTn7 BsrGI mutagenesis system (see other
poster). In a previous work (Poster 1), we described the adaptation of
a mutagenesis tool for the structural and functional analysis of CluA,
a cell-wall anchored protein located at the surface of the Gram
positive bacterium L. lactis MG1363. We isolated 30 independent
cluA insertion mutants that were still able to express the full length
mutated proteinwere isolated. We know from a previous work that in
addition to promoting cell-to-cell contact, CluA is involved in the
sex factor DNA transfer. To define the CluA domain involved in DNA
transfer, we assessed the effect on the sex factor transfer of Of
these,the 17 CluA mutant strainsions that that were still causedable
to promote aggregation were assessed for sex factor transfer. on
transfer of the sex factor. SSix variants carrying a mutation located
within a 300 amino acid C-terminal region were attenuated for
conjugation, including were attenuated in conjugation whilst they
were still able to aggregate. The 6 mutations are all located in a 300
amino acid C-terminal region . Among them, Thr1083 that totally
abolished totally CluA’s effect on the effect of the protein on DNA
transfer. This region covers the additional domain, a unique domain
of CluA when compared to deduced from its alignment with related
enterococcal and streptococcal aggregation proteins from
Enterococcus and Streptococcus. This led to the conclusion that to
facilitate conjugation, Hence, the CluA additional domain is involved
in in a phenomenon related to DNA transfer while the N-terminal
domain III and part of the domain IV trigger cell-to-cell contact. This
is the first description of an makes it an original result since no other
aggregation protein involved in conjugation which has been shown
to also contributes to DNA transfer.

CCS 20 A role for KpsD in group 2 capsule expression in
Escherichia coli
Clodagh M. McNulty1, James E. Thompson1, Brendan J. Barrett1,
Elizabeth A. Lord1, Christian Andersen2 & Ian S. Roberts1
1School of Biological Sciences, University of Manchester, Manchester
M13 9PT; 2Lehrstuhl fur Biotechnologie, Biozentrum, University of

Wuerzburg, D-97074 Germany
Bacterial polysaccharide capsules are important virulence factors
involved in evasion of host defences and in adhesion. Export of
E. coli group 2 capsular polysaccharides involves six conserved
proteins, KpsCDEMS & T, homologues of which are found in other
Gram-negative pathogens. KpsD was originally described as a
periplasmic protein but recent evidence from our laboratory has
shown that this may not be the case:

• KpsD has been shown by FACS analysis to be exposed on the cell
surface.
• An N-terminal truncate of KpsD localizes to the outer membrane
and is exposed on the cell surface.
Based on this data, we propose a model of KpsD topology with
an N-terminal β-barrel spanning the outer membrane, and a large
periplasmic C-terminal domain. Work is in progress to test this model
by insertion of enterokinase cleavage sites in predicted loops.
Oligomerization of KpsD has been observed in outer membrane
preparations and the possibility of pore formation is being
investigated. Crystallography trials are under way to study the
structure of KpsD.
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generates a five amino-acid insertion in all six reading frames.
In this study on CluA it has shown promising potential for use in
protein analysis where full-length mutated proteins are required and
the use of a Gram-positive marker to select miniTn7 insertions makes
it an appropriate tool for protein studies in diverse species of
Gram-positive bacteria.

Our current model is that KpsD is an outer membrane-anchored
protein that allows capsular polysaccharides to exit the cell.

CCS 21 Studies on the adhesins of Helicobacter pylori
Hayley J. Bennett & Ian S. Roberts
University of Manchester, School of Biological Sciences, Oxford Rd,
Manchester M13 9PT
Helicobacter pylori is a Gram-negative bacterium that colonizes the
human stomach causing various diseases including peptic ulceration
and gastric cancer. Adherence of H. pylori to gastric mucosa is
thought to be an important factor for this chronic infection. The role
of HpaA in adhesion to gastric cells has been analysed using
recombinant HpaA expressed in E. coli. rHpaA in E. coli cells is
localized on the surface. However E. coli cells producing HpaA failed
to bind to AGS cells indicating that HpaA is unlikely to play a direct
role in adhesion. To identify additional H. pylori adhesins binding
experiments with fetuin, a highly sialylated glycoprotein, conjugated
to agarose beads were employed. A 17.5 kDa protein, HP0721, was
identified and both native and His-tagged recombinant proteins were
produced in E. coli. In E. coli the signal sequence of the protein is
not processed, and the protein cannot be directed to the outer
membrane. The recombinant protein binds to both fetuin and
asialofetuin, signifying that the interaction may not be sialic acid
specific. SabA is a sialic acid specific adhesin. The sabA gene has
been cloned to allow the production of both native and His-tagged
recombinant proteins in E. coli. Binding experiments are underway.

CCS 22 Genotypic and phenotypic comparison of Yersinia
enterocolitica from humans and livestock to assess the zoonotic risk
A. McNally1, G. Manning1, T. Cheasty2 & D.G. Newell1
1Food & Environmental Safety, Veterinary Laboratories Agency
(Weybridge), Addlestone, Surrey KT15 3NB; 2Laboratory of Enteric

Pathogens, Health Protection Agency, Colindale, London
Yersinia enterocolitica is a well-recognized cause of human acute
enteritis, epidemiologically-linked with consumption of contaminated
pork. Recent national abattoir studies have detected Y. enterocolitica
in sheep and cattle as well as pigs. To assess the food-borne risk of
such veterinary strains, isolates colonizing livestock and those
associated with disease in humans over the same time period, were
compared by biotyping and serotyping. The results revealed that
Biotype (BT) 1A strains, classically designated as non-pathogenic,
predominate in both livestock and humans. Among the presumptive
pathogenic types, BT4 O:3 and BT3 O:9 strains were commonly
isolated from humans, whereas BT3 O:5,27 strains predominated in
livestock. Interestingly, AFLP indicated that BT3 O:9 strains from
humans and pigs clustered together, but that the BT4 O:3 isolates
from these two hosts clustered separately, suggesting host-specific
colonization. As expected, in vitro invasion assays indicated that all
BT3 and BT4 isolates were capable of high level invasion of Hep-2
cells. However, the putatively non-pathogenic BT 1A strains were
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found both to adhere to cells at the same level as pathogenic strains,
and to invade host cells. These results suggest that assessment of the
zoonotic risk of Y. enterocolitica strains from livestock is complex
and requires further investigation.

O157
Ilknur Aktan1,2, Roberto M. La Ragione1, Muna F. Anjum1 &
Martin J. Woodward1
1Dept of Food & Environmental Safety, Veterinary Laboratory Agency
(Weybridge), New Haw, Addlestone, Surrey KT15 3NB; 2Division of Farm

CCS 23 A study of the clonal relationship of Escherichia coli
pathogens using molecular and biochemical tools
M.F. Anjum, I. Aktan, R.M. La Ragione & M.J. Woodward
Dept of Food & Environmental Safety, Veterinary Laboratories Agency
(Weybridge), New Haw, Addlestone, Surrey KT15 3NB
To improve the current understanding of diversity within pathogenic
bacteria the genomic relatedness between verotoxin (VT)-positive and
negative E. coli O26 strains was assessed using DNA microarray. This
approach established the core genes that are central to the E. coli
species and identified regions of genomic variation in the pathogenic
strains from the E. coli K12 chromosome. Whilst the O26 strains
showed greater genomic similarity to each other than any other
non-O26 strain included in this study (92.7 % similarity), regions of
variation were found which differentiated the O26 strains into
subgroups. All verotoxin (VT)-positive O26 strains lacked a 5.2 kb
region (yagP–yagT) which was found by both microarray and PCR to
be present in all VT-negative O26 strains. All O26 strains harbouring
the haemolysin gene (hlyA) showed presence of the fimB gene, which
regulates expression of the type 1 fimbriae. Biochemical studies
showed VT-positive O26 strains were unable to ferment rhaminose
whilst all other 19 strains in this study fermented rhaminose.
Differences were also detected between tellurite resistance of VTEC
and non-VTEC O26 strains. Further testing with O26 field isolates is
currently being undertaken to establish a link between virulence and
the different O26 subgroups identified in this study.

Animal Studies, Dept of Veterinary Clinical Science & Animal Husbandry,
University of Liverpool, Leahurst, Neston, South Wirral CH64 7TE
Ruminants are recognized reservoir hosts for attaching and effacing
E. coli (AEEC) and the locus of enterocyte effacement contributes, at
least in part, to persistent colonization of the gastro-intestinal tract
of cattle and sheep. Non-O157 serogroups, specifically E. coli O26
have emerged as a significant cause of human diseases. Interestingly,
non-O157 (AEEC) are readily isolated from sheep and it is possible
that these may contribute either positively or negatively to persistent
colonization by E. coli O157:H7. E. coli O26 and O157 express
antigenically distinct intimin sub-types known as β and γ,
respectively. To elucidate the pathogenic properties of such strains a
collection of E. coli O26 isolates from both typical and atypical
EPEC’s of varying provenance were tested using genotypic and
phenotypic tests for virulence factors. Strain NCTC12900, a nontoxigenic E. coli O157:H7 isolate was used in all assays. To
investigate the interaction between O157 and O26 isolates were
tested in competition adherence assays using HEp-2 tissue culture
cells. The numbers of O157 or O26 organisms that adhered were
significantly lower when in competition with each other than when
the organisms were assayed alone. It was observed that when O157
and O26 strains were assayed together O26 reduced the numbers of
O157 adhering significantly. However in the invasion assays O157
remained the dominant invading organism irrespective of the
presence or absence of competing organisms.

CCS 24 The role of flagella and intimin in colonization and

CCS 26 A role for flagella but not intimin in the persistence of

persistence of Escherichia coli O157:H7 in 8 week old goats

Stx-negative Escherichia coli O157:H7 (NCTC12900) in specific

Roberto M. La Ragione1, Linda Johnson1, William A. Cooley1,
Angus Best1, Geoffrey Pearson2 & Martin J. Woodward1
1Veterinary Laboratories Agency, Weybridge, Addlestone, Surrey
KT15 3NB; 2Bristol University, School of Veterinary Science, Langford,

Bristol BS40 5DU
Ruminants are regarded as a primary reservoir for Escherichia coli
O157:H7. The locus of enterocyte effacement (LEE) and flagella have
both been cited as bacterial mechanism of colonization of the gastrointestinal tract. To confirm this and to test whether a non-toxigenic
E. coli O157:H7 strain and isogenic mutants would colonize and
persist in a goat model, E. coli O157:H7 (NCTC12900) and flagella
and intimin mutants were evaluated in an 8 week old weaned goat
model. Goats were inoculated orally with 1×1010 cfu. of an Stx
negative wild-type E. coli O157:H7, flagella or intimin mutant,
respectively. Persistent excretion was assessed by rectal faecal
sampling and colonization by serial post-mortems. Excretion of
the parental E. coli strain was observed for up to 18 days P. I and
E. coli O157-associated attaching-effacing (AE) lesions were detected
by IHC. An isogenic intimin (eaeA) deficient mutant (DMB2) had
significantly lower mean excretion scores at all time points compared
with the parental strain. Whereas a flagella (fliC) deficient mutant
(DMB1) persisted in similar numbers to the wild-type. The persistence
of the intimin and flagella deficient mutants respectively, although
reduced suggests that other mechanisms of colonization and
persistence may also play a role. This is the first recorded
observation of E. coli O157 AE lesions in experimentally
infected weaned goats.
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CCS 25 Host cell interactions between Escherichia coli O26 and

pathogen free chicks
Angus Best1, Roberto M. La Ragione1, A. Robin Sayers2 &
Martin J. Woodward1
1Dept of Food & Environmental Safety, Veterinary Laboratories
Agency (Weybridge), New Haw, Addlestone, Surrey KT15 3NB; 2Centre

for Epidemiology & Risk analysis, Veterinary Laboratories Agency
(Weybridge), New Haw, Addlestone, Surrey KT15 3NB
Stx-positive Escherichia coli O157:H7 readily colonize and persist
in specific pathogen free (SPF) chicks. We have shown that a Stxnegative E. coli O157:H7 isolate (NCTC12900) readily colonizes SPF
chicks for up to 169 days after oral inoculation at one day of age.
However, the role of intimin in persistent colonization of poultry
remains unclear. Thus, to investigate the role of intimin and flagella,
isogenic single and double intimin and aflagellate mutants were
constructed in NCTC12900. These were used to inoculate (1×105 cfu)
1-day-old SPF chicks. The intimin deficient mutant was shed for 211
days after inoculation, 84 days more than the wild type. Shedding of
the aflagellate and intimin-aflagellate mutants ceased 99 and 113
days after inoculation, respectively. The extent of shedding was
greater for the wild type and intimin mutant than either the
aflagellate or intimin-aflagellate mutants. Histological analysis of
gastro-intestinal tissues from inoculated chicks gave no evidence for
‘true’ micro-colony formation by NCTC12900 or aflagellate mutant.
However, all NCTC12900 derivatives were observed loosely attached
to the mucosa as individual cells and also as large aggregates. These
data suggest that O157 organisms do not require intimin for
colonization of chickens, whereas flagella do play a role.

conditions in Pseudomonas aeruginosa isolates from patients with
cystic fibrosis

Thus we have isolated 6 mutants of E. coli impaired in their ability
to secrete ATs revealing that factors separate from the information
contained within the C-terminal b-barrel domain are necessary for
efficient secretion.

T.F. Moriarty1, A. Mullan2, J. McGrath2, J.S. Elborn3 & M.M. Tunney1
1Clinical & Practice Research Group, School of Pharmacy, Queen’s
University Belfast, BT9 7BL; 2School of Biology & Biochemistry, Queen’s

University Belfast, Belfast BT9 7BL; 3Respiratory Medicine Research
Group, Queen’s University Belfast, Belfast BT9 7BL
Polyphosphate kinase (PPK) is the principal enzyme in many
bacteria for the synthesis of inorganic polyphosphate (poly P)
from ATP. PolyP and PPK have been shown to be required for both
motility and quorum sensing in Pseudomonas aeruginosa. As
previous studies have shown that there is chronic acidification of
the airways in cystic fibrosis patients with acute pulmonary
infection, the effect of pH on intracellular phosphate
accumulation was investigated in this study.
Clinical Pseudomonas aeruginosa isolates were initially tested
using Neisser staining for phosphate accumulation at both neutral
and acidic pH’s. Sixty percent of isolates tested contained detectable
intracellular polyphosphate when grown at pH 6.4 in comparison
with only 24 % of isolates when grown at pH 7.0. A number of
isolates were selected for quantification of total intracellular
phosphate. Growth of the isolates at pH 6.4 resulted in increases in
phosphate accumulation of up to 150 % in comparison with
growth at pH 7.0.
The results show phosphate metabolism is altered when external pH
is lowered suggesting a microbial response to an acidic environment
which may be important for virulence in Pseudomonas aeruginosa.

CCS 28 Autotransporters do not reach their extracellular location
alone
Kim R. Hardie, Louise Arnold, Sue Dodson & Thomas Baldwin
Institute of Infection, Immunity & Inflammation, Centre for Biomolecular
Sciences, Nottingham University, University Park, Nottingham NG7 2RD
Many Gram-negative pathogens export virulence factors using the
autotransporter (AT) secretion pathway. Until recently, this pathway
was thought to rely solely upon the C-terminal domain of the AT
which forms a b-barrel in the outer membrane proposed to act as a
conduit for the remaining protein. However, the discovery that
Omp85 is involved in this process in Neisseria has cast doubt on this
model. In support of the notion that additional proteins are required
for this secretion event, we isolated mutants of E. coli defective in
the ability to secrete AT proteins.
Accessory Factors required for AT secretion were identified by
screening a transposon library of E. coli strain MG1655 for a
reduced ability to secrete the AT EspC. EspC is a member of the S
PATE subfamily of ATs, and contributes to the pathogenicity of
Enteropathogenic E. coli. A total of 5768 mutants were created with
the EZ::TvTM<KAN-2> Tnp TransposomeTM (epicentre) transposon, a
plasmid constitutively producing EspC was introduced, and
supernatants were screened by Western blot for the presence of
reduced levels of EspC. Six mutants were finally selected for further
study as they possessed homologues in pathogenic E. coli, exhibited a
wild type growth profile, but low levels of extracellular EspC. To verify
that the AFs did not have a pleiotropic effect on the cell or protein
secretion, each of these six mutants was assessed for its membrane
integrity with the fluorescent dye FM4-64 (molecular probes) and the
ability to secrete HlyA (a type I secretion pathway dependent protein)
and pullulanase (a type II secretion pathway dependent protein).
None of these were significantly compromised indicating a specific
effect on secretion. Moreover, the secretion of other ATs was also
impaired demonstrating that it was not an EspC-specific phenomenon.

CCS 29 Site-specific antiphagocytic function of the Photorhabdus
luminescens type III secretion system during insect colonization
Karine Brugirard-Ricaud, Eric Duchaud, Alain Givaudan, Noel Boemare,
Michel Brehélin & R. Zumbihl
Laboratoire EMIP, Université Montpellier II, Institut National de la
Recherche Agronomique, 34095 Montpellier, Cedex 5, France
Photorhabdus spp. are Gram negative γ-Proteobacteria that form
entomopathogenic symbioses with soil nematodes of the family
Heterorhabditidae. They undergo a complex life cycle that involves a
symbiotic stage, in which the bacteria are carried in the gut of the
nematode, and a pathogenic stage, in which susceptible insect host
are killed by the combined action of the nematode and the bacteria.
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CCS 27 Inorganic polyphosphate accumulation under low pH

We report the identification and characterization of a genomic region
of 30 kb encoding a type III secretion system, the main role of which
is the delivery of effector proteins directly into eukaryotic host cells.
The locus identified encodes the secretion/translocation apparatus,
gene expression regulators and an effector protein – LopT –
homologous to the Yersinia cysteine protease cytotoxin YopT.
Heterologous expression in Yersinia demonstrated that LopT was
translocated into mammals cells in an active form, as shown by the
appearance of a form af the RhoA GTPase with modified
electrophoretic mobility. In vivo assays of infection of the cutworm
Spodoptera littoralis and the locust Locusta migratoria with a TT01
strain carrying translational fusion of the lopT gene with the GFP
reporter gene revealed that the lopT gene were switched on only at
sites of cellular defence reactions, such as nodulation, in insects.
TTSS-mutant did not induce nodule formation and underwent
phagocytosis by insect macrophage cells, suggesting that the
effectors LopT play an essential role in preventing phagocytosis and
indicating an unexpected link between TTSS expression and the
nodule reaction in insects.

CCS 30 Presence of the TTSS V-antigen in different Aeromonas
species
Wenguang Fan & Sheila MacIntyre
Division of Microbiology, School of Animal & Microbial Sciences,
University of Reading, Reading
Components of a Ysc-like TTSS have now been identified in the fish
pathogen Aeromonas salmonicida subsp. salmonicida. V-antigen, a
surface component of the ‘ysc family’ of Type III Secretion Systems
(TTSS), contributes to effector protein translocation. This may explain
why antibodies against V-antigen from both Yersinia pestis and
Pseudomonas aeruginosa are highly protective. Aquatic bacteria of
the genus Aeromonas can cause disease in both fish and humans. For
these reasons, we have screened a variety of Aeromonas strains for
the ascV gene and acrV gene by PCR, slot-blot and Southern-blot.
The asc system was identified in most species of A. salmonicida
tested (both subspecies salmonicida and atypical strains), in a small
number of A. hydrophila isolated from fish and in several clinical
isolates of A. veronii subsp sobria. The identified translated AcrV
protein is highly conserved among A. salmonicida subsp salmonicida
and strains of atypical A. salmonicida (over 98 % amino acid
identity), closely related to A. veronii subsp sobria (80 % to 88 %
identity) but more distantly related to the acrV gene identified in the
A. hydrophila species tested. The feasibility of using A. salmonicida
V-antigen for cross-protection against infection by different species
of Aeromonas is currently under investigation.

43

Posters – CCS

CCS 31 OpdH, a novel tricarboxylate uptake porin in Pseudomonas
aeruginosa
Sandeep Tamber & Robert E.W. Hancock
Dept of Microbiology and Immunology, University of British Columbia,
#235 2259 Lower Mall, Vancouver, BC V6T 1Z4, Canada
Pseudomonas species are an ecologically diverse group of bacteria
able to metabolize a wide array of compounds. To overcome the
barrier properties of their outer membranes, these organisms have
evolved a large number of porins, water filled protein channels that
facilitate the uptake of small, hydrophilic nutrients. Unlike the porins
of other Gram negative bacteria, many porins of Pseudomonas
species are specific for a particular class of compounds. The
P. aeruginosa genome encodes 18 uncharacterized homologues of
the basic amino acid-specific porin, OprD. To gain a further
understanding of the contribution of this family to nutrient uptake
in P. aeruginosa, a mutant in one of these homologues, OpdH, was
constructed by a gene replacement strategy using a xylE (catechol2,3-dioxygenase)-gentamicin resistance cassette. This mutant
exhibited a growth defect in cis-aconitate and citrate that was
partially reversed upon complementation with a wild-type copy of
the opdH gene. The opdH gene was positively regulated by its
substrates cis-aconitate and citrate, as well as, isocitrate. The
regulator controlling OpdH expression was identified and responded
to the same signals as this porin. The elucidation of the function of
this and other members of the OprD family will help us to
understand the large metabolic repertoire of these organisms.

CCS 32 Withdrawn

CCS 33 Enteropathogenic Escherichia coli LEE-encoded effector
molecules induce signalling events that inhibit bacterial uptake into
the phagocytic cell line J774.A1
Sabine Quitard, Marc Maresca & Brendan Kenny
Dept of Pathology & Microbiology, School of Medical Sciences, University
Walk, Bristol BS8 1TD
The ability of enteropathogenic E.coli (EPEC) to cause diarrhoeal
disease is linked with the delivery of ‘effector’ proteins into gut
epithelial cells where they subvert cellular processes to favour
bacterial survival and replication. The Locus of Enterocyte
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Effacement (LEE) encodes a type III secretion system that mediates
the delivery of LEE-encoded ‘translocator’ and ‘effector’ proteins into
target cells. This system also serves to deliver additional non-LEE
encoded effector molecules. Previous studies have shown that EPEC
infection of HeLa cells leads to the dephosphorylation of host
tyrosine phosphorylated proteins, with this phenotype later associated
with the ability of EPEC to inhibit their uptake by phagocytic cell
lines, such as J774.A1. In this study we generated an EPEC mutant
deleted for multiple LEE-encoded effector molecules to determine
whether this process is dependent on these proteins. Infection of
JJ774.A1 cells with this strain has revealed that anti-phagocytosis is
dependent on the deleted gene products. Thus, mutants carrying
deletions of each the implicated genes are currently been generated
in all possible combinations (single, double, triple etc) to determine
which effector molecules play a role in this process and ultimately
to allow us to explore the mechanism by which the effector(s)
molecules prevent phagocytosis.

CCS 34 Intestinal barrier disrupting proteins of enteropathogenic
Escherichia coli
Paul Dean & Brendan Kenny
Dept of Pathology & Microbiology, University of Bristol BS8 1TD
The human intestinal pathogen, enteropathogenic Escherichia coli
(EPEC) causes diarrheal disease by a mechanism that is dependent on
the injection of effector proteins into the host cell. One effector, EspF,
is reported to be required for EPEC to disrupt tight junction integrity
of intestinal cells, which is likely to contribute to diarrhea. By
measuring the transepithelial electrical resistance of intestinal Caco-2
cells, this study reveals that not one but three EPEC-encoded factors
play essential roles in disrupting intestinal permeability. The Map
(Mitochondria-associated protein) effector is shown to i) be as
essential as EspF for disrupting intestinal barrier function ii) to
function independently of EspF iii) alter tight junction structure and
iv) mediate these effects in the absence of its mitochondrial targeting
sequence. Additionally, the outer membrane protein intimin is shown
to be crucial for EspF and Map to disrupt the intestinal barrier
function and this function of intimin is completely independent of its
interaction with its known receptor Tir. Data is also presented to
show that Map (a multifunctional protein) retains some functionality
in host cells in the absence of intimin, despite losing its ability to
disrupt tight junctions.
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Genomic comparisons of recent Salmonella enterica

serovar Dublin, Agona and Typhimurium isolates from milk filters
and bovine samples from Ireland using a Salmonella microarray
F.J. Reen1, E.F. Boyd1, S. Porwollik2, B. Murphy3,4, D. Gilroy4, S. Fanning5
& M. McClelland2
1Dept of Microbiology, University College Cork, National University of
Ireland-Cork, Ireland; 2Sidney Kimmel Cancer Center, 10835 Road To The

Cure, La Jolla, San Diego, CA 92103, USA; 3Veterinary Dept, County Hall,
Cork; 4Dept of Biological Sciences, Cork Institute of Technology, Cork,
Ireland; 5Centre for Food Safety, Faculties of Agriculture, Medicine &
Veterinary Medicine, University College, Belfield, Dublin 4, Ireland
Salmonella-induced enterocolitis is the leading food-borne illness
with a lethal outcome and causes millions of cases of gastroenteritis
each year. We examined genomic variation among 12 environmental,
veterinary and clinical S. enterica isolates from Ireland isolated
between 2000–2003, as well as 2 clinical isolates from Canada and 4
archival isolates, which belonged to serovars Dublin, Agona and
Typhimurium. Using DNA–DNA hybridization to a microarray
consisting of most of the predicted protein-coding regions (CDSs) of
the S. enterica serovar Typhimurium LT2 genome we identified a
number of conserved variable regions unique to each serovar. The
regions of variability encoded proteins involved in sugar metabolism,
transport, fimbrial and phage biogenesis, and transcriptional
regulation, as well as inner and outer membrane associated proteins.
Eight of these variable regions were designated genomic islands
(GEIs) since they were greater than 10 kb in size, associated with
tRNA genes, transposases, integrases and had aberrant GC content.
Only prophages Gifsy-1 and Gifsy-2 were present in all six
Typhimurium strains examined. Gifsy-2 was also present in all
serovar Dublin isolates except strain Du2, an archival strain from
Thailand recovered in the 1980s. Fels-1 was absent from all 18
isolates examined. Fels-2 was absent from all Typhimurium isolates
and Dublin Du2. All five Salmonella pathogenicity islands were
present in all isolates. The plasmid pSLT was absent from all Agona
isolates and partially present in eight of the nine Dublin strains.
There was limited intraserovar diversity found among the nine
Dublin, three Agona and six Typhimurium isolates examined even
though these isolates had extensive geographic, temporal and source
variation.

EM 02

Bacterial and archaeal diversity and anaerobic benzene

degradation in benzene contaminated groundwater
A. Aburto, T.J. McGenity, A.S. Ball & K.N. Timmis
Dept of Biological Sciences, University of Essex, Colchester
Characterization and understanding of microbial communities in
an aquifer contaminated with benzene is important in order to
guide remediation strategies. DNA was extracted from groundwater
samples A, B (both with high methane levels) and C (pH 12) and
amplified with primers specific for bacteria and archaea and
subsequently cloned. In well A, restriction fragment length
polymorphism was used to screen clones and results showed that
the vast majority of the bacterial clones were unique, while the
diversity was lower from the archaeal clones. Sequencing revealed a
bacterial community dominated by uncultured micro-organims found
in other hydrocarbon-contaminated environments, while the most
abundant archaeal sequences were very similar to Methanothrix

soehngenii. In well B however, Pseudomonas spp. represented about
half of the bacterial community, and methanogens were also present
but in a lower proportion. The majority of sequences retrieved
from the alkaline well resembled clones found in other alkaline
groundwater, with Hydrogenophaga sp. as the closest cultured
micro-organism. Presence of methanogens in well A suggests that
methanogenesis could be the terminal electron acceptor process
involved in benzene degradation and supports the observation of
high methane levels. Anaerobic microcosms have been set up to
determine the extent and rate of benzene degradation.

EM 03

Posters – EM

Posters

Functional genomics of biodegradable polyester

production from Styrene in the bioreactor isolate Pseudomonas
putida CA-3
N.D. O’Leary1, P. Ward2, M. Goff, K.E. O’Connor2 & A.D.W. Dobson1
1Environmental Research Institute & Microbiology Dept, National
University of Ireland, Cork; 2Industrial Microbiology Dept, National

University of Ireland, Dublin
Polyhydroxyalkanoates (PHAs) are biodegradable polyesters
produced by bacteria, whose varied thermoplastic and elastomeric
properties offer potential for industrial, medical and bulk consumer
applications. P. putida CA-3 exhibits the unique ability of
accumulating medium chain length PHAs when grown on the
xenobiotic styrene, under nitrogen limiting conditions. This novel
bioconversion is biotechnologically significant as it identifies the
potential to exploit styrene waste as a low-cost starting material for
PHA accumulation, while also providing an alternative for the
treatment of waste styrene. We report here on the genetic
characterization of the metabolic pathways involved, and show for
the first time, that styrene is metabolized to the T.C.A. cycle
intermediate acetyl-CoA, in a process involving fatty acid βoxidation enzymes. PHA accumulation from styrene under N-limiting
conditions involves the phaG gene, encoding a 3-hydroxyacyl-ACPCoA transacylase enzyme capable of sequestering 3-hydroxyacylCoA PHA monomers from fatty acid de novo biosynthesis. In addition
we have cloned the phaC1 gene encoding a class II polymerase
enzyme involved in monomer polymerization. Subsequent utilization
of accumulated PHA occurs under carbon-limiting conditions and
involves induction of the phaZ depolymerase gene. This is the first
study to implicate the parallel operation of fatty acid β-oxidation
and de novo biosynthesis pathways in the accumulation of PHA
from an unrelated carbon source.

EM 04

Applying post-genomic technologies to explore

bacterial–fungal signalling
Olive Gleeson, Fergal O’Gara & John Morrissey
Microbiology Dept, University College Cork, Ireland
Email o.gleeson@student.ucc.ie
Signalling interactions between bacteria and fungi are of great
environmental, medical and economic importance. These interactions
are mediated through bacterial metabolites. Exploring how bacterial
metabolites affect pathogenic fungi and how these fungi evolve to
overcome these molecules will give a key insight into disease
processes. Soil-borne fluorescent Pseudomonad species have received
a lot of attention as potential biocontrol agents and production of
antifungal molecules has been recognized as a major factor in their
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suppression of fungal disease of crops. However, despite the
development of these bacteria as biocontrol agents, the mode of
action of many antifungal metabolites is still unknown. The
understanding of antifungal mechanisms of action is of crucial
importance allowing us to evaluate the environmental and
economical damage they may impose. Regulatory issues such as
their impact on non-target organisms and host resistance
mechanisms needs to be addressed. This study should offer more
strategies for developing Pseudomonad species as biocontrol agents.
Saccharomyces cerevisiae has been developed as a model fungus
for analysing the effects of bacterial metabolites on gene expression
and function. Initally, the bacterial secondary metabolite
2,4-diacetylphloroglucinol (Phl) is been investigated to determine its
effects on the model S. cerevisiae. Phl is a broad spectrum antifungal
metabolite produced by P. fluorescens F113. To gain insights into the
mechanism of action of Phl a proteomic approach was used where
2D gels were examined for the presence of differentially expressed
proteins following exposure to sub-inhibitory concentrations of Phl.
Protein identification was carried out using Mass spectrometry and
subsequent identification of effected pathways was elucidated. Gene
expression of target genes was examined using Northerns. The
proteomic and genomic analysis lead us to propose a model
regarding 2,4-diacetylphloroglucinol mode of action shedding more
light on the ability of Pseudomonad species to act as biocontrol
agents.
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Molecular detection systems to monitor the movement

of genetic mobile elements to autochthonous bacterial populations
in planta
E. Keogh, K. Germaine, D. Ryan & David Dowling
Institute of Technology Carlow, Ireland
Environmental pollution can harm the flora and fauna of
affected habitats, resulting in the uptake and accumulation of toxic
chemicals in food chains and in some instances cause serious health
problems and/ or genetic defects in humans. A large number of
micro-organisms have been isolated that are able to degrade
compounds previously considered to be non-degradable. These
strains carry genes that encode for the degradation of both naturally
occurring and xenobiotic organic compounds and are often located
on plasmids. The horizontal transfer of these mobile genetic elements
within a bacterial population help microbial communities adapt to
environments contaminated with toxic compounds. In this study the
concept of creating a degrading endophyte strain was investigated.
An endophyte can be described to inhabit the interior of a plant
especially leaves, branches and stems showing no apparent harm to
the host. Several endophytic bacteria have been isolated in this
project from the xylem sap of popular trees (Populus trichocarpa ×
deltoids cv Hoogvorst) which were growing on a phytoremediation
site in the vicinity of a motor factory in Genk, Belgium.
Transconjugants were created using the poplar endophytes and the
donor strains of Burkholderia cepacia G4 carrying the pTOM plasmid
and Pseudomonas putida G7carrying the NAH7 plasmid. A number of
pea plants were inoculated with these degrading endophyte strains
and were grown up under selective and non selective pressure of
toluene and naphthalene respectively. Total DNA was isolated from
the Leaf, stem, root and rhizosphere after a growing period of eight
weeks. To monitor the survival and spread of the genetically
modified microbial inoculants after the addition to the soil and
plants, two PCR methods were employed, Enterobacterial repetitive
intergenic consensus (ERIC) PCR to detect the endophtye and real
time PCR to observe the movements of the degradative plasmid by
using specific oligonucleotides to detect gene sequences on the
plasmid. The study concluded that gene transfer occurred within the
plant to hosts to the autochthonous population.
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Applying post-genomic transcriptome analysis to explore

bacterial-fungal signalling
Gordon McAlester, Fergal O’Gara & John Morrissey
Microbiology Dept, University College Cork, Ireland
Email g.mcalester@student.ucc.ie
It has long been established that organisms in the same ecological
niche have the potential to interact and there are well-documented
examples of interactions between bacteria and fungi. It is a primary
goal of this research to study signalling interactions across the
prokaryote-eukaryote boundary for example those involved in
Quorum sensing due to the secondary metabolites Homoserine
lactones (AHL’s). Understanding interactions between bacteria and
fungi is expected to have a wide range of important practical
applications the most important of which is in biomedicine. In
biomedicine AHL mediated quorum sensing like signalling between
bacteria and fungi may play a role in disease progression in
conditions such as cystic fibrosis where there is often co-colonization
of the lung by bacteria (generally the opportunistic human pathogen
Pseudomonas aeruginosa) and fungi (generally the human pathogens
Candida or Aspergillus spp). Initially AHL’s are being investigated to
determine their effects on the model fungus Saccharomyces
cerevisiae. AHL’s are secondary metabolites produced by Gramnegative bacteria in this case P. aeruginosa. They act as signal
molecules in the process known as quorum sensing which has
evolved as a process by which bacterial communities can change
their gene expression in response to influences in their environment.
A genomic approach where DNA microarrays are being examined for
the presence of differentially expressed genes following treatment
with AHL’s is being undertaken allowing subsequent gene
identification in S. cerevisiae with future work concentrating on
similar work to identify differentially expressed genes and pathways
in the human pathogenic fungi Candida albicans.
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Starvation survival of Rhodococcus

Nicolas Fanget & Sophie Foley
Napier University, School of Life Sciences, 10 Colinton Road, Edinburgh
EH10 5DT
Rhodococcus are aerobic, Gram positive, non-motile, non-spore
forming, mycolate containing nocardioform actinomycetes. They are
ubiquitous in the environment, especially soil. Most of these bacteria
have interesting metabolic capacities such as degradation of
environmental pollutants; several could be used for oil spillage
bioremediation or degradation of toxic compounds. Transformation
and synthesis of organic compounds are another area of interest. The
majority of industrial processes exploiting Rhodococcus as a catalyst
use non-growing or resting cells.
Starvation survival has been investigated in both Gram-positive and
Gram-negative organisms, but to date little work has been done on
Rhodococcus. The environment, in particular soil, is considered to be
oligotrophic. Such studies are thus paramount in understanding how
bacteria behave in the wild, and have important implications in
bioremediation and industry, as well as the survival of pathogens.
To date, chemically defined media have been designed for
Rhodococcus sp.. The starvation response to carbon and nitrogen
limitation has been investigated for the model organism
R. erythropolis SQ1. Induction of heat-resistance as a result of
glucose-starvation has been demonstrated. Furthermore, a mutant
bank of R. erythropolis SQ1 was generated by random transposon
mutagenesis, and the analysis of starvation survival mutants will
be reported.

Elucidation of microbial herbicide uptake mechanisms

N.J. Senior, C. Whitby, J.D. Porter & H.M. Lappin-Scott
Dept of Biological Sciences, University of Exeter, Exeter
The degradation pathway for the stereoisomeric herbicide 2-(2methyl-4-chlorophenoxy)propionic acid (mecoprop) is analogous with
that of 2,4-dichlorophenoxyacetic acid (2,4-D), which is catalysed by
the tfd family of genes. Micro-organisms that degrade mecoprop are
also likely to possess tfd genes. The gene tfdK is not actually part of
the degradative pathway itself, but encodes a protein that has been
described as an active transporter.
There is a paucity of available information about the tfdK gene and
its product TfdK. The aim of our research was to apply molecular
techniques to further study the tfdK gene, and to observe the
expression of the gene product. These studies were performed using
mecoprop-degrading isolates derived from soil treated with different
herbicides at different concentrations, so that comparisons could be
made between the different isolates. Primers have been designed to
amplify the tfdK gene from the isolates, all of which possessed the
gene. This will enable us to perform sequence analysis. The
expression of TfdK was monitored using SDS-PAGE analysis, and our
data suggests that TfdK is expressed at an early stage in mecoprop
degradation. Future work will include establishing the location of the
tfdK gene and purification of TfdK through the use of histidine
tagging.
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Polyhydroxyalkanoate accumulation from styrene and

other aromatic hydrocarbons by Pseudomonas putida CA-3
P.G. Ward & K.E. O’Connor
Dept of Industrial Microbiology, Centre for Synthesis & Chemical Biology,
University College Dublin, Ireland
Polyhydroxyalkanoates (PHA) offer a biodegradable alternative to
existing environmentally unfriendly petrochemical based plastics
currently in use. A broad range of carbon sources can be used to
accumulate PHA in Pseudomonads1. The cost of the carbon source
used for PHA accumulation is a key factor in the final cost of the
PHA. Thus a cheap carbon source or a PHA with highly desirable
properties is desirable.
P. putida CA-3 is capable of accumulating PHA to varying levels
from a variety of aromatic carbon sources such as styrene,
phenylacetic acid and cinnamic acid. Styrene is one of the most
interesting aromatic substrates resulting in PHA accumulation by P.
putida CA-3 since it is found in many industrial effluents. In the U.S
alone, over 25 million kilograms of styrene waste is released
annually. Styrene is associated with respiratory tract irritation,
central nervous system depression, muscle weakness and narcosis in
humans and other mammals2. Methods for dealing with waste
styrene include underground injection, land spreading and
combustion for the generation of energy. The latter generates
emissions of organic pollutants, including polycyclic aromatic
hydrocarbons and carbon monoxide3.
The conversion of styrene to PHA, by P. putida CA-3, provides a
new and unique link between a petrochemical waste product and a
biodegradable plastic. Our strategy looks to detoxify styrene waste to
prevent its release into the environment rather than a bioremediation
of the environment into which styrene has been released.
A comparison of PHA accumulation from intermediates of
styrene degradation as well as structurally similar compounds was
undertaken with a view to understanding PHA accumulation from
PHA unrelated aromatic substrates in P. putida CA-3. The level of
PHA accumulated varies dramatically according to the aromatic
substrate supplied. The factors affecting the PHA content of the
bacterial cell such as growth rate, carbon and nitrogen concentration

are also investigated in an attempt to optimize PHA accumulation in
P. putida CA-3.
References: 1. Steinbuechel A. & Valentin H. E. (1995). FEMS Microbiol Lett
128, 219–228. 2. Guillemin, M.P. & Berode, M. (1988). Am Ind Hyg Assoc J 49,
497–505. 3. Westblad, C., Levindis, Y.A., Richter, H., Howard, J.B. & Carlson, J.
(2002). Chemosphere 49, 395–412.
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The isolation and molecular analysis of novel cyanide

and/or metal tolerant degrading micro-organisms
Karen E.M. Tambling, Catherine O’Reilly & Peter Turner
Dept of Chemical & Life Sciences, Waterford Institute of Technology,
Cork Road, Waterford, Ireland – Tel +353 51 302665
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Although it is highly toxic, cyanide occurs naturally in the
environment with natural sources of cyanide including plants,
bacteria and fungi (Castric 1981, Vennesland et al., 1981, Millar &
Higgins, 1970). However, a significant amount of cyanide is also
produced by industry in the production of chemicals, synthetic fibres
and in the wastes of coal gasification and coking, steel, electroplating
and mining industries. Cyanide tends to react readily with many
other chemical elements and molecules to form hundreds of different
compounds, an example of such is the formation of metal-cyanide
complexes of variable stability and toxicity. Conventional chemical
methods for the degradation and detoxification of cyanide are
available but these systems suffer from a number of disadvantages
including the fact that they have limited effect on metal cyanides.
Biological treatments for cyanide degradation are more benign and
have environmental benefits. The present work investigates the
possibility of isolating a novel micro-organism with the ability to
degrade metal cyanide complexes. Such a micro-organism would have
potential for use in the bioremediation of cyanide bearing wastes.
Isolation of novel microbial strains which have the ability to tolerate
and also degrade metal complexedc cyanides has proved successful
with strains including Stenotrophomonas maltophilia, Rahnella sp.,
Achromobacter xylosoxidans and Pseudomonas putida being
identified. One isolate, KT01, grows in the presence of TCN and on
iron cyanide when supplied as the sole sources of nitrogen. No
growth is observed for KT01 on free or complexed cyanide when
present as the sole source of carbon or carbon and nitrogen. The
ability of KT01 to grow in media containing nitriles including
benzonitrile, acetonitrile, propionitrile and in the corresponding
amides benzamide, acetamide, propionamide and formamide, is also
undergoing investigation.
This tolerance or ability to breakdown cyanide could be due to the
presence of cyanide degrading enzyme(s) such as cyanide hydratase,
cyanide dihydratase, cyanide oxygenase, etc. and the presence of
such an enzyme is being studied.
This project will lead to the isolation of new strain(s) with potential
application for the bioremediation of metal cyanides and/or free
cyanides and nitriles with four genera of bacteria being identified
from the isolates obtained.
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Evaluation by DGGE analysis of seasonal changes of

bacterial diversity in a wastewater treatment plant
A. Moura1, M. Tacão1, I. Henriques1, J. Dias2 & A. Correia1
1Centre for Cell Biology, Dept of Biology, University of Aveiro, 3810-193
Aveiro, Portugal; 2OMS-Tratamento de Águas Lda. 3854-909 Albergaria-

a-Velha, Portugal
The wastewater treatment system of Nisa (Southeast of Portugal)
receives urban effluents and discharges from cheese industries. In
summer, the two aerated lagoons exhibit purple coloration, and high
levels of oxygen demands. When this happens, the system becomes
less efficient.
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To monitor bacterial community changes during a year, water
samples from each aerated lagoon were collected monthly. DNA was
extracted from each sample. 16S rDNA fragments representing the
bacterial assemblage were obtained by PCR and separated by DGGE.
Direct amplification of pufM genes combined with DGGE analysis
was used to assess the diversity of purple bacteria. Analysis of 16SDGGE profiles revealed significant changes in the dominant bacteria
between summer and winter. Summer samples were more complex.
Amplicons of pufM genes were detected in all samples, being more
abundant in summer. A broad molecular diversity of pufM genes was
also observed. According to these results, the amounts of oxygen
introduced in the two lagoons should be increased in summer to
improve the performance of the system.
Research Institute of University of Aveiro and OMS-Tratamento de Águas Lda,
supported this work. M Tacão and I. Henriques were granted by Fundação para
a Ciência e a Tecnologia (POCTI/CVT/42025/2001 and SFRH/BD/5275/2001).
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Development of detection methods for monitoring

Between 1,500 to 20,000 bacteria per ml are known to be present in
cloud water but research to date has relied on traditional culturing
based methods and so the majority of species present have not been
characterized. Some species of bacteria have the ability to form ice at
elevated temperatures (up to –2ºC) via the production of ice
nucleation proteins. Cloud condensing and ice nucleating abilities
could protect cloud bacteria from desiccation or irradiation and assist
nutrient scavenging, enabling them to reproduce in the clouds. Ice
nucleating ability may also provide a means of return to earth by
triggering precipitation. This research aimed to identify the bacterial
species present in orographic clouds and determine if these possessed
ice nucleation genes. ARDRA was performed on cloud and rain
samples collected from the Outer Hebrides. Culturable isolates were
investigated for the presence of ice nucleating genes. It was found
that the cloud samples were dominated by Pseudomonas fluorescensrelated bacteria of which certain strains are known to have ice
nucleating capabilities; ice nucleating genes were identified in some
of the isolates. This indicates that bacterial ice nucleating proteins
may instigate rainfall.

rhizoremediation of polychlorinated biphenyls (PCBs) by genetically
modified (GM) Pseudomonas fluorescens F113

Auto-regulation of the two component StySR signal

Jill Hogan, Xuemei Liu, David Ryan & David Dowling

transduction system, involved in the transcritional regulation of the

Dept of Applied Biology & Chemistry, Institute of Technology
Carlow, Kilkenny Road, Carlow, Ireland
Email hoganj@itcarlow.ie, liux@itcarlow.ie

styrene degradative operon, in Pseudomonas putida CA-3

Human activities have created toxic compounds that cause
environmental pollution and threaten the earth’s biosphere. Among
these compounds, polychlorinated biphenyls (PCBs) are one of the
most serious pollutants; remediation of these compounds has
traditionally been carried out by incineration or burial of the soil in
secure landfills. However, these options have proven to be very
expensive and over the last couple of decades alternative clean up
methods have been sought. Bioremediation of soil contaminated with
PCBs is an attractive clean up strategy due to its potential to
mineralize pollutants and to be inexpensive. Biphenyl utilizing
bacteria have been isolated from various environmental samples
and studied extensively. Burkholderia sp. LB400 is one such
micro-organism with a superior ability to oxidize a wide range of
PCBs, this strain, however, does not colonize plant roots (rhizosphere)
where it is considered, there is potential to enhance the efficiency of
bioremediation. The bph genes from LB400 were cloned and used to
create two new PCB degrading rhizosphere bacteria, P. fluorescens
F113rifpcb and F113L::1180. The strain F113rifpcb has a low but
inducible level of bph gene expression, whereas F113L::1180,
contains the bph genes under the expression of a strong constitutive
(nod box) promoter from Sinorhizobium meliloti. We have developed
successful molecular detection and quantification methods for
tracking these two GM bacteria by real-time PCR (LightCycler) in a
mini-lysimeter experiment using natural contaminated soil.
Furthermore, we describe the development and application of real
time detection tools for biomonitoring the fate of the GM bacteria,
root colonization dynamics, bioavailability and biodegradation of
PCBs in situ, using a novel GFP based single cell biosensor that
responds to end-products of PCB breakdown.

Aisling Mooney, Niall D. O’Leary & Alan D.W. Dobson
Microbiology Dept, University College Cork, National University of
Ireland, Cork, Ireland
The bioreactor isolate Pseudomonas putida CA-3 degrades styrene,
utilizing this xenobiotic compound as its sole source of carbon.
Styrene is degraded by an initial side chain oxidation, and is
subsequently degraded to phenylacetic acid (PAA) by theproducts of
the styABCDE genes. These genes are selectively induced by styrene
and repressed by PAA, at the level of transcription by the twocomponent, StySR system. The StySR proteins are one of only four
two component systems currently known to be involved in aromatic
hydrocarbon catabolism and they display a high level of amino acid
similarity with other members of the two-component signal
tranduction systems in both prokaryotes and eukaryotes; particularly
with the TodST system involved in toluene degradation in P. putida
F1. We have performed expression studies which indicate for the first
time that the stySR genes are themselves regulated by the product of
the styR gene, StyR; which binds to the stySR promoter in a
phosphorylated form. Deletion analysis of the promoter region
coupled with both band shift assays and DNA footprinting, indicate
that StyR binds from +154 to +165 on the 300bp promoter. It’s likely
that this novel auto-regulation system plays a major role in the cells
ability to adapt to its environment and utilize available sources such
as styrene and PAA.
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Isolation of Campylobacter spp. from chicken rearing

environments based on International Standard Organization and
HPA endorsed methods
L.K. Williams1, V.M. Allen2, N.C. Elviss1, F. Jørgensen1, H.C. Davison3 &
T.J. Humphrey2

Acknowledgements: This work was funded in part by the HEA Cycle 2

1Food Microbiology Collaborating Unit, Health Protection Agency, School

programme EU contracts QLK3-CT2000-00164 & QLRT-2001-00101 and R&D

of Clinical Veterinary Science, University of Bristol, Bristol, BS40 5DU;
2School of Clinical Veterinary Science, University of Bristol, Bristol,
BS40 5DU; 3Dept of Epidemiology, New Haw, VLA-Weybridge, Addlestone,
Surrey KT15 3NB

Skills Programme sponsored by the National Development Plan-Technological
Sector Research.
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Grey skies research: bacterial communities in clouds

Helen Ahern, Tom Hill, Kerry Walsh, Angie Ellis, Wei Ling Lim &
Bruce Moffett
University of East London, Romford Road, London E15 4LZ
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Campylobacter is the leading cause of bacterial foodborne illness in
the UK, accounting for 78 % of infections. Sensitive detection
methods are necessary so that effective control measures can be
implemented throughout primary production. This study compared
isolation of Campylobacter spp. from different sample types using
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Use of a microarray approach to identify genes regulated

by substrate availability in a human gut commensal anaerobe
K.P. Scott1, J.C. Martin1, C.-D. Mayer2, G. Campbell1 & H.J. Flint1
1Rowett Research Institute; 2BioSS, Greenburn Road, Bucksburn,

Aberdeen AB21 9SB
The use of microarrays to analyse bacterial gene expression has been
considered mainly for organisms for which the genome sequence is
available. The approach also has much to offer for unsequenced
organisms. Roseburia spp. represent an important group of butyrateproducing commensal anaerobes found in the human gut, belonging
to the Clostridial cluster XIVa. The aim of this project was to identify
specific genes whose expression is increased by particular substrates
or by others factors in the gut environment. To achieve this we
created a microarray of 5000 PCR-amplified inserts from a plasmid
library of pseudo-random (partial Sau3AI-cut) genomic fragments
from Roseburia sp. A2-194. Differential screening was then
performed with fluorescent cDNA probes after extracting mRNA from
cultures grown on: 1) glucose or maltose; 2) inulin or starch; 3)
glucose or fucose. Inserts displaying significant differential responses
were identified and then sequenced. We were able to identify many
major genes whose expression responds to growth on the dietary
polysaccharides starch and inulin, and to the sugar fucose which is
found on gut host cell receptors.
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Metal and microbe interactions – a multidrug efflux

system from Xanthomonas sp. that confers resistance to copper
Robert Ryan, David Ryan & David N. Dowling
Dept of Applied Biology & Chemistry, Institute of Technology Carlow,
Kilkenny Road, Carlow, Ireland
Email ryanr@itcarlow.ie
Many metal ions are essential as trace elements but at higher
concentrations they become toxic. Heavy metals are difficult to
remove from the environment and unlike many other pollutants
cannot be chemically or biologically degraded. Thus the use of
micro-organisms for the decontamination of heavy metals has
attracted growing attention. The mechanisms involved in bacterial
metal resistance include the active efflux pumping of the toxic metal
out of the cell or an enzymatic detoxification reaction. Occasionally
bioaccumulation or sequestration of the metal is used to detoxify it.
Knowledge of such resistance systems maybe utilized in remediation
of polluted waters and soils.
We describes the isolation and characterization of a copper resistant
and glyphosate tolerant bacterial strain from a polluted glyphosate
and heavy metal site at Hebei province in China.
A 6.003 kb (accession no. AY359472) DNA fragment from a
Xanthomonas strain (IG-8 ), mediating copper chloride resistance to
a concentration of 4 mM, was isolated by screening a cosmid library

of the strain in Escherichia coli. Phenotypic analysis of the copper
tolerant clone (pITCCU4) revealed elevated levels of resistance to
several antimicrobial agents including heavy metals (nickel 1 mM,
cadmium 1 mM), antibiotics (tetracycline 10 µg/ml, kanamycin 20
µg/ml), organic solvents (Hexane 100 %, Xylene 100 %) and other
detergents (Triton X 50 %) in addition to copper.
DNA Sequencing sequencing and subsequent analysis of this
clone was carried out to identity the determinants responsible for the
increased level of copper resistance and resulted in the identification
of a putative Sme-like multi-resistant determinant similar to the
smeRSABC, multidrug efflux operon of Stenotrophomonas
maltophilia. Several types of nonspecific efflux pumps, mediating
multiple resistance phenotypes, have recently been described in the
literature in Pseudomonas aeruginosa and Stenotrophomonas
maltophilia.
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three methods: one based on the current ISO method (using Preston
broth), one based on the current US FDA and the forthcoming ISO
method (using Bolton broth) and one based on the current HPA
method (using Exeter broth). Preston and Exeter enrichments were
incubated for 48h at 41.5 and 37 °C, respectively and Bolton at 37 °C
for 4h followed by 41.5 °C for 42–44h. All enrichments were plated
onto mCCDA. Samples representing chicken rearing environments
were collected in and around the houses of two organic chicken
broiler flocks. In total 120 swabs of walls, doors, hatches, feeders etc.,
litter and soil; 12 fresh faeces and 12 puddle/drinking water samples
were analysed. Campylobacter spp. were isolated from 68 % of
samples enriched by the Exeter method, 59 % by Bolton and 53 %
by Preston. Exeter performed significantly better than Preston
(p=0.0019; McNemar`s test) but there was no significant difference
between the Bolton and Exeter or Preston broths.

Initial bioinformatic analysis has indicated that this DNA
fragment contains threefour open reading frames associated with
copper resistance. Sequence analysis along with cCodon usage
analysis (GCUA analysis) was carried out on this new gene system,
(xmeCRSA), which suggested that a horizontal gene transfer event
was responsible for the presence of these genes in Xanthomonas
IG-8.
Acknowledgements: This work is funded in part by the Technological Sector
Research Strand I post-graduate R&D skills programme, the Higher Education
Authority of Ireland PRTLI programme and EU Contracts BIO4-CT-97-2227,
QLK3-CT2000-00164 and QLK3-CT-2001-00101.
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Incidence of Salmonella enterica serotype Typhimurium

in soils and composts
Elaine L. Taylor, William H. Gaze & Elizabeth M.H. Wellington
University of Warwick, Coventry CV4 7AL
Soil provides a reservoir for certain bacterial pathogens, the extent
and nature of this reservoir has not been extensively studied, and
little is known about the survival mechanisms and physiological state
of S. typhimurium within the soil environment. Three methods for
the detection of S. typhimurium in soil and compost were compared
for efficacy and sensitivity, selective viable count, DNA-based PCR
detection and direct viable count. Direct DNA detection was efficient
and sensitive to 102–103 cfu depending on soil type.
The presence of salmonellae in a range of composts used in the
horticultural industry was surveyed. Results indicated that
composting was generally a safe process for control of salmonellae.
immunomagnetic capture was used to capture cells for physiological
studies and use of fluorescent dyes indicated progressive reduction
in vitality with time in soil for only a proportion of cells
Sterile and non-sterile soil microcosms were used to determine
the effect of resident soil protozoa on survival and activity of
S. typhimurium. An interesting observation resulted from studying
the interaction between salmonellae and amoebae where extensive
filamentation of passaged but undigested cells was observed.
Filaments ranged from 5–500 µm and may affect survival of
S. typhimurium in the environment.
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Impacts of desertification on microbial community

structure and function
A.A.A. Cooper, M. Krsek, & E.M.H. Wellington
Dept of Biological Sciences, University of Warwick, Gibbet Hill Road,
Coventry
Desertification involves land degradation in arid and semi-arid
areas resulting from various factors. The resultant land loses fertility,
buffering capacity, water holding capacity and features characteristic
of healthy soil structure. Diversity of microbial community structure
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may indicate changes in activity and survival of bacterial and
fungal groups. We are studying the impacts of desertification and
have applied a range of techniques such as DGGE, TRFLP and LHPCR to monitor diversity and changing community structure of
affected soils at specific European sites. We focused on certain
functional groups to determine impact on decomposition using
chitin-baits and molecular analysis of chitinase gene diversity in
addition to measurement of enzyme activity on extracted baits. We
hypothesized that reduced microbial diversity results in reduced
resilience of the microbial community.
Comparison of molecular methods for diversity analysis enabled
evaluation of genome diversity in the soils sampled and DGGE
provided a highly reliable method for community analysis. We
believe functional diversity of microbial communities must be a
critical tool in studies of microbial health in soil as functional
redundancy has been considered to be characteristic of large and
diverse bacterial populations. This may not be the case for eukaryotic
microbial groups as protozoan or fungi (e.g. mycorrhiza).
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The characterization of a plant-induced nitrilase from

the plant growth promoting bacterium Pseudomonas fluorescens
SBW25
Andrew J.M. Howden & Gail M. Preston
Dept of Plant Sciences, Oxford University
Pseudomonas fluorescens SBW25 (PfSBW25) is a plant growth
promoting rhizobacterium that has previously been found to trigger
induced systemic resistance in Arabidopsis thaliana. The genome of
PfSBW25 is currently being sequenced. In vivo expression technology
(IVET) has been used to identify genes from PfSBW25 whose
expression is induced on sugar beet plants. These studies have
identified a rhizosphere-induced gene with homology to previously
characterized nitrilases. Nitrilases catalyse the hydrolysis of nitrile
compounds to the corresponding carboxylic acid and ammonia. This
project aims to characterize a nitrilase of PfSBW25, and determine
the role of this gene in the plant growth promoting activity of
PfSBW25. This nitrilase may hydrolyse nitrile compounds for the
purpose of nutrition, signalling or detoxification of toxins. We are
also interested in this gene since nitrilases have important
applications in industry, and may have uses in the bioremediation of
polluted sites and in chemical synthesis. We are currently working to
determine the potential substrate of this plant-induced nitrilase, and
the environmental signals governing nitrilase expression.
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Functional gene diversity of 2,4-D-degrading bacteria

in soils
R. Long, N. Senior, D. Zakaria, P. Splatt, H. Lappin-Scott & C. Whitby
Dept of Biological Sciences, Hatherly Laboratory, Prince of Wales Road,
University of Exeter, Exeter EX4 5PS
Chlorophenoxyalkanoic acid herbicides e.g. 2,4-dichlorophenoxyacetic acid (2,4-D) are used globally in agriculture but is a
toxic pollutant in the environment. It is therefore important to
identify 2,4-D-degrading bacteria in situ. The gene tfdA encodes for
the enzyme TfdA, an a-ketoglutarate-dependent dioxygenase, which
catalyses the first step in 2,4-D biodegradation. The functional role of
the tfd genes, their sequence diversity and overall activity in nature
is not yet fully understood. The aims of our research were to analyse
the in situ microbial diversity from soil samples that had been
exposed to different concentrations of herbicides for over 10 years.
We enriched for 2,4-D-degrading micro-organisms from mixed soil
communities and monitored 2,4-D degradation by chloride ion
release and HPLC analysis. Three soil samples completely degraded
2,4-D after 10 days incubation. PCR amplification and DGGE
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analysis of the 16S rRNA and tfdA genes demonstrated changes in
microbial community structure during enrichment. Stable isotope
probing (SIP) and sequence analysis was also applied and identified
the key 2,4-D-degrading bacteria. SIP is becoming an extremely
useful method in microbial ecology by allowing the functional
components of a community to be directly linked to metabolic
processes.
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The incidence of human pathogens during the cultivation

of the common mushroom Agaricus bisporus in Ireland
D. Lecky1, J.S.G. Dooley2 & P.J. Maughton2
1University of Ulster, Coleraine, N.Ireland; 2The Food Safety Promotion

Board, Ireland
Minimally processed (MP) vegetables are in high risk of
contamination by foodborne pathogenic bacteria. The presence of
human pathogens during the cultivation of Agaricus bisporus is
evaluated. A range of samples were obtained (n=192) during five key
stages of the growth cycle to provide information on the occurrence
of Salmonella, Campylobacter, Staphylococcus and Escherichia coli in
mushroom houses in Northern Ireland and the bordering counties.
The samples were analysed using standard techniques based on ISO
methods routinely used by health laboratories in the UK. None of the
aforementioned human pathogens were found in any of the samples
examined. The general microbial bioload in both compost and casing
samples was evaluated and found to vary with stage of cultivation.
The relationship between general microbial bioload and mushroom
yield was also examined.
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Survey of Legionnaires’ disease agents in treatment

devices and drinking water reservoirs in Iran
Mojtaba Moosavian & Nader D. Khosroshahi
Ahwaz University of Medical Sciences, Iran
Objectives: Legionella species are ubiquitous in both, natural
and man-made water systems which spread by the inhalation or
aspiration of aerosolized organisms arising from water. Survey of
Legionnaires’ disease agents in treatment devices and drinking
water reservoirs in Iran was the objective of this study.
Methods: In a 9 months study, 210 samples collected from different
water sources, such as neonatal incubators, dental–units, water
bathes, cooling towers, drinking water reservoirs, hot water taps or
showers and little pools in parks, were examined. Sediment of water
samples were inoculated onto selective and non-selective media such
as BCYE, BMPA and MWY, before and after acidic treatment with
Kcl-Hcl buffer. Isolated colonies which suspected to Legionella, were
examined by tests such as fluorescence of colonies under UV lights,
no growing on ordinary media (as EMB, McConkey or blood Agar)
and standard biochemical tests.
Results: This study resulted in detection of 14 isolates (6.6 %) of
Legionella, which were distinguished to 9 isolates (64.3 %) of
Legionella pneumophila and 5 isolates (35.7 %) of Legionella spp.
The most of contaminated sources were dental-units (with 19 %) and
the lowest of them (with 2.9 %) were belong to hot water taps and
showers. 2 isolates of Legionella were identified from each of
examined sources, such as dental-units, water bathes and
cooling towers.
Conclusion: The results of this study showed that treatment
equipments and different water sources, as drinking water reservoirs,
were contaminated by Legionella pneumophila and so, regulatory
disinfection of these sources is necessary for prevention of aerosols
transmission which are contaminated to Legionnaires’ disease
agents.
Keywords: Legionella; Legionnaires’disease; treatment devices

Functional genomic analysis of a novel regulator in

Pseudomonas involved in plant–microbial interactions
P. Kiely, H. Abbas, G.L. Mark & F. O’Gara
Biomerit Research Centre, Dept of Microbiology, National University
of Ireland (University College Cork), Cork, Ireland
Website www.ucc.ie/biomerit
Exploitation of beneficial plant–microbial interactions in the
rhizosphere can result in the promotion of plant health and have a
significant importance for low input sustainable agriculture
applications such as Biocontrol. However, as microbes do not live in
isolation the complex interactions that occur in the rhizosphere need
to be further elucidated. Molecular signalling between bacteria, fungi
and other eukaryotic hosts plays a fundamental role both in
pathogenesis and in the establishment of beneficial interactions
between the partners. It is established that plant species can define
bacterial communities present in the rhizosphere via selection of
genetically diverse populations or by favouring specific dominant
groups. Despite the general acceptance that plant-derived
extracellular signals can influence bacterial behaviour in the
rhizosphere, little is known about the effects of these signals on both
bacterial gene expression and of the role of those genes with altered
expression in the microbe–plant interaction. Release of full genome
sequences of a number of bacterial strains together with
commercially available gene arrays now permit investigation into the
the influence of plant and microbial signals on global bacterial gene
expression. P. aeruginosa has already been shown to act as a model
organism in plant pathogenesis. Using this model micro-organism in
a transcriptome profiling study (P. aeruginosa PAO1 Affymetrix™
chips) candidate genes have been identified that are differentially
regulated in response to plant root exudates. Further investigation is
now being carried out on these genes, in particular a new putative
transcriptional regulator, named parA. A systems-based approach
involving target mutagenesis and proteomic technologies is currently
being carried out to identify the role this gene may have in
plant–microbial interactions. Proteomic analysis of the parA mutant
shows it differentially controls the expression of a number of genes,
furthermore this variation has also been noted in the phenotypic
properties of the parA mutant that we have analysed. Collectively
our data indicates a novel role for the ParA regulator.
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Microbial community composition of long-term

TNT-contaminated soil
E.R. Travis1, N.C. Bruce2 & S.J. Rosser1
1University of Glasgow; 2York University

We have investigated the microbial community composition of
long-term TNT-contaminated soil using a combination of genetic,
functional and physiological analyses. The main techniques used
were DGGE and carbon substrate utilization patterns (BIOLOG
EcoPlates). The number of culturable bacteria per gram of soil
decreased dramatically at high concentrations of TNT. The genetic
composition of the microbial community composition was seen
to change in soil contaminated with high concentrations of TNT.
The functional capacity of the microbial community was also seen
to be dependent on the concentration of TNT present within the
soil.
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Analysing the oral metagenome

John Ward & Brian Henderson
Dept of Biochemistry & Molecular Biology, University College London,
Gower Street, London WC1E 6BT
The oral cavity contains more than half of the bacterial species
that constitute the indigenous human bacterial microbiota. The oral

cavity, because of its ease of access, multiple microhabitats and
susceptibility to disease caused by the indigenous microbiota is
the site, par excellence, for the study of microbial–host interactions.
However many of these bacteria are uncuturable which makes
conventional microbial analysis limited.
We are addressing the association of oral bacteria with each other,
with human cells and with human proteins using a metagenomic
approach. This circumvents the culturing of individual bacteria and
we extract DNA directly from material such as saliva or tongue
scrapes. These DNA preparations represent all organisms in the
sample.
DNA libraries prepared from these sources have been prepared and
by DNA sequencing of some recombinants we can show that human
DNA is present in the oral DNA preparations. Treatments such as
dilution into non-osmotically protecting buffer and nuclease
digestion of released DNA, reduce the human DNA contamination.
The DNA sequence of the ends of these clones reveals the probable
organisms they originate from. Phage display libraries of the oral
DNA have been prepared and proteins able to bind to human
secreted proteins have been found from these libraries.
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Biochemical and molecular analyses of genes

associated with nitrile metabolism from the novel strain
Rhodococcus erythropolis ITCBP
Orla Cahill & C. O’Reilly
Dept of Chemical & Life Sciences, Waterford Institute of Technology,
Cork Rd, Waterford
Nitriles (R-CN) occur naturally in the environment as constitutes
of plants and as intermediates of microbial metabolism. Specific
enzymatic pathways have been identified that catalyse the
hydration of toxic nitrile containing compounds into their
corresponding carboxylic acids, and ammonia. Direct hydrolysis
of the nitrile to the acid is enabled by a nitrilase (E C 3.5.1.4),
whereas, the second pathway involves a co-ordinately expressed
enzyme system; nitrile hydratase (EC4.2.1.8.4)/amidase (EC3.5.1.4).
This pathway results in the amide intermediate converted by the
action of amidase to the corresponding acid with the release of
ammonia. These enzymatic systems have been identified in a wide
number of plants, bacterial and fungal species, the most prominent
of which is the bacterial genus Rhodococcus. Numerous nitrileutilizing Rhodococcal strains have been isolated this metabolic
ability due to the presence of the NHase/amidase enzymes.
R. erythropolis ITCBP, a novel strain was isolated based on its
ability to metabolize PCBs. 16s RNA sequencing indicated
homology to numerous strains of Rhodococcus sp, which have
nitrile/amide degrading abilities. Using a variety of nitriles and
amides, substrate specificity analyses confirmed the strain’s
nitrile metabolism. Subsequent genetic analyses; including PCR
amplification, cloning and sequencing resulted in the isolation of
six genes, which led to the molecular characterization of the
NHase/amidase operon.
Nucleotide and protein sequence comparison of the main genes,
the NHase a,b sub-units and the amidase indicated >98 % homology
to those from Rhodococcus sp. AJ270 with the p47k gene sequence
indicating homology to the p44k region of the same strain.
Substrate specificity analyses on both strains verified similar growth
characteristics although the activity of the respective enzyme systems
differed. Such novel bacterial strains with the ability to degrade toxic
environmental pollutants play a vital role in environmental,
chemical and industrial waste management.
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Expression in Escherichia coli of a carbapenem-

hydrolyzing class A β-lactamase from an unusual strain of
Serratia fonticola

Metaproteomic investigations of enhanced biological

phosphorus removal in activated sludge
Paul Wilmes1 & Philip L. Bond1,2

Fátima Fonseca1, Ana Cristina Sarmento1, Maria J. Saavedra2 &
António Correia1

1School of Environmental Sciences; 2School of Biological Sciences,

1Centre for Cell Biology, Dept of Biology, University of Aveiro, 3810-193
Aveiro; 2CECAV, Dept of Veterinary Science, University of Trás-os-Montes

In the post-genomic era, the focus of numerous researchers has
moved to studying the functional products of gene expression. In
microbiology, these ‘omic’ approaches have largely been limited to
pure cultures of micro-organisms. Consequently, they do not provide
information on gene expression in a complex mixture of microorganisms as found in the environment. Our method enabled the
successful extraction and purification of the entire proteome from a
laboratory-scale activated sludge system optimized for enhanced
biological phosphorus removal, its separation by 2D-PAGE and the
mapping of this metaproteome. Highly expressed protein spots were
excised and identified using Q-ToF MS with de novo peptide
sequencing. The proteins isolated included an outer membrane
protein (porin), an acetyl coenzyme A acetyltransferase and a protein
component of an ABC-type branched-chain amino acid transport
system. These proteins probably stem from the dominant and
uncultured Rhodocyclus-type polyphosphate accumulating organism
in the activated sludge.

e Alto Douro, Vila Real, Portugal
The species Serratia fonticola, include organisms that occur in
environmental waters. Most of strains express both a chromosomally
encoded extended-spectrum class A β-lactamase (SFO-1) and a
species-specific AmpC β-lactamase. S. fonticola UTAD54, isolated
from untreated drinking waters in the Northeast of Portugal, showed
to be resistant to carbapenems. The genome of strain UTAD54
encodes a metallo-enzyme (Sfh-I) and a novel class A β-lactamase
SFC-1. Those enzymes are absent from other S. fonticola strains. For
a better understanding of this complex pattern of resistance we
started the characterization of SFC-1. After PCR amplification using
specific primers, the blaSFC-1 gene was cloned in the expression
vector pTrcHis and introduced in E. coli TOP10F cells. The
construction was confirmed by restriction analysis and DNA
sequencing. Crude cell extracts of the E.coli clone expressing the
recombinant enzyme were prepared. β-lactamase activity was
detected with nitrocefin on SDS-PAGE gels. Protein purification was
made by ion-exchange chromatography. The SFC-1 enzyme
expressed in E. coli has aproximately 30 kDa and shows to cleave
efficiently aztreonam.
Research Institute of University of Aveiro supported this work. Fátima Fonseca
and Ana Cristina Sarmento were granted by Fundação para a Ciência e a
Tecnologia (SFRH/BM/13342/2003 and SFRH/BPD/7183/2001).
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Effect of long-term benzene pollution on bacterial

diversity and community structure in groundwater
Anne Fahy1, Gordon Lethbridge2, Richard Earle2, Andrew S. Ball1,
Kenneth N. Timmis1 & Terry J. McGenity1
1Dept of Biological Sciences, University of Essex, Colchester CO4 3SQ;
2Shell Global Solutions, Cheshire Innovation Park, PO Box 1, Chester

CH1 3SH
For this study we were able to collect several groundwater
samples on two occasions, from an aquifer situated below an
operational chemical plant. The site (SIReN: site for innovative
research on natural attenuation) is not undergoing engineered
remediation and is impacted mainly by BTEX (benzene, toluene,
ethylbenzene and xylenes), of which benzene is the most abundant.
Thus, uncommonly, we were able to document the influence over
bacterial communities of one main contaminant in a single natural
environment. Twelve groundwater samples were analysed over two
years by T-RFLP (terminal restriction fragment length polymorphism)
of bacterial 16S rDNA. These culture-independent profiles showed
that generally, the bacterial communities were similar at one year’s
interval, independently of their depth, or location over the site. The
communities from wells with a low level of contamination were
diverse and had a similar structure. In heavily contaminated
groundwater, bacterial diversity was halved and the communities
had developed in diverging directions. Canonical correspondence
analyses of the T-RFLP profiles combined with the geochemical
parameters of the groundwater showed that the primary cause of
this divergence was anoxia, rather than the direct effect of
benzene.
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The genome sequences of Rhizobium leguminosarum and

Pseudomonas fluorescens
Lisa C. Crossman, Julian Parkhill & The Pathogen Sequencing Unit
The Wellcome Trust Sanger Institute, Hinxton, Cambridge CB10 1SA
The Pathogen Sequencing Unit from the Sanger Institute has been
funded by the Biotechnology and Biological Sciences Research
Council (BBSRC) to sequence two ‘environmental’ organisms, namely
Rhizobium leguminosarum biovar viciae and Pseudomonas
fluorescens SBW25. In addition to providing clues to survival and
growth of these organisms in their natural habitat, comparisons of
the genomes of these organisms with those of the previously
sequenced pathogenic organisms may throw up interesting clues to
the genes which define pathogenicity.
Rhizobium leguminosarum is a nitrogen-fixing plant symbiont. This
fulfils an important agricultural role in the environment by providing
fixed nitrogen for plant growth and lessening the requirement for
nitrogenous fertilizers. We are very close to completion of the
sequence of R. leguminosarum biovar viciae strain 3841. The genome
consists of a single circular chromosome of 5.06 Mb, with a G+C
content of approximately 62 %, and an additional six plasmids of
approximately 2.54 Mb, leading to a total genome size of around
7.7Mb. Analysis indicates that much of the vital nitrogen fixing
activity is encoded by the plasmids.
Pseudomonas fluorescens encompasses a diverse group of bacteria
that is commonly found in a wide range of terrestrial and aquatic
habitats. We have completed the sequencing of strain SBW25; a
plant-growth promoting bacterium that colonizes both plant leaves
and roots. The single chromosome is estimated to be around 6.72 Mb
with a G+C content of approximately 66 %. We have also sequenced
an unusual plasmid from this strain, pQBR103. The sequence is
425,094 bp with a G+C content of 53.15 %. Preliminary analysis
suggests that there is a peculiarly high content of uncharacterized
coding sequences on this plasmid.
All the sequence data is available for download and analysis from
our websites http://www.sanger.ac.uk/Projects/R_leguminosarum and
http://www.sanger.ac.uk/Projects/P_fluorescens. Analysis of these two
genomic sequences is ongoing.

Eukaryotic Microbiology Group
EUK 01 Chromosome maintenance with telomeres or
recombination
Laura Maringele & David Lydall
Henry Wellcome Lab for Biogerontology Research, Newcastle upon Tyne
It is generally assumed that there are only two ways to maintain
linear chromosomes in yeast and mammalian nuclei: telomerase
and recombination. In the absence of these mechanisms, cells enter
senescence, a state of permanent growth arrest. Here we report that
telomerase- and recombination-defective yeast can escape senescence
and divide indefinitely, despite the loss of telomeric regions from
many chromosomes. Thus, it is not the shortening or the absence of
telomere repeats that permanently prevents cells from dividing. We
found that the decisive role in preventing senescent cells from
dividing is played by telomere-active nucleases, in the case of
budding yeast, the Exo1 exonuclease. We also show for the first time
that palindrome formation is a natural response to post-senescent
changes and it is able to ‘immortalize’ telomerase- and
recombination-defective cells. It seems plausible that a palindromedependent mechanism of chromosome maintenance occurs in other
eukaryotic cell types, particularly tumour cells. Finally, we were able
to identify and sequence several independent, naturally produced
palindromes and found unduplicated wild type inverted repeats at
their origins. Our results have implications for chromosome
maintenance in eukaryotic cells and for genome evolution.

EUK 02 The Saccharomyces pombe HIRA-like proteins Hip1 and
Slm9 function as transcriptional repressors
Amanda Greenall & Simon Whitehall
University of Newcastle upon Tyne
HIRA-like proteins are components of a replication-independent
nucleosome assembly pathway. Analysis of S. cerevisiae has revealed
that they contribute to silencing and we have demonstrated that the
fission yeast Hir proteins Hip1 and Slm9 are required for the
assembly and/or maintenance of hetrochromatin at centromeres and
at mating type loci. Additionally Hir proteins have been linked to the
repression of histone genes in mammals and in yeasts. We have used
DNA microarray analysis in an attempt to identify further Hir target
genes. This analysis identified approximately 40 genes from a
number of different classes, whose expression levels increase
significantly in the absence of both Hip1 and Slm9. We conclude that
in addition to their previously characterized roles in the maintenance
of constitutive heterochromatin, Hip1 and Slm9 function together at
a number of genomic loci and act predominantly as repressors. This
represents the first identification in any system of non-histone target
genes that are regulated by HIRA-like proteins.

EUK 03 What is the mechanism of internuclear gene silencing in
Phytophthora infestans?
Claire A. Walker, Neil A.R. Gow & Pieter van West
University of Aberdeen, Aberdeen Oomycete Group, College of
Life Sciences & Medicine, Institute of Medical Sciences, Foresterhill,
Aberdeen AB25 2ZD
Email mbi237@abdn.ac.uk, p.vanwest@abdn.ac.uk
In the plant pathogen Phytophthora infestans nuclear integration
of inf1 transgenic DNA sequences results in internuclear gene

silencing of inf1. Although silencing is regulated at the
transcriptional level, it also affects transcription from other nuclei
within heterokaryotic cells of the mycelium. Here we report
experiments elucidating the mechanism of internuclear gene
silencing in P. infestans. The DNA methylation inhibitor 5azacytidine induced reversion of the inf1-silenced state. Also, the
histone deacetylase inhibitors, trichostatin-A and butyric acid were
able to reverse inf1 silencing. Inf1-expression levels returned to the
silenced state when histone deacetylase inhibitors were removed
except in non-transgenic inf1-silenced strains that were generated
via internuclear gene silencing, where inf1 expression was restored
permanently. Therefore inf1-transgenic sequences are required to
maintain the silenced state. Prolonged culture of non-transgenic
inf1-silenced strains resulted in gradual reactivation of inf1 gene
expression. Nuclease digestion of inf1-silenced and non-silenced
nuclei showed that inf1 sequences in silenced nuclei were less rapidly
degraded than non-silenced inf1 sequences. Our findings indicate
that the inf1-silenced state is based on the formation of
heterochromatin at silenced alleles and that the heterochromatin
state of inf1 can be transmitted from nucleus to nucleus in
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heterokaryotic cells. Here we present our latest results.

EUK 04 The use of microarray technology to analyse genes that
maintain nuclear architecture in Saccharomyces cerevisiae: the
global distribution of the Yku70/80p heterodimer
Marcus E. Marvin, Esther R. Loney, Megan A. Field & Edward J. Louis
Dept of Genetics, University of Leicester, University Road, Leicester LE1 7RH
Tel 0116 223 1329; Fax 0116 252 5101; Email mm47@le.ac.uk
The nuclear architecture of Saccharomyces cerevisiae is organized to
prevent mitotic and meiotic recombination between telomeric and
internal sequences. Telomeres are tethered at the nuclear periphery to
provide a physical recombination barrier. Using a genetic screen that
detected the breakdown of this barrier, we identified 89 proteins that
maintain nuclear architecture. Some of these proteins have known
functions such as telomere maintenance, clustering and attachment
to the nuclear periphery, others are involved in recombination or
have unknown functions. We are now studying these proteins, using
chromatin immunoprecipitation and microarray analysis (ChIP on
chip) to decipher where these proteins bind along the chromosomes.
Yku70p and Yku80p were identified in our genetic screen and form a
heterodimer that plays a role in gene silencing, non-homologous end
joining (NHEJ) and attachment of telomeres to the nuclear periphery.
Using ChIP on chip analysis and quantitative PCR (QPCR), we have
identified specific subtelomeric and internal chromosome regions
where the Yku70/80p heterodimer binds. The identified binding
regions have shed light on the role of the Yku70/80p heterodimer in
maintaining telomere structure and epigenetic silencing. Our data
will help to elucidate the mechanisms involved in maintaining
chromatin structure and nuclear architecture in S. cerevisiae.

EUK 05 Bloodstream form specific derepression of silent
VSG expression sites and procyclin in Trypanosoma brucei after
inhibition of DNA synthesis or DNA damage
Karen Sheader, Daniëlle te Vruchte & Gloria Rudenko
Peter Medawar Building for Pathogen Research, South Parks Road,
University of Oxford, Oxford
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The African trypanosome Trypanosoma brucei relies on an elaborate
system of antigenic variation of a Variant Surface Glycoprotein
(VSG) coat to allow it to form chronic infections. Although a single
trypanosome has hundreds of silent VSG genes, only one VSG is
transcribed at a time from one of about twenty telomeric VSG
expression sites (ESs). In order to study ES control, we made reporter
lines with Green Fluorescent Protein (GFP) genes inserted behind ES
promoters. FACS analysis allowed the rapid and sensitive detection of
ES derepression. We find that a range of treatments that either block
nuclear DNA synthesis like aphidicolin, or modify DNA like cisplatin
and MNNG result in derepression of silent ESs. Aphidicolin treatment
was the most effective, resulting in almost 80 % of the cells
expressing GFP from a silent ES. In contrast, a range of toxic
chemicals had little or no effect on expression. These included berenil
and pentamidine, which selectively cleave the mitochondrial
kinetoplast DNA (kDNA); the metabolic inhibitors suramin and
DFMO, and the mitotic inhibitor rhizoxin. Derepression was also
observed for other RNA polymerase I (Pol I) transcription units, as
procyclin genes were also upregulated after cells were treated with
either aphidicolin or DNA modifying agents. Surprisingly, this
derepression of silent Pol I transcription units was bloodstream form
specific, and was not observed in insect form T. brucei. We postulate
that the redistribution of a limiting bloodstream form specific factor
involved in both silencing and DNA repair results in the derepression
of normally silenced Pol I transcription units after DNA damage.

EUK 06 Role of a MAP kinase cascade in the development of an
epigenetic cell degeneration
Sébastien Kicka, Andrew K. Sobering, Crystel Bonnet,
Latha Prabha Ganesan & Philippe Silar
Institut de Génétique et Microbiologie, Université de Paris Sud, 91405
Orsay cedex, France
PaASK1, a MAPKKK, controls crippled Growth (CG), an epigenetic
cell degeneration of the filamentous fungus Podospora anserina. A
model based on the bistable and hysteretic behaviour of the PaASK1
MAP Kinase cascade has been proposed to explain the properties of
CG, especially its triggering by a cytoplasmic and infectious factor.
To confirm this model, the downstream MAPKK and MAPK have
been cloned and null alleles recovered. Inactivation of the MAPKK
and MAPK genes displays the same phenotypes as the inactivation of
the MAPKKK gene, confirming the crucial role of the MAP kinase
module in the development of CG. Over-expression of the MAPK
results in the exacerbation of CG. Strains harbouring transgenes
expressing a MAPK-HA fusion protein have been constructed and
will be used to evaluate the phosphorylation status of the MAPK
during Normal and Crippled Growth. These data are the first steps
towards the deciphering of the molecular mechanisms involved in the
generation of the Crippled Growth cell degeneration.

EUK 07 Normal structures induce abnormal structures: role of the
yeast endocytic pathway in aggregate toxicity and prion formation
Yury O. Chernoff1, Elena E. Ganusova1, Laura N. Ozolins1,
Gary P. Newnam1, Renee D. Wegrzyn1, Peggy A. Winslett1,
Anatoli B. Meriin2 & Michael Y. Sherman2
1School of Biology & IBB, Georgia Institute of Technology, Atlanta,
GA 30332-0363; 2Dept of Biochemistry, Boston University Medical

School, Boston, MA 02118, USA
Yeast endocytosis is driven by actin polymerization, controlled by
the Sla1/Pan1/End3 complex and proteins Sla2 and Bee1.
Polyglutamine aggregation in yeast sequesters components of the
vesicle assembly machinery and affects endocytosis. Deletions of
some vesicle-assembly genes also increase toxicity of the aggregated
yeast prion protein Sup35. Deletions of SLA1, END3 or BEE1, and
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mutation act1-R177A (interfering with endocytosis) reduce de novo
induction of the Sup35 prion ([PSI+]) by overproduced Sup35. In
[psi–] (but not in [PSI+]) cells, a fraction of overproduced Sup35-GFP
is associated with actin patches, presumable sites of endocytosis, and
is found in the vacuole at later stages. We propose that endocytic
pathway is involved in removal of potentially toxic aggregating
proteins in yeast, not destroyable by proteasome. However,
association of prion domains with the vesicle-forming sites nucleates
prion polymers escaping destruction.

EUK 08 Hsp70–Hsp104 interactions in yeast prion propagation
and protein disaggregation
Graham Hung & Daniel C. Masison
Building 8, Room 407, LBG/NIDDK, National Institutes of Health,
Bethesda, MD 20892, USA
Hsp104 is a protein chaperone that cannot prevent protein
aggregation but reactivates stress damaged proteins by breaking up
protein aggregates. This disaggregation requires Hsp70 and its cochaperone Hsp40, but the mechanism underlying this reaction is
unknown. Hsp104 promotes propagation of the yeast [PSI+] prion,
probably by breaking prion aggregates into more numerous selfpropagating particles (‘seeds’). Earlier we characterized a mutant
Hsp70 (Ssa1-21p) that reduces [PSI+] seed numbers, suggesting that
Hsp70 functions with Hsp104 in generating prion seeds. Pursuing this
prediction we identified mutations in Hsp104 that overcome the
effects of Ssa1-21p on [PSI+]. Hsp104 mutants also improve [PSI+]
propagation in cells lacking Ssa1p but do not effect [PSI+] in wild
type cells. As with wild type Hsp104, Hsp104 mutants are sensitive to
inactivation by guanidine, and when over-expressed under noninducing conditions cure cells of [PSI+]. Neither Ssa1-21p nor Hsp104
mutations significantly affect thermotolerance or reactivation of a
heat-denatured reporter protein, indicating that effects of the
mutations on chaperone function are subtle or specific to prion
substrates. Our work suggests that cooperation between Ssa1p and
Hsp104 is important for yeast prion propagation and provides tools
to determine how these chaperones interact to rescue aggregated
proteins.

EUK 09 The aggregation of Lsm4p: prion-like characteristics and
the facilitation of the de novo formation of [PSI+]
Irina L. Derkatch, Catherine J. Potenski & Nancy K. Horstman
New York University School of Medicine, Dept of Microbiology,
550 First Ave., MSB217, New York, NY 10016, USA
Prions are meta-stable: they can be lost or cured and re-appear de
novo. In yeast, Hsp104 depletion can cure all known prions. Some
prions ([URE3],[PIN+]), can re-appear in the progeny of cured cells.
Others ([PSI+]) would form only after the cell regains a heterologous
prion or in cured cells overexpressing Lsm4p or other proteins bearing
a sequence resembling prion domains in high N and/or Q contents.
Lsm4p functions in mRNA splicing and degradation. We demonstrate
the formation of fluorescent foci following the overexpression of
Lsm4::Gfp fusion, indicative of Lsm4p aggregation. Aggregation is
facilitated by [PIN+], and the kinetics of Lsm4p aggregate formation
is similar to that of [PSI+]. Hsp104 is critical for Lsm4 aggregateion,
and aggregate-carrying cells are usually found in clusters, indicative
of the aggregate transfer to daughter cells in a prion-like manner. In
[pin-], where [PSI+] formation is dependent upon the Lsm4p
overproduction, [PSI+] aggregates are detected exclusively in the cells
carrying Lsm4::Gfp foci and in the close proximity to the latter,
whereas in [PIN+] background [PSI+] aggregates appeared in the cells
devoid of Lsm4::Gfp foci. This demonstrates the role of Lsm4
aggregation for the formation of [PSI+] and suggests the possibility
of epigenetic modulation of mRNA processing.

EUK 12 Involvement of ROS in crippled growth, an epigenetic cell

the function of pericentric heterochromatin

degeneration of Podospora anserina

Kate Martin1, Amanda Greenall1, Alison Pidoux2, Robin Allshire2 &
Simon Whitehall1
1Cell & Molecular Biosciences University of Newcastle; 2ICMB,

University of Edinburgh
Background: HIRA-like (Hir) proteins are evolutionarily conserved
and are implicated in the assembly of repressive chromatin. In
Saccharomyces cerevisiae Hir proteins contribute to the function of
chromatin around centromeres. However, S. cerevisiae has ‘point’
centromeres that are fundamentally different to the complex
centromeres of metazoans. In contrast, Schizosaccharomyces pombe
has complex centromeres, whose domain structure is conserved with
human centromeres and are assembled into chromatin that resembles
that of pericentric heterochromatin in metazoans. Thus we have
examined the function of the S. pombe Hir proteins Slm9 and Hip1.
Results: Consistent with a role for these proteins at centromeric
heterochromatin, deletion of hip1+ or slm9+ results in increased
chromosome loss and sensitivity to spindle damage. Transcriptional
silencing and ChIP experiments indicate that neither protein is
required for the deposition of the centromere-specific histone H3
variant, Cnp1 (CENP-A). However, hir mutants exhibit severely
reduced silencing in the outer centromeric repeats and also at mating
type loci indicating that they contribute to the function of
heterochromatin at these sites.
Conclusions: Hip1 and Slm9 are required for accurate chromosome
segregation because they contribute to the function of pericentric
heterochromatin. Our data suggest that Hir proteins may be required
for the function of metazoan centromeres.

EUK 11 De novo conversion of yeast prion
Nadejda Koloteva-Levin, Gloria Merritt & Mick F. Tuite
Dept of Biosciences, University of Kent, Canterbury, Kent CT2 7NJ
Approximately 10 % of cases of human prion diseases are due to
mutations in the PRNP gene that lead to an increased rate of
conversion of PrPC tp PrPSc. In our project we are exploring the
underlying molecular and genetic events associated with de novo
prion formation using the yeast prion protein Sup35p as a model.
The conversion of Sup35p, a translation termination factor, to its
prion form results in the suppression od the nonsense mutation ade114 which gives a simple phenotypic assay for de novo conversion,
namely a switch from red Ade– colonies to white Ade+ colonies. In
this project we are studying two mechanism of de novo induction: by
overexpression of the part of SUP35 gene encoding for its NM
domains that depends upon the presence of a second prion [PIN+],
and spontaneous de novo induction (i.e. the absence of
overexpression of SUP35).

Fabienne Malagnac, Hervé Lalucque & Philippe Silar
Institut de Génétique et Microbiologie, Université de Paris Sud,
91405 Orsay cedex France
Crippled Growth (CG), an epigenetic cell degeneration in the
filamentous fungus Podospora anserina, likely results from the
sustained and abnormal activation of a MAPK cascade. Although, the
physiological signal triggering the activation is known, i.e.,
stationary phase, the underlying molecular machinery as well as the
reason for the sustained activation is unknown. In order to elucidate
the mechanism, we screened for numerous mutations that affect the
activation of the MAPK cascade. Some act positively while others act
negatively on the cascade. PaNox1, one of the affected genes has
been identified as encoding a NADPH oxidase, a plasma-membrane
protein involved in the generation of superoxide ions. Genetic data
show that PaNox1 acts upstream PaASK1. Most mutants affected for
CG, including those located in the MAPKKK, MAPKK and MAPK
genes display abnormal superoxide and peroxide secretion,
suggesting that ROS may participate in the control of CG.

EUK 13 Persistent HRP2 and panmalarial antigen reactivity after
successful treatment of Plasmodium falciparum infection
J. Iqbal1, N. Khalid1, A. Siddique2 & M. Jameel2
1Dept of Microbiology, Faculty of Medicine, Kuwait University;
2District Health Center, Punjab, Pakistan

This study was undertaken to evaluate new generations of
immunochromatographic assays to detect malaria infection. In this
study, 229 patients with the microscopic diagnosis of P. falciparum
infection were monitored with microscopy, ICT Malaria Pf/Pv test and
OptiMAL assay to detect persistent antigenemia in patients negative
for asexual-stage parasitemia following antimalarial treatment.
Following successful antimalarial chemotherapy, the ICT Malaria
Pf/Pv test detected persistent antigenemia in 160 of the 229 (70 %)
patients on day 7. 144 (63 %) of the patients reacted with histidine
rich protein 2 (HRP2) antigen and 110 (48 %) reacted with panmalarial
antigens (PMAs). However, the reactivity to HRP2 antigen and PMAs
dropped to 35 % and 23 % respectively on day 14. A higher
proportion of patients were positive for HRP2 antigen than for PMAs.
The majority of the patients were positive for both HRP2 antigen and
PMAs however, 16 (7 %) patients were HRP2– but PMAs+. Compared
to ICT Malaria Pf/Pv test, the OptiMAL assay detected significantly
less number of posttreatment persistent reactions. Levels of parasitespecific lactate dehydrogenas (pLDH) and panmalarial pLDH, as
detected by the OptiMAL assay, were shown to decline in parallel
with clearance of asexual-stage parasitemia. On day 7, persistent
pLDH reactivity was detected in 89 (39 %) and panmalarial pLDH in
34 (15 %) cases that dropped significantly to 21 (9 %) and 14 (6 %)
respectively on day 14. Thus OptiMAL may be superior to ICT
Malaria Pf/Pv in monitoring therapeutic responses. However, a
further improvement in quantification of current antigens is required
to further enhance the sensitivity and specificity these assays.

Using the assay based on [PSI+]-mediated suppression of ade1-14
we isolated a large number of spontaneous [PSI+] mutants and have
characterized a number of them by Western blot analysis and DNA
sequencing. In no case have we either seen a change in the overall
levels of Sup35p or in the sequence of the Protein. Genetic analysis
of these mutants also suggests that they have not acquired another
nuclear gene defect that triggers de novo conversion. These data
suggest that the majority of spontaneous

EUK 14 Isolation of fungi from nursery and primary school

[PSI+] mutants arise by a rare misfolding event. We are currently

children in Awka Nigeria

investigating whether any other genetic (e.g. ploidy) or physiological
parameters (e.g. temperature of growth) influence the rate of
spontaneous de novo induction of [PSI+]. This will provide us with
an insight into the molecular events that lead to de novo formation
of prion determinants in a highly tractable lower eukaryotic
model.
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EUK 10 Saccharomyces pombe HIRA-like proteins contribute to

Financially supported by Kuwait University Grant MI 109.

Theodore Mbata
Dept of Applied Microbiology & Brewing, Nnamdi Azikiwe University,
Awka, Nigeria
The study determined the prevalence of superficial mycoses amongst
nursery and primary school children aged 1–13 years in Awka Urban,
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Nigeria. A total population of 2,177 pupils were randomly selected
and screened between January 2004 and March 2004. 84 cases
proved mycologically positive by microscopic culture. Out of this
number, 83 cases (3.92 %) were found positive for the presence of
dermatophytes and 1 case (4.7 %) was found for non dermatophytes.
Six species of dermatophytic fungi belonging to two genera were
isolated, namely: Microsporum gypseum (37 %), M. audounii, (11 %),
Trichophyton rubrum (6 %) T, tonsurans (4 %), T . mentagrophytes
(25 %) and T. verrucosum (17 %). Other non-dermatophytic fungal
species isolated were: Aspergillus niger (49 %), A. flavus (31.4 %),
Sporotrichum schenckii (0.98 %), Nocordia asteroids (1.96 %)
Cladosporum werneckii (4.9 %) and mucor spp (9.8). Age and playing
habits of children could be attributed to the easy spread of these
infections amongst them.

EUK 15 Post-translational remodeling of sup35 to the prion state
in vivo
Prasanna Satpute-Krishnan & Tricia Serio
Dept of Molecular Biology, Cell Biology & Biochemistry, Brown University,
Providence, RI 02912, USA
In Saccharomyces cerevisiae, the activity of eukaryotic release factor
3 (Sup35) is modulated epigenetically by a prion cycle, in which the
protein adopts an alternate, self-replicating physical state,
+
Sup35[PSI ]. Related self-perpetuating changes in protein
conformation underlie the development of some severe
neurodegenerative diseases in mammals, including mad cow,
Alzheimer’s and Huntington’s diseases. Understanding how these
distinct phenotypic states can be stably maintained but occasionally
interconverted is crucial to revealing how proteins can act as genetic
elements in lower eukaryotes and etiological agents of
neurodegeneration in mammals.
Towards this goal, we assessed the ability of pre-existing Sup35 to be
remodeled to a new form in vivo. In one approach, we transiently
blocked prion conversion by expressing Sup35 as a GST fusion that
is proteolytically processed to release mature Sup35 after synthesis.
Unprocessed GST-Sup35 cannot convert; however, Sup35 liberated
from the fusion (processing half-time ~20 min.) supports prion
propagation, suggesting that Sup35 conformers can be directly
interconverted. In related experiments, we demonstrate that prion
transmission by mating is accompanied by remodeling of existing
Sup35 to the prion state upon cytoplasmic mixing. The impact of
these observations on the viability and adaptive role of the prion
state will be discussed.
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Fermentation & Bioprocessing Group
FB 01

Distribution of the ability to produce rapamycin by

members of the Streptomyces violaceusniger clade detected using
liquid chromatography mass spectrometry
Y. Kumar1, H.M. Talbot2, M. Goodfellow1 & A.C. Ward1
1School of Biology, 2School of Civil Engineering and Geoscience,

University of Newcastle, Newcastle upon Tyne
Rapamycin was detected in Streptomyces hygroscopicus subsp
hygroscopicus strain NRRL 5491 using C18 liquid chromatography ion
trap mass spectrometry. The rapamycin was eluted from the column
at about 18.8 minutes using a 10 to 100 % acetonitrile in a water
mobile phase at a flow rate of 0.2 ml per minute. The mass
spectrometer was operated in the positive ion electrospray mode
using selected ion monitoring (SIM) and the precursor ion at
m/z=936.6 yielded two main product ions of m/z=904.3 and 614.2.
The maximum amount of rapamycin produced was detected in the
methanol extract after 7 day’s growth of the strain. Members of the
Streptomyces violaceusniger clade all produce elioaphylin, nigericin
and geldanamycin, a combination of secondary metabolites which
potentiates the antifungal action of rapamycin in the producing
strain. Representatives of the Streptomyces violaceusniger clade
namely Streptomyces indonesiensis, Streptomyces javensis,
Streptomyces rhizosphaericus, Streptomyces yogyakartensis,
Streptomyces cangkringensis and Streptomyces asiaticus (Sembiring
et al., 2000) were screened for rapamycin production; under
conditions in which the reference strain produced rapamycin; none
of the strains produced rapamycin. PCR primers against the rapP
gene also gave negative results. The taxonomic position of the
producing strain was clarified by generating a 16S r DNA gene
sequence, which confirmed that it is a member of Streptomyces
violaceusniger clade. The results of this study support the hypothesis
that the rapamycin gene cluster in Streptomyces hygroscopicus subsp
hygroscopicus NRRL 5491 was acquired by lateral gene transfer. The
sensitivity and rapidity of the analytical procedure used in the
present study makes it useful for chemical screening of rapamycin
and other immunosuppressants from micro-organisms.

FB 02

Recombinant 1-deoxy-D-xylulose-phosphate synthase as a

biocatalyst, and comparison of its biocatalytic potential with

chromatography (HPLC), is compared with that of transketolase.
DXP-S is shown to be much more selective over acceptor substrates
than transketolase. Detailed sequence comparisons, and previous
mutagenesis studies on opening up the transketolase active site, have
been used to inform site-directed mutagenesis work, on combining
the broader substrate range of transketolase with the donor
specificity of DXP-S.

FB 03
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Cloning and expression of candidate transaminases for

use in a multi-enzyme pathway
Martin Bommer & John Ward
Dept of Biochemistry & Molecular Biology, University College London,
Gower Street, London WC1E 6BT
The transaminase group of enzymes transfer an amino group
from an amino acid donor onto a keto-acid acceptor and are part of
the amino acid metabolic pathway. The broad substrate specificity of
some transaminases allows these enzymes to catalyse the synthesis
or catabolism of a number of different amino acids, with a partial
overlap in substrate specificity. Furthermore substrate profiles vary
between homologous enzymes obtained from different microorganisms.
As a part of larger project, we are constructing multi-enzyme
pathways with transaminase to form chiral amines. The transaminase
will have to be engineered to accept the products of a transketolase
or DXP synthase reaction.
In order to extend our catalytic repertoire beyond that of the E. coli
TyrB, we have cloned the aromatic transaminases from Pseudomonas
aeruginosa, Bacillus subtilis and Klebsiella pneumonaie. Differences
in expression and solubility of the enzymes have been partially
compensated by the use of different expression vectors, E. coli hosts,
and growth and expression conditions. The impact of an N- or Cterminal polyhistidine purification tag on solubility and activity has
also been assessed.
We are currently characterizing the enzymes in terms of activity and
substrate profiles. The choice of homologous enzymes will also open
the way for the optimization of enzyme properties using a DNA
shuffling approach.

transketolase
Christopher Chudziak & John Ward
Dept of Biochemistry & Molecular Biology, University College London,
Gower Street, London WC1E 6BT
The enzyme, transketolase plays a key role in the pentose
phosphate pathway, exchanging two-carbon units between sugars.
Transketolase has also been widely studied as a carbon-carbon bond
forming biocatalyst, as it has a broad substrate specificity for the
aldehyde acceptor. It has been used to add a two-carbon ketol group
on to an aldehydic substrate, from the donor substrate,
hydroxypyruvate. The expense and scarcity of hydroxypyruvate make
it desirable to use an alternative substrate, such as pyruvate, as the
two-carbon donor. The Escherichia coli enzyme 1-deoxy-D-xylulosephosphate synthase (DXP-S), which naturally uses pyruvate as its
substrate in an analogous reaction to transketolase, has been
identified as an alternative enzyme for these biotransformations.
This has been cloned, expressed and characterized as a biocatalyst.
The substrate range, assessed with high performance liquid

FB 04

The potential of prebiotics to increase butyrate production

when fermented by the colonic microflora
Gemma Walton, Kieran Tuohy, Bob Rastall & Glenn Gibson
Food Microbial Sciences Unit, School of Food Biosciences, University
of Reading, Whiteknights, Reading RG6 6AP
Colon cancer has been identified as one of the most commonest
cancers in Europe. An estimated 80 % of cases are non-familial,
this means that other factors are involved, such as diet and the
microbiology of the colon. Butyrate, a short chain fatty acid (SCFA)
is produced by bacteria in the colon, and has been shown to be
involved in inducing apoptosis in rapidly proliferating cells. It has
also been identified to exert anticancer activities in vivo. The current
study investigates the production of butyrate in the colon due to
the fermentation of prebiotics (selectively metabolized dietary
carbohydrates). Anaerobic static batch cultures inoculated with
human faecal microflora were used to screen a range of
carbohydrates and dietary fibres, and examine butyrate yields.
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Wheat Bran and Oat Bran faired well in this respect, and were
then chosen along with non-digestible oligosaccharides for further
investigation. pH-controlled stirred batch cultures were carried out,
and fluorescence in situ hybridization (FISH) used to determine levels
of bacterial groups of interest at different sample times throughout
the fermentations. A positive prebiotic effect was seen with
recognized prebiotics, particularly galacto-oligosaccharide (GOS)
and fructo-oligosaccharide (FOS). These prebiotics also showed a
stimulatory effect for butyrate production and the microbial
interactions behind this are being further investigated.

FB 05

Characterization of lactic acid bacteria in nyarmie –

a Ghanaian fermented dairy product
M. Obodai & C.E.R Dodd
School of Biosciences, University of Nottingham
Nyarmie is a fermented milk product of the Fulani tribe of Ghana
manufactured from raw or pasteurized cow milk using traditional
methods. The diversity and dynamics of the microbial communities
during the manufacture of the dairy product were investigated by a
combination of classical and molecular approaches with emphasis on
lactic acid bacteria (LAB). Sampling was carried out at 5 production
sites and microbial enumerations were performed on plate count agar
for aerobic mesophiles, lactobacilli on MRS, lactococci on M17 and
yeast and moulds on MYPGA. The pH of the fermentation process
dropped from 6.26 to 3.5 whilst titratable acidity measured was in
the region of 0.2–1.05 %. A total of three hundred and sixty eight
(368) viable isolates of lactococci and lactobacilli were obtained from
the sampling. The lactococci constituted 54.5 % of the total counts
with the lactobacilli consisting of 45.5 %. Both microbes increased in
the range of 108–109 cfuml–l. Using PFGE electrophoresis 105
representative strains of LAB were grouped into 9 restriction pattern
fingerprints. The dominant LAB in nyarmie isolated using both PFGE
and PCR-DGGE were identified as Lactobacillus delbrueckii subsp.
delbrueckii, Lactococcus bulgaricus, Lactobacillus helveticus,
Lactobacillus lactis, Lactococcus lactis, Enterococcus durans,
Streptococcus thermophiles and Leuconostoc mesenteroides.

FB 06

ANTICO-transfer of Aspergillus niger genes into other

commercial organisms
Emma J. Tilley, I.S. Hunter & others
Dept of Bioscience, University of Strathclyde, Royal College Building,
204 George Street, Glasgow G1 1XW
Website www.nf-2000.org/secure/FP5/S1712.htm
ANTICO is FP5 demonstration project co-financed by the EU
Commission. The programme will investigate the transfer of specific
genes from an Aspergillus strain, producer of citric acid, into other
commercial micro-organisms to test if pools of precursors will be
enhanced in those organisms and lead to increased yields and
production rates for their end products. The two key enzymes, 6phosphofructo-1-kinase (pfk) and alternative oxidase (aox1) lead to
increased glycolytic flux and the uncoupling of respiration from ATP
production respectively, which, together with high glucose levels, will
lead to increased metabolic fluxes and steady state levels of
intermediates. The first task is to introduce the A. niger pfk gene,
which was found to be up-regulated by phosphorylation, and the
aox1 gene into the following commercial strains and evaluate the
outcomes on product formation (in brackets). The strains are
Aspergillus terreus (itaconic acid and lovastatin), Pichia pastoris
(heterologous protein), Lactococcus lactis (nisin), Streptomyces
rimosus (oxytetracycline), and Streptomyces clavuligerus
(clavulanic acid).
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The acyltransferase from the oxytetracycline gene cluster

of Streptomyces rimosus
Russell Christy, Iain S. Hunter, Steve Kendrew & Hrovje Petkovic
Dept of Pharmaceutical Sciences, University of Strathclyde, Royal College
Building, 204 George Street, Glasgow G1 1XW
Oxytetracycline (OTC) is a polyketide antibiotic that is made by a
Type II polyketide synthase complex. Like all polyketides made by
Type II enzymes, OTC is a polymer of acetate extender units.
However, the tetracycline family is unique in having an unusual
malonamyl starter unit, to which the acetates are added – most
other Type II PKS’ use an acetate starter.
The genetic architecture of the otc cluster includes an acyltransferase
(AT) gene. The vast majority of Type II clusters have no AT gene,
which is therefore presumed to be required to ‘load’ the malonamyl
starter unit onto the synthase complex. A parallel situation is seen
with the Type II cluster for daunorubicin biosynthesis, which uses a
propionyl starter unit instead of malonamyl.
The AT gene for OTC biosynthesis has been tailored by PCR and
expressed in E. coli. Expression levels after induction were critically
dependent on both host strain background and the culture
conditions. The recombinant enzyme will be characterized
biochemically. In parallel, the gene will be disrupted in S. rimosus
to confirm that is solely responsible for incorporation of malonamylCoA into the OTC backbone, thus opening up plausible new
strategies in the pursuit of polyketide diversity through genetic
recombinants.

FB 08

Characterization of nitrogen metabolism of Streptomyces

capreolus
Michelle Lea1, Glyn Hobbs1, Lucy Wigley2 & Stewart White2
1Liverpool John Moores University, Liverpool; 2Eli Lilly & Company

Limited, Speke
Capreomycin produced by Streptomyces capreolus is an
antituberculous antibiotic first described in 1960 and is primarily
effective against Mycobacteria. It has become an important drug for
treatment of Multi-Drug Resistant Tuberculosis (MDR-TB) and is
effective against strains of Mycobacterium tuberculosis that do not
respond to standard antitubercular drugs such as streptomycin and
viomycin. Indeed, capreomycin is believed to share biological
characteristics with the cyclic peptide viomycin. Capreomycin
comprises four species IA and IB the clinical agent and IIA and IIB,
minor products of biosynthesis. Capreomycins IA and IB contain
serine and β-lysine, whereas capreomycins IIA and IIB contain
alanine however β-lysine is absent. All components contain α,βdiaminopropionic acid and α(2-iminohexahydro-4-pyrimidyl)
glycine, with the latter being unique to the capreomycins.
In conjunction with Eli Lilly and Company Limited, research
is being undertaken to gain a better understanding of capreomycin
biosynthesis in sub-merged fermentations, in particular the
relationship between media composition and antibiotic formation.
The nitrogen component of the growth medium plays a vital role in
basal growth and indeed capreomycin formation. Eli Lilly currently
employs complex nitrogen sources which introduce variability into
the process in terms of yield and quality, but are vital to secondary
metabolite production. It is the presence of poorly defined substances
which may enhance or inhibit antibiotic production and it is likely
that certain amino groups are used during synthesis of the cyclic
antibiotic.
Work will therefore be carried out to determine the preferential
utilization of amino acids by the organism which will assist in the
development of a chemically defined medium which supports
capreomycin biosynthesis. Reversed-phase HPLC coupled with a

compared to that using the native pro-region, and the maximum
accumulation of the MTGase was 627 mg/L [3].
References: [1] Appl Environ Microbiol (2003) 69, 358–366; [2] Appl Environ
Microbiol (2003) 69, 3011–3014; [3] J Biotechnol (2004) in press.
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Novel bacteriocins produced by Lactobacillus plantarum

strains isolated from Algerian fermented olives
FB 09

Isolation of novel actinomycetes from soil and

plant leaves samples and their ability to produce mucinolytic
enzymes
Elsie Gaskell, Glyn Hobbs, Antony Whalley, Prakitsin Sihanonth,
Bumrungsak Pursio & Gillian Hutcheon
School of Biomolecular Sciences, Faculty of Science, Liverpool
John Moores University, Byrom Street, Liverpool, L3 3AF, UK; Dept of
Microbiology, Faculty of Science, Chulalongkorn University, Bangkok
10300, Thailand
The actinomycetes are soil dwelling micro-organisms that are
significant for their ability to produce a range of antibiotics and
other bio-active compounds. Recently the isolation of novel
entophytic Streptomyces species has been reported from plant leaves.
The aim of this project was to attempt isolation and characterization
of a range of actinomycetes from different types of soils and various
native plant leaves from within Thailand. With the tropical climate,
Thailand is an ideal environment to isolate potential thermophilic
micro-organisms. Sampling was carried out at the start of the rainy
season (end of May, beginning of June).
The isolates were tested for their ability to produce mucinolytic
enzymes. These were sought for as part of a project aimed to identify
novel enzymes capable of degrading mucin. Mucins are the major
glycoproteins found in the lungs of cystic fibrosis (CF) patients and
are responsible for the highly viscous mucus produced as a
consequence of this genetic disorder. This highly viscous mucus
represents a major problem in drug delivery preventing drugs from
penetrating to the lower regions of the lungs. As a consequence to
this, resistance to the antibiotics used develops within the pathogenic
and opportunistic micro-organisms infecting the CF lung. The
enzymes identified and isolated would play a role in a drug delivery
system designed with novel functional polymers to aid the delivery
of an appropriate drug.

FB 10

Production of Streptomyces mobaraensis transglutaminase

in Corynebacterium glutamicum
Masayo Date, Kei-Ichi Yokoyama, Yukiko Umezawa, Hiroshi Matsui &
Yoshimi Kikuchi
Ajinomoto Co., Inc. 1-1 Suzuki-cho, Kawasaki-ku, Kawasaki 210-8681,
Japan
S. mobaraensis transglutaminase (MTGase) has been used in food
industry for the modification of proteins. We previously observed
secretion of active-form MTGase in C. glutamicum by co-expressing
the subtilisin-like protease SAM-P45 from Streptomyces albogriseolus
to process the pro-domain [1]. However, the N-terminal amino acid
sequence of the MTGase differed from the native enzyme. We have
used site-directed mutagenesis to generate an optimal SAM-P45
cleavage site in the C-terminal region of the pro-domain. As a result,
the native-type MTGase was successfully secreted, and the specific
activity of the purified enzyme was similar to that of the native one
[2].

Mourad Kacem, Halima Zadi-Karam & Nour-Eddine Karam
Laboratoire de Biologie des Micro-organismes et Biotechnologie,
Faculté des Sciences, Université d’Oran, Algérie
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fluorescent amine derivatization technique will allow quantitative
measurements to be made by fluorescence detection at 395 nm.
In addition to this study, 14C-glucose uptake experiments will
determine the Km of the organism for glucose and study the effect
of organic nitrogen components on the glucose uptake rate as
previous experiments have suggested a negative effect on carbon
metabolism.

Lactic fermentation permits maintenance of high organoleptic,
nutritional and quality of several vegetables such as cucumbers,
carrots, and olives and increases their availability. Production of the
primary metabolite, lactic acid and the resulting pH decrease is the
main preserving factor in food fermentation. In addition, some
strains may contribute to the preservation of fermented foods by
producing other inhibitory substances, such as bacteriocins.
Bacteriocins are antimicrobial proteinaceous compounds that are
inhibitory towards sensitive strains and are produced by both
Gram-positive and Gram-negative bacteria.
Olives are one of the major agricultural products of Algeria.
However, starter cultures are not employed during fermentation of
this product. This process is still performed at the household or
domestic factories level by simply allowing the fruit to ferment
spontaneously. Moreover, fermented products retained their desirable
quality even after conservation for long period of time at ambient
temperature. No information exists on indigenous lactic acid
bacteria microflora of Algerian fermented olives.
This study was undertaken with the aim of obtaining lactic acid
bacteria for possible use as starter cultures for olive fermentation.
For this reason, 22 isolates of lactic acid bacteria isolated from the
spontaneous fermentation of olives were identified on the basis of
the phenptypic criteria. Eleven of them were identified to
Lactobacillus plantarum which was followed by 4 Lactococcus lactis
and 7 Enterococcus spp. Cell free supernatants of Lactobacillus
plantarum OL9 and OL15 strains were active against Gram-positive
bacteria (Lactobacillus, Enterococcus and Propionibacterium). Also
Lactobacillus plantarum OL9 was active against one strain of Gramnegative bacteria (Erwinia) of spoilage significance. The
characterization of the antibacterial substances revealed they to be
extremely heat stable (2 h at 100 °C and 20 mn at 121 °C), active at
acidic pH values, inactivated by proteases (Chymotrypsin, Trypsin,
and Proeinase K), and greatly reduced when treated with SDS or
Triton X-100. These news antibacterial substances olivin K and M
are attributed to bacteriocins.
Keywords: Olives, lactic acid bacteria, identification, antagonism, bacteriocin
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Fibronectin III and CBM 25 domains present in a

Microbacterium aurum amylase are essential for the formation of
pores in potato starch granules
Wieger Eeuwema1,2, Gert-Jan Euverink1,2, Lubbert Dijkhuizen1,2 &
Marc J.E.C. van der Maarel1,3
1Centre for Carbohydrate Bioengineering TNO-University of Groningen,
The Netherlands; 2Dept of Microbiology, Groningen Biomolecular

Moreover, we have used a chimeric pro-region consisting of

Sciences and Biotechnology Institute (GBB), University of Groningen,
Haren, The Netherlands; 3Innovative Ingredients and Products
Department, TNO-Nutrition and Food Research, Groningen,
The Netherlands

S. mobaraensis and Streptomyces cinnamoneus transglutaminases for
the production of the MTGase in C. glutamicum. As a result,
secretion of MTGase using the chimeric pro-region is increased

Due to their crystalline structure and the lack of pores, potato starch
granules are poorly degraded at low temperatures. We have isolated a
Microbacterium aurum strain that efficiently degrades native potato
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starch at low temperatures (up to 37 °C). Electron micrographical
analysis of granules treated with culture fluid of this strain revealed
the formation of numerous small pores in the granules. Enzymes
responsible for this typical degradation mechanism were identified
by screening a genomic library of M. aurum in E. coli. From a
collection of 70,000 transformants, 13 were found positive for the
formation of a halo on red dyed amylopectin plates. One of the
clones was further characterized. This revealed the presence of two
genes that encoded multi-domain enzymes composed of a catalytic
α-amylase domain and a region with multiple fibronectin type III
domains and carbohydrate binding domains belonging to the CBM
family 25. One of the two genes was expressed in E. coli. When cell
extracts of this E. coli strain were incubated with potato starch
granules, formation of pores was observed similar to what was
found earlier for M. aurum culture fluid. However, deletion of the
fibronectin type III and carbohydrate binding domains resulted in
loss of pore formation.

FB 13

(De)regulation of key enzyme steps in the shikimate

pathway and phenylalanine specific pathway of the actinomycete
Amycolatopsis methanolica
H. Kloosterman, G.I. Hessels, J.W. Vrijbloed & L. Dijkhuizen
Dept of Microbiology, Groningen Biomolecular Sciences and
Biotechnology Institute (GBB), University of Groningen,
The Netherlands
The biosynthesis of aromatic compounds proceeds via the common
seven-step aromatic or shikimate pathway to chorismate, which is
converted to the three aromatic amino acids via specific terminal
pathways. The shikimate pathway and the Phe specific pathway are
controlled by three regulatory enzymes: 3-Deoxy-D-arabinoheptulosonate-7-phosphate (DAHP)-synthase, chorismate mutase (CM)
and prephenate dehydratase (PDT). Limited information is available
about (the regulation of) these enzymes in actinomycetes, Grampositive bacteria that are well-known producers of numerous
antibiotics derived from (intermediates in) aromatic amino acids.
Two DAHP-synthase isoenzymes and single CM and PDT enzymes
are present in Amycolatopsis methanolica. DAHP-synthase 1 (DS1)
and CM are associated non-covalently, and can be separated
chromatographically, yielding a dimeric CM protein with a 5-fold
reduced activity, insensitive to feedback control, and tetrameric
DAHP-synthase, that is still feedback inhibition sensitive to its
effectors Phe, Tyr and Trp. Isolation of A. methanolica paraFluoroPhe resistant mutants yielded two feedback inhibition resistant CM
mutants. These were characterized as regulatory mutants, derepressed in (a) synthesis of CM, now occurring as an abundant,
feedback inhibition resistant, separate protein, and (b) synthesis of an
alternative DAHP-synthase (DS2), only inhibited by Tyr and Trp.
Synthesis of CM and DS2 proteins thus appears to be controlled coordinately, sensitive to Phe mediated feedback repression.
Reference: H. Kloosterman, G.I. Hessels, J.W. Vrijbloed, G.J.W. Euverink &
L. Dijkhuizen (2003). (De)regulation of key enzyme steps in the shikimate
pathway and phenylalanine specific pathway of the actinomycete
Amycolatopsis methanolica. Microbiology 149, 3321–3330.
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Simultaneous bioconversion of p-coumarate to

p-hydroxybenzoate and caffeate by a Streptomyces isolate LM30
Adinpunya Mitra1, Ashish Sachan1, Shashwati Ghosh1 &
Sukanta Kumar Sen2
1Natural Product Biotechnology group, Agricultural & Food Engineering

Dept, Indian Institute of Technology Kharagpur, Kharagpur, 721 302,
India; 2Microbiology Laboratory, Dept of Botany, Visva-Bharati,
Santiniketan, 731 235, India
Microbial biotransformations are important tools for renewing
natural resources by bioconverting them into commercially valuable
product. Hydroxycinnamaic acids are the biosynthetic precursors of
lignin and other phenolic secondary products. Recent attention has
been directed to the antioxidant properties of hydroxycinnamic acids,
probably because of their ubiquitous occurrence in nature and their
radical-scavenging activity. These hydroxycinnamic acids are quite
amenable for microbial degradation and may be transformed to
their corresponding hydroxybenzoates. A number of industrial
and food applications were reported for hydroxybenzoates. In this
correspondence, we report a novel Streptomyces isolate LM30 that
is capable of biotransforming 4-hydroxycinnamate into 4-hydroxybenzoate and 3,4-dihydroxycinnamate, at the same time. When
Streptomyces isolate LM30 was grown on p-coumaric acid as sole
source of carbon, a dual biotransformation was observed. Caffeic acid
was detected along with p-hydroxybenzoic acid in the culture media.
Preparative TLC and UV spectral analysis followed by HPLC initially
detected these phenolic products. Further confirmation of the products
(from LC separated fractions) was done by mass spectrometry. This
dual biotransformation of p-coumaric acid presents great interest
considering the antioxidant activities of these phenolic products.

FB 15

Influence of cultivation methods for the growth of Listeria

monocytogenes under different temperature conditions
M.N. Lani, J.G. Anderson & S.J. McGregor
The Robertson Trust Laboratories for Electronic Sterilization
Technologies, University of Strathclyde, Royal College Building,
204 George Street, Glasgow G1 1XW
This study compared the performance of various methods for
cultivating Listeria monocytogenes in broth medium (Tryptone soya
broth with 0.6 % yeast extract). The cultivation methods compared
were shaken flask, static flask and a 2.5 litre stirred bioreactor
system. Strains NCTC 10357 (serotype 1a) and NCTC 11994 (serotype
4b) were investigated using shaken and static flasks at 37 °C using
both the spiral plate method and the conventional plate method for
growth assessment. Results demonstrated that the spiral plate
enumeration method produced more consistent results and smoother
growth curves than the conventional dilution plate method. Growth
curves of the two test strains were then determined using spiral plate
counting at 10 °C, 20 °C, 30 °C and 45 °C under shaken flask
conditions. From these results the temperatures of 20 °C, 37 °C and
45 °C were chosen for the characterization of growth rates in the
bioreactor using both aerated and non-aerated conditions. Overall it
was shown that the bioreactor operated at 37 °C under aerated
conditions gave optimal growth of L. monocytogenes. Studies are
now underway involving a comparison of the effectiveness of pulsed
electric field and pulsed UV light methods for the inactivation of
L. monocytogenes cell population produced under these highly
defined bioreactor cultivation conditions.
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FdBev 01 Characterization of Bacillus isolated from human

FdBev 03 Salmonella surveillance data from feed samples in

probiotic products

Great Britain 1994–2003

Nazreen F. Hadjirin & Alan Varnam

B.R. Naidu, A. Thornton, S. Lamb, C. Cassar, K. Speed & R. Davies

Dept of Health & Human Sciences, London Metropolitan University,
166–220 Holloway Road, London N7 8DB

Food and Environmental Safety Dept, Veterinary Laboratories Agency,
Weybridge, Surrey

Probiotic products containing Bacillus spp. are now available for
humans and other animals. In contrast to more widely used probiotic
cultures, such as Lactobacillus, the genus Bacillus includes recognized
pathogens and there is evidence that virulence determinants, such as
enterotoxin production, are widely distributed among the species.
There are, therefore, concerns over the safety of some probiotic
strains of Bacillus.

Animal feed is a recognized source of pathogenic microorganisms for farm livestock. Salmonellosis is among the farm
animal diseases commonly associated with contaminated feed
material. Agents of this disease indirectly infect humans consuming
foods of animal origin. Since feeding of mammalian meat/bonemeal
to farmed livestock became restricted in 1996, isolation of Salmonella
from domestic processed animal protein has declined. Potential
contamination of compound feeds by plant matter however, remains
an issue. Use of in-feed antimicrobials for therapeutic/preventative
purposes has also raised concerns of emerging antibiotic resistant
Salmonella. This study presents surveillance trends in Salmonella
isolated from feed sources in Great Britain over the last 10 years.
Over this period, the predominant serovars were S. Mbandaka,
S. Tennessee and S. Montevideo, although a progressive decline in
numbers was observed. Interestingly over the same period, S. Agona
numbers appeared to be increasing. More commonly associated with
human disease, S. Typhimurium and S. Enteritidis, although
persistent over the 10 years, appeared to be regressing. Observed
prevalent phagetypes included S. Enteritidis PT4, S. Hadar PT2,
S. Typhimurium DT104 and S. Virchow PT8. Fifty multi-resistant
S. Typhimurium (>5 antimicrobials) were identified although
resistance to individual antimicrobials fluctuated. This data implies
the need for a comprehensive control strategy, covering the entire
production chain, from ‘farm to fork’.

Bacillus spp. isolated from four human probiotic products were
characterized using biochemical tests, antibiotic resistance and
16S rRNA sequencing. In addition, production of Bacillus cereus
enterotoxin and the virulence markers, β-haemolysis and lecithinase
was determined.
Results showed considerable variation between isolates, although
all shared a common property of alkali-tolerance. Isolates did not
conform to the claimed identity and products were therefore
mislabelled. β-Haemolysis, unrelated to enterotoxin production
was observed in two strains, while low levels of antibiotic resistant
clones in otherwise susceptible strains were also found to be
common. These results highlight the potential hazards resulting
from the use of poorly characterized strains of Bacillus as probiotic
cultures.
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FdBev 02 The prevalence of antibiotic resistance genes in food
producing animals
Melanie H. Thompson1, John Heritage1 & Helen M. Miller2

FdBev 04 The effects of refrigeration on the subsequent heat
tolerance of Campylobacter jejuni

1School of Biochemistry and Microbiology; 2School of Biology;

R.A. Hughes1, K. Coles1, T.A. Cogan2 & T.J. Humphrey1

University of Leeds, Leeds LS2 9JT

1Food Safety Group, School of Clinical Veterinary Science, University
of Bristol, Langford, Bristol BS40 5DU; 2Health Protection Agency, School

Farm animals are, potentially, a reservoir for bacteria harbouring
antibiotic resistance genes. These are present due to the selective
pressures from the use of antibiotics either for therapy, prophylaxis
or growth promotion. The imminent ban on growth promoters is
intended to reduce the incidence of resistant bacteria found on farms
but the probable increase in the therapeutic use of antibiotics means
that resistance may not diminish significantly. Antibiotics used for
therapy in animal husbandry are structurally related or are identical
to those used in human medicine. This raises the prospect that
increasing the therapeutic use of antibiotics in farm animals may
have a negative impact on resistance through the food chain. This
study characterizes forty bacterial isolates originating from pig faecal
material by culture and PCR. The most common resistance was to
tetracyclines, with all strains resistant. Fourteen isolates showed
intermediate resistance to ciprofloxacin, the remainder were sensitive
to this agent. No isolate showed resistance to extended-spectrum
cephalosporins, although twenty-four isolates were resistant to
ampicillin. Other antibiotics tested included spectinomycin, and
trimethoprim, representing the antibiotics used at the University pig
farm. Transfer of resistance determinants to a recipient was seen in
4/40 isolates, mediated by the transfer of plasmid DNA.

of Clinical Veterinary Science, University of Bristol, Langford, Bristol
BS40 5DU
In 2003 there were approximately 60,000 reported cases of
Campylobacter infection in the UK. Under-cooked meat, particularly
poultry, represents a particular health risk. At present, the only
reliable control measure in the food chain is effective heat
treatment. In order to improve the control of C. jejuni within both
the poultry processing industry and domestic kitchens it is important
to better understand the factors controlling the thermal destruction
of this bacterium with relation to food storage and inadequate
cooking temperatures. This work examines the effect of refrigeration
(6 °C) on subsequent heat tolerance (52 °C) of 19 C. jejuni strains,
from a variety of sources. With the majority of strains heat tolerance
was unaffected by pre-exposure to 6 °C for 24 hours. In a few
strains, tolerance was either increased or decreased after 24 h
exposure to refrigeration, although the changes were generally
small. The death curves of a number of C. jejuni strains examined
in this study showed tailing, indicating that a heat resistant
sub-population may be present, which may have serious public
health implications.
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FdBev 05 Reduction of hexanal in soy yoghurt by lactic acid
bacterial fermentation
Wannapa Thabloga
University of Reading, School of Food Biosciences, Reading RG6 6AP
Soybean milk is a good nutritional source that contains a high
content of protein, iron and unsaturated fatty acids, a low content of
fat, carbohydrate and calcium, and no lactose. Unfortunately, soymilk
and soy products commonly have a characteristic beany flavour,
mainly attributed to hexanal, leading to low consumer acceptability
in Western cultures. Freshly prepared soymilks, with or without
added hexanal, were fermented by Streptococcus thermophilus and
Lactobacillus casei. Volatile compounds in the soy yoghurts were
analysed by dynamic headspace GC-MS after incubation for 0, 2, 4,
6 and 24 h at 37 °C. Added hexanal in soymilk was reduced to
hexanol during lactic acid bacterial fermentation. Pure cultures of
S. thermophilus (in M17 broth) and L. casei (in MRS broth) also
reduced hexanal to hexanol after incubation for 6 h at 37 °C.

FdBev 06 Validation of an small volume in vitro fermentation
method to study the prebiotic effect of oligosaccharides

many more oligosaccharides could be considered prebiotics, and
may even elicit additional desirable effects. The objective of this
study was to investigate the ability of polydextrose and three New
Zealand honeys to enhance the growth of selected probiotic strains.
More precisely, one human intestinal Bifidobacterium and two
Lactobacillus strains were cultured in medium supplemented with
1 % (w/v) substrate. Three NZ honeys, polydextrose, FOS, GOS and
lactitol were examined separately, using 2 different media (basal
medium and 12 % SNF skim milk, respectively). Inoculated cultures
were incubated anaerobically at 37 C for 24 hours. Samples were
collected throughout and maximum growth rates of the probiotics
and final culture pH were determined. Manuka honey, Floral honey,
honeydew and polydextrose all enhanced the growth of all 3
probiotics (P<0.05) in a manner similar to that seen with FOS.
Further experiments were performed using fermented honeys (free of
glucose and fructose) to investigate whether the oligosaccharides
were the active ingredient. The results were consistent with the
previous observations. Overall, the 3 NZ honeys and polydextrose
stimulated the growth of all 3 probiotic strains and demonstrated
their potential as prebiotics. Future studies will examine the
selectivity of the honeys and polydextrose in mixed culture systems
inoculated with each probiotic strain.

M.L. Sanz, G.R. Gibson & R.A. Rastall
School of Food Biosciences, University of Reading, Whiteknights,
Reading

FdBev 08 In vitro determination of transit tolerance of

In recent times there has been a very rapidly developing
functional food sector in Japan and Europe, based on food
ingredients containing prebiotics. These are non-digestible
carbohydrate food components that beneficially affect the host by
selectively stimulating the growth and/or the activity of one or a
limited number of bacteria in the colon. The prebiotic approach has a
great deal of development potential and represents an attractive and
straightforward route for preventative management of gut disease.
Despite the wide range of prebiotic oligosaccharides used, there is
still a very little understanding of the structure–function relationships
in these molecules. Moreover, there are not good comparative data
on the fermentation properties of the recognized prebiotics and no
predictive ability with respect to new carbohydrate structures isolated
or synthesized.

through human upper gastrointestinal tract conditions

In vitro fermentations using batch cultures of mixed faecal
bacteria have been accepted as models for the study of the large
intestinal functions, however, large amounts of oligosaccharides are
needed, difficulting these studies. Therefore, a new method using
small amounts of oligosaccharides (0.7mg) has been validated, by
comparison with the traditional one. Method reproducibility was
measured using sucrose, lactulose and fructooligosaccharides (FOS).
This method has been used to determine the influence of the
glycosidic linkage in the prebiotic properties of carbohydrates that
will lead to a predictive understanding of how specific structures are
fermented by the gut microflora. Sucrose, turanose, maltulose,
leucrose and palatinose were studied for this purpose. Quantitative
population changes were characterized using fluorescence in situ
hybridization (FISH) analysis.

FdBev 07 Effect of honey and polydextrose on the growth of human

Alexandra Drakoularakou, A.L. McCartney, R.A. Rastall & G.R. Gibson
Food Microbial Sciences Unit, School of Food Biosciences, University of
Reading, Earley, PO Box 226, Reading RG6 6AP
A critical characteristic of probiotic strains is transfer to the target
site in a viable form. In humans, this requires survival through the
stomach and small intestinal environments. Such ecosystems are
hazardous to probiotics due to the acidic conditions and pancreatic
secretions (including bile). The aim of this study was to investigate
the acid and bile tolerance of two potential probiotics of human
origin (namely, Bifidobacterium lactis 420 and Lactobacillus
acidophilus 74-2). Two in vitro assays were employed. Firstly, the
strains were exposed to artificial gastric juice at pH values between 1
and 3 for 90 min and then transferred to an artificial small intestinal
environment for up to 3 hours. Secondly, the viability of each strain
in acid environments was tested using acidified MRS broth and
growth in the presence of bile was examined in MRS-THIO broth
supplemented with pepsin. Both L. acidophilus 74-2 and B. lactis 420
survived well during all assays, with no significant decline at pH 2
and 3. However, significant decreases were seen at pH 1. B. lactis
420 displayed a lower bile tolerance than L. acidophilus 74-2.

FdBev 09 The food-borne pathogen Salmonella typhimurium
DT104/104b: prevalence and epidemiology
Catherine C. Adley & Rachel Gorman
Microbiology Laboratory, Dept of Chemical and Environmental
Sciences, University of Limerick
Email catherine.adley@ul.ie

Food Microbial Sciences Unit, School of Food Biosciences, University of
Reading, Earley, POBox 226, Reading RG6 6AP

Surveillance of Salmonella from food, veterinary and clinical
sources in the Mid West region of Ireland was carried out over
a two-year period June 2000–May 2002 using phenotypic and
genotypic typing methods to determine their prevalence and
epidemiology.

Prebiotics are non-digestible oligosaccharides that selectively
enhance the growth of probiotics. A range of well established
prebiotics, such as inulin, fructooligosaccharides (FOS) and
galactooligosaccharides (GOS), are widely used in foods. However,

Isolation and biotyping using the BioMérieux API system.
Antimicrobial susceptibility testing to 15 agents including the
fluoroquinolones according to NCCLS guidelines. Serotyping using
Kauffmann –White scheme and phage typing using the Anderson

intestinal Lactobacillus and Bifidobacterium spp.
Alexandra Drakoularakou, A.L. McCartney, R.A. Rastall & G.R. Gibson
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Bifidobacterium lactis 420 and Lactobacillus acidophilus 74-2

In total 199 Salmonella strains were isolated including 17 serotypes
of which 34 % (68) were S. typhimurium, of these 54 were classed as
DT104/104b (42/12 respectively).
Twelve antibiotic resistant phenotypes were observed of which
the penta-resistant phenotype ACSSuT was found in 89 % (48/54).
Trimethoprim-sulphamethoxazole resistance was expressed in 18.5 %
(10/54). All strains were sensitive to the fluoroquinolones, however, a
single isolate expressing resistant to nalidixic acid also showed a
significant reduction in sensitivity to the fluoroquinolones tested
was isolated.
Nine plasmid profiles were observed while 8/12 DT104b had an
identical plasmid profile. A clonal strain of S. typhimurium D104/104b
using PFGE was observed over the two-year period of surveillance.
S. typhimurium DT104/104b was the most prevalent serotype isolated
in a surveillance analysis of Salmonella in the Mid West region of
Ireland, between June 2000 and May 2002. High level of multiple
resistances to antibiotics and the penta-resistance phenotype ACSSuT,
was observed. A distinctive clonal strain is persistent.

FdBev 10 The creation of a genetic toolbox for Bifidobacterium
through exploitation of a native plasmid
Michelle Cronin, Moritz Knobel, Douwe Van Sinderen &
Gerald F. Fitzgerald
Alimentary Pharmabiotic Centre, Biosciences Institute, University
College Cork, Ireland
This study aims to develop genetic systems to allow the manipulation
and genetic dissection of key functional activities of Bifidobacterium
and to provide tools and protocols for the manipulation of these
industrially significant probiotic species. The initial focus of the
research centres on the characterization and manipulation of a
native, autonomously self-replicating bifidobacterial plasmid
pCIBA089 from Bifidobacterium asteroids. Sequence analysis of the
2.1 kb plasmid revealed one open reading frame believed to encode
|a putative replication protein and therefore designated rep89. The
plasmid was used in the construction of E. coli–bifidobacterial shuttle
vectors which are capable of transforming B. breve UCC2003 at high
efficiency (>10^5/ug DNA). Deletion analysis of pCIBA089 revealed a
minimum replicon of 1.4 kb, which remained highly stable over 100
generations. In an attempt to elucidate the binding site on pCIBA089
gel retardation assays were undertaken with crude preparation of the
putative pCIBA089 replication protein isolated through overexpression of a 6xHis-tagged derivative. Further analysis of the
promoter is currently underway exploiting the promoterless
β-glucuronidase gene located on the Escherichia coli plasmid,
pNZ272.

FdBev 11 Transcriptional and promoter analysis of an
amylopullulanase operon in Bifidobacterium breve UCC2003
Sinead M. Ryan, Gerald F. Fitzgerald & Douwe Van Sinderen
Alimentary Pharmabiotic Centre, Dept of Microbiology and Food Science,
Food Technology and Nutrition, Bioscience Institute, National University
of Ireland, Cork, Western Road, Cork, Ireland
Amylopullulanase is classified as a bifunctional type II
pullulanase with the ability to hydrolyse both α-1,4 glucosidic
linkages in amylopectin releasing malto-oligosaccharides and β-1,6
linkages in pullulan releasing maltotriose. The gene amylopullulanse
(apuB) was identified from the preliminary annotation of the genome
Bifidobacterium breve UCC2003. The amylopullulanase gene
contained a single long open reading frame of 5,127 bps,

corresponding to 1,714 amino acids that included a signal peptide
of 34 amino acids. Four regions were identified, which are highly
conserved in both the α-amylase and pullulanase regions. They
included a putative catalytic triad Asp140 Glu232 Asp321 for the
α-amylase activity and Asp1281 Glu1312 Asp1412 for pullulanase
activity. Palindromic sequence downstream of the stop codon TAA
was also identified. Northern analysis indicated that ApuB is part
of a polycistronic operon encoding a maltose binding periplasmic
protein (malE), maltose/maltodextrin ABC transporter (malF), sugar
ABC transporter (malG) and a lacI transcriptional regulator. malEFG
belong to the family of multicomponent and periplasmic binding
proteins involved in maltose/maltodextrin transport. Three putative
promoters were identified and analysed using the Escherichia coli
β-glucuronidase (gusA) gene system. Overall, B. breve UCC2003 is
equipped with a maltose and maltodextrin transport that allows the
organism to feed on products that are released from starch by the
action of a secreted ApuB.
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method were determined. Genotyping using plasmid profiling (Kado
and Liu) and the Quigen Wizard plus mini prep methods together
with Pulse Field Gel Electrophoresis (PFGE) was carried out.

FdBev 12 DNA binding properties of the nitrogen regulator CodY
of Lactococcus lactis
Peter Curley1, Chris D. Den Hengst2, Rasmus Larsen2, Girbe Buist2,
Douwe Van Sinderen1, Oscar P. Kuipers2 & Jan Kok2
1Dept of Microbiology and Alimentary Pharmabiotic Centre, University
College Cork, Ireland; 2Dept. of Genetics, Groningen Biomolecular
Sciences and Biotechnology Institute, Kerklaan 30, 9751 NN Haren,
The Netherlands

CodY of L. lactis is a transcriptional regulator that represses the
transcription of a number of genes whose products are involved in
the utilization of proteins present in milk, such as the extracellular
protease, peptide transport systems, and intracellular peptidases. By
combining data from in vivo and in vitro experiments, we have
clearly demonstrated that repression by CodY is mediated by direct
binding of this protein to the oligopeptide permease transport operon
promoter (PoppD) region. For this to occur, multimerization of CodY,
which already polymerizes, at least partially, as a dimer/tetramer in
the absence of target DNA, is probably required, since several
protein-DNA complexes were discerned in all Electrophoretic
mobility shift assays (EMSAs) in which variants (in size or base
composition) of this promoter region were retarded by CodY. DNaseI
footprinting data showed that the region encompassing the –35 area
of the promoter is protected, thereby indicating a model where CodY
hampers transcription initiation by preventing access of RNA
polymerase to the promoter. The intracellular pool of Branched Chain
Amino Acids (BCAAs) were shown to exert an influence on the
activity of CodY. The binding properties of CodY were severely
altered by the addition of any of these amino acids, indicating that
they alone could serve as cofactors for CodY activity. However, GTP,
which is a marker of the energy state of the cell, did not seem to
have a modulating effect on the activity of CodY, as the addition of
GTP did not enhance binding of CodY to the PoppD region. Random
and site-directed mutagenesis of the upstream region of PoppD
yielded variants that were derepressed in a medium with an excess of
nitrogen sources. Binding studies revealed the importance of specific
substituted bases for recognition of the promoter region by CodY.

FdBev 13 Studies on the uptake of wort oligopeptides during
fermentation
Christoforos Lekkas1, Graham Stewart1, Annie Hill1, Behnam Taidi2 &
Jeff Hodgson2
1ICBD, Heriot-Watt University, Riccarton, Edinburgh EH14 4AS; 2Scottish

Courage Ltd, Technical Centre, 160 Canongate, Edinburgh EH8 8DD
Small wort peptides can play an important role in satisfying the
nutritional requirements of the brewer’s yeast as an additional source
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of assimilable nitrogen. The constitution of these peptides remains to
be determined but it is possible that they contribute to beer character
and flavour. Two static wort fermentations were conducted in 2L
cylinders. The two yeast strains employed, were ale and lager
type.The same wort was used for all trials (15 °Plato containing 30 %
Very High Maltose syrup). The incubation temperature was 18 °C for
both ale and lager fermentations. Vacuum filtration and protein
precipitation methods were applied to separate small peptides from
larger nitrogenous materials in the fermentation samples. The ultrafiltration membranes used had a MWco of 500 Daltons. For HPLC
analysis, both acid and alkaline treatments were utilized to hydrolyse
the oligopeptides. HPLC analysis of individual amino acids in
unhydrolysed samples was also carried out in order to estimate
oligopeptide levels by subtracting the values obtained with the
hydrolysed samples from the unhydrolysed samples. Peptide removal
during lager fermentation commences during the first 19–20 h of
fermentation. Wort oligopeptide concentration then increased after
24 h of fermentation. Between 24 h and 67 h of fermentation,
oligopeptide levels decreased gradually and then accumulated until
the end of fermentation. A similar oligopeptide assimilation pattern
was detected for the ale fermentation. In both fermentations, all the
free wort amino acids, with exception of proline, had been consumed
by the yeast within the first 48 h of fermentation. Whether small
peptides are formed by yeast metabolism within the cell and then
excreted to the fermenting wort or extracellular proteolytic enzymes
degrade larger wort peptides into smaller ones remains to be
clarified. This data is very significant for the brewing industry
because it illustrates the importance of malting and mashing
procedures in ensuring adequate quantities of amino acids and
small peptides in wort.

FdBev 14 Effect of pH shock on the expression of sigA in
Oenococcus oeni
Cristina Reguant, Torey J. Arvik & Thomas Henick-Kling
Cornell University, NYSAES, Dept of Food Science & Technology, 630 W.
North Street, Geneva, NY 14456, USA
Fax +1 315 787 2284; Email th12@cornell.edu
The lactic acid bacterium Oenococcus oeni is the principle
bacterium responsible for the malolactic fermentation of wine.
Selected strains of O. oeni are used in starter cultures to induce
malolactic fermentation. The low pH of wine is one of the main
factors affecting the growth of O. oeni and success of malolactic
fermentation. Studies in Gram positive bacteria have shown that the
genes involved in the cell maintenance and growth are regulated by
the primary transcription factor σA. This protein plays a key role in
the cell growth regulating the transcription of the housekeeping genes.
Previously our group identified and functionally characterized sigA in
a strain of O. oeni. In the project presented here we investigated the
effect of the low pH on the expression of the gene sigA, encoding σA
in O. oeni. We applied acid of shock (pH 3.2) to growing cells for
various lengths of time up to 4 hours. The expression of sigA was
analysed by Northern Blot hybridization using a digoxigenin labeled
probe. Following acid shock for one hour and longer, we observed an
increase of the transcription of sigA. These results show that σA is
involved in the cell response to pH stress in O. oeni.

FdBev 15 Characterization of glycosidase enzymes of wine lactic
acid bacteria
A. Grimaldi1, E. Bartowsky2 & V. Jiranek1
1School of Agriculture and Wine, The University of Adelaide,
PMB 1 Glen Osmond, SA 5064; 2The Australian Wine Research Institute,
PO Box 197, SA 5064 Glen Osmond, Australia
Email vladimir.jiranek@adelaide.edu.au
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Wine contains a large number of aromatic compounds in glycosidic
form, a form that is not readily detected by human senses. This has
led to the use of enzymes to liberate these aromatic compounds.
Of these glycosidase enzymes, four are important in wine due to
the particular structure of wine glycosides, namely, β-D-glucopyranosidase, α-L-arabinofuranosidase, α-L-rhamnopyranosidase and
β-D-apiofuranosidase. While such enzymes occur in a number of
organisms, not all are suitable for application to wine due to e.g.
strong inhibition by glucose, impurity of commercial preparations or
low specificity for wine glycosides. For this reason we examined
wine Lactic Acid Bacteria (LAB), the bacteria responsible for
undertaking malolactic fermentation (MLF) in wine, as sources of
superior enzymes. Our research has showed that some LAB produce
glycosidases that are able to function in wine conditions, thereby
bypassing many of the problems found with enzymes from other
sources. Specifically, we observed that glucose has only a limited
inhibitory effect, and in some cases the enzymatic activity was
increased in the presence of low concentrations of glucose. Also
despite wine pHs and ethanol concentrations many Oenococcus oeni
strains produce high levels of all glycosidase activities tested. These
findings have important implications for wine quality.

FdBev 16 The heat shock response of wine Lactobacillus plantarum
is differently regulated by sulphite stress
G. Spano, A. Vernile, L. Beneduce & S. Massa
Dept of Food Science, Foggia University, via Napoli 25, 71100 Foggia, Italy
Little genetic information exists on the ability of wine lactic acid
bacteria to tolerate high doses of sulphite. In order to understand the
effect of sulphite on wine lactic acid bacteria, the heat shock
response in wine L. plantarum was evaluated in presence of sulphite.
The expression of several heat shock and stress responsive genes
including DnaK, GroEL, small heat shock genes (shs) and the recA
gene was analysed. Several concentration of sulphite (from 15 mg l–1
until 100 mg l–1) were used and the gene expression was monitored
by RT-PCR and western blot analysis. Although the stress responsive
genes were inducible by a wide range of stresses, their expression
was repressed when sulphite concentration was higher then 15 mg
l–1. The date presented suggested that the heat shock response in
wine L. plantarum is repressed by normal doses of sulphite used in
wine making and sulphite tolerance in wine lactic acid bacteria
probably involved different mechanisms rather then the heat shock
response.

FdBev 17 Isolation of lactobacilli producing peptide antibiotics
S. Mirdamadi, N. Ashari Tabar, D. Norozian & A. Akbarzadeh
Pilot Biotechnology Dept, Pasteur Institute of Iran, Tehran 13164, Iran
Email Mirdamadi@irost.com
Lactobacillus strains are widely used in food and animal feed as
probiotic. They produce several antibacterial agents such as lactic
acid, lacticins and especially nisin. Nisin is the only bacteriocin
found particular application as a food preservative, although some
preparations of microbial strains that contain bacteriocins are also
used as food preservatives. In the present study 88 lactobacilli
isolated from local yogurt samples (Iran). Five milliliters of 108
CFU/ml isolated Lactobacilli were inoculated into 250 ml culture
flasks, each containing 50 ml of culture media (MRS and APT broth)
and were incubated at 37 °C for 5 days at 180 rpm in a rotary
shaker. The samples were withdrawn every 8 hrs during fermentation
period. Antibacterial activity of fermentation broth and purified
peptide were determined by agar diffusion and MIC tests against
Listeria monocytogenes ATCC 19119, Micrococcus luteus ATCC 9341,
E. coli ATCC 10536, and Staphylococcus aureus ATCC 2937. Among
isolated lactobacilli, 34 strains produced antibacterial substances and

FdBev 18 Frequency of ctpA in Listeria monocytogenes isolated from
poultry, domestic animals, sausage and cheese in Tehran city
Jamileh Nowroozi, Nur Amir Mozaffari & Hossein Modir Rusta
Dept of Medical Microbiology, Iran University of Medical Sciences
Email J_Nowroozi@hotmail.com
Introduction: Listeria monocytogenes is transmitted from soft cheese,
milk, raw meats, sausages to human. The purpose of this study was
to find the frequency of L. monocytogenes in poultry, cow, sheep,
goat, horse, sausage, cheese and milk, then, to determine ctpA
(copper transport) gene among them in Tehran city.
Methods: 180 samples from brain, liver and feces of poultry (industry
hens) from 36 birdery, 85 samples of liver, brain, and feces of cow,
sheep, horse and goat, 80 samples of sausage, 240 samples of cheese
and 40 samples of milk from shops in Tehran city were collected.
L. monocytogenes was isolated by cold enrichment and standard
method of Australia / New Zealand.
Results: L. monocytogenes was not isolated from poultry samples.
These bacteria were isolated from brain and liver of goat and sheep
(17.6 %), sausage (5 %), local cheese (2.9 %), and milk (2.5 %). By
using PCR to identify the homologous DNA in 25 L. monocytogenes
isolates, 20 % of them contained ctpA determinant. DNA homologous
to ctpA was not detected in all isolates. Our results showed that
28.5 % of cheese, 20 % of domestic animal isolates contained ctpA
gene in chromosome DNA.
Discussion: Our results showed that the birders are very restricted to
preparation of birdseeds for industrial hens, so. It could not possible
to isolate L. monocytogenes from the samples of industrial hens.
Contamination of sausage, cheese and milk wih this bacteria might
be occurred during their preparation. CtpA known to be implicated in
virulence of L. monocytogenes. It seemed that the distribution of ctpA
in our isolates was lower than the other reporters.
Keywords: L. monocytogenes, ctpA, domestic animal, poultry, cheese

FdBev 19 Molecular characterization, detection of subtilin gene and
expression of putative virulence factor in some Bacillus species

heterogeneity among the divers strains. Majority of the strains
belongs to the Bacillus subtilis group, while the Bacillus cereus group
was also identified. The strains were further discriminated using
Amplified Ribosomal DNA Restriction Analysis (ARDRA) in a PCR
reaction that amplified the conserved 16SrDNA of the strains.
ARDRA patterns obtained from three restriction enzymes Sau3A1,
Hha1 and Hinf 1 generated a UPMGA dendrogram that differentiated
the strains. The combined UPMGA dendrogram of RAPD and ARDRA
fingerprint also showed six clusters of divers strains of Bacillus
species present in the fermented product. Polymerase chain reaction
PCR was used to detect subtilin gene in B. subtilis BFE 5301 that
demonstrated antimicrobial activities against different indicator
strains. Virulence characteristics such as hemolysis on blood agar
plate were observed in all the strains of the B. cereus cluster, while
hblC and hblD virulence genes were detected in B. cereus strains and
one of the strains in the B. subtilis groups.
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8 of them produced lacticin (peptide antibiotic). The isolated
producer strains were L. brevis, L. agilis, and L. amylovorus. Nisin
of L. casei was very active against many Gram positive bacteria, but
alone had little or no effect on Gram negative bacteria, yeast or
filamentous fungi. In contrast, the lacticin produced by L. brevis,
L .agilis and L. amylovorus inhibited growth of E. coli , as well as
the L. monocytogenes , but had little effect or no effect on S. aureus
and M. leuteus.

Keywords: Bacillus subtilis; condiment; fermentation

FdBev 20 Glutamate biosynthesis in Lactococcus lactis
Harm Kloosterman, Gerda Hessels, Jurjen de Jong, G.J.W. Euverink &
Lubbert Dijkhuizen
Dept of Microbiology, Groningen Biomolecular Sciences and
Biotechnology Institute (GBB), University of Groningen, The Netherlands
Although most lactic acid bacteria are glutamate auxotrophs,
Lactococcus lactis strain NCDO2118 is able to grow on media lacking
glutamate, albeit at a relatively low growth rate (~0.11 h–1) (Lapujade
et al. 1998). Analysis of the L. lactis IL1403 genome sequence
revealed that, although it is a glutamate auxotrophic strain, all genes
necessary for glutamate synthesis are present. We have cloned the
genes encoding these enzymes of L. lactis strains IL1403 and
NCDO2118 into E. coli based expression vectors and assayed
E. coli extracts for enzyme activities. The results showed clear
differences in activity (levels) between genes/enzymes of the two
strains. DNA sequence analysis of these genes revealed a high degree
of sequence identity between each of the strains. This may allow
identification of amino acid residues essential for enzyme activity.
Following UV mutagenesis, we have selected L. lactis NCDO2118
mutants with increased growth rate on media lacking glutamate. In a
high throughput setup several mutants were isolated with specific
growth rates upto 0.25 h–1. These mutants are further characterized
and mutants with the highest specific growth rates are subjected to
another round of UV-mutagenesis.
Reference: Lapujade, P., Cocaign-Bousquet, M. & Loubiere, P. (1998).
Glutamate biosynthesis in Lactococcus lactis subsp. lactis NCDO 2118.
Appl Environ Microbiol 64, 2485–2489

isolated from Okpehe a Nigerian fermented condiment
F.A. Oguntoyinbo1, A.I. Sanni2, W.H. Holzapfel3 & C.M.A.P. Franz3
1University of Lagos, Lagos, Nigeria, 2University of Ibadan, Nigeria;
3Institut fur Hygiene und Toxikologie/BFE Karlsruhe, Germany

Okpehe is a traditional fermented condiment, used in the Middle Belt
and South Eastern Nigeria as seasoning agents in soup and sauces, it
contribute to protein and essential fatty acid in take of the people.
The usage of Okpehe as low cost meat substitute reduces protein
calories malnutrition and essential fatty acid deficiencies. The
production of condiment is spontaneous different species of bacteria
especially Bacillus species has been reported. In other to select
appropriate starter cultures for the production of condiments in West
African, Bacillus species associated with the fermentation of Prosopis
African seeds during Okpehe production were characterized, and their
functional and virulence properties investigated. A total of 126 bacilli
were studied, and the combined Randomly Amplified Polymorphc
DNA (RAPD) M13 and OPR 13 produced UPMGA dendrogram with
six major distinct clusters identified RAPD established the degree of

FdBev 21 GTF180: a glucosyltransferase enzyme producing a glucan
with anticorrosive properties
N.A. Penninga1, G.J.W. Euverink1, M.J.E.C. van der Maarel3,
G.H. van Geel-Schutten4 & L. Dijkhuizen2
1Centre for Carbohydrate Bioengineering, TNO-University of
Groningen; 2Dept of Microbiology, Groningen Biomolecular Sciences

and Biotechnology Institute (GBB), University of Groningen, The
Netherlands; 3Dept of Innovative Ingredients and Products, TNO
Nutrition and Food Research, Groningen, The Netherlands; 4Dept of
Innovative Ingredients and Products, TNO Nutrition and Food
Research, Zeist, The Netherlands
Glucansucrases or glucosyltransferases (GTFs, EC 2.4.1.5) of lactic
acid bacteria are large extracellular enzymes that use sucrose to
synthesize α-glucans (e.g. dextran) with molecular masses ranging
from 101 to 104 kDa. GTFs consist of a signal peptide followed by a
variable region, a catalytic domain and a glucan binding domain
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with a number of repeats at the C-terminus. Little is known about
Lactobacillus glucansucrases.
Lactobacillus reuteri 180 produces a glucansucrase (GTF180) that
synthesizes a branched glucan with α-1,3 and α-1,6 bonds. A
truncated GTF180 (GTF180-∆N-Chis) version, lacking the N-terminal
signal sequence and the variable region, was purified and
characterized. Interestingly, the glucan polymer produced has
anticorrosive properties. In a project funded by the Dutch
government entitled ‘Biopolymers as anticorrosion additives for
heavy-duty coatings’, we are currently studying how this glucan
interferes with corrosion. For this purpose, the gtf180 gene is
subjected to rational and random mutagenesis to analyse structure–
function relationships of the GTF180 enzyme. The variety of glucans
produced by these mutant GTF180 enzymes is characterized (Mw,
glycosidic bonds, degree of branching, etc), amongst others with
respect to anticorrosive properties.
References: S. Kralj, G.H. van Geel-Schutten, H. Rahauoi, R.J. Leer, E.J. Faber,
M.E.J.C. van der Maarel & L. Dijkhuizen (2002). Molecular characterization of
a novel glucosyltransferase from Lactobacillus reuteri strain 121 synthesizing
a unique, highly branched glucan wih α-1,4 and α-1,6 glucosidic bonds.
Appl Environ Microbiol 68, 4283–4291. S. Kralj, G.H. van Geel-Schutten,
M.J.E.C. van der Maarel & L. Dijkhuizen (2004). Biochemical and molecular
characterization of Lactobacillus reuteri 121 reuteransucrase. Microbiology
in press.

FdBev 22 Characterization of two fructosyltransferase genes from
Lactobacillus reuteri strain 121
S.A.F.T. van Hijum, L. Ozimek, G.H. van Geel-Schutten, M.J.E.C. van der
Maarel & L. Dijkhuizen
Centre for Carbohydrate Bioengineering, TNO-University of Groningen,
Groningen Biomolecular Sciences and Biotechnology Institute (GBB),
University of Groningen, The Netherlands
Various bacteria use sucrase enzymes to convert sucrose into fructan
polymers, mostly levans with β-2,6 linkages, and in a few cases
inulins with β-2,1 linkages. These fructosyltransferase enzymes are
classified as members of glycoside hydrolase family 68
[http://afmb.cnrs-mrs.fr/CAZY/index.html]. Limited information is
available about the synthesis of fructans by lactic acid bacteria. Most
studies have focused on oral streptococci involved in the process of
dental caries. Also Lactobacillus reuteri strain 121, however, produces
a levan (with β-2,6 linkages) of 150 kDa.
Using PCR with degenerate primers based on conserved regions of
known fructosyltransferase genes, an L. reuteri ftfA gene was
isolated. Its characterization, however, showed that ftfA encodes an
inulosucrase. Its expression in E. coli yielded a recombinant enzyme
that synthesized an inulin of more than 2 MDa, as determined by
HPGPC-MALLS.
The L. reuteri levansucrase (FTFB) enzyme subsequently was purified
to homogeneity. Based on an N-terminal and internal amino acid
sequence, degenerate PCR primers were designed and used to clone
the levansucrase (ftfB) gene. Expression of ftfB in E. coli yielded a
recombinant enzyme that synthesized a levan from sucrose.
Structural features determining mechanistic differences between a
levansucrase and an inulosucrase are currently studied.
References: S.A.F.T. van Hijum, E. Szalowska, K. Bonting, M.J.E.C. van der
Maarel & L. Dijkhuizen (2004). Biochemical and molecular characterization of a
levansucrase from Lactobacillus reuteri strain 121. Microbiology 150, 621–630.
L.K.Ozimek, S.A.F.T. van Hijum, G.A. van Koningsveld, M.J.E.C van der Maarel,
G.H. van Geel-Schutten & L. Dijkhuizen (2004). Site-directed mutagenesis study
of the three catalytic residues of the fructosyltransferases of Lactobacillus
reuteri 121. FEBS Lett 560, 131–133
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Mycoplasma phocacerebrale the causative organism of

seal finger in man: antimicrobial susceptibility and protein studies
of isolates from grey seals
Roger D. Ayling, Sam Bashiruddin, Sophie Bisgaard-Frantzen,
Katie Miles, Laura McAuliffe & Robin A.J. Nicholas
Mycoplasma Group, Dept of Statutory & Exotic Bacterial Diseases,

sequencing identified the pathogenic isolate to be L. bratislava. The
implications of using molecular diagnostic tools for rapid
identification of pathogenic Leptospira are discussed.

MI 03

Photorhabdus asymbiotica: an emerging human pathogen

Nick Waterfield1, John Gerrard2 & Richard Ffrench-Constant1

Veterinary Laboratories Agency (Weybridge), New Haw, Addlestone, Surrey
KT15 3NB

1Biology & Biochemistry, University of Bath, Bath; 2Dept of Medicine,

Mycoplasma phocacerebrale is associated with ‘seal bite finger’,
having been isolated from a trainer and the teeth of a seal which had
bitten her. It has also been isolated from the respiratory tracts of
some of the 18,000 harbour seals that died in the Baltic and North
Sea in 1988.

Micro-organisms that cause ‘emerging diseases’ are present in
the environment, often on animal hosts, which somehow acquire
pathogenesis to humans. When we consider the numbers of
invertebrate animals in the environment, it may be unwise to
underestimate their role in the evolution of mammalian disease.
Further, at both molecular and cellular levels, the insect immune
system closely resembles the ‘innate’ immune system of mammals. It
is therefore likely that bacterial pathogens evolved to overcome
insect immunity can be pre-adapted for mammalian hosts. It is now
recognized for example, that the virulent insect pathogen Bacillus
thuringiensis is genetically very closely related to the human
pathogen B. anthracis, the cause of anthrax. Furthermore the plague
bacteria, Y. pestis, recently evolved from a Y. pseudotuberculosis-like
ancestor through adaptation to a flea vector.

In September 2000 a grey seal was rescued on the north coast of
Cornwall. The seal had bite wounds, a swollen rear flipper and an
open gash wound to its hock, which produced a flowing purulent
discharge when moved. M. phocacerebrale was the only organism
isolated that could be associated with this severe infection. The
infection failed to respond antimicrobial treatment. Subsequently
several isolates have been isolated from wounds, but investigations
have shown that the organism can be frequently recovered from the
teeth of apparently healthy grey seals.
Comparison of isolates from wounds and from teeth have shown
some differences in protein profiles. In vitro antimicrobial studies
have shown that all the M. phocacerebrale isolates tested were
susceptible to ciprofloxacin, doxycycline, furazolidone, gentamycin,
norfloxacin, ofloxacin, oxytetracycline, spectinomycin, tetracycline,
and tobramycin, and least susceptible to erythromycin, nalidixic acid,
rifampican, and compound sulphonamides. Isolates demonstrated
different susceptibilities to clindamycin, lincamycin and spiramycin.
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The three closely related species of the genus Photorhabdus
are bioluminescent bacteria that are pathogenic to insects.
P. luminescens and P. temperata form a symbiotic relationship with
entomopathogenic nematodes. P. asymbiotica, on the other hand, has
only been isolated from human clinical specimens. The bacterium is
associated with locally invasive soft tissue and disseminated
bacteraemic infections. We are currently using P. asymbiotica as a
model organism to study the molecular adaptations that allow an
invertebrate pathogen to infect humans.

Sequence analysis of 16S ribosomal gene to examine the

phylogenetic relationship between different pathogenic Leptospira

MI 04

isolates

study the endodontic bacterial community and profiling of poorly

Jacqueline S. Fenner, Muna F. Anjum, Charles G. Dalley & Martin J.
Woodward
Dept of Food & Environmental Safety, Veterinary Laboratories Agency
(Weybridge), New Haw, Addlestone, Surrey KT15 3NB
Leptospirosis is a zoonotic pathogen that can cause infertility in
pigs and cattle, and reduced milk-yield in cattle. Currently, field
investigation relies upon serology as the primary diagnostic tool but
cross-reactivity between different leptospiral serovars is noted.
Furthermore, serology uses established laboratory strains that may
not represent current endemic strains. An accurate method for
establishing the identity of endemic strains is by genetic analysis. To
enable rapid strain identification, we used a panel of 21 pathogenic
leptospira, which are currently used for serotyping, to amplify and
sequence the complete 16S rDNA for each isolate, and to construct a
phylogenetic tree to establish their genetic relatedness. The 16S
sequence of the 21 strains were then compared with other published
16S sequences in the database and the phylogenetic distance
established using a Neighbour-Joining Algorithm. Having established
this approach, we isolated an endemic pathogenic leptospira from the
kidney of a pig from a herd with known fertility problems. The
isolate was serotyped using conventional methods and the 16S rDNA
was amplified and sequenced. The results from both serotyping and

DHPLC and MALDI-TOF Mass spectrometry as tools to

characterized species
R.C. Jacinto1,2, L. Westland1, C. Keys1, H.N. Shah1, B.P.F.A. Gomes2 &
D. Rajendram1
1Health Protection Agency, Molecular Identification Services Unit,
61 Colindale Avenue, London NW9 5HT; 2Dental School of Piracicaba,

UNICAMP, Av Limeira 901, Laboratorio de Endodontia, Piracicaba13414-018, Brazil
The human dental root canal represents a complex anaerobic
ecosystem in which dietary carbohydrates are largely unavailable as
bacterial energy sources. Consequently the bacterial community is
predominantly nonfermentative and poorly characterized. The
exacting requirements of species make it difficult to simulate these
conditions in vivo, thus many species are not recovered after initial
isolation. This study utilizes two approaches to gain insight into this
unique environment. In the first, samples taken directly from root
canals with primary endodontic infections are subjected to very
harsh DNA extraction procedures involving NaOH, boiling and
neutralization with HCl. Universal primers for the 16S rDNA gene
(V6-V8 region) are used to amplify fragments (ca. 400–500bp)
representative of the bacterial community with > 90 % success. These
are now being characterized by DHPLC using the WAVE platform
(TRANSGENOMIC). In the second approach selected taxa from this
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site that are poorly characterized are being subjected to MALDI-TOFMass Spectrometry. Using a 1mL culture loop, colonies were applied
to a target plate, air-dried and, 1mL aliquot of a matrix solvent
applied. Analysis was performed using a M@LDI-Linear Time of
Flight Mass Spectrometer (Waters-Micromass Uk Ltd) with a nitrogen
laser (337 nm, 3 ns pulse width) and acceleration voltage of +15 kV.
Data acquisition within the mass range m/z 500 to 10,000 daltons
revealed many unique mass ions that characterize each species.
We envisage that these approaches will provide new insight into the
complexity of the bacterial community of this site and provide new
characters for delineating taxa that are otherwise poorly circumscribed.
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Antimicrobial activity of lactic acid bacteria against

clostridia as a potential therapy in the pathogenesis of autistic
children
H.M.R.T. Parracho, A.L. McCartney & G.R. Gibson
Food Microbial Sciences Unit, School of Food Biosciences, University of
Reading, Whiteknights, Earley Gate, Reading RG6 6AP
A history of antibiotic administration is common in autistic
patients and leads to concerns regarding an altered or compromised
gut microflora. Many autistic children experience gastrointestinal
problems (including diarrhoea and constipation). Such symptoms
may be due to a disruption of indigenous gut flora promoting the
overgrowth of potentially pathogenic micro-organisms. We have
found a prevalence of clostridia in the gut flora of autistic children
compared to healthy children. These organisms are recognized toxin
producers and may contribute towards gut dysfunction, with their
metabolic products possibly exerting systemic effects. antimicrobial
lactic acid bacteria (LAB) therapy, as an alternative to antibiotics,
may be of interest as effective tools in controlling negative metabolic
or pathogenic activities of microbes in autism.
Screening lactic acid bacteria for those capable of inhibiting
clostridia was therefore carried out. Ten Lactobacillus strains and four
Bifidobacterium strains were studied for inhibitory activity against
clostridia. The filter disc diffusion assay method using supernatant
from different probiotic strains was used, allowing categorization of
clostridia as susceptible or resistant to the different LAB strains
tested. 6/10 Lactobacillus strains and 1/4 bifidobacteria demonstrated
antagonistic activity towards clostridia.
Further investigations, such as in vitro studies, will be important to
measure the efficacy of LAB in modulating the composition and
metabolic activities of the autistic colonic microflora. This may help
to define future probiotic interventions against these gastrointestinal
symptoms.
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Molecular characterization of the Salmonella-specific

protein PagN
M.A. Lambert & S.G.J. Smith
Dept of Microbiology, Trinity College Dublin, Dublin 2, Ireland
Salmonellae are enteric pathogens that cause a wide range of hostspecific illnesses, including gastroenteritis and enteric fever. During
infection Salmonella adhere to and invade epithelial cells. Once
internalized, they are capable of multiplication and subsequent
dissemination. Although Salmonella pathogenesis has been dissected
much is still unknown.
The PhoP-activated gene PagN is broadly distributed within and
confined to the Salmonella genus. This gene encodes a protein
predicted to have a β-barrel structure showing extensive homology
over its entire length to the Escherichia coli adhesins Tia and Hek.
The gene-product PagN possesses a typical signal peptide at its
amino terminus indicating that it is translocated across the
cytoplasmic membrane via the Sec apparatus.
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We cloned the PagN gene into the multiple cloning site of pTrc99a
creating the expression vector pML1. Analysis of outer membrane
fractions from recombinant E. coli XL-1 Blue carrying pML1 reveals
that PagN directs the production of a 25.7 kDa protein that is
localized to the outer membrane. Synthesis of this protein was
shown to be up regulated in MOPS minimal medium representing
intra-macrophage conditions.
Expression of PagN was directly correlated with the ability of
recombinant E. coli to adhere to erythrocytes bringing about
mannose-resistant haemagglutination. Recombinant Salmonella LT-2
over expressing PagN failed to agglutinate erythrocytes. However,
recombinant Salmonella CH133, a galE mutant, that expresses rough
LPS, supported haemagglutination indicating a possible role for
LPS in masking PagN.
Induction of PagN expression in recombinant DH5a brings about
adhesion to and invasion of CHO cells. Adhesion and invasion was
shown to be inhibited by the addition of both heparin and heparansulfate. CHO cells grown in the presence of xylopyranoside, which
prevents proper glycosylation of proteoglycans, showed reduced
PagN-promoted cell adhesion, indicating that PagN promotes
adhesion to CHO cells via the heparin moieties of proteoglycan
glycosaminoglycans.
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Staphylococcal Htr-A like serine proteases

Orla Ennis & Tim J. Foster
Moyne Institute of Preventative Medicine, Dept of Microbiology,
Trinity College, Dublin 2, Ireland
HtrA is a heat shock induced serine protease first described in the
periplasm of Escherichia coli. Its main role is to degrade misfolded
protein in the periplasm. HtrA mutants of several Gram negative
pathogens are attenuated in animal models and can act as live
vaccines. Using bioinformatics, two forms, HtrA (772 amino acids)
and HtrB (424 amino acids), were identified in Staphylococcus
aureus 8325-4. These are conserved in all strains of Staphylococci
sequenced to date. S. aureus recombinant HtrA and HtrB proteins,
corresponding to the region following the membrane anchor domain,
have been cloned and expressed in E. coli. Thus the serine protease
active domain and the PDZ domain are retained.
A mutant strain of htrA was generated by means of gene disruption
by suicide plasmid integration. No obvious growth or heat shock
response differences were seen, compared with the wild type strain.
Cell fractionation experiments will be carried out to determine the
cellular localization of HtrA. Use of the same suicide vector as a
means of generating a htrB knockout is not feasible. The current
focus is on the use of a transductional resolution approach to
generate an allele replacement mutagenesis strain for htrB. Ideally,
a double mutant strain will then be generated. Isogenic mutant
strains will be characterized by gel zymography and Western
blotting.
The suitability of these genes as possible new targets for drug
development will be investigated.
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The amino terminal A domain of the fibronectin binding

proteins A and B promote adhesion of Staphylococcus aureus to
elastin
Fiona Keane1, Robert Downer1, Pyong-Woo Park2 & Timothy J. Foster1
1Dept of Microbiology, Moyne Institute of Preventive Medicine,
Trinity College, Dublin 2, Ireland; 2Dept of Medicine, Baylor College of

Medicine, Heuston, Texas 77030, USA
Email keanefm@tcd.ie
An important factor in Staphylococcus aureus pathogenesis is
the ability of the organism to adhere to and subsequently colonize

We are currently defining the elastin binding site within the A
region of FnbpA and Fnbpb. We are also purifying recombinant
tropoelastin, the soluble precursor of the elastin peptide complex to
investigate if bacteria are capable of binding the uncrossed linked
monomer.
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The interactions between Staphylococcus aureus clumping

factor A and human platelets
Tony Loughman1, Robert Downer1, Judy Higgins1, Dermot Cox2 &
Timothy J. Foster1
1Moyne Institute of Preventive Medicine, Trinity College, Dublin 2,
Ireland; 2Royal College of Surgeons, Dublin 2, Ireland
Email loughmaa@tcd.ie

The ability of Staphylococcus aureus to cause aggregation of
human platelets is thought to be a central mechanism in the
pathogenesis of infective endocarditis. Resting platelets in the
bloodstream are activated prior to the formation of platelet
aggregates in a fibrinogen network. Previously, we showed that
clumping factor A (ClfA) is a major mediator of human platelet
aggregation. However, the molecular interactions were not elucidated.
Due to the presence of several S. aureus surface proteins which
mediate platelet aggregation, we expressed ClfA in a non-aggregating
surrogate host, Lactococcus lactis, under the control of an inducible
promoter. This allowed controlled expression of ClfA on the surface
of L. lactis over an approximately 60-fold range. It was found that a
high threshold level of ClfA expression was required for platelet
aggregation to occur. As fibrinogen is the natural ligand of ClfA,
we investigated if a fibrinogen bridge between the bacterial cell and
the platelet is required for platelet aggregation. A non-fibrinogen
binding mutant ClfA molecule (ClfA PY) expressed by L. lactis
caused platelet aggregation, but the lag time to platelet aggregation
was increased compared to the wild type ClfA. Similar threshold
levels of expression of ClfA and ClfA PY were required to stimulate
aggregation. Ca2+ inhibits the binding of fibrinogen to ClfA.
Increased plasma Ca2+ concentrations were found to delay the

lag time to platelet aggregation, but had no effect on the threshold
response. This suggests that fibrinogen binding is not required
for platelet activation by ClfA, but its presence may enhance
aggregation. A monoclonal antibody (AN51) directed at the platelet
receptor GPIb could inhibit ClfA wild-type mediated aggregation by
50 %, whereas approximately 90 % inhibition of aggregation was
observed with ClfA PY mediated aggregation. This suggests ClfA may
interact through a fibrinogen independent mechanism with GPIb
leading to platelet aggregation.
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elastin-rich host tissue such as lung and heart valves. For this
reason we have studied the interaction of S. aureus surface proteins
with elastin. Previous work in our laboratory showed that the
membrane associated elastin-binding protein EbpS promotes
bacterial binding to soluble elastin but not to immobilized elastin
and is therefore not considered an elastin adhesin. In this study we
show that the fibronectin binding proteins FnbpA and FnbpB each
promote bacterial adherence to immobilized elastin as well as to
immobilized fibronectin and fibrinogen. Bacterial attachment to
elastin was not inhibited by preincubation of cells with soluble
fibronectin which suggests that the C terminal fibronectin-binding
segment of the protein is not involved in elastin binding. We cloned
the N-terminal region A-encoding part of both genes into E. coli
and expressed and purified recombinant proteins. These
recombinant region A proteins, rFnbpA37–544 and rFnbpB37–540
inhibited bacterial attachment to immobilized elastin, as did
polyclonal antibodies raised against each protein. rFnbpA37–544
and rFnbpB37–540 were then tested in an ELISA-type binding assay.
They bound to immobilized elastin in a dose-dependent and
saturable manner with rFnbpB37–544 binding more avidly than
rFnbpA37–544. As a control these proteins were also shown to bind
immobilized fibrinogen, which proved their functionality. Finally we
showed that preincubation of rFnbpA37–544 and rFnbpB37–540 with
soluble elastin peptides inhibited binding to immobilized elastin.
This proves the specificity of the bacterial to host protein
interaction.

The bordetella type III secretion system: effectors and

functions
Neil K. Fennelly1 & Aoife Boyd2
1Immune Regulation Research Group, Dept of Biochemistry,
Trinity College Dublin; 2Dept of Microbiology, NUI, Galway

The human pathogen Bordetella pertussis, the causative agent of
whooping cough, delays the development of B. pertussis-specific Tcell and antibody responses and is capable of inhibiting intracellular
killing in phagocytic cells. The recent sequencing of the genomes of
Bordetella species has revealed the presence of Type III secretion
systems (TTSS). These specialized secretion systems function to
deliver a range of proteins, known as effectors, into the cytosol of
eukaryotic cells where they function to modulate the normal function
of these cells, by interfering with signal transduction pathways in
various ways. While the functions and operation of the TTSS are well
understood in some species, e.g. Yersinia, this is not the case for
Bordetella, though it has been shown recently that the TTSS of
Bordetella bronchiseptica is active, secretes at least one effector and
exhibits anti-phagocytic and anti-immunostimulatory effects. Though
this activity has not yet been shown in B. pertussis, the level of
similarity of the TTSS with that of B. bronchiseptica (almost 98 %
identical at the nucleotide level) implies that effectors exist in B.
pertussis. To facilitate the identification of the effectors secreted by
both B. bronchiseptica and B. pertussis, the TTSS of both bacteria are
being inactivated by mutating one of the proteins essential for its
operation – the putative cytoplasmic ATPase, BscN, which binds and
hydrolyses ATP, thereby providing energy for the secretion process.
Also, the sensor protein, BopN, which suppresses secretion under
non-inducing conditions, is being mutated to induce the constitutive
secretion of effectors in vitro.
Mutant bacteria will be grown in contrast to wild type strains, and
protein secretion profiles from culture supernatants of each strain
will be determined. This will allow the identification of proteins
secreted in a TTSS specific manner and their corresponding ORFs in
the relative genomes.
The 3’ and 5’ regions of the bscN gene have been cloned into a
general cloning vector in 2 separate ligations, whilst the entire
bopN gene has been cloned, an internal fragment removed by
endonuclease digestion and the vector religated, to create the mutant
alleles. These alleles have been cloned into suicide vectors for the
purposes of allelic exchange. An effective electroporation protocol
for the introduction of these vectors into both B. pertussis and
B. bronchiseptica, as well as PCR screening protocols for the resultant
colonies (selected for double recombination events) have been
established.
In addition, the Bsp22 gene of B. pertussis has been cloned in-frame
with a 6X His-tag and His-Bsp22 has been expressed and purified
from E. coli. This protein has been shown to be secreted by B.
bronchiseptica in a TTSS-dependent manner. An anti-Bsp22 serum
has been generated from rabbits and has been shown to specifically
recognize purified Bsp22. This serum will be used to optimize in vitro
induction and secretion of TTSS proteins.
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Exploitation of polyvalent bacteriophage K for the control

of drug-resistant clinically relevant staphylococci

MI 13

A real-time PCR method for the identification of the

causative agents of bovine mastitis

S. O’Flaherty1, R.P. Ross1, M. Elbreki2, W. Meaney1, G.F. Fitzgerald3 &
A. Coffey2

Barry Collins1, Paul D. Cotter1, Jim O’Mahony3, Fiona Crispie2,
William Meaney2, R. Paul Ross2,3 & Colin Hill1,3

1Teagasc, Moorepark, Fermoy, Co. Cork; 2Dept of Biological Sciences,
Cork Institute of Technology, Cork; 3Dept of Microbiology, University

1Dept of Microbiology & National Food Biotechnology Centre,
University College Cork, Cork, Ireland; 2Dairy Products Research Centre,
Teagasc, Moorepark, Fermoy, Co. Cork, Ireland; 3Alimentary Pharmabiotic
Centre, University College Cork, Ireland
Email: bac@student.ucc.ie

College Cork, Ireland
The emergence of antibiotic resistant staphylococci has prompted
the need for alternative antibacterial controls other than antibiotics.
In this study a lytic bacteriophage (phage K) was assessed for its
ability to inhibit emerging drug resistant Staphylococcus aureus
strains from hospitals and other species of Staphylococcus isolated
from bovine infections. Electron microscopic analysis of phage K
indicated morphology of the Myoviridae family and this agrees with
findings from Genome analysis (O’Flaherty et al., 2004, J Bacteriol
186). In inhibitory assays, phage K lysed a range of methicillinresistant S. aureus (MRSA) strains from Irish hospitals, hetrovancomycin and vancomycin resistant S. aureus (hVRSA and
VRSA) and also teicoplanin resistant strains. In initial challenges
using phage K, 21 % of strains exhibited restriction/modificationrelated insensitivity to the phage. Propagation of phage K on these
phage-insensitive isolates resulted in sensitivity to modified phage
in 11 out of 12 isolates. Model hand-wash studies using a phageenriched wash solution resulted a 100-fold reduction in
staphylococcal numbers on human skin by comparison with
numbers remaining after washing in phage-free solution. Infusion
of the phage into a non-immunogenic bismuth-based cream
resulted in strong anti-Staphylococcus activity from the cream.

Bovine mastitis (BM) is regarded as the most important cause of
economic loss in the dairy industry. It affects this loss through
decreased milk production, veterinary costs and loss of animals due
to ill health. BM often becomes chronic and it is important to identify
quickly the new clinical cases in order to control infection in the herd.
The bacteria responsible can be classified as environmental
(Escherichia coli, Streptococcus dysgalactiae and Streptococcus uberis)
or contagious (Staphylococcus aureus and Streptococcus agalactiae).
The aim of this study is to develop a rapid and simple diagnostic
method, to enumerate and classify which of the 5 main pathogens
are responsible for specific infections. A rapid real-time PCR assay
has been developed, involving the use of DNA extracted from
infected milk, sybr green and a light cycler. Real-time PCR is being
used because of its quantities ability, sensitivity and speed.
This and other PCR-based technologies have been used to identify
the flora present in BM milk samples that cannot be cultured by
conventional methods.
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Influence of nitrate on growth of Pseudomonas

aeruginosa and its susceptibility to antibiotics
Tyler R. Field & Michael Tunney
Clinical & Practice Research Group, School of Pharmacy, Queen’s
University Belfast, 97 Lisburn Road, Belfast BT9 7BL
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The role of VirB11 and HorB in the human gastric

pathogen Helicobacter pylori
William Snelling1, Brigid Lane1, Anthony Moran2 &
Paul W. O’Toole1
1Dept of Microbiology & Alimentary Pharmabiotic Centre, University
College Cork; 2Dept of Microbiology, NUI Galway

Introduction: We previously identified a virB11 homolog (HP1421
or VirB11), that was essential for colonization in a mouse model, and
deletion of which reduced production of a surface protein HorB.
HorB is in a paralagous family including major adhesins such
as BabA, AlpA and AlpB, and HopZ.
Results/Discussion: Disruption of the genes for either VirB11 or
HorB caused a significant reduction in H. pylori adhesion to AGS
cells. We cloned the gene for HorB into a plasmid expression vector
(pBAD) in E. coli. HorB was successfully expressed and exported, as
shown by immunofluorescence (IF) labelling of bacterial cells.
Induction of HorB expression increased E. coli adhesion to AGS
cells over two-fold, compared to the vector control.
A model of HorB was constructed, based upon secondary
structure predictions, and alignment with the experimentally-derived
topology for HopE. Linker insertion mutagenesis identified surface
loops in HorB which are required or not involved in adhesion to
AGS cells.
The role of VirB11 in controlling the H. pylori proteome was
explored by 2D gel electrophoresis of sub-cellular fractions.
Differences in the cell envelope and secreted proteins were evident
and are being identified. The LPS profile of wild-type, VirB11deficient and HorB-deficient strains is also being investigated
by chemical composition determination.
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Pseudomonas aeruginosa pulmonary infection is the leading cause of
morbidity and mortality amongst patients suffering from Cystic
Fibrosis (CF). It has been hypothesized that the reduced oxygen levels
found in CF sputa coupled with the respiration of P. aeruginosa
combine to produce anoxic regions within the CF lung. P. aeruginosa
is primarily aerobic and requires an alternative electron acceptor,
provided either by nitrate or arginine for growth. To assess the ability
of P. aeruginosa to grow anaerobically strain NCIMB 10548 was
incubated in an anaerobic cabinet in media containing various
concentrations of potassium nitrate and growth followed over 48
hours. Growth was observed even in the absence of nitrate when
grown in broth culture; however, when grown on plates a minimum
of 0.5 % nitrate was required for growth. Time kill assays, using
tobramycin, demonstrated that the presence of nitrate in the growth
medium altered the killing kinetics of tobramycin. The results of this
study indicate that potassium nitrate is not strictly necessary to
support anaerobic growth of P. aeruginosa and that the presence of
potassium nitrate in the media alters P. aeruginosa susceptibility to
tobramycin.
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Transformation of Francisella tularensis subspecies

novicida
J.E. Quarry, S.L. Michell, P.C.F. Oyston & R.W. Titball
Microbiology, Biomedical Sciences, Dstl, Porton Down, Salisbury,
Wiltshire SP4 0JQ
Francisella tularensis is a Gram-negative, intracellular pathogen,
which causes the debilitating disease tularemia in humans and a wide
range of animals. Very little is known about Francisella due to the
difficulties of handling this pathogen under ACDP 3 containment

Conjugation and cryotransformation have been described for
transforming F. tularensis, strain LVS. We have optimized these
methods for use with F. tularensis subspecies novicida, which is a
subspecies of lower virulence. In this study, we developed a
replicating plasmid, pJQoriT suitable for use in conjugation. A
non-mobilizable replicating plasmid, pKK202 is available and can
be transformed into Francisella using cryotransformation. Having
established optimal conditions for transformation of F. novicida,
these methods are being used to introduce suicide plasmids into
F. novicida as part of a strategy to create defined isogenic mutants.
© Crown copyright 2004, Dstl
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The identification of protective antigens in Burkholderia

pseudomallei
S. Harding, M. Sarkar-Tyson, T. Atkins & R. Titball
dstl, Porton Down, Salisbury, Wiltshire SP4 0JQ
Burkholderia pseudomallei, the causative agent of melioidosis, is a
pathogen endemic in South-East Asia and Northern Australia, where
it causes fatal pneumonia and septicaemia. These infections are
difficult to treat as the bacterium is resistant to several antibiotics
and there is currently no vaccine available. One way of designing
potent subunit vaccines is to identify antigens that the immune
system recognizes when the bacterium infects a host. Antibodies
present in the host sera during infection can be utilized to identify
bacterial proteins, which have potential as components of subunit
vaccines. We have used a published method to construct a peptide
library made up of small random fragments of B. pseudomallei
genomic DNA. The screening of this library with convalescent patient
sera will identify commonly recognized antigens that are expressed
in vivo. Antigens identified in this study will then be purified and
taken forward as potential vaccine candidates. This method has the
potential to accelerate the process of identifying immunogenic
proteins, which could form the basis of a new subunit vaccine
against B. pseudomallei.
© Crown copyright 2004, Dstl
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Temperature effects in virulence using nematode models

of infection
Thomas R. Laws, Martin P. Smith, Sarah V. Harding, Timothy P. Atkins &
Richard W. Titball
Microbiology, Building 7A, Room 201, Biomedical Sciences, Dstl Porton
Down, Wiltshire SP4 0JQ
Increasingly, the model organism Caenorhabditis elegans has been
used as a host in the study of pathogen-host interaction with bacteria
that cause disease in humans. However, a significant disadvantage is
that C. elegans dies extremely rapidly at the human core body
temperature and many bacteria use temperature as a stimulus for
virulence gene expression. Therefore we have identified an
alternative nematode worm capable of survival at higher temperature
than C. elegans. The gonochoristic nematode Panagrellus redivivus
was effected less by raising temperature and is able to maintain its
life cycle at temperatures up to and including 31.5 °C (6.5 °C higher
than C. elegans). We found that some strains of B. cepacia were
virulent towards P. redivivus at 37 °C but not at 25 °C, demonstrating
the utility of this model for bacteria that regulate their virulence in
response to temperature.
© Crown copyright 2004, Dstl
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Identification of a nitrosative stress response

transcriptional regulator in Campylobacter jejuni
K.T. Elvers & S.F. Park
School of Biomedical & Molecular Sciences, University of Surrey,
Guildford, Surrey GU2 7XH
Campylobacter jejuni expresses two ‘haemoglobin-like’ proteins,
one of which has been designated Cgb (Campylobacter globin). Cgb
is homologous to Vgb from Vitreoscilla and does not possess the
binding sites for FAD and NAD(P)H seen in the flavohaemoglobins.
Cgb plays a key role in the defence of C. jejuni to nitric oxide and
nitrosative stress. Western analysis has shown that cgb expression is
strongly and specifically induced following exposure of C. jejuni to
nitrosative stress. Mutants defective in perR and fur, possible
regulators for cgb, showed unaltered inducible cgb expression.
Analysis of the genomic sequence identified another gene, Cj0466,
which has similarities to the CRP/FNR/NNR family of regulators.
Mutation of Cj0466 abolished nitrosative stress responsive cgb
expression. Survival of Cj0466 mutant was also significantly reduced
when exposed to increasing concentrations of a nitrosative stress
inducer. Analysis of the sequence 56 bp upstream from the ATG start
of cgb also identified a region with significant homology to the NNR
and FNR anaerobox that are involved in nitric oxide and oxygen
sensing with their cognate regulators in other bacteria. These results
suggest Cj0466 is a transcriptional activator that governs the nitric
oxide/nitrosative stress response of Campylobacter.
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and the scarcity of genetic tools. In this study, we are developing
genetic tools for Francisella to facilitate the production of a defined
live attenuated vaccine.

Analysis of an inducible response to nitrosative stress in

Campylobacter jejuni 11168
Sue Turner1, Karen Elvers2, Simon Park2, Jeff Cole1 & Charles Penn1
1University of Birmingham, Edgbaston, Birmingham B15 2TT;
2University of Surrey, Guildford, Surrey GU2 7XH

Campylobacter jejuni is a gut commensal of many animals and
birds and is also a human pathogen. Like other bacteria it must be
able to protect itself from fluctuating environmental conditions.
Reactive nitrogen species are produced as part of the non-specific
immune response and also as by-products of metabolism. Expression
of a protective bacterial haemoglobin, Cgb, has previously been
shown to be up-regulated in response to nitrosative stress. Cgb is
activated by the product of Cj0466 ORF, an FNR-like regulator. The
promoter sequence of cgb contains an inverted repeat with identical
sequence to the E. coli NNR consensus binding site.
This consensus sequence was used to search gene promoters of
C. jejuni 11168 genome using CampyDB. This identified a number of
genes with putative Cj0466 binding sites including a second
haemoglobin and a haem biosynthesis enzyme. Real-time PCR was
then used to confirm the Cj0466-dependent up-regulation of cgb in
response to nitrosative stress. A similar affect was observed for the
genes identified in silico. The combination of real-time PCR and
growth curves has defined the necessary growth conditions for
microarray analysis, which is in progress to define the Cj0466
regulon and further nitrosative stress defence mechanisms.
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A competitive index protocol to study intracellular

survival of Neisseria gonorrhoeae
Sue Turner, Claire Spreadbury, Harry Smith & Jeff Cole
University of Birmingham, Edgbaston, Birmingham B15 2TT
Neisseria gonorrhoeae is an obligate human pathogen that can
persist in the body and cause long term complications such as
infertility, arthritis and endocarditis. During infection bacteria
encounter macrophages as part of the non-specific immune response.
Gonococci have been shown to survive and possibly multiply in

71

Posters – MI

phagocytic cells; this could aid long term persistence and
dissemination of the bacteria. The mechanism behind intracellular
survival is unknown.
A model system was established to compare the viability of
various mutants to the parental strain to determine which proteins
are important. A method was established to successfully infect J774
macrophages with gonococci and viable bacteria were recovered up
to 24 hours after infection. A competitive index approach was then
developed to overcome problems encountered of varied intracellular
survival between replicates. Macrophages were co-infected with the
parental and mutant strain to be tested. Viable intracellular bacteria
were recovered and the colonies screened to determine the percentage
of mutant bacteria present. This method was used to compare the
viability of fnr, kat and cycP mutants to the parental strain. The
results showed that expression of FNR, catalase or cytochrome c´
was not beneficial for intracellular survival.
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Expression of the plasmid-encoded toxin (Pet)

autotransporter is inhibited by glucose in the medium
A. Scott-Tucker, M. Desvaux & I.R. Henderson
Division of Infection & Immunity, Institute for Biomedical Research,
The Medical School, University of Birmingham, Edgbaston, Birmingham
B15 2TT
The majority of research on autotransporter proteins has focussed
on the function of the passenger domains and on understanding the
biochemical processes, which occur during protein export and
secretion. With only a handful of exceptions little research has been
done to understand the regulation and control of expression of
autotransporter proteins in their Gram-negative hosts. Here we
describe the possible involvement of the control of catabolic genes
and the regulation of expression of the Plasmid-Encoded Toxin (Pet)
from the Enteroaggregative Escherichia coli (EAEC) strain 042.
Transposon mutagenesis of E. coli strain 042, using the TnphoA
system, and subsequent screening of culture supernatants
demonstrated that a number of mutants no longer secreted Pet.
Characterization of these mutants revealed disruption of genes of
the PTS (phosphotransferase system) or others encoding a glucosespecific enzymatic subunit. Disruption of two transcriptional
regulators under metabolic control also leads to abolition of Pet
secretion. SDS-PAGE gels of isolated mature Pet passenger protein
from culture supernatants of strain 042 grown in the presence or
absence of glucose clearly show the effect of this carbon source on
the levels of protein produced. From this data we hypothesize that
expression of Pet is dependant upon nutritional status of the
E. coli host.

extensively study from a physiological point of view and for which
the largest variety of molecular biology tools have been developed.
By using a variety of bioinformatics tools, both secreted proteins and
protein secretory systems could be identified and characterized based
on their sequence and structural features. While the Tat (Twin
arginine translocation;TC #2.A.64) pathway and protein ABC (ATP
Binding Cassette) exporters (TC #3.A.1.-) could not be identified, the
Sec (Secretory) pathway (TC #3.A.5) appears to be prevalent. While
flagella export apparatus (TC #3.A.6.), holins (TC #1.E.) and ESAT6/WXG100 (Early Secreted Antigen Target of 6 kDa / proteins with
WXG motif of ~100 residues) secretion system (TC #3.A.-) were
identified, this analysis has also permitted the first report of a
fimbrillin-protein exporter (FPE; TC #3.A.14) and Tad (Tight
adherence) export apparatus (TC #3.A.-) in C. acetobutylicum. This
investigation highlights the potential use of this saprophyte
bacterium as a model organism for investigating protein secretion in
pathogenic Gram-positive bacteria.
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Campylobacter jejuni
Sastra Chaotheing, Chrystala Constantinidou & Charles W. Penn
School of Biosciences, University of Birmingham, Edgbaston,
Birmingham B15 2TT
Motility is recognized as a significant virulence factor in
Campylobacters. However, the biogenesis of flagella and the
regulation of flagellar genes are not completely understood. Here we
study one of the flagellar biogenesis genes, namely flhF, which is
prediced to encode a GTP-binding protein with deduced molecular
mass of 55 kDa. Insertional inactivation of this gene leads to a
complete loss of flagella production, and, in some cases, the mutant
cells appear highly filamentous. The flhF gene is not present in
Salmonella and other enterobacteriaceae, and its role in flagellar
biogenesis is poorly understood. As the amino acid sequence of FlhF
reveals structural homology to the receptor protein of the signal
recognition particle (SRP) pathway, which directs and inserts proteins
to the inner membrane, it is possible that FlhF protein has a role in
targeting mechanisms, which deliver flagellar protein(s) to a flagellar
formation site at each pole of the cell. In addition, the filamentous
phenotype suggests that flagellar biosynthesis is tightly coupled with
cell cycle process. Insertion of wild type flhF allele into rdxA gene on
the chromosome of the flhF mutant restored normal flagellar
arrangement and cell morphology. Analysis of the promoter region of
flhF by 5’RACE method revealed a possible transcriptional start site
comprising of three adjacent bases and that the transcription could
be under control of a sigma 70 promoter.
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In silico analysis of protein secretion in Clostridium

acetobutylicum: towards a model organism to study protein
secretion pathways in pathogenic Gram-positive bacteria
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Molecular characterization of the flhF gene in

Looking for new effector proteins in enterohemorrhagic

Escherichia coli O157:H7
Junkal Garmendia1, Yuwen Chong2, Stephanie Schuller2, Alan Phillips2,
Olivier Marches1, Robert Shaw3, Stuart Knutton3 & Gadi Frankel1

Mickaël Desvaux, Arshad Khan, Anthony Scott-Tucker, Roy R. Chaudhuri,
Mark J. Pallen & Ian R. Henderson

1Dept of Infectious Diseases, Imperial College London, Flowers
Building, Armstrong Road, London SW7 2AZ; 2Centre for Paediatric

Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, The Medical School, University of Birmingham, Institute
of Biomedical Research, Edgbaston, Birmingham B15 2TT

Gastroenterology, Royal Free & University College Medical School,
Rowland Hill Street, London NW3 2PF; 3Institute of Child Health,
University of Birmingham, Birmingham B4 6NH

Consistent information about protein secretion in Gram-positive
bacteria is essentially restricted to the model organisms Bacillus
subtilis and Staphylococcus aureus. Essentially due to their
intractable nature (strict anaerobic conditions, poor growth, category
III organisms, limited molecular biology tools…), limited information
is available for other pathogenic Gram-positive bacteria such as
Clostridium, Corynebacterium, or Mycobacterium. Among genomesequenced clostridia, Clostridium acetobutylicum has been the most

Enterohemorrhagic E. coli O157:H7 (EHEC) induce characteristic
attaching and effacing (A/E) lesions on infected epithelial cells. A/E
lesions are characterized by the loss of microvilli, an intimate
adherence of bacteria adjacent to the host cell membrane, and the
generation of organized cytoskeletal structures containing
filamentous actin under the sites of bacterial attachment, called actin
pedestals. These events are mediated by the injection of effector
proteins into the host cell cytoplasm. EHEC posses a type III secretion

In this work, we characterized two EHEC genes encoding putative
effector proteins in order to elucidate their role(s) in virulence.
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Polymerization of the EspA filament from the

enteropathogenic Escherichia coli type III secretion system
Valérie Crepin1, Rob Shaw2, Cecilia Abe2, Stuart Knutton2 &
Gadi Frankel1
1Centre for Molecular Microbiology & Infection, Dept of Biological
Sciences, Imperial College, London SW7 2AZ; 2Institute of Child Health,

University of Birmingham, Clinical Research Block, Birmingham B4 6NH
Enteropathogenic Escherichia coli (EPEC) is an important cause of
infantile-diarrhoea in developing countries. EPEC strains are
distinguished from other E. coli strains by their ability to induce
distinct attaching and effacing (A/E) intestinal lesions, characterized
by localized destruction of brush border microvilli and intimate
attachment of the extracellular bacteria to the host cell plasma
membrane. The capacity to form A/E lesions is encoded at the Locus
of Enterocyte Effacement (LEE) pathogenicity island. The EPEC LEE
pathogenicity island encodes structural, translocator and effector
proteins of a type III secretion system (TTSS) which are commonly
found in pathogenic Gram-negative bacteria.
However, the EPEC TTSS is unique as it has a filamentous extension
to the basic needle complex connecting the needle structure to the
translocation pore in the host cell plasma membrane. EspA is the
main or only constitute of these hollow filamentous structures
(Daniell et al., 2001 and 2003) and EspA filaments are essential for
A/E lesion formation as an espA mutant secretes, but is unable to
translocate the effector proteins (Knutton et al., 1998; Shaw et al.,
2001). Although EspA filaments are not formed in the absence of the
translocator protein EspD, the role EspD plays during filament
assembly is not known. Also it is still not known how the filament
polymerizes. In this study we investigated the mechanism of EspA
filament assembly and the results of this investigation will be
presented in this poster.
References: Daniell, S.J., Kocsis, E., Morris, E., Knutton, S., Booy, F.P. &
Frankel, G. (2003). 3D structure of EspA filaments from enteropathogenic
Escherichia coli. Mol Microbiol 49, 301–308. Daniell, S.J., Takahashi, N.,
Wilson, R., Friedberg, D., Rosenshine, I., Booy, F.P., Shaw, R.K., Knutton, S.,
Frankel, G. & Aizawa, S.-I. (2001). The filamentous type III secretion translocon
of enteropathogenic Escherichia coli. Cell Microbiol 3, 865–871. Knutton, S.,
Rosenshine, I., Pallen, M.J., Nisan, I., Neves, B.C., Bain, C., Wolff, C.,
Dougan, G. & Frankel, G. (1998). A novel EspA-association surface organelle
of enteropathogenic Escherichia coli involved in protein translocation
into epithelial cells. EMBO J 17, 2166–2176. Shaw, R.K., Daniell, S., Ebel, F.,
Frankel, G. & Knutton, S. (2001). EspA filament-mediated protein

Citrobacter rodentium belongs to a family of human and animal
enteric pathogens that includes the clinically significant
enterohaemorrhagic Escherichia coli (EHEC) and enteropathogenic
E. coli (EPEC). These pathogens use attaching and effacing (A/E)
lesions to colonize the host gastrointestinal tract. In this study we
have used bioluminescence imaging (BLI) to investigate the organ
specificity, dynamics of colonization and clearance of mice by C.
rodentium in situ and in real time. The bioluminescent C. rodentium
derivative, strain ICC179, expresses the luxCDABE operon from the
entemopathogenic nematode symbiont Photorhabdus luminescens
and light levels accurately reflect bacterial numbers both in vitro and
in vivo. We have demonstrated that primary colonization of a wild
type mouse by C. rodentium takes place within the caecum,
specifically associated with a specialized patch of lymphoid tissue
known as the caecal patch. Following colonization of the caecum
C. rodentium established a colonic infection. We show that there are
reactive changes with in the caecal patch upon colonization. Using
scanning electron micrography we establish that it is C. rodentium
and that there is some degree of attaching and effacing. Using the
same methods we also interagate the Igh6–/– mice and show marked
differences in both colonization patterns and follicular makeup.
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system (TTSS) encoded in a 35 kb chromosomal pathogenicity
island called the locus of enterocyte effacement (LEE). This TTSS
translocates, across the host cell membrane, a number of effector
proteins, such as Tir, which interacts with the bacterial outer
membrane protein intimin. This interaction is essential for triggering
the formation of pedestals. Several genes encoding EHEC effector
proteins have been found to be located outside LEE.

The role of the oxidative burst and inducible nitric oxide

synthase in the control of the attaching and effacing pathogen
Citrobacter rodentium
Alan Huett1, Simon Clare2, Liljana Petrovska1 & Gordon Dougan2
1Centre for Molecular Microbiology & Infection, Imperial College London,
South Kensington Campus, London; 2Sanger Institute, Wellcome Genome

Campus, Hinxton, Cambridge
Enteropathogenic Escherichia coli (EPEC) is a major human
pathogen, causing significant infant mortality in developing
countries. Citrobacter rodentium, a mouse-adapted pathogen, is
used as a small animal model of EPEC infection.
Neutrophils are present in the inflammatory infiltrate of both
human EPEC patients and mice infected with C. rodentium. We have
examined the role of neutrophils in C. rodentium infection using
transgenic mice lacking the oxidative burst, a major neutrophil
antibacterial mechanism.
Results: Cybbtm1Din mice (oxidative burst deficient) are more
susceptible than wild-types to C. rodentium, with increased bacterial
burdens between days 4 and 7 post-infection. Between days 7 and
14 Cybbtm1Din mice regained infection control and bacterial load
was maintained at wild-type levels. This control was co-incident with
increased iNOS expression and elevated serum NO. Inhibition of iNOS
during C. rodentium infection led to severe weight loss and morbidity
in Cybbtm1Din mice, but had no effect upon infected wild-type or
uninfected Cybbtm1Din mice.
Discussion: Both the oxidative burst and iNOS play a role in
controlling C. rodentium infection, acting at different times. We
postulate initial control of C. rodentium infection is performed by the
oxidative burst, followed by iNOS, with these mechanisms operating
in a partially redundant, overlapping fashion.

translocation into red blood cells. Cell Microbiol 3, 213–222.
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Colonization patterns and histological changes in wild

type and Igh6–/– mice during a Citrobacter rodentium infection
Simon Clare1, Siouxsie Wiles2, James Harker2, Alan Huett2,
Alan Phillips3, Gadi Frankel2 & Gordon Dougan1
1The Wellcome Trust Sanger Institute, Wellcome Trust Genome Campus,
Hinxton, Cambridge CB10 1SA; 2CMMI, Flowers Building, Imperial College
London, South Kensington SW7 2AZ; 3Centre for Paediatric Gastroenterology,
Royal Free Hampstead NHS Trust, Pond Street, London NW3 2QS

Proteomic analysis of surface associated proteins in

Clostridium difficile
A. Wright1, B. Crossett1, R. Wait2, S. Begum2, J. Moore1, E. Calabi1,
J. Nagy1, K. Brown1 & N. Fairweather1
1CMMI Imperial College, London; 2Institute of Rheumatology,

Imperial College, London
Clostridium difficile is now established as the aetiological agent
of antibiotic associated disease and pseudomembraneous colitis. A
number of factors have been described that have a role in adhesion
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and colonization, essential for the manifestation of disease. These
include flagella, fimbriae, the high-molecular weight surface layer
protein (HMW-SLP) and a paralog of this protein, Cwp66. A number
of other factors important for adhesion and virulence are suspected
to exist, and the recent completion of the genome is expected to
facilitate the discovery and identification of others.
We have evaluated a proteomics-based approach to identify protein
associated with the cell wall and S-layer of C. difficile, with an aim
to detect novel adhesions. The two S-layer proteins are the dominant
species, but we have also detected a number of paralogs to these
proteins, FliC and components of the Sec-dependent secretion system.

typed as well as providing a sufficient level of discrimination for
both outbreak investigation and longer term epidemiological
monitoring.
Over a 12 month period C. jejuni organisms isolated from human
samples, from urban and rural areas of the North West of England
were characterized using MLST. The majority of the isolates were
found to belong to Clonal complexes 21 and 45, both of which may
have a strong association with poultry as well as human infection.
Such information can help in identifying sources C. jejuni infection
including food products.
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Immune response to immunization with two iron uptake

ABC transporter proteins, PiaA and PiuA
Maha Jomaa1, Stephen Terry1, Jose Yuste2, Gordon Dougan1 &
Jeremy Brown2
1Dept of Biological Sciences, Centre for Molecular Microbiology
& Infection, Imperial College London, London SW7 2AZ; 2Centre of

Respiratory Research, Royal Free & University College Medical School,
University College London, London WC1E 6JJ
Introduction: PiaA and PiuA are recently identified lipoprotein
components of S. pneumoniae iron uptake ABC transporters which
are required for full virulence in mouse models of infection.
Vaccination of mice with recombinant PiuA and PiaA protects
against invasive S. pneumoniae disease, and these antigens are
potential candidates for a S. pneumoniae protein vaccine which may
overcome the limitations of the capsular polysaccharide vaccines. We
have investigated the immunological response to these antigens in
more detail.
Results: We investigated the kinetics of the antibody response to
recombinant PiaA and PiuA administered by intraperitoneal injection
to BALB/C mice using ELISAs to recombinant protein. The results
demonstrated that the antibody titres to both antigens were increased
and prolonged after three vaccinations compared to two or one
vaccination. IgG subclass specific ELISAs demonstrated that the
antibody responses to PiuA and PiaA were predominantly of the
IgG1 subset, with only low levels of Ig2A, suggesting a Th2 response.
PiuA is more immunogenic than PiaA. However, using flow
cytometry we have shown that anti-PiaA sera but not anti-PiuA sera
improved opsonophagocytosis of FAMSE labelled S. pneumoniae by
the human neutrophil cell line HL60. In addition mice vaccinated
with PiaA when challenged with S. pneumoniae had increased levels
of IFN-γ compared to the alum vaccinated control group.
Conclusions: PiaA elicits protective immunity at least partially by
anti-PiaA antibodies promoting opsonophagocytosis. The
mechanism(s) by which PiuA elicits immunity requires further
investigation.

Sequence typing of pathogenic Escherichia coli including

non-O157 VTEC isolates from human and veterinary sources
S.H. Lau1, M. Achtman2, A. Birtles3, F.E. Bolton3, A.J. Fox3, N. French4,
H. Smith5 & M. Upton1
1Dept of Medical Microbiology, University of Manchester, Clinical

Sciences Building, Manchester Royal Infirmary, Oxford Road, Manchester
M13 9WL; 2MPI für Infektionsbiologie, Berlin, Germany; 3Health
Protection Agency, North West Laboratory, Manchester Medical
Microbiology Partnership; 4DEFRA Epidemiology Fellowship Unit,
University of Liverpool, Liverpool; 5SRMD, Health Protection Agency,
Colindale
Escherichia coli are commensals that colonize the large intestine of
mammals and birds but certain strains of E. coli are more commonly
associated with gastrointestinal diseases. Most infections are caused
by exposure to contaminated food products and water because E. coli
is a zoonotic organism, often being carried by animals and
transmitted to humans.
E. coli typing is routinely carried out by serotyping. Pulsed-field gel
electrophoresis is a widely used subtyping method for detecting
outbreaks of E. coli infections. However, these techniques have
disadvantages. In attempts to standardize bacterial typing, many
methods are being replaced by DNA based molecular techniques
analysing genomic variation in populations of pathogens. Multi-locus
Sequence Typing (MLST) is a powerful subtyping tool in molecular
epidemiology and it is based upon DNA sequence analysis of seven
housekeeping genes for differentiation of organisms. This study
involves MLST analysis of human, bovine and environmental nonO157 VTEC isolates. The results indicate that there was significant
DNA sequence variation in the sequenced portions of the seven
housekeeping genes and Clonal Complex 3 represented most
enteropathogenic E. coli and Clonal Complex 155 represented
enteroaggregative E. coli. MLST provides discriminatory power and
has potential as a powerful molecular subtyping tool for this
organism.
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Characterization of Stx phage lysogen conversion in

Escherichia coli (STEC)
MI 31

Multilocus sequence typing for improved surveillance of

Campylobacter jejuni, a major zoonotic pathogen
A. Birtles, M.L. Matthews, F.J. Bolton, A.J. Fox, W.F. Sopwith & M.J. Painter
Health Protection Agency North West, Manchester Medical Microbiology
Partnership, PO Box 209, Clinical Sciences Building, Manchester Royal
Infirmary, Oxford Road, Manchester M13 9WZ
Campylobacter jejuni is a major cause of bacterial gastroenteritis
in the United Kingdom. The epidemiology of campylobacter is
poorly understood due to the sporadic nature of the majority of
campylobacter infections. Many infections may be zoonotic in origin.
Currently routine characterization of C. jejuni in England and Wales
is carried out by serotyping and phagetyping but many isolates
remain untypeable. Recently a Multilocus sequence typing (MLST)
scheme has been developed for C. jejuni allowing all isolates to be

74

D.L. Smith, P.C.M. Fogg, J.R. Saunders, A.J. McCarthy & H.E. Allison
School of Biological Sciences, University of Liverpool, Liverpool L69 7ZB
We have characterized a Shiga toxin (Stx) encoding bacteriophage,
induced from a strain of E.coli O157, in which the Stx operon has
been interrupted with kanamycin or chloramphenicol resistance
genes (Φ24B). This enabled the creation of a double lysogen with this
lambdoid phage confounding the established bacteriophage lambda
immunity model, and this also has implications for accelerated
evolution of Stx phage by recombination. Further investigation has
revealed the presence in Φ24B of an integrase gene that is normally
associated with a completely unrelated phage group. Φ24B is a short
tailed Stx phage whose tail fibre gene has an identical sequence to
those published previously. However, analysis of this gene in Stx
phage induced from clinical and environmental STEC strains has
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Identification of an outer membrane protein that

enables infection of Escherichia coli with Shiga toxin encoding
bacteriophage
H.E. Allison, D.L. Smith, P. Loughnane, J.R. Saunders & A.J. McCarthy
School of Biological Sciences, University of Liverpool, Liverpool L69 7ZB
Shiga toxin (Stx) producing E.coli, of which O157 is the most studied
serotype, are serious zoonotic pathogens that have emerged as a
result of phage conversion. We have identified a protein of unknown
function that appears to serve as the surface ligand for short-tailed
Stx-phage adsorption. This protein was identified by
complementation experiments with a spontaneous phage-resistant
mutant. A gene, now known as vpr, was sequenced and found to
encode a single protein of 810 amino acids. It has no ascribed
function, but possesses a typical leader sequence and other properties
that suggest it is an outer membrane protein. We have produced
rabbit polyclonal antiserum that recognizes Vpr on the surface of E.
coli as well as by western blot analysis. This was used to specifically
inhibit Stx phage adsorption to the E.coli host, with the absence of
inhibition by pre-immune rabbit sera serving as a control. It has now
been established elsewhere that vpr is an essential gene, but work is
ongoing to complement vpr in members of the Enterobacteriaceae
which produce a variant of Vpr that does not bind Stx-phage. The
ubiquity of vpr would promote the rapid spread of Stx genes that has
been seen amongst E.coli populations.
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Exposure of laboratory workers and farm visitors to

verocytotoxigenic Escherichia coli – tracing the route of infection
Alan Beswick & Liz Pollitt
The Health & Safety Executive, Corporate Topic Group, Biological Agents
Unit, Magdalen House, Stanley Precinct, Bootle, Merseyside L20 3QZ
Infections caused by verocytotoxigenic Escherichia coli (VTEC) O157
have received much attention within the environmental and public
health context. In 2001, 1049 laboratory confirmed cases of VTEC
O157 were reported in the UK, 90 less than in 2000. In many cases,
the routes of infection, such as poor butchering practises, direct
animal contact, or human-to-human transmission via the faecal-oral
route, are quickly identified. However, the mode of infection may
occasionally be less obvious. Although most infections are linked to
the above routes, in 2001 rabbits were newly implicated as a possible
vector for transmission of VTEC to humans. This prompted a wider
HSE study of the potential for rabbits to pass the bacterium on to
humans, who are then exposed to contaminated rabbit droppings.
Data from this study further support the possible transmission of
VTEC by this route, i.e. where there is no other direct contact with
infected animals. Potential exposure of humans to VTEC is not
limited to food-borne and environmental exposure. Despite the
implementation of strict controls, laboratory-acquired infections have
been reported in the UK. In a recent case a microbiologist became
infected despite using appropriate microbiological containment
facilities. Bioaerosols created during standard laboratory testing
may be implicated.
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Regulation of an LraI transporter system of Streptococcus

uberis
Catherine L. Jones, Philip N. Ward & James A. Leigh
Institute for Animal Health, Compton Laboratory, Compton, Newbury,
Berkshire RG20 7NN

Streptococcus uberis causes around 33 % of all cases of bovine
mastitis. Limitation of bacterial growth within the mammary gland,
leading to diminished inflammatory responses and simultaneous
reduction in clinical cases of mastitis, underpins the development of
novel strategies to combat this costly disease. An LraI lipoprotein,
named MtuA, has been found within an operon encoding an ABC
transporter system with a putative regulator upstream. Mutations
within this operon were identified in a bank of random insertional
mutants. This transporter system was essential for growth of S. uberis
in bovine milk, as mtu operon mutants were unable to grow unless
exogenous manganese was added, except for a regulator mutant
(MtuR) that grew as well as the WT. The MtuR mutant displays
approximately 10-fold higher expression of MtuA than the WT, as
shown by quantitative PCR. Growth of this mutant was also slowed
in cultures supplemented with manganese. These results suggest that
MtuR is a negative regulator of the mtu operon and may respond to
levels of manganese within the environment.

MI 37

Posters – MI

begun to reveal heterogeneity. In particular, we want to identify
conserved motifs that bind receptors on the bacterial surface,
influencing Stx phage host range and consequently the spread of
Shiga toxin genes throughout the Enterobacteriaceae.

The effect of antimicrobials on clinically important

multi-drug resistant bacteria
Karen Smith1, Curtis G. Gemmell2, John G. Anderson1 & Iain S. Hunter1
1Dept of Bioscience, University of Strathclyde, Royal College Building,
Glasgow; 2Dept of Bacteriology, Medical School, University of Glasgow

Royal Infirmary, Glasgow
The indiscriminate use of antibiotics in recent years has led to
the emergence of multi-drug resistant microbes. There has been an
alarming rise in hospital-acquired infections caused by multi-drug
resistant organisms in recent years. This has led to the increased use
of biocides to try to control these infections. Recently reports have
shown that many multi-drug resistant bacteria, such as methicillin
resistant Staphylococcus aureus (MRSA), have been isolated from
disinfected locations in hospitals such as catheters, and disinfectant
soap dispensers. There is concern that as for antibiotics, intensive
exposure of hospital pathogens to residual amounts of disinfectants
may result in resistance to these agents. The minimum bactericidal
concentration (MBC) of a range of biocides commonly used in
hospitals, including chlorhexidine, triclosan and benzalkonium
chloride, was determined for a number of multi-drug resistant
organisms, including MRSA. Biocide efficacy varied between
organisms, and strains of the same organism. This study produced
clinically relevant information on the effect of biocides on multidrug resistant bacteria. This information is vital for disinfection
practices within the hospital environment, as multi-drug resistant
bacteria that display resistance to biocides pose a huge threat to
public health.
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Phage display antibodies against MRSA, a novel

therapeutic drug?
Viqaruddin Mohammed Khaja, Sanjiv Rughooputh & Pamela Greenwell
Molecular & Medical Microbiology Research Group, School of Biosciences,
University of Westminster, London W1W 6UW
Methicillin-resistant Staphylococcus aureus (MRSA) is one of the
most common nosocomial pathogen isolated in any UK hospital. It is
highly transmissible and can easily colonize healthy patients. There
has been reports of the acquisition of enterococcal vanA gene, giving
rise to resistance to glycopeptides such as vancomycin. Thus making
MRSA a major cause of morbidity in immunocompromised patients.
With the increase level of resistance to antibiotics, novel products are
being designed in order to counteract this problem of resistance.
Single chain fragment variable (scFv) antibodies produced by phage
display technology against MRSA using a human phage display
library can prove to be useful.
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The Griffin library was panned against MRSA and potential clones
were identified that produced scFv antibodies against the mecA gene
and the penicillin binding protein (PBP) receptors of MRSA. These
phage antibodies have the potential to be used as therapeutic agents.
By binding to the PBP receptors or possibly turning off the mecA
gene, or alternatively used together with a liposomal delivery system,
infected parts can be targeted and a more concentrated dose of
effective antimicrobial delivered without any adverse side effect.
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The contribution of sheep to the burden of

chlamydial infection in a cohort of farm-workers of England –
August 1991–March 1994
Dolors Carnicer-Pont1,2, Daniel Thomas2, Roland Salmon1, Ian Paul3,
Owen Caul1, Tim Coleman4, Susan Kench4 & Diane Meadows5

denticola and to investigate the role of Msp in this binding.
Fibrinogen degradation by T. denticola was also studied to begin to
understand the potential paradox between fibrinogen adhesion and
degradation. Cell binding to fibrinogen was investigated with
T. denticola ATCC 35405 and an isogenic msp mutant. Soluble or
immobilized forms of fibrinogen may be conformationally distinct,
but both strains bound each form of fibrinogen in a dose-dependent
manner. Binding by the Msp-deficient mutant was reduced overall by
about 20 %. The β chain of fibrinogen, separated by SDS-PAGE from
the α and γ chains and Western blotted onto nitrocellulose, was
shown to be preferentially bound by T. denticola. Degradation of
fibrinogen by parental and Msp-deficient strains resulted in similar
peptide patterns. These results show that T. denticola ATCC 35405 and
an Msp mutant both bind and degrade fibrinogen, and suggest that
proteins in addition to the Msp are involved in fibrinogen interactions.

1European Programme for Intervention Epidemiology Training (EPIET);
2National Public Health Service, Communicable Disease Surveillance
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Centre Wales (NPHS-CDSC Wales), Abton House, Wedal Road. Cardiff.
CF14 3QX; 3Health Protection Agency South West, Bristol; 4National
Health Service, Microbiology, Hereford; 5Microbiology services, Preston

pathogenesis of porcine Actinobacillus pleuropneumoniae infection

Investigation of the role of FhaB protein in the

T. Ali, N.J. Oldfield, K.G. Wooldridge & D.A.A. Ala’Aldeen
Molecular Bacteriology & Immunology Group, Division of Microbiology

Background and objective: In 1991, a representative sample of farmworkers was recruited from the MAFF (Ministry of Agriculture,
Fisheries and Food), lists of agricultural holdings in Hereford and
Preston.
A questionnaire and venous blood sample of all subjects were taken.
Subsequent blood samples were taken after 3 years from enrolment
order to advise on health measures to reduce the incidence of
infection.
Methods: A cohort of farm workers and members of their household.
Data was obtained from 1991 to 1992 and the subsequently 3 years
later. The extent of animal exposure in farm-workers and their
families was ranked from 0 to 5.
Results: Three hundred and twenty (79 %) out of 404 persons tested
positive for Chlamydia psittaci.
Contact with sheep was associated with Chlamydia antibodies in
humans after adjusting for all other animal contact. Eleven persons
out of 82 (13 %) seroconverted. All had reported contact with sheep
or with dog. The population attributable fraction in sero prevalent
cases was 16 %, but in incident cases 100 % of Chlamydial infection
could be explained by contact with sheep.
Conclusion: Our findings incriminate sheep in the increased level of
Chlamydia antibodies in farm-workers. Persons working with sheep
should be made aware of the dangers of infection.
Keywords: Chlamydia psittaci, sero-prevalence, sero-incidence, farm-workers

& Infectious Diseases, University of Nottingham, Queen’s Medical Centre,
Nottingham NG7 2UH
Website www.nottingham.ac.uk/mbig
Actinobacillus pleuropneumoniae (APP) causes porcine
pleuropneumonia, a contagious respiratory disease with high
mortality in pigs of all ages. The molecular mechanisms involved in
adhesion and invasion of the bacterium to host cells are not well
studied. In silico genome analysis of APP 4074, revealed the presence
of a fhaB gene homolog. FhaB is a well characterized, surface
exposed, virulence factor in Bordetella pertussis, which is thought to
be involved in adhesion. In order to investigate the role of FhaB in
the pathogenesis of APP infection, attempts were made to clone,
express and mutate the encoding gene. An N-terminal 70-kDa
fragment of APP FhaB was expressed using an E. coli expression
vector (pCR®T7/NT-TOPO®) and the protein purified. This protein will
be used to raise rabbit FhaB-specific antiserum which will be used to
confirm the expression and surface exposure of FhaB in APP. In
addition, fhaB-mutagenic constructs were created using an inverse
PCR strategy and the mutations successfully introduced into APP
4074 by natural transformation and homologous recombination.
Future work will include detailed molecular, immunochemical and
biological characterization of FhaB.
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Identification and characterization of a meningococcal

T-cell stimulating protein (TspB)

cohort, cross sectional study.

A. Mander, K.G. Wooldridge, K. Robinson, C. Penfold & D.A.A. Ala’Aldeen
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Interactions of Treponema denticola with fibrinogen

C.V. Bamford, H.F. Jenkinson & D. Dymock
Dept of Oral & Dental Science, University of Bristol
Treponema denticola, an important periodontal pathogen, adheres
to a number of host substrates, including fibronectin, laminin and
fibrinogen. A predominant outer membrane component of
T. denticola, the major surface protein (Msp), has been shown to bind
many of these substrates. However, cell membrane components
responsible for mediating fibrinogen binding by T. denticola have not
been identified. Fibrinogen binding might be important in virulence,
allowing colonization and infection at sites of tissue damage found in
deep anaerobic pockets of periodontitis. T. denticola also shows potent
proteolytic activity and fibrinogen is known to be degraded by cell
surface proteases. The functional relationship between binding to and
cleavage of fibrinogen by T. denticola is not understood. The aims of
this study were to examine fibrinogen-binding characteristics of T.
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Molecular Bacteriology & Immunology Group, Division of Microbiology &
Infectious Diseases, University of Nottingham, Queen’s Medical Centre,
Nottingham, NG7 2UH
Website www.nottingham.ac.uk/mbig
Introduction: TspB (T-cell stimulating protein B) has been identified
as a highly immunogenic meningococcal-specific protein that may be
surface exposed and provide a good target for bactericidal antibodies.
TspB was isolated during the screening of a λZapII genomic library
with rabbit serum raised against an extract of N. meningitidis
enriched for CD4+ T-cell stimulating outer membrane antigens.
Results and conclusion: TspB was bioinformatically analysed and
it is present in the genome of the sequenced serogroups A, B and C
strains. The gene is within a horizontally transferred pathogencity
island. To investigate tspB expression the gene was successfully
cloned into an E.coli expression vector and the protein was purified.
Rabbit polyclonal antibodies were raised against the denatured
purified protein in a New Zealand White female rabbit. This reagent
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Identification of key flagellar gene, fliK and regulation of

flagellar expression in Campylobacter jejuni
N. Kamal1, Nick Dorrell2, Aparna Jagannathan1,
Chrystala Constantinidou1, Sue M. Turner1, Gemma Marsden3,
Jason Hinds3, Ken Laing3, Brendan W. Wren2 & Charles W. Penn1
1University of Birmingham, Edgbaston, Birmingham; 2London School
of Hygiene & Tropical Medicine, London; 3Bacterial Microarray Group,
London

Campylobacter jejuni, the cause of acute bacterial enteritis is a Gramnegative, microaerophilic, spiral bacterium. The single polar flagellum
of the organism has an important role in disease production. In the
published genome annotation of C. jejuni some of the flagellar key
regulatory genes are missing. Therefore the regulatory control of
flagellar biogenesis is still not clear in the organism. FliK, the protein
which controls the length of flagellar hook and is also involved in
switching of secretory pathway specificity in Salmonella, is among
the regulatory proteins missing in Campylobacter. We have identified
the missing fliK gene in Campylobacter, which is Cj0041 and has a
homologue in its close relative Helicobacter pylori HP0906. Although
Cj0041 is not readily identified by BLAST search against the major
databases, a BLAST query of the C. jejuni genome database (Sanger
Institute) with the FliK sequence from Clostridium acetobutylicum
identifies Cj0041 at E=1.8e-07. Cj0041 knock-out mutants in both
strains 11168 and 81116 of C. jejuni are non-motile and showed a
polyhook phenotype which is in line with that of FliK mutants in
Salmonella. SDS-PAGE and mass spectrometry analysis with
‘flagellar’ proteins from Cj0041 mutants revealed increased
production of FlgE hook protein in mutants compared to wild-type,
and indicated the synthesis of these polyhooks with FlgE proteins
only. Microarray analysis of these mutants showed overexpression of
flagellar and other regulatory genes which are dependent on σ54, one
of the sigma factors involved in flagellar biogenesis. These results
established the importance of Cj0041 or FliK in regulation of flagellar
biogenesis in C. jejuni and, with additional evidence of the function
and regulation of genes in the cluster Cj1462-65 which includes
flgM, showed that the organism shares most of the key regulatory
flagellar genes found in model organisms like Salmonella.
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The Plasmid-Encoded Toxin (Pet) of Enteroaggregative E. coli (EAEC)
is a model protein for the study of the autotransporter system. The
properties and attributes of Pet are well documented; the pet gene
has been cloned and can be isolated simply from the growth medium
used to culture the recombinant E. coli host. Mutation of pet within
the minimal plasmid pCEFN1 was carried out using primers to
generate N-terminal, C-terminal and ‘window’ sequence truncations.
Cell envelope localization or release of truncated Pet constructs into
the supernatant was used to define minimal Pet molecules that were
secretion competent. From this data we infer the necessity of
sequence motifs for secretion of a passenger molecule, and draw
further conclusions to the autotransporter secretion pathway as a
whole.

MI 45

Posters – MI

will be used to investigate the expression and localization of TspB in
the meningococcus by immunoblotting and electron microscopy. A
defined N. meningitidis TspB mutant has been constructed in which
the tspB gene has been disrupted by the insertion of a cassette
encoding resistance to kanamycin. Comparative studies between the
wild-type strain and the tspB mutant strain of N. meningitidis will
be performed.

Anaplasmosis, ehrlichiosis and piroplasmosis screening in

small ruminants
Eva Spitalska1,2, Alessandra Torina3, Vincenza Cannella3, Angela Alongi3,
Santo Caracappa3 & Olivier A.E. Sparagano1
1School of Agriculture, Food & Rural Development, University of
Newcastle, NE1 7RU; 2Institute of Virology, SAS, 845 05 Bratislava,

Slovak Republic; 3Istituto Zooprofilattico Sperimentale della Sicilia,
90124 Palermo, Italy
Tick-borne diseases in small ruminants introduce serious problems in
subtropical and tropical countries. Some of the common diseases in
small ruminants are anaplasmosis, ehrlichiosis, theileriosis and
babesiosis transmitted by tick bite. A recent new classification based
on 16S and groESL gene sequences showed that previously linked
species were not anymore while others thought to be genetically far
apart were within the same new family; changing strategies to
demonstrate specificity for some molecular tests.
The objective of this study was to monitor the prevalence of
tick-transmitted infections in small ruminants. Two Sicilian flocks
(representing 61 animals) were monitored three times in January,
April and July. Blood and tick samples were collected. DNA from
blood was extracted using a Sigma ReadyMix PCR kit. 16S and 18Sbased PCR were performed to identify Anaplasmataceae and
Piroplasmidae, respectively. One blood was positive for bacteria and
48 (78.7 %) for protozoa. Sequencing results from 18 samples of
small ruminants showed infection with Theileria ovis and one was
Anaplasma ovis. This paper will also present differences between
seasons and farm locations.
In the future we will aim to identify the vector capacity of some ticks
as different species of Rhipicephalus and Hyalomma ticks were found
on some animals. Species-specific probes have been designed and
currently screened under a reverse line blot hybridization test.

Identification of secretion-competent minimal clones

of an autotransporter protein provides insight into the Type V(a)
secretion mechanism in Escherichia coli
A. Scott-Tucker, M. Desvaux & I.R. Henderson
Division of Infection & Immunity, The Institute for Biomedical Research,
Medical School, University of Birmingham, Edgbaston, Birmingham B15 2TT
At least five different classes of secretion mechanism have evolved
in Gram-negative bacteria to facilitate transport of effector molecules
from the cytoplasm to the extracellular milieu. Type V(a) secretion
is exemplified by the Autotransporter mechanism, whereby the
passenger domain of a proprotein is translocated through the βbarrel structure adopted by the carboxy-terminal autotransporter
domain, which embeds into the outer membrane. The understanding
of sequence/structure–function relationships and the biochemical
intricacies of the autotransporter secretion system has seen increased
research in recent years, yet no one system has been
comprehensively characterized.
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Use of antisense oligonucleotides as antimicrobial agents

against Chlamydia trachomatis
Lucy Chu, Sanjiv Rughooputh & Pamela Greenwell
University Of Westminster, Molecular & Medical Microbiology
Research Group, School of Biosciences, 115, New Cavendish Street,
London W1W 6UW
Although the use of antimicrobial agents can achieve high cure
rate, recurrent infections are common and resistance has also been
observed. Clinical report of resistance in Chlamydia trachomatis has
been documented and there is an urgent need for novel therapeutic
strategy to overcome this growing resistance profile and complete
eradication of chlamydia during infection.
Antisense technology holds great potential as a new therapeutic
strategy in the combat of various acquired diseases. Antisense
oligonucleotides are short, single stranded DNA, typically between
18–20 nucleotides in length, designed to target specific mRNA
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sequence by complementary binding. Formation of antisense-RNA
duplex inhibits the binding of ribosomes to the transcript in
initiation of the translation process.
The focal point of this work is the investigation of the novel use of
antisense oligonucleotide to target Chlamydia trachomatis. The
highly conserved prokaryote ribosomal RNA among bacteria makes it
an attractive target for therapeutic agents. Functionality of ribosomes
is essential as it is required for the production of all proteins critical
for survival, metabolic processes and growth of the organism.
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Although the frequency and severity of arthritis in the mice that
were treated with VIP from day 1 of infection were lower than in the
control mice, these mice exhibited significantly greater weight loss
and a higher mortality rate. Interestingly, VIP plus cloxacillin
treatment gave significantly higher mortality.
Conclusions: Although the administration of VIP reduced the
incidence of experimental S. aureus arthritis, it increased sepsisinduced mortality. Since combined treatment with VIP plus
cloxacillin was detrimental to the S. aureus-infected animals, care
should be exercized in the treatment of individuals with this regimen.

A diffusely adherent Escherichia coli strain causes down

regulation of IL-8 expression in cultured epithelial cells
A.B. Alzahrani, A.M. Graham & J.N. Fletcher
Dept of Biomedical Sciences, University of Bradford, Bradford BD7 1DP
One global response of intestinal epithelium to infection by
bacterial pathogens is initiation of the inflammatory response.
Enteropathogenic E. coli (EPEC) induces IL-8 release from epithelial
cells in vivo and in vitro, whilst a high level of faecal IL-8 has been
associated with Enteroaggregative E. coli (EAEC) infection. The
response of cultured epithelial cells to infection with diffusely
adherent E. coli (DAEC), a group which includes some ‘atypical’
EPEC strains, is investigated here. DAEC C872 (serotype O111:H12)
was isolated from a child in the UK with diarrhoeal illness. It displays
diffuse adherence to HEp-2 cells, does not hybridize with probes for
EAF or eae but does carry the EPEC Locus of Enterocyte Effacement
(LEE)-associated espB gene and has been shown to secrete EspB
protein into the medium. Cells of the human colonic carcinoma cell
line T84 were infected with bacteria grown overnight in Luria Broth,
for times up to 6 hours. Levels of IL-8 mRNA expression were
measured by RT-PCR, and secreted IL-8 protein levels with ELISA.
The signal transduction mediators p38 MAPK & NF-kB were
measured following Western blotting with specific antibodies. In
contrast to the prototype EPEC strain E2348, DAEC strain C872 down
regulated IL-8 mRNA transcription after inoculation until it became
undetectable by 6 hours post-infection. However, the level of IL-8
protein in the medium above the cells remained relatively constant
during this time period. Phosphorylation of p38 was detectable for up
to 2 hours post-infection, but returned to basal levels by 4 hours. No
NF-kB activation was detected throughout the time course of the
experiment as assayed by the level of IkB-a degradation. These
results indicate that the C872 causes p38 phosphorylation that may
result in as yet unidentified host cell response, and that C872 may
implement an active strategy to counteract host cell immune
response by switching off IL-8 expression to promote prolonged
intestinal colonization.
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A role for a type IV pilus in virulence of Francisella

tularensis
Emelie Salomonsson2, Kerstin Kuoppa1, Anna-Lena Forslund1,
Elisabet Frithz-Lindsten1 & Åke Forsberg2
1Dept of Medical Countermeasures, FOI Swedish Defence Research
Agency, Cementvägen 20, 901 82 Umeå, Sweden; 2Dept of Molecular

Biology, Umeå University, 901 87 Umeå, Sweden
The genome sequencing of F. tularensis opens new possibilities to
identify virulence determinants, with potential to serve as targets for
development of new vaccines and therapeutics. Interestingly, so far
no adhesins have been identified in F. tularensis. However, the
genome data reveals that F. tularensis strain SchuS4 harbours a set
of ORF:s, which show significant homology to proteins needed for
the biogenesis of type IV pili.
The aim of the present study is to investigate if the putative type IV
pilus in F. tularensis contributes to virulence. In particular, we have
focused on one of the ORFs (tentatively called pilA), encoded by
F. tularensis strain SchuS4. PilA is homologous to the major protein
subunit of the type IV pilus expressed by P. aeruginosa. Screening a
number of F. tularensis isolates by Western blot demonstrated that a
majority of the strains expressed PilA. Interestingly, the vaccine
strain LVS, did not express PilA. Our results support that the pilA
gene was deleted in LVS as a result of a recombination event and we
have also established a correlation between virulence and expression
of the pilA gene in a mouse infection model. Mutational analysis is
under way to assign a biological function to the putative type IV
pilus genes of F. tularensis.
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Upregulation of ICAM-1 and proinflammatory cytokines

by major surface proteins of the phylogenetic Group IV oral
treponemes associated with periodontitis and endodontic infection
S.-H. Lee, K.-K. Kim, S.-J. Choe & B.-K. Choi
Dept of Oromaxillofacial Infection & Immunity, College of Dentistry,
Seoul National University, Korea
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Vasoactive intestinal peptide treatment of Staphylococcus

aureus-induced septic arthritis
Vincent Collins & Egidija Sakiniene
Dept of Rheumatology & Inflammation Research, University of Göteborg,
Göteborg, Sweden
Background: Staphylococcus aureus is the most common cause of
septic arthritis. Vasoactive intestinal peptide (VIP) is a neuropeptide
that modulates immune responses by regulating the production of
both anti- and pro-inflammatory mediators. The aim of this study
was to assess the impact of VIP on the development of S. aureusinduced arthritis.
Results: NMRI mice were injected i.v. with S. aureus LS-1. Just prior
to infection and every other day thereafter, the mice received VIP
treatment. In a second set of experiments, treatment with VIP alone
or in combination with the antibiotic cloxacillin was started three
days after the NMRI mice were injected i.v. with S. aureus LS-1.
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Group IV oral spirochetes, including Treponema lecithinolyticum and
Treponema maltophilum, are associated with periodontitis as well as
endodontic infections. Recently, the genes encoding the major surface
proteins of these bacteria (MspTL & MspA, respectively) were cloned
and sequenced. The amino acid sequences of these proteins showed
high homology. In this study, the full genes encoding MspTL and
MspA was cloned into an expression vector, pQE-30, and
overexpressed in Escherichia coli in order to analyse the functional
role of these homologous proteins. rMspA and rMspTL up-regulated
the expression of intercellular adhesion molecule-1 (ICAM-1 or
CD54) on both human THP-1 and PDL cells in a dose dependent
manner. Proinflammatory cytokines, such as IL-1β, IL-6, and IL-8
were also induced significantly in PDL cells by both Msps, when
analysed by RT-PCR and ELISA. rMspTL generally revealed more
potent effects compared to rMspA. The upregulation of ICAM-1 was
completely inhibited by pretreatment of the cells with TPCK, a
NF-κB inhibitor, implying the involvement of NF-κB activation.
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A common surface antigen in oral spirochetes associated

based on the sequence of unfinished genomic sequence fragments
homologous to the sequences of Era and SGP and about 900 bp DNA
fragment was amplified by PCR. Nucleotide sequence of this protein
showed high homology with Era and SGP. This fragment was ligated
into down stream of 6×His domain of pQE-30 vector to make HisPGP fusion protein. GTP-binding protein Porphyromonas gingivalis of
was cloned and expressed as His-PGP fusion protein in E. coli for
molecular analysis of this molecule. Characterization of this gene
revealed that it was consisted of 923 bp of ORF. Fusion protein of
His-PGP was constructed to identify the molecular characteristics.

with periodontitis
J.-Y. Lee, H.-K. Jun, S.-H. Lee & B.-K. Choi
Dept of Oromaxillofacial Infection & Immunity, College of Dentistry,
Seoul National University, Korea
Oral spirochetes are heterogeneous Treponema species and have
been associated with periodontal diseases such as acute necrotizing
ulcerative gingivitis, and chronic and acute periodontitis. Studies on
epidemiology, virulence factors, host response, and pathogenecity in
animal models have revealed strong evidence for the implication of
oral spirochetes in the etiology of periodontitis. In addition,
Treponema denticola, the most intensively studied species among oral
spirochetes, was detected in atherosclerotic lesions and at higher
levels in pre-term low-birth-weight mothers, as compared with
controls. These facts emphasize on the prevention of periodontal
diseases. Bacterial outer membrane (OM) is the outmost barrier to
host cells and OM proteins of oral spirochetes have been reported to
be important in its colonization and cytopathic effects, and in the
immunological responses of the host in periodontitis. It is therefore
important to identify common virulence determinants that are
localized in bacterial surface and can be used as promising
immunoprotective antigens against infection. Several OM proteins of
oral spirochetes identified so far are all species-specific and most of
them remain to be elucidated for their functional role. The purpose of
this study was to identify a common immunogen of 4 representative
oral spirochetal species (T. denticola, T. lecithinolyticum,
T. maltophilum, T. socranskii) which shows high homology with an
outer membrane protein Tp92 of Treponema pallidum, a causative
agent of syphilis. Tp92 has been reported to have opsonic potential
and to induce a protective immune response against T. pallidum
infection. The approaching methods included PCR and nucleotide
sequence analysis of Tp92 homolog genes, and cloning and
expression of the recombinant proteins. Our results showed that all
4 oral spirochetal species analysed possessed Tp92 homolog proteins
which could be overexpressed in E. coli.
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The increased ICAM-1 expression in PDL cells induced by Msps was
inhibited in the presence of IL-1 receptor antagonist. Our results
show that Msps of group IV oral spirochetes may be implicated in
the inflammatory reaction by stimulating proinflammatory cytokines
and ICAM-1. And ICAM-1 is mainly stimulated by Msp –induced
IL-1β release.

Rapid detection of Bacillus anthracis by real-time

polymerase chain reaction
Yung-Hui Shangkuan & Yu-Hsiu Chang
Division of Bacteriology, Institute of Preventive Medicine, National
Defense Medical Center, P.O. Box 90048-700, Sanhsia, Taipei, Taiwan 237,
Republic of China
The potential use of Bacillus anthracis as a weapon of mass
destruction poses a threat to humans, domesticated animals, and
wild life and necessitates the need for a rapid and highly specific
detection assay. We have developed two separate TaqMan real-time
PCR assays to detect the presence of pXO1and pXO2 plasmids and a
chromosomal marker. The first assay is a dual-color PCR for the
plasmid markers cap and lef, both of which are necessary for
pathogenicity. We used the bacterial sspE gene as a chromosomal
marker for B. anthracis in the second assay. Identification of
chromosomal markers for rapid detection of B. anthracis is difficult
because significant chromosomal homology exists among B.
anthracis, B. cereus, and B. thuringiensis. Primers and probes were
designed for a highly conserved spore structural gene (sspE) that
targeted a B. anthracis specific insert sequence. The result was
specific for 23 B. anthracis strains and did not cross-react with other
B. cereus group strains (92 strains) and 31 strains from other Bacillus
species. Our specific and rapid multitarget TaqMan assay provides a
valuable new tool that can be used for analyzing clinical specimens,
field samples during bioterrorism threat assessment, and samples
from outbreaks.
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Pneumonoccal surface immunogenic proteins B (PsipB)

of Streptococcus pneumoniae (Pnc) as vaccine candidate
O. Liron, M. Portnoi, K. Blau, R. Dagan & Y. Mizrachi Nebenzahl
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Molecular analysis of Porphyromonas gingivalis

GTP-binding protein gene
Chun Mi-Jin1, Kum-Ju Park1, Bong-Kyu Choi2 & Seung-Ho Ohk1
1Dept of Oral Microbiology, Chonnam National University, Dental Science
Research Institute, Gwangju 500–757, South Korea; 2Oromaxillofacial

Infection & Immunity, College of Dentistry, Seoul National University,
Seoul, Korea
GTPases have now been identified in all bacterial genomes which
have been sequenced and appear to be essential for cell growth since
attempts to mutate this gene were unsuccessful. Evidence has been
also presented that GTP-binding proteins play a role in the stress
response. Although GTPases are known to be involved in a number
of bacterial cell functions including cell cycle regulation, the precise
role of these proteins has yet to be determined. During the amino
acid homology analysis of Era and SGP, we found highly
homologous region in unfinished sequence of Porphyromonas
gingivalis genomic sequences. Oligonucleotides were synthesized

Dept of Microbiology & Immunology, School of Health Sciences, Ben
Gurion University, Beer Sheva, Israel
The emergence of Pnc resistance to antibiotics encourages the
search for proteins as vaccines. We aimed at identifying surface
proteins lacking human orthologs capable of eliciting protective
immune response in the mouse model system. Cell wall (CW) proteins
from Pnc WU2 (serotype 3) were separated by 2D electrophoresis,
identified by MALDI TOF cloned and expressed. The recombinant
proteins were used for immunization with Alum adjuvant of mice at
day 0 and 21. Intranasal challenge with Pnc WU2 was performed 10
days later and survival was monitored daily. An immunogenic
unknown protein was identified, lacking human ortholog and was
named Pneumococcal surface immunogenic protein B (PsipB). The
antibodies recognized the recombinant and the Pnc WU2 extracted
PsipB protein. Following intranasal challenged with Pnc WU2,
survival rates were 25 and 35 %, in mice immunized with 15 and
25mg proteins, respectively, whereas none of the control mice
survived (p<0.05). rPsipB elicited partial protection in mice and may
constitute a putative future vaccine.
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Nosocomial Acinetobacter infections in ICU wards

M. Kamali1, J. Nowroozi1 & A. Saadatian2
1Iran University of Medical Science; 2Islamic Azad University

Introduction: Acinetobacter is a common colonizer of patients in
the intensive care setting. Acinetobacter colonization is particularly
common in patients who are intubated and in those who have
multiple intravenous lines or monitoring devices, surgical drains, or
indwelling urinary catheters. The aim of this study was to compare
different bacteria in one time in Rasool Akram ICU ward.
Methods: In this study for isolating bacterial infections in Rasool
Akram ICU ward in 2004 total of 100 samples were collected from all
kind of ICU patients. Then, bacteria were identified by standard
bacteriological methods.
Results: In previous studies the isolated bacteria were Pseudomonas
aeruginosa, Staphylococci, E. coli, and Enterobacter and in 2004,
Acinetobacter was more detected.
Discussion: Acinetobacter was isolated in previous studies (1.3 %),
but in 2004 (12.8 %). This indicated the increased risk of infections
by this bacteria in future. So, it needs to clean more environments
from contamination.
Keywords: Acinetobacter; nosocomial infection; ICU ward
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Conjugational plasmid transmissibility of virulence genes

among different enterococci strains isolated in Iran
Nour Amirmozafari, Masoud Alebouyeh & Homar Forouhesh
Iran University of Medical Sciences, Tehran 14496, Iran
Enterococci are known to transfer various traits via pheromone
mediated conjugational gene transfer. The incidence of virulence
factors among 114 Enterococcus faecalis and 35 Enterococcus
faecium strains from different clinical specimens compared with
those isolated from control groups, were investigated. A few of the
isolates expressed two or more of the following traits simultaneously;
Hemolysin, Aggregation substance, Gelatinase, DNase, Hemagglutinin
and Antibiotic resistance. The frequencies of hemolysin, aggregation
substance, and gelatinase production in E. faecalis were much higher
than those in E. faecium . However, no statistically significant
differences were detected in the other traits. Two isolates showed
total resistance to all of the antibiotics tested, and the other strains
displayed varied degrees of resistance pattern. Pheromone –
responsive plasmids are common to enterococci, which can transfer
at high frequency and carry genes implicated in the pathogenesis of
enterococcal infections. The frequency of plasmid transfer were
shown to be 10–4–10–7 per donor among the isolated strains. The
plasmid profiles of the bacteria indicated that most of the isolates
contained one or more plasmids with molecular weight ranging in
the 2 to 42 Mda reagions. Resistance to gentamicin and tetracycline
was the most observed antibiotic resistance pattern. These resistance
genes had the property of efficient inter–enterococcal spp. transfer
by mating.
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Prevalence of Chlamaydia trachomatis in vaginal

discharge of out-patients of Imam hospital in Ahvaz, Iran
Alireza Samarbaf-Zadeh & Mohammad Taghi Razi
Junsi shapur University of Medical Sciences, Iran
C. trachomatis is one of the most important agents of STD.
Untreated cases of vaginal infection with this bacterium may end
up with infertility, scaring and ectopic pregnancy. In most cases
infection with C. trachomatis is silent (70–80 %) and when overt
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infection occurs, the symptoms include cervicitis, urithritis, and
endometritis.
Since prevalence of C. trachomatis was not studied in our city, this
project was performed to evaluate the role of this bacterial agent in
vaginosis.
For this purpose 209 vaginal discharge collected from out-patients of
gynecology ward of Imam hospital in Ahvaz and were tested for C.
trachomatis by PCR.
Out of 209 specimens 27 (12.9 %) were positive for C. trachomatis.
The details of the project is presented in the poster.
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Role of immunoblotting in the serodiagnosis of culture

negative infective endocarditis
A. Chawla, P. Ray, M. Sharma, M. Singh, H.K. Bali & H. Singh
Post Graduate Institute of Medical Education and Research,
Chandigarh, India
Background: Up to a quarter of cases of infective endocarditis have
negative blood cultures which often results in delay in diagnosis and
treatment. The aim of this study was to evaluate the role of
immunoblotting in the serodiagnosis of culture negative infective
endocarditis (CNIE).
Methods: We prospectively studied 4 groups of 20 consecutive
patients each with CNIE, culture positive infective endocarditis,
pyrexia of unknown origin (PUO) and healthy adults. The diagnosis
of infective endocarditis was made on the modified Duke Criteria.
The sera of the 80 study patients all were subjected to
immunoblotting with five different antigens obtained from NCTC
(Colindale, London): Streptococci sanguis and agalactiae, Enterococci
faecalis and faecium, and group H streptococci.
Results: IgG reactivity was seen in 12 (60 %) cases with CNIE with
5 (25 %) being positive for two antigens. 13 (65 %) cases of culture
positive endocarditis had IgG reactivity while no IgG was detected
with any of the antigens in the sera from patients with PUO or in
healthy controls. Of the patients with CNIE, 7 had IgG reactive bands
with E. faecium, 8 with E. faecalis, and one each with S. sanguis
and S. agalactiae.
Conclusions: Immunoblotting can rapidly distinguish between
patients with CNIE and PUO and thus can aid diagnosis in this
difficult group of patients.
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Bacillus cereus, the forgotten pathogen – a case report

Stephanie Thomas, Anand Pillai & Jayant Aurora
Dept of Orthopaedics & Dept of Microbiology, Dumfries & Galloway Royal
Infirmary
Background: Infection with Bacillus cereus has been well documented
in the literature for over a century. Infection is generally associated
with the gastrointestinal effects of food poisoning and linked to the
consumption of infected rice dishes. However, the bacillus genus is
extremely heterogenic. It can occupy a wide variety of ecological
niches and bacillus spores are found ubiquitously in the
environment. Even so, Bacillus cereus isolated from the hospital and
clinic setting in any material other than vomitus or faeces is
commonly dismissed since it is a known contaminant of blood
cultures and most bacillus bactereamias are transient and usually
insignificant.
Case report: We report a case of Bacillus cereus wound infection in
a previously healthy 31 year old male admitted to the orthopaedic
ward with a comminuted fracture of the right distal tibia. He
developed compartment syndrome one day later and was taken to
theatre for fasciotomy. Within 48 hours he developed chest
complications and was admitted to the High Dependency Unit.

After three days he was taken back to theatre for wound inspection
and change of dressing. Seven days later external fixation was
applied. Subsequently the wound site became red, inflamed and
tender and was associated with an acute rise in inflammatory
markers. Microbiological reports showed Bacillus cereus growth from
the suture sites, sensitive to ciprofloxacin. No source was identified.
Discussion: This report merits concern, because it highlights the risk
of wound cross infection with this unlikely pathogenic species.
Bacillus cereus has been known to be a contaminant of dressings,
intravenous catheters, theatre scrub suits and linens pointing to an
array of possible infective sources within the hospital. It emphasizes
the need for theatre and hospital sterility and stresses the importance
of vigilance against this infrequent cause of a potentially serious
non-gastrointestinal bacillus infection. This is of particular
importance because alcohol-based cleaning solutions are known to
be ineffective against bacillus spores and infections dismissed as
contaminants may lead to rapid clinical deterioration.
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genotypes disappeared on shaking). Only a few proteins showed
idiosyncratic expression patterns characteristic of being closely
related to the causal mutation.

PBMG 01 Quorum sensing and other regulatory inputs interact
to control antibiotic and exoenzyme production in Serratia sp.
ATCC 39006
Peter Fineran, Holly Slater & George Salmond
Dept of Biochemistry, Tennis Court Rd, University of Cambridge
CB2 1QW
As research into the phenomenon of bacterial cell–cell
communication expands, it is evident that sensing population density
can be integrated with other regulatory processes. These networks
allow multiple inputs to be assessed before particular genes are
expressed. Serratia sp. ATCC 39006 (39006) uses a complex
hierarchical network to control secondary metabolite and exoenzyme
production. 39006 is a Gram-negative enterobacterium, a potential
animal, plant and insect pathogen which produces a carbapenem
antibiotic, pectinases and cellulases. In addition, 39006 produces an
intracellular red pigment prodigiosin; an antibiotic reported to have
immunomodulatory and anticancer properties. The secondary
metabolites and exoenzymes of 39006 are controlled by the smaIR
quorum sensing (QS) locus. SmaR is a repressor of prodigiosin,
carbapenem and exoenzymes and this repression is lost in the
presence of the signalling molecules produced by SmaI. A recent
mutagenesis screen identified several new regulators that affect
secondary metabolites and exoenzymes. Investigation of the
transcriptional hierarchy of these regulators with the QS system, and
with each other, reveals a complex regulatory network that controls
secondary metabolites and exoenzymes. Interestingly, a novel master
regulator controls antibiotic production and exoenzymes by
modulating the transcription of six other regulators, three of which
are also under QS control.

PBMG 03 Comparison of transcriptome profiles between virulent
Mycobacterium bovis and the vaccine strain Mycobacterium bovis
BCG
M.C. Garcia-Pelayo1, J.K. Inwald1, J. Nuñez1, P. Golby1, J. Hinds2,
R.G. Hewinson1 & S.V. Gordon1
1Veterinary Laboratories Agency, Woodham Lane, New Haw, Addlestone,
Surrey KT15 1BT; 2Dept of Medical Microbiology, St George’s Hospital
Medical School, London SW17 0RE

Bacillus Calmette-Guérin (BCG) is the name given to a family of
vaccines derived between 1908–1921 by the in vitro attenuation of
Mycobacterium bovis. Despite estimates that BCG vaccines have been
administered to over a billion people, the reason for the attenuation
is still poorly understood. To address this issue, we performed
microarray-based global RNA expression analysis to reveal
differences between M. bovis and the vaccine strains M. bovis BCG
Pasteur and M. bovis BCG Tokyo. In the first instance, we examined
differences between in vitro grown bacilli, identifying a limited
number of genes whose expression is highly divergent between the
virulent and the attenuated strains. A large fraction of these genes
can be classified based on predicted function, and are mainly
involved in lipid metabolism, transport processes and transcriptional
regulation.

PBMG 04 The enterococcal determinant msrC confers high-level
antibiotic resistance in Staphylococcus aureus
Elinor D. Reynolds & Jonathan H. Cove

PBMG 02 Proteomics of experimental biofilm evolution in

School of Biochemistry & Microbiology, University of Leeds, Leeds LS2 9JT

Pseudomonas fluorescens SBW25

The endogenous chromosomally encoded msrC gene is speciesspecific to Enterococcus faecium. The predicted amino-acid sequence
of MsrC shows a high level of homology to that of Msr(A), a
plasmid-borne ABC-transporter that confers resistance to 14membered-ring macrolides and type B streptogramin antibiotics in
staphylococci. Insertional inactivation of msrC has been found to
increase sensitivity to macrolides and type B streptogramins,
indicating that this determinant may be responsible for conferring a
low-level of resistance to these antibiotics in wild-type E. faecium.

Christopher Knight1, Nicole Zitzmann2, Sripadi Prabhakar2,
Holger Hebestreit2 & Paul Rainey3
1Dept of Plant Sciences, University of Oxford, South Parks Road, Oxford
OX1 3RB; 2Glycobiology Institute, Dept of Biochemistry, University of

Oxford, South Parks Road, Oxford OX1 3QU; 3School of Biological
Sciences, University of Auckland, P.O. Box 92019, Auckland, New Zealand
When cultured in a static microcosm, the environmentally isolated
bacterium Pseudomonas fluorescens SBW25 colonizes the broth
phase. Within a few days, novel genotypes evolve capable of
colonizing the air-broth interface. In one such evolved strain, Large
Spreading Wrinkly Spreader (LSWS), a single point mutation to the
coding sequence of a methylesterase is both necessary and sufficient
to cause the observed phenotype. We have performed a differential
proteomic analysis between the ancestral and LSWS strains. Over 40
identified protein changes were shown to be reproducible in a 2D gel
analysis of 30 independent samples. These changes were assigned to
proteins by mass spectrometry and analysed, both in silico, in terms
of the biochemical pathways involved, and in vitro by further 2D gel
analysis. 2D analysis considered variation of these proteins both
across genotypes (independent evolutions to occupy the air-broth
interface) and across environments (shaken or static culture). Most of
the proteins were not only related in terms of biochemical pathways
but also showed strong genetic correlation across strains and strong
genotype by environment interactions (the difference between
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In this study, we have cloned msrC together with its control region
into a sensitive strain of Staphylococcus aureus, both on a high
copy-number staphylococcal plasmid and in single copy on the
chromosome. The enterococcal determinant was found to confer high
levels of resistance to 14-membered ring macrolides and type B
streptogramins in S. aureus, requiring MICs of erythromycin of up to
64 mg/L, compared to 0.75 mg/L in wild-type E. faecium. This effect
appears to be independent of copy-number, concurrent with previous
observations for msr(A) in staphylococci.

PBMG 05 Development of an array to monitor the European
incidence of antibiotic resistance
A.J. Patterson, H.J. Flint & K.P. Scott
The Rowett Research Institute, Greenburn Road, Bucksburn, Aberdeen
AB21 9SB

This study aims to carry out a Europe-wide survey of the incidence
of two widely used groups of antibiotics through the construction of
a macroarray. Tetracycline and macrolide resistance genes have been
arrayed and used to probe samples from the gastrointestinal tracts of
humans and animals, and also from both farm and garden soils
across Europe.
Results indicate that, in both animal and human samples, tet(W) is
the most abundant of the 41 genes on the array. It was also noted
that ribosome protection genes are more common in the animal
samples with tetracycline resistance genes in soil samples tending to
belong to the efflux group. erm genes were found to be most
common in soil samples, with erm(V) being the most abundant gene
in all of the 16 soils tested.
This approach is enabling us to ascertain the prevalence of specific
genes in different countries and should allow a model for the routes
of dissemination of antibiotic resistance genes to be developed.

PBMG 06 The Butyrivibri fibirisolvens transposon TnB1230 which
carries tetracycline resistance gene tet(W) shows significant
sequence similarities to conjugative elements identified in other
species
Katarzyna A. Kazimierczak1, Claire M. Melville2, Harry J. Flint1 &
Karen P. Scott1
1Microbial Genetic Group, Rowett Research Institute, Greenburn Road,
Bucksburn, Aberdeen AB21 9SB; 2Moredun Research Institute, Pentlands

Science Park, Bush Loan, Midlothian EH26 0PZ
tet(W) is a novel ribosome-protection-type tetracyline resistance gene
which was first identified in the Gram-positive rumen anaerobe
Butyrivibrio fibrisolvens 1.230. It is one of the most widespread
tetracycline resistance genes in environmental samples. tet(W) was
also found in isolates from bovine and sheep rumen as well as
porcine and human faeces. The tet(W) gene in B. fibrisolvens 1.230 is
highly mobile and its transfer is associated with the movement of the
transposable chromosomal element TnB1230. This novel conjugative
transposon is 40–45kb in size and sequence analysis of internal 21kb
identified 14 open reading frames, ten of which showed significant
similarity to proteins encoded by the Enterococcus faecalis
conjugative transposon Tn1549 carrying VanB-type vancomycin
resistance. The organization of 12kb of TnB1230 sequence closely
resembles that between orf16 and orf23 in Tn1549, however the
remaining 9kb shows rearrangements in the orientation and order of
ORFs. The open reading frame (orf11) at the end of the current
sequence encodes protein with similarity to a protein encoded on
genetic element found in VanG-type resistant E. faecalis. Therefore
TnB1230 seems to be related to several conjugative genetic elements
described previously. The goal of this work is to reveal the genetic
organization of TnB1230 and study its role in the transfer of tet(W).

PBMG 07 Long-PCR-based approaches to the study of genomic

new genomic islands. We have replicated in our laboratory the
whole-genome PCR scanning approach developed by Tetsuya
Hayashi’s group in Japan (Proc. Natl. Acad. Sci. USA, 99,
17043–17048). We have applied the method to three non-O157 E.
coli strains drawn from the well-characterized ECOR collection. In
addition we have targeted a commonly studied ETEC strain. More
than 80 % of the long PCR reactions were successful on each strain,
allowing us to identify extensive regions of co-linearity with O157
and discover discontinuities.
Some years ago we described a simple single-primer PCR (SP-PCR)
chromosome walking approach that also allowed direct sequencing of
the products (Biotechniques. 2000 Jun; 28(6): 1078). However, this
approach was restricted to fragments of a few-hundred-kilobases.
More recently, we have developed a modified version of the SP-PCR
protocol, using long-PCR conditions and enzymes, and have shown
that it is possible to obtain single-primer-PCR products >5 kilobases
in length. This greatly extends the utility of the approach for
chromosome walking. Furthermore, we have demonstrated that it is
possible to obtain good-quality sequence ≥ 1-kilobase from the long
SP-PCR amplicons when they are sequenced directly with a nested
primer. We have used long SP-PCR to target regions adjacent to tRNA genes, which are known hot-spots for the integration of
prophages and pathogenicity islands. We have scanned four regions
in all 72 ECOR strains by long SP-PCR, and have obtained ~1kilobase of good sequence data from the unknown region adjacent to
each tRNA gene in most strains.
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The misuse of antibiotics in the treatment of both human and
animal diseases, and their administration in huge quantities to
livestock, have each contributed to the emergence and dissemination
of antibiotic resistance in non-clinical environments.

PBMG 08 Unravelling the structure and function of the Type III
secretion chaperone CesD from enterohaemorrhagic Escherichia coli
O157:H7
Helen Betts1, Robert K. Shaw2, Lihong Zhang1, Klaus Futterer3,
Stuart Knutton2 & Mark J. Pallen1
1Bacterial Pathogenesis & Genomics Unit, Institute of Biomedical

Research, The Medical School, University of Birmingham, Birmingham
B15 2TT; 2Institute of Child Health, University of Birmingham,
Birmingham B4 6NH; 3School of Biosciences, University of Birmingham,
Birmingham B15 2TT
The tetratricopeptide repeat motif is found in a wide range of
proteins and is involved in mediating protein-protein interactions. It
is a degenerate 34 amino acid a-helical motif arranged in tandem
arrays of 3–16 motifs. Recent sequence analysis and homology
modelling has identified the presence of TPRs in the type III secretion
system (TTSS) chaperone CesD from enterohaemorrhagic Escherichia.
coli. An array of three TPRs is predicted to form an a-helical binding
groove mediating interaction with the translocator EspD.
We have performed mutagenesis studies utilizing the yeast twohybrid system that provide physical evidence for the TPR model. In
particular, we made predictions from the model as to which glycine
residues could be replaced with bulky hydrophobic or polar residues
without effecting binding and these predictions have now been
confirmed in the yeast two-hybrid assays. We have also created a
cesD knockout mutant that we are exploiting in microarray and
complementation experiments. We are currently attempting to overexpress cesD with a view to solving the structure of the protein.

diversity in Escherichia coli
Chuan-Peng Ren & Mark J. Pallen
Bacterial Pathogenesis & Genomics Unit, Institute for Biomedical
Research, The Medical School, University of Birmingham, Birmingham
B15 2TT
In a highly variable species like Escherichia coli, it is hard to
determine how typical genome-sequenced strains are of the species
in general. There is thus a need for techniques that allow rapid
exploration of genomic diversity and facilitate the discovery of

PBMG 09 All three chaperonin (cct) genes of the halophilic
archaeon Haloferax volcanii are individually dispensable
Georgia Kapatai, Andrew T. Large, Eszter Kovacs & Peter A. Lund
School of Biosciences, University of Birmingham, Birmingham B15 2TT
The chaperonins can be divided into two clear groups on the basis
of phylogeny: group I, typified by E. coli GroEL and mitochondrial
Hsp60, which are found in nearly all eubacteria, mitochondria, and
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chloroplasts, and group II, which are found in the eukaryotic cytosol
and in the archaea. In eukaryotes, there are eight genes which each
encode a sub-unit of the type II chaperonin complex; all are essential
and all occupy a specific position in the complex. In the archaea,
there are generally only one, two, or three copies of the type II
chaperonin, and phylogenetic analysis suggests that they differ from
their eukaryotic orthologues in that they are unlikely to have unique
functions. We have used the genetically tractable archaeon Haloferax
volcanii to analyse the requirement for these genes in vivo. All three
genes are expressed, though to different levels, and all are induced
on heat shock. We were able to construct knockouts of each gene,
confirming the hypothesis that the genes are individually
dispensable. We also succeeded in constructing two of the three
possible double mutants, but attempts to obtain the third double
mutant, or triple mutants, were unsuccessful. The double knockouts
displayed poorer growth under some conditions including high
temperature and low salt. Analyses of purified proteins show varying
ATPase activities depending on which genes have been deleted. These
results strongly suggest that at least one cct gene must be present for
viability in the archaea, and that optimum function requires the
presence of all three genes.

PBMG 10 Isolation of mutants in the cochaperone GroES that allow
an inactive single ring mutant of GroEL to function in vivo
Han Liu & Peter A. Lund
School of Biosciences, University of Birmingham, Birmingham B15 2TT
GroEL consists of a double ring each with seven identical
sub-units, which functions as a molecular chaperone to refold
proteins from the denatured state. In doing this it requires the
action of the cochaperone GroES, which caps the cavity at one end
of the double ring structure to form a closed chamber inside which
proteins can fold. Both proteins are essential in vivo. The reaction
cycle of GroEL is complex and involves a series of allosteric signals
between the two rings as ATP binds and is hydrolysed. For this
reason, a mutant form of GroEL (SR1) is inactive in vivo. We have
previously isolated mutants in SR1 that reactivate it for function
(assayed both in vivo and in vitro) even though it remains in the
single ring state. We describe here the isolation and characterization
of mutations in GroES which allow the normally inactive SR1 to
function in vivo. These mutations were produced by individually
mutating the three amino-acids which form a contact between
GroES and GroEL in the known GroES-GroEL-ADP7 structure. All
fifty seven possible single amino-acid changes were tested for in vivo
function, and a number were found which allowed cells to grow
when expressing SR1, although growth was only seen at low
temperatures. Thus SR1 can be made active by altering the
cochaperone GroES, and we hypothesize that these mutants
destabilize the SR1-GroES-ADP complex, enabling it to dissociate
without requiring a signal from the trans ring.

PBMG 11 Transcriptomic analysis of Escherichia coli O157:H7
cell response to carbon starvation: batch culture versus stop flow
chemostat experiments
Mickaël Desvaux, Roy R. Chaudhuri, James Cottam, Anthony ScottTucker & Ian R. Henderson
Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, The Medical School, University of Birmingham, Institute of
Biomedical Research, Edgbaston, Birmingham B15 2TT
The enterohaemorhagic Escherichia coli (EHEC) serotype O157:H7
has been involved in several infectious outbreaks as a result of
contaminated foodstuffs and is considered worldwide as threat to
public health. The natural reservoir for this food-borne pathogenic
bacterium is believed to be cattle. In this respect, this organism may
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be regularly exposed to feast-famine conditions along the food
chain. Such environmental influences may in turn induce, sustain
and/or influence particular pathogenic responses. In the literature,
bacterial response to carbon stress is usually investigated in batch
culture. A low concentration of carbon source is depleted in the
course of the culture and thus carbon starvation conditions are
attained as the culture enters the stationary phase. Here we describe
the carbon-starvation and stationary response of E. coli O157:H7 in
batch culture. Furthermore, in order to more effectively control the
carbon starvation stimulon, a ‘stop flow chemostat’ experiment was
designed. First, stable physiological culture conditions were obtained
in such a way that no residual glucose was detectable at the steadystate of the chemostat. Then, turning off the feeding pump of the
continuous culture allows the organism to switch immediately from
carbon-limited conditions to carbon starvation. Transcriptomic
analysis was performed from both experiments and compared.

PBMG 12 Antibacterial structure–function relationship studies on
melittin
Alison Qua1, Neil McFerran1, John Nelson1, Brian Sykes2 &
Pat Harriott1
1Queen’s University Belfast, Chemical Biology Research Group;
2NANUC, University of Alberta, Canada

Bacterial resistance to antibiotics is presenting a serious threat to
the efficacy of conventional antibacterial therapy. This has stimulated
the isolation and characterization of many antimicrobial peptides
for potential use as novel target antibiotics. Melittin is a toxin that
is recognized to be a potent broad-spectrum cytolytic peptide. We
have investigated the effect on the haemolytic and antibacterial
activity of the 26 individual amino acids of the melittin sequence
using a complete set of synthetic alanine substitution analogues.
Peptide activity determined using microplate-based assays was
calculated as HD50 and LD50 values. Variation in haemolytic potency
on alanine substitution was found only in the two terminal domains.
Individual residues have also been identified as important for
antibacterial activity towards the Gram positive and negative
bacterial pathogens MRSA and P.aeruginosa respectively. In contrast
to the haemolytic results analogues with slightly enhanced
antibacterial activity were found and included V8A, T11A, and
L13A, these are spatially close in the folded peptide. We have also
determined the solution structure of melittin in trifluroethanol
using NMR.

PBMG 13 Molecular studies into the fluoroacetaldehyde
dehydrogenase gene in Streptomyces cattleya
Robin Hutchinson & Cormac D. Murphy
Microbial Biochemistry Group, Dept of Industrial Microbiology,
University College Dublin, Belfield, Dublin 4, Ireland
Email cormac.d.Murphy@ucd.ie
Over 3800 naturally produced organohalogens are known to
exist. These compounds exhibit a wide functional diversity, from
antibacterial to metabolic roles. However only six naturally
occurring fluorinated compounds have been identified. Two of
these, fluoroacetate and 4-fluorothreonine are produced by the soil
actinomycete Streptomyces cattleya in the presence of inorganic
fluoride. Isotopic labelling studies have shown that both these
compounds have a common metabolic intermediate,
fluoroacetaldehyde (FAA). An NAD+-dependent fluoroacetaldehyde
dehydrogenase (FALDH) has been shown to oxidize FAA to
fluoroacetate (Fig. 1). This study is concerned with characterizing
this enzyme further and elucidating the critical amino acid residues
that allow it to accept such an unusual substrate, and comparing
the FALDH to other known aldehyde dehydrogenases.
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Fig. 1. Reaction catalysed by FALDH from S. cattleya.

PBMG 14 Generation of a biocatalyst for the production of epoxides
Helen Dunn, Tracy Curtin, Patrick Coen & Kevin O’Connor
Centre for Synthesis & Chemical Biology, Dept of Industrial Microbiology,
University College Dublin, Belfield, Dublin 4, Co. Dublin, Ireland
The employment of biological catalysts for the production of
chemical compounds has become an attractive alternative to
traditional chemical methods, which can involve expensive multistep synthesis routes and the use of heavy metal catalysts which pose
a pollution threat. Biotransformations involving biocatalysts often
result in stereo-, regio-, and chemo-selective products. The
production of enantiopure products is highly desirable due to
increased regulation with respect to racemic mixtures.
Pseudomonas putida CA-3 has been shown to degrade styrene
through styrene epoxide, phenylacetylaldehyde, and phenylacetic
acid. The first enzyme of this pathway is styrene monooxygenase
(Fig. 1), an oxidoreductase known to exhibit a high degree of
stereospecificity.
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Fig. 1. Styrene degradation pathway

P. putida CA-3 has been shown to be an effective whole cell
biocatalyst for the conversion of indole to indigo in a two-step
reaction that requires styrene monooxygenase and styrene oxide
isomerase. Our investigation focused on generating a bacterial
biocatalyst for epoxide formation from alkenes. While previous
reports on alkene biotransformations have employed recombinant
Escherichia coli, in this study the use of P. putida for alkene
biotransformations was preferred as P. putida has a higher solvent
tolerance. This will give P. putida an advantage in two-phase systems
for epoxide synthesis from alkenes. The characterization of
transposon mutants generated is described.
Characterization of selected mutants was performed by, monitoring
oxygen consumption, substrate consumption, and product formation
with a variety of alkenes.

PBMG 15 A novel 4-fluoroglutamate dehalogenase from

of halogen substituents from a wide range of organohalogens
including haloalcohols, haloacetates and haloaromatics. These
enzymes have potential uses in environmental technology and in
specific dehalogenation of organohalogens from industry. While
dehalogenases for organochlorines are well studied, enzymes that
catalyse the cleavage of C-F bonds are much less common and have
a very narrow substrate specificity, almost completely limited to
fluoroacetate.
Streptomyces cattleya is unusual as it has been found to produce
two fluorinated compounds fluoroacetate and 4-fluorothreonine.
Studies with whole cells and cell-free extracts have found that
Streptomyces cattleya has specific defluorinating activity towards
4-fluoroglutamate. This compound is thought to be a product of
the metabolism of fluoroacetate through the citric acid cycle and is
potentially toxic to the cell. Here we describe the purification of
the enzyme which utilizes this unusual substrate and the reaction
mechanism it catalyses.
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PBMG 16 Using Escherichia coli as a model system for homocysteine
toxicity
K.R. Fraser1, N.L. Tuite1, A. Bhagwat2 & C.P. O’Byrne1
1Bacterial Stress Response Group, Dept of Microbiology, National

University of Ireland – Galway, University Road, Galway (Email
katy.fraser@nuigalway.ie); 2United States Dept of Agriculture, Rm. 117,
Bldg 002, 10300 Baltimore Avenue, PQSL, BARC-W, Beltsville, MD 20705
USA (Email bhagwata@ba.ars.usda.gov)
In Escherichia coli accumulation of the sulphur-containing amino
acid homocysteine has been shown to result in growth inhibition.
Interestingly, homocysteine is also toxic to humans, with elevated
serum homocysteine being associated with increased risk of
cardiovascular diseases, dementia and neural tube defects during
pregnancy. Therefore, it is hoped that defining homocysteine toxicity
in E. coli might lead to a better understanding of the toxic effects
of this compound in humans. In order to better understand the
inhibitory effects of homocysteine, DNA macroarrays were utilized
to investigate changes in gene expression when cells are treated with
homocysteine. We will present and discuss the findings of this
analysis, which are summarized as follows: (i) 158 genes
demonstrated reproducible changes in expression (>1.5 fold); (ii) a
large number of the genes that were up-regulated were involved in
translation; (iii) several genes involved in stress responses showed
altered expression; (iv) there were large changes in amino acid
biosynthetic gene expression, with (a) up-regulation of genes
involved in arginine and isoleucine biosynthesis, and (b) downregulation of genes involved in cysteine, glutamate and methionine
biosynthesis and transport. The large changes in amino acid
biosynthetic gene expression correlated with changes in the
intracellular amino acid pools. Growth in the presence of
homocysteine resulted in, (i) the accumulation of a large intracellular
pool of homocysteine; (ii) a 30 % reduction in the glutamate pool;
(iii) a 90 % reduction in the alanine pool; and, (iv) depletion of the
valine pool. We will use the results of this amino acid pool analysis
in conjunction with the gene expression data to propose a model
for homocysteine toxicity in E. coli.

Streptomyces cattleya
Clár Donnelly & Cormac D. Murphy
Dept of Industrial Microbiology, University College Dublin, Belfield,
Dublin 4, Ireland
In recent years many halogenated organic compounds have
been produced and are widely used in industry and agriculture;
however, many of these compounds are toxic and can cause serious
environmental pollution. Dehalogenases have attracted a great
deal of interest, owing to their ability to catalyse the cleavage

PBMG 17 Homocysteine toxicity in Escherichia coli is caused by a
perturbation of isoleucine biosynthesis
Nina Tuite, Katy Fraser & Conor O’Byrne
Bacterial Stress Response Group, Dept of Microbiology,
National University of Ireland Galway, University Road, Galway
Email ntuite@nuigalway.ie
Increased plasma levels of the sulphur containing amino acid
homocysteine are linked to an elevated risk for cardiovascular
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disease and neural tube defects in humans. We have found that
homocysteine is also toxic to E. coli cells. The reason that
homocysteine accumulation leads to tissue damage in humans is
uncertain. We are using E. coli as a simple model system to
investigate the basis of homocysteine toxicity.
It has been reported that the inhibitory effects of cysteine, another
sulphur containing amino acid, can be relieved by the addition of a
combination of three branched chain amino acids leucine, isoleucine
and valine (Kari et al., 1971, J Gen Microbiol 68, 349–356). We
showed that the toxic effect of homocysteine was fully reversed by
the simultaneous addition of these three amino acids. Supplementing
the medium with combinations of leucine, isoleucine and valine
revealed that isoleucine alone is sufficient to overcome the inhibition.
We conclude from this finding that isoleucine biosynthesis is
perturbed by homocysteine. An inspection of the isoleucine
biosynthetic pathway revealed that only one enzyme, threonine
deaminase, is unique to the isoleucine pathway; the others are shared
with valine and leucine biosynthesis. Threonine deaminase catalyses
the conversion of threonine to α-ketobutyrate, the first step in the
isoleucine biosynthetic pathway. The inhibition of this enzyme would
theoretically cause an isoleucine auxotrophy. Assays were performed
to measure threonine deaminase activity in cultures supplemented
with homocysteine. The results of these assays show that
homocysteine targets threonine deaminase directly. The data from
this experimental approach together with our other lines of
investigation have advanced significantly our understanding of
how homocysteine leads to toxicity in E. coli.

PBMG 18 Proteomic analysis of a stress-sensitive mutant of Listeria
monocytogenes
F. Abram & C.P. O’Byrne
Bacterial Stress Response Group, Dept of Microbiology, National
University of Ireland, Galway
Email florence.abram@nuigalway.ie
In bacteria the general stress response is coordinated through the
expression of numerous genes required for resistance to
environmental and metabolic stresses. In the Gram-positive bacterial
pathogen Listeria monocytogenes this redirection of transcription
during stress is under the control of the alternative sigma factor
Sigma B (σB). We are using a deletion mutant of Listeria
monocytogenes 10403S, lacking the sigB gene in order to investigate
how σB contributes to stress resistance in this pathogen. We are
using a proteomic approach to identify proteins expressed in a σBdependent manner. We are using a protein fractionation approach to
identify differences in protein expression between the wild type and
its corresponding deletion mutant, ∆sigB. We studied the surfaceexpressed proteins, (SDS extraction and lysozyme extraction), the
culture supernatant proteins, and the phosphorylated proteins. We
have identified a number of proteins whose expression is σBdependent. We are using a combination of tryptic digestion and mass
spectrometry to identify these proteins. The details of these studies
will be presented and we will suggest a model to account for the
stress sensitivity of the ∆sigB mutant.

PBMG 19 To investigate the process of molecular chaperone

demonstrated to encode all the information necessary to assume their
mature, folded conformation in vitro, the discovery of molecular
chaperones was an important event in our understanding of protein
folding in vivo. These chaperones minimize unproductive events such
as aggregation and mediate translocation of membranes, thus
increasing functional yields of proteins in the cell. At high salt
concentrations, unfolding and protein aggregation are major
problems, suggesting the need for homologues of known chaperones,
or novel molecules, to prevent polypeptide aggregation in halophilic
species. In this project Haloferax lucentensis is being screened for the
existence of novel protein folding-mediating molecular chaperones.
To date a genomic library of chromosomal DNA of H. lucentensis
has been prepared in Escherichia coli. Ongoing work involves
screening of this library using both phenotypic and genotypic
approaches. Phenotypic analysis employs complementation screening
of mutant E. coli strains that lack specific chaperone genes,
exploiting physiological differences between null mutant and wildtype cells. Genetic screening employed PCR to identify the entire
locus of the DnaJK operon. The encoded proteins are currently being
engineered in E. coli, which will lead to expression of such molecular
systems, protein purification and analysis in vitro.

PBMG 20 Cloning, expression and characterization of single-chain
antibodies against the algal toxin domoic acid
Xuejun Hu1 & J. Gerard Wall1,2
1Dept of Chemical & Environmental Sciences & 2Materials & Surface

Science Institute, University of Limerick, Ireland
Email gerard.wall@ul.ie
We are developing immunoassays for the detection of algal toxins of
relevance to the Irish shellfish industry in both plankton and shellfish
samples. The toxin classes being targeted are the diarrhetic shellfish
poisons, which include okadaic acid, and the amnesic shellfish
poison, domoic acid.
VH and VL domains were amplified from anti-okadaic acid and antidomoic acid hybridoma cell lines, followed by generation of singlechain Fv (scFv) antibody fragments, sequencing and cloning into an
Escherichia coli periplasmic expression vector. ScFv’s were
constructed in both VH–linker–VL and VL–linker–VH formats and
with 15- and 30-amino acid linkers joining the antibody domains. E.
coli clones expressing VH–linker–VL scFvs were found to grow better
and produce more protein than in the case of VL–linker–VH
molecules, while protein yields were considerably lower for
constructs containing a 30-aa linker region than those with a 15-aa
linker. Co-production of a number of expression-assisting molecules,
including the molecular chaperone DsbC and an efflux protein, CzrB,
from Thermus thermophilus, improved E. coli host cell growth and
led to higher yields of total and functional protein. Proteins were
purified using an encoded C-terminal 6histidine tag and binding
analysis employed standard binding and competition ELISAs. Antidomoic acid scFvs bound domoic acid with a high affinity and
specificity. Phage display-based affinity maturation has been carried
out to increase the affinity of the scFvs for their respective
immunogens. High affinity scFvs have been expressed in E. coli and
will be purified for use in both microtitre plate assays and one step,
membrane-based assays.

metabolism in Haloferax lucentensis
S. O’Doherty & J.G. Wall
Biochemistry Laboratory, Dept of Chemical and Environmental Sciences,
University of Limerick, Limerick, Ireland

PBMG 21 Optimization of mammalian dipeptidase expression in
Escherichia coli
Ronan O’Dwyer, Xuejun Hu & J. Gerard Wall

Halotolerant or halophilic bacteria grow in high concentration saline
environments, but the basis for the stability of their proteins and
their ability to carry out protein folding in such extreme conditions
is not well understood. While various polypeptides have been
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University of Limerick, Plassey Technological Park, Limerick, Ireland
The cancer chemotherapy ADEPT (antibody-directed enzyme prodrug
therapy) involves the targeting of antibody-enzyme conjugates

The enzyme in question, mammalian dipeptidase, has been
successfully cloned and expressed in E. coli with both in vivo and
in vitro testing suggesting the presence of functional protein. Protein
levels however are low. To overcome this problem the target protein
has been expressed in different cell lines and the effects of
coexpression with a number of molecular chaperones evaluated.
Coexpression of the protein disulfide isomerase DsbC resulted in
an increase in the growth rate and a delay in the death of cells
producing MDP, leading to higher protein yields. Coproduction of the
metal ion efflux protein CzrB led to a 3-fold increase in the level of
MDP, though most of the additional material was in insoluble form.
Work is ongoing to further optimize the production of soluble,
functional MDP in E. coli.

PBMG 22 Generation of novel enzyme moeities by mutating
mammalian dipeptidase for use in ADEPT
Hui Li1, Rafia Razzaque1,2, Edmond Magner1,2, Timothy P. Smyth1 &
J. Gerard Wall1,2
1Dept of Chemical & Environmental Sciences & 2Materials & Surface
Sciences Institute, University of Limerick, Plassey Technological Park,
Limerick, Ireland
Email gerard.wall@ul.ie

Antibody-directed enzyme prodrug therapy (ADEPT) is a therapeutic
approach designed to provide site-specific release of cytotoxic agents
for tumour therapy. It is limited by the requirement for enzymes that
are immunocompatible but exhibit a novel catalytic activity. Human
renal membrane dipeptidase (MDP) can cleave penem and
carbapenem antibiotics but not classical cephalosporins. In this study,
MDP has been cloned into E. coli and produced in active form in the
E. coli periplasm. Molecular modelling / site-directed mutagenesis
and directed evolution approaches have been applied in parallel to
generate enzyme variants with cephalosporinase activity. Novel
cephalosporin-based prodrugs are also being developed for use in
combination with the variant enzymes in ADEPT.

PBMG 23 Analysis of LtnM1 and LtnM2 enzymes required for
modification of the lantibiotic Lacticin 3147
Des Field1, Paul D. Cotter1, R. Paul Ross2,3 & Colin Hill1,3
1Dept of Microbiology & National Food Biotechnology Centre,
University College Cork, Cork, Ireland; 2Dairy Products Research Centre,
Teagasc, Moorepark, Fermoy, Co. Cork, Ireland; 3Alimentary Pharmabiotic

Centre, University College Cork, Ireland
Email d.field@student.ucc.ie
Lacticin 3147 is a two-component member of the lantibiotic family
of compounds whose potent antimicrobial properties stem from
posttranslational modification by the enzymes LtnM1 and LtnM2.
This study aims to analyse the role of LtnM1/LtnM2 through deletion
mutagenesis and expression studies. A strategy of Splicing by
Overlap Extension (SOE) in conjunction with a system that allows
gene replacement via homologous recombination was used with a
view to deleting a 500 bp region from both ltnM1 and ltnM2. The
addition of N-terminal hexahistidine (His6) fusion tags to ltnM1 and
ltnM2 in the E.coli–L.lactis shuttle vectors pNZ44 and pNZ8048 has
been carried out to express and purifiy each gene product using
Immobilized-metal affinity chromatography (IMAC). Characterization
of the lacticin 3147 modification enzymes may provide not only

answers to some of the puzzling aspects of lantibiotic synthesis
but may herald the beginning of in-vitro ‘bioengineering’ of more
potent lantibiotics. The recent observation that LcnM ( a homolog of
LtnM1/LtnM2) has in-vitro activity demonstrates the potential use of
such enzymes in the synthesis of novel antimicrobial peptides. The
introduction of thioether bridging in non-lantibiotic compounds, to
create novel proteins with increased stability and protease resistance,
might also soon be realized.

PBMG 24 D-Amino acids in a potent antimicrobial agent –
lacticin 3147
Paul D. Cotter1, Paula O’Connor2, Elaine Lawton1, R. Paul Ross2,3 &
Colin Hill1,3
1Microbiology Dept., University College Cork; 2Teagasc Dairy Products
Research Centre, Moorepark, Fermoy, Cork; 3Alimentary Pharmabiotics
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towards tumour cells followed by the administration and subsequent
activation of a cytotoxic prodrug by the conjugate. To prevent nonspecific toxin release the conjugated enzyme must exhibit an activity
that is foreign to the host. Repeated doses evoke an immune response
that compromises treatment efficacy. To evade immunosurveillance a
human enzyme will be mutated to exhibit a non-native activity.

Centre, University College Cork
Lacticin 3147 is remarkable in being a two-peptide antimicrobial
agent that is active at low concentrations against all Gram-positive
bacteria tested, including antibiotic resistant bacteria such as MRSA.
The lacticin peptides themselves are unusual in that they contain
residues not found in ‘conventional’ proteins (lanthionine,
methyllanthionine, 2-oxybutyrate, dehydrobutyrine). However
possibly the most interesting feature of lacticin 3147 is the presence
of D amino acids – this is only the second instance of such residues
being found in prokaryotic ribosomally synthesized peptides. Here we
describe our efforts to identify and understand the previously
uncharacterized biological machinery responsible for their formation,
and explain how the use of site-directed mutagenesis has
demonstrated that these residues play a vital role in lacticin biology.

PBMG 25 Inhibition of Gram positive bacteria by Bacillus
halodurans C-125
Elaine Lawton1, Colin Hill1, R. Paul Ross2 & P.D. Cotter1
1Dept of Microbiology & National Food Biotechnology Centre, University
College Cork; 2National Dairy Products Research Centre, Moorepark,

Fermoy, Co. Cork, Ireland
Genome sequencing of the aerophilic, alkaliphilic bacterium Bacillus
halodurans C125 has revealed its similarity with Bacillus subtilis in
terms of genome size, G+C content and physiological properties. A
wide range of industrial applications have been investigated and
enzymes such as amylases, xylanases and proteases have been
isolated and applied commercially. That which is most significant
from our prospective is the analysis of the genome which revealed
genes displaying remarkable similarities with those associated with
lantibiotic production and immunity in a number of organisms. To
determine whether this strain exhibited antimicrobial properties,
assays were carried out and it was found that this strain inhibits
growth of all Gram positives tested to date. This novel lantibiotic has
been named haloduricin.

PBMG 26 Screening of a Lactococcus lactis IL1403 chromosomal
bank to identify lacticin 3147 resistant mutants
C.M. Guinane1, P.D. Cotter1, R.P. Ross2 & C. Hill1
1Dept of Microbiology & National Food Biotechnology Centre, University
College, Cork; & 2Teagasc Dairy Products Research Centre, Moorepark,

Fermoy, Co. Cork, Ireland
Lantibiotics produced by lactic acid bacteria have commercial
potential as food biopreservatives or in biomedicine. Resistance
development however may threaten the safe use of these
antimicrobials. In this study the genetic determinants underlying
possible resistance to the two component lantibiotic lacticin 3147
was investigated. A chromosomal integration bank was created in
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the genome sequenced Lactococcus lactis IL1403. Sau3A fragments of
the IL1403 chromosome were cloned into the pORI19 (ori+, rep A-)
vector and then replicated in Escherichia coli EC101 (repA+). L. lactis
IL1403 pVE6007 (repA+, temperature sensitive helper plasmid) was
then transformed with the plasmid bank. An increase in temperature
resulted in the loss of pVE6007 and the integration of the pORI19
derivatives into the IL1403 chromosome. The bank of mutants was
then screened at levels of lacticin 3147 inhibitory to the wildtype
strain to isolate genes that may be involved in lacticin resistance
or in resistance to antimicrobials in general. This genetic technique
has the potential to greatly enhance our understanding of the
mechanisms involved in the emergence of resistance to lantibiotics.

PBMG 27 Analysis of the lantibiotic lacticin 3147 using
site-directed mutagenesis
L. Deegan1, E. Lawton1, P.D. Cotter1, P. Ross2 & C. Hill1
1Dept of Microbiology, University College, Cork; 2Teagasc Dairy Products

Research Centre, Moorepark, Fermoy, Co. Cork, Ireland
The lantibiotic lacticin 3147 is a bacteriocin produced from a 60.2kb
plasmid, pMRC01 by lactococcus lactis DPC3147. Lacticin is active at
nanomolar concentrations and has a broad antimicrobial spectrum.
The two structural peptides ltn A1 and ltn A2 are encoded by the
structural genes ltn A1 and ltn A2, biosynthetic enzymes also
encoded by pMRC01 are responsible for extensive post translational
modification of ltn A1 and ltn A2 resulting in the formation of
unusual amino acids such as lanthionines and D-alanines. The
architecture of both lacticin peptides has been elucidated by NMR
analysis revealing the importance of the many unusual residues on
the overall structure and therefore, the potent activity.
Site-directed mutagenesis was utilized to investigate the importance
of each amino acid in both peptides, in particular the unusual
modified residues. For site-directed mutagenesis of lantibiotics, the
engineered genes must be expressed in a background that contains
all of the factors necessary for biosynthesis, export, and producer
self-protection. This system takes advantage of a RepA– cloning
vector pORI280, a temperature sensitive Rep+ helper plasmid,
pVE6007 and the QuikChange mutagenesis system (Stratagene). The
engineered peptides are expressed by means of homologous
recombination by replacing the wild-type genes on pMRC01.
Ultimately all 30 and 29 amino acids in LtnA1 and LtnA2,
respectively, will be changed to alanine or in the case of gene
encoded alanine these will be changed to a glycine.
This will provide an extensive investigation of the contribution of
each amino acid, modified and unmodified, to the structure and
function of lacticin.

PBMG 28 Analysis of substrate range and catalytic activity of novel
nitrile metabolizing enzymes
John Doran, Catherine O’Reilly & Patrick Duggan
Separation Science Research Group, Waterford Institute of Technology,
Cork Road, Waterford, Ireland
Three novel bacterial strains, AJ270, AJ300 and AJ115, were isolated
from a disused chemical site. The nitrile hydratase/amidase operons
of these strains have been sequenced and found to be identical. The
amidase gene from a novel isolate of microbacterium (AJ115), which
had previously been cloned into the pCal-n-ek expression vector
(Masterson, unpublished results) in Escherishia coli BL21(DE3)pLysS,
has been successfully expressed and purified with a single step from
the crude lysate using a commercially available affinity resin. The
purified protein was examined using SDS-PAGE and visualized as a
single band with an approximate subunit size of 66kDa, showing the
purification procedure resulted in a highly homogenous enzyme
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suspension. The Vmax and Km of the purified enzyme was
determined using acetamide. The temperature optimum was found to
be 50 °C. Purified enzyme demonstrated enantioselectivity with the
ability to preferentially act on one form of the amide [(R,S)-(±)-2phenylpropionamide] to produce S-(+)-2-phenylpropionic acid with
an %ee of >82 % at 50 % conversion of the parent amide.

PBMG 29 Regulation of the nitrile hydratase operon in a number
of novel rhodococcal strains
Lee Coffey & Catherine O’Reilly
Waterford Institute of Technology, Cork Road, Waterford, Ireland
Tel +353 51 302655; Email lcoffey@wit.ie
Nitriles (RCN) are widespread in the environment; numerous
nitrile compounds are produced by plants, and are present in
many chemical and pharmaceutical industrial wastes. Some microorganisms can use nitriles as their carbon and/or nitrogen source for
growth, despite their toxicity. Consequently, there has been increased
interest in the development of biotransformation methods to
remove nitriles from the environment.
Nitrile hydrolysis occurs by two major enzymatic pathways:
Nitrilase
RCN

RCOOH + NH3
Nitrile hydratase

RCN

Amidase
RCONH2

RCOOH + NH3

A number of novel Rhodococcal strains with this metabolic ability
have been isolated. Four such strains; AJ115, AJ270, AJ300 and
R.erythropolis ITCBP have been studied in some detail, of which
AJ270 has been studied the most extensively. The nitrile utilization in
these strains is due to the presence of nitrile hydratase (NHase) and
amidase enzymes.
Subsequent genetic analyses of these strains has resulted in the
isolation of six genes, leading to the molecular characterization of
the NHase/amidase operon or gene cluster.
The basic structure of the operon is the same in the four strains but
shows interesting differences to other published sequences in the 5’
nhr2 and nhr1 regulatory regions.
The fact that these AJ strains have identical operons, despite being
different species, implies that these genes were transferred by
horizontal gene transfer at the isolation site (River Tyne). This in turn
strongly suggests the presence of plasmids.
The main goal of this project is the study of the regulation of the
operon and also the localization of these NHase genes. This has led
to the investigation of the presence of linear and circular plasmids in
the strains. Linear plasmid analysis has been carried out using Pulsed
Field Gel Electrophoresis (PFGE). To date several linear plasmids have
been identified and size characterized, with subsequent Southern
blotting and probing of these Pulsed Field gels strongly suggesting
that the operon is located on the chromosome.
Circular plasmid analysis has revealed the presence of circular
plasmids in the four strains. Southern blots of these circular plasmid
gels are currently being probed for detection of the NHase genes.
Further PCR amplification and sequencing of the nhr2 region has
resulted in the confirmation of the presence of an insertion element
IS1166. Insertion sequence elements are capable of distributing genes
amongst micro-organisms. Further sequencing has been carried
out upstream and downstream of the operon, resulting in the
confirmation of the presence of aldoxime dehydratase encoding
genes.
These large plasmids have also been shown to carry DBT
desulfurizing genes in some bacteria. This allows the bacteria to
use DBT as a sulphur source. Attempted PCR amplification of

PCR amplification of nitrilase genes using various primers has been
carried out. These PCR products have been cloned and sequenced,
resulting in AJ270 and R. erythropolis ITCBP being shown to have
significant protein homology to other nitrilases. A future goal of the
project is the cloning and expression of these nitrilase genes from the
strains to determine if they are active.
Other future goals include the expression of nhr1 in E. coli. Purified
nhr1 protein can then be used to study protein/DNA and
protein/protein interactions. RFLP and Restriction profiling of the
strains shall also be carried out using PFGE.

PBMG 30 The cloning and expression of the nitrilase and cyanide
hydratase encoding genes from Fusarium solani IMI196840
Pádraigín A. Harnedy & Catherine O’Reilly
Dept of Chemical & Life Sciences, Waterford Institute of Technology,
Cork Road, Waterford, Ireland
Email pharnedy@wit.ie
Nitrile and cyanide compounds are widely found in the environment
as a result of the actions of both biological and industrial activities.
Because of their toxicity, a build up of these CN– compounds in the
environment could cause detrimental effects to microbial and other
ecosystems, so it is vital that waste containing CN– compounds is
treated before discharge into the environment. A number of chemical
methods have been used for the detoxification of this industrial
waste but in most cases these methods are unsatisfactory.
Bioremediation of waste by the use of biological catalysts ‘enzymes’
have a large number of advantages over traditional chemical
methods.
The filamentous fungus Fusarium solani IMI196840 with the ability
to use benzonitrile as a sole carbon, nitrogen and energy source has
been isolated by selective culture on 0.1 % benzonitrile from soil that
had been previously treated with the herbicide bromoxynil. Cell free
extracts of benzonitrile grown cells contains a nitrilase enzyme that
catalyses the conversion of the nitrile directly to corresponding
carboxylic acid and ammonia [1]. Fusarium solani IMI196840 is also
cyanide tolerant and on induction with KCN produces the enzyme,
cyanide hydratase, which catalyses the hydration of cyanide to
formamide.
Nitrilase
R-CN (Nitrile) + H2O

R-COOH (Acid) + NH3 (Ammonia)
Cyanide hydratase

HCN (Cyanide) + H2O

HCONH2 (Formamide)

This presentation shows the catalytic activity of the two Fusarium
solani IMI196840 cyanide/nitrile metabolizing enzymes on a range
of C=N substrates. Both the cDNA and genomic copies of the gene
encoding the cyanide hydratase from Fusarium solani IMI196840
are presented. These sequences are compared to each other and
other cyanide and nitrile degrading enzyme sequences.
Reference: Harper D.B. (1977). Fungal degradation of aromatic nitriles,
Enzymology of C-N cleavage by Fusarium solani. Biochem J 167, 685–692.

PBMG 31 Screening of Rhodococcus erythropolis for amino acid
dehydrogenase activities
Linda Jennings, Nicolas Mambrini, Barbara Nolan, Orla Sherlock,
David Dowling & Patricia Mulcahy
Dept of Applied Biology & Chemistry, Institute of Technology,
Kilkenny Road, Carlow, Ireland

Rhodococcus are aerobic, Gram positive actinomycetes of high
G+C content which are capable of morphological differentiation in
response to their environment. These widely occurring organisms are
of considerable environmental and biotechnological importance due
to their broad metabolic diversity and array of unique enzymatic
capabilities. A biphenyl degrading Rhodococcus erythropolis strain
ITCBP isolated by researchers at I.T. Carlow was screened for amino
acid dehydrogenases. Amino acid dehydrogenases were targeted
because of their physiological importance and their potential as
highly selective and stereospecific biocatalysts in various fields of
biotechnology. The amino acid dehydrogenases are NAD+ or NADP+
dependent oxidoreductases that catalyse the reversible deamination
of amino acids to their keto analogues. Cellular extracts of
Rhodococcus erythropolis ITCBP were assayed for NAD+ and NADP+
dependent valine dehydrogenase and for NAD+ dependent leucine,
alanine, isoleucine, threonine, lysine, tryptophan, and serine
dehydrogenase activities. The main activities detected were NAD+
dependent valine, leucine, isoleucine and alanine dehydrogenases.
The amino acid dehydrogenase activities were also detected using
non-denaturing PAGE combined with activity staining.
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DBT desulfurization genes using a range of primers has led to
the conclusion that these genes are not present in the four strains.
Growth studies have, however, indicated that the strains are DBT
tolerant.

PBMG 32 Propagation of Saccharomyces cerevisiae [PSI+] prion is
impaired by factors that regulate Hsp70 substrate binding
Gary W. Jones1,2 & Daniel C. Masison2
1Dept of Biology, National University of Ireland Maynooth, Maynooth,
Co. Kildare, Ireland; 2NIDDK/NIH Bldg 8 Rm 407, Bethesda, Maryland,
20892, USA

The yeast [PSI+] prion is a self-propagating cytoplasmic amyloid.
Earlier characterization of HSP70 mutations suggested that [PSI+]
propagation is impaired by alterations that enhance Ssa1p’s substrate
binding. The impairment is overcome by second-site mutations in
Ssa1p’s conserved C-terminal motif (GPTVEEVD), which mediates
interactions with tetratricopeptide repeat (TPR) cochaperones. Sti1p, a
TPR cochaperone homologue of mammalian Hop1 (Hsp70/90
organizing protein), activates Ssa1p ATPase, which promotes
substrate binding by Ssa1p. We find that SSA1-21 cells (mutation
that weakens prion propagation), depletion of Sti1p improved [PSI+]
propagation, while excess Sti1p weakened it. In contrast, depletion of
Fes1p, a nucleotide exchange factor for Ssa1p that facilitates
substrate release, weakened [PSI+] propagation, while overproducing
Fes1p improved it. Therefore, alterations of Hsp70 cochaperones that
promote or prolong Hsp70 substrate binding impair [PSI+]
propagation. We also find that the GPTVEEVD motif is important for
physical interaction with Hsp40 (Ydj1p), another Hsp70 cochaperone
that promotes substrate binding, but is dispensable for viability.
Furthermore, depleting Cpr7p, an Hsp90 TPR cochaperone and
cyclophilin homologue, improved [PSI+] propagation in SSA1
mutants. Although Cpr7p and Sti1p are Hsp90 cochaperones, we
provide evidence that Hsp90 is not involved in [PSI+] propagation,
suggesting that Sti1p and Cpr7p functionally interact with Hsp70
independently of Hsp90.

PBMG 33 Transcriptome analysis of a novel Mycobacterium bovis
strain prevalent in Great Britain
J. Inwald1, J. Hinds2, P. Butcher2, R.G. Hewinson1 & S.V. Gordon1
1Veterinary Laboratories Agencies, Woodham Lane, New haw, Surrey
KT15 3NB; 2St Georges Hospital Medical School, Medical Microbiology,

Cranmer terrace, Tooting, London SW17 ORE
Since the late 1970’s the incidence of bovine tuberculosis in Great
Britain has been increasing. The control measures that have been
implemented involve a test and slaughter approach. This includes a
test for bovine tuberculosis by the single comparative intradermal
skin test (SCITT test) followed by the slaughter of positive animals.
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Despite these control measures, the incidence of tuberculosis is still
rising and the reason for this is unknown
Analysis of the Mycobacterium bovis genome revealed that deletion
events were a dominant force in shaping the genome. Selection
pressures imposed by the test and slaughter policy could result in the
selection of a strain with increased transmission, or affected the
kinetics of the skin test: for example deletion events could remove
genes encoding antigens. Microarray analysis was used to analyse
different molecular types (spoligotypes) of M.bovis isolates found in
Great Britain. Three deletion events were identified in two
spoligotypes: two in spoligotype 17 and one in spoligotype 13.
Spoligotype 17 is of particular interest because it is unique to GB,
representing 32 % of all isolates. The deletion events in spoligotype
17 include genes involved in fatty acid biosynthesis, gene regulation
and virulence factors.
Gene regulation is considered to play an important role in host
microbe interactions. Due to the similarities between the members
of the M.tuberculosis complex, their differences in phenotypic traits
maybe due to differences in gene regulation. The gene Rv1931c,
which is deleted from spoligotype 17, is a potential transcriptional
regulator related to the AraC family. This gene was complemented
back into spoligotype 17. Microarray analysis was carried out on
RNA extracted from the complemented strain, spoligotype 17 and
spoligotype 09 to try and define the genes that Rv1931c regulated.
Initial work has revealed 44 genes that show significant difference
between spoligotype 09 and 17. These include genes involved in
fatty acid biosynthesis, transport, polyketide and arginine
metabolism, and many genes of unknown function.

PBMG 34 Cloning, expression and purification of a possible subunit
vaccine candidate from Francisella tularensis in Escherichia coli
Sarah L. Hayward1, Nicola Walker1, Melanie Duffield1, Sarah White1,
Sonya Rowe2 & Richard W. Titball1
1Dstl, Porton Down, Salisbury, Wiltshire SP4 0JQ; 2Institute for Animal

Health, Compton, Reading RG20 7NN
Francisella tularensis is the bacterium that causes tularemia, a
disease of man and other animals transmitted via tick bites, deer flies
and mosquitoes. F. tularensis is one of the most infectious organisms
known in man, and no licensed vaccine is available. The aim of our
research programme is to identify and validate a recombinant
subunit vaccine. Antigenic proteins were predicted from the F.
tularensis Schu4 genome using an algorithm generated by comparing
databases of known vaccine proteins against a control. The top 25
highest scoring candidates were investigated. The gene encoding one
candidate, P2486 was cloned into the pCR* T7 TOPO* expression
vector and the plasmid transformed into a suitable Escherichia coli
expression strain. Expression studies were performed examining the
effects of culture media, expression strains, and induction time on
expression levels. Using immobilized metal affinity chromatography
(IMAC) His tagged P2486 was purified and then analysed by SDS
PAGE and Western blotting.
© Crown Copyright 2004 Dstl

PBMG 35 The mechanism and significance of phase variation in
phosphonate metabolism in Escherichia coli K-12
Nihad Hannachi & Robert L. Robson
Microbiology Division, School of Animal & Microbial Sciences, University
of Reading, PO Box 228, Whiteknights, Reading RG6 6AJ
E. coli metabolizes phosphonates (Pns) such as methyl phosphonate
(MePn) via the enzyme C-P lyase which is encoded within the phn
gene cluster. Pn metabolism in the K-12 strain of E. coli is unusual
in that it is subject to high frequency phase variation arising from a
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reversible ON/OFF gene switch. The gene switch involves deletion or
reinsertion of a tandemly repeated 8 bp sequence within the coding
region of phnE which encodes a putative membrane component of
an ABC transporter. We report the construction of a reporter system
to study the mechanism and activity of the phnE switch in E. coli.
The system can also be used to select for mutations which affect the
switch activity and which may explain why it does not appear to
operate in other E. coli strains despite their containing the tandem
repeat. We also explore the activity of a second example of the
tandemly repeated 8 bp sequence which occurs in the modF gene in
E. coli. A bioinformatics approach has been used to examine the
more general significance of the 8 bp sequence which is the most
common octomer in the genome occurring 867 times.

PBMG 36 The role of Yersinia pestis subunit donor peptide in F1
subunit folding
L.J. Fooks & S. MacIntyre
Microbiology Division, School of Animal & Microbial Sciences,
University of Reading, Reading RG6 6AJ
The F1 capsular antigen of Yersinia pestis is a polymer of a
single subunit assembled on the bacterial surface via a periplasmic
chaperone: outer membrane usher pathway. The caf gene encodes
only 6 of the 7 b-strands required to complete an immunoglobulin
fold. This 7th strand is initially provided via chaperone interaction
(essential for in vivo folding) and subsequently, during
polymerization, by the N-terminus of a neighbouring subunit, in a
process termed donor strand complementation. Comparison of the
high resolution structure of the chaperone-bound subunit to that of
polymer-inserted subunit, revealed that there is an overall collapse of
the hydrophobic core on release of chaperone during polymer
formation. The chaperone appeared to trap a high-energy assembly
intermediate by blocking condensation of the hydrophobic core. Here,
we prepared Caf1 constructs encoding the subunit donor peptide
fused to the carboxy-terminus of the subunit, thereby creating a
subunit that can fold in the absence of chaperone. Constructs were
designed with different β-turns and loops to optimize alignment of
the donor peptide. This self-chaperoning system is currently being
used to examine the important features of both the chaperone and
subunit donor strand in the complementation process.

PBMG 37 A novel mechanism for Fe2+-Fur dependent induction of
ferritin gene expression in Escherichia coli
A. Nandal, C.C. Huggins, M.R. Woodhall & S.C. Andrews
School of Animal & Microbial Sciences, University of Reading,
Reading RG6 6AJ
Email s.c.andrews@reading.ac.uk
In E. coli, FtnA (ferritin) acts as the major iron store being
responsible for the post-exponential storage of up to 50 % of the
cellular iron during growth in iron-sufficient conditions. The ftnA
gene is induced by iron in a manner that is dependent on the globaliron regulator, Fur (ferric uptake regulator). This positive regulation
by Fur has been reported to be indirectly mediated by RyhB, a small
regulatory RNA, which is in turn negatively regulated by Fur and
controls the synthesis of at least five other iron-proteins (Masse and
Gottesman, 2002). However, in contrast to the previous report (Masse
and Gottesman, 2002) our data suggests that the induction of ftnA
by Fur is RyhB independent.
We investigated the mechanism of Fur-dependent induction of ftnA
by examining the role of various potential regulators in mediating
this effect. Of all the potential regulators tested, only mutations in
the hns gene (encoding the histone-like protein, H-NS) had a major
effect on Fe2+-Fur dependent ftnA expression. The hns mutation
resulted in constitutive ftnA expression that was largely independent

PBMG 38 Regulation of polymyxin B resistance in Pseudomonas
aeruginosa
Joseph McPhee, Shawn Lewenza, Michelle Brazas, Manjeet Bains &
Robert E.W. Hancock
Dept of Microbiology & Immunology, University of British Columbia,
6174 University Blvd, Vancouver, BC V6T 1Z3, Canada
Pseudomonas aeruginosa is an opportunistic pathogen that is the
leading cause of mortality in individuals with cystic fibrosis, where it
causes chronic lung infections that lead to diminished lung function
and eventually death. To proliferate within the CF lung, Pseudomonas
must cope with the body’s defence mechanisms, including cationic
antimicrobial peptides, released by phagocytic cells that are
mobilized to the site of infection. Recently, we showed (Mol
Microbiol 50, 205–219; 2003) that two operons, PA4773-PA4775pmrAB operon and PA3553-PA3559 (LPS modification operon)
encode proteins responsible for resistance to polymyxin B and
cationic peptides. Both operons are regulated by the PhoPQ and the
PmrAB 2-component regulators in response to limiting
concentrations of divalent cations. In vivo data has suggested that
these systems are active within the CF lung, despite the fact that
divalent cation concentrations within the lung are not limiting
(Science 286, 1561–1565; 1999). We have shown that both operons
are additionally regulated by the presence of sub-inhibitory
concentrations of cationic peptides in a mechanism that is
independent of both the PhoPQ and PmrAB. To gain insight into the
mechanism(s) by which Pseudomonas becomes resistant to cationic
peptides and polymyxin B we carried out microarray experiments on
mutants in the PhoPQ and PmrAB regulators. These results, as well as
bioinformatics searches of conserved promoter motifs, identified a
number of gene targets for these regulatory systems, including
PA4359 (feoAB), PA3540 (algD), and PA1559 (encoding a putative
haemolysin). The contribution of these genes to cationic peptide
resistance is currently being addressed. In addition we have
mutagenized P. aeruginosa H974 (PA4773::luxCDABE) and screened
for mutants that were disregulated in the presence of cationic
antimicrobial peptides or high/low Mg2+ conditions. A wide variety
of mutants were identified that fell into three phenotypic classes:
those that were unable to respond to cationic peptides, those that
were constitutively active under all conditions, and those that were
inactive under all conditions. The sites of transposition were mapped
by inverse PCR and/or arbitrary PCR. These results will be discussed
in the framework of a model that explains how Pseudomonas is

able to increase its resistance to cationic peptides via a previous
sub-MIC exposure to the same cationic peptide.

PBMG 39 Chromatin remodelling of three promoters of Aspergillus
nidulans was disturbed by the deletion of adaB and gcn5 genes
Yazmid Reyes-Dominguez1, Claudio Scazzocchio1 & Joseph Strauss2
1Institut de Génétique et Microbiologie, Université Paris-Sud, UMR CNRS
C8621, 91405 Orsay Cedex, France; 2Zentrum fur Angewandte Genetik,
University of Agricultural Sciences Vienna, Austria

Chromatin remodelation is a process related with several complexes
of proteins harbouring acetylases or ATPase activity. The Gcn5 and
Ada2 of Sacharomyces cerevisiae are components of the ADA and
SAGA co-adaptor complexes, the first one exhibiting acetylase
activity.
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of iron or Fur. This suggested that H-NS is a transcriptional
repressor for ftnA, and that this repression is reversed by the Fe2+Fur complex. The possibility that this effect is the result of direct
interaction of Fur and H-NS at the ftnA promoter was tested by
electrophoretic mobility shift assays (EMSAs) and in vitro
transcription studies. EMSA showed that both Mn2+_Fur and H-NS
interact with the ftnA promoter region specifically. EMSA was also
used in an attempt to locate the H-NS binding sites on the ftnA
promoter by employing different regions of the promoter fragment.
However, all fragments tested appeared to possess H-NS binding
affinity suggesting potential H-NS binding sites throughout the
promoter region upto the +1 site. Our in vitro transcription data
showed that the H-NS represses ftnA transcription, and that this
repression is reversed by Fur in the presence of metal. Thus, our work
suggests that the iron induction of ftnA expression is mediated by a
novel mechanism for an iron induced gene in which H-NS directly
represses ftnA and the Fe2+-Fur complex relieves this repression
possibly by displacing H-NS from the ftnA promoter. The precise
mechanism involved is currently being examined more closely
using DNase I footprinting.

The acetylated or deacetylated stage of the histones regulates the
relative position of the nucleosomes. It has been demonstrated in
some cases that this positioning may play a main role to make the
promoters accessible to transcription factors.
We have identified and deleted the sequences coding for the Gcn5
and Ada homologues in Aspergillus nidulans. We analysed the
nucleosomal position changes in the deleted strains at the prnB-prnD
bi-directional promoter and also at the alcA and alcR promoters. The
results were compared with the level of the mRNA expression.
The nucleosomal position on the prnD, alcA and alcR promoters was
in most cases different from that of the wild type under induced,
repressed and induce-repressed conditions. In every case we showed
the mRNA level is correlated to a particular nucleosomal position.
We found that, despite these proteins have been reported as coactivators in S. cerevisiae, the effect of the deletion causes an increased
transcriptional activity and/or derepression of the genes studied in
A. nidulans. We also proved that this is related with an abnormal
position of the nucleosomes in the different conditions studied.

PBMG 40 Characterization of glycosyltransferase enzymes involved
in teicoplanin and vancomycin synthesis
Peter de Vreugd, Harm Kloosterman & Lubbert Dijkhuizen
Dept of Microbiology, Groningen Biomolecular Sciences and
Biotechnology Institute (GBB), University of Groningen, Kerklaan 30,
9751 NN, The Netherlands
Glycopeptide antibiotics (e.g. vancomycin and teicoplanin) active
against Gram+ bacteria, e.g. the methicillin resistant Staphylococcus
aureus (MRSA), interfere with the crosslinking of cell wall
components. They are synthesized by actinomycetes via multienzyme
pathways. These pathways also involve 1–3 glycosyltransferase (GTF)
enzymes each coupling a specific sugar to a specific site on the
peptide aglycon. These sugars are important for increasing solubility
and dimerization constants, determining potency and restricting
conformational flexibility of the aglycon scaffold. Little is known
about the biochemical and kinetic characteristics of these GTF
enzymes.
We have characterized bGTFA and bGTFB (balhimycin synthesis)
from Amycolatopsis mediterranei and tGTFA and tGTFB (teicoplanin
synthesis) from Actinoplanes teichomyceticus and determined enzyme
activity and specificity. Both tGTF proteins, attaching aminosugars at
amino acid residues 4 and 6 of the teicoplanin aglycon, recognize
only UDP-N-acetylglucosamine as their substrate. Both tGTFs
glycosylate the aglycon itself; tGTFA also acts on the pseudoaglycon
glycosylated (by tGTFB) at residue 4; tGTFB is unable to use the
pseudoaglycon, glycosylated (by tGTFA) at residue 6.
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To identify enzyme structural features that determine substrate
specificity, mutant GTF enzymes are constructed. Mutant GTF
enzymes with new substrate/product specificity are characterized
biochemically.
Reference: M. Sosio, H. Kloosterman, A. Bianchi, P. de Vreugd, L. Dijkhuizen &
S. Donadio (2004). Organization of the teicoplanin gene cluster in Actinoplanes
teichomyceticus. Microbiology 150, 95–102

PBMG 42 An unusual Plasmodium falciparum FK506-binding protein
PBMG 41 Regulation and control of acid production in lactobacilli
Catherine K. Halvorsen, Kristine Naterstad & Lars Axelsson
Matforsk, The Norwegian Food Research Institute, Osloveien 1, 1430 Ås,
Norway
One of the single-most important principles for food preservation and
food safety is acidity. In fermented foods, production of lactic acid
from lactic acid bacteria (LAB) contributes significantly to the safety
against food pathogens in addition to give the products texture and
taste. Knowledge about lactic acid production is therefore of
paramount importance for the food industry.
Production of lactic acid provides a low pH, which inhibits growth of
other organisms. It also provides a change in the binding of water
(drying, gel formation, coagulation) and activating/inhibition of
endogenous enzymes. In general, a rapid lowering of the pH, i.e.
rapid growth of LAB, is wanted in most cases.
Very little is known about the primary metabolism of lactic acid
bacteria, i.e. glycolysis. The main goal of our studies is to reveal
control and regulatory mechanisms in the glycolytic metabolism of
Lactobacillus sakei and Lactobacillus plantarum, with the emphasis
on, and long term aim to control and optimize lactic acid production
in food fermentation.
The genetics part of the research will focus on the central glycolytic
operon. Both L. sakei and L. plantarum have such a ‘central
glycolytic operon’ (gap-operon) containing genes encoding four
glycolytic enzymes, gap, pgk, tpi, eno and a gene encoding a putative
regulatory protein, cggR. Simultaneous analysis of gene expression
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will be performed using RT-PCR and PCR/macroarray systems.
Furthermore, gene technology offers unique possibilities to modify
levels of key enzymes, and thereby finding the role each enzyme
and/or enzyme consortium exerts on the metabolism. In addition, the
intracellular concentration of key intermediates will be determined
using a NMR method.

(FKBP) with peptidyl-prolyl cis–trans isomerase and chaperone
activities
Paul Monaghan & Angus Bell
Dept of Microbiology, Moyne Institute, Trinity College, Dublin 2, Ireland
The immunosuppressive drugs FK506 and rapamycin have
antimalarial properties but their mechanisms of action against
malaria parasites remain unknown. The pathway by which these
drugs cause immunosuppression in humans is known to involve an
FK506-binding protein (FKBP). Homologues of FKBPs have been
identified in almost every organism in which they have been sought.
Here we describe the characterization of the first member of the
FKBP family identified in the human malarial parasite, Plasmodium
falciparum. This 35-kDa protein, PfFKBP35, comprises a single, Nterminal FKBP domain and a C-terminal tripartite tetratricopeptide
repeat domain. A recombinant form of PfFKBP35, like most other
FKBPs, displayed peptidyl-prolyl cis-trans isomerase activity that was
inhibitable by FK506 and rapamycin. Unusually, the phosphatase
activity of calcineurin, the target of the FK506-FKBP complex in Tlymphocytes, was inhibited by PfFKBP35 independently of FK506
binding. PfFKBP35 also inhibited the thermal aggregation in vitro of
two model substrates, suggesting that it has general chaperone
properties. Analysis of the P. falciparum genome database suggested
this to be the only FKBP present in the parasite. The function of this
protein remains unknown but the presence of tetratricopeptide repeat
motifs suggests a role in intracellular protein transport or modulation
of protein function.
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Treatment of methicillin resistant Staphylococcus aureus

(MRSA) infection by immobilized bacteriophage

PS 03

Tea tree oil as an alternative topical decolonization agent

for methicillin resistant Staphylococcus aureus

Janice Spencer, Fiona McColm & Mike Mattey

M.M. Tunney1, R. Loughlin1, E.M. Scott1 & M.P. Kearney2

Dept of Bioscience, University of Strathclyde, Royal College Building,
George Street, Glasgow G1 1XW

1Clinical and Practice Research Group, School of Pharmacy, Queen’s
University Belfast, Belfast; 2Microbiology Dept., United Hospitals Trust,
Antrim

Cases of methicillin resistant Staphylococcus aureus (MRSA)
infections are on the increase. MRSA is a major cause of morbidity
and mortality in hospital settings as there are few clinically useful
antibiotics left to treat these infections. A number of bacteriophage
are active against S. aureus, including MRSA. We have studied the
effects of chemically bonding (immobilizing) a phage derivative of
9563 (NCIMB) to nylon.
Our results show that this derivative of 9563 (NCIMB) can be
immobilized onto nylon where it can infect and lyse host bacteria
and release new phage particles. The phage particles are active
against 5 internationally recognized clones of MRSA (PF015a,
PF016a, PF099b, PF105a, PF111-29, supplied by Scottish MRSA
Reference Laboratory) and S. aureus strain 8588 (NCIMB). The nylon
can be in different forms including strips, sutures and beads.
There is no decline in the infectivity of the immobilized phage under
differing temperature and humidity conditions where bacteriophage
in suspension lose activity.
Bacteriophage can be chemically bonded to nylon where they remain
active. This acts as a stabilizer increasing the length of time the
bacteriophage can remain active under conditions that otherwise
prove detrimental to phage suspensions.
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Methicillin resistant Staphylococcus aureus (MRSA) is recognized
as a major nosocomial pathogen with the UK having one of the
highest rates of MRSA in Europe. Tea tree oil (TTO) is known to
possess antibacterial activity and has been used for MRSA
decolonization when the use of standard antiseptics is unsuitable.
The aim of this study was to determine the activity of TTO against
clinical MRSA isolates growing both planktonically and in a biofilm
on a surface. The minimum inhibitory concentration (MIC) and
minimal bactericidal concentration (MBC) of TTO for MRSA isolates
were determined using the broth microdilution method. The
bactericidal activity of TTO at concentrations of 1 % and 5 % was
further investigated against selected MRSA isolates growing both
planktonically and in biofilm on the surface of glass discs. The MIC
and MBC of TTO for the MRSA isolates ranged from 0.5–4 % v/v and
1–>4 % v/v, respectively. TTO at a concentration of 5 % was more
effective than TTO at a concentration of 1 % in killing MRSA isolates
growing both planktonically and within a biofilm. The results of this
study suggest, therefore, that TTO does possess antibacterial activity
and should be effective if used as an alternative decolonization
agent for MRSA.
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Intranasal immunization studies with the tuberculosis

subunit vaccine candidate Ag85B-ESAT6
Lindsay Hall, Simon Clare, Christine Hale & Gordon Dougan
Centre of Molecular Microbiology and Infection, Dept of Biological
Sciences, Imperial College, London SW7 2AZ
Mycobacterium tuberculosis kills over 3 million people annually
and the current vaccine has a high variability of protective efficacy.
This, coupled with the emergence of multi-drug resistant bacteria,
highlights the urgent need for a better vaccine. A promising
candidate is the subunit vaccine Ag85B-ESAT6, which is a fusion
of the immunodominant antigens Antigen 85B and the 6 kDa early
secretory antigenic target (ESAT6).
Intranasal (i.n.) immunization provides an effective means for
stimulating both local and systemic immune responses, especially
when natural challenge is respiratory. Additionally, administration of
vaccines via this route avoids some of the problems associated with
other routes of immunization, as well as reducing costs, an issue
pertinent in the developing world.
The efficacy of vaccine candidates can be increased substantially
by employing a mucosal adjuvant; heat-labile toxin (LT) from
Escherichia coli is a powerful activator of immune responses.
Here we show preliminary results of i.n immunization of mice
with LT and the Ag85B-ESAT6 fusion. We also show possible
modes of action of i.n immunization by looking at recruitment of
leukocytes locally, in the NALT (nasal-associated lymphoid tissue)
and cervical lymph nodes, following immunization with the model
antigen GFP (green fluorescent protein) co-administered with
CT (cholera toxin).
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Inhibition of Pseudomonas aeruginosa biofilm formation

by non-steroidal anti-inflammatory drugs
M.M. Tunney, S. Johnston & T.R. Field
Clinical and Practice Research Group, School of Pharmacy, Queen’s
University Belfast, Belfast
Pseudomonas aeruginosa is the principal pathogen in the lungs
of patients with cystic fibrosis where it grows as a biofilm within
sputum. Given that P. aeruginosa rapidly develops resistance to a
wide range of antibiotics, alternative non-antimicrobial inhibitors
of biofilm formation to which P. aeruginosa would not develop
resistance would be extremely useful. As the non-steroidal antiinflammatory drug (NSAID), aspirin, has been previously shown to
prevent biofilm formation by a number of bacteria, we investigated
the effects of a number of NSAIDs on P. aeruginosa biofilm
formation. Clinical P. aeruginosa strains were used to form biofilms
over 72h on PVC discs in the absence and presence of NSAIDs and
the level of biofilm formation quantified both colorimetrically and
by total viable count. All of the NSAIDs tested at a concentration of
10mM inhibited biofilm formation, with inhibition ranging from
57 % with rofecoxib to 100 % for aspirin. Similarly, each of the
NSAIDs were active against fully mature (48h) biofilms, with aspirin
again the most effective drug producing a reduction in biofilm
formation of 93 %. The results demonstrate that aspirin possesses
potent antibiofilm activity in vitro and could be useful in the
management of biofilm-associated P. aeruginosa infection.
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Bacillus subtilis reduces Salmonella enteritidis shedding

from infected chicks but does not affect colonization
Stephen T. Cartman1,2, Roberto M. La Ragione1 & Martin J. Woodward1
1Dept of Food and Environmental Safety, Veterinary Laboratories Agency,
Weybridge, Addlestone, Surrey KT15 3NB; 2School of Biological Sciences,

Royal Holloway University of London, Egham, Surrey TW20 0EX
The European Commission aims to phase out antibiotic
supplementation of animal feed by 2006 due to concern over the
increased incidence of bacterial resistance. Probiotics are live
microbial feed supplements which offer a promising alternative to
antibiotics. They beneficially affect the host by improving intestinal
balance and may competitively exclude pathogenic microorganisms.
The ability of the environmentally ubiquitous, non-pathogenic
bacterium B. subtilis to competitively exclude Salmonella Enteritidis
S1400 nalr in the gastrointestinal tract of specific pathogen-free
White Leghorn chicks was investigated. Both spores and vegetative
cells of a laboratory B. subtilis strain (PY79) and a poultry isolate
(200) were evaluated for efficacy when administered orally by
gavage. Salmonella Enteritidis colonization of host tissues remained
unaffected by the presence of either spores or vegetative cells, both
in vitro and in vivo. However, faecal shedding of Salmonella
Enteritidis was reduced in chicks receiving B. subtilis, with spores of
strain 200 being most effective. This demonstrates that B. subtilis
may be a useful probiotic for minimizing horizontal transmission of
enteric pathogens in poultry houses.

Fish epidermal extracts contain many agents with antimicrobial
activities of potential relevance to clinical applications. We have
studied hydrophilic and hydrophobic skin mucal extracts from
O.mykiss for activity against clinically relevant strains of bacteria.
Effects of mucus extracts on bacterial replication were assessed using
zones of inhibition tests. The hydrophilic fraction demonstrated
significant growth inhibition against Pseudomonas aeruginosa PAO1
(p<0.05) at 0.5mg/ml protein. Although some activity was noted, no
significant effect was demonstrated against Eschericha coli O157 or
Salmonella enterica serovar Typhimurium DT104 at this
concentration. Hydrophobic extracts clearly inhibited growth of
S. Typhimurium at 0.5mg/ml protein (p<0.05).
Bacteria expressing lux genes were used to investigate
suppressant activity of mucus extracts. Strains of P. aeruginosa
PAO1, S. Typhimurium DT104 and E. coli O157, transformed with
plasmids carrying luxCDABE genes from Photorhabdus luminescens,
controlled by a constitutive promoter, emit light as a highly sensitive
reporter of bacterial metabolism. Hydrophobic mucal extracts reduced
light output from bioluminescent reporter strains of P. aeruginosa
PAO1 and S. Typhimurium over a 3 hour period in high density
cultures (p<0.05) compared to controls, indicating suppression of
metabolic activity.
These preliminary findings indicate that O. mykiss epidermal
secretions contain both growth inhibitory and suppressant agents of
potential therapeutic relevance against human pathogens.
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The potential of Manuka honey for the disruption of

biofilms produced by strains of Pseudomonas aeruginosa isolated
PS 06

Anti-hapten antibodies: potential as novel antimicrobial

agents

from wounds
O. Okhiria, A. Henriques, N. Burton, A. Peters & R.A. Cooper

Gillian Strachan, Ian D. Broadbent, Lorna Thornthwaite, Keith A. Charlton
& Andrew J.R. Porter
Haptogen Ltd, Polwarth Building, Foresterhill, Aberdeen AB25 2ZD

Centre for Biomedical Sciences, School of Applied Sciences, University
of Wales Institute Cardiff, Landaff Campus, Western Avenue, Cardiff
CF5 2YB

Many bacterial pathogens use small diffusible molecules (haptens) as
extracellular signals to co-ordinate gene expression in response to
changes in cell population densities (“quorum sensing”). Quorum
sensing is an attractive target for the development of antimicrobial
drugs, particularly as many bacterial virulence factors are regulated
in a quorum sensing-dependent manner. Haptogen’s approach has
been to block the signaling activity of these molecules with highly
specific human antibodies. By targeting these extracellular signals,
rather than the bacteria themselves, we believe that drug resistance is
unlikely to develop to this novel antibody-based approach. However,
haptens are traditionally regarded as difficult targets for raising
antibodies, due to their low molecular weight, which renders them
invisible to host immune responses. We have developed a range of
approaches (Haptomics™) that circumvent these problems, and have
used our patented DBDX™ platform to isolate a panel of human
antibody fragments that specifically bind Gram-negative signaling
molecules. We have evaluated the effects of these antibodies on
quorum sensing in Gram-negative bacteria using a variety of in vitro
and in vivo assays, and shown that they significantly attenuate
virulence of Pseudomonas aeruginosa in a pulmonary infection
model, demonstrating their potential as safe, deliverable and
efficacious antimicrobial agents.

Pseudomonas aeruginosa is an opportunistic pathogen that is
commonly recovered from infected, and chronic wounds. One of the
characteristics of Pseudomonas aeruginosa that may contribute to its
persistence in wounds is its ability to form biofilms, where it exhibits
reduced sensitivity to antimicrobial agents. Innovative means of
removing biofilms from wounds are needed and honey is becoming
increasingly popular in the treatment of wounds. This study aims to
investigate the potential of manuka honey in disrupting
Pseudomonas aeruginosa biofilms in vitro. Pseudomonas aeruginosa
ATCC 27853 and five clinical wound isolates were allowed to form
biofilms in sterile 96-well microtiter plates and exposed to 20 %
(w/v) of manuka honey. Samples were taken at set times, washed to
remove detached cells and fixed with 2.5 % glutaraldehyde. Biofilms
were stained using 0.25 %(w/v) crystal violet, the dye was solubilized
using ethanol/acetone (80:20 v/v), and optical density was measured
at 570nm. The results showed with a high statistical probability,
using a two-way analysis of variance (p<0.05), that the effectiveness
of honey in reducing biofilms was related to time and strain. All
strains were inhibited in the presence of both honey concentrations.
Honey has potential for use as an alternative to antiseptics and
antibiotics in the topical treatment of Pseudomonas aeruginosa
colonized wounds. Further in vivo studies are needed.
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Antimicrobial properties of Oncorhynchus mykiss

(rainbow trout) epidermal mucus extracts
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Bdellovibrio as potential therapeutics 1: modelling

predator–prey interactions in the presence of live bacterial decoys
Laura Hobley, John King & Liz Sockett

H. Staple, V. Salisbury, C. Bolton & C. Paul

Nottingham University

Faculty of Applied Sciences, University of the West of England,
Frenchay Campus, Coldharbour Lane, Bristol BS16 1QY

Bdellovibrio bacteriovorus is a Gram-negative motile bacterium
that preys upon other Gram-negative bacteria including pathogens.
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Bdellovibrio as potential therapeutics 2: studying

predatory induction of prey expression and assay of single gene
defects in predators
Carey Lambert, Rob Till & Liz Sockett
Institute of Genetics, Nottingham University, Queen’s Medical Centre,
Nottingham NG7 2UH
Bdellovibrio bacteriovorus is a Gram-negative motile bacterium that
preys upon other Gram-negative bacteria including pathogens. It
enters the periplasm of the prey, whereupon genes are induced to
allow growth, replicatation and prey lysis to release the progeny.
Entering both prey-rich regions and the periplasm itself is likely to
involve a change of oxygen concentration. Sequencing of the B.
bacteriovorus HD100 genome revealed an aer (aerotaxis) and two
senC genes, the products of which are known in other bacteria to
sense oxygen concentrations and in some cases to regulate
development. One of the senC genes and the aer gene have been
insertionally inactivated and we find that the Bdellovibrio are still
predation positive, although the efficiency of this process under
different environmental conditions is currently being tested.
Bdellovibrio may also regulate the expression of prey genes, either
indirectly as the prey responds to the stress of being attacked or
possibly by directly manipulating prey gene expression for its own
advantage. Sigma Genosys E. coli macroarrays have been used to
investigate the expression changes during the early stages of
Bdellovibrio attack. A number of genes appear to be upregulated in
both the prey and Bdellovibrio during initial attack.
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immobilized hosts. This adds credence to a role for pilus-mediated
predation by Bdellovibrio. Pili have been observed using electron
microscopy in predators both freshly incubated in the presence of
prey and those that have been incubated in prey absence, indicating
that expression of pili may be constitutive. The role of pili in
predation is being tested by insertional inactivation of the pilA gene,
whose product forms the pilus fibre.
Chemotaxis towards nutrient attractants has been demonstrated in
Bdellovibrio and also towards potential host cells, albeit only at high
concentrations, and the role of chemotaxis in the predatious lifestyle
is unclear.
Degradative enzymes are secreted by Bdellovibrio, and may have a
several roles; entry into the periplasm, killing the host, modifying the
bdelloplast, digesting host cell contents for use as nutrients and
lysing the host. Furthermore degradative enzymes could conceivably
facilitate access to host cells within matrices such as biofilms and to
release nutrients for axenic growth of host-independent (HI)
mutants.This work has developed molecular genetic techniques to
isolate and disrupt motility and taxis genes and a protease gene in
Bdellovibrio and has also developed a novel assay of killing
luminescent host cells in order to determine any roles for these
genes in the infectious process.
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B. bacteriovorus enters the periplasm of the host cell, where it grows,
replicates and then lyses the host cell to release the progeny. In order
to assess the effectiveness of Bdellovibrio as an antimicrobial
therapeutic it is necessary to understand the effects on predation of
the presence of debris and other bacteria which it would meet in a
wound. To this end the rate of predation of Bdellovibrio
bacteriovorus HD100 on Escherichia coli S17-1 has been studied by
viable counting in the presence and absence of Bacillus subtilis 671.
This Bacillus decoy has similar cell morphology and motility to the
E.coli prey, predators attach to it but cannot invade. Interestingly,
while live decoys do reduce predation rates in liquid cultures, decoys
seem to enhance the availability of live prey for predation, resulting
in a higher final yield of Bdellovibrio. These effects are also being
mathematically modelled to enable predictions to be made for
predation rates in varying concentrations of prey and decoy. This will
inform any future therapeutic applications.

Real-time FRET assay for the endopeptidase activity of

lysostaphin
M.N. Vankemmelbeke, P. Bardelang, H. Jarvis, C. Penfold & R. James
School of Molecular Medical Sciences and Institute of Infection,
Inflammation and Immunity, Center for Biomolecular Sciences,
University of Nottingham, Nottingham NG7 2RD
Lysostaphin is an antimicrobial peptide produced by Staphylococcus
simulans biovar staphlolyticus that is active against S.aureus strains.
The problem of multiple antibiotic resistance in pathogenic S.aureus
isolates has led to renewed interest in lysostaphin as a therapeutic
agent. Its killing mechanism is an endopeptidase activity (EC
3.4.24.75) that cleaves the pentaglycine cross-bridges found in the
cell wall of susceptible staphylococci. There is currently no
continuous, real-time assay available which would allow kinetic
analysis of lysostaphin activity.
We have developed a novel ‘biological’ FRET (fluorescence resonance
energy transfer) substrate for lysostaphin consisting of a pentaglycine
sequence incorporated into a flexible and largely unstructured
protein domain flanked by a FRET donor and a FRET acceptor.
This substrate has enabled us to do a kinetic analysis of the glycylglycine endopeptidase activity of lysostaphin and truncations thereof.

Bdellovibrio as potential therapeutics 3: role of surface

appendages in predator–prey interactions
K. Evans1, C. Lambert1, R. Till1, L. Hobley1, S.-I. Aizawa2 & L. Sockett1
1University of Nottingham; 2Crest Soft Nano Machine Project, Japan

Bdellovibrio bacteriovorus is a Gram-negative motile bacterium that
preys upon other Gram-negative bacteria including pathogens, such
as Salmonella, Serratia and Proteus. B. bacteriovorus enters the
periplasm of the host cell, where it grows, replicates and then lyses
the host cell to release the progeny. Bdellovibrio is highly motile with
a single, polar, sheathed flagellum and the high speeds of motility
recorded suggest that motility is important to its predacious lifestyle.
Individual gene deletions of the six flagellin genes found in the
Bdellovibrio genome show that while four of the six deletions have
no discernable phenotype in both the HD100 genome-sequenced
strain and strain 109J. Two produce significant effects: one has a
short flagellar filament and shows reduced predation efficiency
compared to wild type and the other can only be grown in the preyfree Host-Independent (HI) state and is weakly predatory on
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Mutational analysis of the antimicrobial peptide

lysostaphin
P. Bardelang1,2, H. Jarvis1,2, R. Warfield3, M. Vankemmelbeke1,2,
Y. Zhang1,2, N.R. Thomas3, C.N. Penfold1,2 & R. James1,2
1School of Molecular Medical Sciences, 2Institute of Infection,
Inflammation and Immunity; 3School of Chemistry, University of

Nottingham, Nottingham NG7 2RD
Lysostaphin is an antimicrobial peptide produced by Staphylococcus
simulans biovar staphlolyticus that is active against S.aureus strains.
The problem of multiple antibiotic resistance in pathogenic S.aureus
isolates has led to renewed interest in lysostaphin as a therapeutic
agent; phase two clinical trials for lysostaphin have been recently
completed. Despite the possibility that lysostaphin may soon be used
clinically there is limited knowledge of the biochemical details of
how lysostaphin binds to and kills S. aureus cells.
Lysostaphin is synthesized as a preproenzyme; an N-terminal signal
peptide and 15 repeat sequences are removed to yield the mature
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enzyme. The target cell specificity of mature lysostaphin is mediated
by a C-terminal targeting domain which is linked to a cell killing
domain. The mechanism of killing is an endopeptidase activity (Class
M27/37) that cleaves the pentaglycine cross-bridges that are found in
the cell wall of susceptible staphylococci.
Sequence alignments of Class M27/37 endopeptidases and targeting
domain homologues, site-directed alanine-scanning mutagenesis
coupled with microbiological (turbidity and agar diffusion assays)
and in vitro assays (novel SPR substrate binding assay and a
fluorescence energy transfer substrate cleavage assay) using purified
mutant proteins has enabled the isolation and characterization of the
first mutants of lysostaphin that abolish its biological activity.

PS 14

Substrate specificity of the antimicrobial peptide

lysostaphin
Y. Zhang, P. Bardelang, H. Jarvis, M. Vankemmelbeke, C.N. Penfold & R. James
School of Molecular Medical Sciences and Institute of Infection,
Inflammation and Immunity, Center for Biomolecular Sciences, University
of Nottingham, Nottingham NG7 2RD
Lysostaphin is an antimicrobial peptide produced by Staphylococcus
simulans biovar staphlolyticus that is active against S. aureus strains.
The problem of multiple antibiotic resistance in pathogenic S. aureus
isolates has led to renewed interest in lysostaphin as a therapeutic
agent. Lysostaphin kills susceptible cells through cleavage of the
pentaglycine cross-bridges in their cell wall. Susceptible cells become
resistant to lysostaphin activity by incorporating serine residues at
positions three and/or five in these cross-bridges, but the exact
nature of the inhibition (preventing binding or cleavage) is unclear.
We have used a variety of techniques (SPR, FRET) to address the
mechanism by which incorporation of serine residues results in
inhibition of lysostaphin killing activity. These assays have for the
first time identified which position within the pentaglycine sequence
is critical for resistance and enabled us to distinguish between
substrate binding and cleavage.

modes of action against potential pathogens (high potency) and
beneficial lactic acid bacteria (lower potency).

PS 16

Interaction of adrenomedullin and related peptides with

the periodontal pathogen Porphyromonas gingivalis
R.P. Allaker, D. McAnerney, B. Sheehan & S. Kapas
Barts & The London, Queen Mary, University of London, Turner St,
London E1 2AD
Adrenomedullin (AM) is a 52 amino acid cationic peptide with a
single intramolecular disulphide bond between residues 16 and 21.
This molecule and the related peptide CGRP demonstrate
antimicrobial activity against oral and other bacteria. However,
under certain growth conditions P. gingivalis demonstrates resistance
to their actions. This study was carried out to examine a possible
role of P. gingivalis proteases in the breakdown of these peptides.
AM and CGRP were incubated with culture supernatants from
wild-type and arginine/lysine protease gene knockout strains of
P. gingivalis. Double-layer agarose diffusion and broth micro
dilution MIC assays with sensitive Escherichia coli BUE55 were
carried out. No significant effects on peptide activity following
incubation with supernatants were observed. Synthetic fragments
of AM, including potential protease digest products, were also tested.
Fragments demonstrated varying degrees of inhibition; fragments
13-52 & 16-52 with a MIC of 1.2×10–2 µg/ml, and fragment 1-12
& parent AM with a MIC of 3.1 µg/ml. In conclusion, a possible
association of AM with the negatively charged LPS O-polysaccharide
of P. gingivalis may prevent antimicrobial activity rather than
proteolytic digestion.

PS 17

The conserved TFLK motif of mammary associated serum

amyloid A3 reduces enteropathogenic Escherichia coli [EPEC]
adhesion to human small intestine in vitro
S. Schüller1, A. Weber2, M. Larson2, B. Hett3, T.L. McDonald2 &
A.D. Phillips1
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Inhibition of human commensal and transient pathogenic

bacteria by garlic
S.L. Cottrell1, M. Day1, A.D. Russell1, C.T. Müller1, D. Lloyd1 &
S. Plummer2

Omaha, USA

Results: MIC values ranged from 0.7 mg ml–1 (Staphylococcus
aureus) to 17.5 mg ml–1 (Lactobacillus casei), and were lower in
anaerobic conditions. In sensitive bacteria the lag phase was
extended in response to garlic (26 minutes at 0.25 mg ml–1 for E.
coli). Duration of lag phase was not affected in L. casei but above 5
mg ml–1 a dose dependent reduction in specific growth rate was
seen. Garlic caused membrane damage and abnormal morphologies
but was not strongly bacteriocidal (80 mg ml–1 caused a 4-log
reduction in viability at 24 hours for E. coli).

In mammalian species a mammary associated serum amyloid A
isoform (SAA-3) is secreted at high concentrations into colostrum. A
conserved four amino acid motif (TFLK) is contained within the first
8 N-terminal residues. Peptides derived from bovine SAA-3
containing this sequence inhibit EPEC strain E2348/69 adhesion to
HT29 cells to the same extent as probiotic lactobacilli strains. The
aim of this work was to test the potential of SAA-3 to inhibit EPEC
adhesion to paediatric intestine. Proximal small intestinal mucosal
biopsies were taken with ethical approval and informed consent and
incubated under serum free in vitro organ culture conditions in
triplicate using different patients. The explants were first exposed
to 250ug/ml TFLK-10mer peptide derived from human SAA-3 for
3 hours and then inoculated with E2348/69 for a further 8 hours.
Controls were no TFLK-10 pre-treatment and treatment with inactive,
scrambled TFLK-10mer peptide. All control incubations showed large
adherent bacterial colonies with attaching–effacing lesion formation.
TFLK-10 treatment produced a marked reduction in number and size
of bacterial colonies in two of three incubations. In conclusion
human TFLK-10mer peptide is capable of inhibiting EPEC adhesion
to human intestinal mucosa in vitro.

Conclusion: Garlic has a selective antimicrobial activity and different

The work was sponsored by TriMed Research Inc, NE, USA.

1Cardiff University, Cardiff; 2Cultech Ltd Swansea

Background: Garlic has a broad spectrum antimicrobial effect against
topical (e.g. S. aureus) and intestinal pathogens (E. coli). It is less
effective against beneficial lactic acid bacteria. The antimicrobial
activity of garlic in aerobic and anaerobic environments, and mode
of action against a range of bacteria are detailed in this study.
Methods: MIC and kinetic data were assessed using broth dilution
and Bioscreen techniques. Cell damage was assessed through viable
counts and electron microscopy.
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1Centre for Paediatric Gastroenterology, Royal Free Hospital, London;
2University of Nebraska Medical Center, Omaha; 3TriMed Research Inc,

Systems biology of the malaria parasite Plasmodium

falciparum as a guide to rational drug development
D. Mitchell1, J. Connolly2, A. O’Conner3, R. Huestis4, A. Bell1 & K. Tipton2
1Dept of Microbiology, Moyne Institute, Trinity College, Dublin, Republic
of Ireland; 2Dept of Biochemistry, Welcome Building, Trinity College,
Dublin, Republic of Ireland; 3Dept of Computer Science, Trinity College,
Dublin, Republic of Ireland; 4Victorian Bioinformatics Consortium and
Dept of Microbiology, Monash University, Clayton Victoria 3800, Australia

500 million cases of malaria with 2–3 million deaths occur every
year. 80 % of these cases and 90 % of the deaths are due to one
organism, Plasmodium falciparum (P. falciparum). There are no
effective vaccines available. Resistance to all of the commonly used
drugs has been found and these resistant strains are become more
widespread. In vitro cultivation of P. falciparum is difficult and
genetic manipulation has only recently been possible. In spite of the
obvious need, development of new drugs has been hampered by
these and other technical problems.
For these reasons, a genome project was established in 1995. The
sequencing of the genome was completed in 2001 and the data
released in 2002. A number of errors in the published annotation
were found (Mitchell and Bell, 2001) and re annotation has recently
been completed (Huestsis et al). A database holding this new
annotation, transcription profiles for ~80 % of the genes and other
parameters is being constructed. A tool to construct metabolic
pathways from the output of such databases has been developed
(Connolly et al). Combined with data from biochemical,
morphological and molecular biological studies, systems biology
projects like this may be used to guide drug development in the
future.
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Antimicrobial activity of Nigella sativa extracts

A. Rhuma, R.O. Jenkins & P.I. Haris
Leicester School of Pharmacy, Faculty of Health & Life Sciences,
De Montfort University, Leicester LE1 9BH
A variety of important pharmaceutical effects have been attributed to
Nigella sativa seeds. Both crude alkaloid extract and water extract of
the seeds are known to have antimicrobial effects. However, very
little work has been done on fractionation of Nigella sativa seed
extracts in order to identify components responsible for these effects.
Using various solvent systems we obtained a range of extracts from
both the skin and whole Nigella sativa seeds. Solvent systems used
included methanol, ethanol, chloroform, hexane, diethyl ether,
petroleum ether and water. The extracts were tested for antimicrobial
activity against Gram positive (Bacillus cereus, Streptococcus
thermophilus, Staphylococcus aureus, Micrococcus luteus) and Gram

negative (Escherichia coli, Enterobacter aerogenes, Proteus vulgaris,
Salmonella arizonae) bacteria, and a range of yeast species (Candida
albicans, Candida tropicalis, Rhodotorula rubra, Saccharomyces
cerevisiae). For all test organisms, the methanol extract of the skin
displayed the highest antimicrobial activity; particularly against
E. aerogenes, S. arizona, and all of the yeast species. With regard to
the whole seed, methanol, diethyl ether and petroleum ether extracts
also demonstrated activity against M. luteus and S. thermoplilus.
The methanol extract of the skin was further fractionated using high
performance liquid chromatography on a reverse phase column. Of
22 fractions collected, 19 displayed antimicrobial activity against two
or more of the test organisms. Some fractions showed a selective
antibacterial effect; one being active only against the Salmonella sp,
while another being active only against the Micrococcus sp. Further
studies are in progress to characterize the molecular composition of
the extracts.
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Effect of zinc concentration in Mueller–Hinton agar on

susceptibility of Pseudomonas aeruginosa to Meropenem
S. Atmaca, T. Ozekinci, S. Elçi, N. Akpolat, S. Batun & E. Arikan
Dept of Microbiology, Medicine of Faculty, University of Dicle,
Diyarbakır, Turkey
Email tunozek@dicle.edu.tr
Meropenem, like imipenem, is a highly potent carbapenem antibiotic
active against a broad range of bacteria including Pseudomonas
aeruginosa. Some reported that zinc concentration in commercial
media influenced the susceptibility of P. aeruginosa and other Gramnegative bacilli to imipenem.
The zinc concentration in the Oxoid MHA (CM337B) used throughout
the study was 0.45 mg/L having been quantified by Unipath
(Basingstoke, Hampshire, England) by atomic absorption spectrocopy.
The zinc ion concentration of the medium was increased to 3 mg/L
by the addition of zinc acetate which gave a smilar concentration to
the 2.6 mg/L which was determined for BBL MHA (H2DWFX).
Sixteen P. aeruginosa isolates were studied; the control strain used
throughout the study was P.aeruginosa ATCC27853. The antibiotic
susceptibilities of P. aeruginosa isolates to meropenem (disk content
10 mg ) and imipenem (disk content 10 mg ) were determined with
both media. The depth of MHA was c. 4mm. The procedure for the
disk diffusion test was that recommend by the NCCLS.
When zinc-supplemented MHA was used, the zone diameters of
meropenem and imipenem with the 16 P. aeruginosa isolates and the
control organism decreased (p<0.05). Similar experiments were
carried out for ceftazidime and piperacillin. No statistically
significant differences were observed for these on either medium
(p>0.05). This effect was confirmed as specific for carbapenems only.
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A ribosomal spacer region-based approach for resolving

ambiguous microbial identity among Haemophilus species
M.A. Chattaway & H.N. Shah
Health Protection Agency, Molecular Identification Services Unit,
61 Colindale Avenue, London NW9 5HT
Haemophilus species are clinically important organisms that are
phenotypically difficult to delineate. Sequence analysis of the 16S
rRNA gene is currently considered the method of choice for bacterial
classification and identification. However, public sequence databases,
which are searched to obtain sequence compatibility of an isolate, are
not quality controlled and results maybe spurious. As an alternative,
this study explored the potential of the 16S–23S rDNA spacer region
together with 16S rDNA sequence analysis to characterize 25 strains
that were previously assigned to Haemophilus species. Results
showed that ITS region band patterns were reproducible and unique
for each species of Haemophilus. ITS region band patterns prompted
re-identification of reference and clinical strains that did not match
other band patterns. Of these strains, 7 clinical strains and 1
reference strain were found not to be Haemophilus species. Two
reference strains could only be identified as Haemophilus species,
3 clinical and 4 reference strains were re-assigned to new species
while 8 reference strains yielded correct identification. This study
showed that a single method was not reliable and a polyphasic
molecular approach is needed for the identification and
differentiation of Haemophilus species.

SE 02

Investigations into the evolution of tandem repeat

sequences within the Mycobacterium tuberculosis genome
Nicola C. Thorne, Saheer Gharbia, Anthony Underwood & Cath Arnold

SE 03

Global analysis of predicted proteomes: functional

adaptation of physical properties
Christopher Knight1, Rees Kassen3, Holger Hebestreit2 &
Paul Rainey4
1University of Oxford, Dept of Plant Sciences, South Parks Road,
Oxford OX1 3RB; 2University of Oxford, Glycobiology Institute, Dept of
Biochemistry, South Parks Road, Oxford OX1 3QU; 3Dept of Biology &
Center for Advanced Research in Environmental Genomics, University
of Ottawa, ON, Canada; 4School of Biological Sciences, University of
Auckland, P.O. Box 92019, Auckland, New Zealand

The physical characteristics of proteins are fundamentally
important in organismal function. We used complete predicted
proteomes from >100 organisms, mostly bacteria, but spanning all
three domains of life, to investigate the comparative biology and
evolution of proteomes. We compared quantitatively ‘theoretical 2D
gels’ comprising all predicted proteins plotted on axes of mass and
isoelectric point. We asked whether we could detect general patterns
of proteome conservation and variation. Whilst the overall pattern
was strongly conserved across all life forms, coevolved replicons (e.g.
plasmid and host chromosomes) encode proteomes more similar to
each other than those from different organisms. Furthermore, there
was disparity between the membrane and non-membrane subproteomes within organisms (membrane proteomes average more
basic and heavier) and their variation across organisms (suggesting
membrane proteomes evolve most rapidly). Experimentally there was
a significant positive relationship, independent of phylogeny,
between predicted proteome and Biolog profile, a measure associated
with ecological niche. Finally there was a negative relationship
between proteome size and basicity amongst the smallest, most
alkaline proteomes. This relationship is not adequately explained by
AT bias at the DNA level. Together these data provide evidence of
functional adaptation in physical properties at the level of complete
proteomes.

GPBU, Health Protection Agency, 61 Colindale Avenue, London NW9 5HT
Recent developments in the pursuit of a reliable strain typing system
for Mycobacterium tuberculosis have focussed on variable number
tandem repeat sequences (VNTRs) dispersed throughout the genome,
also known as mycobacterial interspersed repetitive units (MIRU’s). In
the current study variation within these repeated sequences between
epidemic M. tuberculosis strains are being explored in an effort to
elucidate the evolutionary history of these repetitive elements.
High fidelity PCR and Beckman sequencing have been utilized to
produce reliable sequences of tandem repeats from M. tuberculosis
isolates. Aligned sequences were analysed to determine the rate of
nucleotide polymorphism and repeat number variation in the
contiguous repeat sequences of the particular MIRU under
investigation. Pyrosequencing technology and denaturing high
performance liquid chromatography (DHPLC) will be investigated as
high throughput methods of determining repeat number and
identifying nucleotide polymorphisms.
MIRU 4 is located in the intergenic region of the SenX3-RegX3 gene.
The majority of strains have been found to contain 2 or 5 copies of
its 77 base-pair repeat sequence, suggesting a selective
recombination process that requires further investigation.
Results from these investigations could enable VNTR evolution
within the genome to be modelled and indicate further the role these
repeat sequences play within the chromosome.
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Population genetics of Mycobacterium bovis field strains

from cattle in Iran
K. Tadayon1, N. Mossavari2, A. Shahmoradi2, F. Sadeghi3,
A. Shakibamehr2 & K.J. Forbes1
1Medical Microbiology, University of Aberdeen, Foresterhill, Aberdeen
AB25 2YZ (Email mmb093@abdn.ac.uk); 2PPD Dept, Razi Institute, Karaj,

Iran; 3Iranian Veterinary Organization, Iran
The cattle population of Iran is over 10 million head, comprising
mainly local and mixed breeds but also some pure bred Holstein. A
test and slaughter policy has been used for many years to control
bovine tuberculosis and the incidence has now declined to less than
1 % in the national herd. Over 100 strains of Mycobacterium bovis
were isolated from slaughtered cattle from across Iran and typed by
the PCR based strategies of Spoligotyping and VNTR. The majority of
strains were found to be highly related to each other, and many had
an identical spoligoprofile to M. bovis BCG. There was no evidence of
endogenous strains or indeed of a diversity of genotypes as might be
expected if this species had been present in Iran since the
evolutionary separation of this species from M. tuberculosis at the
time of the domestication of cattle. Rather it seems that Iranian M.
bovis strains may have been imported into Iran in recent times,
perhaps from Western Europe.

The tRNAleuX locus is a hot-spot for horizontal gene

transfer in the Salmonella genome
Anne Bishop1, Stephen Baker1, Sara Jenks1, Maria Fookes2,
Peadar Ó Gaora1, Derek Pickard1, Al Ivens2 & Gordon Dougan1
1Centre for Molecular Microbiology & Infection, Imperial College
London, London SW7 2AZ; 2The Sanger Institute, Wellcome Trust Genome

Campus, Hinxton, Cambridge CB10 1SA
Salmonella enterica subspecies I serotypes infect warm-blooded
animals. The range of hosts that different subspecies I serotypes
infect and the diseases that they cause vary considerably. Salmonella
enterica genome comparisons can help us to identify genes that
contribute to pathogencity and host restriction. There are ten
genomic regions that vary significantly between E. coli and
Salmonella enterica Typhi, termed Salmonella Pathogenicity Islands
(SPI’s) 1 to 10. Using bioinformatics, microarrays, Southern blotting,
PCR and sequencing we have investigated the composition and
distribution of SPI-10, located adjacent to tRNAleuX, across the
Salmonella genus. tRNAleuX is a hyper-variable region of the
Salmonella genome; ten different gene organizations have been
identified at this locus. Subspecies I serovars contain different
tRNAleuX islands and in some cases isolates from the same
S. enterica serovar exhibit significant variation in this region. Further
more, the majority of Salmonellae do not share the SPI-10 gene
organizations identified to date, suggesting that additional
arrangements have yet to be identified. Salmonella tRNAleuX islands
contain many P4 phages or phage remnants, IS elements, plasmidrelated genes and genes found in the IncJ group of conjugative
transposons, suggesting that mobile genetic elements have made a
major contribution to the observed variability of this region.

SE 06

xBASE: a collection of on-line databases for comparative

bacterial genomics
Roy R. Chaudhuri & Mark J. Pallen
Bacterial Pathogenesis & Genomics Unit, University of Birmingham,
Vincent Drive, Edgbaston, Birmingham B15 2TT
Previously we have described coliBASE, an online database for
comparative analysis of E. coli, Salmonella and Shigella genomes.
The schema and user interface developed for this have been further
developed to produce both an expanded version of coliBASE, which
now includes all available enterobacterial genomes, and a number
of related databases for other major bacterial lineages. These
include databases for pseudomonads, mycobacteria, Rhizobium/
Sinorhizobium, streptococci, staphylococci, Chlamydia, Campylobacter/
Helicobacter and clostridia. Features include full text searching of
annotation, intergenomic comparisons using MUMmer and PROmer, a
whole genome (and plasmid) viewer that allows genes to be coloured
according to a variety of criteria, direct linking to other relevant
online resources, primer design using Primer3 and a pattern search to
enable the identification of DNA motifs such as transcription factor
binding sites. The related databases are collected into a meta-database
xBASE, which allows PSI-BLAST searches over all the databases to
identify distant homologies. (xBASE is available at http://xbase.bham.
ac.uk)

SE 07

Campylobacter jejuni genomics: re-annotation of the

NCTC11168 genome sequence and a novel PCR-based approach to
sequencing of strain M1
Arshad M. Khan1, Chuan-Peng Ren1, Antony C. Jones2, Julian Ketley3,
Brendan W. Wren4 & Mark J. Pallen2
1Bacterial Pathogenesis & Genomics Unit, Division of Immunity &
Infection, Institute for Biomedical Research, Medical School, University
of Birmingham, Birmingham B15 2TT; 2Genomics Laboratory, School of

Biosciences, University of Birmingham, Birmingham B15 2TT; 3Dept of
Genetics, University of Leicester, Leicester LE1 7RH; 4Dept of Infectious &
Tropical Diseases, London School of Hygiene and Tropical Medicine,
London, WC1E 7HT
The annotation of the C. jejuni NCTC11168 genome sequence is
now over three years out of date. We have re-annotated the genome
sequence, in the light of new experimental and homology data,
providing fresh functional assignments for over a hundred coding
sequences. Simultaneously, we have been sequencing the genome of
a pathogenic strain of C. jejuni, M1, using a novel PCR-based
strategy. Over 80 % of the M1 sequence has been amplified at low
cost using primers patterned on the NCTC11168 genome sequence
that were originally designed for microarray construction. This has
allowed us to identify extensive regions of co-linearity between the
two genomes. Discontinuities between the genomes have been
explored using various long-PCR-based approaches.
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Comparative proteomic analysis of the gastric pathogens

Helicobacter mustelae and Helicobacter pylori
William Snelling1, Una Gubbins1, Ingrid Nilsson2, Torkel Wadström2 &
Paul W. O’Toole1
1Dept of Microbiology, & Alimentary Pharmabiotic Centre, University
College Cork; 2Dept of Medical Microbiology, Dermatology & Infection,

Lund University, Sweden
Introduction: Helicobacter pylori is a causative agent for duodenal
ulcers & peptic ulcers, and a risk factor for gastric adenocarcinoma
and for B cell MALT lymphoma. Helicobacter mustelae infection of
ferrets is the only natural model of Helicobacter-associated ulcer
disease, in a genetically tractable organism closely related to H.
pylori. Comparative genomics and proteomics of H. mustelae will
allow us to study conserved proteins and chronic infection
mechanism similar to those involved in H. pylori infection in
humans. The Pathogen Sequencing Unit of the Wellcome Trust
Sanger Institute is currently sequencing the genome of H. mustelae
(see related abstract).
Results and discussion: Proteomic analysis of sub-cellular
fractions of H. mustelae has been performed, in parallel with
H. pylori. Comparisons of cytosolic, envelope and secreted protein
fractions of H. mustelae and H. pylori were performed using 12.5 %
polyacrylamide-SDS gels, immunoblotting and 2D gel electrophoresis.
Major shared antigens were present in the immunogenic polypeptides
present in the various sub-cellular fractions of both strains.
Following analysis of 2D gels, similarities and differences in the cell
envelope and exported protein profiles were evident, and are being
investigated by tryptic peptide fingerprinting, in anticipation of the
completed genome sequence. Comparative proteomic Helicobacter
studies will provide new insights into shared and unique aspects of
protein export and of molecular pathogenicity factors for human
gastric disease.

SE 09

Preliminary comparative genomic analysis of the gastric

pathogens Helicobacter mustelae and Helicobacter pylori
Julian Parkhill1, Karen Mungall1, Ian Goodhead1 & Paul W. O’Toole2
1Wellcome Trust Sanger Centre, Hinxton, Cambridge; 2Dept of

Microbiology & Alimentary Pharmabiotic Centre, University College Cork
Introduction: The genus Helicobacter contains over 20 species.
H. mustelae causes a range of gastric symptoms, pathology, and
immune response in ferrets similar to those caused by H. pylori in
humans. It is also associated with ulceration, lymphoma and cancer
development in the ferret, providing a valuable model for studying
these H. pylori-related processes in humans. The genomes of two
strains of H. pylori, and the extragastric carcinogenic bacterium
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Helicobacter hepaticus have been sequenced. To provide a broader
comparative framework for studying virulence and host-adaptation
genes in H. pylori, the Pathogen Sequencing Unit of the Wellcome
Trust Sanger Institute is sequencing the genome of H. mustelae, in
collaboration with University College Cork, and with funding from
the Wellcome Trust (http://www.sanger.ac.uk/Projects/H_mustelae).
Results and discussion: At the time of writing there are 20,174 reads
totalling 12.606 Mb and giving a theoretical coverage of 99.94 % of
the genome. At present there are 86 contigs >1 kb (66 contigs >2 kb)
with a total size of 1.551 Mb. Test assemblies have now begun and
the latest comparison of the genome complement of H. mustelae, H.
pylori and Campylobacter will be presented. The H. mustelae genome
sequence will be of interest and unique value to the Helicobacter and
gastric microbiology community, and will provide a firm reference
framework for the genetic complement of a gastric Helicobacter.

investigated the virulence-associated gene content of the V. cholerae
strains analysed in this study. Our phylogenetic analysis combined
with PCR profiling suggests that closely related strains may not
encode the same complement of virulence genes. Furthermore,
epidemic V. cholerae (O1 and O139) strains do not contain identical
virulence gene profiles. This study will better our understanding of
the evolution and emergence of pathogenic V. cholerae isolates.

SE 12

Multilocus sequencing of streptomycetes from the

Streptomyces albidoflavus and Streptomyces violaceoruber species
groups
Wonyong Kim1,2, Sun-Woo Nam2, Michael Goodfellow2 & Alan C. Ward2
1Dept of Microbiology, Chung-Ang University College of Medicine, Seoul
156-756, Republic of Korea; 2School of Biology, University of Newcastle,

Newcastle upon Tyne NE1 7RU
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Mosaic structure of VPI-2 among Vibrio cholerae,

Vibrio mimicus and Vibrio vulnificus
W.S. Jermyn, S Finnan, J. Morrissey, F. O’Gara, & E.F. Boyd
Dept of Microbiology, University College Cork, Cork, Ireland
Vibrio spp. are natural inhabitant of estuarine systems, both as a
free-living bacteria and as the natural bacterial flora of zooplankton.
However, several species are pathogenic to humans. V. vulnificus
infects open wounds, causing in some cases fatal septicemia . In
immunocompromised individuals ingestion of raw shellfish infected
with V. vulnificus can cause death. V. cholerae is the etiological
agent of the profuse diarrhoeal disease cholera. The consumption of
V .mimicus-contaminated shellfish has been linked to the
development of gastroenteritis and cholera-like symptoms. The genes
involved in N-acetylglucosamine utilization (nan-nag) and
neuraminidase (nanH) are encoded on a novel 57.3 kb pathogenicity
island, VPI-2, that is mainly associated with toxigenic isolates in V.
cholerae. To study the evolutionary history of VPI-2, we examined its
distribution in a variety of clinical and environmental Vibrio spp.
isolates. Our analysis revealed the sporadic distribution of VPI-2
among Vibrio spp. V. mimicus isolates contain an 11.8 kb region
encoding the nan-nag and nanH genes, whereas V. vulnificus isolates
contain an 8.9 kb region encoding nan-nag. Comparative nucleotide
sequence analysis of the nanH gene from V. cholerae and V. mimicus
isolates revealed that the average nucleotide divergence between
these species was 3.1 %. In contrast, comparative nucleotide
sequence analysis of a housekeeping gene, mdh, revealed an average
nucleotide divergence between the two species of 10 %. This suggests
that the region was recently horizontally transferred between these
Vibrio species.

DNA:DNA pairing has been the gold standard for defining bacterial
species but the technique is difficult to perform for most laboratories
and the choice of organisms to include in any comparative study is
critical. It has been recommended that new methods to supplant
DNA:DNA pairing should be developed and validated. Multilocus
sequence typing has become the method of choice for typing
pathogenic isolates. It clearly has the resolution, which 16S rDNA
sequencing lacks, to discriminate strains at the species and subspecies levels. We have applied multi-locus sequencing to the set of
strains selected for the International Collaborative Study on
Streptomycete Biology, which includes two well-defined, multimembered, streptomycete species groups – Streptomyces violaceoruber
and Streptomyces albidoflavus. The species boundary was determined
by the sequence data for five housekeeping genes: gyrA, prcA, recA,
rnpB and rpoB and compared with 16S rDNA sequences.
Approximately 4,700 bases spanning five genes were sequenced from
41 strains including 12 environmental isolates. The number of alleles
identified for the 5 loci ranged from 19 to 37, with a mean of 27.2
alleles per locus. The UPGMA dendrogram based on the allelic profile
of the combined dataset separated the S. violaceoruber and S.
albidoflavus species groups into two clades better than 16S rDNA and
correlated well with DNA:DNA pairing data. In addition, the
phylogenetic trees resulting from gyrA, prcA and recA showed better
resolution in comparison with 16S rDNA phylogeny and appear to
evolve rapidly enough to reliably distinguish and allow discovery of
closely related taxa. These data demonstrate that multilocus
sequencing may provide a universally applicable and cumulative
method for characterizing and defining bacterial species, though it
is recognized that this may be taxon specific.
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Evolutionary relationships among Vibrio cholerae based on

comparative nucleotide sequence analysis and virulence gene
profiles
Yvonne O’Shea, F. Jerry Reen, Anne-Marie Quirke & E. Fidelma Boyd
Dept of Microbiology, National University of Ireland, University College
Cork, Cork, Ireland
Email f.boyd@ucc.ie
The population genetic structure and molecular evolution of Vibrio
cholerae are not well characterized, and the relationship between
pandemic isolates is unclear. In our study, we examined the
evolutionary relationships among V. cholerae isolates by constructing
a phylogenetic tree based on the house-keeping gene malate
dehydrogenase (mdh), which previously was shown to be an accurate
indicator of overall genetic relationships. Additionally, we
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N-Terminal region of gyrA as an effective taxonomic

character for identification and classification of streptomycetes
Wonyong Kim1,2, Sun-Woo Nam2, Sang-In Chung1, Alan C. Ward2 &
Michael Goodfellow2
1Dept of Microbiology, Chung-Ang University College of Medicine, Seoul
156-756, Republic of Korea; 2School of Biology, University of Newcastle,

Newcastle upon Tyne NE1 7RU
The gyrA gene sequences of two well defined, multi-membered,
streptomycete species groups – S. violaceoruber and S. albidoflavus
were determined to establish their usefulness in defining species in
the streptomycetes, as proposed in Stackebrandt et al. (2002). Almost
complete gyrA sequences of these strains were determined and the
phylogenetic gene tree compared with the 16S rDNA tree. The gyrA
sequences showed higher rates of evolution and lower similarities
(87.0–99.9 %) than 16S rDNA sequences with similarities (96.1–100

branches than the 16S rDNA tree. In addition, the 213-bp of the Nterminal region of gyrA was compared with the 120-bp of the ?variable region of 16S rDNA. Pairwise comparisons of 213-bp of
gyrA sequences showed slightly lower similarity values (78.9–100 %)
than those of the 120-bp of the 16S rDNA sequences (83.3–100 %).
These trees were very similar and showed good concordance with the
trees inferred from the nearly complete gyrA and 16S rDNA
sequences. Notably, group-specific insertion signatures were observed
in the N-terminal region of gyrA and revealed good characteristic
markers for discriminating each species group. Moreover, the gyrA-

Posters – SE

%). The overall picture of the gyrA-based phylogeny was similar to
the 16S rDNA-based phylogeny, but the gyrA tree generated longer

based classification agrees well with the results of DNA:DNA
relatedness studies. These results show that gyrA sequences,
especially the 213-bp fragment of the N-terminal region represent a
suitable molecular marker, in addition to 16S rDNA to investigate
phylogenetic relationships in the streptomyces and could be used as a
useful marker for providing a rapid, universally applicable, portable
and discriminatory method for classifying and defining the
streptomycete species.
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