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II Summary 

NeisseriaNeisseria meningitidis is a strictly human pathogen usually carried 
asymptomaticallyy in the nasopharynx, but sporadically causing life-
threateningg meningococcal disease: bacteraemia, meningitis and septicaemia. 
Thee specificity of interaction between meningococci and human cells is one of 
thee most important reasons why the human species is the only host. Opacity-
associatedd (Opa) proteins are outer membrane proteins which play a critical 
rolee in the adhesion of N. meningitidis to epithelial and endothelial cells and 
polymorphonuclearr neutrophils. Most members of this highly variable family 
off outer membrane proteins can bind to the CD66-epitope-containing members 
off the human carcinoembryonic antigen-related cell adhesion molecules 
(CEACAM).. This thesis addresses the structure-function relationship and the 
vaccinee potential of meningococcal Opa proteins. 

Chapterr 2 elaborates on the isolation and conformational analysis of 
opacityy proteins OpaJ129 and OpaB128 derived from N. meningitidis strain 
H44/76.. When the Opa proteins were produced with the phoE signal sequence 
inn Escherichia coli, they were localised at the cell surface and the recombinant 
bacteriaa were found to specifically interact with CEACAM1. Furthermore, for 
inn vitro refolding and purification, the proteins were overproduced without 
theirr signal sequences in E. coli, resulting in cytoplasmic accumulation in the 
formm of inclusion bodies. After solubilisation of the inclusion bodies in urea, 
thee proteins were folded efficiently in vitro, under alkaline conditions by 
dilutionn in ethanolamine and the detergent «-dodecyl-N,N-dimethyl-l-
ammonio-3-propanesulfonatee (SB12). The structure of the refolded and 
purifiedd proteins, determined by circular dichroism, indicated a high content 
off (3-sheet conformation, which is consistent with previously proposed 
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topologyy models for Opa proteins. A clear difference was found between the 
bindingg of refolded versus denatured OpaJ protein to the N-Al domain of 
CEACAM1.. Almost no binding was found with the denatured Opa protein, 
indicatingg that the Opa-receptor interaction is conformation-dependent. 

Severall studies have identified the Opa-binding region on the 
CEACAMM receptors, however, not much is known about the binding sites on 
thee Opa proteins for the corresponding CEACAM-receptors. The high degree 
off sequence variation in the surface-exposed loops of Opa proteins raises the 
questionn how the binding sites for the CEACAM receptors are conserved. In 
chapterr 3 we studied the four different Opa proteins derived from 
meningococcall strain H44/76, of which OpaA and OpaJ bind to CEACAM1 
only,, while OpaB and OpaD bind to both CEACAM1 and CEA. A sequence 
motiff involved in binding to CEACAM1 was identified by alanine scanning 
mutagenesiss of those amino acid residues conserved within the hypervariable 
(HV)) regions of all four Opa proteins. Hybrid Opa variants with different 
combinationss of HV-1 and HV-2 derived from OpaB and OpaJ showed a 
reducedd binding to CEACAM1 and CEA, indicating that particular 
combinationss of HV-1 and HV-2 are required for the Opa binding capacity. 
Homologuee scanning mutagenesis was used to generate more refined hybrids 
containingg novel combinations of OpaB and OpaJ sequences within HV-1 and 
HV-2.. They could be used to identify residues determining the specificity for 
CEAA binding. The combined results obtained with mutants and hybrids 
stronglyy suggest the existence of a conserved binding site for CEACAM 
receptorss by the interaction of HV-1 and HV-2 regions. 

Inn chapter 4 we studied the functional activity of antibodies raised 
againstt OpaJ protein from strain H44/76. Recombinant OpaJ protein was 
obtainedd from E. coli in two different ways: cytoplasmic expression in the form 
off inclusion bodies followed by purification and refolding, and cell surface 
expressionn followed by isolation of outer membrane complexes (OMC). 
Immunisationn with purified protein and QuilA induced high levels of Opa-
specificc antibodies, while the E. coli OMC preparations induced generally 
lowerr levels of antibodies. Two chimeric Opa proteins, hybrids between OpaB 
andd OpaJ, were generated to demonstrate that the hypervariable region 2 (HV-
2)) is immunodominant. Denatured OpaJ with QuilA induced high levels of 
IgG2aa in addition to IgGl, while refolded OpaJ with QuilA induced IgGl 
exclusively.. These sera did not induce significant complement-mediated 
killing.. However, all sera blocked the interaction of OpaJ expressing bacteria 
too CEACAM1 transfected cells. In addition, cross-reactive blocking of OpaB 
expressingg bacteria to both CEACAM1 and CEA transfected cells was found 
forr all sera. Sera raised against purified OpaJ and against OpaJ-containing 
meningococcall OMC also blocked the non-opsonic interaction of Opa-
expressingg meningococci with human polymorphonuclear leukocytes. 

Fromm previous studies we know that the majority of meningococcal 
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Opaa proteins bind to members of the CEACAM receptor family, such as CEA. 
Blockingg of the Opa-CEACAM interaction by mucosal anti-Opa antibodies 
couldd thus constitute an important protective mechanism for novel 
meningococcall vaccines. In chapter 5 we analysed the specific anti-Opa 
antibodyy responses after intranasal immunisation of mice with liposomes 
containingg purified and native OpaB (recognising the CEA receptor) and OpaJ 
(noo affinity for CEA) proteins. These antigens were combined with or without 
onee of three different adjuvants, i.e. purified meningococcal LPS, 
monophosphoryll lipid A (MPL) or the B-subunit of Escherichia coli heat-labile 
enterotoxinn (EtxB). After intranasal immunisation with any of these 
formulations,, anti-Opa IgA antibodies were found in nasal lavages and in 
somee cases anti-Opa IgA and IgG antibodies were also found in lung lavages. 
Withh OpaJ but not OpaB, significant bactericidal serum titres were obtained. 
Off the different adjuvants used, meningococcal LPS gave the strongest overall 
immunee response. Non-adjuvated liposomal Opa formulations were poorly 
immunogenic.. No differences were found between the immune response in 
transgenicc mice expressing the CEA-receptor and non-transgenic mice, 
showingg that the CEA-Opa interaction does not influence the antibody 
response. . 

Thee opacity (Opa) proteins mediate non-opsonic binding of Neisseria 
meningitidismeningitidis and Neisseria gonorrhoeae to human neutrophils. Members of the 
carcinoembryonicc antigen (CEA) family of proteins have been identified as the 
majorr receptors involved in this process. The CEACAM receptors present on 
humann neutrophils are CEACAM1, CEACAM3, CEACAM6 and CEACAM8. 
Conflictingg results have been published on the fate of bacteria after the non-
opsonicc Opa-mediated binding to neutrophils. In chapter 6 we measured the 
uptakee and survival of E.coli expressing OpaB, OpaC, Opal and OpaJ proteins. 
Thee expression of OpaB and OpaJ, both binding to CEACAM 1, resulted in 
killingg while the expression of Opal and OpaC, which bind to CEACAM 1, 
CEACAM3,, and CEACAM6, led to significantly reduced killing. However, 
expressionn of all Opa proteins resulted in increased numbers of cell-associated 
bacteriaa per neutrophil as determined with fluorescence microscopy. 
Significantlyy higher numbers of OpaC- expressing bacteria were counted per 
neutrophill compared to the bacteria expressing CEACAMl-binding Opa 
proteins,, OpaB and OpaJ, in spite of the reduced killing in the case of OpaC. 
Thiss suggests that CEACAM1 binding leads to internalisation followed by 
phagocyticc killing, while Opa proteins that are also able to bind to CEACAM3 
conferr resistance to killing and might therefore play an important role in the 
pathogenesiss of gonorrhoeae and meningococcal disease. 

Onee of the objectives was to study the vaccine potential of 
meningococcall opacity proteins. Although Opa elicited low bactericidal 
antibodyy responses in mice, blocking the bacterial attachment to host cell 
receptorss and colonisation of the nasopharyngeal mucosa may also be a very 
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effectivee strategy to prevent meningococcal infections. We therefore 
investigatedd the feasibility of functional blocking of the Opa-CEACAM 
interaction.. In vitro evidence was found for the anti-adhesive effect of Opa-
specificc antibodies. Cross-reactive antibodies were detected that could block 
thee attachment to CEACAM transfected cell lines as well as to human 
neutrophils.. Because the induction of cross-reactive blocking opened new 
perspectivess for the use of Opa proteins as vaccine targets, we tested whether 
anti-Opaa antibodies could be elicited at the nasopharyngeal epithelium. Strong 
antibodyy responses were detected in nasal lavages and sera of mice 
intranasallyy immunised with Opa-containing liposomes adjuvated with LPS; 
however,, their contribution to protection can only be measured in an animal 
model. . 
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