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Preface

The meningococcus and gonococcus are closely-related, human-specific
pathogens that have been a persistent cause of disease throughout human history. This
conference is devoted to the basic biology of these organisms, how they interact with host
cells and tissues, how the human host reacts to and combats infection. The meeting will
also cover the more clinical areas of how infections spread and interact with human
populations and how antimicrobial agents and vaccines can be developed to control these
infections. By bringing together researchers from many countries the cutting edge
findings and approaches to studying these organisms will be vetted in a collegial
atmosphere. Our expectation is that strides can be made to more successfully prevent
these infections and improve human health. A total of 61 lectures and over 240 posters
will be presented at IPNC 2004. This book contains all the abstracts of these scientific
presentations.

We would like to thank the organizing committee and the scientific advisory
committee for their advice and help with the program. We greatly the appreciate the
assistance of our conference coordinator, Ms. Kristen Weber, and our web master,

Mr. Bill Easton. We would also like to express our appreciation to Ms. Linda Johnson
of The University of lowa, who has spent countless hours organizing this abstract book
and attending to numerous details of the meeting. Finally, the meeting would not have
been possible without generous donations from Aventis, Chiron, GlaxoSmithKline,
Wyeth, the Bill and Melinda Gates Foundation, the National Institute of Allergy and
Infectious Diseases and the Food and Drug Administration.

Hank Seifert
Mike Apicella
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Program Schedule

Monday, September 6, 2004

Opening Remarks

LR BV Apicella, Michael Opening remarks

Vaccinology

IR S W BTV Maiden, Martin C.J.

Effect of conjugate serogroup C-polysaccharide vaccine on
meningococcal population structure: herd immunity and
vaccine escape.

Soriano-Gabarro, Montserrat

Effectiveness of a serogroup A/C/W-135 meningococcal
polysaccharide vaccine in Burkina Faso, 2003.

Wong, Sharon H.

Safety and immunogenicity of New Zealand strain
meningococcal serogroup B outer membrane vesicle
vaccine in healthy 16-24 month old toddlers.

Welsch, Jo Anne

Naturally-acquired immunity to Neisseria meningitides
group C in the absence of bactericidal activity.

Break

Pavliak, Viliam

Neisseria meningitidis LOS conjugate vaccine against
meningococcal disease.

Masignani, Vega

GNA 1870, a novel vaccine candidate of Neisseria
meningitidis: immunological and functional properties.

Heyderman, Rob

Characterisation of naturally acquired immunological
memory to Neisseria meningitidis at the mucosal surface.

Gorringe, Andrew

A BN Tzeng, Yih-Ling

Genomics and Gene Expression

Neisseria lactamica outer membrane vesicle vaccine for
meningococcal disease: towards a clinical trial.

Autoregulation of the MisR/MisS two-component signal
transduction system in Neisseria meningitidis.

Martin, Patricia

IHF and potentially fur are involved in the phase variable
expression of the nadA gene in Neisseria meningitidis.

Kahler, Charlene

Regulatory networks controlled by alternative sigma
factors in Neisseria gonorrhoeae.

Claus, Heinke

Genome sequencing of commensal strains of Neisseria
meningitidis.

Break

Davies, John

A multicentre microarray-based study of the effects of
pilin production in Neisseria gonorrhoeae strain FA1090.

Arvidson, Cindy G.

Global gene expression analysis of Neisseria gonorrhoeae
in response to contact with human epithelial cells.

Agarwal, Sarika

Expression of iron-regulated and fur-dependent genes
during natural gonococcal infection as assessed by
microarray analysis.

Snyder, Lori A.S

Redefining virulence, identification of 'virulence' genes
within Neisseria lactamica using the expanded pan-
Neisseria microarray.
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Monday, September 6, 2004, Continued

Evening Workshop
YAV 0NN Location: First Floor, Lakeshore Rooms A & B

Surrogates of protection against meningococcal disease: Is serum complement-mediated serum
bactericidal activity still the "gold standard"?

What do we think we know and what are the questions? (Dan Granoff, Oakland CA)

Opsonic anticapsular antibodies. (Joseph Martinez, CDC, Atlanta GA)

Effectiveness of group C meningococcal conjugate vaccines in the UK in relation to immunogenicity
and ongoing sero-surveillance. (Ray Borrow, Manchester UK)

Lessons from the UK experiences with type b Haemophilus influenzae conjugate vaccination and

recent resurgence of disease. (Elizabeth Miller, Communicable Disease Surveillance Centre, Health
Protection Agency, UK)




Tuesday, September 7, 2004

Miscellaneous

IR B 0ROV Perea, William Effective surveillance allows confirmation of epidemic
Nm W135 in Africa during 2003.

Ngampasutadol, Jutamas Serum resistance of Neisseria gonorrhoeae is restricted
to humans; a possible explanation for the species
specificity of gonococcal infections.

Genco, Caroline Attardo Specificity of binding of the global regulatory protein
Fur in the Neisseria meningitidis iron activated secY,
nspA, aniA, and norB genes.

Nicholas, Robert The penC resistance gene arises from a mutation in PilQ
that interferes with oligomer assembly and prevents
antibiotic influx through the PilQ complex.

Nolte, Oliver Rifampin resistance in Neisseria meningitidis.

Poster |

10:30-Noon Epidemiology, Host Response, and Vaccinology

Cellular Microbiology
yHBIRN Y'Y Edwards, Jennifer L.

Gonococcal PLD and signaling events triggered by
Neisseria gonorrhoeae infection of primary cervical
epithelial cells.

Schubert-Unkmeir, Alexandra | Interaction of Neisseria meningitidis with human brain
microvascular endothelial cells: Role of MAP- and
tyrosine kinases in invasion and inflammatory cytokine

release.

Criss, Alison Pilin antigenic variation during gonococcal infection of
model polarized epithelia.

Dumeénil, Guillaume Bacterial Adhesion Under Flow - a real time adhesion
assay.

Break

Rudel, Thomas Modulation of host cell survival by PorB of Neisseria
gonorrhoeae .

Ala'Aldeen, Dlawar Modulation of host cell apoptosis by meningococcal

secreted proteins.

Christodoulides, Myron Role of host cell receptors in the inflammatory response
of human meningeal cells on interaction with neisseria
meningitidis and other bacteria causing meningitis.

Kirchner, Marieluise Caveolae are involved in Neisseria-host cell interaction.
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Tuesday, September 7, 2004, Continued

Evening Workshop
AW Location: First Floor, Lakeshore Rooms A & B

Control of Meningococcal disease in Sub-Saharan Africa

G113 David Stephens and Kader Konder, WHO/MVP

1. Epidemiology of meningococcal disease in Sub-Saharan Africa (cyclic trends, colonization, risk
factors) and why is serogroup A still a problem, and what about serogroup X and W-135? (Nancy
Rosenstein, CDC, Atlanta GA)

2. Molecular basis for emergence of serogroup A, X and W-135 in Africa. (David Stephens)

3. Challenges for control of meningococcal epidemics in Sub-Saharan Africa by immunization. (Dan
Granoff, Oakland CA)

4. Status of developing a group A conjugate vaccine for Africa. (Marc LaForce, Meningitis Vaccine
Project, Ferney-Voltaire, France)

Evening Workshop

VA VBY N Location: First Floor, Lakeshore Rooms C

Antimicrobial Resistance in Neisseria gonorrhoeae: Meeting of the International Collaboration on
Gonococci

1. Susceptibility testing of Neisseria gonorrhoeae:

o Comparison of agar dilution susceptibility methods
e Selection of new international panel of strains for quality control of susceptibility
testing. (Joan S. Knapp, Atlanta, Georgia)

3. Rapid clonal spread of fluoroquinolone resistant gonococci in men who have sex with men in King
County, Washington. (William L. H. Whittington, Seattle, Washington)
4. Antimicrobial resistance in Neisseria gonorrhoeae: New Delhi. (Dr. Preena Bhalla, New Delhi, India)
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Wednesday, September 8, 2004

Bacterial Genetics, Physiology and Metabolism

CHURVHo.VY Seifert, Hank

Action of a sequence in the pilE upstream regions followed
by branch migration of Holiday Junctions is essential for
gonococcal pilin antigenic variation.

Pelicic, Vladimir

Type IV pilus biogenesis in Neissseria meningitidis. PilW is
part of a multi-protein complex in the outer-membrane that
stabilizes the fibers and modulates their functionality.

Cornelissen, Cynthia Nau

Evidence for cooperative interactions between gonococcal
transferrin binding proteins.

Tang, Chrostoph M.

Role of the lactate permease in the pathogenesis of
meningococcal infection and as a potential vaccine candidate.

Break

Cole, Jeff Genomic analysis of the c-type cytochromes of Neisseria
gonorrhoeae: mutational and biochemical analysis of
cytochrome c’, a nitric oxide-binding lipoprotein important
for adaptation to micro-aerobic growth and its implications for
pathogenicity.

Owens, Ray A structural analysis of the DNA-binding regulatory proteins

of the pathogenic Neisseria.

Dillard, Joseph P.

Lytic transglycosylases act in the release of proinflammatory
molecules in Neisseria gonorrhoeae.

X




Thursday, September 9, 2004

Epidemiology

IS (VR 0.Vl Tiendrebeogo, Sylvestre M.

Serogroup W-135 meningococcal disease in Burkina Faso,
2002 and 2003.

Granoff, Dan

Epidemic group A meningococcal disease in the Sudan
despite high levels of naturally-acquired serum group A
antibodies.

Harrison, Lee H.

Antigenic shift associated with increased serogroup Y
meningococcal infection in Maryland: A population-based,
molecular epidemiologic study.

Jolley, Keith A.

Distributed web-accessible databases developed for
meningococcal typing and epidemeology.

Jansen, Vincent A.A.

10:00-Noon QxeSeIdl|

RO BN W Prasad, Alpana

Diversity in pathogenicity can cause outbreaks of
meningococcal disease.

Poster Il

Antibiotic Resistance, Bacterial Genetics, Physiology and
Metabolism, Cellular Microbiology, Genomics and Gene
Expression, and Surface Structures

Host Reponse

Defining targets for C3 and C4 on pathogenic Neisseria.

Wooldridge, Karl

The role of meningococcal secreted proteins in host-cell
interaction.

Massari, Paola

Meningococcal porin PorB activity is abrogated in TLR2 ko B
cells.

Jonsson, Ann-Beth

Neisseria-host cell interactions in CD46 transgenic mice.

Break

Singleton, Theresa E.

Neisserial porin induces dendritic cell functional activity,
which is MyD88-dependent.

Zughaier, Susu M.

Meningococcal lipopoly(oligo)saccharide is a potent
activator of both the TLR4/MyD88-dependent and -
independent signaling pathways.

Gray-Owen, Scott

CEACAM1-specific Opa proteins suppress dendritic cell
maturation in response to Neisseria gonorrhoeae:
Implications for gonorrhea and HIV.

van der Ley, Peter

AN -8l Dinner Dance

Lipopolysaccharide-mediated targeting of Neisseria
meningitidis to dendritic cells: binding of IgtB LPS to DC-
SIGN.

Dinner Dance
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Friday, September 10, 2004

CHOE RS WY Derrick, Jeremy

Surface Structures

The three-dimensional structure of the secretin pilg and its
interaction with type iv pili.

Frye, Stephan A.

The meningococcal secretin PilQ: actions and interactions.

Moe, Gregory A.

A unique capsular epitope recognized by bactericidal, non-
autoreactive anti-N-propionyl group B polysaccharide mAbs.

Jerse, Ann Selection for opa-positive gonococci occurs during experimental
murine genital tract infection in the absence of human CEACAM
receptors.

Break

Bos, Martine P.

The outer membrane protein Imp/OstA (NMB0280) is required for
lipopolysaccharide transport to the bacterial cell surface.

Wright, J Claire

lpté, a gene required for addition of phosphoethanolamine to inner
core lipopolysaccharide of Neisseria meningitidis.

Kahler, Charlene

Lipooligosaccharide (LOS) inner core biosynthesis in Neisseria
meningitidis : Identification of the O-6 PEA transferase and role of
glycine.

Closing Remarks
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Effect of conjugate serogroup C-polysaccharide vaccine on meningococcal population
structure: herd immunity and vaccine escape.

MAIDEN, M.C.J.", IBARZ-PAVON, A.-B.!, URWIN, R.!, MACLENNAN, J.M.!, BENNETT,
J.S.!, BRAMLEY, J.C.2, STUART J.M.>, AND THE MENINGOCOCCAL CARRIAGE
GROUP.

1. The Peter Medawar Building for Pathogen Research and Department of Zoology, University
of Oxford, South Parks Road, Oxford, OX1 3SY, United Kingdom. 2. Scottish Centre for
Infection and Environmental Health, Clifton House, Clifton Place, Glasgow, G3 7LN, United
Kingdom. 3. Health Protection Agency South West, The Wheelhouse, Bond's Mill, Stonehouse,
Gloucestershire, GL10 3RF, United Kingdom.

The Meningococcal Carriage Study was initiated in 1999 to measure the effects on
meningococcal populations of mass-vaccination with meningococcal serogroup C conjugate
(MCC) polysaccharide vaccine. Given the nature of the UK immunisation campaign (initially,
all individuals under the age of 18 years were offered the vaccine) and the rates of asymptomatic
meningococcal carriage in teenagers, population effects and carriage dynamics could be
examined and used to explain any observable change in disease incidence. For example, if
transmission of serogroup C meningococci was interrupted by MCC immunisation, the potency
of the vaccine might be enhanced, protecting unvaccinated individuals by herd immunity;
conversely, vaccine efficacy could be compromised by the emergence of vaccine escape variants
or novel pathogenic meningococci spreading as a consequence of the strong selective pressure
imposed.

The study was powered to detect the replacement of hyperinvasive serogroup C ST-11
meningococci with ST-11 meningococci of another serogroup. This was anticipated to be the
most difficult effect to detect and required a large sample size given the low prevalence of ST-11
meningococci in carriage. Meningococci were isolated from throat swab samples from 15,106
teenagers in November 1999, 18,095 in 2000, and 19,710 in 2001. A total of 8,913
meningococci were collected. The meningococci obtained were characterised phenotypically for
serogroup expression, and genotypically for sequence type (ST) and at their capsular operon.
This enabled the serogroup, clonal complex, and capsule expression to be determined for each
isolate.

Phenotypic results have shown a significant effect on the carriage of meningococci expressing
the serogroup C capsule in the two years following immunisation. Genotypic characterisation
has now shown that before immunisation the rate of serogroup C capsule expression among
carried ST-11 meningococci was approximately 75%, compared to expression rates of ~45%
among other serogroup C organisms. Following immunisation, carriage of ST-11 meningococci
that possessed the serogroup C capsule gene was significantly reduced. This, however, was not
accompanied by a similar reduction in the carriage of other meningococci that possessed the
serogroup C capsule gene. These data suggest that herd immunity induced by the MCC vaccine
had a highly specific effect on the meningococcal population, substantially reducing the
circulation of the epidemic ST-11 strain. It is possible that this strain is more reliant on
serogroup C capsule expression for survival and transmission than other non-epidemic strains
that possess the serogroup C genotype. These findings have important implications for the
design and implementation of future meningocccal immunisation programmes.
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Effectiveness of a Serogroup A/C/W-135 Meningococcal Polysaccharide Vaccine in
Burkina Faso, 2003

SORIANO-GABARRO M', TOE L?, TIENDREBEOGO S°, NELSON C*, PLIKAYTIS B',
ROSENSTEIN Nl, AND THE WHO TRIVALENT VACCINE IMPACT ASSESSMENT
STUDY GROUP5’

'"Meningitis and Special Pathogens Branch, CDC, Atlanta, USA

*WHO, Multidisease Surveillance Center, Ouagadougou, Burkina Faso

*Ministry of Health, Direction de la Lutte Contre les Maladies, Ouagadougou, Burkina Faso
*WHO, Department of Immunization, Vaccines and Biologicals (IVB), Geneva, Switzerland.

Background: In 2002, the first major W-135 meningococcal disease epidemic occurred in
Burkina Faso (BF). Following this epidemic, a A/C/W-135 meningococcal polysaccharide
(trivalent) vaccine (Mencevax ACW™) was produced by GSK Biologicals for evaluation and
use in Africa. In 2003, 2 million doses of the newly licensed vaccine were administered to
persons 2-29 years, at the start of a new meningitis epidemic in BF (7673 cases, 1146 deaths). Of
368 cerebrospinal fluid (CSF) isolates confirmed as Neisseria meningitidis (Nm), 72% and 28%
were confirmed as NmA and NmW-135, respectively. We conducted a case-control study to
assess vaccine effectiveness (VE) against NmA and NmW-135 meningococcal meningitis.
Methods: Recruitment of cases started in 6 selected epidemic districts (population 1,500,000),
10 days after completion of vaccination campaigns, which had been conducted with 93.5%
coverage. Cases were defined as any person 2-29 years with suspected meningitis, for whom
NmA or W-135 antigen was detected through latex agglutination of CSF (“probable case”), or
isolation from CSF (“definite case”). Three controls were matched to each case by age and
neighborhood. Vaccinated persons were defined as any person 2-29 years who reported having
received meningococcal vaccine and for whom there was card-confirmation of having received
trivalent vaccine (“verified vaccination”), or any person who reported through verbal history
having received trivalent vaccine regardless of verification (“reported vaccination”). Univariate
and multivariable analysis were conducted using conditional logistic regression. VE was
calculated as VE = 1 — odds ratio for vaccination.

Results: From 3/20-5/31/2003, 33 Nm A and 3 NmW-135 meningitis cases were enrolled.
Fourteen (40%) cases and 89 (86.4%) controls reported vaccination with the trivalent vaccine in
2003. Nine (25.7%) cases and 53 (51.5%) controls were verified as having received the vaccine.
Univariate VE for cases against probable and definite NmA or NmW-135 was 84% (95%
confidence interval [CI] 50%-95%) for persons with verified vaccination, and 96% (95% CI
82%-99%) for persons with reported vaccination. VE against probable and definite NmA only
was 92% (95% CI 62%-99%) for persons with verified vaccination and 98% (95% CI -0.5%-
98%) for persons with reported vaccination. On multivariable analysis, VE for cases with
verified vaccination against probable and definite NmA or NmW-135 was 84% (95% CI 38%-
97%). VE against probable and definite Nm A alone was 94% (95% CI 59%-99%). Lack of
education, preceding respiratory illness, community celebrations attendance, and sharing room
with another meningitis case were significantly and independently associated with risk of
disease.

Conclusions: We found that the trivalent meningococcal vaccine was highly effective against a
primarily serogroup A meningococcal meningitis epidemic in Burkina Faso. Because of low
number of cases, VE against NmW-135 only could not be estimated. This vaccine should be
considered in the event of new meningococcal disease epidemics.
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SAFETY AND IMMUNOGENICITY OF NEW ZEALAND STRAIN
MENINGOCOCCAL SEROGROUP B OUTER MEMBRANE VESICLE
VACCINE IN HEALTHY 16-24 MONTH OLD TODDLERS.
WONG SH', JACKSON CM', MARTIN DM?, O’HALLAHAN JM’, OSTER P*,
STEWART JM', LENNON DR'.

The University of Auckland, Auckland, New Zealand'; Environmental Science &
Research (ESR), Wellington, New Zealand’; Ministry of Health, Wellington, New
Zealand’; Chiron Vaccines, Siena, Italy’.

Background

New Zealand has been experiencing a monoclonal epidemic of Neisseria meningitidis
B:4:P1.7b,4 which has resulted in more than 5000 cases and over 200 deaths since 1991.
Children younger than 5 years are at highest risk.

Objective

To evaluate the safety, reactogenicity and immunogenicity of an outer membrane vesicle
(OMV) vaccine specifically developed for the epidemic strain in 16 — 24 month old
toddlers.

Methods

A Phase II observer-blind, randomised, controlled, single centre trial of 332 healthy
children aged 16 — 24 months. Subjects were randomised in a 4:1 ratio to receive 25mcg
New Zealand candidate vaccine (NZ98/254) or 25mcg Norwegian parent vaccine
(H44/76). Vaccines were administered at 0, 6 and 12 weeks. Serum bactericidal assay
(SBA) was used to measure immune response to candidate and parent vaccine strains at
baseline, six weeks post dose 2, and four weeks following dose 3. Local and systemic
reactions were monitored for 7 days after vaccination.

Results

Responders were defined as those with a 4-fold or greater rise in SBA antibody titre to
NZ98/254 four weeks after the third dose compared to baseline. This was achieved in
75% (95% CI: 69-80%) of subjects receiving the candidate vaccine as compared with 4%
(95% CI: 0-13%) of subjects who received Norwegian strain vaccine.

Conclusion

Three doses of New Zealand candidate vaccine (NZ98/254), administered to 16 — 24
month old toddlers, elicit promising bactericidal antibody results against the New
Zealand epidemic strain. This study was funded by the New Zealand Ministry of Health
and Chiron Vaccines.
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Naturally-acquired Immunity to Neisseria meningitidis Group C in the Absence of
Bactericidal Activity.

WELSCH JA and GRANOFF DM. Children’s Hospital Oakland Research Institute, Oakland,
CA

The hallmark of protective immunity to group C meningococcal disease is a serum bactericidal
titer of * 1:4 measured with human complement. Although a positive titer is accepted as a
surrogate of protection, investigators have proposed that this threshold titer may underestimate
the true extent of protection. We used an infant rat bacteremia model to measure group C passive
protective activity of serum samples from 91 unimmunized adults living in California. The in
vivo results were related to group C serum bactericidal titers measured with human complement,
and anticapsular antibody concentrations and avidity measured by a radioantigen binding assay.
A total of 35 sera (38.5%) had passive protective activity (>2 log decrease in the geometric mean
CFU/ml of blood, as compared to that of rats treated with negative control serum). The
geometric mean bactericidal titer of the protective sera was 1:8, significantly higher than that of
the non-protective sera (1:2, P<0.0001). Sera with bactericidal titers of * 1:4 were 3.4-fold more
likely to confer passive protection (89%) than non-bactericidal sera (26%, P<0.0001). Thus,
serum bactericidal titers of « 1:4 are a marker of passive protective activity but this in vitro
threshold lacks sensitivity for predicting immunity. We next investigated the 73 sera with
bactericidal titers <1:4 to determine the basis of passive protective activity. The 19 sera with
protective activity had a higher geometric mean group C anticapsular antibody concentration
(0.72 micrograms/ml) than that of the 54 sera that lacked protective activity (0.16
micrograms/ml, P<(0.001). Sera with group C anticapsular antibody concentrations >0.3
micrograms/ml also were ~6-fold more likely to confer protection than sera with anticapsular
antibody concentrations ¢ 0.3 micrograms/ml (12%, P<0.0001). Thus protective activity in the
absence of bactericidal activity was associated with higher concentrations of serum anticapsular
antibody but not all sera with anticapsular antibody concentrations >0.3 micrograms/ml
conferred protection. Of the 18 non-bactericidal sera with anticapsular antibody concentrations
between 0.31 micrograms/ml and 0.99 micrograms/ml, the 11 that conferred protection had a
higher mean anticapsular antibody avidity constant (21.9 nM™) than that of the 7 non-protective
sera (14.6 nM™', P<0.03). Thus, protective sera also have higher avidity group C antibodies than
non-protective sera. Recent studies in the U.K. reported high group C conjugate vaccine efficacy
in the face of declining or absent serum bactericidal titers (Andrews et al, Clin Diagn Lab
Immunol 2003). This observation was interpreted as implying that protection was not dependent
on serum bactericidal activity but was conferred by immunologic memory elicited by the
conjugate vaccine. Our data suggest that an equally plausible alternative explanation is that
protection results from persistence of high avidity group C anticapsular serum antibodies, which
are present in insufficient concentrations to elicit complement-mediated bacteriolysis in vitro, but
sufficient to confer protection in vivo.
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Neisseria meningitidis LOS Conjugate Vaccine against Meningococcal Disease.
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Meningococcal disease remains a global health problem, especially in infants less than 2
years old and young adults. New glycoconjugate vaccines for serogroups A, C, Y and W-135
hold considerable promise after successful introduction of meningococcal serogroup C conjugate
vaccines. The major drawback is the lack an effective vaccine for routine immunization against
group B meningococci.

We have evaluated the feasibility of using meningococcal inner core LOS conjugate
vaccines to protect against invasive infections caused by N. meningitidis. Using a panel of in-
house derived mono-and polyclonal antibodies, we have identified 5 patterns of serological
reactivity based on inner core epitopes among strains representing 12 immunotypes. This
reactivity was dependent on phosphorylation of LOS with PEA. Structural analysis of evaluated
LOSs revealed that this new antigenic determinant contained two PEA moieties simultaneously
attached to Hepll of the inner core. This new antigenic determinant was present on the majority
of immunotypes and is serologically distinct from inner core with only one PEA attached at O-3
of Hepll. Our results show that Meningococcal strains can be characterized as having one of the
following five inner core structures: (i) PEA linked to O6 position of Hepll; (ii) glucose (Glc)
linked to O-3 and PEA linked to O-7 of HepllI; (iii) PEA linked to O-3 of HepllI; (iv) Glc linked
to O-3 of Hepll; and (v) the newly identified di-PEA on HepllI.

To test feasibility of meningococcal LOS based vaccine, we prepared a tetravalent
vaccine composed of four different inner-core glycoforms found among clinical isolates in North
America and Europe. To avoid of the presence of epitopes that mimic human blood-group
antigens, galE mutations were introduced into prototype production strains. Purified LOSs were
tested for maintenance of the inner core PEA and Glc substitutions and for the absence of
structures that could act as self-antigens. Each LOS glycoform was detoxified by partial removal
of fatty acids from Lipid A, then conjugated to CRM 197, and formulated into a tetravalent
vaccine. Tetravalent vaccine induced a broadly cross-reactive antibody response in rabbits that
recognized LOSs from all 12 immunotypes. The binding of the vaccine-induced antibodies to
wild type LOSs was dependent on substitution of inner core with PEA. The functional activity
of the vaccine-induced antibodies was investigated in in vifro and in vivo assays. The results
showed that antibodies were bactericidal and opsonic. In addition, the vaccine induced
antibodies protected infant rats against bacterial challenge. These findings indicate that
meningococcal tetravalent LOS conjugate vaccine is capable of eliciting functional antibodies
and has potential to be broadly protective against all disease-causing isolates.
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GNA 1870, a novel vaccine candidate of Neisseria meningitidis: immunological

and functional properties.
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GNA 1870 is a novel surface-exposed lipoprotein of Neisseria meningitidis identified by
genome analysis of strain MC58, which is able to induce bactericidal antibodies. Sequencing of the
gene in 71 strains representative of the genetic and geographic diversity of the N. meningitidis
population, showed that GNA 1870 can be distinguished into three variants according to its protein
sequence. The protein is expressed by all strains of N. meningitidis. Antibodies against a
recombinant form of the protein elicit complement-mediated bactericidal activity against strains that
carry the same variant and induce passive protection in the infant rat model.

The antigenic and immunological properties of GNA 1870 were further studied using mice
polyclonal antisera and a monoclonal antibody with bactericidal activity. We were able to map
linear and conformational epitopes and found that most of the functional epitopes are located in one
region, and that the Arginine 223 is a key residue for a protective epitope. The mapping of novel
epitopes that induce bactericidal antibodies against N. meningitidis is an important step in the
design of novel vaccines against Meningococcus.

Functional studies have also been performed to investigate the biological role of antigen
GNA 1870. Preliminary data obtained with global transcriptional pattern studies show that the
deletion of the gene in MC58 induces up-regulation of 87 different genes belonging to different
functional categories. The genes found particularly up-regulated are involved in the bacterial
defense from oxidative stress or from the action of antimicrobial peptides. The bases of this
phenotype are currently under investigation.
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Characterisation of naturally acquired immunological memory to Neisseria meningitidis at
the mucosal surface
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Induction mucosal immunity is a key component of the development of natural protection
against Neisseria meningitidis (Nm). We have previously shown that the magnitude of cellular
proliferative responses against Nm outer membrane vesicles (OMV) at the mucosal level is
strongly associated with age. The responses were found to be independent of B cells and
consisted of both resident Nm-specific memory and naive T-cells. Since the majority of adults
appear to have been primed, presumably through colonisation by Neisseria sp., we propose that
it may be possible to boost pre-existing mucosal immunity in early adulthood though exogenous
vaccination. In naive individuals and younger children without pre-existing immunity it may be
possible to optimise the mucosal immune response with immunomodulatory agents. However,
before this can be achieved in human trials, a better understanding of the regulation of the
mucosal immune response and how it can be influenced is required.

In the present study we have sought to determine the nature of this mucosal T-cell
memory and investigate whether mucosal immunity can be influenced by systemic vaccination
with model antigens. Human mucosal T-cells have been derived from palantine tonsils which are
strategically located at the entrance to the upper airways, a common site of meningococcal
carriage, a site of intense B-cell maturation and differentiation associated with T-cell activation.
We have measured T-cell proliferation and surface expression of IL-18R and CRTH2 in
conjunction with intracellular IFN-gamma and IL13 in CD45RO" (memory T-cells),
CD45RA"(largely naive T-cells) and CD25" (regulatory T-cells) depleted populations of both
tonsillar and peripheral blood mononuclear cells (PBMC). We have also vaccinated a cohort of
adults prior to tonsillectomy. We have found evidence of immunological memory to two
mucosal pathogens, Nm and influenza virus which have characteristics of both a Th1l and a Th2
profile. Comparisons with the PBMC response to these antigens suggests that the regulation of
this immunity is compartmentalised. The mucosal responses to Nm antigens also seem to be
influenced CD25"CD45RB"" Treg cells resident within the tonsil. Vaccination with flu-antigens
significantly increased T cell proliferation in both tonsils and blood. The PT responses to flu
post-vaccination were associated with a shift from a response involving both CD45RA" and
CD45RO" T cells to an entirely CD45RO"-dependent response. This change was not associated
with an altered cytokine profile but vaccinees PT demonstrated reduced IL-10. Nm vaccine
studies are underway. We conclude that generation of immunological memory to Nm protein
antigens at the mucosal level is feasible, and suggest that parenteral vaccination may influence
both mucosal and systemic naturally-acquired T cell immunity to mucosal pathogens.



Session I. Vaccinology

Neisseria lactamica outer membrane vesicle vaccine for meningococcal disease: towards
a clinical trial.
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Vaccines against meningococcal disease have been produced based on outer membrane
vesicles (OMVs) from Neisseria meningitidis but these have shown variable efficacy in
clinical trials, especially in young children. In addition, many meningococcal surface
proteins are subject to antigenic variation limiting protection against diverse circulating
strains. Protection against meningococcal disease has been associated with the presence of
serum antibodies bactericidal for N. meningitidis. — These antibodies are acquired
progressively over the first few years of life, a period when meningococcal carriage rates are
low. Thus it has been suggested that acquisition of natural immunity in young children
follows colonisation by nonpathogenic Neisseria species. N. lactamica, a commensal
species that does not possess a polysaccharide capsule or PorA but has many common
antigens with N. meningitidis, may be the most important of these species.

Like N. meningitidis, N. lactamica naturally shed OMVs during growth. Thus we have used
methods developed for the production of meningococcal OMVs to develop N. lactamica-
based vaccines. N. lactamica OMVs have been prepared with deoxycholate extraction and
used to immunise mice by subcutaneous injection. Antisera raised against N. lactamica
OMVs were cross-reactive against a diverse range of N. meningitidis strains. We have
assessed the efficacy of an N. lactamica OMV vaccine in a mouse model of bacteraemic
meningococcal disease and N. lactamica OMVs protected mice against lethal challenge with
meningococcal isolates from the ET-5, ET-37, lineage III and A4 cluster clonal lineages,
irrespective of serogroup. This protection has been observed in the absence of a detectable
serum bactericidal antibody response but opsonophagocytic responses have been
demonstrated and may be responsible for the observed protection.

The N. lactamica OMV vaccine is being extensively characterised by a range of methods,
including SELDI-MS. Silver-stained 1D SDS-PAGE gels show 8 major bands, including
PorB, RmpM, NspA and LOS. Analysis on 2D gels shows approximately 80 spots and the
immunogenicity of these is being examined by western blotting. In addition, we have
compared the proteins present in N. lactamica and N. meningitidis OMVs using a proteomic
method. 1D SDS-PAGE gels of either N. lactamica or meningococcal OMVs were split into
24 slices, subjected to in-gel tryptic digestion followed by nanocapillary liquid
chromatography and tandem mass spectrometry. Proteins were identified from the detected
peptides by automated database searching. Approximately 60 meningococcal proteins were
identified in the N. meningitidis OMVs with 90 orthologues of meningococcal proteins in the
N. lactamica OMVs.

The essential next step for this vaccine approach is a safety and immunogenicity study in
adult volunteers. We have produced an N. lactamica OMV vaccine using pharmaceutical
manufacturing facilities at Health Protection Agency, Porton Down, which is currently
undergoing toxicology and stability studies and will commence a clinical study in 2005.
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Autoregulation of the MisR/MisS two-component signal transduction system in Neisseria
meningitidis
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Two-component regulatory systems are prevalent in many prokaryotes, and are involved in
processes important for bacterial pathogenesis. A limited number of environmental-sensing two-
component regulatory systems have been identified in meningococci. One such regulatory
system, named misR/misS for meningococcal inner core structure or phoP/phoQ, has been shown
to be involved in the Hepll PEA substitution of LOS inner core' and causes attenuation of
virulence when mutated®. Interestingly, microarray analysis revealed the potential regulatory
role of this system in the expression of imbR, bfrAB, encoding subunits of bacterioferritin, and
NMBI1497, a putative TonB-dependent receptor. Quantitative real time PCR experiments
confirmed the altered expression of these iron-related proteins in the misR mutant; however, iron
availability did not mediate MisR/S regulation. Real time PCR data also revealed a significantly
decreased misR expression in both the misR and misS mutants, suggesting an autoregulatory role.
In order to biochemically investigate this regulatory mechanism, His-tagged MisR as well as
MBP-MisS fusion proteins were overexpressed and purified from E. coli. MisR can be
phosphorylated by the small molecule phosphate donor, acetyl phosphate. In addition, the MBP-
MisS fusion was shown to be autophosphorylated in the presence of ATP, and the phosphoryl
group can be subsequently transferred to MisR. The phosphotransfer reaction was halted with a
D52A mutation in MisR, while a H246A mutation of MisS prevented autophosphorylation.
These data confirm the function of the MisS/MisR as a two-component signal transduction
system, and that the two proteins interact with each other. In addition, specific interactions of
phosphorylated MisR (MisR~P) and MisR with the misR, hmbR and the capsule synA/ctrd
promoters were demonstrated by gel mobility shift experiments, and MisR~P exhibits higher
affinity than does the non-phosphoylated protein. DNasel protection assays revealed that MisR
interacts with a ~16-bp region upstream of the misR transcriptional start site, and that the
MisR~P protects a much larger promoter region. A misR recognition sequence was identified.

1. Tzeng, Y.L. et al. The MisR/MisS two-component regulatory system influences inner
core structure and immunotype of lipooligosaccharide in Neisseria meningitidis. J. Biol.
Chem. In revision. (2004).

2. Newcombe, J. et al. Infection with an avirulent phoP mutant of Neisseria meningitidis
confers broad cross-reactive immunity. Infect. Immun. 72, 338-44 (2004).
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IHF and potentially Fur are involved in the phase variable expression of the nad4 gene in
Neisseria meningitidis
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In Neisseria meningitidis, phase variation, i.e. the reversible expression of surface antigens, is
associated with changes within repeated simple sequence DNA motifs located in coding or
promoter regions of genes involved in the biosynthesis of surface antigens. The phase variable
gene nadA encodes an adhesin proposed as a vaccine candidate (Comanducci et al., 2002). The
expression of the nadA gene was shown to be regulated at the transcriptional level through a
variation of the number of reiterated (TAAA) motifs present in the repeat tract located upstream
of the core promoter of the gene (Martin et al., 2003).

We identified three statistically distinct levels of nadA transcription exhibiting a periodic pattern
related to the number of repeated (TAAA) motifs.

An investigation of the likely three-dimensional conformation of the DNA sequence containing
the repeat tract and the upstream region when the number of (TAAA) motifs varied revealed that
the level of nadA transcription depends on the helical facing of the DNA located upstream of the
repeat tract with respect to the core promoter of the gene.

Deletion of the DNA sequence located upstream of, or including the repeat tract resulted in an
increased level of nadA transcription. Two distinctive DNA sequences were shown to be
involved in the regulation of nadA transcription. One of these DNA sequences contained a
putative integration host factor (IHF) binding site and was shown by electrophoretic mobility
shift assays (EMSA) to bind purified IHF. The other DNA sequence contained a putative ferric
uptake regulator protein (Fur) binding site and is currently being studied in EMSA using purified
Fur protein.

Although deletion of each sequence upstream of the core promoter resulted in an increased level
of nadA transcription, the nadA promoter was only partially de-repressed. However, mutant
strains presenting (TAAA)y but deleted for the DNA region upstream of the repeat tract produced
fully de-repressed variants having (TAAA)s. Therefore, phase variation can still occur when the
DNA sequence located upstream of the repeat tract is deleted.

We showed that a modification of the number of repeated (TAAA) motifs alters the
chromosomal conformation of the nadA promoter region and consequently affects the interaction
between Fur, IHF and the RNA polymerase. This work has therefore identified a novel system of
transcriptional regulation in which variations of the hypermutable repeat region play a central
role in modulating phenotype through the interplay of mutational (stochastic) and classical gene
regulatory (deterministic protein-DNA) interactions.
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Regulatory networks controlled by alternative sigma factors in Neisseria
gonorrhoeae.
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Bacterial sigma factors function as global regulators by conferring promoter specificity to
the core RNA polymerase. In Neisseria two putative alternative sigma factors belonging
to the sigma 70 family, rpoH and ecf, have been identified. ecfis a member of a family
of sigma factors that typically respond to extra-cytoplasmic stimuli whereas rpoH (sigma
32) activates the stress response of many bacteria. Efforts to insertionally inactivate both
genes encoding these sigma factors in N. gonorrhoeae revealed that ecf was non-essential
for growth on laboratory media whereas rpoH appears to be essential. To determine the
regulatory network specifically controlled by each sigma factor, rpoH and ecf were
independently cloned into the Hermes shuttle vector system and over-expressed in M.
gonorrhoeae. The transcriptomes of these over-expression strains were analysed and
compared to the original strain at mid-log phase using the Pan-Neisseria genome array.

As RpoH acts as an activator, over-expression resulted in the increased transcription of
genes encoding factors identified as being involved in the stress response in many
bacteria. The dnakK, dnaJ and grpE chaperone system, groEL, clpB and minor putative
chaperones such as lon and ppiB were significantly up-regulated in the presence of excess
RpoH. Activation of these genes appeared to be directly mediated by RpoH as the
promoters of these genes contained a consensus RpoH binding site. Only two other genes
were up-regulated by the presence of excess RpoH, however, as no RpoH consensus
binding sites were present in these promoters it appears that this effect was indirect. The
results of these experiments were compared to the heat shock response of N. gonorrhoeae
exposed to 42°C for 10 min. As expected, all of the genes controlled by RpoH were up-
regulated when the strain was exposed to elevated temperatures. In addition, however, a
small cohort of down-regulated genes were also detected suggesting that other regulatory
factors are involved in this response.

Microarray analysis of the ecf null mutant did not reveal any changes in the transcriptome
of this mutant. This result may indicate that under normal growth conditions, this sigma
factor is silenced by an anti-sigma factor. To overcome this, ecf was over-expressed and
transcriptional analysis performed on this strain at mid-log phase. These experiments
showed that pilB, a conserved hypothetical gene upstream, and a cluster of genes
upstream of ecf were transcriptionally upregulated. Gonococcal PilB possesses peptide
methionine sulfoxide reductase activity which is necessary for the repair of proteins
damaged by oxidative stress. Western blotting using anti-PilB antisera confirmed an
increased PilB production in the strain in which ecf was over-expressed. Thus, ecf
appears to regulate pilB transcription, and hence is probably involved in mediating a
protective response to oxidative stress.
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Genome sequencing of commensal strains of Neisseria meningitidis
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Most carrier isolates of Neisseria meningitidis are considered as virtually apathogenic despite of
the presence of virulence factors such as the polysaccharide capsule. Only few meningococcal
carriage isolates exist which constitutively do not express a capsule, e.g. isolates of the sequence
type (ST)-53 (Claus et al., 2002). These observations indicate that meningococcal virulence is
caused by a complex interplay of several factors, which is only partly understood. Genome
sequencing seems to be an appropriate tool to unravel the molecular basis of pathogenicity. Up to
now, only pathogenic meningococci have been sequenced, i.e. the serogroup A strain Z2491
(Parkhill et al., 2000) and the serogroup B strain MC58 (Tettelin et al., 2000).

In this study, four commensal strains of the Bavarian meningococcal carrier strain collection
comprising 830 sequence typed isolates were selected for whole genome sequencing for the
comparison of pathogenic and apathogenic meningococcal genomes. We selected one capsule
null locus (cnl) isolate (ST-53), one serogroup B isolate (ST-136), one serogroup W-135 isolate
(ST-22), and one serogroup 29E isolate (ST-60). The sequencing of the ST-53 and the ST-136
isolates was finished to gap closure whereas the genomes of ST-22 and ST-60 were sequenced to
an 8-fold coverage. The annotation of the ST-53 sequence is almost finished and revealed that
genes specific to this ST comprised five restriction-modification systems, one prophage, as well
as more than 100 hypothetical genes. As known from recent studies, ST-53 lacked the genes
required for the synthesis of a capsule. Furthermore, besides a large number of hypothetical
genes, the opc gene was lacking in comparison to MC58. The lack of pathogenicity of ST-53
may easily be explained by the capsule null locus found in this strain. Nevertheless, the ongoing
sequence analysis of other encapsulated commensal isolates will reveal the importance for
pathogenicity of other genes among the large number of differences between ST-53 and
pathogenic meningococci. Work is in progress to systematically inactivate those genes in strain
MC58 to analyze their impact on virulence. The sequence data of the ST-53 genome were
already included into the design of a meningococcal micro-array in collaboration with Qiagen
and Julian Parkhill (Sanger Institute). This multi-clonal oligonucleotide micro-array is
commercially available.
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A multicentre microarray-based study of the effects of pilin production in Neisseria
gonorrhoeae strain FA1090.
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Four different laboratories independently compared the transcriptional profiles of gonococcal
strain FA1090 recA6, and a pilE deletion mutant of this strain, using a pan-Neisseria
microarray. The findings of this study address both important practical aspects of conducting
microarray experiments and the consequences of the loss of pilE expression.

Practical microarray issues:

The four laboratories, using the same stocks of isolated RNA, but using a range of different
labelling and scanning protocols, generated highly consistent and reproducible data,
demonstrating that different methodologies produce similar results in microarray analysis using
the identical sample. Selected results were verified using RT-PCR and proteomics. In contrast,
independently isolated RNA, both within and between the laboratories, produced much more
variable results. This finding highlights the essential role of such replicates in microarray
experiments to distinguish between consistent changes in gene expression and normal biological
variance that occurs within (even very simple) biological systems. The consistency of results
generated by biological replicates is of primary importance. Also, for results to be compared and
combined the fold changes in gene expression levels must fall within similar dynamic ranges.
The transcriptional consequences of pilE inactivation:

A relatively small number of genes were observed to alter expression by more than 2.5 fold up or
down. These genes and additionally those with significant (P<0.001) lower fold-changes fell into
a wide range of functional categories, but a number of patterns were discernable. The absence of
pilin results in a cell surface disruption and the increased expression of m#rR and mrF. This
alteration in cell surface properties is also reflected in the upregulation of genes encoding several
ABC transporters and LPS biosynthesis enzymes. Transcriptional units (operons) showing
altered mRNA levels often contained genes with diverse functions, and in one case contained a
minimal mobile element (MME) region which has been shown previously to contain a wide
range of strain-specific genes in different strains. Common alterations in expression of
transcriptional units between strains therefore have the potential to generate different phenotypic
consequences depending upon the repertoire and locations of these elements. Alterations in the
transcription of several restriction-modification system genes were observed. Current models of
these systems do not anticipate a role for environmental responsiveness and the relative roles of
specific regulators and transcription of co-transcribed genes need to be considered. Decreased
expression of anid was observed, raising questions as to whether this gene is only responsive to
anaerobic conditions or perhaps responds secondarily to altered pilus expression or functions in
the absence of oxygen. Despite the range of transcriptional changes observed, none were
obviously involved in pilus-associated phenotypes. The majority of phenotypes associated with
piliation can be directly ascribed to the presence and functions of pilin.
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Global gene expression analysis of Neisseria gonorrhoeae in response to contact with
human epithelial cells.
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Neisseria gonorrhoeae, a strictly human pathogen with no reservoir outside of its host, has
limited environmental signals to which it might need to respond upon transmission. Since it is
primarily a pathogen of the urogenital tract, and transmission is frequently male-to-female-to-
male, and so on, signals to which gonococci might be expected to respond include pH, hormone
levels, normal microflora, and cells of the epithelial mucosa. A goal of our research is to identify
the regulatory phenomena involved in the colonization of a new host, and in this work have
examined one facet of colonization, attachment to epithelial cells. While much progress has been
made in the area of understanding the events occurring in an epithelial cell upon attachment of
gonococci, relatively little is known of the events that occur in the bacterial cell at this step. Our
hypothesis is that upon attachment to epithelial cells, signals are transmitted to the bacterium that
result in a modulation of the expression of genes necessary for survival and proliferation in the
host.

In order to examine global gene expression in gonococci, we have developed DNA
microarrays which consist of PCR amplicons representing 2074 ORFs of the N. gonorrhoeae
genome, 2016 from strain FA1090 (http://www.stdgen.lanl.gov/) and 58 from the MS11 genetic
island'. An initial validation of the DNA microarrays was done comparing expression in
otherwise isogenic piliated (P+) and non-piliated (P-) strains of N. gonorrhoeae grown in tissue
culture medium. As expected, the results of these experiments showed that pilE (70-fold) and
several pilS sequences (7-15 fold) were among the highest differentially expressed, essentially
expressed only in the P+ strain.

We next analyzed global gene expression in gonococci following adherence to epithelial
cells in culture. Data from four independent experiments (including one dye-swap) showed that
several genes were up- and down-regulated by host cell contact. Since nearly half of the genes in
the annotated genome sequence of N. gonorrhoeae encode hypothetical proteins of unknown
function, it was not surprising that many genes regulated by host cell contact fell into this
category. Among the known genes that were up-regulated in adherent bacteria were two putative
transcriptional regulators, RpoH and MtrR. Also up-regulated were several genes known or
predicted to be regulated by these regulators. Of those that were down-regulated, many appeared
to be involved in housekeeping functions such as glycolysis, amino acid synthesis, and nitrogen
assimilation, suggesting that there might be a general shift in cellular metabolism in response to
host-cell contact. This may be a mechanism for the bacterium to begin to adapt to different
nutrient availability in the new host and/or the different environment inside of the host cell.
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Iron is limiting in the human host and bacterial pathogens respond to this environment by
regulating gene expression through the ferric uptake regulator protein (Fur). In vitro
studies have demonstrated that Neisseria gonorrhoeae controls gene expression of
several critical genes through an iron and Fur mediated mechanism. While most in vitro
experiments usually are designed to determine the response of the gonococcus to a
complete deficiency of exogenous iron, these organisms may not be actually exposed in
vivo to such severe iron limitation. To determine if N. gonorrhoeae expresses iron and
Fur regulated genes during human mucosal gonococcal infection in this study, we
examined gene expression profiles of specimens obtained from urethral swabs from
males and cervical swabs from females with gonococcal infection from the Public Health
Clinic’s at Boston Medical Center and John Hopkins Medical Institutions. Initially, we
utilized RT-PCR analysis to study the expression of iron-regulated genes. However, a
major limitation was the limited number of transcripts (fbpA, tbpA, thpB, fur and the
constitutively expressed gene, rmp) that could be examined due to the small amounts of
total RNA isolated from the clinical samples. To overcome this limitation, we designed a
custom DNA microarray with over one hundred genes, representing gonococcal iron and
Fur regulated genes, including fbpA, thpA, thpB, IbpA, IbpB, tonB, fur, secY, nspA and the
opa family of genes, as well as genes that are known or are hypothesized to play a role in
pathogenesis and virulence of N. gonorrhoeae. A number of the genes included here
were the same as those in a previous meningococcal microarray that we studied, where
the expression profile of genes grown in iron-replete and -deplete conditions were
analyzed. For the microarray, oligonucleotides spanning 50 bp of conserved region from
gonococcal specific iron-regulated genes were spotted on a microarray slide and
hybridized with total RNA isolated from gonococcal positive samples. Data from
microarray analysis of total RNA isolated from gonorrhea infected clinical specimens
confirmed our findings using RT-PCR where the variability of expression of the iron and
Fur regulated genes from subjects with uncomplicated gonococcal infection was similar
using both methods. Our results indicate that gonococcal specimens obtained directly
from subjects with mucosal infection express both Fur-repressed (fbpA, thpA, thpB, tonB,
lld, fum(C) and Fur-activated (secY, nspA, sodB, aniA, kat) genes. As a whole, this study
demonstrates the effectiveness of DNA microarray analysis in understanding the role of
the gonococcal Fur regulon in human mucosal infection.
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Redefining virulence, identification of 'virulence' genes within Neisseria lactamica using the
expanded pan-Neisseria microarray.

SNYDER LAS & SAUNDERS NJ.

The Sir William Dunn School of Pathology, University of Oxford, South Parks Road, Oxford,
OX1 3RE, UK.

Introduction. We have recently expanded the pan-Neisseria microarray to include the additional
genes identified in N. meningitidis strain FAM18, GenBank, and from our own sequencing of
Minimal Mobile Elements (MMEs), in addition to those from the 3 previously available genome
sequences and additional MS11 genes. This expanded microarray was used to assess the
presence of these genes within the genomes of 12 unrelated Neisseria lactamica strains using
Comparative Genome Hybridization.

Materials & Methods. The expanded pan-Neisseria microarray was printed onto Genetix Amine
slides using Genetix QArray Mini microarray printers. DNA was extracted from 12 unrelated N.
lactamica strains that have been assessed by MLST previously. Hybridization results were
assessed using tools custom designed for this type of Comparative Genome Hybridization study.
Results & Discussion. Comparisons between related species with commensal and virulent
behaviours provide insights into those genes that are central to virulence. The publication of the
N. meningitidis strain MC58 genome sequence included a description of a set of 96 'virulence'
genes based upon roles associated with virulence in this and other species, including genes for
iron acquisition, colonization, immune evasion, and toxin production (Tettelin, Science, 2000).
The N. lactamica strains tested on the expanded pan-Neisseria microarray have approximately
one half of these genes, with some strain-to-strain variability in presence/absence being evident.
This identifies a subset of divergent and absent genes which may be key to virulence while
differentiating them from genes that are adaptive to conserved characteristics associated with
fitness and common behaviour in both commensals and pathogens. Among the genes present in
N. lactamica are those involved in LPS biosynthesis, iron acquisition, efflux, and pilus
biosynthesis.

These comparisons also reveal a striking similarity in the extent of diversity within the genus.
The microarray results with these commensal Neisseria strains indicate that they share 92% of
the genes present in the pathogens. This figure is similar to that obtained by comparing the
genome sequences of any two of the four sequenced pathogenic Neisseria strains. Therefore, the
key differentiators between pathogens and commensals may be strongly associated with the
functions of a relatively small subset of genes that are both species and pathogen defining, and
not simply reflecting strain-to-strain variation.

Conclusion. Some genes that classically considered to be 'virulence' determinants are present in
strains of the commensal N. lactamica, suggesting that these are involved in survival rather than
being directly responsible for the virulence of the pathogenic Neisseria spp. At the same time a
limited number of genes can be identified and associated with gonococcal and meningococcal
disease causing potential.
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Effective surveillance allows confirmation of epidemic Nm W135 in Africa during 2003.
NELSON CB', PEREA W, KANDOLO D’, CROISIER A* and KOUMARE B’.

Context: Neisseria meningitidis (Nm) serogroups A and C are historically responsible for annual
epidemics in the African Meningitis Belt, a dry region stretching from Senegal in the west to
Eritrea in the east at the southern edge of Sahara dessert and home to 250 million people <30y of
age. Other areas in Eastern and Southern Africa can also be affected. The most recent major
epidemic of meningococcal disease in the Meningitis Belt occurred during the dry seasons
(December-May, typical peak incidence in week 14) of 1996-98 and included at least 250,000
cases. Major epidemics of meningococcal disease occur approximately every 8-12 years.

During a meningitis epidemic case fatality ratios (CFRs) can exceed 50% among untreated cases
with CFRs among treated cases remaining high at 7-25%. Among survivors, 10-20% manifest
long-term, measurable disability including mental retardation and hearing loss and these cases
experience increased mortality.

Nm W135 has been reported in Africa since 1982 and sporadic cases are common in each
epidemic season. In 2000, the first large epidemic of Nm W135 disease was reported among Hajj
attendees in Saudi Arabia and upon return to their home countries. In 2001, Nm W135 was
detected increasingly in West and Central Africa. In 2002, the first large epidemic of Nm W135
disease in Africa was reported in Burkina Faso.

Epidemic preparedness includes surveillance and response activities. Surveillance focuses on
outbreak detection and laboratory confirmation of responsible pathogens/serogroups. Response
includes proper case management and mass reactive vaccination campaigns. The aim of this
presentation is present results of WHO's recent efforts to establish a regional surveillance team,
re-enforce surveillance for epidemic meningococcal disease (EMD) in African Meningitis Belt
countries and support epidemic response.

Results: In 2003, 23,000 cases of EMD were reported from 8 countries with Niger and Burkina
Faso being most affected. Reported CFRs ranged from 7-21%. The highest EMD incidence was
reported among age groups <15y. Although Nm A was most prevalent, Nm W135 was detected
in every reporting country with a substantial number of cases detected in epidemic districts of
Mali, Burkina Faso, Niger and Nigeria.

Two million doses of trivalent Nm ACW vaccine and 1.6m doses of bivalent Nm AC vaccine
were used for epidemic response. Small amounts of tetravalent Nm ACWY vaccine were also
used.

Conclusions: Although epidemic Nm A continues to be the predominant cause of EMD in the
Meningitis Belt, Nm W 135 persists as a threat in these populations. Surveillance, including
laboratory confirmation of cases, is central to the choice of an appropriate vaccine for epidemic
response. The challenge of addressing the future production and availability of the trivalent
vaccine has been successfully met through the establishment of a secure vaccine stockpile.

1) World Health Organization (WHO), Department of Immunization, Vaccines and Biologicals (IVB), CH-1211
Geneva 27, Switzerland. 2) WHO, Department of Communicable Disease Surveillance and Response (CSR), CH-
1211 Geneva 27, Switzerland. 3) WHO Multi-disease Surveillance Center, (MDSC), Ouagadougou, Burkina Faso.
4) WHO/CSR, Lyon, France. 5) WHO/AFRO, Abidjan, Ivory Coast

24



Session I11. Miscellaneous

Serum resistance of Neisseria gonorrhoeae is restricted to humans; a possible explanation
for the species specificity of gonococcal infections

NGAMPASUTADOL J*, RAM S* BLOM AM?, JERSE AE** GULATI S* AND RICE PA*,

*Section of Infectious Diseases, Boston Medical Center, * Lund University, Dept. of Clinical
Chemistry, Malmo, Sweden, and ** Department of Microbiology and Immunology, Uniformed
Services University of the Health Sciences, Bethesda, MD

Neisseria gonorrhoeae infection is restricted to humans. In order to survive in the human host,
the gonococcus must evade the innate immune system. Complement is an important arm of the
innate immune system that combats neisserial infections, as evidenced by the clinical and
epidemiologic observation that individuals deficient in certain components of the complement
system are highly predisposed to recurrent, disseminated gonococcal infections (DGI). An
important mechanism by which gonococci resist complement-mediated killing by normal human
serum (NHS), is to bind complement regulatory proteins such as factor H and C4b-binding
protein (C4bp). We hypothesized that the ability of gonococci to bind human complement
regulatory proteins specifically, but not complement regulatory proteins from other species, may
confer protection to gonococci in the human host, thereby helping to explain why gonococcal
disease is restricted to humans only.

We have shown previously that the porin (Por) molecule of gonococci can bind C4bp and factor
H in human serum; gonococci thereby evade complement-mediated killing. A human C4bp-
binding gonococcal strain capable of fully resisting killing by NHS (100% survival of gonococci
in ¢ 50% concentration of NHS) was killed 100% by normal rat, guinea pig, and rabbit sera at
concentrations as low as 5% serum. Addition of purified human C4bp, to these sera at
physiologic concentrations fully restored serum resistance. Consistent with the results obtained
in these serum killing assays, we found that gonococci did not bind rat, guinea pig, and rabbit
C4bp that was present endogenously in their sera. These results illustrate the importance of
classical complement pathway regulation in restricting both the deposition of complement on
bacterial surfaces and resultant killing.

Similarly, certain gonococcal strains that bear factor H-binding Por molecules are resistant to
NHS, but are fully susceptible to normal rat serum (NRS). Such gonococci were rescued from
killing by NRS by the addition of purified human factor H. Another mechanism that enables
gonococci to resist killing by NHS is sialylation of their lipooligosaccharides (LOSs), which
augments binding of human factor H. While NRS readily killed sialylated gonococci, the
addition of purified human factor H restored the serum resistant phenotype. Our studies
highlight the importance of binding of human complement regulatory proteins in mediating
resistance of N. gonorrhoeae to human serum killing. Acknowledgement of these differences in
non-human sera may prove useful in developing suitable animal models for gonococcal
infection.

25



Session I11. Miscellaneous

Specificity of binding of the global regulatory protein Fur in the Neisseria
meningitidis iron activated secY, nspA, aniA, and norB genes. SEBASTIAN S, SHAIK
YB, SZMIGIELSKI B, and GENCO CA. Department of Medicine, Section of
Infectious Diseases, and Department of Microbiology Boston University School of
Medicine, Boston, Massachusetts 02118, USA.

We recently utilized global transcription profile analysis using microarray technologies to
study the regulation of gene transcription in response to iron in Neisseria meningitidis
MCS58. These studies have proved to be extremely valuable since they have established
that a remarkably large number of genes are activated during growth in high iron.
Interestingly, we also observed that a large percentage of these iron-activated genes were
regulated by the transcriptional regulatory protein Fur in support of the proposed dual
role of the Fur protein as both a negative and positive regulator of gene transcription.
This was established by the presence of Fur-binding consensus sequences in the up-
stream proximal promoter regions of the genes and by gel-retardation experiments
demonstrating Fur binding to PCR-amplified promoter regions. Among the Fur-
dependent, up-regulated genes identified by microarray analysis were the nsp4 and secY
genes, and the divergently transcribed anid and norB genes. While the molecular
mechanisms of Fur mediated transcriptional repression have been thoroughly
investigated, the mechanism of activation by this global regulator has not been well
defined. To further our understanding of the mechanism of activation of Fur in this study
we mapped the Fur binding sites in the promoter proximal regions of the N. meningtidis
MCS58 iron-activated nspA and secY genes and in the intergenic region of the divergently
transcribed anid and norB genes. The nspA Fur binding site as determined by foot
printing studies overlapped the computer predicted Fur box and spanned from —69 to —49
of the nspA operator sequence. While two putative Fur boxes were identified in the
promoter regions of the secY operon, Neisseria Fur was shown to bind to only the
proximal Fur box sequence of the secY operon. Mapping of the Fur binding site in the
intergenic region of the divergently transcribed norB and aniA genes revealed a region of
protection which spanned from —115 to —153, and which overlapped the computer
predicted Fur box. Analysis of the protected regions of the iron-activated genes revealed
perfect hexameric repeats surrounded by repeats with varying degrees of homology and
was similar to the Fur box sequence present in genes which are repressed by Fur. Thus
it appears that Fur binds to a DNA sequence in iron-activated genes which is similar to
that of iron-repressed genes. Our results also suggest that ani4 and norB may undergo at
least two levels of positive regulation; one mediated by Fur and another involving the
positive regulator Fnr. These results provide evidence for the direct involvement of Fur
in regulating the expression of the iron-activated secY, nspA, aniA, and norB genes of N.
meningitidis MC58 and enhance our understanding of the complex iron and oxygen
dependent regulatory networks of the pathogenic Neisseria.
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The penC resistance gene arises from a mutation in PilQ that interferes with
oligomer assembly and prevents antibiotic influx through the PilQ complex. Shuqing
Zhao', Deborah M. Tobiason®, Mei Hu', Hank S. Seifert’, and Robert A. Nicholas.
"Department of Pharmacology, University of North Carolina at Chapel Hill, Chapel Hill,
NC, USA, and "Department of Microbiology and Immunology, Northwestern University
Medical School, Chicago, Illinois, USA.

The penC resistance gene was previously characterized as a spontaneous mutation that
increased penicillin and tetracycline resistance by 2-fold each in a third-level resistant
FAT19 strain (PR100) containing the resistance determinants pend (mutations in PBP 2),
mtr (overexpression of an efflux pump), and penB (alterations in PIB porin). Moreover,
the presence of penC in this third level transformant allowed resistance to be increased by
a mutated ponAd gene encoding an altered form of PBP 1. We now show that the penC
mutation maps to PilQ and results in alteration of Glu-666-->Lys. Western blots of cell
lysates from penC strains with a PilQ antibody revealed the complete absence of the
characteristic high molecular mass PilQ oligomer and increased levels of the PilQ
monomer, strongly suggesting that the mutation interferes with formation of the PilQ
mulitmeric complex. Moreover, these data indicated that a significant flux of antibiotics
occurs through the PilQ complex in PR100. Consistent with this observation, deletion of
PilQ confers the same level of antibiotic resistance to PR100 as the penC mutation.
Introduction of penC or deletion of PilQ increased the MICs for penicillin and
tetracycline only in strains containing the pend, mtr, and penB resistance determinants,
demonstrating that antibiotic entry through the PilQ complex does not become rate
limiting unless influx through other routes (i.e. porins) is decreased. Deletion of PilT in
the presence of wild type PilQ had no effect on resistance to penicillin, whereas deletion
of PilE caused a small but consistent increase in resistance. To understand the nature of
the penC mutation, the codon encoding Glu-666 was randomized and mutants conferring
increased penicillin resistance were selected by transformation. Multiple uncharged
hydrophobic amino acids at this position conferred increased antibiotic resistance by
interfering with PilQ oligomerization. Early studies with PilQ demonstrated that the
oligomeric PilQ complex could be dissociated into monomers on SDS-PAGE following
reduction and alkylation, which suggested the presence of inter-subunit disulfide
linkages. Inspection of the primary sequence of FA19 PilQ identified two cysteine
residues, both of which were located within 25 amino acids of the site of the penC
mutation. Mutation of either of these cysteine residues and transformation into PR100
gave rise to an identical phenotype as penC, i.e. increased resistance to penicillin and
tetracycline and complete loss of the high molecular mass PilQ complex. In summary,
our data indicate that the penC mutation increases resistance by preventing the formation
of the PilQ complex, thereby decreasing the influx of antibiotics into the periplasmic
space of the bacteria. Moreover, our mutational data are consistent with the hypothesis
that the penC mutation exerts its effect by preventing the formation of inter-subunit
disulfide bonds that are critical in PilQ oligimerization.
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Rifampin resistance in Neisseria meningitidis.
Mueller, M. & Nolte, O.

Hygiene-Institute, Dept. of Hygiene & Medical Microbiology, Im Neuenheimer Feld 324,
69120 Heidelberg/Germany

Introduction: Rifampin resistance in Neisseria meningitidis is caused by single point
mutations in rpoB, coding for the second largest subunit of RNA polymerase. Besides
this well characterised resistance mechanism alternative mechanisms have been
discussed. Transfer of the resistance mechanism from a resistant DNA donor to a
susceptible recipient would allow examining the role of the rpoB mutations in high level
rifampin resistance in more detail. For this purpose we have developed a system
allowing transformation of Neisseria species with PCR amplified rpoB fragments of
resistant donors. Further work was spent in generating spontaneous mutants from
either susceptible meningococci or commensal Neisseria species. The results allowed
judging the role of rpoB mutants in high level rifampin resistance.

Methods: PCR amplified subgenic DNA fragments of rpoB were used to transform
meningococci and different commensal Neisseria species. Different transformation
protocols (regarding the use of detergents or specific nutrients/ions) were tested for
efficacy. Transformation was carried out using meningococci as donor and commensal
neisserial species as recipient and vice versa.

Results: A 1352 bp rpoB fragment harbouring one of the rifampin resistance conferring
mutations and the 10bp uptake sequence was used to transform a susceptible
meningococcal strain. Transformants were identified unambiguously by private, silent
mutations which were present in the donor fragment but not at the homologous site of
the recipient. Regardless of the concentration of rifampin in the agar slants used (8
pg/mL, 32 pg/mL, and 256 pg/mL) transformants were found. The PCR fragment was
transformed into different commensal Neisseria species, too. A high number of silent
mutations present at the homologous site of the commensal species allowed the
observation that the entire 1352 bp subgenic fragment was not always adopted
completely, although the resistance conferring mutation and surrounding DNA
sequences were integrated into the genome of the recipient. Rather, partial integration
was observed. Following generation of spontaneous mutants from commensal
susceptible Neisseriae, a resistance conferring 9 bp deletion was found. A PCR
fragment harbouring the site of deletion was successfully transformed in a susceptible
meningococcal strain, leading to high level resistance in the recipient.

Discussion: Our results demonstrate that high level rifampin resistance of
meningococci can be caused by mutations in rpoB alone. The transferability from
meningococci into commensal Neisseria species without the need of cloning provides a
safe and effective tool for studying the resistance mechanism in more detail. This may
also be true for examination of resistance mechanisms other than that for rifampin.
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Gonococcal PLD and Signaling Events Triggered by Neisseria gonorrhoeae Infection of
Primary Cervical Epithelial Cells

EDWARDS, JL AND APICELLA, MA

The University of lowa, Department of Microbiology
Iowa City, IA

Complement Receptor 3 (CR3)-mediated endocytosis is a primary mechanism by which
Neisseria gonorrhoeae elicits membrane ruffling and invades primary cervical epithelium.
Gonococci specifically release proteins, including a phospholipase D (NgPLD), upon infection
of cervical epithelia that facilitate membrane ruffling. NgPLD augments infection by potentiating
cytoskeletal reorganization and recruiting CR3 to the cervical epithelial cell surface. To
elucidate the signaling pathways triggered with gonococcal CR3 engagement and the putative
function of NgPLD in these events, we performed comparative association and invasion assays
in the presence and absence of signal transduction inhibitors. Similar to what is observed in the
absence of NgPLD, decreased CR3 recruitment to the cervical cell surface and gonococcal
association and invasion of these cells occurs with tyrosine kinase and protein kinase C (PKC)
inhibition. Tyrosine kinase activation with pervanadate rescued CR3 recruitment to the cervical
cell surface and gonococcal association with these cells but was insufficient to rescue
intracellular survival of PLD mutant gonococci. Phorbol ester-induced PKC activation rescued
cell surface CR3 recruitment and the association and intracellular survival of mutant gonococci.
This indicated that NgPLD plays a role upstream of tyrosine kinase activation in modulating
signal transduction events leading to CR3 recruitment to the cervical cell surface and also
participates in signaling events downstream of tyrosine kinase activation but upstream of PKC,
which are required for intracellular gonococcal survival. p21-activating kinase (PAK) is
activated with cervical infection, which is consistent with gonococci-induced vinculin focal
complex formation and small G-protein activation. Western blotting using phospho-PAK-
specific antibodies revealed that PAK activation kinetically coincides with the onset of
gonococcal-induced membrane ruffling, suggesting PAK involvement in these processes. The
ability of PAK to activate small G-proteins suggests that this molecule could play a role in Rho-
mediated PIP formation. PIP phosphorylation forms PIP2, which, in turn, is phosphorylated to
form PIP3. Downstream effector molecules of PIP3 include some PKCs and Akt kinase. Akt is
implicated in membrane ruffling and anti-apoptotic events in other cell systems. Association
and invasion assays demonstrate that PIP2 and phosphatidic acid are critical mediators of
cervical infection, whereas diacylglycerol is not. PIP3 itself is not required for primary cervical
cell invasion; however, Akt appears to be crucial to gonococcal invasion. We demonstrate by
Western Blot and immunoprecipitation studies that NgPLD directly associates with Akt during
cervical infection. This might allow the gonococcus to bypass the transformation of PIP2 to
PIP3 and in this manner augment membrane ruffling and promote intracellular gonococcal
survival. Collectively, our data indicate that both gonococcal and human constituents contribute
to cervical signaling cascades initiated with, and required for, the successful infection of primary
cervical epithelia by gonococci.
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Interaction of Neisseria meningitidis with Human Brain Microvascular Endothelial
Cells: Role of MAP- and Tyrosine Kinases in Invasion and Inflammatory Cytokine
Release

Sokolova, O. ', Heppel, N. h Jagerhuber, R. ! Kim, K.S. 3, Frosch, M. , Eigenthaler, M. 2
and Schubert-Unkmeir; A. !

Institute of Hygiene and Microbiology, > Institute of Clinical Biochemistry and
Pathobiochemistry, University of Wuerzburg, Germany; and > Division of Pediatric
Infectious Diseases, Johns Hopkins University School of Medicine, Baltimore, MD, USA

Abstract for oral presentation:

Neisseria meningitidis traversal across the blood-cerebrospinal fluid (B-CSF) barrier is an
essential step in the pathogenesis of bacterial meningitis. This step is accompanied by
increased production of inflammatory cytokines, including interleukin 6 (IL-6), IL-8 and
tumor necrosis factor alpha (TNF-alpha). We have previously shown that invasion of cerebral
microvascular endothelial cells (HBMEC) by meningococci is mediated by bacterial outer
membrane protein Opc that binds fibronectin, thereby anchoring the bacterium to the integrin
alpha 5 beta 1 on the endothelial cell surface. However, subsequent signal transduction
mechanisms essential for or regulated by N. meningitidis adhesion and invasion, or HBMEC
responses to N. meningitidis are unknown.

In this report we investigated the role of c-Jun-N-terminal kinases 1 and 2 (JNK1 and JNK2),
p38 mitogen activated (MAP) kinase and protein tyrosine kinases in endothelial - M.
meningitidis interaction. Binding of meningococci to HBMEC phosphorylates and activates
JNKI1 and JNK2 and p38 MAPK as well as their direct substrates c-Jun and MAP kinase
activated kinase-2 (MAPKAP-2), respectively. In contrast, no activation of p42/44 MAP
kinases was detected. Non-invasive meningococcal strains lacking opc gene (opc mutants and
ST-11 complex meningococci) still activate p38 MAPK, however, fail to activate JNK.
Inhibition of JNK1 and JNK2 using the anthrapyrazolone SP600125 significantly reduced
internalization of N. meningitidis by HBMEC without affecting its adherence. Blocking the
endothelial integrin alpha 5 beta 1 also prevents N. meningitidis-induced JNK activation in
HBMEC. These findings indicate the crucial role of JNK signaling pathway in N.
meningitidis invasion in HBMEC. In contrast, p38 MAPK pathway was important for the
control of IL-6 and IL-8 release by HBMEC: specific p38 MAPK inhibitors SB 203580 and
SB 202190 reduced IL-6 and IL-8 release by about 50% and 64%, respectively. Genistein, a
protein tyrosine kinase inhibitor, decreased both invasion of N. meningitidis into HBMEC
and IL-6/IL-8 release, indicating that protein tyrosine kinases, which link signals from
integrins to intracellular signaling pathways are essential for both bacterial internalization and
cytokine secretion by HBMEC. Uncovering the molecular mechanism of N. meningitidis-
endothelial interaction is the first step in understanding the pathophysiologic mechanisms that
lead to bacterial B-CSF barrier invasion.

31



Session 1V. Cellular Microbiology

Pilin antigenic variation during gonococcal infection of model polarized epithelia.
Criss AK and Seifert HS, Department of Microbiology-Immunology, Northwestern University
Feinberg School of Medicine, Chicago, IL USA

Neisseria gonorrhoeae (Gc) has a remarkable capacity to vary the expression and composition of
its surface-exposed structures, which is thought to contribute to successful immune evasion by
this pathogen. Changes in pilin, the major subunit of type IV pili, arise from the DNA
recombination-based process termed antigenic variation (Av). Pilin Av is a high frequency
event, occurring in vitro at approximately 107 per colony-forming unit." Colonies isolated from
experimentally infected human volunteers and from the basolateral medium of cultured epithelial
cells have changed pilin sequence from the starting inoculum, indicative of Av having occurred,
but it is not known if this is reflective of an increased frequency of Av or selection for
nonparental pilin sequences.”™ Interestingly, the frequency of Av is stimulated following iron
limitation®, a situation Gc might encounter when inside host cells. Given this background, we
have begun investigating the interactions of Gc¢ with polarized T84 cells, a model for the mucosal
epithelium, to address the following questions: 1) Does Av occur in Ge inside epithelial cells?
2) During intracellular existence, is there selection for a particular piliation phenotype in Ge? 3)
If there is no selection, is the frequency of Av upregulated for Gc inside cells?

Our results demonstrate that Opa-expressing Ge are internalized at a low frequency by T84 cells
independent of their piliation status and that intracellular bacterial growth, as assessed by
recoverable colony-forming units, is delayed for several hours post-infection. In line with
previous reports, Gc begin to exit into the basal medium by 24 hours post-infection, but
surprisingly Gc exit at similar levels into the apical medium, demonstrating that egress from
polarized T84 cells is non-directional. In contrast to previous observations®, we observe no
selection for or against piliation in these exited Gc; individual epithelial monolayers yield
bacterial populations that are predominantly piliated, predominantly nonpiliated, or a mix of the
two. Nonparental pilin sequences are detected in both internal and exited Ge (of either piliated
or nonpiliated morphology), indicating that Av occurs during epithelial cell contact. Sequence
analysis reveals that these changes in pilin are similar to those that arise for Ge cultured in vitro.
However, growth inside cells slightly favors non- or underpiliated Ge, which arise through both
pilin Av and PilC phase variation. Together, these results provide a complete profile of Ge
growth and exit from the T84 model for mature polarized epithelia, and question whether
transcytosis is the principal outcome of internalization by these cells. We conclude that if
increased pilin Av is found within infected individuals, this process is not specifically influenced
by epithelial cell interactions.

'Serkin and Seifert, J. Bacteriol. 180: 1955, 1998
*Seifert ef al., J. Clin. Invest. 93: 2744, 1994
*Hamrick ez al., Microbiol. 147: 839, 2001

lver et al, Infect. Immun. 66: 469, 1998

>Serkin and Seifert, Mol. Microbiol. 37: 1075, 2000
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Bacterial Adhesion Under Flow - a real time adhesion assay
MAIREY E*, DONNADIEU E#, GENOVESIO A§, OLIVO JC§, NASSIF X*, DUMENIL G*

* Hopital Necker, Unité INSERM 570, 156 rue de Vaugirard, 75015 Paris, France. # Institut
Cochin, Département de Biologie Cellulaire, Bat Gustave-Roussy, porte B, 3e ét. 22, rue Méchain
75014 Paris, France. § Institut Pasteur, Quantitative Image Analysis Unit, URA CNRS 2582, 25,
rue du docteur Roux, 75724 Paris Cedex 15, France.

Adhesion of Neisseria meningitidis to human cells is a key step in the life cycle of this organism
by allowing colonization of the nasopharynx. Bacterial adhesion is also thought to be a
prerequisite for crossing cellular barriers such as the nasopharyngeal epithelium and the blood
brain barrier, two central events in neisserial infections. Experimentally, bacterial adhesion is
usually modeled in the laboratory by incubating bacteria with cells in culture. /n vivo, however,
bacterial adhesion does not occur in static conditions as those generally used but under liquid
fluxes. In the airway system, mucus velocity is 0.1 mm/s and punctually reaches higher values
upon coughing. In the blood phase of the infection, meningococci adhere to endothelial cells
under blood flow (velocity 0 to 300 mm/s).

We subsequently set up an experimental system allowing the study of bacterial adhesion under
flow. Adherent endothelial or epithelial cells are placed in a flow chamber and bacteria
expressing green fluorescent protein (GFP) are introduced onto the cells under a controlled flow.
Digital time-lapse video microscopy is used to monitor fluorescent bacteria. An image analysis
software was developed for the purpose of monitoring bacteria movement on the surface of cells.
Several parameters such as bacterial attachment, detachment or movement can be measured
automatically in real time.

The piliated, serogroup C, 2C4.3 strain was used as a reference strain and different mutants of
this strain were tested. We first determined the flux under which bacteria can bind to human cells.
Consistently with fluxes found in the nasopharynx or in small capillaries, binding efficiently
occurs in fluxes up to 0.5 mm/s; higher fluxes lead to a sharp decrease in the binding ability of
the 2C4.3 strain. In capsulated bacteria, type IV pilus was an absolute requirement for adhesion
under flow, as non-piliated or pi/C] mutants did not bind. The flux tolerated before detachment of
adhering bacteria was also studied. We found that extreme fluxes resembling those found in large
arteries or during coughing are not sufficient to detach wild-type bacteria.

Surprisingly, in the absence of capsule, pilus is no longer necessary for adhesion under flow. In
these conditions, non-capsulated and non-piliated bacteria (Caps-/P-) are able to bind to cells
even more efficiently than their wild-type counterpart. When higher fluxes are applied to
adhering bacteria, however, Caps-/P- bacteria detach unlike the isogenic piliated bacteria.
Interestingly, before detaching Caps-/P- bacteria slowly move on the apical surface of the cells
presumably by a rolling mechanism. These results demonstrate that neisserial type IV pilus is
necessary to maintain efficient attachment in conditions of physical stress. Pili independent
adhesion, on the other hand may provide a means to colonize new sites in the epithelium through
a rolling mechanism.
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Modulation of host cell survival by PorB of Neisseria gonorrhoeae

KUHLEWEIN, C., KEPP, O. RECHNER, C., MEYER, T.F., RUDEL, T.

Max Planck Institute for Infection Biology, Department of Molecular Biology,
Schumannstr. 21/22, D-10117 Berlin, Germany
E-mail: rudel@mpiib-berlin.mpg.de.

The obligate human pathogen N. gonorrhoeae is the causative agent of the venereal disease
gonorrhoea. Gonococci bind to epithelial cells of the urogenital tract via pili and/or engage
receptors of the CEACAM-family, heparansulfate proteoglycans or integrins by so-called
opacity-associated outer membrane proteins (Opa). Infection with gonococci is accompanied by a
massive inflammation and destruction of the tissue. Although in most cases the infection remains
locally restricted to the urogenital tract in about 1 % of the cases gonococci invade the blood
stream and cause severe bacteraemia.

The neisserial PorB porin has only recently been recognized as factor, which might directly
influence the pathogenicity process. We have demonstrated that PorB is required for efficient
invasion of epithelial cells via heparansulfate proteogylcans '. Van Putten and colleagues showed
? that the PLA serotype of PorB mediated invasion under low phosphate conditions in the absence
of other invasins like the Opa proteins. Another interesting feature of PorB is its ability to
spontaneously translocate as purified protein ° or from bacterial membranes into mammalian
membranes *. Translocated porin targets mitochondria by a thus far unknown pathway *~.

We have investigated, how different infection conditions affect the survival of host cells.
Interestingly, only bacteria interacting via pili or Opa-proteins, but not P.IA, induce apoptosis in
epithelial cells. We investigated the signaling pathway activated by P.IA and show that it differs
from all pathways engaged by Opa-proteins. Moreover, the narrow host specificity of Neisseria
for human cells is not observed for P.IA-mediated invasion since a broad range of cells derived
from different species are invaded via this pathway. We currently investigate on the molecular
level, why apoptosis induction depends on the interaction with the host.

An exciting feature of PorB expressed in host cells is the efficient translocation to mitochondria,
and the induction of mitochondrial permeability transition and mitochondrial swelling in the
absence of significant cytochrome c release. Using genetic tools (knock out lines, knock down
techniques) we delineated the pathway of transfected PorB to the mitochondria and the damage
induced at the mitochondria. Our data suggest that translocation of PorB into mitochondria
occurs via the mitochondrial import pathway. However, loss of function analysis in epithelial
cells showed that translocation of PorB does not ultimately result in permeability transition but
may require the activation of host cell apoptosis effectors. Possible pathways leading to apoptosis
induction by PorB will be discussed.

1. F.J. Bauer, T. Rudel, M. Stein, T. F. Meyer, Mol.Microbiol. 31, 903-913 (1999).
2. J. P.van Putten, T. D. Duensing, J. Carlson, J Exp.Med. 188, 941-952 (1998).

3. T.Rudel et al., Cell 85, 391-402 (1996).

4. A.Muller et al., EMBO J. 19, 5332-5343 (2000).

5. P.Massari, Y. Ho, L. M. Wetzler, Proc.Natl. Acad.Sci.U.S.4 97, 9070-9075 (2000).
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MODULATION OF HOST CELL APOPTOSIS BY MENINGOCOCCAL SECRETED
PROTEINS
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Molecular Bacteriology and Immunology Group, Division of Microbiology and Infectious
Diseases, University Hospital, Nottingham, NG7 2UH, UK

www.nottingham.ac.uk/mbig

A number of bacterial pathogens have been shown to induce apoptosis in target cells of the host
organism: a phenomenon regarded as a component of the pathology of certain bacterial diseases.
As well as inducing apoptosis, interaction with certain pathogens or their products may in some
cases inhibit cellular apoptosis. We have previously shown that infection of meningioma-derived
arachnoid epithelial (meningothelial) cells with N. meningitidis results in changes in expression
levels of a number of genes with a role in apoptosis. We observed a trend in which pro-apoptotic
genes tended to be down-regulated while anti-apoptotic genes were up-regulated. We
demonstrated that, at a phenotypic level, cells pre-treated with meningococci were protected
from staurosporine-induced apoptosis. Similar results have been observed by others in HUVEC
cells infected with gonococci. The outer membrane porin PorB of both N. meningitidis and
N. gonorrhoea has been shown to localise to the outer membrane of host cell mitochondria and
to modulate apoptosis. Interestingly, both induction and protection against apoptosis by
neisserial PorB has been reported.

Neisseria meningitidis secretes a large number of proteins (meningococcal secreted proteins,
MSPs) which are likely to play key roles in the pathogenesis of disease. However, the role of
MSPs in meningococcal pathogenesis is poorly understood. Here, we examined the influence of
MSPs on gene expression in meningothelial cells and compared these effects with those
observed in cells exposed to live meningococci. Meningothelial cells were exposed to either live
meningococci (strain MC58) or their endotoxin-depleted MSPs. Total RNA extracted from cell
monolayers was used as a template for synthesis of radiolabelled cDNA, which was then used to
probe Human Cytokine Expression and Apoptosis Arrays (R&D Systems). Membranes were
subjected to autoradiography and spots were analysed using transmission densitometry and NIH
Imagel Software. The ratios for potentially differentially regulated genes were calculated after
correction for probe variation using constitutively expressed genes on equivalent arrays. Eleven
anti-apoptotic genes and five pro-apoptotic genes were significantly up-regulated in MSP-treated
cells including FLIP, IAP-1, XIAP and PARP. Pre-treatement of meningothelial cells with MSPs
also afforded protection against chemically induced apoptosis. The observed effects are not
thought to be due to contamination of MSPs with PorB as we were unable to detect PorB in MSP
preparations. We are currently continuing these studies with 30,000-gene microarrays in order to
obtain a more complete picture of the changes in apoptosis-related gene expression in response
to MSPs and attempting to determine which components of the MSP preparations are responsible
for the observed effects.

This is the first report describing a role for MSPs in modulation of host cell apoptosis and
suggests that MSPs may play an important role in meningococcal pathogenesis.
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ROLE OF HOST CELL RECEPTORS IN THE INFLAMMATORY RESPONSE OF
HUMAN MENINGEAL CELLS ON INTERACTION WITH NEISSERIA
MENINGITIDIS AND OTHER BACTERIA CAUSING MENINGITIS.

CHRISTODOULIDES M', HUMPHRIES HE', TRIANTAFILOU M?, FOWLER M',
MAKEPEACE BL', WELLER RO°, TRIANTAFILOU K* HECKELS JE'.

"Molecular Microbiology and *Clinical Neurosciences, University of Southampton Medical
School, Southampton, England; ’Department of Biochemistry, School of Life Sciences,
University of Sussex, Brighton, England.

Introduction: The nature and specificity of the interactions between Neisseria meningitidis and
cells of the human meninges has been investigated in vitro using a model based on the culture of
cells from benign tumours (meningiomas) of the meninges. This model identified several of the
major meningococcal surface ligands that mediated interactions with meningeal cells and also
demonstrated that cells of the leptomeninges are likely to be active participants in the innate host
response during meningitis. In the present study, we have extended the use of the meningioma
cell model to i) compare and contrast the biological effects induced by N. meningitidis with the
interactions of several other important bacteria causing pyogenic and neonatal meningitis; and ii)
investigate the activation of meningeal cells by LPS and non-LPS components of meningococci
and the role of host cell receptors in recognition of bacterial ligands.

Results: There were significant differences between the meningeal pathogens in the dynamics of
their interactions. N.meningitidis and H.influenzae did not invade meningioma cells or induce
cell death, but induced a concentration-dependent secretion of inflammatory mediators.
S.pneumoniae was also unable to invade meningioma cells, low concentrations of bacteria failed
to stimulate cytokine secretion, but higher concentrations of pneumococci led to cell death. By
contrast, only E. coli K1 invaded meningioma cells directly and induced rapid cell death before
an inflammatory response could be induced.

These studies demonstrated a complex relationship between expression of meningococcal
components and cytokine induction. LPS-deficient bacteria and isolated OM induced significant
cytokine secretion by meningeal cells, compared with wild-type (LPS") bacteria and OM. By
contrast to E. coli LPS, recognition of LPS-replete meningococcal OM did not involve TLR4, as
determined by RT-PCR on meningeal cells and the use of reporter Chinese Hamster Ovary
(CHO) cell lines expressing CD14 and TLR4. In addition, both the LPS-replete and deficient
meningococcal OM preparations did not up-regulate expression of TLR2 on meningeal cells.
Moreover, fluorescence resonance energy transfer (FRET) and fluorescence recovery after
photo-bleaching (FRAP) techniques demonstrated that other known LPS-associated receptor
proteins (HSP70, HSP90, CXCR4 and GDF5) did not associate with TLR4 and TLR2 receptors
in response to either OM preparation.

Conclusions: Our data demonstrate that the interactions of different bacterial pathogens with
human meningeal cells are distinct and that in the case of meningococci, recognition of
meningococcal LPS and other OM components occurs independently of TLR and other LPS-
associated proteins. Taken together, these data suggest that different intervention strategies may
be needed in order to prevent the morbidity and mortality associated with meningitis caused by
different bacteria and their components.
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Caveolae are involved in Neisseria-host cell interaction

Marieluise Kirchner', Yuri Churinl, Christian Wunderl, Volker Brinkmann® & Thomas

F. Meyer1
Max Planck Institute for Infection Biology, 'Department of Molecular Biology and *Central

Core Facility Microscopy, Schumannstr. 21/22, 10117 Berlin, Germany

An initial step of Neisseria gonorrhoeae (GC) infection, localized adherence, is mediated by
type IV pili. Caveolae are plasmalemmal invaginations implicated in signal transduction and
vesicular transport. Here we report that infection with GC induces recruitment of caveolae
markers to bacterial microcolony. Cholesterol depletion and perturbation of caveolae stability,
abolishing caveolin recruitment, and down regulation of caveolin expression prevent the
microcolony formation on the surface of host cells and induce bacterial invasion. The latter
event depends on Src kinase activation. Thus, caveolae are involved in regulation of initial

attachment of GC to the host cell and impede early bacterial entry.
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Action of a sequence in the pilE upstream regions followed by branch migration of
Holiday Junctions is essential for gonococcal pilin antigenic variation.

Eric Sechman, Kim Kline, Melissa Rohrer, and H. Seifert, Northwestern University
Feinberg School of Medicine, Chicago, IL USA

The lack of immunity, even after numerous gonococcal infections, remains one of
the hallmarks of gonorrhea. Antigenic variation of the pilus is one of the reasons
immunity does not develop and this is mediated by a high-frequency gene conversion
reactions, which utilize the homologous recombination machinery of the bacterium,
between pilS storage copies and the pilE locus.

We developed a semi-quantitative RT-PCR assay to measure the contribution of
all the hypervariable regions of the 18 silent pilin copies of strain FA1090 to changes at
pilE. We found that a non-uniform distribution of silent copies contributes to pilin
variation and that the particular spectrum of silent copies used for pilin variation depends
on the starting pilE sequence. These results show that the starting pilE sequence
influences the repertoire of variant pilins produced in a strain during infection.

We have also conducted a genetic screen, based on a loss of pilus-dependent
colony variation, to isolate genes required for pilin variation. 13 genes were found, that
when inactivated by in vitro transposition and transformation, significantly reduced the
frequency of pilin variation. Several of these genes were previously identified as
members of the RecF-like pathway of homologous recombination including recO, recQ
and recJ. The screen revealed recR as an additional member of the RecF-like pathway.
Two transposons that completely inhibited pilin variation were found upstream of the
pilE promoter. Further transposon mutagenesis of this region of the chromosome and
deletions within this region defined a ~100 bp sequence that is essential for pilin
variation. Furthermore, a transposon insertion into either the ruvA4 or recG gene each
disrupted pilin variation and also produced DNA repair and DNA transformation
phenotypes. Both RecG and RuvA are involved in the branch migration of Holiday
Junctions (HJs), but are involved in separate pathways of HJ processing. Inactivation of
ruvB and ruvC produced strains with phenotypes similar to the ruv4 mutant. Double
mutants were made between recG and ruvA, ruvB, or ruvC, in a strain where recA
expression is regulated by IPTG. Induction of RecA in any of the HJ-processing double-
mutant strains resulted in a severe growth defect. Bacteria surviving IPTG induction were
predominately nonpiliated, which was due to the selection for pilE deletions. Introduction
of a recO mutation, or one of the transposon insertions in the upstream regions of pilE
that block antigenic variation, prevented the RecA-dependent lethality observed in the
HJ-processing double-mutant. This result shows that RecO and the upstream sequence act
before the HJ processing machinery. We conclude that branch migration of HJs, by both
the RecG and RuvABC pathways, is required for antigenic variation, but when both HJ
processing pathways are inactivated, that a recombination intermediate is formed that is
problematic for gonococcal growth.
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Type 1V pilus biogenesis in Neissseria meningitidis. PilW is part of a multi-protein complex
in the outer-membrane that stabilizes the fibers and modulates their functionality.

CARBONNELLE E, HELAINE S, PROUVENSIER L, NASSIF X, PELICIC V
INSERM U570, Faculté de Médecine Necker-Enfants Malades, Paris, France.

Type IV pili (Tfp) play a critical role in the pathogenic lifestyle of N. meningitidis and N.
gonorrhoeae, notably by facilitating bacterial attachment to human cells. However, our
understanding of Tfp biogenesis, during which the fibers are formed in the periplasm, then
stabilized and finally emerge onto the cell surface, remains fragmentary. We therefore identified
all the genes required for Tfp formation in N. meningitidis by screening a genome-wide
collection of mutants for those that were unable to form aggregates, another phenotype mediated
by these organelles. Fifteen proteins, of which only 7 were previously characterized, were found
to be essential for Tfp biogenesis. One novel component, named PilW, was studied in more
detail and was found to present features similar to the extensively studied PilC. PilW is an outer-
membrane protein necessary for the stabilization of the fibers since Tfp could be restored in a
pilW mutant by a mutation in the twitching motility gene pilT. However, Tfp-linked properties
such as adherence to human cells were not restored in a pi/W/T mutant, which suggests that PilW
also participates in the functional maturation of the fibers. Together with the finding that PilW
stabilizes the PilQ multimers, which suggests that these two proteins interact, our results extend
the current model for Tfp formation by indicating that a multi-protein complex in the outer-
membrane, probably centered around PilQ and comprising at least PilC and PilW, is involved in
the terminal stage of Tfp biogenesis during which growing fibers are not only stabilized, as
previously thought, but also maturated, which is of paramount importance for their functionality.
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Evidence for cooperative interactions between gonococcal transferrin binding proteins

Cornelissen CN, Kenney CD, Yost-Daljev MK.
Departments of Microbiology and Immunology and Pathology, School of Medicine, Virginia
Commonwealth University, Richmond, VA, USA

Neisseria gonorrhoeae has the capacity to acquire iron from the human glycoprotein transferrin,
via surface expression of a complex receptor comprised of two dissimilar proteins, TbpA and
TbpB. TbpA is an integral outer membrane protein that belongs to the family of TonB-dependent
transporters. This group also includes the siderophore and vitamin B12 receptors expressed by E.
coli and other enterics. TbpB is believed to be largely surface exposed outside the outer leaflet of
the outer membrane, to which it is tethered by a lipid modification on the amino terminus.
Various analyses have suggested that TbpA and TbpB interact with one another in the outer
membrane and in doing so effect the surface exposure and binding characteristics of each other.
We utilized immunoprecipitation to demonstrate a stable association between TbpA and TbpB,
without the addition of exogenous cross-linkers. Gonococcal TonB is also detectable in these
immunoprecipitatable complexes. We generated several isogenic mutants of N. gonorrhoeae that
no longer express components of this TonB-energized receptor complex. We analyzed the rate at
which holo-transferrin associates with the wild-type and mutant receptors and also characterized
the rates at which transferrin dissociates from these receptors. The results of these analyses
indicate that both TbpB and TonB-derived energy contribute to the rates of transferrin
association with and dissociation from the gonococcal cell surface. This implies that the
mechanism by which TbpB facilitates transferrin-iron acquisition is both by increasing
association of ligand with the receptor and by promoting release of ligand from the receptor,
presumably after transferrin has been relieved of its iron, although this latter point has not yet
been formally tested. In addition to these studies, we have constructed epitope-tagged forms of
TbpA, with which we evaluated surface exposure of particular TbpA epitopes. Of the 12 mutants
constructed, seven were incapable of transferrin-iron utilization. However, the growth defects of
three of these mutants were overcome by the simultaneous expression of a wild-type TbpB,
indicating that the wild-type TbpB is capable of compensating for deficiencies imposed by the
TbpA insertion mutation. Interestingly, we isolated revertants of two other epitope-insertion
mutants after extended growth on plates containing transferrin as a sole iron source. By PCR
analysis, we confirmed that the HA insertion was retained in its original position in the revertant.
Furthermore, these revertants could only be isolated in a strain that expressed TbpB. We are
currently characterizing the genetic basis for this reversion event. Overall, the results indicate
that TbpA and TbpB form a complex in which TbpB contributes to efficient association and
rapid dissociation of ligand. Moreover, functions eliminated by in vitro mutagenesis of TbpA can
be compensated for by the presence of TbpB.
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Role of the lactate permease in the pathogenesis of meningococcal infection and as a
potential vaccine candidate EXLEY RM', SHAW J?, READ RC?, GOODWIN L?, SUN
Y-H', L1 Y', SMITH H’, TANG CM'. 'The Centre for Molecular Microbiology and
Infection, Flowers Building, Imperial College London, Armstrong Road, London, SW7
2AZ, UK. ’Division of Genomic Medicine, F-floor, University of Sheffield Medical
School, Beech Hill Road, Sheffield, S10 2RX, U.K. 3The Medical School, University of
Birmingham, Edgbaston, Birmingham, B15 2TT, U.K.

To cause disease, Neisseria meningitidis must acquire essential nutrients to multiply in
the systemic circulation, while avoiding exclusion by host innate immunity. We have
found that the utilisation of carbon sources by N. meningitidis determines its ability to
withstand complement-mediated lysis. The gene encoding the lactate permease, /ctP,
was identified and disrupted, resulting in a strain with reduced growth rate in
cerebrospinal fluid and impaired capacity to colonise human nasopharyngeal tissue
compared with the wild-type. The /ctP mutant was also attenuated during bloodstream
infection. However, this was not due to an effect on growth, but resulted from loss of
resistance to complement-mediated killing; the link between lactate and complement was
demonstrated by the restoration of virulence of the /ctP mutant in complement deficient
(C37) animals. The underlying reason for attenuation is the reduction in sialylation of
lipopolysaccharide when lactate is unavailable. We show that lactate influences LPS
sialylation through a direct link between intermediary metabolism and sialic acid
biosynthesis in the bacterium, demonstrating the essential relationship between carbon
source utilisation and resistance against innate immunity in N. meningitidis.

The ability of recombinant LctP to protect against challenge with live N. meningitidis was
established. Mice immunised with LctP were significant protected against systemic
infection compared with control animals receiving adjuvant alone. Therefore, LctP and
other proteins involved in metabolic functions may prove to be successful vaccines for
preventing meningococcal infection.
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Genomic analysis of the c-type cytochromes of Neisseria gonorrhoeae: mutational and
biochemical analysis of cytochrome c¢’, a nitric oxide-binding lipoprotein important
for adaptation to micro-aerobic growth and its implications for pathogenicity
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'School of Biosciences, University of Birmingham, Edgbaston, Birmingham, B15 2TT,
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Neisseria gonorrhoeae was previously reported to be a prolific source of c-type
cytochromes. Six of the seven c-type cytochromes predicted from in silico analysis of the
gonococcal genome are expressed during aerobic growth. The seventh, a cytochrome ¢
peroxidase (CCP), was previously shown to be a lipoprotein that is expressed during
oxygen-limited growth. Five of the constitutively expressed cytochromes are predicted to
be components of the cytochrome bc; complex, cytochrome ¢ oxidase chb;, or periplasmic
cytochromes involved in electron transfer reactions typical of a bacterium with a micro-
aerobic physiology. The final c-type cytochrome, CycP, like CCP, includes a lipobox
required for targeting it to the outer membrane. Mutagenesis of the gonococcal cycP gene
results in an extended lag phase during micro-aerobic growth in the presence, but not in the
absence, of nitrite, suggesting that nitric oxide generated from nitrite reduction during
adaptation to oxygen-limited growth is toxic to the cycP mutant. The cycP gene was over-
expressed in Escherichia coli. The recombinant CycP was targeted to the E. coli outer
membrane, and binds NO in vitro. The absorption spectra of gonococcal cytochrome ¢’
were similar to those of other previously characterised cytochrome ¢’ proteins.
Spectroscopic evidence will be presented that it binds NO, and its NO binding properties
are more closely related to those of denitrifying bacteria than to those of photosynthetic
bacteria.

The demonstration that two of the seven gonococcal c-type cytochromes fulfil
specialised functions and are outer membrane lipoproteins suggests that in both Gram-
positive and Gram-negative bacteria, the localisation of lipoproteins close to the bacterial
surface provides effective protection against external assaults from reactive oxygen and
reactive nitrogen species. We further propose that this might be a far more general aspect
of microbial physiology rather than a specialised adaptation of pathogens.
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A structural analysis of the DNA-binding regulatory proteins of the pathogenic
Neisseria.
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Introduction. The regulatory systems of the Neisseria species display many interesting
features and raise important questions. Their limited range of stress responses, the differences
in IHF relationships with growth curves, the restricted set of sigma factors, the divergence of
regulators from those of other species, a relatively small number of regulators and a high
number of phase variable genes, and questions over which systems are intact and which are
not, all indicate the need for detailed assessment of these regulatory systems. We are
therefore pursing a protein expression and structurally based study of the complete repertoire
of DNA binding proteins in both N. meningitidis (NME) and N. gonorrhoeae (NGO), with a
view to defining the structure-function relationships of these proteins, and to provide key
reagents for experimental studies of regulation.

Candidate gene selection. The complete genome sequences of all 4 available Neisseria were
assessed for homologues of DNA binding proteins with potential regulatory functions.
Representative orthologues of each regulator in each genome were identified with the genes
selected in order of preference from NME strain MC58, NGO strain FA1090, NME strain
72491, and NME strain FAM18. A total of 68 proteins were selected for cloning into the
expression vector systems.

Cloning and expression strategy. Candidate genes were amplified from genomic templates by
PCR and inserted in parallel into T7 promoter based expression plasmids (pDEST17,
pET15G and pDEST14) using Gateway™ ligation independent cloning. A N-terminal
hexahistidine tag was added to each sequence for purification. Constructs were screened for
expression in E. coli BL21(DE3) strains (Rosetta pLysS and B834) using NiNTA magnetic
beads to harvest soluble proteins in a 96-well format. Expression was analysed by SDS-
PAGE and showed that 51/62 cloned genes were expressed, of which 39 showed some
soluble product. Selected proteins were also cloned and expressed into pNSX4 and used for
protein preparation.

Purification and crystallisation strategy

Prioritised on the basis of expression characteristics, proteins (both native and
selenomethionine labelled) were purified by a combination of NiNTA affinity
chromatography and gel filtration. For crystallisation trials, proteins were set up in 200nl
(100nl protein @ >/=10mg/ml + 100nl precipitant) sitting drops in 96 well plates and
incubated at both 21 °C and 4 °C.

Progress.

To date, 5 of the first 13 proteins that have entered the crystallisation screening process have
been crystallised. Diffraction datasets have been obtained from 2 of these (NMB1995 and
NMBO0736) and the structures solved by molecular replacement. The structures of the
proteins will be presented and discussed, together with strategies for further exploitation of
these proteins.
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Lytic transglycosylases act in the release of proinflammatory molecules in Neisseria
gonorrhoeae

CLOUD KA, HAMILTON HL, KOHLER PL, and DILLARD JP
University of Wisconsin-Madison Medical School, Madison WI 53706

Peptidoglycan (PG) fragments are released by Neisseria gonorrhoeae and cause the death
of ciliated fallopian tube cells in the organ culture model of pelvic inflammatory disease.
The most abundant PG fragments released are two 1,6-anhydro PG monomers. The 1,6-
anhydro disaccharide tetrapeptide is identical to the tracheal cytotoxin elaborated by
Bordetella pertussis. The 1,6-anhydro disaccharide tripeptide is identical to the PG
monomer shown to activate the inflammatory response during Shigella flexneri
infections. Despite their importance in the pathogenesis of these diseases, the genes for
cytotoxin production have not been characterized in any of the pathogens that produce
them.

The anhydro bond on the released PG fragments suggested that the toxins are
produced by lytic transglycosylases. Therefore we mutated each of six lytic
transglycosylase genes in the gonococcal chromosome. The mutants were characterized
for PG fragment release, extent of autolysis, and the cell morphology and growth rate.
We have previously shown that a mutation in /tgA4 caused a reduction in PG monomer
release by 40%, and that the mutant released more multimeric PG fragments. The mutant
was not affected in growth, except for showing increased survival in late stationary phase
culture. Mutations in /tgB gave only slight differences in these assays. However, mutation
of ltgD reduced fragment release and shifted the size of released fragments to larger
multimers. An /tgABD triple mutant showed no release of PG monomers and was not
reduced in growth. However, mutation of /tgC inhibited cell division and separation,
causing the mutants to grow in groups as large as 10 cells. The growth of the /tgC strain
was severely impaired, and the bacteria were more prone to cell lysis. Mutation of at/4 or
ltgX, the lytic transglycosylase genes found in the gonococcal genetic island, did not
lower PG fragment release. However, at/4 mutations resulted in a loss of type IV
secretion of DNA. Secreted DNA may be pro-inflammatory since purified gonococcal
DNA was found to signal through TLR9Y.

These results indicate that LtgA and LtgD are primarily responsible for toxic PG
fragment production, but are not required for growth. The question remains as to why
gonococci release PG fragments, whereas most gram-negative bacteria efficiently recycle
them. The identification of LtgA and LtgD as crucial enzymes will allow us to determine
other interacting proteins involved in PG fragment production and characterize the
control of their production or localization. The /tg4BD mutant is being used in cell
culture infections in order to judge the role of released PG fragments in cytokine
induction. The finding that LtgC is required for normal growth and division shows that
the mechanisms of gonococcal cell division differ from those of E. coli and suggests that
this lytic transglycosylase may be a target for antimicrobial therapy.
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Serogroup W-135 Meningococcal Disease in Burkina Faso, 2002 and 2003.
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Background: Neisseria meningitidis (Nm) causes large epidemics in African “meningitis belt”
countries. Historically, these epidemics have been caused by serogroup NmA and occasionally
by serogroup NmC. Bivalent (A/C) meningococcal polysaccharide vaccine is used for epidemic
control through district level reactive mass vaccination campaigns, once the WHO-defined
epidemic threshold (10 cases/100,000 population) has been surpassed. In 2000, the first NmW-
135 epidemic occurred in Saudi Arabia among Hajjis. In 2001, NmW-135 cases occurred in
Burkina Faso and Niger prompting enhanced surveillance and laboratory confirmation of
meningitis epidemics during 2002.

Methods: We conducted prospective surveillance and laboratory confirmation of suspected
meningitis cases in Burkina Faso during the 2002 and 2003 epidemic seasons. Based on the
WHO case definition, a suspected case was defined as a person with sudden onset of fever with
neck stiffness, headache, purpura or a bulging fontanel; a confirmed case had Nm detected by
latex agglutination or isolated from cerebrospinal fluid (CSF). CSF specimens were collected
from suspected meningitis cases, inoculated on trans-isolate (T-I) media and transported to
national reference laboratories within 2-5 days for culture and serogrouping.

Results: From 1/1-5/19/2002, 12,790 suspected meningitis cases and 1,469 deaths (case fatality
ratio [CFR] 11.5%) were reported in Burkina Faso. The overall attack rate was 108/100,000
population and 30 (56%) districts surpassed the epidemic threshold. A pathogen was cultured
from 205 of 599 CSF specimens collected. Of these, 179 (87%) specimens were laboratory
confirmed. Among these, 167 (81%) were Nm W-135 and only 12 (6%) were NmA. Response to
the 2002 epidemic was hindered by lack of serogroup W-135-containing meningococcal vaccine.
This epidemic triggered, however, rapid production and licensure of a new trivalent (A/C/W-
135) meningococcal polysaccharide vaccine for evaluation and use in Africa.

From 1/1-6/1/2003, 7673 cases and 1146 deaths (CFR 14.9%) were reported in Burkina Faso and
17 (32%) districts surpassed the epidemic threshold. The overall attack rate was 61/100,000
population. A pathogen was cultured from 511 of 1098 CSF specimens collected. Of these, 368
(33.5%) specimens were laboratory confirmed. Among these, 264 (71.7%) were NmA and 104
(28.3%) were NmW-135. In contrast to 2002, W-135-containing vaccine was available in 2003,
and decisions about mass vaccination with bivalent (A/C) or trivalent (A/C/W-135) vaccines
were guided by serogroup distribution and district attack rates. Eleven epidemic districts
received trivalent vaccine.

Conclusion: In 2002, Burkina Faso experienced the largest meningococcal disease epidemic
caused by serogroup W-135 ever documented. Data from 2003 demonstrate the continuous role
of NmA as a cause of epidemics and reveal the co-existence of NmA and W-135 during
epidemics. The emergence of NmW-135 underscores the need to continue prospective
epidemiological surveillance and serogroup confirmation of meningitis cases to monitor disease
trends and guide vaccine selection for epidemic response.
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Epidemic group A meningococcal disease in the Sudan despite high
levels of naturally-acquired serum group A antibodies

GRANOFF DM and AMIR J. Children’s Hospital Oakland Research Institute, Oakland
California, USA

We recently described a meningococcal polysaccharide immunogenicity study conducted
in Khartoum during the height of the 1999 group A epidemic (Ismail, et al, Pediatric
Infectious Disease Journal, in press). Despite mass immunization, 3377 cases were
reported in Khartoum over a five-month period. Serum anticapsular antibody
concentrations of unimmunized Sudanese bled at the peak of the epidemic were
indistinguishable from those of unimmunized subjects bled a month later when the
epidemic had begun to wane with onset of the rainy season (geometric means of 31.4 and
27.3 micrograms/ml, respectively, for adults, and 13.2 micrograms /ml and 14.1
micrograms /ml for the 3- to 17-year olds). The data underscored difficulties of raising
immunity of a population by vaccination during an epidemic before widespread exposure
to the organism has occurred. Little is known about why group A strains are epidemic in
some populations but rarely cause disease in others. Here we describe studies of
naturally-acquired serum group A antibodies in a new group of 47 unimmunized
Sudanese adults bled during the 1999 epidemic, 57 adults from Uganda, which borders
Sudan but is outside the African “meningitis belt,” and 132 adults from North America
where group A exposure rarely occurs. Serum anticapsular antibody concentrations were
prevalent in all three populations but were, on average, 6-fold higher in Sudanese
(geometric mean of 31.5 pg/ml) than in North Americans or Ugandans (geometric means
of 5.4 micrograms /ml and 5.3 micrograms/ml, respectively, P<0.001). 66% of Sudanese
had serum bactericidal titers before vaccination that correlated with protection (* 1:4 with
human complement), as compared with 27% and 23%, respectively, of North Americans
and Ugandans (P<0.001). Based on inhibition studies, the majority of the bactericidal
antibodies in the Sudanese sera were directed at the group A polysaccharide, whereas
only 17% and 6% of bactericidal sera from North America or Uganda, respectively, were
inhibited by group A polysaccharide (p<0.0005). Approximately 50% of the non-
bactericidal Sudanese sera had high IgA anticapsular antibody concentrations, which
were rarely detected in sera from Uganda or North America. Thus, naturally-acquired
serum group A anticapsular antibodies are prevalent in all three populations. However,
cross-reacting antibodies in Ugandan and North American sera are usually not
bactericidal while antibodies in Sudanese sera, which likely reflect exposure to the
epidemic group A strain, are bactericidal, although occasionally bactericidal activity may
be blocked by high concentrations of IgA antibody. Meningococcal epidemics in Sub-
Sahara result from unique environmental factors that favor spread of a virulent epidemic
strain, which can occur despite a high prevalence of naturally-acquired serum
anticapsular antibodies. Routine meningococcal immunization, therefore, will prevent
epidemics only if vaccination reaches a large portion of the population and not only
prevents disease in individuals but also decreases transmission of the organism in the
population.
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Antigenic shift associated with increased serogroup Y meningococcal infection in
Maryland: A population-based, molecular epidemiologic study.

HARRISON LH, JOLLEY KA, SHUTT KA, MAIDEN MCIJ.

Department of International Health, Johns Hopkins University Bloomberg School of
Public Health, Baltimore, MD, USA; Infectious Diseases Epidemiology Research Unit,
University of Pittsburgh, Pittsburgh, PA, USA; Peter Medawar Building and Department
of Zoology, University of Oxford, Oxford, United Kingdom

Background. The incidence of invasive serogroup Y infection increased in Maryland
during the 1990s, with a doubling of both incidence and the proportion of all
meningococcal cases that were serogroup Y. Nucleotide sequence-based methods
enabled the changes in genotype and antigenic properties of these organisms to be
monitored.

Methods. Multi-locus sequence typing and antigen gene sequence typing was
performed on all available serogroup Y isolates from Maryland residents with invasive
disease from 1992-2001. The antigens targeted were the deduced PorA (P1) variable
regions (VRs) 1 and 2 and the FetA (F) protein VR.

Results. There were 106 serogroup Y isolates, which contained 16 sequence types (STs).
From 1992-2001 100 of these isolates (94%) belonged to the ST-23 complex; the
remaining 6 (6%) comprised a group of 4 related STs. When the ST-23 complex isolates
were classified according to OMP profile, 59% were P1.5-1, 2-2: F.5-8, which
predominated during the early 1990s; 37% were P1.5-2,10-1: F.4-1; and 4% consisted of
other OMP profiles. The incidence of infection caused by P1.5-2,10-1: F4-1 isolates
increased 14-fold during 1992-2001 (p value for trend <0.001). However, the increase in
serogroup Y infection was initially caused by P1.5-1,2-2: F5-8 isolates but was later
sustained by the increase in P1.5-2,10-1: F4-1 isolates.

Conclusions. During a period of increasing serogroup Y infection, the vast majority of
disease was caused by ST-23 complex isolates. In the early 1990s, the predominant clone
had a different antigenic profile than the clone that predominated during later years. Less
population immunity to P1.5-2,10-1: F.4-1 likely allowed it to emerge in the face of a
decline in the incidence of the clone that initially predominated. The diversity we
observed is consistent with strong immune selection acting on 2 genes located on
different parts of the chromosome and the non-overlapping antigenic structure was most
likely imposed by herd immunity. These data suggest that increases in meningococcal
incidence during endemic periods could be caused in part by antigenic shift.
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Distributed web-accessible databases developed for meningococcal typing and
epidemiology

JOLLEY KA and MAIDEN MCJ

The Peter Medawar Building for Pathogen Research and Department of Zoology, University of
Oxford, Oxford, OX1 3SY, United Kingdom

Meningococcal typing is increasingly being performed using nucleotide sequence-based methods
on both housekeeping and antigen genes. Sequence data offer the most fundamental level of
discrimination while being unambiguous in assignment and easily portable by electronic means.
We have developed a number of web-accessible, inter-connected, databases that can aid the
public health communities with the rapid assignment of sequence types and antigen variants.

The Neisseria MLST website and databases, located at http://pubmlst.org/neisseria/, have
definitions for over 3500 sequence types, many of which have been assigned to clonal
complexes. The databases have a distributed structure, with allelic profiles and allele sequences
separated from isolate data. This distributed structure enables any number of isolate databases to
be set up with the advantage that they can be customised to an individual project or laboratory
with specific access restrictions. The isolate databases can all query the profiles database for
allelic profile definitions, so there is no duplication of data, preventing integrity problems such as
multiple assignments of the same profile or sequence. Along with the ‘PubMLST’ general
isolate database that anyone can submit data to, a database containing information on the highly-
characterised 107 isolates used in the original MLST validation is available, as well as others that
contain datasets described in particular papers. The distributed structure allows databases to be
geographically separated, with queries performed between them over the Internet. The profiles
and ‘PubMLST’ isolate databases are easily copied and we have set up mirror sites to provide a
robust service that will remain online even if the primary site becomes temporarily unavailable.
The database software can retrieve information from PubMed enabling searches for isolate sets
from a particular paper or by an individual author.

The MLST isolate databases can also be linked easily to those for antigens, which are currently
available for porB and the PorA and FetA variable regions (http://neisseria.org/nm/typing/). By
including fields for these antigens within the MLST database, antigen sequences can be retrieved
automatically for individual isolates. The antigen databases themselves provide tools for the
easy assignment of antigen variants, incorporating BLAST searches so that either nucleotide or
peptide sequences can be queried and an assignment made or the nearest variant determined.

The integration of such multiple data sources over the Internet provides powerful tools for
epidemiology and vaccine development.
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Diversity in pathogenicity can cause outbreaks of meningococcal disease

STOLLENWERK N', MAIDEN MCJ? AND JANSEN VAA'

1: School of Biological Sciences

Royal Holloway - University of London,
Egham, Surrey TW20 0EX,

U.K.

2: The Peter Medawar Building for Pathogen Research
and Department of Zoology, University of Oxford
South Parks Road, Oxford OX1 3SY,

U.K.

Neisseria meningitidis, the meningococcus, is a major cause of bacterial meningitis and
septicaemia world-wide. Infection in most cases leads to asymptomatic carriage and only
rarely to disease. Meningococcal disease often occurs in outbreaks, which are both
sporadic and highly unpredictable. The occurrence of disease outbreaks in a host
population in which the aetiological agent is widely carried is not well understood. A
potential explanation lies in the fact that genetically distinct meningococci are diverse
with respect to disease-causing potential. We formulated a stochastic mathematical model
to investigate whether diversity of the bacterial population is related to outbreaks of
meningococcal disease. In the model strains that occasionally cause the disease appear
repeatedly in a population dominated by a non-pathogenic strain. When the
pathogenicity, i.e. the disease-causing potential of the pathogenic lineage, was low the
model shows distinct outbreaks and the size distribution of the outbreaks follows a power
law. The ratio of the variance to the mean number of cases is high in such cases. Analysis
of notification data of meningococcal disease showed that the ratio of the variance to the
mean was significantly higher for meningococcal diseases than for other bacterial
invasive diseases. This lends support to the hypothesis that outbreaks of meningococcal
disease are caused by diversity in the pathogenicity.

52



Session VII. Host Response

53



Session VII. Host Response

Defining targets for C3 and C4 on pathogenic Neisseria
PRASAD A , NGAMPASUTADOL J, GULATI S, RAM S AND RICE PA
Section of Infectious Diseases, Boston University Medical Center, Boston, USA

Activation of the classical complement pathway is essential for mediating serum killing of
pathogenic Neisseriae. Previously, we identified lipooligosaccharide (LOS) as an acceptor for
the complement component C4b. Presently, we have identified a second acceptor for C4b,
having a molecular mass of ~18-22kDa, that in addition is phase-variable. One such major outer
membrane phase-variable protein in Neisseria is opacity-associated protein, called Opa. A single
neisserial strain can possess 3-4 (in Neisseria meningitidis) or 11 (in N. gonorrhoeae) unlinked
chromosomal alleles that encode distinct Opa variants. The C4b-protein complex, formed by
incubating normal human serum (NHS) with Opa expressing Neisseriae, was evidenced by co-
localization with anti-Opa and anti-C4 antibodies in western blots. The linkage between C4b and
Opa was amide in nature, by virtue of its resistance to nucleophilic attack by 1M Methylamine,
pH 11. We insertionally inactivated the expressed opa gene in an unencapsulated meningococcal
strain. Although the total amount of C4b bound to both the wild-type and mutant strains (Opa+
and Opa-) was similar, the resultant Opa- mutant was more resistant to direct complement-
mediated killing by NHS (45% killing in 10% NHS compared to 85% killing of the wild-type,
Opa+ strain).

N. gonorrhoeae can express one or more Opa proteins out of the 11 opa alleles (OpaA through
OpaK). We examined the ability of different Opa proteins to bind C4b, by using a series of Opa
variants derived from the gonococcal strain FA1090, which expressed a particular Opa
predominantly, or no Opa at all. All Opa variants bound C4b via an amide bond. In addition to
Opa and LOS, we also detected C4b binding to the porin (Por) molecule on gonococci.

Because C3b, akin to C4b, possesses an internal thioester bond, we sought to also examine the
linkages formed between C3b and neisserial surface targets. In contrast to the amide linkages
formed by C4b, C3b bound the same targets on meningococci and gonococci via ester-linkage
predominantly.

These findings may serve to explain why Opa- phenotypes are observed in meningococci
recovered from the bloodstream and gonococci recovered from the female genital tract at the
time of menses, where the organisms encounter a high level of complement. Possessing a phase-
variable target for C4b could provide a means for these bacteria to modulate complement
activation during different stages of disease.
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The role of meningococcal secreted proteins in host-cell interaction

ALA'ALDEEN DAA, ROBINSON K, TARAKTSOGLOU M, ROWE KSJ,
WOOLDRIDGE KG

Molecular Bacteriology and Immunology Group, Division of Microbiology and Infectious
Diseases, University Hospital, Nottingham, NG7 2UH, UK
www.nottingham.ac.uk/mbig

Neisseria meningitidis secretes a large number of proteins (meningococcal secreted
proteins, MSPs) which are likely to play key roles in the pathogenesis of disease.
However, MSPs have been poorly characterised and their relative contribution to host-
pathogen interactions remains unknown. Here, we examined the differential gene
expression of meningioma-derived arachnoid (meningothelial) cells in response to purified
MSPs compared to live meningococci.

The host cells were exposed to either live meningococci (strain MC58) or their endotoxin-
depleted MSPs. Total RNA extracted from cell monolayers was used as a template for
synthesis of radiolabelled ¢cDNA, which was then used to probe Human Cytokine
Expression and Apoptosis Arrays (R&D Systems). Membranes were subjected to
autoradiography and spots were analysed using transmission densitometry and NIH ImageJ
Software. The ratios for potentially differentially regulated genes were calculated after
correction for probe variation using constitutively expressed genes on equivalent arrays

A striking finding was the 2876-fold up-regulation in transcription of cyclooxygenase-2
(COX-2) within 8h of exposure to MSPs but not after exposure to live meningococci for
the same time. By 24h, however, live meningococci induced greater up-regulation of
COX-2 transcription than MSPs. COX-2 is an important multi-functional protein involved
in the synthesis of prostaglandins and pro-angiogenic factors. It is believed to be an
important mediator of the response to bacterial sepsis, including stimulation of endothelial
cell migration and prevention of apoptosis. COX-2-deficient mice have increased
susceptibility to bacterial peritonitis and endotoxaemia.

Transcription and translation of COX-2 in the human meningothelial cells were confirmed
by real time RT-PCR and immunoblotting, respectively. Although the MSP preparations
used were LOS-depleted, the possibility that the observed effects were due to residual LOS
on COX-2 expression could not be ruled out. Immunoblots of meningothelial cells
exposed to MSPs prepared from strain H44/76 and its LOS-deficient derivative
H44/76[pLAK33] revealed equivalent expression of COX-2 confirming that the MSP-
induced COX-2 up-regulation was unrelated to LOS.

These findings indicate that MSPs may play important roles in the host-pathogen
interaction and that COX-2 is involved in the pathogenesis of meningococcal disease. Up-
regulation of COX-2 expression was recently reported in urethral epithelial cells following
exposure to N. gonorrhoeae. However, this is the first report of COX-2 expression in
response to meningococci or its secreted proteins.
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Meningococcal porin PorB activity is abrogated in
TLR2 ko B cells.

Massari P., King C.A, Gunawardana J. and Wetzler L.M.

EBRC, Division of Infectious Diseases, Boston University School of
Medicine, 650 Albany Street, Boston MA 02118

Purified neisserial porin PorB or porin from intact bacteria co-localizes with mitochondria of
different cell types, including murine splenic B cells. This interaction has been shown to lead to
protection of mitochondria from staurosporine-induced membrane depolarization. Accordingly
with what previously published by our group, by interacting with mitochondrial porin VDAC,
neisserial porin PorB helps maintaining the integrity of the mitochondrial membrane, preventing
mitochondrial depolarization induced by staurosporine and thus preventing release of
cytochrome ¢ from the inner membrane space and the following activation of the apoptosome
complex.  The interaction of PorB with mitochondria from TLR2 ko B cells has been
investigated and it does not seem to require the presence of TLR2 on the B cell surface, since we
could detect porin association with mitochondria isolated from either wt or TLR2 ko B cells.
Interestingly, PorB failed to protect TLR2 ko B cells from staurosporine-induced apoptosis as
compared with B cells from wt mice.

One of the most important characteristics of neisserial porins is their ability to up-regulate the
expression of the co-stimulatory factor CD86 on the B cell surface, thus increasing the cross-talk
between B cells and T cells in vivo, and inducing a strong potentiation of the immune response.
Our group has also shown that this characteristic effect of PorB is abrogated when the porin is
incubated with B cells from TLR2 ko mice. We have then investigated if the lack of anti-
apoptotic activity of PorB and its inability to up-regulate CD86 in TLR2 ko B cells might be a
consequence of a blockage in the B cell activation pathway induced by PorB.
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Neisseria-host cell interactions in CD46 transgenic mice.

JOHANSSON L, RYTKONEN A, AND JONSSON A-B

Microbiology and Tumor Biology Center, Karolinska Institutet, Stockholm, Sweden

An important interaction occurs between pili of Neisseria and CD46, a human cell surface
protein involved in regulation of complement activation. In order to develop an experimental
infection model that mimics the human host, we used transgenic mice that express CD46
with human-like tissue specificity, and showed that CD46 transgenic mice are susceptible to
meningococcal disease.

CD46 transgenic mice challenged intraperitoneally (IP) with N. meningitidis developed
bacteremia and lethal disease in a dose-dependent manner. Nontransgenic mice survived
challenge, although they had similar bacterial blood counts compared with CD46 transgenic
mice. This strongly supports that CD46 is a major factor in development of lethal disease.
Immune responses such as macrophage levels, neutrophil levels, and cytokine production,
were analyzed in IP fluid, blood and brain tissue at different time points post-challenge.
Macrophages and neutrophil numbers in blood were similar in transgenic and nontransgenic
mice, however, neutrophil levels in IP fluid were higher in CD46 mice at 1 h post-challenge,
but showed similar levels compared with nontransgenic mice at later time points. TNF, IL-6
and IL-10 levels in serum were significantly higher in CD46 transgenic mice compared with
non-transgenic mice. Inoculation with LOS deficient meningococci or the medium alone did
not induce cytokines. Thus, challenge of CD46 transgenic mice with meningococci trigger
inflammatory responses more efficient compared with nontransgenic mice.

Crossing of the blood-brain barrier by bacteria occurred in CD46 mice, but not in non-
transgenic mice, indicating an important role of CD46 in meningococcal meningitis. These
data argue that spread from blood to CSF is facilitated by the presence of CD46. Intranasal
infection of CD46 mice required piliated bacteria for development of disease, supporting that
CD46 facilitates pilus-dependent interactions at the epithelial mucosa. Taken together, these
data demonstrate a crucial role of CD46 in meningococcal disease and reveal a novel
experimental system for rapid consideration of vaccine candidates as well as to study
Neisseria pathogenesis.
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Neisserial Porin Induces Dendritic Cell Functional Activity, which is MyD88-dependent

SINGLETON TE, MASSARI P, WETZLER LM, Immunology Training Program, Department
of Microbiology; Department of Medicine, Section of Infectious Diseases, Boston University
School of Medicine, Boston, MA 02118, USA

Neisseria meningitidis PorA (class 1 protein) and PorB (class 2 or 3 proteins) and Neisseria
gonorrhoeae PIA (protein [A) and PIB (protein IB) are the major outer membrane proteins of the
pathogenic Neisseria. It has been shown that Neisserial porins act as B cell mitogens and
immune adjuvants. The mechanism of the immunopotentiating ability of porin is mediated
predominately by its up-regulation of the T cell co-stimulatory ligand CD86 (B7-2) on the
surface of B cells. Because of Neisserial porin’s ability to activate B cells and potentiate immune
responses, we hypothesized that porin also employs the potent immune stimulatory function of
dendritic cells (DC). In this work, we examined the ability of purified N. meningitidis PorB to
induce maturation of murine splenic and bone marrow-derived DC. We have previously shown
that incubation of murine DC with meningococcal PorB induces DC maturation as demonstrated
by increased expression of CD86 and class I and II MHC molecules. In addition, PorB treatment
enhanced the allostimulatory activity of DC, as evidenced by their increased activity in the
mixed lymphocyte reaction (MLR), as compared with medium treated DC. To further
characterize the functional activity of PorB-matured DC, we examined the ability of PorB to
enhance presentation of the model protein antigen chicken egg ovalbumin (Ova) to DO11.10
Ova specific, CD4" transgenic T cells. DC co-treated for 24 hours with PorB and Ova protein
induced activation of naive, DO11.10 T cells greater than that induced by DC treated with Ova
protein alone, as evidenced by T cell proliferation. Hence, PorB-matured DC are capable of
inducing activation of T cells in an antigen-specific manner. In addition, we have demonstrated
the ability of PorB to induce IL-6 production by DC. This is significant as IL-6 is induced during
infection with Neisseria meningitidis and may be involved in the inflammatory process observed
with this disease. Our group has previously demonstrated the requirement of both MyD88 and
Toll-like receptor 2 (TLR2) for PorB-induced B cell activation. In this work, we implicate Toll-
like receptor signaling in PorB-induced DC maturation. N. meningitidis PorB did not induce
maturation of MyD88 knock out DC. This work is significant for understanding the mechanism
of Neisserial porin's immune stimulatory activity.
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Meningococcal Lipopoly(oligo)saccharide Is a Potent Activator of Both The
TLR4/MyD88-Dependent and —Independent Signaling Pathways
Zughaier SM, Zimmer SM, Datta A*, Carlson RW*, and Stephens DS

Emory University School of Medicine, and VA Medical Center, Atlanta GA 30033
*The Complex Carbohydrate Research Center, University of Georgia, Athens, Georgia.

Background: Meningococcal lipopoly(oligo)saccharide (LOS) is a major inflammatory
mediator of fulminant meningococcal sepsis. Meningococcal LOS induces macrophage
activation in a CDI14/TLR4-MD-2 dependent manner. However, quantitation of
meningococcal LOS activation of the MyD88-dependent and -independent signaling
pathways in comparison to other endotoxins has not been determined. Methods: Human
macrophage-like cell lines (THP-1, U937 and MM6) or murine macrophage RAW 264
cells were stimulated with equal molar amounts of highly purified endotoxins (protein,
DNA, peptidoglycan and phospholipid free preparations, standardized based on lipid A
content). Harvested supernatants (that contained released cytokines) from previously
stimulated cells were also used to stimulate RAW264.7 or 23ScCr (TLR4-deficient)
macrophages (i.e. indirect induction). Results: Meningococcal LOS at patho-
physiologicaly relevant, picomolar concentrations was a very potent inducer of TNF
alpha, IL-1 beta, MCP-1, MIP3 alpha, nitric oxide, [P-10 and IFN beta . E. coli55:B5 and
Vibrio cholerae LPS at the same molar concentration induced TNF alpha but did not
induce significant amounts of nitric oxide, IFN beta or IP-10. In contrast, Salmonella
(minnesota and typhimurium) LPS in time-course and dose-response experiments induced
the release of significant amounts of nitric oxide, IFN} and IP-10 but very little TNF
alpha and MIP-3 alpha. No response was seen in TLR4-deficient macrophages (C3H/Hel
or 23ScCr) which indicated that all endotoxins tested utilized the TLR4-dependent
pathway. Exogenous IFN beta induced nitric oxide in a dose-dependent manner; anti-IFN
beta polyclonal antibody neutralized the effect of induced IFN beta and significantly
reduced nitric oxide release; and when the type 1 IFN receptor was blocked with IFN
alpha/beta receptor 1 antibody, a significant reduction in nitric oxide release was
observed. Blocking the MyD88-dependent pathway by DNMyDS88 resulted in significant
reduction of TNF alpha release but did not influence nitric oxide release. The data
suggest that meningococcal LOS and Salmonella LPSs in contrast to E. coli and V.
cholerae LPS differentially induced the MyD88-independent pathway. Meningococcal
LOS is a potent activator of the human macrophages CD14/TLR4-MD-2 receptor
complex via both the MyD88-dependent and -independent signaling<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>