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Plenary session
DNA replication, recombination, repair and the cell cycle

Initiation of DNA replication in chromosomes Analysis of the archaeal [ eukaryotic DNA replication machinery

Bruce Stillman

Cold Spring Harbor Laboratory, One Bungtown Road, Cold Spring Harbor,
NY 11724, USA

Duplication of chromosomes in eukaryotes is controlled in a cell
cycle dependent manner by the establishment at origins of DNA
replication of a licensed complex called the pre-replicative complex
(pre-RC) as cells exit mitosis and proceed through G1 phase. The
Origin Recogniton Complex (ORC), a six-subunit, ATP-dependent
DNA binding protein is the central protein that recruits other pre-RC
components including Cdc6, Cdt1 and MCM’s. This complex is later
activated by the cyclin-dependent protein kinases and Cdc7-Dbf4
kinase to put in motion a series of biochemical reactions that result
in initiation of DNA replication at each origin in S phase. Structural
studies show that the ORC-Cdc6 complex forms a ring-shaped
complex that binds DNA. Both ORC and specific origin DNA
sequences regulate the Cdc6 ATPase activity in this complex and
specificity of DNA binding is determined by the ORC ATPase.

In addition to participating in the initiation of DNA replication, ORC
subunits also participate in chromosome structure by forming

heterochromatin and function in chromosome segregation by binding

to centromeres and regulating centrosome activity. Depletion of ORC
subunits not only compromises DNA replication, but affects
chromosome structure and segregation of chromosomes in mitosis.
The observations suggest an intimate link between the processes of
DNA replication and segregation of the replication products.

S.D. Bell
MRC Cancer Cell Unit, Cambridge

Abstract not received

Recombination at a site-specific replication stall

AM. Carr

Genome Damage and Stability Centre, University of Sussex, Brighton
BN1 9RQ (Email a.m.carr@sussex.ac.uk; Fax 01273 678123)

We have established an assay to stall replication fork at a defined
locus in the S. pombe model system. We use the RTS1 sequence
(Replication Termination Site) that blocks the replication fork at the
MAT locus in a uni-directional way. RTS1 was integrated on both
sides of the ura4* gene on the chromosome III either as inverted
repeats or within a palindrome. rtfI, a gene required for RTS1
stalling, has been placed under transcriptional regulation in order
to control fork arrest.

2D gel analysis shows that replication can be stalled at the
ura4* locus. The recombination machinery is required for normal
growth in response to replication arrest and Rhp51 (Rad51) and
Rad22 (Rad52 homologue) foci are induced. Quantitative PCR
and Chromatin Immunoprecipitation have confirmed a direct
association of the recombination protein with the stalled
replication forks.

When the RTSI sequences are present as inverted repeats,
intrachromosomal recombination leads to a switch of the ura4
genes orientation. When the RTS1 sequence is present in a
palindrome, chromosomal rearrangement occurs and this results
in ~25% dicentric/acentric chromosomes through HR-dependent
rearrangements. We will present a model that may explain the
distinct outcome between these two systems.

Regulation of pre-RC assembly in yeast and human cells

John EX. Diffley

Cancer Research UK London Research Institute, Clare Hall Laboratories,
Blanche Lane, South Mimms EN6 3LD

The eukaryotic cell cycle is designed to promote and coordinate

the accurate duplication and apportionment of the genome during
proliferation. The large genomes of eukaryotic cells are replicated
from multiple replication origins during S phase. These origins are
not activated synchronously at the beginning of S phase but, instead,
fire throughout S phase according to a pre-determined, cell type
specific program. Only after the entire genome is completely
replicated do cells proceed into mitosis.

Ensuring that each origin is efficiently activated once and only
once during each S phase is crucial for maintaining the integrity of
the genome. This is achieved by a two-step mechanism. Pre-RCs,
which are essential for initiation, can only assemble at origins during
G1 phase when cyclin dependent kinase (CDK) activity is low.
Initiation is then triggered by an increase in CDK activity at the end
of G1 phase which also prevents new pre-RC assembly until CDKs
are inactivated in the subsequent mitosis. The prevention of pre-RC
assembly by CDKs is redundant: every component of the pre-RC is,
in some way, inhibited by CDKs. Mechanisms regulating pre-RC
assembly will be discussed. In particular, a novel mechanism by
which Cdc6 function is inhibited by the mitotic CDK, Clb2/Cdc28,
will be discussed in detail.

In human cells, CDKs including cyclin E-CDK2 can also play a
positive role in pre-RC assembly in certain circumstances. We
have found that phosphorylation stabilizes Cdc6 by preventing its
association with the Anaphase Promoting Complex/ Cyclosome
(APC/C). In cells re-entering the cell cycle, Cdc6 phosphorylation
is executed primarily by Cyclin E-Cdk2. This stabilization by Cdk
phosphorylation ensures that Cdc6 can accumulate prior to the
licensing inhibitors geminin and cyclin A.

Interplay between DNA replication and recombination

Robert G. Lloyd, Akeel Mahdi, Christian Rudolph, Amy L. Upton,
Carol Buckman & Lynda Harris

Institute of Genetics, University of Nottingham, Queen's Medical Centre,
Nottingham NG7 2UH

The DNA replication fork complexes that duplicate the genome with
remarkable fidelity once every cell cycle are intrinsically processive
but often encounter problems that damage the fork and provoke
recombination. This recombination may be necessary in some cases
to complete replication and maintain viability, but a number of
studies have suggested that recombination proteins may also target
stalled forks and initiate exchanges when there is no need. They may
even cause harm by provoking unequal exchanges between repeated
sequences. Faithful duplication of the genome may rely therefore not



only on the ability to minimize impediments to fork progression and
to rescue any forks that have been damaged, but also to limit
unnecessary recombination. A clear picture of how replication and
recombination can become entangled is emerging through studies in
Escherichia coli. Our recent studies have focussed on DNA replication
in UV-irradiated cells. They indicate that replication forks stall at
lesions blocking synthesis by the polymerase subunits and undergo
extensive processing before being reassembled. During this period
lesions are removed from the bulk of the genome by excision repair,
clearing the way for the newly assembled replisomes to complete
replication without much further hindrance, and with the minimum

of recombination.

Visualizing steps of DNA recombination at the level of single

molecule

S.C. Kowalczykowski
University of California, Davis, USA

Abstract not received

Structure and mechanisms of RecBCD: a machine for processing
breaks in DNA

Dale B. Wigley

Cancer Research UK Clare Hall Laboratories, South Mimmes, Potters Bar,
Herts EN6 3LD

Double strand breaks in bacterial cells can result from a variety of
things including collapsed replication forks or other DNA damage.
One mechanism for repair of breaks involves the multifunctional
enzyme complex, RecBCD. RecBCD comprises two distinct DNA
helicase subunits, a number of differentially regulated nuclease
activities, and the ability to recognize a recombinational hotspot
called Chi. In order to understand more about the molecular basis of
these activities we have determined the crystal structure of RecBCD
complexed with DNA. The structure reveals the basis for the two
different helicase activities and explains the regulation of nuclease
digestion. The structure also suggests how the enzyme might be able
to scan DNA for Chi sequences as the DNA passes through the
protein complex. Recent work has determined the structure of a
phage inhibitor of RecBCD and the likely mode of inhibition will be
discussed.

Choreography of the DNA damage response in budding yeast

Rodney Rothstein’, Jacqueline Barlow’, Michael Lisby?, Rebecca
Burgess?, David Alvaro’, Ivana Sunjevaric! & Robert J.D. Reid'

Depts of Genetics and Development, Columbia University Medical
Center, New York, NY 10032-2704, USA; %Dept of Biology, Columbia
University Medical Center, New York, NY 10032-2704, USA; 3Institute of
Molecular Biology & Physiology, University of Copenhagen, 1353,
Denmark

The cellular response to DNA double-strand breaks (DSBs) involves
early recognition by Ku70/80, the MRX (MRN) complex and RP-A,
which leads to subsequent activation of checkpoint proteins. The
coordinated recruitment of checkpoint and recombination proteins
into repair centers at lesions demonstrates the orchestrated nature of
DSB repair. By examining the movement of fluorescently marked
proteins to repair foci in S. cerevisiae, we show that DSBs induced by
ionizing radiation (IR) or I-Scel endonucleases are efficiently
processed for homologous recombination during S phase. However,
in G1 cells, only IR-induced breaks are processed. This differential
processing depends on the Ku70/80 complex showing that during G1,
the DNA repair machinery distinguishes between DSB ends that
require further processing for homologous recombination from those

suitable for non-homologous end-joining.

To search for new mutations involved in DNA damage recognition
and processing, we developed efficient methods to screen. We
screened the yeast gene disruption library for mutations that alter
spontaneous Rad52 focus formation and uncovered genes in the
nuclear pore complex as well as genes involved in sister chromatid
cohesion and chromatin remodeling. We have also identified 18
unknown genes that we have named IRCI to IRCI8, which when

deleted increase recombination centers.

Links between replication, recombination and chromosome
segregation

David J. Sherratt, Olessia Danilova, lan Grainge, Xun Liu,
Christophe Possoz, Rodrigo Reyes, Viknesh Sivanathan &
Xindan Wang

Dept of Biochemistry, University of Oxford, South Parks Road, Oxford
0X13QU

DNA replication divides the circular Escherichia coli chromosome
into equal arms [replichores]. Visualization of pairwise combinations
of multiple genetic loci reveals that the two replichores occupy
separate nucleoid halves, with the replication origin between;
positions of loci on each replichore recapitulate the genetic map.
Sequential replication-segregation regenerates the <left-right>
structure by sequentially layering newly replicated replichore DNA to
specific inner and outer edges of the developing sister nucleoids.
Replication fork-dependent locus positions are imprinted, so that in
most generations the <left-right> chromosome orientation in a
mother cell is recreated as a <left-right-left-right> arrangement of
sister chromosomes in daughter cells. Co-visualization of genetic
markers with a range of replisome components supports a model in
which separation of sister replisomes on the long axis of the cell
early in S phase establishes the observed segregation pattern.
Replication forks can be blocked site-specifically by DNA-bound TetR
repressor. Replisome and replisome-associated components remain at
the stalled forks for extended periods, with replication-segregation
resuming rapidly after the replication block is removed. The ways in
which the DNA translocase, FtsK, links replication, recombination

and segregation will also be discussed.

Molecular and functional insights into the DNAdamage response

Stephen P. Jackson

The Gurdon Institute, University of Cambridge, Tennis Court Road,
Cambridge CB2 1QN (Email sjackson@gurdon.cam.ac.uk; website
www.gurdon.cam.ac.uk/~jacksonlab/)

Work in my laboratory aims to decipher the mechanisms by which
eukaryotic cells detect various forms of DNA-damage and then signal
the presence of these structures to the DNA-repair and cell-cycle
machineries. As many aspects of the DNA-damage response have
been highly conserved throughout eukaryotic evolution, we are
analysing proteins involved in these pathways both in mammalian
cells and in the yeast Saccharomyces cerevisiae.

A major goal of our research is to understand in detail how cells
respond to DNA double-strand breaks (DSBs). In this seminar, I will
first provide an overview of how cells respond to DSBs and will
describe the pathological consequences of such responses going awry.
I will then explain how recent work in my laboratory has provided
new molecular insights into how cells detect DSBs, trigger DNA-

damage signalling events and mediate DNA DSB repair.

Mechanisms controlling the integrity of replication forks

M. Foiani
University of Milan, Italy

Abstract not received



Replication fork recovery in yeast

S. Gasser
Friedrich Miescher Institute for Biomedical Research, Basel, Switzerland

Abstract not received

Checkpoint responses and repair of a broken yeast chromosome

J. Haber

Dept of Biology & Rosenstiel Center, Brandeis University, Waltham,
MA 02454-9110, USA

A chromosome double-strand break (DSB) activates the DNA damage
checkpoint, including both phosphorylation of histone H2AX and
inhibition of cell cycle progression. We are interested in defining in
more detail how the checkpoint is activated and maintained, and
how it is extinguished once DSB repair is completed. A combination
of DNA analysis, chromatin immunoprecipitation of recombination
proteins and microscopic visualization of fluorescently-tagged
chromosome regions allows us to define many steps in the search for
homology and the subsequent completion of recombination. A DSB
can be repaired by gene conversion or in some cases by break-
induced replication. The initial homologous pairing steps are similar,
but in BIR there is a several-hour-long delay in initiating new DNA
synthesis. The delay appears to reveal a topological sensing whether
two DSB ends are oriented toward each other on the same template,
as in gene conversion. One the DSB is repaired, the DNA damage
checkpoint is turned off and the y-H2AX over a >50-kb region is
rapidly removed. Genes required for recovery from arrest include
PP2C phosphatases, the Srs2 helicase and the retrograde golgi
associated retrograde transport complex, GARP, which we speculate
is involved in regulating transport of a key checkpoint component
into the nucleus.

we find that Cdc13p, yKu, and the Rif proteins bind equally well

to short and wild type-length telomeres. Thus, the binding or loss
of binding of these proteins does not mark a short telomere for
elongation. However, both Est1p and Est2p preferentially bind the
shortened telomere. This preference is at least partially dependent
on Tellp, a yeast ATM checkpoint kinase that leads to telomere
shortening when deleted. We are currently assessing the association
of Tel1p with short versus wild type-length telomeres.

Effects of telomere length on telomerase action in Baker's yeast

Michelle Sabourin & Virginia A. Zakian

Dept of Molecular Biology, Princeton University, Princeton, NJ 08540,
USA

Baker’s yeast telomerase is a multi-subunit complex: Est2p is the
catalytic reverse transcriptase and Est1p plays roles in both
recruitment and activation of telomerase. Yeast telomeric DNA is
assembled into a non-nucleosomal protein-DNA complex called the
telosome. Two components of the telosome, Cdc13p (which binds the
single-strand G-tail) and the heterodimeric yKu complex (which
binds the junction of single-stranded and double-stranded telomeric
DNA) are positive regulators of telomerase since both play roles in
recruiting telomerase to telomeres. Two other telosomal proteins,
Rif1p and Rif2p, act synergistically to inhibit telomerase. In lower
and higher eukaryotes, telomerase preferentially lengthens short

telomeres. The mechanism(s) underlying this preference are unknown.

We anticipate that a protein that is responsible for the length
dependence of telomerase action will bind differentially to short
versus wild type length telomeres. To determine if a given protein is
associated preferentially with short telomeres, we used chromatin
immuno-precipitation in combination with a genetic system
developed in the Gilson lab. This system allows one to generate a
single short telomere in G1 phase cells that have otherwise wild
type-length telomeres. For these experiments, we monitor protein
association at both a shortened telomere and an unmodified wild
type telomere in the same cell population in the S phase after
telomere shortening. In addition, association is monitored in a
control strain in which the shortened telomere has been allowed

to re-elongate to wild type length. Using this short telomere system,

Control of DNA damage tolerance by ubiquitin and SUMO

Helle D. Ulrich

Cancer Research UK, Clare Hall Laboratories, Blanche Lane, South Mimms
ENG 3LD

Tolerance to replication-blocking DNA lesions is achieved by the
ubiquitylation of PCNA, the eukaryotic processivity clamp for
replicative DNA polymerases. While monoubiquitylation in response
to treatment with genotoxic agents induces mutagenic lesion bypass
by recruitment of damage-tolerant polymerases, polyubiquitylation
facilitates an error-free damage avoidance mechanism that makes use
of the genetic information encoded by the undamaged sister
chromatid. During S phase in the absence of exogenous DNA damage
PCNA is modified by the ubiquitin-like protein SUMO, which - like
ubiquitin - contributes to spontaneous mutagenesis. As both
modifiers target the same attachment site on PCNA, an antagonistic
relationship between ubiquitin and SUMO had previously been
postulated.

Our recent analysis of PCNA modifications in the yeast
Saccharomyces cerevisiae has revealed that SUMO and ubiquitin do
not act as antagonists, but actually cooperate in responding to
replication-stalling DNA lesions. I will describe the mechanisms by
which the two modifiers change the properties of the clamp and will
discuss our observations that give insight into the cellular signals
necessary for PCNA modifications.

Genomic instability and cancer: insights from analysis of Bloom's

syndrome

lan D. Hickson

Weatherall Institute of Molecular Medicine, University of Oxford,
John Radcliffe Hospital, Oxford 0X3 9DS

Genomic instability appears to be a universal feature of cancers.
Evidence that loss of genome stability can drive tumorigenesis
comes from the existence of certain heritable disorders of man

that are associated with inherent genomic instability and cancer
predisposition. Our laboratory focuses on one of these disorders,
Bloom’s syndrome (BS), which is associated with proportional
dwarfism, sunlight sensitivity and a greatly increased incidence

of cancer. At the cellular level, BS is characterized by a high
frequency of sister chromatid exchanges (SCEs) and other
homologous recombination events that derive from crossing over.
The BS gene product, BLM, is a member of the RecQ helicase family.
BLM forms a functional complex with topoisomerase Illo. and RMI1
(BLAP75). One role for this complex is to catalyze the so-called
‘dissolution’ of recombination intermediates that contain a double
Holliday junction. BLM, topoisomerase III and RMI1 are all conserved
in S. cerevisiae, and our ongoing studies in that organism aim to
identify other factors that assist this complex in the dissolution of
recombination intermediates. We have also developed a model
system for analysis of the process of replication fork regression,
and will present evidence that BLM can promote fork regression

in vitro.



Cells & Cell Surfaces Group session

Antigenic and phase variation

Epigenetic phase variation: DNA modification as a means to obtain
population heterogeneity
Marjan van der Woude

Dept of Biology & the Hull York Medical School, University of York,
York YO10 5YW

In Escherichia coli, one of the mechanisms of phase variation is
epigenetic. This means regulation is not associated with a DNA
sequence change but instead is mediated by Dam-dependent DNA
methylation. This controls phase variation of the pap family of
fimbriae and of a family of Ag43 outer membrane proteins at the
level of transcription initiation. Post-transcriptional regulation of
Ag43 expression appears to occur as well. Ag43 encoding genes are
present in many E. coli isolates and the protein mediates
autoaggregation, is antigenic and can affect biofilm formation.

The molecular mechanism underlying Ag43 phase variation is Dam
and OxyR-dependent. The On and Off state are mediated by
methylation-dependent binding of OxyR. At agn43 this binding

site contains three Dam target sequences that are essential for this
phase variation. Currently we are focusing on understanding how the
DNA methylation states can be passed on to the next generation so
efficiently that a change in only 1 in 1000 cells/generation occurs,
but yet allow for that rare change. Our data suggest that differential
interactions between Dam, SeqA and OxyR at hemimethylated DNA
play an important role. A model for this regulation will be presented

and the implications for Ag43 expression discussed.

initial neisserial attachment to the host cells and control early

bacterial entry.

References: (1) Rudel, T., Scheuerpflug, 1., Meyer, T.F. (1995). Neisseria PilC
protein identified as type-4 pilus tip-located adhesin. Nature 373, 357-359.
(2) Kirchner, M., Heuer, D., Meyer, T.F. (2005). CD46 independent binding of
neisserial type IV pili and the major pilus adhesin PilC to human epithelial
cells. Infect Immun 73, 3072-3082. (3) Kirchner, M., Meyer, T.F. (2005). The
PilC adhesin of the Neisseria type IV pilus - binding specificities and new
insights into the nature of the host cell receptor. Mol Microbiol 56, 945-957.

Role of the type IV pili of pathogenic Neisseriae in the infection
of human cells
Thomas F. Meyer, Juri Churin & Marieluise Kirchner

Dept of Molecular Biology, Max Planck Institute for Infection Biology,
Berlin, Germany

The pathogenic Neisseriae, including meningococci and gonococci,
express several variable protein components on their surfaces.

One of the striking examples is the pilin (PilE), the main subunit
component of the type IV pili that play an essential role in the
pathogens’ mucosal adherence. Our laboratory has previously
contributed to the clarification of the genetic mechanisms underlying
the variation of pilin. However, we were also fascinated by the fact
that such variable structures are capable of binding to

an apparently conserved receptor present only on human cells. This
was explained by identification of the pilus associated PilC protein as
the key adhesion conferring the binding of piliated gonococci to
human epithelial and endothelial cells (1-3). An intriguing
phenomenon following the pilus mediated attachment however is the
formation of bacterial microcolonies which seems to depend on host
cellular functions. In this context we observed a recruitment of
caveolar markers to the neisserial microcolonies. Caveolae are
plasmalemmal invaginations implicated in signal transduction and
vesicular transport. A principle protein of caveolae is caveolin-1.
Perturbation of caveolar stability induced by cholesterol depletion,
abolishing caveolin-1 recruitment or down-regulation of caveolin-1
expression prevent the microcolony formation on the surface of
host cells and induce bacterial invasion, in a Src kinase activation-
dependent fashion. Thus, caveolae function in the regulation of

Cross-talk between fimbrial clusters in uropathogenic Escherichia

coli

David Gally, Nicola Holden & Makrina Totsika

Centre for Infectious Diseases, University of Edinburgh, Chancellor's
Building, 49 Little France Crescent, Edinburgh EH16 4SB

Analysis of the annotated sequence of an Escherichia coli clinical
isolate associated with pyelonephritis, E. coli CFT073, has revealed
the presence of multiple fimbrial operons. These include two copies
of pyelonephritis-associated pili (Pap), type 1 fimbriae, an Srf/F1C
hybrid, the recently characterized F9 fimbriae and several
uncharacterized chaperone/usher class fimbriae. This multiplicity is
repeated across other E. coli pathotypes and related enteric pathogens
such as Salmonella. In addition to fimbrial adhesins, these bacteria
also use non-fimbrial adhesins or outer membrane proteins to
interact with host factors and this is in addition to capsule and
flagellal/type III secretion systems. At the level of the single
bacterium, this surface presentation needs to be co-ordinated to limit
antigen presentation and functional hindrance. While this is often
achieved through ‘global’ environmental regulation, the expression of
most fimbriae, and many other surface proteins, is phase variable and
considered stochastic. This talk will cover research into regulatory
mechanisms that limit co-expression or may favour sequential
expression of fimbrial adhesins at the single cell level.

Phase variation in rhizosphere pseudomonads

G. Bloemberg
Leiden University, The Netherlands

Abstract not received

Immune evasion in African trypanosomes

Gloria Rudenko

Peter Medawar Building for Pathogen Research, University of Oxford,
0X1 3SY

The African trypanosome Trypanosoma brucei is a unicellular
protozoan parasite which causes African Sleeping Sickness in
subSaharan Africa. Trypanosomes are exposed to constant immune
attack while multiplying in the mammalian bloodstream. We would
like to understand the molecular mechanisms behind this immune
evasion. Bloodstream form T. brucei is covered with a dense coat of
Variant Surface Glycoprotein (VSG), which is switched during a
chronic infection allowing escape from host antibodies. The active
VSG gene is transcribed from one of many telomeric VSG expression
sites. In order to investigate the role of the VSG itself,

we have blocked VSG synthesis using inducible RNAi. We find that



VSGRNAI results in a specific precytokinesis cell-cycle arrest and
then death. After the induction of RNAi against a given VSG variant,
revertants eventually appear which have switched to a new VSG not
recognized by the RNAi. VSGRNAI has allowed us to develop a
powerful means for studying VSG switching in the absence of
immune selection completely in vitro. These new technologies are
providing us novel insights into the molecular mechanisms of

antigenic variation in African trypanosomes.

Analysis of the repertoire and function of fimbrial operons in
Salmonella

D. Clayton, N. Thomson, M.P. Stevens, M.J. Watson, M.A. Jones &t
P.A. Barrow

Institute for Animal Health, Compton, Newbury, Berkshire RG20 7NN

Salmonella enterica is associated with food poisoning and over 2,400
serovars exist. The serovars are 85-1000 identical at the genome

level but infect different hosts, causing different diseases. We sought
to determine if variation in the repertoire or sequence of fimbrial loci

may explain these differences.

We examined the distribution of fimbrial loci in the sequenced
strains of S. Enteritidis, S. Typhi, S. Typhimurium, S. Choleraesuis, S.
Gallinarum, S. bongori, E. coli K12 and E. coli 0157 using
comparative genomic techniques. Up-to 13 conserved fimbrial
operons were identified, but the host restricted serovars contained a
higher proportion of pseudogenes.

The high number of fimbrial operons may provide flexibility to
colonize different niches. Fimbriae are subject to phase variation
which may assist in evading the host immune response.

We systematically mutated the fimbrial operons of S. Enteritidis and
S. Gallinarum using lambda red mutagenesis and assessed their
function using chick kidney cells, human epithelial cells, mucous
secreting cell lines and a macrophage derived cell line.

Phase variation rate confers an adaptive advantage on Neisseria

meningitidis

Chris Bayliss, Claire Wright, Katherine Makepeace, Patricia Martin,
Derek Hood & Richard Moxon

Weatherall Institute for Molecular Medicine, University of Oxford,
0X3 9DS

Rapid and reversible generation of phenotypic variants, phase
variation, is mediated in many bacterial pathogens by simple
sequence repeat tracts in specific loci. Variants are generated prior to,
and selected for by, alterations in the environment. In the presence of
human serum, mAb L3B5 is bactericidal for Neisseria meningitidis
strains with a phosphoethanolamine moiety on a specific position of
their lipopolysaccharide molecules. In strain 8047, attachment of this
moiety is phase variable due to a mononucleotide repeat tract in
IgtG. Repeated cycles of growth in the presence of mAb L3B5 and
human serum leads to a rapid increase in the proportion of B5 non-
reacting variants. The parental strain is out-competed in this assay
by a mutS mutant, which exhibits an elevated phase variation rate.
Additionally, in passive protection experiments with mAb L3B5, the
mutS mutant is the predominant cause of bacteraemia following co-
inoculation with

the wild-type strain. These assays demonstrate that phase variation
rate is a critical determinant of the ability of bacterial populations

to survive an adaptive immune response.

The program for antigenic variation during relapsing fever

A.G. Barbour

Microbiology & Molecular Genetics and Medicine, University of California
at Irvine, CA 92697-4025, USA

The vector-borne bacterium Borrelia hermsii, a relapsing fever agent,
switches expression of a surface protein between different antigenic
variants. Analogous programmed systems of antigenic variation
occur in African trypanosomes and Plasmodium falciparum. In these
examples switch rates to individual variants differ over a wide range.
We studied how B. hermsii determines switch rates in experimental
infections. Unexpressed loci of variant antigens copy into a single
expression site at rates determined mainly by extragenic features of
silent loci rather than the sequence similarity between silent site and
expression site. Two extragenic elements in particular determine
switch rates. One set of elements overlaps the 5" ends of silent loci
and single expressed gene; greater sequence identity between a pair
of elements was associated with a higher switch rate. The second
set’s elements flank the expression site on the 3" side or occur at
variable distances downstream from silent loci; the nearer the
element to a silent locus, the greater the switch rate of that locus into
the expression site. In combination, these two features of the genome
provide a mechanism to modulate switch rate, whereby silent loci
form a hierarchy of switch rates into the expression site. While the
switching hierarchy causes changes in individual cells that are
stochastic, ordering of antigenic variants within hosts is semi-

predictable.

Helicobacter pylori lipopolysaccharide phase variation and

interaction with the innate immune system

B.J. Appelmelk

Dept of Medical Microbiology, VUmc Vrije Universiteit Medical Center,
Med. School, van der Boechorststraat 7, room B348, 1081 BT, Amsterdam,
The Netherlands

Like several other pathogens, H. pylori displays phase variation

in surface antigens. This stochastic (‘random’) process generates
diversity within a single clonal population at little cost of energy; the
outside circumstances then serve as Darwinian pressure to select for
survival of the fittest variant.

We have discovered that H. pylori phase variation takes place
through DNA slippage in C-tracts, present in several
glycosyltransferase genes. Upon replication a Cn tract may yield both
Cn, Cn+1 and Cn-1 tracts, which in the latter two cases cause down-
stream frame-shifts. Through this mechanism, glycosyltransferases
are reversible switched on-and-off, with concomitant differences in
LPS structure. Within a single clone, at least five different LPS phase
variants were isolated.

We have investigated the switch from Lewis x to i-antigen. This
involved phase variation in an a3-fucosyltransferase (a:3FT) that
indeed was mediated by a C-tract.

The big question hence is: which pressure would select how for what
LPS variant?

We discovered that the dendritic cell lectin DC-SIGN (as well as
surfactant protein D), both calcium dependent (C-type) lectins, bind
to fucosylated antigens like Lewis x but not phase variants
expressing the i-antigen.

One variant