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Abstrac t t 

Thee opacity (Opa) proteins of Neisseria meningitidis are outer 
membranee proteins involved in adhesion and invasion of host epithelial cells 
andd are therefore expected to play an important role in colonisation of the 
nasopharynx.. The majority of meningococcal Opa proteins bind to members of 
thee CEACAM receptor family, such as CEA. Blocking of the Opa-CEACAM 
interactionn by mucosal anti-Opa antibodies could thus constitute an important 
protectivee mechanism for novel meningococcal vaccines. In this study we 
analysedd the specific anti-Opa antibody responses after intranasal 
immunisationn of mice with liposomes containing purified and native OpaB 
(recognisingg the CEA receptor) and OpaJ (no affinity for CEA) proteins. These 
antigenss were combined with or without one of three different adjuvants, i.e. 
purifiedd meningococcal LPS, monophosphoryl lipid A (MPL) or the B-subunit 
off  Escherichia coli heat-labile enterotoxin (EtxB). After intranasal immunisation 
withh any of these formulations, anti-Opa IgA antibodies were found in nasal 
lavagess and in some cases anti-Opa IgA and IgG antibodies were also found in 
lungg lavages. With OpaJ but not OpaB, significant bactericidal serum titres 
weree obtained. Of the different adjuvants used, meningococcal LPS gave the 
strongestt overall immune response. Non-adjuvated liposomal Opa 
formulationss were poorly immunogenic. No differences were found between 
thee immune response in transgenic mice expressing the CEA-receptor and 
non-transgenicc mice, showing that the CEA-Opa interaction does not influence 
thee antibody response. 

Introductio n n 

Thee most promising vaccines against meningococcal serogroup B 
infectionss are the outer membrane protein vesicle (OMV)-based vaccines 
containingg PorA as a major constituent. To provide protection against multiple 
strainss a hexavalent PorA OMV vaccine was developed (33). Although this 
vaccinee proved to be safe and immunogenic in infants, toddlers and school 
childrenn (6,12), the high degree of PorA sequence variation wil l inevitably 
limi tt its protective capacity (21). The risk for antigenic drift and the possible 
emergencee of pathogenic PorA-negative strains in a vaccinated population 
warrantt the search for additional vaccine components. 

Onee of the approaches to broaden the protection against 
meningococcall  group B infections is to add vaccine components to the main 
componentt PorA. The OMV vaccines currently under development should 
providee protection against group B organisms either at the level of initial 
colonisationn or at the level of bacterial invasion of the blood stream or 
preferablyy both levels. The outer membrane opacity proteins are involved in 
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adhesionn and subsequent invasion into nasopharyngeal epithelial tissue 
(3,, 29, 36). Blocking this crucial step in the pathogenesis is an attractive 
approachh to prevent meningococcal disease, which has to be studied for 
feasibility.. To colonise the human nasopharynx, Opa-expressing meningococci 
bindd to different members of the CEACAM family (37). Recently it was found 
thatt antibodies present in sera, raised against purified OpaJ, could cross-
reactivelyy block the Opa-CEACAM interaction (10). One of the CEACAM 
receptorss expressed on epithelium and targeted by the Opa proteins is CEA 
(11). . 

Aimingg at the induction of blocking antibodies at the nasopharyngeal 
mucosa,, we investigated the specific antibody response against two Opa 
proteinss after immunisation with purified, native protein in a liposome 
formulationn and with three different adjuvants. Monophosphoryl lipi d A 
(MPL)) and the B subunit of Escherichia coli heat-labile enterotoxin (EtxB) are 
well-studiedd mucosal adjuvants (7, 39) and were therefore included in this 
studyy Although meningococcal LPS is known for its strong adjuvant activity 
(28)) and would be an obvious choice, as like the Opa proteins it is also derived 
fromm meningococci, it has never been studied as mucosal adjuvant. In addition 
wee tested whether the expression of CEA, one of the Opa receptors present in 
thee nasopharynx, is influencing the antibody response against Opa proteins. 

Result s s 

Protei nn incorporatio n int o liposome s 
Thee recombinant OpaB and OpaJ protein, produced in E.coli as 

inclusionn bodies, were purified as described previously (11). The purified 
proteinss were incorporated into liposomes and analysed by semi-native 
polyacrylamidee gel electrophoresis (PAGE) (Fig. 1). Their heat-modifiable 
characterr after reconstitution showed that OpaB and OpaJ had adopted their 
nativee conformation upon incorporation into the liposomes. The migration 
patternn of native and denatured protein is similar as was observed previously 
(10).. These liposome preparations (Fig.1) were used for intranasal 
immunisation. . 

Intranasa ll  immunisatio n of CEA-transgeni c and non-transgeni c mice 
Thee specific anti-Opa response was measured in CEA-transgenic and 

non-transgenicc mice to determine whether the expression of this CEACAM 
receptorr does influence the immune response directed against its ligand (Opa). 

Itt was observed by Eades-Perner et al. (1994) that human CEA 
expressedd in mice showed a spatiotemporal expression pattern which 
correlatess well with that known for humans, meaning that the transferred 
genomicc region contains all of the regulatory elements required for the correct 
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Figuree 1. Semi-native-PAGE analysis of proteo-liposomes containing OpaJ (lane 1 and 2) or OpaB 
(lanee 3 and 4). Samples were treated in sample buffer containing 0.1 % SDS at room temperature (RT) 
orr 2.0 % SDS at 100°C (100'C), prior to electrophoresis. 

expressionn of CEA. In particular, they observed that human CEA was 
expressedd in the nasal mucosa. 

Opa-specifi cc  IgA respons e in nasal lavages 
afterr  intranasa l immunisatio n 

 BalB/c/CEA 

OpaBB OpaJ 

antige n n 

Figuree 2. IgA antibodies in nasal lavages after intranasal immunisation of CEA-transgenic and non-
transgenicc BALB/ c mice measured in whole-cell ELISA with E.coli strain PC2984 expressing either 
OpaBB or Opa] as immobilised antigen. The data shown represent the geometric mean and standard 
errorr of 8 mice per group, including the non-responders. Since no detectable response was found at 
lowestt dilution (1:30), non-responders were set to a minimal titre of 30. The same E.coli strain without 
Opa-expressionn was used as negative control however no background response could be measured. 
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Nasall  lavages and sera were obtained after intranasal immunisation 
withh either OpaB (ligand for CEA) or as a control OpaJ (not binding to CEA). 
Specificc anti-Opa IgA (Fig. 2) and IgG titres (Fig. 3) were measured in whole-
celll  ELISA using E.coli strain PC2984 expressing either surface exposed OpaB 
orr OpaJ. No significant differences were found between the transgenic and 
non-transgenicc mice regarding the anti-Opa titres in nasal lavages and sera, 
indicatingg that the expression of CEA does not modulate the immune 
response.. In addition no significant differences were found between the titres 
againstt OpaB and OpaJ containing liposomes (Fig. 2 and 3). 

Anti-Op aa specifi c IgG respons e in sera afte r 

intranasa ll  immunisatio n 
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OpaBB OpaJ 
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Figuree 3. Total IgG response in sera after intranasal immunisation of CEA-transgenic and non-
transgenicc BALB/c mice, measured in whole-cell ELISA with E.coli strain PC2984 expressing OpaB or 
OpaJJ as immobilised antigen. The data shown represent the geometric means and standard errors of 
88 mice per group, including the non-responders. Since no detectable response was found at lowest 
dilutionn (1:100), non-responders were set to a minimal titre of 100. The same E.coli strain without 
Opa-expressionn was used as negative control however no background response could be measured. 

IgAA in nasal lavages after immunisation with different adjuvants 
Sincee the titres measured in nasal lavages and sera were generally low 

(Fig.. 2 and 3) we continued our study by testing different adjuvants. Only 
non-transgenicc mice were used for immunisation since the anti-Opa responses 
weree similar in the transgenic and non-transgenic mice. After intranasal 
immunisationn with Opa-containing liposomes with different adjuvants nasal 
washess were obtained and Opa-specific antibody titres were determined in 
whole-celll  ELISA (Fig. 4). Immunisation with proteo-liposomes together with 
LPSS gave the highest number of responders, 6 out of 8 in the case of OpaB and 
77 out of 8 in the case of OpaJ. In the group of mice immunised with OpaB 
alonee none of the mice responded. No IgG was found in any of the nasal 
lavagess tested. 
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Figuree 4. IgA antibodies in nasal lavages measured in whole-cell ELISA with E.coli strain PC2984 
expressingg either OpaB or OpaJ as immobilised antigen. The data shown represent the geometric 
meanss and standard errors of 8 mice per group, excluding the non-responders (no detectable 
responsee at lowest dilution, 1:30). The numbers of responders are indicated above each bar. The same 
E.coliE.coli strain without Opa-expression was used as negative control however no background response 
couldd be measured. 

Opa-specifi cc  IgA and IgG respons e in lung s 

Opa-specificc IgA antibodies were only found in the lung lavages of 
micee immunised with liposomes containing OpaB and purified LPS (titre = 32, 
standardd error or s.e. = 12) and mice immunised with liposomes containing 
OpaJJ without adjuvant (titre = 24, s.e. = 7). No other formulations tested were 
foundd to induce an IgA specific antibody response in the lungs. 

Opa-specificc IgG antibodies were found in the lung lavages of mice 
immunisedd with liposomes containing OpaB with MPL (titre = 28, s.e. = 7) or 
LPSS (titre = 26, s.e. = 15) and with liposomes containing OpaJ with EtxB (titre 
== 46, s.e. = 20) or LPS (titre = 45, s.e. = 15). The highest number of responders 
wass found in the group of mice immunised with OpaJ and LPS, in 6 out of 
88 mice anti-Opa specific IgG antibodies were found in the lung lavages. 

Opa-specifi cc  IgG respons e in sera 
Opa-specificc antibody titres were found in sera of intranasally 

immunisedd mice (Fig. 5). Non-adjuvated Opa-liposomes were poorly 
immunogenic.. However, when the liposomes were mixed with any of the three 
adjuvants,, higher Opa-specific IgG titres were obtained. Remarkably high 
titress were found with the LPS-adjuvated Opa-containing liposomes as 
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comparedd to the other formulations. Anti-LPS antibodies in these sera were 
nott detected (data not shown), confirming that the titres that were measured 
weree Opa-specific. IgG antibodies in sera obtained after immunisation with 
MPLL and EtxB were not significantly different. 

Opa-specificc IgG response in sera after 
intranasall immunisation 

4000 0 

&& 3000 
OpaB/J J 

;; Opa -

antigenn + adjuvans 

Figuree 5. Total IgG response in sera measured in whole-cell ELISA with E.coli strain PC2984 
expressingg OpaB, OpaJ or no Opa protein as immobilised antigen. The data shown represent the 
geometricc means and standard errors of 8 mice per group, including the non-responders. Since no 
detectablee response was found at lowest dilution (1:100), non-responders were set to a minimal titre 
off  100. 

Isotypee distribution of anti-Opa antibodies in sera 
Thee isotype distribution was tested in the two groups of sera with the 

highestt total IgG titres. Intranasal immunisation with LPS-adjuvated 
liposomess containing either OpaB or OpaJ induced relatively high levels of 
Opa-specificc IgG2b subclass antibodies; the titres were 1304 and 704, 
respectivelyy (Fig. 6). Only the OpaB-liposomes with LPS induced also a 
significantt IgG2a titre. This might be an indication that the sequence 
differencess between these proteins found in the hypervariable regions 
influencee the isotype distribution of the antibodies. 
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Figuree 6. Antibody subclass specific response to liposomes containing either OpaB or OpaJ, both 
adjuvatedd with LPS, measured with whole-cells of either OpaB or OpaJ expressing E.coli as 
immobilisedd antigen. The data shown represent the geometric means and standard errors of 8 mice 
perr group, including the non-responders. Since no detectable response was found at lowest dilution 
(1:100),, non-responders were set to a minimal titre of 100. 

Bactericidall activity of anti-Opa antibodies in sera 
Despitee the fact that OpaB-containing liposomes with LPS induced a 

significantt IgG2a and especially IgG2b titre after intranasal immunisation, 90% 
complement-mediatedd killin g was only found at fivefold or lower serum 
dilutions.. This is in contrast to the antibodies elicited by OpaJ-containing 
liposomess with LPS; we measured a bactericidal titre of 82 (=geometric mean 
titre,, s.e. = 24) using pooled sera of 8 mice in two independent bactericidal 
assayss performed in duplicate. The OpaJ-induced bactericidal activity was 
foundd to be highly specific, as no bactericidal activity was measured against 
meningococcii  expressing OpaB. 

Discussion n 

Becausee Neisseria meningitidis infects the body at the nasopharyngeal 
mucosa,, local IgA is part of the first line of defence against infection. Although 
thee presence of bactericidal antibody in serum has been correlated with 
immunityy to meningococcal disease, mucosal immunity at the portal of entry 
mayy be very important to prevent infection with meningococci. However, after 
systemicc immunisation, local immunity is hardly generated. Furthermore, the 
deliveryy of a vaccine to the site of infection might be required to generate the 
mostt effective local immunity (35). 

Opaa proteins are involved in adhesion and invasion of the 
nasopharyngeall  epithelium, which in some cases progresses to life-threatening 
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invasivee disease. Therefore we analysed whether these proteins are able to 
inducee an immune response at the mucosal level. In an attempt to raise 
antibodiess directed against native Opa protein, we incorporated the 
recombinantt proteins OpaB and OpaJ into liposomes. The use of liposomes as 
vehiclee for antigens has many advantages since they are biodegradable, non-
toxicc and non-immunogenic with the capability of inducing humoral 
immunityy (16). The similarities of liposomes to biological membranes provide 
aa rationale for the preparation of formulations, which present membrane 
proteinss in a native conformation. 

Thee main Opa receptors belong to the C E AC AM protein family. Most 
off  the CEACAM members are expressed in epithelial, endothelial and 
phagocyticc cells (30). Immunisation with an adhesin at the site of infection, 
wheree its receptor is expressed, might have consequences for the final immune 
response.. The interaction might lead to an increased immune response due to 
improvedd targeting of the vaccine components to the nasopharyngeal 
epithelium,, or alternatively intracellular signalling responses as described for 
thee interaction between Opa and CEACAM 1 might result in 
immunosuppressionn (5). CEA is one of the CEACAM receptors that are 
targetedd by Opa proteins. It was previously found that OpaB binds to CEA, 
whilee OpaJ does not. The transgenic mice that were immunised expressed 
CEAA in different tissues, reminiscent of the human CEA expression pattern as 
wass observed by Eades-Perner et al. (1994). More importantly, CEA was also 
detectedd like in humans in the nasal mucosa of the transgenic mice (15). In this 
studyy we found no significant differences in the antibody response after the 
intranasall  immunisation of CEA-transgenic versus non-transgenic mice with 
eitherr OpaB or OpaJ containing liposomes. Apparently, the OpaB-CEA 
interactionn does not result in a detectable immunomodulation in the 
transgenicc mice. 

Proteinn antigens alone were found to be poorly immunogenic when 
deliveredd mucosally (26); therefore we incorporated Opa proteins in 
liposomes.. Generally low titers were found after immunisation with liposomes 
containingg Opa protein alone. Therefore, we tested three different mucosal 
adjuvants.. The Salmonella minnesota derived monophosphoryl lipid A (MPL) 
wass added to the liposomes according to Childers et al. (2000) who 
demonstratedd that MPL is a strong mucosal and systemic adjuvant when given 
byy the intranasal route. 

Thee B subunit of Escherichia coli heat-labile enterotoxin (EtxB) has long 
beenn established as potent mucosal adjuvant (39). However, in our case it did 
nott stimulate the response the anti-Opa response significantly. Higher 
amountss of EtxB as were used by Richards et al. (2003) might very probably 
improvee the anti-Opa response. 

Thee use of purified meningococcal LPS as mucosal adjuvant has not 
beenn reported previously. However, successful intranasal immunisations 
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studiess in humans with OMV preparations containing LPS have been 
describedd (17, 14). The addition of LPS to Opa-containing liposomes induced 
highlyy significant anti-Opa responses. Compared to MPL and EtxB, LPS is the 
bestt adjuvant tested in this study (Fig. 4 and 5). Although we used a low 
amountt of LPS, the toxicity of this compound still might be a problem. On the 
otherr hand, higher doses of LPS can be tolerated after intranasal than 
subcutaneouss delivery. The IpxLl mutant LPS might be a good alternative for 
humann use since it has retained adjuvant activity in mice similar to wild-type 
meningococcall  LPS but has reduced toxicity as measured in a tumor necrosis 
factorr alpha induction assay with whole bacteria (34). 

Sincee the two LPS-containing formulations gave the highest total IgG 
titree in sera (Fig. 5), we tested the isotype distribution of the antibodies present 
inn these sera (Fig. 6). The IgG2b antibodies gave the highest titres in both 
groupss of sera. Murine antibodies of this isotype as well as IgG2a were found 
too express complement-mediated bactericidal activity against N. meningitidis 
(13,18,, 22). Strikingly, only the antibodies in the sera against liposomal OpaJ 
withh LPS proved to have bactericidal activity. Antibodies directed against 
purifiedd Opaj were previously found not to induce complement mediated 
killin gg (11). However, the route of immunisation (subcutaneous), the 
presentationn (not incorporated into liposomes) and the adjuvant (QuilA) were 
different.. In the same study mice were immunised with LPS containing wild-
typee outer membrane complexes derived from meningococcal strain H44/76 
withoutt the addition of QuilA. Strikingly, the isotype distribution was 
comparablee to what was found in this study. The addition of QuilA to purified 
proteinn resulted in high titres but the antibody subclass-specific response was 
completelyy different, especially high IgGl titres were measured. This strongly 
suggestss that the presence of LPS as adjuvant does direct the isotype 
distributionn towards Ig2b. 

Inn previous studies outer membrane vesicles (OMVs) from group B 
meningococcii  induced both serum and mucosal antibodies when given as a 
nasall  vaccine to mice (9, 27). Also in intranasal immunisation studies in 
humans,, meningococcal OMVs induced persistent mucosal antibodies as well 
ass a systemic response resulting in serum bactericidal antibodies (1,14,17, 20). 
Thee LPS contained in these preparations appeared to play an important role in 
adjuvantt activity (4). All intranasal immunisation studies described up til l now 
weree performed using either inactivated meningococci, OMVs or native outer 
membranee vesicles (NOMVs) not exposed to detergent or denaturing agents, 
andd all of these contained a mixture of many different antigens. In the present 
study,, a well-defined formulation based on an important and purified 
meningococcall  adhesin has been investigated for its potential as a mucosal 
vaccine.. Furthermore a relatively low amount of protein per dose (5 |ig) was 
usedd compared to the other studies in mice, 20 îg and 25 ug (reference 27 and 
9,, respectively). Minimising the antigen dose is important to prevent the 
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inductionn of tolerance. 
Commensall  Neisseria spp. like IV. lactamica are able to displace N. 

meningitidismeningitidis from the nasopharynx in childhood and might contribute to 
naturall  immunity against invasive meningococcal disease (8). It is therefore 
importantt to aim at specific blocking of N, meningitidis only. Genes encoding 
Opaa proteins are found in commensal species (32, 40) but show low homology 
withh their pathogenic counterparts. However, this specificity of adhesion-
blockingg antibodies is an important consideration, which is more easily 
addressedd with mucosal adjuvants of fully defined composition. 

Inn conclusion, anti-Opa antibodies were found in nasal and lung 
lavagess and sera of mice after intranasal immunisation with Opa-containing 
proteo-liposomes.. The best responses were found with the formulations 
containingg LPS as adjuvant. As antibodies against Opa proteins were found to 
cross-reactivelyy block the adhesion (11), this forms a promising approach to 
thee design of novel meningococcal vaccines aimed at reducing or preventing 
mucosall  colonisation. Whether the combination of intranasal immunisation 
withh Opa protein containing preparations and subcutaneous immunisation 
withh PorA containing vesicles might have a synergistic effect on the response 
againstt serogroup B meningococci remains to be studied. 

Material ss  and method s 

Antige nn purificatio n 
Purifiedd recombinant OpaB128 and OpaJ129 proteins derived from 

meningococcall  strain H44/76 were used for the incorporation into liposomes. 
Thee purification of OpaB128 and OpaJ129 from E.coli inclusion bodies was 
previouslyy described (10). The purified protein was precipitated in 80% 
ethanoll  (v/v) and resuspended in 50 mM Tris-HCl, 150 mM NaCl, pH 7.4 
(TBS)) containing 150 mM octyl-(3-D-glucopyranoside (Fluka, Buchs, 
Switzerland). . 

Preparatio nn of proteo-liposome s 
Liposomess were made of dimyristoylphosphatidylcholine (DMPC, 

Rhöne-Poulencc Rorer, Köln, Germany), dimyristoylphosphatidylglycerol 
(DMPG,, a gift from Lipoid GmbH, Ludwigshafen, Germany) and cholesterol 
(Sigma,, Zwijndrecht, The Netherlands) in an 8:2:2 mol ratio. The proteo-
liposomess were prepared using the detergent dilution method (19). 
Appropriatee amounts of each lipid were dissolved in chloroform/methanol 
(2:1)) in a round bottom flask and a lipid film was obtained by solvent 
evaporationn in a rotavapor under vacuum. The film was solubilised in the 
proteinn solution containing octyl-p-D-glucopyranoside. The resulting mixed 
micelless were rapidly diluted in TBS, allowing the formation of unilamellar 
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vesicles.. Subsequently, the liposomes were pelleted by ultracentrifugation 
(160,0000 x g, 1 hour) and resuspended in TBS, obtaining protein-containing 
liposomess with a proteüvlipid ratio of 20 microgram protein/micromol lipid. 
Thee protein concentration was determined with the Pierce protein assay 
(Pierce,, Rockford, Illinois, USA) using BSA as standard. The phospholipid 
contentt of the liposomes was calculated based on the determination of lipid 
phosphatee according to Rouser et al. (1970). 

Preparatio nn of sample s for immunisatio n 
Too stimulate the immune response adjuvants were added to the Opa-

containingg liposomes, i.e. LPS, MPL and EtxB. Meningococcal H44/76 wild-
typee LPS was isolated by the hot phenol extraction method described by 
Westphall  and Jann (1965). Of the purified LPS, solubilised in sterile phosphate 
bufferedd saline (PBS) (SVM, Bilthoven, The Netherlands) lug per dose was 
used.. Monophosphoryl lipid A (MPL) (RIBI Immunochem Research Inc. 
Hamiltonn MT, USA) was solubilised in 10 mM Tris, 10% sucrose (Sigma, St. 
Louis,, MO, USA) and 0.01% thiomersal (Sigma, St. Louis, MO, USA) solution, 
andd lug/dose or 4ug/dose was used. The B subunit of Escherichia coli heat-
labilee enterotoxin (EtxB) was purified as described by Williams et al. (2000), 
lugg purified EtxB (in sterile PBS) per dose was used for intranasal 
immunisation. . 

Immunisatio nn of mice 
CEACEA transgenic mice were originally established in oocytes derived 

fromm C57BL/6 x CB6 Fj mice, the founders were mated with C57/BL/6 (15). 
Byy congenic crossbreeding the transgene was transferred to BALB/c mice. 
Transgenicc animals were identified by PCR as described by Thompson et al. 
(1997). . 

Inn the first immunisation experiment 50% female and 50% male 
BALB/c/CEAA (transgenic) and BALB/c/Rivm (non-transgenic) mice at 6 - 8 
weekss of age were used for immunisation. In the second experiment 100% 
femalee BALB/c/Rivm mice at 6 - 8 weeks of age were used for immunisation. 
Micee within groups of eight (4 male and 4 female mice per group) were 
immunisedd intranasally with 5 ug protein containing liposomes (in total 
volumee of 20 ul) on days 0,14 and 28. Ten microliter proteo-liposomes solution 
wass administered per nostril (using a P20 micropipette) under light 
anaesthesiaa by a mixture of oxygen, nitrous oxide and halothane. To avoid 
inhalationn mice were laid on one side. Mice were terminally bled on day 35 or 
onn day 70, serum was collected and stored at - 20 °C. Lung lavages were 
obtainedd by flushing the lungs 3 times with 2.5 ml of sterile PBS containing 
100 ug/ ml (w/v) protease inhibitor aprotinin (Sigma, St. Louis, MO, USA). 
Nasall  lavages were obtained by flushing the nasopharynx once with 1 ml 
sterilee PBS containing aprotinin. Both nasal and lung lavages were stored at 
-800 °C until used for assessing antibody activity by ELISA. 
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ELISA A 

Whole-celll  ELISAs were performed according to Abdillahi and 
Poolmann (1988). To measure the anti-Opa response microtitre plates were 
coatedd with OpaB- or OpaJ-expressing E.coli bacteria (11). The responses were 
measuredd against the same Opa protein as was used for immunisation. The 
samee E.coli strain without Opa expression was used as negative control, 
howeverr no background responses were measured. Non-responders were 
definedd as mice with no detectable response at lowest nasal lavage (1:30) or 
serumm dilution (1: 100). 

Too measure the anti-LPS response microtitre plates were coated with 
100 ug /ml purified meningococcal wild-type LPS from strain H44/76 
solubilisedd in PBS (28). The titre was defined as the dilution of the serum 
wheree 50 % of the ODm ax in the assay is reached. The starting dilutions were 
1:1000 for sera and 1:30 for lung and nasal lavages. In the IgG- and IgA-ELISA, 
goatt anti-mouse IgG and IgA HRP-conjugated antibodies (Southern 
Biotechnologyy Associates, Birmingham, AL, USA) (1:5000) were used to detect 
antibodyy binding. The colour reaction was developed with 3,3',5,5'-
tetramethylbenzidinee (Sigma, St. Louis, MO, USA) and H 2 02 (p.a., Merck, 
Darmstadt,, Germany) as described (2). 

Bactericidall assays 
Serumm bactericidal activity was determined as 24) with some 

modifications.. In short, two-fold dilutions of heat inactivated sera (30 min at 
56°C)) were incubated with baby rabbit complement (Pel-Freez Biologicals, 
Rogers,, Arkansas, USA) (final concentration 20 % v /v) and 2.5 x 102 colony 
formingg units (c.f.u.) of bacteria (strain H44/76) for 60 min at 37°C. Titres were 
expressedd as the final dilution giving at least 90 % killin g of the inoculum. 

Statisticall analysis 
ELISAA results of sera were expressed as geometric means with the 

standardd error of eight independent observations. ELISA results of nasal 
lavagess were expressed as geometric means with the standard error of 
responderr mice. The data were statistically analysed by a one-tailed Student's 
f-test.. Differences were considered significant at P< 0.05. 
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