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Plenary session
Intracellular life of microbes

The intracellular environment and cellular activities

Intracellular inhibitors of innate immunity from Vaccinia virus
Geoffrey L. Smith

Dept of Virology, Faculty of Medicine, Imperial College London,
Norfolk Place, London W2 1PQ

Vaccinia virus (VACV) is a large DNA virus that replicates in the cell
cytoplasm and is famous as the vaccine used to eradicate smallpox.
The VACV genome encodes roughly 200 genes and approximately
half of these are non-essential for virus replication in cell culture.
Instead these genes encode proteins that affect virus host range,
virulence and the host response to infection. The study of virus
proteins that modulate the host response to infection provides a
fascinating illustration of how the host and pathogen have co-
evolved. For instance, just as the evolution of interferons has been
driven by the threat of virus infection, so the threat of interferons has
driven the acquisition of virus strategies to interfere with interferon.
This is shown by the ten or so separate proteins encoded by VACV
that restrict interferon production or antiviral activity. The lecture
will describe two intracellular proteins encoded by VACV that inhibit
intracellular signalling pathways leading to the induction of innate
immunity. The findings will illustrate how the mechanism of action
of a protein can be deduced from determining its 3-dimensional
crystal structure, and how studying immune evasion strategies from
poxviruses can uncover the function of a human gene that is
essential for cell viability and conserved across eukaryotes.

Adapting the cell to optimise the intracellular niche for

multiplication

Tom Wileman

Infection and Immunity, School of Medicine, University of East Anglia,
NR4 7TJ

Virus replication and assembly are often confined to intracellular
compartments called virus factories, viroplasm or viral inclusions.
This involves extensive rearrangement of host cell membrane and
cytoskeletal compartments to provide platforms to concentrate
replicase proteins, virus genomes, and host proteins required for
replication, and thereby increase the efficiency of replication.
Interestingly, these same structures can recruit host components that
are associated with cellular defences against infection and cell stress.
Aggresome, for example, protect cells from the toxicity associated
with protein aggregation, and are very similar to the virus factories
produced by large cytoplasmic DNA viruses. Autophagosomes provide
a defence against intracellular bacteria and parasites, and can be
induced during the replication of picornaviruses and coronaviruses.
This makes it possible that cellular defence pathways can be
subverted by viruses to generate sites of replication.

Host factors involved in intracellular pathogenesis

H. Agaisse
Yale University, USA

Abstract not received

Intracellular motility of bacteria
Yiuka Leung'?, Shabeen Ally' & Marcia B. Goldberg'3#

"Massachusetts General Hospital; 2Harvard University; 3Harvard Medical
School; 465 Landsdowne St, Cambridge, MA, USA
Email mgolldbergT@partners.org

Some pathogenic bacteria cause disease by invading host cells and
moving through the cell cytosol. These organisms polymerize cellular
actin into propulsive ‘actin tails’ at the bacterial surface. Shigella sp.
specifically infect and spread through the colonic epithelium, leading
to diarrhea and dysentery. The Shigella outer membrane protein IcsA
recruits the cellular actin assembly protein N-WASP to the bacterial
surface, whereupon N-WASP is activated. Activated N-WASP recruits
and activates the Arp2/3 complex, which both nucleates actin
polymerization and cross-links actin filaments. Actin tail assembly
propels Shigella through the host cytoplasm to the cell periphery,
enabling bacterial movement into adjacent uninfected cells and
leading to spread of the bacterium through the cell layer.

We show that actin tail assembly by S. flexneri depends on the
N-WASP activating factor Toca-1, providing the first evidence that
Toca-1 is required for pathogenesis of an intracellular organism.
Toca-1 is critically involved in the initiation of actin tail assembly by
the bacteria, but has no significant effect on ongoing actin tail
polymerization, indicating that Toca-1 is required for S. flexneri
activation of N-WASP, but that once activated, the bacteria maintain
N-WASP in an activated state independent of Toca-1. By extension,
these findings suggest that under certain circumstances in mammalian
cells, Toca-1 may function predominantly in the initiation of N-WASP
activation and may be minimally involved in subsequent steps of
actin polymer elongation.

Interferon 50 years on: detection of, and intracellular responses to,
microbes

Steve Goodbourn

Division of Basic Medical Sciences, St George's, University of London,
London SW17 ORE

2007 sees the 50" anniversary of Isaacs’ €& Lindenmann’s observation
that influenza-infected chicken cells produced a secreted substance
that could protect naive cells against infection. They termed this
substance ‘interferon’, and soon established that interferon could be
induced by most, if not all, types of virus examined, and furthermore
that it effected protection against a broad range of unrelated viruses.
We now know that the production of and response to virally-induced
type I interferon (comprising o and B subtypes) comprises a major
component of anti-viral innate immunity. Additionally, it is becoming
clear that the production of type I interferon can be triggered by some
bacteria and parasites. This review will concentrate on our current
understanding of the interferon system and its role in antimicrobial
defense. I will also discuss the importance to the invading microbe of
an effective strategy to evade the interferon system using specific

examples.

The intracellular niche: a safe house allowing Yersinia to arm itself

in vivo

Robert R. Brubaker

Dept of Microbiology and Molecular Genetics, Michigan State University,
East Lansing, MI 48824, USA

Diseases initiated by Yersinia enterocolitica and Y. pseudotuberculosis
are primarily enteropathogenic in nature as opposed to plague, a



severe systemic infection caused by Y. pestis. Nevertheless, all three
yersiniae rely upon at least temporary residence within host cells in
order to upregulate core features of a shared ~70-kb plasmid-mediated
type three secretion system (TTSS). This plasmid is termed pCD in

Y. pestis and pYV in the enteropathogenic yersiniae. Nonprofessional
phagocytes serve as initial targets for the enteropathogenic species
whereas macrophages fill the same role for plague bacilli; in all cases,
chromosomally-encoded functions promote this initial host cell
invasion. Once acclimated to the temperature and cation content of
the host intracellular environment, the organisms emerge into
extracellular spaces (especially of lymphoid tissue) and initiate an
inflammatory process mediated by the TTSS. This phase is
characterized by delivery to host cells of TTSS virulence effectors
termed yersiniae outer proteins (Yops) via LerV-dependent
translocation and eventually becomes self-limiting for the
enteropathogenic species. Cells of Y. pestis, however, continue to
disseminate within the host to favored niches within visceral organs
where they initiate a second systemic (and generally terminal) anti-
inflammatory phase mediated by soluble LerV. During both phases of
infection, translocated Yops serve to inhibit local host cell signaling as

well as actin-dependent scaffolding.

Mechanisms of intracellular pathogenesis and gene
regulation in the intracellular environment

The advantages and consequences of persistent infections

Robin A. Weiss
Division of Infection and Immunity, University College London

The evolutionary dynamics between host and infective invader plays
out its drama by balancing virulence with transmissibility. In sparse
host populations or when opportunities for horizontal spread are few
and far between, persistence of the pathogen is the name of the game.
Thus many persistent infections are vertically transmitted, and where
better to reside for long periods than inside host cells? As viruses are
obligate intracellular parasites, their persistence will be discussed in
relation to evasion of immune clearance and the molecular means of
intrinsic host cell restriction of replication. Retroviruses are exemplars
of ultimate persistence in becoming host Mendelian traits that may
persist for thousands of host generations and yet regain an infectious
life-style. Some 8% of human DNA represents fossil retroviral
genomes. On the other hand, HIV-1, which is a retrovirus only
recently acquired from another host, tops the current human toll due
to infectious disease.

Symbiosis: parallels between symbionts and pathogens

Mark J. Taylor
Liverpool School of Tropical Medicine

Wolbachia are a diverse group of intracellular bacteria, which display
a number of associations with their hosts ranging from parasitism to
mutualism. In filarial nematodes, Wolbachia are mutualists and their
presence is essential for normal embryonic and larval development
and the long-term survival of adult worms - a feature exploited by
the use of antibiotics as a new treatment for filarial diseases. Whilst
the bacteria are beneficial for the nematode, their release into the
blood and tissues results in inflammatory immune activation that
leads to adverse events following anti-filarial treatment and
contributes to the pathogenesis of river blindness and elephantiasis. In
addition to stimulating innate responses, prior exposure to Wolbachia
induces a state of tolerance to both itself and a variety of other
microbial molecules, which may increase the susceptibility to
opportunistic pathogens that are a feature of elephantiasis. Activation
of innate immunity enhances adaptive immunity, which may trigger
the progression to chronic inflammatory disease. The degenerate
nature of the Wolbachia genome has resulted in the loss of many
classical bacterial virulence factors. Recent studies, however, have
identified a lipoprotein in the cell wall of the bacteria that appears to
drive innate inflammation in a similar way to typical pathogens.

Leishmania survival within macrophages: the intracellular biology
of Leishmania in macrophages and non-hematopoietic cells
Paul Kaye

Immunology and Infection Unit, Hull York Medical School and Dept of
Biology, University of York, Wentworth Way, York YO10 5YW

Infection with various species of the protozoan parasite Leishmania
commonly leads to sub-clinical persistent infection but can also be
responsible for a clinical spectrum of disease, ranging from localized
self-healing cutaneous leishmaniasis to systemic, fatal kala azar.
Although Leishmania are generally regarded as parasites which target
monocytes and tissue macrophages, there is accumulating evidence
that infection of other host cells, including neutrophils, dendritic cells
and fibroblasts plays an integral part in the pathogenesis of
leishmaniasis. This talk will focus on two related issues. First, it will
review our current understanding of how Leishmania promastigotes
and amastigotes establish infection in macrophages, remain relatively
silent in terms of the induction of pro-inflammatory cytokine
responses, and survive within the hostile niche of the phagolysosome.
Second, it will compare and contrast this information with that gained
from the study of atypical host cells, aiming to highlight the diversity
of Leishmania -host cell interactions and also the varied means by
which this parasite subverts immune function.

Salmonella PhoQ recognition of the intracellular environment
L. Prost
University of Washington, USA

Salmonellae are Gram-negative bacteria that cause diverse diseases
including diarrhea and the systemic disease enteric fever. Central to
the ability to cause disease is the bacterial ability to survive and
replicate within professional phagocytes such as macrophages. This is
accomplished through sensing of the intracellular environment which
signals cell surface remodeling to resist innate immune effectors such
as cationic antimicrobial peptides and the assembly of type III
secretion systems which function as protein transport devices to
deliver bacterial proteins across the phagocyte membrane. Key to this
environmental sensing is recognition of mammalian signals by a
bacterial histidine kinase PhoQ. PhoQ is a membrane bound sensor
kinase important for the pathogenesis of a number of Gram-negative
bacterial species. PhoQ and its cognate response regulator PhoP
constitute a signal-transduction cascade that controls inducible
resistance to host antimicrobial peptides. Salmonella typhimurium
PhoQ is directly activated by antimicrobial peptides and at low pH. A
highly acidic surface of the PhoQ sensor domain participates in both
divalent-cation and antimicrobial-peptide binding as a first step in
signal transduction across the bacterial membrane. Identification of
PhoQ signaling mutants, binding studies with the PhoQ sensor
domain, and structural analysis of this domain can be incorporated
into a model in which antimicrobial peptides displace divalent cations
from PhoQ metal binding sites to initiate signal transduction. Sensing
of acid pH appears to involve different components of the PhoQ
sensor domain and a model can be generated in which antimicrobial
peptides and pH act together as signal transduction is initiated by
alteration of the PhoQ sensor domain. In contrast to Salmonellae,
Pseudomonas aruginosa PhoQ functions largely as a sensor of divalent
cations. Structural studies and analysis indicates that acquisition of
the ability of Salmonellae PhoQ to respond to low pH and
antimicrobial peptides could be part of the adaptation of Gram-
negative bacteria such as Salmonellae to animals. Therefore bacteria
sense small innate immune molecules to initiate a transcriptional
program that promotes bacterial virulence.



Francisella tularensis: a model intracellular pathogen

Karen L. Elkins

Laboratory of Mycobacterial Diseases and Cellular Immunology,
HFM-431, Center for Biologics Evaluation and Research, U.S. Food and
Drug Administration, Bethesda, MD, USA

Francisella tularensis, a facultative intracellular bacterium that
replicates inside mammalian macrophages, is the causative agent of
the disease tularemia. Tularemia outbreaks occur sporadically in
northern latitudes, but in general the disease is no longer considered a
significant clinical problem. The properties of fully virulent Type A
Francisella were explored in early studies; however, most researchers
who worked with virulent Francisella contracted tularemia, an issue
that appears to have significantly diminished its popularity as a
research problem. Nonetheless, using attenuated variants such as the
Live Vaccine Strain (LVS), work on the organism as a general model
for intracellular pathogens continued. The designation of Francisella
as a potential Category A agent of bioterrorism, with accompanying
new funding, provided renewed impetus to analyze the bacterium and
host-pathogen interactions. The resulting data serve as a comparator
for that from other models such as Listeria. In this presentation, both
the common and unique features of the host response to following
LVS vaccination will be discussed. Two major areas will be
considered: the evolution of early innate cellular, chemokine, and
cytokine immune responses following recognition of Francisella by
Toll-like receptors (TLRs), and the mechanisms of the resulting in vivo
protective immunity mediated by CD4, CD8, and ‘double negative’ T

cell subpopulations.

and -2 and their secreted effectors play key roles in intestinal
colonisation and the induction of enteritis in cattle and pigs.
Received wisdom on the role of these systems in systemic
translocation of Salmonella derives from the murine typhoid model
and dictates that T3SS-2 is induced in the intestinal lumen to
facilitate bacterial translocation to the blood in CD18* phagocytes in
a T3SS-1-independent manner. By using a lymphatic cannulation
model, early systemic translocation of S. Dublin from the bovine
terminal ileum was found to occur in a cell-free niche via efferent
lymphatics in a manner dependent on T3SS-1, but not T3SS-2.

S. Dublin is a natural systemic pathogen of cattle and ongoing studies
using signature-tagged mutants continue to offer insights into the
molecular basis of systemic Salmonellosis that cannot be obtained

in surrogate rodent or cell-based assays.

A T3SS-1-like Type III secretion system (Bsa) also exists in the
melioidosis pathogen Burkholderia pseudomallei. The Bsa apparatus
facilitates invasion of non-phagocytic cells via injection of a
SopE/E2-like guanine nucleotide exchange factor which activates
Rho-family GTPases that regulate the subcortical actin cytoskeleton.
In common with Shigella, B. pseudomallei uses its T3SS to lyse
endocytic vesicles to gain access to the cytosol where the bacteria are
then propelled by continuous polymerisation of actin at one bacterial
pole. We recently identified a putative Type V secreted protein (BimA)
required for actin-based motility of B. pseudomallei. BimA is localised
to site of actin nucleation, binds monomeric actin and is capable of
inducing actin polymerisation when expressed in eukaryotic cells or
in vitro. BImA orthologues in related Burkholderia spp. are functional,
despite varying in primary sequence. Both BimA and the Bsa T3SS
play key roles in the pathogenesis of melioidosis in murine models.

The complexities of eating bacteria from within: Bdellovibrio

predation

R.E. Sockett Observing and controlling Mycobacterium tuberculosis gene

Institute of Genetics, School of Biology, Medical School QMC, expression in macrophages
University of Nottingham, Nottingham NG7 2UH

Email liz.sockett@nottingham.ac.uk

Dirk Schnappinger

Dept of Microbiology & Immunology, Weill Medical College of Cornell

Bdellovibrio bacteriovorus is a small, Gram-negative, motile bacterium . .
University, New York, USA
that has potential as a ‘living antibiotic’ because it preys upon and

Kills, other Gram-negative bacteria, including several known human Nearly one third of the world’s population is estimated to be infected

pathogens such as Salmonella, Pseudomonas, Serratia and Proteus with Mycobacterium tuberculosis. While infections are effectively

B. bacteriovorus enters the periplasm of the host cell, where it grows, contained in most individuals they are rarely cleared. Instead, the
replicates and then lyses the host cell to release the progeny. pathogen often persists indefinitely even in the face of an intact
Bdellovibrio do not usually replicate outside the prey bacterium, immune response. Survival of M. tuberculosis during infections of

although they will grow slowly host-independently (HI) on rich media. hun%ans anfl animals depends on fi m.lmbe‘r of processes that include
Although Bdellovibrio predatory action was discovered and the interaction of the pathogen with its primary host cell, the

biochemically studied in the 1960s and 1970s, it is only with the macrophage. Qur functional genomics work has focused on this

advent of a genome sequence that we have been able to begin to interaction and defined - together with the work of other research

unravel the complexities of how Bdellovibrio enter prey, and how they groups - parts of the regulatory network that mediates transcriptional
modify prey cells to osmotically stable ‘bdelloplast’ structures in adaptation of the bacterium to intraphagosomal environments. This
which they consume prey nutrients and grow, without feeding the work suggests phagosomes to be nitrosative, oxidative, functionally

surrounding environment. Bdellovibrio is highly motile with a single, hypoxic, low in carbohydrates and iron, and capable of perturbing the

polar, sheathed flagellum. Recent work in which we have tested the pathogen’s cell envelope. More recently we also developed approaches

roles of flagella and pili in prey entry will be discussed, along with to conditionally inactivate M. tuberculosis gene expression during

new genomic data on some of the biochemical and regulatory events infections. We are using these to identify M. tuberculosis genes that

during early bdelloplast establishment are essential for growth and persistence in macrophages and animals.

Molecular and in vivo insights into the role of protein secretion in

the intracellular life of Salmonella and Burkholderia spp - - ] -
Interacting with the host immune response: pathogenesis of
Mark P. Stevens i .
Burkholderia pseudomallei
Division of Microbiology, Institute for Animal Health, Compton
G. Bancroft
Salmonella enterica is a zoonotic diarrhoeal pathogen of worldwide
importance. Targeted and genome-wide mutagenesis of S. London School of Hygiene & Tropical Medicine

Typhimurium has indicated that Type I secretion systems (T3SSs)-1 Abstract not received



Living inside the human erythrocyte
Elizabeth A. Winzeler

The Institute for Childhood and Neglected Diseases, ICND292,
The Scripps Research Institute, 10550 No.Torrey Pines Rd, La Jolla,
CA 92037, USA

Not only do infectious diseases such as malaria affect the health of
countries in which they are endemic but they also increase global
poverty. While there are effective treatments for many infectious
diseases, including malaria, more research is clearly needed. First of
all, microbial resistance has made some of the most effective and
inexpensive drug regimes unreliable and dangerous to use on severely
ill patients. Second, many existing antimicrobial or antiparasitic drugs
show toxicity or are too expensive for countries where per capita
income is on the order of hundreds of US dollars per year. Because
drug development is expensive our laboratory is using and developing
high-throughput genome-wide approaches to create functional
catalogs for malaria parasite and host proteins. For example, we are
using tiling arrays to identify parasite proteins that are evolving
quickly in the parasite’s response to drug and immune pressure, we
are defining transcriptional regulatory networks through comparative
genomics and expression profiling and we are identifying host genes
involved in malaria susceptibility through characterization of different
inbred mouse strains’ survival after parasite infection. These data
allow us to construct models that can be used to predict the likelihood
that an uncharacterized gene is essential to parasite viability, involved
in the symptomatic stages of malaria infection, involved in drug
resistance or is involved in immune evasion. Our long-term goal for
these data is to discover proteins that can most likely be targeted by
small molecules or vaccines, or which are likely to be the targets of
uncharacterized small molecules with antiparasitic activity.



Cells & Cell Surfaces Group session
Microbial transport systems

Evolutionary overview of protein secretion in bacteria receptor gene, respectively. Analysis of fprR sequences from S2-

Milton H. Saier, Jr

Division of Biological Sciences, University of California, San Diego,
La Jolla, CA 92093-0116, USA
Email msaier@ucsd.edu

In contrast to other organisms, Gram-negative bacteria have evolved
numerous systems for protein export. Eight types are known that
mediate export across or insertion into the cytoplasmic membrane
while eight specifically mediate export across or insertion into the
outer membrane. Three of the former secretory pathway (SP) systems,
ISP (ABQ), IIISP (Fla/Path) and IVSP (Conj/Vir), can export proteins
across both membranes in a single energy-coupled step. A fourth
generalized mechanism for exporting proteins across the two
membrane envelope in two distinct steps (which we here refer to as
type 1I secretory pathways (IISP)) utilizes either the general secretory
pathway (GSP or Sec) or the twin-arginine targeting translocase (Tat)
for translocation across the inner membrane, and either the main
terminal branch (MTB) or one of several protein-specific export
systems for translocation across the outer membrane. We here survey
the various well-characterized protein translocation systems found in
living organisms and then focus on the systems present in Gram-
negative bacteria. Comparisons between these systems suggest specific
biogenic, mechanistic and evolutionary similarities as well as major
differences.

resistant, fpval-positive strains also revealed some substitutions. We
therefore suggest that FpvAl is the receptor for S2 pyocin, but that
mutations in the N-terminal part of the receptor and/or FpvR are
enough to cause resistance to S2 pyocin while maintaining
pyoverdine siderophore utilization. Finally, comparison of fprA
sequences suggests a more rapid evolution of type II pyoverdine

receptor genes.

Pseudomonas aeruginosa pyoverdine receptors contribute to pyocins
sensitivity

Sarah Denayer, Sandra Matthijs, Julie Osayande, Josselin Bodilis &
Pierre Cornelis

Microbial Interactions, Vrije Universiteit Brussel, Pleinlaan 2,
1050 Brussels, Belgium

Pseudomonas aeruginosa produces the high-affinity peptidic
siderophore pyoverdine (PVD). Three different PVDs can be produced
by P. aeruginosa and the sequences of the corresponding three PVD
receptors are known, allowing via multiplex PCR, to determine the
PVD specificity of a given strain. Strains with type II PVD receptor
(FpvAll) are killed by the soluble bacteriocin, pyocin S3. Two other
soluble pyocins, S1 and S2 are produced by some P. aeruginosa
strains. Via multiplex PCR we identified the PVD receptor of 81

P. aeruginosa strains and in parallel determined their sensitivity to
pyocins S1, S2, and S3. Thirty-two strains had type I fpvA, 31 had
type II, and 15 had type III. Three isolates were fprvA and PVD-
negative, and one strain produced type II PVD although no receptor
gene could be amplified, suggesting that this receptor deviated from
the known FpvAll receptors. S1-sensitive strains were found in all
three groups, suggesting that the S1 receptor is not a PVD receptor.
All S3-sensitive strains had the fprAll gene, but 4 fpvAll positive
strains were S3-resistant, three of them because of the presence of the
S3 immunity gene. All seventeen S2-sensitive strains had the fprAl
gene. Among the S2-resistant fpvAl strains, nine had the S1/S2-
immunity gene, and were consequently also S1-resistant. The other
six S2-resistant fpvAl strains had all a mutation changing a valine at
position 46 of FpvA to an isoleucine. The N-terminal part of the
receptor protein is in the periplasm and interacts with the membrane-
bound FpvR anti-sigma factor. When pyoverdine binds the receptor, a
conformational change takes place and the sigma factors PvdS and
FpvI can activate the transcription of the pyoverdine genes and the

A cryptic, acid-induced, Fe2+ transporter (FtrABC) in Escherichia coli
K-12

J. Cao, M.L. Cartron & S.C. Andrews
Biological Sciences, Reading University, Reading RG6 6AJ

Previous analysis of global-iron regulation by Fur (ferric uptake
regulator) in E. coli revealed the ycdNOB gene cluster (ftrABC, ferrous
transport) predicted to encode a new type of bacterial iron transporter.
FtrA is homologous to the iron transporter of yeast (Ftrip); FtrB is
periplasmic; and FtrC is a Tat-secreted periplasmic haem-peroxidase-
like protein. Deletion of firABC gave no growth defect under iron
restriction in a range of backgrounds. The natural frame-shift
mutation in the firA gene was therefore corrected, which resulted in a
major growth advantage under iron restriction. This effect was
enhanced by low pH and by ascorbate (Fe3* reductant). The firABC
operon (lacking any firA defect) of E. coli 0157 conferred a similar
growth advantage. Expression analysis confirmed the Fe**-Fur
regulation and demonstrated maximum induction during log phase. A
~14-fold increased expression was seen at low pH which was
dependent on CpxAR (acting as an alkaline repressor). All three fir
genes were required for full Ftr activity. Thus, ftrABC specifies a
three-component, acid-induced, ferrous iron transporter that is cryptic
in K-12 but apparently functional in 0157.

Biosynthesis and assembly of capsular polysaccharides in
Escherichia coli

lan S. Roberts

Faculty of Life Sciences, University of Manchester, Oxford Road,
Manchester M13 9PT

The biosynthesis and export of capsular polysaccharides in
Escherichia coli provides a fascinating biological problem. How is a
large negatively charged macro-molecule synthesised and then
exported across two membranes and the intervening peptidoglycan.
In this presentation I will review latest literature on the different
biosynthetic and export mechanisms used by E. coli to express cell
surface capsular polysaccharides. Specifically I will compare and
contrast the processes involved in expression of the E. coli K5 and
K30 antigens, highlighting conserved themes but also crucial
differences in the way these capsular polysaccharides are synthesised
and exported. I will suggest ways in which we can use this
information for polysaccharide engineering and the development

of new anti-microbials.

Caught in a TRAP: sialic acid uptake by bacterial pathogens

Gavin H. Thomas
Dept of Biology (Area 10), University of York, PO Box 373, York YO10 5YW

Disease causing bacteria have evolved numerous mechanisms to evade
the host’s immune system, one of which involves ‘molecular mimicry’



by the placement of a host molecule, sialic acid, on the bacterial cell
surface. The human respiratory pathogen Haemophilus influenzae uses
a novel transporter that allows it to utilise host sialic acid for this
purpose and also for its own nutrition.

I will describe our recent work to characterise this transporter, which
is a member of the tripartite ATP-independent periplasmic (TRAP)
transporter family, and to determine its role in the virulence of H.
influenzae. The presentation will also include a general review of this
family of binding protein-dependent secondary transporters, which
are emerging as a diverse group of organic anion transporters in
prokaryotes.

Colicin translocation and the role of native disorder

Colin Kleanthous
Dept of Biology, University of York

Colicins and other bacteriocins are species-specific antimicrobial
proteins that translocate into bacteria by an as yet undefined
pathway(s). One of the remarkable features of colicin import is the
ability of these 40-60 kDa proteins to translocate structurally and
functionally diverse cytotoxic domains into the periplasm or
cytoplasm from where they elicit cell death through depolarisation
of the inner membrane, cleavage of cell wall intermediates or
degradation of nucleic acid (rRNA, tRNA or DNA). We are
investigating how Group A nuclease colicins translocate into E. coli;
this process begins with high affinity binding of the colicin to the
vitamin B,, receptor in the outer membrane (OM), with the porin
OmpF and periplasmic Tol-complex recruited subsequently. This self-
assembled ‘translocon’ is thought to be the trigger for translocation
across the OM. My talk will focus on recent published and
unpublished work where we have begun to delineate how colicins
recruit binding partners after the initial receptor-recognition event.
This has thrown a spotlight on the importance of native disorder to
colicin translocation and in particular how such regions ‘competitively
recruit’ binding partners in order to expedite entry to the periplasm.

References
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Cell entry mechanism of enzymatic bacterial colicins: porin recruitment and
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Small Multidrug Resistance (SMR) transporter family

Raymond J. Turner
Dept of Biological Sciences, University of Calgary, Alberta, Canada

Small multidrug resistance (SMR) proteins were defined as a family in
1996. These proteins of ~110 amino acids were initially described as
cationic dye / quaternary ammonium compound proton-drug
antiporters. Bioinformatic investigation recovers 53% of sequenced
bacteria species possessing at least one SMR. The most studied
member is EmrE from Escherichia coli. We have explored the
biochemical nature of this protein using fluorescence and CD in
various membrane mimetic environments. Furthermore we have
investigated the multimeric state of the protein though SEC-HPLC and
ultracentrifugation. Additionally ligand binding has been explored
using isothermal titration calorimetry and fluorescence. Through

the work of other groups and ours, EmrE has provided constantly
evolving functional and structural models.

SugE, another E. coli SMR protein was initially assigned the
phenotype of suppressor of groEL. We have investigated this
designation, as it was not clear how a transporter homologue could
have protein folding chaperone activity. Our studies confirmed that
indeed overexpression of sugE does indeed provide rescue of a groEL
mutant. Complementing this study we have used mutagenesis to
‘evolve’ SugE into EmrE, which demonstrated that SugE can have
import activity. This in combination with proteomic work, leads to
SugE appearing to import a regulatory molecule.

A genomics approach to understanding bacterial transport proteins

of the Major Facilitator Superfamily

P.J.F. Henderson
University of Leeds

Abstract not received

A novel exclusion mechanism for carbon resource partitioning in

the human oral pathogen Aggregatibacter actinomycetemcomitans
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The bacterium Aggregatibacter actinomycetemcomitans is a common
commensal of the human oral cavity and the causative agent of the
disease localized aggressive periodontitis. A. actinomycetemcomitans is
a slow-growing bacterium that possesses limited metabolic machinery
for carbon utilization, which likely impacts its ability to colonize the
oral cavity where growth and community composition is mediated by
carbon availability. The most noted carbon sources available for
growth in the oral cavity are carbohydrates including glucose and
fructose; however there is significant competition for these substrates,
as they are preferred carbon sources for many bacteria residing in this
community. We present evidence that in the presence of the in vivo
relevant carbon substrates glucose, fructose, and lactate, A.
actinomycetemcomitans preferentially metabolizes lactate. This
preference for lactate exists despite the fact that A.
actinomycetemcomitans grows faster and obtains higher cell yields
during growth with carbohydrates. The preference for lactate is
mediated by a novel exclusion mechanism in which metabolism of
lactate inhibits uptake of carbohydr