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Biology of major surface proteins (a) Porins
Neisseriaporin proteins
John E. Heckdls
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The porins, the predominant proteins onthe surface of pathogenic Neisseria, form a
family of sructuraly related proteins, whose physiologica roleisto alow access of
nutrients into the cdl. They dso play an important role in pathogenesis, generating
immunologica specificity and interacting with host cdlls. Gonococci express one of
two dternative classes of porin, PIA and PIB. Expression of an individud proteinis
gable within a strain but differences between strains are responsible for serovar
differences. In meningococcl the equivdent proteins are the class 2 and class 3
proteins which are responsible for serotype specificity but an additional porin, the
class1 protein, isaso usudly present and is respongble for subtype specificity. Since
antibodies with porin specificity are protective in in vitro assays the proteins have
been regarded as attractive candidates for the development of vaccines againgt
gonorrhoea and meningococca infection.

Structurd and immunologica sudies have led to amodd for the organisation of the
porins within the outer membrane, in which a series of conserved regions form
transmembrane b-sheets, generating eight surface exposed loops (3). Epitope
mapping studies have shown that the sequence variations which are responsible for
immunologica specificity are located in these loop regions, athough the individua
loop(s) involved differ between the different porin classes. The critica regions appear
to be at the gpices of the surface exposed loops which represent the potentia target
gtes for vaccine induced antibodies. Consequently the optima immunising agents
appear to be those whichmaost dosdy mimic the conformationof theseregions. Thus
immunisation with a carrier protein conjugated to a short peptides containing the
P1.16b subtype epitope frommeningococca class 1 proteininduced antibodieswhich
reacted strongly with linear peptides but poorly withthe native protein and were non-
bactericidd. In contrast immunisation with alarger peptide conssting of the surface
exposed portion of loop 4 which was subjected to cyclisation to more accurately
mimic the naive loop structure, induced antibodies which recognised conformational
rather than linear epitopes and which promoted complement mediated bactericida
killing of the homologous gtrain (2).

As an dternative gpproach to the synthesis of peptides with conformationa stability
we have recently investigated the use of multiple antigen peptides (MAPs) in which
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consg <t of analigomeric branching lysne core to whichare atached dendritic arms of
defined peptide antigens. This arrangement confers conformationa stability and
permits the congtruction of immunogens containing both B-cdl and T helper cdl
epitopes. Immunisation with aMAP containing the P.16b subtype epitope together
withadefined Th-cdll epitopeinduced a bactericida immune responsewithout the use
of a carier protein, demongrating the potentid of such synthetic antigens as
components of new meningococca vaccines.

An additiona problem for the development of an effective vaccine based on the
gonococcal Pl porinis suggested by the observationthat the saylationof L PS, which
occursin vivo, induces resistance not only to the bactericidd effect of human serum
but also to antibodies directed agangt Pl (2,4). We have therefore used mAbs to
investigatethe effect of gdylation on antibodieswhichreact withepitopes at the apex
of loop 5 onPl. The antibodies showed little difference in binding between saylated
and non-sidylated gonococci and promoted both bactericidal killing and opsonisation
of the saylated gonococci. Thus despite the presence of the sdylation it should be
possible to induce protective antibodies by focusing the immune responseto surface
exposed epitopes on Pl which are least susceptible to the potentia inhibitory effect
of LPS gaylation.

Further sudies are currently in progress to refine the molecular modd's of the porin
sructures. Such detailed information should facilitate the production of immunogens
designed to target the protective porin epitopes.
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M easurement of antibodiesto variable regions of meningococcal class 1
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Neisseria meningitidis is an important cause of meningitis and septicemia in infants
and adolescents worldwide. The severity of the disease requiresthe development of
a vaccine, which can induce protection to infection in al age groups. Earlier sudies
have shown that the presence of serum bactericidd antibodies directed to these
bacteria strongly correlate with protection against meningococcd infection. Class 1
outer membrane proteins (OMP) of Neisseria meningitidis are ale to induce
bactericida antibodies and are therefore interesting vaccine candidates.

We developed a synthetic peptide EL I SA to identify specific antibodies againgt class
1 OMP in sera of mice and hedthy volunteers immunised with an experimentd
vaccine based on meningococcal OMPs. Overlapping peptides corresponding to
sequences of class 1 OMP of 6 grains were synthesised by smultaneous muitiple
peptide synthesis (SMPS). Four variants of each peptide sequence were synthesised
ather by modification of the N-terminus of monomeric peptides (with or without
Fmoc or biotinylated) or by multiple antigen peptide (MAP) synthesis of multimeric
peptides. Bidtinylated and MAP peptides were used to improve absorption of
peptides to polystyrene microtiter plates. MAP peptides were aso used to mimic
conformationd epitopes. Peptides which showed optimd binding with anti-class 1
monoclond antibodies (mab's), were used in EL I SA to examine serafromimmunised
mice and hedthy volunteers. Binding of mouse antibodies to coated peptides is
specific and could be inhibited (>80%) usng an identica free unmodified peptide or
purified class1 OMP. A 100-200 timeshigher titre could be reached withmabsusng
a 5-20 times lower concentration of biotinylated peptides or MAP's compared to
Fmoc or unmodified peptides. It was not possible to detect human antibodies using
monomeric peptides. However, anti-class 1 OMP antibodiesinhumanseracould be
detected when multimeric (MAP'S) peptides were used as a coating antigen.
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Comparison of human and murine monoclonal 1gGs specific for the P1.7
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There is an increasing body of evidence that human anti-PorA response is at least
partly serosubtype specific (1,4). Murine MAbsto VR1 and VR2 arethe bass of the
current serosubtyping scheme for serological subdivision of meningococci and often
are bactericida and protective in an anima model system (3). Some of the
uncertainties regarding the epitopes againg which potentidly protective human
antibodies are directed might be eucidated by the anadyss of human MADs.
Peripheral blood lymphocytes from Norwegian adolescents immunized with a
meningococca serogroup B OMV vaccine (B:15:P1.7,16) werefusedwithK 6H6B5
human-murine  heteromydoma cdlls. Hybridoma SS269, established in these
experiments, produces monoclona 1gG3 which reacts with Neisseria meningitidis
expressing the P1.7 PorA protein and with linear peptides containing NGGAS, part
of the VR1 sequence which accounts for the P1.7 specificity. A'daml, a murine
monoclona antibody to P1.7, had been formerly described which reacts with linear
peptides containing the partialy overlapping epitope, ASGQ (2).Comparable afinity
constants were determined for the human and murine antibodies but binding to
bacterid cdls occurred with a higher affinity than binding to linear peptides. Binding
of the human antibody to bacterid cdls was of low avidity and could readily be
removed by treatment with 8 M urea, very high concentrations were needed before
binding could be demonstrated by immunofluorescence or complement-dependent
bactericidal killing. In contrast, the murineantibody bound avidly to bacteria cdls and
was readily detected at |ower concentrations inimmunofluorescence and bactericidal
killing. However, effident opsonophagocytoss was mediated even at low
concentrations of the human antibody and inthe absence of complement, suggesting
that low avidity antibodies might aso be protective againgt disease.

ELISA testswere used to determine whether human1gG antibodieswhichreact with
peptideD6 (AQAANGGASGQVKVTKVTKA) wereformed by immunizationwith
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the Norwegiangroup B vaccine inpaired sera taken before vaccinationand 6 weeks
after 2 vaccine doses. Only 1/21 vaccinees was stimulated to synthesize antibodies
which reacted with this peptide. These results indicate that the Norwegian vaccine
was not generdly efficient a stimulating production of antibodies resembling SS269.
Such antibodies might be protective due to their opsonic activity and might therefore
be agod in future vaccine development.
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Serum opsoninsinduced during the cour se of meningococcal disease
correlate with anti-outer membrane protein antibodies
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The levds of serum 1gG antibodies in patients with meningococca disease or in
volunteers immunized with outer membrane vesicle vaccines as measured by an
enzyme-linkedimmunosorbent assay (ELI1SA) or by immunoblotting have beenshown
to correlate with serum bactericidal (5-8) and opsonic (1) activity. However, the
antigens used inthese assay's have mostly been membrane preparations or whole cell
lysates (1, 5, 6, 8) and the subcapsular antigens that contribute to these findings are
poorly defined(1,6,7). Thedeve opment of improved anti-meningococca component
vaccines may be aided if the antigens which dicit antibodies withanti-meningococca
functiond activity could be better defined. In previous studies, we have been ableto
purify outer membrane class 1 (3) and class 3 (2) protein and we have measured the
levels of 1gG antibodies reacting with these proteinsin an ELISA using serafrom25
patients infected withN. meningitidis srains of different serogroups, serotypes, and
serosubtypes.

In this study, the opsonic activity in serafrom these 25 patientswas measured usng
different meningococca grains during the course of their disease. The serum opsonic
activity was then correlated to the amounts of anti-porin in the same sera. The
opsonophagocytoss was studied by measuring number of bacteria per phagocyte
usngaflowcytometric assay and by measuring leucocyte oxidative metabolismduring
phagocytos s usng luminol-enhanced chemiluminescence(4). The opsonic activity of
sera obtained from these 25 patientswas sgnificantly higher than of seraobtained on
admisson to hospitd when the samples were incubated with autologous strains, or
drainscontaningclass2 (C:2a:P1.2:L.3,7,9) or class3(44/76-B:15:P1.17,16:L.3,7,9)
outer membrane protein. Thus, the convaescence sera contained a wide range of
opsonins reacting with meningococcl of different serogroups, serotypes and
serosubtypes. The peak levds of bacteria per phagocyte and leucocyte
chemiluminescence were reached during the second week of disease. About 50%
of convaescence sera obtained 6 to 18 months after the acute illness contained
sgnificant amounts of opsonins, whereas the remaining sera had minor or o opsonic
activity. Interestingly, acute serum from a patient with bacteremia on admisson to
hospitd,, but without septicemiaand meningitis, induced pronounced phagocytosisand
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| eucocyte chemiluminescenceproducti onduring phagocytos s of the autologous strain.

A good correlation was observed between serum opsonic activity as measured by
leucocyte chemiluminescence productionduring phagocytoss of strain 44/76 and the
leves of serum IgG antibodies recognizing purified class1 (serosubtype P1.7,16) and
class 3 (serotype 3) proteinin an ELISA (2,3), suggesting that at least some of the
serumopsoninsreact withclass1 and class 3 outer membrane proteins. Furthermore,
agood correlation was a'so seen between serum opsonic activity and the amounts of
anti-class 3 1gG antibodies for patients infected with nontypable strains or strains
containing class 2 outer membrane proteins, suggesting that cross-reacting serum
0psONiNS recognize meningococca porins.

Snceit is possble that the leve of anti-class 1 and 3 antibodies in the patient sera
increased in tandem with antibody levels to other outer membrane components that
were reponsible for the opsonic activity, the following experimentswere performed.
1gG levelsto LOS (immunotype L 3,7,9) were measured by ELISA and anti-class 1
and anti-class 3 antibodies were affinity purified and tested infunctiond assays. 1gG
levds to LOS, did not increase to as great an extent as the anti-class 1 or 3 I1gG
levels, and there was less corrdation between the anti-LOS 1gG leves and the
anti-meningococca opsonic activity in the patient serathan the correlation between
the anti-porin 1gG levds and the anti-meningococca opsonic activity. The affinity
purified anti-class 1 and anti-class 3 antibodieswerefound to contain bactericida and
opsonic activity, making it likely that the same antibodies present in the patient sera
conferred the same functiona activity. In concluson, during the course of
meningococcal disease antibodies are induced with anti-meningococca opsonic
activity. The levels of these opsonic antibodies peak during the second week of
disease and can dill be present 6-18 months after the infection has cleared. This
suggests that the opsonic activity is at leadt, in part, due to antibodies that recognize
the meningococcd class 1 and class 3 outer membrane proteins and it is doubtful
that it is due to a concomitant rise in anti-LOS antibodies.
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Regulation of protein 1 porin (P1) function by host cell factorsand
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Interaction of Opa“ gonococci with human peripheral blood monocytes (PBM)
induces a strong oxidative burst detectable by chemiluminescence (CL). Using
purified P.1A and P.1B porins we were able to dmost completely inhibit N.
gonorrhoeae and FMLP-induced CL responses. Incontrast, CL inductionby PMA
could not be inhibited by preincubation with P.1 porins. Our data suggest P.1
insartion into the PBM membranes sdlectively inhibits a digtinct target cell sgndling
pathway involved inthe generation of oxidative burst and are congstent withprevious
observations made by Haines and colleagues (1).

Concomitant with these studieswe were able to identify a cytosolic factor (other than
camodulin) present inhumantarget cdls that specificdly interactswith P.1-like porins
of the pathogenic Neisseriae but not with those of commensa Neisseria species. In
vitro studies ugng black lipid membranesindicate aremarkable shift inporin function
when thisfactor is present. Patch clamp studies carried out with intact cellsindicate
that this shift occurs in vivo. Amino acid homology searches led us to identify a
sequence present only inP.1-like porins of pathogenic Nei sseria speciesand ahuman
porin known to interact with the same cytosolic factor, indicating an interesting
functiond and evolutionary relaionship. We are currently trying to demondrate a
specific function of this sequence by Ste-specific mutagenesis of P.1 porins.
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Pili and Opc in meningococcal virulence: Phenotypic requirements and
molecular mechanisms
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Phase and antigenic variation of surface components of Nei sseria meningitidis (Nm)
grown in vitro give rise to phenotypes that range from non-interactive to highly
invasve when examined for their virulence on cultured human cells. Phenotypic
variaionaso occursinvivo (1) and may be driven not only by random mutations but
adso by environmenta dgnds. The importance of the latter phenomenon in the
expression of virulence properties has not been investigated in detail. However, one
study has suggested that capsular polysaccharide, for example, may be modulated by
environmentad conditions (2). The presence or absence of cgpsule inadditionto sdic
acid on LPS of diverse serogroups has profound implications for the interactive
properties of meningococci with host cdls (3, 4). In studies on meningococca
pathogenesis it is of interest to examine the potentia of bacteria to interact with
different host cdls and to understand the interplay between phase variable surface
Sructures in modulating such interactions.

Pili: Piliated meningococci have been shown to adhere to nasopharyngeal organ
cultures in large numbers (5). Rli are dso required for the adherence of capsulate
drainsto epithelid and endothelid cdls and of capsule-deficient bacteriawhen LPS
isdaylated. Rili are mediators of specific interactions between Nm and humean cdlls
and numerous drains expressing sructurdly variant pilus types belonging to Class |
or Class |l adhere to venous and capillary endothdlid cdlls of human origin, but not
to cdls of bovine or porcine origins (6). In addition, variant pili readily adhere to
humanendothelid cells, but often fail to interact withhumanepithdid cdls, suggesting
that the mechaniams of pilusfacilitated adherence in the two cases may be ditinct.
Recent studies have shown that both the expression of RIC and Sructurd variaions
in the pilin subunit may affect bacterid adherence to human cdls (6, 7, 8). RICisa
pilus-associated protein and may be important in pilus biogenesis (9) and/or adhesion
(7). Our studiesshowthat itsrole in increasing bacteriad adherence is dso consigtent
with the notion that FiIC increases the Sability of pili or their anchorage in the outer-
membrane. Whether these gpparent roles of BIC can be ascribed to distinct RIC
vaiant proteins or are coincidentd with as yet unknown phenomena is unclear. In
additionto ther role inadherence, recent studieshave shown synergistic effectsof pil
on L PS-mediated toxicity of bacteria for human epithdid and endothelia cdls (Dunn
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et. al., submitted). Meningococca pili may aso affect bacteria interactions with
human erythrocytes (10) but appear not to affect interactions with human phagocytic
cdls (4).

Opacity proteins: Nmdisease i solatesexpressthe outer-membrane opacity proteins,
Opa and Opc. Meningococca Opa proteins are related to those of gonococci and
vaiant formsin Nm also show an ability to interact with human cdlls (3). The Opc
protein which is digtinct from Opa (both gructurdly and in its genetic control of
expresson, 12), actsasaninvasnfor epitheid aswell asendothdid cdls (11) and,
in addition, increases bacteria interactions with human monocytes (4). However,
neither Opa nor Opc are effective mediators of bacteria interactions in capsulate
phenotypes or when capsule-deficient bacteria express saylated LPS. Thus, if these
outer-membrane proteins are primaily virulence attributes, they only become
operationa in the absence of ddic acids on the surface of bacteria. This may reflect
onthefact that the proteins, which are basic, require a net postive charge to interact
withther respective ligands. Suchaphenotypemayexist invivo since nasopharyngedl
isolates are often capaule-deficient and may express non-sdylated LPS (13).
Whether other niches within the host favour such a phenotype is not known. The
phenotypecommonlyisol ated fromdisseminated infectionsiscapsul ateand possesses
the L3 immunotype, which is expected to be saylated. This is the predominant
crculating phenotype and may be sdected for by its resstance to humord defences.
Whether thisreflectsthe array of phenotypesthat may be adherent to endothdlid cdls
in vivo is not known. It is probable that environmenta Sgnds and/or natura
antigenic/phase variation may give rise to non-gaylated phenotypes in the adherent
population. Under these circumstances, bacteria may utilise the outer-membrane
proteins to invade host cdlls.

Bacteria expressing the Opc protein exhibited a high level of invasion for human
umbilicd vein endothdid cdls (Huvecs) in vitro (11). In order to study the
mechanismsof interaction, polarised endothelid cdls were used asamode for studies
onOpcinteractionswithapica and basal cdl surfaces. Meningococci expressngOpc
required serum to adhere to the apica surfaces of Huvecs. Interactions with non-

polarised cells did not require serum factors. Detailed examinations have shown that
Opc-facilitated interactions at the apica surface occur via bridge molecules derived
from the serum. The receptors on Huvecs involved in these interactions belong to a
subfamily of integrins that bind to serum and matrix proteins withthe moatif: Arginine-

Glycine-Aspartic acid (RGD); and the vitronectin receptor (integrin "*v$3) appears
to be the principa receptor involved.
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Aili play anessentid role inadhesi onof Neisseria meningitidis (M C) to epithdid and
endothdid cdls. However, among piliated strains bothinter and intrastrain variability
exist with respect to their degree of adhesion to epithdid and endothdid cells in
vitro. This suggedts that factors other than the presence of pili per se areinvolved in
this process. Antigenic variation of pilin has been shown to modulate MC adhesion
and certain pilin variants are associated with a high adhesive phenotype (2, 4). In
addition, a 110 kD protein, PilC1, has been identified as being a mgor player in
pilus-mediated adhesion, PiIIC1 derivativesare unable to adhere to both endothelia
and epithdid cdls (1). Two RIC proteins, RIC1 and PIIC2, are found in
N. meningitidis. These two proteins are subject to phase variationand have asmilar
function in pilus biogenesis. AIC1 hasan additiona role on MC adhesion. However,
the precise nature of the MC component, pilin or RIC1, which interacts with the
eucaryotic receptor remains unknown.

In order to get indght into MC adhesion, the pilin corresponding to a low adhesive
loci has been purified by fusng pilE with the malE gene of Escherichia coli to
generate amatose binding protein (MBP)-pilin fusonprotein. ThisMBP-pilin hybrid
proteinwasthen coated onto a killed suspensionof Staphyl ococcusaureususnganti
MBP antibodies (3). Adhesion of these coated particles onto Hec-1-B cells was
sgnificantly higher (>25 bacteria per cdll) than the same particles coated with MBP
(< 5 bacteriaper cdl). In order to delineate the region of the protein involved in this
binding, truncated pilin have beenfused to MBP. A fusion encompassing the constant
region (50 amino-acids) and the firg 20 amino-acids of the variable regionisrequired
for thishinding. The hypervarigble regionis not necessary for pilinbinding. To confirm
that this adhesion is solely the fact of pilin and did not involved the MBP part of the
hybrid protein, pili were purified and pilin coated onto Staphyl ococcus aureus usng
a pilin monoclond antibody. Such pilin-coated particles adhered to Hec-1-B cdls.
Thisbinding isinhibited by preincubating the monolayer withthe truncated pilinfuson,
thus confirming that a cdll-binding domain is located withinthe firgt 70 amino-acids of
pilin. The role of this domain in MC adhesion needs to be further addressed by
condructing a piliated drain mutagenized in this pilin binding Ste.
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To assess the rale of the variddle region in MC adheson, MBP-pilin fusons were
generated usng vaiants responsble for low and high adhesive phenotypes.
Adhesiveness of bothMBP-pilinfusonswasidenticd. This experiment and the above
results suggest that there is no direct peptidic cdl-binding Ste in the hypervariable
region of pilin. However, to further evauate the role of the hypervaridble regionin
MC pilussmediated ahdesion, a hybrid pilin variant was constructed where the
hypervaridble region of a low adhesve variant has been replaced by the
corresponding region of a high adhesve variant. A MC drain expressng such a
vaiant has a high adhesive phenotype. This result confirms the mgor role of pilin
hypervariable region in adhesion of N.meningitidis. The mechanism by which this
region plays a role in MC adhesion is unclear. It has recently been shown that MC
pilinwasglycosylated (4), suchaposttrand ationa modificationof hyperadhesive pilins
could be responsible for the occurrence of ahigh adhesive phenotype
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Function of PilC asthe pilusadhesin and the interaction of PilC with host
cellsand other neisserial factors

T. Rudd, I. Scheuerpflug, A.F. Kahrs, J. Maier and T.F. Meyer
Abtellung Infektionshiologie, Max-Planck-Ingtitut fir Biologie, Tubingen, Germany.

Pilus-mediated attachment is considered the most important event initiating neisserid
infections. Both pathogenicNeisseriaspecies, N. gonorrhoeaeand N. meningitidis,
produce a low quantities a phase-variable protein (RIC) implicated in severd
pathogeness-reated processes including pilus biogenesis and naturd transformation
competence (1,2). RIC, in conjunction with the mgor pilus subunit RIE, has dso
been implicated in epithdid cdl adherence, however, the identity of the pilus adhesin
has thus far remained obscure (3). Here we report on the over-production of the
RiIC2 protein in a N. gonorrhoeae context devoid of RIE, and the purification of
RIC2 to homogenaity. Using antisera prepared againgt purified PIIC2 and synthetic
peptides immuno-EM reveds a location of BIC proteins primanily at the tip of
gonococcal pili. Condstent with the known species specificity of neisserid infections,
purified FilC binds to human ME-180 epithdia cells but interacts poorly with other
mammadlian cdl species. Fuorescent beads coated with PilC-gonococcd pili do not
bind to ME-180 epithdid cdls unless complemented with purified PilC2 protein.
PilC-specific antibodies inhibit pilus-mediated adherence of gonococci to epithdid
cdls wheress variant-specific RIE antiserumisineffective under the same conditions.
We demondtrate further that purified PIIC2 completely blocks pilus-mediated
attachment of both N.gonorrhoeae and N.meningitidisindicting that bothpathogens
interact withepithdid cdls viathe same mechanism and probably recognise identica
or very smilar receptors.

Recent results dso suggest a role of RIC proteins in naturd transformation
competence and human epithdid cdl inveson. Furthermore, we have identified a
family of accessory proteins which physicdly interact with RIC and are probably
involved in RIC secretion and/or surface presentation.  Evidence supporting these
conclusons and a putetive modd of FIC function will be presented.
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The gonococcal PIlT protein plays an essential rolein pilus-associated
phenotypes of twitching motility and natural competence for transformation

M. Koomey !, R. Fox ?, L. Brossay 2 and J. Hebért 2

!Department of Microbiology and Immunology, University of Michigan, Ann Arbor,
M| 48109-0620, USA. Centre de Recherche en Inflammation, Immunologie et
Rhumeatologie, Centre de Recherche du Centre Hospitdier del'Universté Lavd, Ste.
Foy, Québec, G1V 4G2 Canada.

The elaboration of pili by Neisseria gonorrhoeae appears to be an essentid
determinant of infectivity. The presence of these organdles can be correlated with
expression of multiple phenotypesinduding competence for transformation, bacterial
autoagglutination, twitching matility and adherence for cultured human epithdid cdlls
However, the mechanigtic basesfor the association between pili and these properties
remain undefined. The gonococca pil T gene wasidentifiedin a DNA hybridization -
based screen to identify pilus assembly genes (5). The gene product is predicted to
be a cytoplasmic, soluble protein containing a consensus nucleotide triphosphate
(NTP)-binding matif and most dosdy resembles the putative RilT protein of
Pseudomonas aeruginosa (5,7). Sgnificant sequencehomologiesare also seenwith
afamily of NTP- binding proteinsinvolved intype IV pilus biogenesis, protein export,
DNA transfer and natura competence (6).

Ingtudies usng a Pl T-specific monoclond antibody (3), it wasfound that expression
of RIT is absolutely conserved in gonococci and that RIT is expressed at very low
levels and locdizedto cytosolic and cytoplasmic membrane fractions. The N-terminal
sequence derived by microsequencing of the protein purified from gonococci led to
the correction of the previoudy published gene sequence. Sequencing of the gene
fromthreegtrains reveal ed an extremdy high degree of conservationat boththeamino
acid and DNA levels.

Gonococcd PIIT mutantswere constructed by dldic replacement and were found to
retain piliationbut fal to expresstwitching matility, resultsanalogous to that found for
P. aeruginosa RIT mutants (7). Electron microscopy of the mutants reveaed
quditaive as wdl as quantitative dterations in pilus expresson. The gonococca
mutants were aso incompetent for sequence- specific DNA uptake, displaying
reduced frequencies of transformationequivaent to that seen for nonpiliated mutants.
Mutations in pil T were found to account for the adtered phenotypes of previoudy
identified but geneticaly uncharacterized mutants deficient in competence and
twitching matility. For example, we have shown that the DUD1 (DNA uptake-
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deficient) mutant of Biswas, Lacksand Sparling (1) isa RIT mutant and that dudl is
infact andlde of pil T. Loss of competencein RIT mutants appearsto reflect adefect
in the earliest sages of transformation, that being at the leve of taking up DNA into
aDNase state.

It has been proposed that twitching matility (nonflagellar mediated surface
trandocation) associated with type IV pilus expression is a manifestation of pilus
extruson and retraction (2). In this context, RIT mutants appear to be defective in
pilus retraction. This concept fits wdl with the fact that PIT closdy resembles RilF,
a NT- binding protein required for gonococcd pilus assembly (4) and it further
suggests that these components may have antagonigtic functions with RBIF promoting
extruson (assembly) and Rl T promoating retraction (disassembly).
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The structure and assembly of N. gonorrhoeae pilin

K. Forest, H. Parge, M. Hickey and J. Tainer

Dept. of Molecular Biology, Scripps Research Indtitute, La Jolla, CA.

The gtructureof pilinfromNei sseriagonorrhoeae M S11 has been solved by multiple
isomorphous replacement to 2.7 D resolution. The 18 kD protein foldsinto a highly
asymmetric molecule, with a central 80 D dpha hdix. The highly conserved
hydrophobic N-terminus forms one end of this helix, and is buried by formation of a
coiled-cail with a symmetry-related molecule. It seemslikely thet this contact is aso
important for fibre formation in vivo. As would be expected, highly variadle
sequences are located on the surface of the protein. An immunorecessive yet
protective epitope between resdues 48-60 (1) is accessble in this structure. The
three-dimensiona structure provides a basis for mapping epitope data from human,
rabbit and mouse immune responses to pilin (obtained in collaboration with workers
from the Walter Reed Army Indtitute for Research).

Our current efforts are focused on refining the crystal structure aswell as developing
a model of the pilus fibre based on the structure and published biochemicd and
immunologica data. Ongoing pardld studies on other crystal formswill provide an
independent asssessment of interactions which promote fibre assembly.
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Biology of the Opc protein from Neisseria meningitidis
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Class 5 proteins of meningococci indude Opa proteins plus the Opc protein (formerly
cdled 5C) (1, 3). Purified Opc possesses a trimeric or tetrameric structure and is
highly basic (1). Although Opc is not strongly immunogenic in experimenta animals,
it isimmunogenic in humans upon nasopharyngedl carriage or after immunisation with
outer membrane vesde vaccines (2,4) and both human (2) and murine (1, 4)
monoclond antibodies have been isolated which are specific for the Opc protein.
Meningococci which are defective at expresson of capsular polysaccharide are
adhesive and invasive for various cell types when they express large amounts of the
Opc protein (6) whereas colony variants expressing lesser amountsare non-invasive.
Smilaly, only colony variants expressng large amounts of the Opc protein are
sengtive to immunoglobulin-activated complement killing (2).

The opc geneisonly present in certain meningococci and others (especialy serogroup
C bacteria of the ET-37 complex and B bacteria of the A4 cluster) give no
hybridization in Southern blots with a probe congging of the 1.5 Kb segment
gpanning the opc gene nor do they yidd PCR products with specific oligonucl eotides.
All serogroup A meningococci and numerous other bacteria, including serogroup B
bacteria of the ET-5 complex, do possess an opc gene whose sequence variesto a
limitedextent inunrelated bacteria. The sequencevariantsareuniformwithinindividua
clond groupings but differ between clona groupings as if recombination events had
occurred in the distant past. Because the same patterns of nuclectide variation are
found within diverse dldes, the data indicate that al current aleles represent the
results of recombination between 2 "Urdldes', which arose early after speciation of
N. meningitidis. In addition, some strains possess an 240 bp insertion eement
upstream of the opc gene.

Regulation of Opc protein expresson is primarily a the transcriptiond leve (5) and
expression can vary from no detectable mRNA (and protein; Opc) synthess to
intermediate(Opc*) tostrong expression (Opc™™). INOpc*™ bacteria, theOpc protein
isone of the mgor outer membrane proteins. The RNA transcript begins immediady
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after an unusud promoter with a-10 box but no -35 region and ends immediatdy
after the opc gene. The-35 regionisreplaced by a poly-cytidine stretchwhose length
correlates with expresson: Opc*™, 12-13 C's;, Opc*, 11 or 14 C's; Opc- 7-10 or
15-19C's.

A two-dimensond structural model predicts 5 surface-exposed loops of varying
sizes. The linear, continuous epitopes recogni zed by 3 of the murine Mab's have been
mapped using synthetic peptidesto a5 amino acid stretchat the tip of the maor loop,
loop 2. These Mab's dso inhibit adhesion and invason, indicating that loop 2 is
involved in these phenomena. The human MAb seems to recognize discontinuous
epitopes. Synthetic peptides corresponding to the other loops have been used to
immunize mice and murine Mab's have beenisolated after immunisationwith loops 4
and 5 which recognize bacteria expressing Opc. Site-directed mutagenesis is in
progress to confirm the basic features of this model. 20mers spanning the opc
sequence have beentested as humanT-cdll epitopes and compared withcomparable
peptides from opa and porA genes (7); epitopes were found in the predicted
trans-membrane regions which often simulated T-cdll growth. Crystds of Opc have
been obtained using the hanging drop method; they form rods which are square in
cross-section and have gpproximate dimendons 100 x 100 x 300 microns.
Preliminary diffraction data, collected a the synchrotron radiation source at
Daresbury (UK), show X-ray reflections toadiffractionlimit of 3.8 Angstroms. These
results raise the hope that the three-dimensiond structure of Opc can be resolved
within the next few years.
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Genetics and function of Opa proteins. Progress and unanswered questions
Janne G. Cannon

Department of Microbiology and Immunology, University of North Carolina School
of Medicine, Chapel Hill, NC 27599.

The Opa proteins of the gonococcal and meningococca outer membrane, like a
number of other surfacecomponents, demonstrate high frequency phase and antigenic
variaion of expresson. A gonococca or meningococcd strain can make multiple
antigenicdly distinct Opa proteins (up to 11 or 12 in gonococci and 3 or 4 in
meningococc). The reversble switching of expresson of the different proteins and
the capacity of the bacteriato express multiple proteins Smultaneoudy generates a
complex mosaic of Opa expression within a neisserid population.  Portions of the
Opa proteins are exposed on the bacteria surface, and the expression of these
proteins influences the interaction of the organisms with different types of host cdlls.
In the past few years, there has been dramatic progress in understanding the genetic
beds for Opa vaiation, and in identifying the role of the proteins in promoting
attachment to or invason of host cells. However, anumber of fundamenta questions
about the genetics and function of Opa proteins remain. Some (but not al) of those
potentialy important questions are:

1. Isthe direction or rate of Opa phase variation responsive to changesin
environmental conditions, particularly those encounter ed by the organismsin
vivo? Phasevariation of opa gene expressioninvolvesa RecA-independent process
of insartion and deletion of CTCTT repests in the Sgnd peptide coding regionof the
gene, leading to frameshifting and the synthesis of elther full-length (in-frame gene) or
truncated (out-of-frame gene) Opa proten. The most likdy mechaniam is
dipped-strand migpairing (SSM) during DNA replication(2,7,10). Therateof phase
variaioncould potentidly be affected by changesinDNA topology, transcription (2),
or DNA repair. If so, the organismsmight respond to their environment by increasing
or decreasng the rate a which they switch, thus increasing or decreasing
heterogeneity of Opa expression in the population.

2. Areall opagenescongtitutively transcribedunder all conditions? Inthetwo
gonococcal grainsin which dl of the opa genes have been sequenced (FA1090 and
MS11), there are differencesinthe most likely promoter sequences for different opa
loci (3,4, and our unpublished data), raising the possibility that a particular subset of
Opa proteins would bemorelikdy to beexpressed under different conditionsin vivo.
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3. How largeisthe universe of different Opa proteins within the gonococcal
or meningococcal species? Thehypervariable (HV) regionsof opa genes encode
the immunodominant, antigenicaly variable portions of the proteins. Some HV
regions appear to be shared among multiple strains, whereas others are apparently
grain-specific. If HV regions contribute to the functiona differences among Opa
proteins, and if those functions are important in pathogenesis, then why are there no
HV regions that have been shown to be common to dl strains?

4. Doesthestrong selection for Opa expression that hasbeen demonstrated
during experimental gonococcal infection of male volunteers (5,11) indicate
that the proteins are essential for establishment of uncomplicatedgonorrhea,
at least in men?

5. Do the Opa-promoted interactions of the bacteria with epithelial cellsor
neutrophils that have been studied in vitro (1,6,9,12) also occur during
infection in vivo? If so, what is the sdective advantage for the organisms of
expressing a protein that mediates attachment to neutrophils, a behavior that is
presumably suicidal? Whet is the identity of the receptor on different cdl types for
Opa binding? What domains of the Opa proteins are involved?

6. If Opadomainsother than the HV regionsareinvolved in Opa-mediated
attachment/invasion, isit possible that antibody specific for thoserelatively
conser ved domains might protect against some or all types of gonococcal
infection? A recent study showed an association between Opa-specific antibody
and protection agang pelvic inflammatory disease (8), emphasizing the need to
understand the antigenic repertoire of Opa proteins and to identify the functional
domains of the proteins involved in interactions with host cdlsin different types of
infections.
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Genetic regulation by non-homologous recombination in N. gonorrhoeae

Robert J. Bdland and S. G. Morrison
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Neisserid opa genes dter thar expresson states usng an unusud form of gene
regulation (5) dependent on "non-homologous™ or “illegitimate" recombination (i.e.
recA independent, 1, 3). Other neisserid genes or gene families (2, 4) use amilar
mechanisms to affect gene regulaion. We have studied these regulatory phenomena
usng reporter systems in E. coli and N. gonorrhoeae with the am of identifying
cdlular factors important in non-homologous recombination. We have identified a
number of mutationsin E. coli involving DNA repair and replication enzymes which
increase the phase variation frequencies of our reporter systems. These mutations
affect the level of phase changinginsystems utilizingsmilar modes of non-homologous
recombination. The possbility exigs therefore, that smilar mutations in N.
gonorrhoeae may result in the deregulation of a number of genes or gene families
controlling the expression of important surfacemolecules. N. gonorrhoeae homologs
of severd of these genes have been isolated and are presently being analyzed to
determine their influence on phase variation frequenciesin N. gonorrhoeae.

References

1 Beland, R. J., S. G.Morrison, P. van der Ley, and J. Swvanson. 1989.
Expressionand phase variationof gonococcal P.I1 genesin Escherichia coli
involves ribosoma frameshifting and dipped-strand mispairing. Mol.
Microbiol. 3:777-786.

2. Jonsson, A., G. Nyberg, and S. Normark. 1991. Phase variation of
gonococcal pili by frameshift mutation in pilC, a nove gene for pilus
assembly. EMBO 10:477-488.

3. Murphy, G.L., T. D. Connél, D. S. Barritt, M. Koomey, and J. G.
Cannon. 1989. Phase variationof gonococcd protein 1l: regulation of gene
expression by dipped-strand mispairing of a repetitive DNA sequence. Cell
56:539-547.

4, Olyhoek, A.J.M ., J. Sarkari,M . Bopp, G. Mordli, and M. Achtman.
1991. Cloning and expression in Escherichia coli of opc, the gene for and
unusud class 5 outer membrane protein from Neisseria meningitidis.
Microb. Path. 11:249-257.

5. Stern, A., M. Brown, P. Nickel,and T. F. Meyer. 1986. Opacity genes
in Neisseria gonorrhoeae: Control of phase and antigenic variation. Cell
47:61-71.

73



Biology of major surface proteins (b) Opacity proteins, pili and Opc

Several of the gonococcal Opa proteins share a common epitope and
functional features with host cell proteins such asL OS binding and 4B12
reactivity: Evidencefor heterophilic bidectional adherence and host cdll
activation

M.S. Blake, N. Porat, H. Qi and M.A. Apicdla

The Rockefdler Univeraty, 1230 York Ave,, N.Y.,N.Y. 10021 and University of
lowa School of Medicine, Dept. of Microbiology, lowa City, 1A 52242.

Gonococca Opa proteins have been shown to be important in human infectivity
dudiesaswdl asin in vitro invasonassays usng humantissue culture cells (4-6,9).
Although numerous different Opa proteins can be expressed from asingle strain and
have variations in antigenicity and amino acid sequence, most of these Opa proteins
aso display common features (1). One of these characteritics isthe ability of Opa
proteins to impart the opacity colony phenotype (8). Previous evidence from our
laboratory had suggested that the tight intercellular adhesions between the outer
membranes of gonococci disolaying opacity occurred by Opa proteins expressed on
one gonococci adhering to the LOS of the opposing bacterium (2). On further
investigetion of this activity, we have found that gonococcad Opa proteins behave
functiondly smilar to human asaoglycoprotein receptors. We have cloned and
identified the region that is responsible for this activity and found that areas of
homology occur in dl opa genes thus far sequenced. We have dso synthesized a
peptide representing this area which will bind to purified gonococcal LOS and inhibit
the reactivity of the LOS monoclond antibodies 3F11 and 6B4. We have aso
identified the amino acid sequence withinthe Opa proteins that is responsible for the
binding of the monocl onal immunoglobulin 4B 12, a monoclona immunoglobulinwhich
reacts with dl neisserid Opaprotens.

These two common features of Opa proteins, the binding of gonococca LOS and
4B12 reactivity, are dso shared with proteins expressed on the surface of human
tissue culture cells. Using HepG2 cdlsasamodd, we haveidentified two cdl surface
proteins which will bind wildtype gonococca LOS. One of these proteins isthe well
characterized mgjor hepatic asidoglycoprotein receptor. Thisreceptor can befound
on both liver cells and sperm (3). We have been able to demonstrate that gonococci
utilize this receptor on both these cdll types. Interestingly, a sequence Smilar tothat
found responsible for the binding of L OS within the Opa protein occurs in the mgjor
hepatic asidoglycoprotein receptor of humans (7). The second LOS receptor on
HepG2 cdls was identified usng 1°1-labeled gonococca LOS, purified from strain
1291 wildtype. Severd lines of evidence in these sudies suggest that the
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oligosaccharide region plays an important role inLOS binding to this p70 protein. It
could aso be demongtrated that this human protein would specificaly bind to 4B12
as compared to other monoclond antibodies. Once 4B12 was bound to the p70
HepG2 protein, it would sgnificantly inhibit the interaction of this protein with
gonococcal LOS.

Thus, gonococca Opa proteins share common features with some human proteins
and might suggest that the tight intercellular adhesion between gonococci and human
cdlsissmilar to that between two gonococc displaying opecity.
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Pili and Opa arerequired for HEC-1-B cell microvillus elongation and
engulfment of Neisseria gonorrhoeae

JM. Griffiss, C.J. Lammé, S. Zhao, J. Wang, N.P. Dekker and G.F. Brooks

Department of Laboratory Medicine, Univergty of Cdifornia, San Francisco, CA
94143-0100.

Neisseria gonorrhoeae mus attach to and invade endocervicd epithelia celsto
cause disease inawoman. We studied the roles of pili and Opa onadherenceto and
invason of genita epithdia cdls and the effects of inhibitory and stimulatory
compounds on the process.

Materials and M ethods: Piliaed (P") and non-piliated (P) variants with and
without an Opa were studied for srains F62-SF, FA1090, and MS11,,.. Other P
Opa variants of grans F62-SF and FA1090 aso were studied. Flus and Opa
expression were monitored by SDS-PAGE and immunoblotting.

Gonococca adherence and invason were studied using HEC-1-B cells, a human
endometrid adenocarcinomacdl line.

Adherence and invason of HEC-1-B cdlls were studied using scanning and
transmission electron microscopy. Invason aso was studied by culture following
gentamicin killing of extracdlular gonococdi.

Selected pilus and Opa variants were sudied in assays of invason, by the culture
method with inhibitory and stimulatory compounds.

Results: SEM showed the gonococci of drains F62-SF, FA1090, and MS11,,«
formed microcoloniesonthe surface of HEC-1-B cdls Thetipsof microvilli adhered
toisogenic P Opa’” and Opa;, and P* Opa gonococci, but microvilli did not el ongeate.

The P" Opa" gonococci yidded driking microvillus eongation and ful length
adherence to the gonococci. On TEM the microvilli appeared to contribute to the
interndizationof P* Opa’ gonococci. Invasion (confirmed by TEM) needed 4-6 h of
exposure to P* Opa" variants except for the Opa e variant of strain FA1090 (~2 h)

HEC-1-B cdlls had many intracellular P* Opa* gonococci after 10 h of incubeation.
The bacteria appeared to be free in the cdl cytoplasm. Only an occasiond P Opa”
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gonococcus was found within a cdl, and those that were appeared to be within
vacuoles.

Cytochdasns (blockers of actin polymerization) reduced engulfment; colchicine
(preventstubulin polymerization) had no effect. Cydoheximideand anisomycin (inhibit
eukaryotic protein synthess) caused dose-dependent enhancement of gonococcal
invason. Chderythrine and phloretin (inhibit protein kinase C[PK C]) caused dose-
dependent reductions ingonococcal invasion. PMA and mezerein (activatethe ™", $,
(, *, ad , PKC isozymes, but not related isozymes) nonspecificaly increased
invasion (induding P Opa variants). Sodium dantrolene (decreases release of Ca?*
fromthe sarcoplasmic reticulum) and herbimycin A (proteintyrosine kinaseinhibitor)
caused dose dependent reductions in invason. Both PKC agonists, PMA and
mezerein, increased gonococca invason. Staurasporine (non-specific ser/thr kinase
inhibitor that blocks activation of the**, $, (, *, and , PKC isozymes and protein
kinases other thanthe epiderma and insulin-like growth factor receptors[EGFRand
IGFR]) blocked only the augmentation of invasion caused by PMA or mezerein.

Discussion: Gonococci use multiple factorsto inducether uptake by epithdid cdlls.
Theinitid adherenceis mediated by pili. This adherence appearsto be augmented by
engagement of receptors at the microvillar tips. Adherence to the eukaryotic
membrane causes the bacteria to synthesize over the next severa hours aligand that
engages expressed proxima microvillus receptors inanintimatecontact that precedes
bacteria invason. Although Opa are needed for invason, their functioninthe process
remains unclear.

Cytochdasins inhibit gonococcal invasion of HEC-1-B cdlls indicating that actin
polymerizationand active participation by the eukaryotic cdl isan essentia part of the
process. Invasion redly is engulfment. Drugs that block eukaryotic protein synthesis
caused enhanced gonococca invason. This suggests that HEC-1-B cdls naturdly
resst inveson. Activationof microvillusmediated engulfment may be a pathogenetic
strategy for circumventing naturd resstance to invason. The inhibitory effects of
herbimycin A indicate that P* Opa” gonococci engage HEC-1-B cell receptors that
have tyrosine kinase activity. cCAMP-inducible protein kinases do not appear to be
involved. Gonococcal engulfment by HEC-1-B cdls aso requiresincreased cytosolic
Ca®" concentrations.

Staurosporine blocked only the increasein engulfment that followed stimulaionof the
cdls by PMA and mezerein. By exdudon, the PKC isozyme activated during
engulfment of P* Opa’ organismsis other thanthose of the ™, $, (, *, and , PKC
families. Thus, gonococci can coordinately bind pili and Opa to HEC-1-B cdlls,
activating microvilli through a Ca?*-, tyrosine kinase-, and PK C dependent-pathway,
resulting in engulfment of the gonococa.
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Biology of major cell surface proteins, poster 14.

I dentification of human linear B-cell epitopes on the class 1 and 3 outer
membrane proteins of Neisseria meningitidisusing synthetic peptides

E. Rosenguist!, A. Ddvig!, G.E. Tolnass', E. Wedege, R. Dalsed!, E. A. Haiby', JE.
Heckels? and L.O. Freholm®

INationa Institute of Public Hedth, Departments of Vaccine and Bacteriology,
N-0462 Oslo 4, Norway; 2University Microbiology Department, South L aboratory
Southampton Generd Hospita, Southampton S09 4XY, Greet Britain.

Human humord response against class 1 and 3 OMP of Neisseria meningitidis is
believed to be directed bothto the sero(sub)type epitopes and to other parts of these
porins not recognized by murine MAD (2,3). Theam of this sudy was to identify the
putative human linear B-cdll epitopes occurring on both porins using synthetic
peptides and immune sera drawn from Norwegian vaccinees. Adolescents were
immunized a 0 and 6 weeks and four years with 25 : g of meningococca group B
(15:P1.7,16) OMV vaccine (1). Sera were drawn prior to immunizetion, 6 weeks
after the second dose and 6 weeks after the third dose. Synthetic peptides spanning
the class 1 OMP (10 mers overlapping by 5 amino acids) were synthesized on pins
in accordance with the amino acid sequence of the P1.7,16 strain 44/76 (4). Class
3 OMP peptides (12 mers overlapping by 6 mers) were synthesized based on the
deduced amino acid sequenceof the serotype 15 strain 44/76 (our unpublished data).

Prevaccination sera tended to bind to peptides corresponding to the predicted
intras-membrane regions (5) of bothclass 1 and 3 OMP's. Whenpaired serafrom six
selected vaccineeswere tested with synthetic peptides spanning the class1 OMP, we
found one individua whose postvaccination serum reacted with the peptide
corresponding tothe P1.7 (VR1) region, two other vaccineesreacted withthe P1.16
(VR2) peptide, and no significant increase againgt any peptide wasobserved for the
remaining three vaccinees. All these vaccinees showed increaseinthe class 1 protein
specific antibodies on immunoblaots after vaccination and rise in bactericidd activity
againgt the homologous gtrain. Paired serafromother 32 vaccineeswho had received
2 doses of vaccine were tested with a synthetic peptide covering the P1.16 region
(TKDTNNNLTLVPAVC) conjugated through the termina cysteine to keyhole
limpet hemocyanin, only 4 vaccineeswere found significant postive. Taken together,
the OMV vaccine was effective in dimulating the anti-class 1 protein bactericidal 1gG
response, but it could not be detected withlinear synthetic peptidesof 10 amino acids
long for mogt of the vaccinees. It impliesthat the PorA potentidly protective human
response was mainly directed to conformational epitopes or larger than 10 mers.

78



In contrast to the class 1 protein human response, linear epitope mapping of the
pre-and post immune sera from three vaccinees who had received 3 vaccine doses
withclass 3 OM P synthetic peptides of 12 merslong reveal ed asgnificant unanimous
increaseinlgG level to asngle peptide located withinthe loop 1 of the class 3 protein
(FHONGQVTEVTT) whichprobably contributesto serotype specificity (6). Strong
bands corresponding to the class 3 protein were observed in immunoblotting.
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Biology of major cell surface proteins, poster 15.

Immunisation with liposomes containing recombinant meningococcal class
1 protein generates bactericidal, subtype specific antibody

S.JWard, D.A.White, | .N.Clarke and JE.Heckds

Department of Molecular Microbiology, Univeraty of Southampton Medica Schooal,
Southampton General Hospita, Tremona Road, Southampton, SO18 6Y D, United

Kingdom.

Current meningococca vaccines based on the group-specific  capsular
polysaccharides provide only a limited protection against certain meningococcal
serogroups and offer no protection againg the serogroup B strains found in many
temperate countries. Therefore, dternative sub-capsular antigens such as the
immunogenic (4) class 1 outer membrane protein (omp) are being investigated as
potential vaccine candidates.

Class 1 omp isaporin protein found in dmost al meningococca outer membranes,
and hasa predicted topology of repeating membrane spanning segments culminating
in surface exposed loops (3). Antigenic diversity, or serosubtype specificity is
determined by two short variable regions, termed VR1 and VR2 which are located
at the apices of two cdll-surface exposed loops (1). These regions are known to
induce antibodiesthat are bactericida to meningococci in vitro, and protect against
infectionin vivo (2).

To fully investigate the vaccine potentid of the class 1 protein, molecular techniques
were employed to generatea source of class 1 protein free from other meningococca
components. The class 1 gene (por A) of strain MC50 was isolated on a 1.6Kb
fragment and cloned into the high expression vector pPGEMEX-1™ (Promega). The
subsequent expressionof thiscondruct in E.coli produced large amounts of class 1
omp fused to a 26 kDa Gene 10 leader protein. In an attempt to remove the
recombinant class 1 protein from the Gene 10 leader protein, a synthetic
oligonuclectide encoding the Factor Xa recognitionsequence, |le-Glu-Gly-Arg was
inserted at the N-terminus of the class 1 protein. However, the reaction of the Factor
Xa protease with purified fuson protein resulted in fragmentation of the class 1
protein. Subsequent amino acid sequencing showed that Factor Xawas not specific
for the tetrapeptide target sequence, but also hydrolysed any peptide bond preceded
by aGly-Arg. Since no intact class 1 protein was produced, an adternative Strategy
utiligng unfragmented fusion protein was employed.

Rabbit antisera raised againgt purified fuson protein aggregates reacted with non-
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protective class 1 epitopes which are inaccessible on the meningococca surface.
Therefore, in an attempt to mimic the in vivo conformationof the class 1 protein and
thusdirect the immune response towards protective, surfaceexposed epitopes, fuson
protein was inserted into the amphipathic layers of both detergent micelles
(proteosomes) (5) and artificid membrane vesicles(liposomes) (6). Liposomeswere
generated by the rehydrationof a phosphatidylcholing/ cholesteral filmand sonicated
to produce amdl vescles. Immunogold labdling demonstrated that the incorporation
of fuson protein into these liposomes had alowed the class 1 omp to regenerate its
invivo conformation. The resulting exposure of a protective epitope onthe liposome
surface generated arabbit serathat was specific for the P1.16 subtype bothin EL1SA
and onWesternblot. Although the proteosome induced seradso reacted specificaly
with the class 1 protein, the immune response was not directed againg protective
epitopes. The reaction of these anti serawith overl goping synthetic peptidessuggested
that both antisera contained antibodies that were directed against class 1 specific
epitopes that were non-linear in nature. An in vitro bactericida activity assay
demondtrated the presence of antibody in the liposome generated sera that was
capable of promoting complement mediated lyss of the homologous dtrain.
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Biology of major cell surface proteins, poster 16.

Immunisation with synthetic peptides containing epitopes of the class 1
outer-membrane protein of Neisseria meningitidis Production of
bactericidal antibodies on immunisation with cyclic and multiple antigen
peptides

M. Christodoulides and J.E. Heckds

Molecular Microbiology, University of Southampton, SouthamptonGenerd Hospitd,
Tremona Rd., Southampton, Hants., S018 6Y D, United Kingdom.

Vaccines based on outer-membrane proteins have demonstrated some protection
agang meningococcad group B infection in recent fidd trids (1), and improved
vaccines could be achieved by targeting the immune response to defined, protective
epitopes (4). Knowledge of the conformationd structure (3) and immunochemistry
of the class1 OMP, makeit aparticularly attractive candidate for the use of synthetic
peptides for inducing antibodieswhich canreact with the native protein and promote
complement-mediated lyss of the meningococcus. In this sudy, synthetic peptides
containing the subtype P1.16b epitope have been synthesised and investigated with
respect to ther immunogenicaty, and the antigenic and biologica activity of the
antibodies induced.

Initidly, linear peptides of 9 and 15 amino acids were synthesised and used for
immunisation, with or without coupling to a carrier protein. These peptides induced
antibodies with the desired epitope specificity, but which reacted poorly with netive
protein in OMs, and were non-bactericidal. Consequently, a 36mer peptide,
consgting of the entire surface-exposed loop 4 of the class 1 protein was synthesised
and subjected to cydisation, in an attempt to restrict it to conformations that might
more closaly resemble the native loop structure. In contrast to antiseraraised againgt
linear peptides, antibodies raised by immunisation with the 36mer cyclic peptide
appearedto recogni se conformeationa determinants, and a so promoted complement-
mediated bactericida killing of the homologous meningococca P1.16b strain (2).

An dterndtive approachfor preparing peptides with some conformationd stability is
the multipleantigenpeptide (MAP) system (6). Initidly, an octameric MAP containing
the P1.16b B-cdl epitope was synthesised, but found to be non-immunogenic in
animdss, thus highlighting the need for an effective Th-cdl epitope in order to induce
ahumora immuneresponse. A MAP wasthensynthesised (BT-MAP) to containthe
P1.16b epitopeintandemwithawell-characterised Th-cell epitope fromtetanus toxin
(5). In contrast to B-MAP, incorporation of the Th-cell epitope into BT-MAP
induced a strong humora response towards the P1.16b B-cdll epitope. Murine and
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rabbit antisera showed dmilar reactivities in ELISA and epitope mapping with
gynthetic peptides containing the B-cell epitope, and also cross-reacted with
meningococcal OM s from strains of subtype P1.16b and P1.16a. Antiseradid not
react withdenatured class 1 protein in Western blotting, indicating the predominance
of antibodies directed towards conformationd epitopes. Rabbit antiserato BT-MAP
not only promoted complement-mediated bactericida killing of the meningococca
subtypeP1.16b train, but aso of subtype P1.16a. Thus, incontrast to antiseraraised
to the cyclic peptide, the polyclona response to BT-MAP issuchthat the protective
effect is extended to a strain which shows an important variation within the subtype
epitope. These studies show the potentia of synthetic peptides for the production of
protective immune responses againgt Neisseria meningitidis.
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Biology of major cell surface proteins, poster 17.

Humoral immune responses to different forms of a meningococcal class 1
outer membrane protein

C.C.A.M. Peeters, M. Schuller, G. Kersten, 1.J.Th.M. Claassen, A.B. Petrov, P.
Hoogerhout and J.T. Poolman

RIVM, A. van Lecuwenhoeklaan 9, Bilthoven, The Netherlands.

Nei sseria meningitidisisanencapsulated bacteria whichcan cause severe diseases
indeve oping countriesand inthe westernworld. Infectionwithencapsul ated bacteria
can be drcumvented by immunization with type specific polysaccharide-protein
conjugate vaccines generating antibodies to the capsular polysaccharides. However,
the polysaccharide from the serogroup B meningococci, a polymer of *'-2,8-
neuraminic acid, is a common epitope on human cdlls. For this reason many
investigators have chosen to develop a vaccine based on outer membrane proteins.

Fve classes of proteins can be identified in the outer membranes of Neisseria
meningitidis. The Neisserid proteins are present in trimers and functionby cregting
pores through which hydrophilic solutes can pass in a diffuson like process. All
meningococca isolates contain aclass 1 protein, either aclass2 or 3 protein, aclass
4 protein and severd class5 proteins. The antigenic diversity for class1 and class2/3
proteins forms the bads of divison of meningococcd drains into subtypes and
serotypes, repectively. Monoclona antibodies with in vitro bactericidd activity in
the presence of complement have been raised againg class 1 and 2/3 proteins.
Therefore, class 1 and class 2/3 proteins are thought to be of importance to generate
protection agang infection. In most of the recently developed vaccines, the outer
membrane proteins are presented to the immune system in avescle formulaion. Itis
hypothesized that the conformation of the protein is of importance for the generation
of antibodies with functiond activity. In this sudy we compare severa presentation
forms (outer membranevescles | SCOMS, liposomesand lipid tailed cydic synthetic
peptides) of the class 1 outer membrane protein P1.7,16. Furthermore, various
immunization schedules were used to investigate the priming and boosting capability
of different antigen presentation forms. Humora antibody responses (subclass
digtributionand bactericidal activitiesof generated antibodies) of these sudieswill be
presented.
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Cloning and expression of porA, the gene encoding the class 1 outer
membrane protein from Neisseria meningitidis Purification and
immunological characterization of the recombinant polypeptide

O. Niebla, A. Alvarez, S. Gonzdez, A. Musacchio, M. Delgado, R. Silva, G. Guillén
and L. Herrera

Divison de Vacunas, Centro de Ingenieria Genéticay Biotecnologia, Ave. 31/ 158
y 190, PO Box 6162, CP 10600, La Habana, Cuba.

One conclusive remark from the up to date results of the experimental OM P-based
vaccines is that an improved vaccine mugt direct the immune response specificaly
towards those antigenic determinants that can induce a protective immune response
(3). Itisnot clear from the fidd trids which component(s) of the vaccine are
responsible for the observed protective effect but evidence implicates the class 1 and
class 2/3 proteins, which are the mgor components of the vaccines. Thiswould be
in accord with laboratory experiments which have shown the Mabs directed against
these proteins, particularly the class 1 protein, are the most effective in bactericida
killing and in animd protection experiments (1). The class 1 protein is, therefore, an
atractive vaccine candidate in its own right.

In the present work, we cloned and expressed in E.coli the porA gene from
Neisseria meningitidis strain B:4:P1.15 (B385) by fusonto thefirst 46 amino acids
of the N-terminus of P64k (2), under the control of the tryptophanpromoter ; yidding
a45kDa polypeptide (PM82) which accounted for 20% of the totdl cdlular protein.
After disruption, the fusion protein produced as incuson bodies was purified by
successve washing of cdlular pellet, usng 0.5% (viv) NP-40 and 3 M urea. The
extractionwas done in CO4/HCO; buffer pH 10 containing8 M urea. Ureawasthen
eiminated by gd filtration in PBS. A soluble protein with more than 70% of purity
was obtained. To evauate the immunogenicity and bactericidal activity of exposed
epitopes of this protein, 2 groups of 8 Bab/c mice were immunized subcutaneoudy
on at least three occasions (days 0, 20 and 35). The first group wasgiven20 : g of
antigen in Freund Incomplete Adjuvant. The second group was given 20 : g of
antigen duminium-adsorbed.  Sera were collected seven days after each
immunization.

Data concerning the evauation of these seraagaing ether the recombinant protein or
natura P1.15 will be discussed.
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The P1.10 subtype asa model for structural and immunological studies of
meningococcal typing reagents

J. Suker, S. Yost, M.C.JMaiden and |.M. Feavers

Divison of Bacteriology, Nationd Ingtitute for Biologicd Standards and Control,
Blanche Lane, South Mimms, Herts EN6 3QG.

Monoclona antibodies (Mabs) form the basis of the typing of meningococci for
diagnogtic and epidemiologicd purposes(1). Recently, anincreasingnumber of grains
have been isolated which fail to react with the current set of Mabs so new typing
methods are being sought. One way to assess the diversity of meningococcd antigens
is to determine the nucleotide sequence of the genes which encode them. The most
studied of these genesis porA, encoding the class 1 outer membrane protein (PorA)
which is the target for serosubtyping MADbs. A new scheme for the designation of
subtypes based on thar amino acid sequences has been proposed (2,4) and this
information, combined withaknowledge of MADb structure may ultimately lead to the
enginering of reagents with desired specificities (Abstract: Feavers et al). Inthis
work, the P1.10 subtypeisusedtoillustratethe problems involved inthe devel opment
of comprehengve new reagents for definition of meningococca subtypes.

The stes of antibody binding to PorA are thought to resde in two variable, surface
exposed loops, variableregion (VR)1 and VR2 (3,5). Comparisons of porA from
diverse drains have dlowed specific VR sequences to be assigned to particular
subtypes on the basis of their amilarity in a distance matrix of digned nucleotide
sequences. The VRs from different meningococcd drans are considered to
correspond to the same subtype "family” if they are greater than 80% identica by this
method. However, variantsof PorA occur whichmayor may not react withMAD but
are considered to be members of the same subtypefamily by nuclectide (or trandated
amino acid) sequence. Thesevariantsare digtinguished by the additionof alowercase
letter after the subtype designation; for example, the P1.10 VR occurs with seven
variants, designated 10a-10g.

Surveys of meningococca populations have revealed that the P.10 subtype is
common and variable among serogroup B and C organisms. In a recent study of
serogroup A meningococci (4), hdf of the strains analysed contained the P1.10 VR
but only one isolate was a variant and 25 dtrains contained the "prototype”’ P1.10.
This highlights the difference in the population Structures of different serogroups
(Abstract: Maiden et al). Two serogroup A strains contained identical class 1 genes
apart from a large deletion in the gene from one srain which entirdy removed the
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P1.10 sequence. Together with the seven other P1.10 variants, these Srains provide
an ideal mode for the investigation of the structural and immunologica properties of
meningococcd subtyping antigens.

A threefold approachwastakeninthis study to: 1.define the minimum P1.10 epitope;
2. determine the nucleotide sequence of P1.10 antibody genesfrom hybridoma cdls
and cloned P1.10 antibody fragments, 3. compare the immunologica reectivity of
P1.10 and its variants.

1.Usng data from nucleotide sequencing studies a set of overlapping peptides
representing the eight P1.10 variants was synthesised and reacted in EL1SA withthe
P1.10 monoclona antibody. The amino acid sequence QNQRP towardsthe end of
the P1.10 VR was identified as the minmum P1.10 epitope but other peptides aso
showed reactivity with MADb suggesting that tertiary conformation is important in
antibody binding. 2. The nucleotide sequence encoding the P1.10 antibody was
determined by the amplificationand cloning of the V, and V, genes from hybridoma
cdls VyandV, geneswere aso assembled by PCR and cloned into abacteriophage
vector. Sequence dataproduced by each method was amilar but not identicd. 3. The
reectivities of different serologicd reagents with P1.10 and its variants were
investigated by EL1SA and immunaobl atting. Comparisonswere madebetweenascites
fluid, purified 1IgG and Fabs. These reagents varied greetly in their afinity for the
P1.10 antigenand only the prototype P1.10 reacted strongly inany assay. The P1.10
variantsreacted incong gently, emphas sing the need for improved methodsfor typing
and providing additional evidence that structureiscritica inimmunologica activity of
meningococca typing reagents.
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M easurement of antibodiesto variable regions of meningococcal class 1
outer membrane proteinsusing EL1SA with synthetic peptides as coating
antigens

E.M. Rouppe van der Voort'?, C.C.A.M. Peeters', P. Hoogerhout, L.M. Bouter?
and JT. Poolmant*

IRIVM, Av. Leeuwenhoeklaan 9, Bilthoven. “EMGO Inditute, Van der
Boechorststraat 7, Amsterdam. The Netherlands.

Neisseria meningitidisisanimportant cause of meningitis and septiceemiain infants
and adolescentsworldwide. The severity of the disease requires the development of
avaccine, which can induce protection to infection in al age groups. Earlier sudies
have shown that the presence of serum bactericidal antibodies directed to these
bacteria strongly corrdate with protection against meningococca infection. Class 1
outer membrane proteins (OMP) of Neisseria meningitidis are able to induce
bactericida antibodies and are therefore interesting vaccine candidates.

We devel oped asynthetic peptide ELISA to identify specific antibodies againgt class
1 OMP in sera of mice and hedthy volunteers immunissd with an experimental
vaccine based on meningococcal OMPs. Overlapping peptides corresponding to
sequences of class 1 OMP of 6 grains were synthesised by smultaneous multiple
peptide synthess (SMPS). Four variants of each peptide sequence were synthesised
ether by modification of the N-terminus of monomeric peptides (with or without
Fmoc or biotinylated) or by multiple antigen peptide (MAP) synthes's of multimeric
peptides. Bidtinylated and MAP peptides were used to improve absorption of
peptides to polystyrene microtiter plates. MAP peptides were aso used to mimic
conformationd epitopes. Peptides which showed optimd binding with anti-class 1
monoclond antibodies (mabs), were used in EL I SA to examine serafromimmunised
mice and hedthy volunteers. Binding of mouse antibodies to coated peptides is
specific and could be inhibited (>80%) using an identica free unmodified peptide or
purified class1 OMP. A 100-200 times higher titre could bereached withmabsusng
a 5-20 times lower concentration of biotinylated peptides or MAPs compared to
Fmoc or unmodified peptides. It was not possible to detect human antibodies using
monomeric peptides. However, anti-class1 OMP antibodies in humanseracould be
detected when multimeric (MAPS) peptides were used as a coating antigen.
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Porin peptide ELISA for the serologic diagnosis of disseminated
gonococcal infection

P.K. Kohl*, S. Humméd?, C. Elkins?, P.A. Rice? and P.F. Sparling?

Dept. of Dermatology, Ruprecht-Karls-University Heidelberg, 69115 Heidelberg,
F. R of Garmany. 2Boston University Medica School and *University of North
Carolina, Chapd Hill, U.SA.

Diagnosis of disseminated gonococcd infection(DGI) Hill rdies on dinicd sgnsand
the isolation of Neisseria gonorrhoeae from systemic or loca infection Stes.
Serologic methods usng whole cdls or pili as antigen were hampered by reduced
sengtivity and specificity (2). The present study was undertaken to evaluate a newly
developed porin protein enzyme-linked immuno-sorbent assay (ELISA) for the
serologic diagnosis of DGI.

Synthetic porin A (P1-4) and porin B peptides(P5-6) (1) were coated to polystyrene
platesand tested for reactivity with acute and convaescent seraof 50 DGI patients.
As controls served sera of 50 dermatology and 24 HIV positive patients as well as
49 seraof children between 1 and 12 years of age. Sera were tested for anti-porin-
peptide activity of the IgG and I1gA class. Statistica andysswas performed using the
student-t-test.

Highest optica dengties (ODs) for 1gG antibodies of acute and convaescent DGI
serawere measured usng P3 as antigen. After 12-19 days convaescent DGI sera
reacted Sgnificantly (p <0.002) lower withP4 thanacute sera. Sera of dermatology
patientsreacted withdl sx peptides Sgnificantly (p < 0.001) lower than sera of acute
DGl patients. Usng P2 asantigenODsfor HIV pogtive serawere sgnificantly lower
(p < 0.001) than ODsfor acute DGI sera. Children sera showed significantly lower
reactivities with P3 (p < 0.05), P4 (p < 0.05), P1 (p < 0.01) and P2 (p < 0.001).

Highest ODsfor IgA antibodies of acute and convaescent DGI serawere measured
usdng P5 as antigen. Convaescent DGI sera and HIV positive sera showed no
ggnificantly different IgA reectivity. For dermatology patients reduced ODs were
measured using P5 (p < 0.05) and P6 (p < 0.01) as antigen. Children sera showed
incomparisonwithacute DGl sera sgnificantly (p <0.001) lower reactivitieswithdl
SiX peptides.

Our study demonstratesthat porin A peptide2, representing the surfaceexposed loop
1 of the proposed porinmode of van der Ley et al. (3), seemsto represent a useful
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antigen for the serodiagnosis of DGI. Porin A peptide 4, representing loop 5 of the
proposed model, might be a ussful antigen to differentiate acute from convalescent
DGl sera
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Transcriptional regulation of the class 1 outer membrane protein in group
B Neisseria meningitidis

J. Farley, A. Mad, B. Novitsky and R. Hazelo
Lederle-Praxis Biologicals, 211 Balley Road, Rochester, NY, 14586, USA.

The Neisseria meningitidis class 1(PorA) outer membrane protein has been
documented by severd investigators to show variationin levels of expression (1, 8).
Due to the high antigenicity of the PorA protein (3, 6), meningococci may down
regulate the protein to low levelsto enhance survivd in vivo. Neisseria has severa
examples of regulated genes, such aspili, opa'sand 5C (4, 5, 7). Regulaion may be
at the transcriptiond or trandationd level. We wished to determine the mechanism
that controls expression of the class 1 protein. The DNA sequence of the structurdl
portionof porA hasbeen previoudy reported (3), but little hasbeen published about
the gene's promoter. We cloned and sequenced the DNA upstream of the class 1
gene. The location of the promoter region was determined by identifying the start of
the class 1 protein mRNA in a protection assay. A remarkable atribute of the
promoter is a stretch of guanosine residues located between the -10 and -35
promoter regions. Variation in the number of G resdues, due to dipped-srand
migpairing (2), could result in sub-optimal spacing within the promoter. An
improperly spaced promoter would reduce or prevent binding of the RNA
polymerase, resulting in little or no MRNA synthess. We have observed expression
of PorA in clones that contain 10-12 G's. We are presently screening a variety of
isolatesinan attempt to correl ate the Sze of this repeat unit and the quantity of protein
expressed.
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Phase variation of class 1 outer membrane protein in Neisseria
meningitidisby transcription from a variable promoter region

C.Th.P. Hopman, S.A.J. Zaat, B.B. Oude Essink, B. Berkhout, J. Dankert and A.
van der Ende

Department of Medical Microbiology, Universty of Amsterdam, AMC, and the
Reference Laboratory for Bacteria Meningitis UVA/RIVM, Mebergdreef 15, 1105
AZ Amgerdam.

The class 1 outer membrane protein coded by the porA gene of Neisseria
meningitidis, is avaccine candidate againgt this pathogen. The expressionof class 1
outer membrane protein displays phase variation between three expression levels.
Andyss of the por A specific transcripts by Northern hybridization showed that the
phase variationis modul ated at the transcriptiond leve. The start Sitefor transcription
is located 59 base pairs upstream of the trandationa initiation codon. Sequence
andysisthe DNA region upstream of the coding region of the porA gene, revealed
apoly G tract in the spacer between the -10 and -35 sequence of its promoter.
Comparisonof promoter sequences of different phasevariantsshowed that the length
of the poly G tract can be correlated with the expression levd of the class 1 outer
membrane protein. These results show that the transcription of porA gere is
modulated by dipped strand mispairing of a poly G stretch within the intervening
sequence of the -35 and -10 regions of its promoter. The phase variation of class 1
outer membrane protein may provide a molecular mechanism to evade the host
immune defence. Therefore the protective efficacy of a vaccine based on class 1
outer membrane protein may be questioned.
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Irreversible phase variation of class 1 outer membrane protein by deletion
of the complete porA gene

A. van der Ende, C.Th.P. Hopman and J. Dankert
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The class 1 outer membrane protein coded by the porA gene of Nesseria
meningitidis, is avaccine candidate against meningococcd infection. Froma patient
with meningococca infection a class 1 outer membrane protein postive strain
(860183, C:4:P1.1) wasisolated from the cerebro- spind fluid, while the same strain
isolated from the blood did not expressthe class 1 protein. Among 9 other dinicd
isolates pdlide growth of meningocci of 2 strains (H44/76, B:15:P1.7,1.16 and
H335, B:15:P1.15) yidded irreversble class 1 protein negative variants. Andyss by
PCR and Southern hybridization showed that the por A gene was completdly absent
inthese variants. Sequence andyss of the DNA regionupstreamand downstreamthe
por A gene reveded regions withextensve homology at either sSide of the gene. From
these data we suggest that the porA gene can be deeted by homologous
recombination. Appearance of porA deetion variants in blood and during pellicle
growthin vitro suggests that the function of the class 1 outer membrane proteincan
be omitted or is subgtituted by other outer membrane protein(s) under these
conditions. In vivo the class 1 negative variant might be selected because of its
advantage in the evason of the host immune defence system.
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Construction and analysis of meningococcal mutantsfor the P64k antigen
A. Matin, M. Delgado, G. Vdiz, A. Musacchio, R. Silva, G. Guillénand L. Herrera

Divison de Vacunas, Centro de Ingenieria Genéticay Biotecnologia, Ave. 31/ 158
y 190, PO Box 6162, CP 10600, La Habana, Cuba.

The P64k antigen of Neisseria meningitidis has been described as an outer
membrane lipoamide dehydrogenase (3). This is an unusud locdisation for this
enzyme, sinceit is usudly found as part of the cytoplasmic **-oxoacid dehydrogenase
complexes(2). Inthiswork we constructed and analysed meningococca mutantsfor
the P64k protein, as a priminary step in the ducidation of its physiologicd role.

A cloned copy of the P64k gene contained within a5.6 Kb chromasoma fragment
wasinsertiondly inactivated withachloramphenicol acetyl transferase (CAT) cassette
and used to transform N. meningitidis stran H355. Chloramphenicol-resistant
colonieswere checked for lack of P64k expression by Westernblatting of whole-cell
extracts employing a MAD that recognises a linear epitope upstream of the CAT
insartion Ste(1); and proper aldlic replacement of the wild-type gene was assessed
by Southern blotting. A sdected non-expressing mutant was designated as strain 4
and further characterised in a whole-cdll dot blot format using rabhbit hyperimmune
seraagang P64k. Asexpected, intact cellsof strain 4 werenot reactiveinthisassay,
but surprisngly lysed controls regained reectivity. To hep explain this result these
samples were andysed by Western blotting with the same serum.  The reactive
protein in strain 4 had smilar reative mobility to P64k; however, it was recognised
a much lower intengty that the wild-type controls.

Fndly, doubling time of strain 4 was compared to that of P11, a por A mutant of
H355 prepared in an andogous manner and previoudy shown to exhibit growth
characterigtics identicd to its wild-type parent. In our conditions, doubling time for
drain 4 was 64 min and 37 min for the control P11 drain, suggesting that P64k is
physiologicdly redevant fro growth in vitro.

Rescue of P64k mutants implies the existence of a second lipoamide dehydrogenase
in N.meningitidis snce this enzyme is required for aerobic growth (2). Further
support for this notion arises from the results of the experiments with polyclonal
serum, which is evidence for the presence of a non surface-exposed protein cross-
reective with P64k. Nevertheless, additiona research is required to address this
issue.
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Monoclonal antibodies specificto a 64 kDa protein from Neisseria
meningitidis

C. Nazdbd, S. Cruz, T. Carmenate, A. Musacchio, R. Slva, M. Delgado, S.
Gonzdlez, G. Guillén and L. Herrera
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Thelack of an effective vaccine againg dl Neisseria meningitidis serogroupsis a
problemin the control of meningococca disease. Severa outer membrane proteins
(OMP) have been examined as vaccine candidates, the class 1 protein being the only
effective one ininducing high titres of bactericidal antibodies, which are protectivein
an experimental modd for meningococcd infection (4).

Inadditionto the mgor OM P, other surfaceproteins are under investigationinseveral
laboratories (1,3). The characterizationof outer membrane proteins, highly conserved
in dl srains of N.meningitidis could be an approach to confer protection against
meningococcd disease in humans.

Our group has previoudy isolated, cloned, and expressed in E.coli the M-6 gene
coding for ahighmolecular weight protein (P64k), common to many meningococca
drans (5). The protein has been purified to homogeneity by <tandard
chromatographic methods. To continue the characterization of this meningococca
antigen, we have generated morethana dozen murine monoclond antibodies (M abs)
againd it. Bab/c mice were immunized with arecombinant antigen coded for by an
expression congtruct (pl LM-7), induding the N-termind of the Interleukin-2 and the
amino acid residues 73-599 from the 64k protein (data not shown). The fusion
protein was isolated by preparative SDS-PAGE and eectrodution. Another set of
mice received 64k protein purified chromatographicaly. The animas received three
doses of antigens emulsfied with Freund Adjuvant and thenwere boosted witha dose
of the same antigen without adjuvant, three days before the fuson, which was
performed as described (2).

Hybridomassecreting specific Mabswere selected by EL I SA usng ascoatingantigen
the fuson protein or the 64k protein. Whole cell ELISA was used as secondary
screening of Mabs. The plates were coated with strain B385 (B:4:P1.15). The
antibodies recognised three epitopesin competition studies. Four Mabs recognised
the same or at least closely related epitope. A fifthM ab recogni sed another epitope
probably very close to the previous one, resulting in seric hindrance. A sixth Mab
recognised athird epitope completely different.
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In Western blotting, dl Mabs bound to the protein expressed in meningococci and
E.coli. None of the 9x Mabs assayed in bactericida test in presence of human
complement was pogitive agang the stran B385. The sequence of the epitopes
recognized by these antibodies are being defined.
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Microevolution of the opc gene: Recombinational variants of two uralleles
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An 860 bp fragment spanning the opc structura gene was amplified by PCR usng

chromosomal DNA prepared from 127 Neisseria meningitidis strains (serogroups
A, B, C, 29E, W135, X and Y) whichcontain anopc gene. Theamplifiedgeneswere
andyzed by DNA-fingerprintsusngHpal | whichnormally yiel ds6 fragments. I solates
of serogroups A, W135, X and Y and most serogroups B and C strains gave a
DNA-fingerprint pattern indistinguishable from the reference opc gene (1), whereas
a few bacteria of serogroups B, C and 29E showed aberrant DNA-fingerprint

patterns of three distinct classes.

Automated sequencing of the opc genes from 28 bacteria reveded the existence of
two didtinct "urdldes' of opc. Both"urdldes' are identicd in Sze but differ by 8 base
pair subgtitutions within the coding region and 6 base pair subgtitutions plus one base
par deetion in the regulatory region of opc. Most subgtitutions in the coding region
lead to amino acid changesand result in a different migration of Opc on SDS PAGE.
The changesarescattered throughout the gene, inthe trans-membrane regions aswel
aswithinloops 2,4 and 5, and might cause structural changes. Serogroups A, W135,
X andY bacteriahave"urdlde 1". In serogroups B, C, and 29E, ether "urdlde 2"
or recombinationd variants of both aldesforming mosaic likestructures are present.
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Cloning and expression of opc, the gene encoding the outer membrane
protein 5C from Neisseria meningitidis Purification and immunological
characterization of the recombinant polypeptide
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Silvaand G. Guillén
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Class 5 proteins are a group of hypervariable, heat modifiable proteinsin the outer

membrane of Neisseria meningitidis. A variant of the class 5 proteins, the 5C
protein, is expressed by meningococci belonging to different serogroups, with a
molecular sze ranging between 25-30 kDa (3). The 5C protein is biochemicaly,

geneticaly and serologicaly different from other class 5 proteins. Unlikeother class
5 proteins, the 5C protein is highly conserved and distributed among different

serogroups(1,2). This protein enabled meningococci lacking capsular polysaccharide
to adhere to and invade human cells when they express large amounts of 5C (5).

Therefore, 5C may be an important virulence factor for meningococca disease.

Inthe present work, we cloned and expressed inE.coli the opc gene fromNeisseria
meningitidisstrain B:4:P1.15 (B385) by fusion to the first 46 amino acids of the N-
terminus of P64k (4), under the control of tryptophan promoter; yieding a32 kDa
polypeptide (PM80) which accounted for 20% of the total cdlular protein. After
disruption, the fuson protein produced as indusionbodieswas purified by successve
washing of cdlular pdllet, using 0.5% (v/v) NP-40, 1% (v/v) Triton X-100, and 4M
urea. The extraction was done in CO4/HCO; buffer pH 10.7, containing 6 M
guanidium. Guanidium was then diminated at extreme pH vadues. This step was
performed by gd filtration and after a last step of anion-exchange chromatography,
asoluble protein with more than 70% of purity wasobtained. Sincethisproteinisan
integrd membrane protein and contains a long stretch of hydrophobic segments
interacting with the lipid bilayer, we cannot yet tell if the protein has aready been
renatured. Nevertheless, to evauate the immunogenicity and bactericida activity of
exposed epitopes of this protein, 2 groups of 10 Badb/c mice were immunized
subcutaneoudy on at least three occasions (days 0, 20 and 35). The first group
received 20 : g of antigen in Freund Complete Adjuvant and was then boosted with
the same antigen in Freund Incomplete Adjuvant. The second group received 20 - g
of antigen incorporated into ISCOMS. Sera were collected seven days after each
immunization.
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Data concerning the eva uationof these seraagaing ether the recombinant protein or
natural PSC will be discussed.

References

1

Achtman, M., M . Neibert, B.A. Crowe, W. Strittmatter, B. Kusecek,
E. Weyse, M.J. Walsh, B. Slawig, G. Moré€lli, A. Moll and M. Blake.
1988. Purification and characterization of eight class 5 outer membrane
protein variants from a cdone of Neisseria meningitidis serogroup A.
JExp.Med. 168: 507-525.

Achtman, M., B. Kusecek, G. Morédli, K. Eickmann, J. Wang, B.
Crowe, RA. Wall, M. Hassan-King, P.S. Moore and W. Zollinger.
1992. A comparison of the variable antigens expressed by clone IV-I and
subgroup 111 of Neisseria meningitidis serogroup A. Jinfect.Dis. 165: 53-
68.

Meyer, T.F. and J.P.M. van Putten. 1989. Genetic mechanism and
biologicad implications of phase variation in pathogenic Neisseriae.
Clin.Microbiol.Rev. 2 Suppl: S139-S145.

Silva, R., M. Selman, G. Guillén, L. Herrera, J.R. Fernandez, L.I.
Novoa, J. Morales, V. Morera, S. Gonzalez, B. Tamargo, J.A. del
Valle E. Caballero, A. Alvarez, E. Coizeau, S. Cruzand A. Musacchio.
1991. Nucleotide sequence coding for an outer membrane protein from
Neisseria meningitidis and use of sad protein in vaccine preparations.
European Patent Application 0 474 313 A2.

Virji, M., K. Makepeace, D.J.P. Ferguson, M. Achtman, J. Sarkari
and E.R. Moxon. 1992. Expresson of the Opc protein correlates with
invason of epithdial and endothdiad cells by Neisseria meningitidis.
Mol.Microbiol. 166: 1322-1328.

102



Biology of major cell surface proteins, poster 29.
Neisseria gonorrhoeae Opa protein function: Structure-activity studies
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Opacity-associated outer membrane proteins (Opas) play an important role in
gonococca pathogenesis. Eachgonococcal strain possesses about 11 unlinked opa
genes encoding for at least seven different proteins (2). All Opas show homology
among themsdves. Thishomology is interrupted by threeregions. one semi-variable
(SV) and two hypervariable (HV1 and HV2), which are surface-exposed and are
hypothesized to play arole in Opas biologicd activities. Opas are responsible for
the non-opsonic phagocytic killing of N. gonorrhoeae (3). Typicaly Opas mediate
adherence to human polymorphonuclear neutrophils (PMN's) with subsequent
triggering of the oxidative burst, and mediate adherence to and invasion of human
epithdid cdls (5,8). E.coli expressng Opa proteins mimic gonococcd adhesion to
and invasion of human epithelid cells (4,7) and adhesion to and triggering of the
oxidative burstinPMN's (1,4). No human cellular Opa receptor hasbeenidentified
and no structure-activity studies have been completed. It remains to be eucidated
how different Opas with non-homologous surface-exposed hypervariable regions
mediate the same interactions with epithdid cdls or PMN's. Studies involving an
internd deletion and exonuclease digestions were performed to gan a better
understanding of Opas structure-function relationship.

Exonuclease |11 studies: To perform molecular dissection of Opa functions, we
found it more convenient to use3-lactamase/opa gene fusons expressed in E. coli,
which mimics N. gonorrhoeae biologicd activities (7). The mature bla-opa fuson
protein is 244 amino acid long and only the firgt seven amino acids differ from the
gonococcd protein (6). The smalest deletion at the 3' end of the gene resultedina
protein 20 amino acids shorter. This minimd deletion completely abolished Opas
ability to mediate adherence to and invason of ME-180 cervicd epitheid cdls;
however, the same ddetant completely retained its ability to interact with PMN's,
This function was conserved even when up to 131 amino acids were deleted.
Surprisingly, an Opa deletant possessing only 113 or 115 amino acids mediated
subgtantialy greater PMN interactions than did longer del etants possessing between
120 and 224 amino acids, adherence and the dicited oxidative burst were Six times
greater than that dicited by longer deletants or the complete Opa protein. When
exonuclease ddetions extend into HV 1, dl Opa protein function islost; our longest
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deetant without any activity is 102 amino acids long.

Internal deletion studies: The region immediady downstream of HV1 shows
homology withthe binding Site of the hepatocyte asid oglycoprotein (A SGP) receptor
and we hypothesized that this region was responsible for binding of Opato human
cdlular glycoproteins. To test this hypothesis we deleted 42 nucleotides from this
region of the opa gene and the two remaining parts of the gene werefusedin frame.
Theresultingproteinis 230 amino acid long withamino acids 110 to 123 missngfrom
the origina bla-opafusion protein and is expressed on E. coli surface. The ddetant
showed a 250-300 fold reduction of invasion of ME-180 epithdia cells compared
withthe complete Opa (from 6x10° bacterialwell to 2x10° bacterialwell). However,
the deletant il invaded; intwo separate experimentsthe number of invading bacteria
was ten fold above the control E. coli pGEM3Z). Regarding Opa-mediated
associationwithPMN's, we monitored the triggering of the oxidetive burst by luminal-
enhanced chemiluminescence (LCL). We performed two sets of experiments; in the
firs one we observed no differencein L CL between the ddetant and the Opa control,
inthe second we observed a 50% reduction in LCL in the deletant compared to the
Opacontrol. In both experimentsthe detant triggered a significant LCL response.

Discussion: Our results show that Opa-mediated association with human epithdia
cdls and PMN's occurs by two different mechaniams. It islikdy that two different
classes of receptors are involved. At least two different areas of Opa protein are
involved in invasion of epithelid cdls the C-termind region and the ASGP receptor
homol ogous region.
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Transformation and expression of Opa proteinsin Neisseria gonorrhoeae
S Hill
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Swanson's data onthe apparent surface charge characteristics of gonococci suggests
that DNA may preferentially coat the surface of opa expressing organisms, leedingto
the obvious question as to whether opa” transformation rates are higher than opa.
Using anisogenic series of gonococci, either expressing no opa protein, or one of four
different opas, we find that transformation rates are modestly elevated with opa’
cultures. However, the use of high cdl dengity starting cultures led to consderable
lethdity (or switching) withinthe opa* populations, leading to the establishment of two
Szesble subpopulations (i.e. opa” and opa), withthe opa: subpopul ation aways being
transformed at a higher frequency than the isogenic opa control culture.

The apparent lethd phenotype associated with transformation of opa’ populations
(and asoto alesser extent withopa populations) could be dleviated by usng low cdl
dendty garting cultures. Insingle colony transformation experiments, opa and opa”
populaions now showed differentid increases in colony forming units during the
course of the experiments, with opa® populations undergoing transformetion at a
decidedly higher rate than opa isogenic controls. Surprisingly, when transformation
frequencies were assessed for two unlinked markers, opa gonococci proved to be
the more competent for transformation. | am currently investigating as to why opa’
populations, though less competent, seemto be more efficient at transformation than
their opa counterparts.
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Under congtruction: Escherichia coli encoding multiple gonococcal factors
asamode for studying Neisseria gonorrhoeae salpingitis
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Undergtanding the pathogenesis of Neisseria gonorrhoeae (GC) infections hasbeen
hindered by the variability and number of GC virulence factors. Three such GC
virulence factors are lipooligosaccharide (LOS), opacity-associated proteins (Opa,
formerly PI1), and porin proteins (Por or Pl). Opaand LOS may mediate attachment
to host cdls interbacterid adherence, and invasion (2,7). Pl/Por is able to
spontaneoudy insertintoeucaryotic membranesmaking it a candidate invasion-trigger
(6). GC LOS epitopes (7), Opa (1,8-10), and PIA (4) have been cloned and
expressed in Escherichia coli. Theseclonesallow the function of putative virulence
factors to be examined in a stable background. The following plasmidsin E. coli
DH5"" encode $-lactamase/Opa fusion proteins: pLPGC1 (OpaF62-SFG1 with
some additionad downstream GC DNA (8)), pDS002 (OpaP a.k.a. OpaF62-SFG1
minusthe extradownstreamDNA), pDS0031 (OpaA fromFA 1090), and pDS0041
(OpaB) (9,10). The 3F11 LOS epitopeis expressed in E. coli DH5"* from a6Kb
fragment (7) cloned into chloramphenicol-selectable pACYC184 (designated
pYCLOS-5). E. coli DH5"" and M16 expressPIA (strain FA19) from pUNCH30
(4). Expression of each component has been documented withWestern and/or dot
blot.

PIA-production by E. coli enhanced susceptibility to penicllins and vancomycin in
discdiffusonstudies. Theincreasesin zone szesfor penicillinswerelarger for M-16
(6 to 20mm) than for DH5"" (0 to 13mm). This correlated with strain M-16
expressng more PIA than DH5''. The change in antibiotic susceptibility was
sective snce susceptibilities to quinolone, monobactam, and carbapenem drugs
were unchanged. PIA production by E. coli resultsin afunctiona outer membrane
porin thet dters bacterid susceptibility to antibiotics much like different classes of
P1/Por do in an isogenic GC background (3).
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E. coli DH5"" expressing OpaP, OpaA , or no Opa were tested in the human
Falopian tube organ culture model (FTOC) by usng computerized image andyss
with digitd confoca microscopy to measure attachment and invasion (5). E. coli
producing OpaA (E. coli (opaA)) were more adherent (0.9:%/cdl equa to
gpproximately 1 bacterium/cdl) than E. coli (opaP) (0.017: ?/cdll, about 0.02
bacterialcdll) or the non-producer (0.015: ?/cell) a 24h (p<0.001). There was no
invason at 24h. At 48h post-infection, E. coli (opaP) attached dthoughto alesser
extent thanE. coli (opaA). Control bacteriadid not attach or invade. In comparison,
quantitation of atachment and invasion by GC at 48h showed equivaent amounts of
intracdlular GC vs extracd lular attached GC, often present inclumps (approximately
5 bacterialcdl) (5). E. coli (opaA) traversed the epithdium without dumping, as
occasional snglerods. By eectron microscopy, E. coli (opaA) srains were attached
to the epithdia surface and enclosed inmembrane-bound vacuoles in the cytoplasm
of non-ciliated cells smilar to GC. Thus, Opa fuson proteins mediate bacteria
attachment that is smilar in magnitude to GC and invasion that islessthanGC. This
suggeststhat additional factors besides Opa, e.g. PI/Por, contribute to GC invasion.
Inparald experiments, E. coli M 16 producing PIA was completdy unable to adhere
to the epithelium, so invasion wasnot observed. Theseresultsled usto congtruct E.
coli strains which encode more than one GC product.

We have congtructed three recombinant strains of E. coli that encode PIA+ OpaA
(stran INVOAPL), PIA + 3F11 LOS (drain INVLP1), and OpaA+ 3F11 LOS
(strain INVLOA). Strain INVOAPL was obtained by subcloning the 1kb Klenow-
filled EcoRI/BamHI fragment ($lac/opaA gene insart) frompDS0031 into the Smal
dte of pUNCH30. The $-lactamase/OpaA fusion protein and PIA are both
expressedindran INVOAPL. StrainsINVLOA and INVLP1 werederived viaco-
transformation of pY CLOS5 with pDS0031, and pY CLOS5 with pUNCH30,
regpectively. INVLOA (OpaA and 3F11 LOS) displays a clumping interaction.
Pate-grown INVLOA was compared to control organisms that produced OpaA
adone, 3F11 LOS done, or 3F11 and PIA (strain INVLPL). Each strain was
resuspended to amilar optical dengties in derile PBS then Gram-stained on dides.
In random microscopic fieds, the Sze of organism dumps was measured with
computerized image anadlyss. Strain INVLOA showed larger organismclumps than
OpaA adone, 3F11 LOSdone, or 3F11 and PIA (4.508:2vs.2.77422vs. 2.831:2
vs. 2.561:2 respectively). These differences were significant for INVLOA
compared to the controls (p<0.000008).

Multiple GC factors can be cloned and expressed in E.coli, smultaneoudy. Each

factor digolays properties in an E. coli background that are analogous to their
behavior in GC. Thesetools will ad investigations of GC sdpingitis.
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Immunodetection of themtr associated outer membrane proteinin
Neisseria gonorrhoeae

R.M Déahay, C.A Ison and M.JGill
S.Mary's Hospita Medicd School, Norfolk Place, London W2 1PG.

Low leve resstance to antimicrobid agents in N.gonorrhoeae is specified by the
additive effects of severa genes (1). Levels of resistance attributed to decreased
membrane permegbility have been associated with mutations at the mtr and penB
lodi, dthough the exact mechaniams involved have not been known. For a number of
yearsthisingitution has monitored the presence of resstance determinantsindinicd
isolatesfrompatientsattending the STD dinic. Observations regarding the pleiotropic
nature of mtr have prompted usto further study of the genesinvolved.

Acquigtion of mtr results in increased amounts of a 44-52K Da outer membrane
protein (2). We have raised a polyclona antibody to this mtr associated protein by
immunisation of mice with specific protein isolated from Western blots of the outer
membrane protein profile. Subsequent afinity purificationof the antisera has enabled
us to screen a genomic library of dran FA136. Expresson of sdected
immunoreactive donesin E.coli has resulted in production of a 44-46KDa protein
of equivdent molecular weight to the mtr associated outer membrane protein.
Confirmation of the nature of this protein awaits further characterisation.

The mtr region of N.gonorrhoeae has recently been cloned and found to consist of
three genesdesignated mtrR, mtr C, and mtr D organisedasanoperon (3). ThemtrC
gene is predicted to encode a 44K Da outer membrane lipoprotein with sgnificant
amilaity to the EnvC and AcrA lipoproteins of E.coli. which are components of
multidrug efflux systems (4).1t is suggested that the mtrRCD products comprise a
amilar sysemin N.gonorrhoeae, and may confer a selective advantage for surviva
of the organism in the rectum where detergent-like hydrophobic compounds are
present (5). We hopeto study thisfurther, and inturnuse immunologicd methods for
the determination of the products of the mtrRand mtrD genes.
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Regulation of recombination and DNA repair in Neisseria gonorrhoeae
C.G. Black, JA.M. Fyfeand JK. Davies
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Recombination and DNA repar are indirectly related to virulence in Neisseria
gonorrhoeae snce these systems dlow phase and antigenic variaion of cell surface
components. Antigenic variaion in pilin, the structural subunit of gonococcd pili, is
thought to be a principa means by which this pathogen evades the host immune
response. This processinvolvesrecombinationbetween variant pilin gene sequences
and depends on the presence of afunctiona recA gene. In Escherichia coli, genes
involved in recombination and DNA repair are part of the SOS regulon.

Inorder to determine whether anSOS systemexigtsin N. gonorrhoeae, experiments
were designed to isolate genes that may be co-regulated with recA. Gonococcd
equivalents of the E. coli excison repar genes, uvrA and uvrB, were cloned and
sequenced. Both uvr A and uvr B complemented the UV sengtive phenotype of E.
coli uvrA and uvr B mutants, respectively. A uvr B mutant of N. gonorrhoeae srain
MS11 was constructed and shown to be extremey sengtiveto UV radiation. The
promoter regions of uvrA and uvrB werelocdised and transcription start points of
the cloned genesmapped. Thes™ promoter of uvr B was found to be associated with
acopy of the 26 bp neisserid repeat. A putativerepressor binding Site, differing from
the E. coli SOS box, wasidentified in the sequences upstream of uvrA, uvrB and
recA. Inaddition, al three genes show the presence, within the upstream region, of
an inverted repeat of the gonococcal transformationuptake sequence. The presence
of the DNA uptake sequencein al three promoter regions may suggest aconnection
between transformation competence and regulation of these genes.
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Therepertoire of silent pilin gene copies and their chromaosomal location is
similar but not identical in gonococcal strains FA1090 and M S11

T.L. Snodgrass, JA.F. Dempsey and J.G. Cannon

Department of Microbiology and Immunology, University of North Carolina School
of Medicine, Chapd Hill, NC 27514.

A sngle grain of Neisseria gonorr hoeae hasthe ahility to change the primary amino
acid sequence of the pilin molecule, and thus the antigenic nature of the pili. The
molecular mechanism respongible for the pilin variation involves a non-reciprocal
recombinationevent (3,5). The pil E locus contains the functiond pilin gene, whilethe
pilS loci contain one or more promoterless pilin genes. Filin sequences move from
the pilSlod into the pil E locus generating a new pilin sequenceinthe pilE gene. The
pilin molecule hasa number of conserved domains that flank the Sx variable domains
or minicassettes (mcl-mc6). In the minicassette model of antigenic variation, one or
more of the minicassattes recombine as genetic unitsinto the pil E locus to generate
anew pilin sequence (3,6). The number of slent copies present in astrain coupled
with the ability to reassort minicassettes from various pil S loci to generate new pilE
sequences dlows for an enormous collection of potentid pilin sequences.

Meyer and co-workers have characterized the pil Sloci of gonococcal stranMS11,
it has 17 silent copies and 2 expression loci (4). MSL1 isthe only gonococca strain
for which the pilin repertoire is characterized, so comparison of the different pilS
copies of multiple strains hasnot been possible. We have cloned and sequenced the
6 Clal fragmentsthat containthe pilSand pilE loci from gonococca strain FA1090.
Strain FA1090 has 19 slent pilin copies, one pilin copy with a significant portion of
sequence deleted and 1 pilE gene. Most of the sllent copiesare clustered intwo pil S
loci, which contain 5 and 6 copies. Two other pil Sloci each contain 3 silent copies,
and the find locus contains only 1 copy. The pilElocus has 1 associated Slent copy,
and one copy that contains the conserved domains 5' of mc6 and 3' of mc2, but the
sequence between these conserved domainsis not typica of other pilin copies with
regard to size and predicted amino acid sequence. Each of the 19 slent pilin copies
contains dl 6 minicassettes, dthough in one copy the pilin sequence begins in the
middle of mc6. Four of the 19 copiesare out of frame beginning at astring of guanine
resdues at the 5' end of mc5. These copies are otherwise in the same frame
throughout the rest of the copy. Using oligos or DNA clones specific for individud
copies, we located pilE and 4 pilSloci containing a total of 18 dlent copiesto one
region no larger than 60kb of the FA1090 chromosome. The remaining locus
contains only one dlent copy, and is located elsawhere on the chromosome. The
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arrangement of the 5 pilSloci of grain MS11 issmilar, except that the mgor pilin
gene cluster contains 3 pil S loci, and there is anadditiona region of the chromosome
contaning apilSlocus, relative to strain FA1090 (1,2).

We compared the FA1090 pilS predicted amino acid sequences to that of the
sequenced pil S copiesfromstrain MS11. While the sequencesare very muchdike,
there are few variable domains that are identicd in the two strains. The more
N-terminal sequences are more aike between the two strains with mc5 sharing the
most number of sequences, whereas within mc2 only one predicted amino acid
sequence isidenticd in the two strains. The N-termind portion of the pilin molecule
is the most conserved, while mc2 encodes the most antigenicdly variable and
immunodominant portion of the protein. From this comparison, we can concludethat
the FA1090 repertoire of pilin sequences is related to that of MS11, but the
repertoires are not identical.

RFilin variation has been demondrated in vitro (3,4,6,8), in vivo (7,9), and in Sngle
strains of bacteria isolated from sexua cohorts (10). In the experimental human
infection trials ongoing at UNC, we demonstrated pilE sequence variation in strain
FA 1090 eveninthe short duration of the experimentd infection(7) (lessthan5days).
With the available informationabout the pilin repertoire in strain FA1090 we will be
able to address questions regarding the preferentia use of individud pilin sequences
at theinitiation of infection.
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Generation of anovd pilin locususing CAT fusionsin Neisseria
gonorrhoeae
B. S Howel, L. A. Wainwright and H. S. Seifert

Department of Microbiology-Immunology, NorthwesternUniversityMedica School,
303 East Chicago Avenue, Chicago, IL 60611, USA.

Gonococca pilus phase and antigenic variation support immune evason and ater
receptor binding specificities (2,4,5). Antigenic and some phase variants are
generated when variant DNA from one of severd dlent pilin genes replaces
sequences in anexpressed pilingene. These RecA-dependent recombination events
(3) are usudly non-reciprocal. Human volunteer studies have shown that many
antigenic variants appear during infection (6), suggesting a high rate of in vivo
vaiation. Phase variaion (monitored through changes in colony morphology) has
been used to estimate the rate of in vitro antigenic variation which suggests that the
invitro rate of variation islower thanthein vivo rate. To create agenetic meansto
quantitatively assay recombination between pilin genes we inserted a promoterless
CAT genecatridge intoadlent pilincopy of pilSLin strain MS11 The frequency of
recombination between pilSL::CAT and pilE was to be monitored by selection on
chloramphenicol for resstant variants (Cnl) expressing CAT fromthe pilin promoter.
Cnmi vaiaits were generated at a frequency of 10° to 107 and were
RecA-dependent. Andyss of both piliated and non-piliated Cmi variants reveded
anew pilin locus formed by the duplication of sequences from pilE and pil S1::CAT
loci. At alower frequency, reciproca recombinationwas aso detected betweenthe
loci. Smple non-reciprocal insartionof CAT into pil E was not detected presumably
because the CAT marker, inserted in aregion of pilE conserved at the protein and
the DNA level, interfered with recombination. Cni variants were generated at a
amilar frequency whenM S11 wastransformed by pil SL.:CAT and pil E together but
transformationwithpil SL::CAT done did not produce Cmvariants. A new pilinlocus
was agan observed in each variant suggesting that dl of these new pilin loci were
created via DNA transformetion.

These studies show that disruption of a conserved pilin sequence by CAT prevents
ample non-reci procal recombinationof this sequenceinto pil E (i.e. preventsantigenic
vaiaton). These surprisng results demondrate that autolyss and DNA
transformation can result in new pilinloci. Withthe mounting evidence that different
neisserid srains and evendifferent species can exchange genetic information in vivo
(7, 1), the ability to reconfigure partidly homologous sequences into new
chromosomd loci dlowsfor flexibility inthe neisseria genome and evolutionof these
Species.
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Cloning and sequence analysis of a pilR/pilShomologue from Neisseria
gonorrhoeae

C.S. Carrick, JA.M. Fyfe and JK. Davies
Department of Microbiology, Monash University, Clayton, Victoria 3168, Audradia.

One of the putative promoter sequences identified upstream of the pilE gene of
Neisseria gonorrhoeaeis a consensus -24/-12 promoter. Transcription from such
apromoter is dependent on the dternative sigma factor s >* and an activator protein,
which typicdly binds to a Ste (upstream activator Site), approximatdy 100 bp
upstream of the promoter (1). At the appropriate distance upstream of the pilE s>
promoter is a sequence sharing Smilarity (13/17 bp identicd) to the binding site for
RIR, the activator protein, which in association with the sensor protein, RIS, is
required for transcription of the pil A gene of Pseudomonas aeruginosa (2).

We have shown that PiIR is capable of activating the gonococca s ** promoter using
a PpilE::cat fuson with the other promoters mutated, cloned into the P. aeruginosa
plasmid pPAH121. On the basis of this result, we decided to search for a
gonococcal homologue of the P. aeruginosa pilR gene, by probing MS11
chromosoma DNA digests with the pilR coding region.  Sequence andysis of the
cloned hybridigng Hindl11/Bglll fragment revedled a region in which the derived
amino acid sequence showed smilarity to the carboxy terminus of RIR and upstream
of this, to the centrd region of FiIIS. PCR was subsequently performed onanumber
of gonococcal drains induding MS11 to ascertain whether a deletion may have
occurred within pilR and/or pilS or whether a angle gene is present encoding a
protein which can functionas both a sensor and regulator. Preiminary datasupports
the existence of asingle gene.
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Site-directed mutagenesis of the promoter region of the gonococcal pilE
gene

JA.M.Fyfe, C.S. Carrick and J.K. Davies
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Primer extenson andysis performed on RNA from Escherichia coli expressng the
cloned pilE genefrom Neisseriagonorrheae strain MS11, hasrevealed two mgor
transcription start points (tsp), located 54 bp and 87 bp upstream of the ATG start
codon. At the appropriate distance upstream of both these tsps are sequences
showing ahighdegree of amilarityto a-10 box of a sgma 70 promoter. In addition,
asgma 54 consensus sequence, overlapping the upstream sigma 70 promoter, acts
as a binding site for RpoN, but in the absence of an activator protein, does not
promote transcription. Instead, RpoN acts as a repressor of the sigma 70 promoter
(2). Site-directed mutagenesis of thetwo -10 boxesin aPpilE::cat transcriptiona
fuson givesriseto inggnificant levelsof cat expressonin E. coli . However, when
the same congtruct is introduced into Pseudomonas aer uginosa, transcriptiontakes
place from the sigma 54 promoter, in a AIR dependent fashion. Primer extensons
confirm that the tsp for this promoter is within 2 bp of the tsp mapped for the
upstream sigma 70 promoter.

When primer extensons are performed on total RNA from piliated MS11, only one
magjor tsp isobserved, at the positionmapped for the overlgoping 9gma 70 and sgma
54 promoters. A seriesof PpilE::cat congtructs, withindividua promoter mutetions,
has beenintroduced into the M S11 chromosome, by recombining them into the non-
esentid iga gene. Primer extensions and CAT ELISAS performed on these
recombinant strains, has clearly shown that the 9gma 70 promoter is responsible for
transcription of pilE in gonococc grown under avariety of in vitro conditions.

References

1 Fyfe, JAM., Strugndl, R.AA. & Davies, J.K.D. 1993 Control of
gonaococcd pilin-encoding gene expresson in Escherichia coli . Gene 123:
45-50

119



Biology of major cell surface proteins, poster 38.

Characterization of gene productsinvolved in gonoccocal pilus biogenesis

N. E. Freitag and M. Koomey

Dept. of Microbiology and Immunology, University of Michigan School of Medicine,
Ann Arbor, Michigan 48336-0620, USA.

Theexpressonof pili by Neisseria gonor rhoeae plays an essentia roleingonoccocal
colonization of the human host. Recently, several N. gonorrhoeae gene products
have beenidentified whichbear homology to proteinsinvolved in pilus assembly and
protein exportinother bacterial systems (2), induding Pseudomonas aeruginosa (4)
and Vibrio cholerae (3).

Experimentsutilizngtransposon mutageness have indicated that the N. gonorrhoeae
pilF and pilD gene products are required for assembly of gonoccocd pilin into pili.
Mutants lacking the pil D gene product, a prepilin peptidase, were unable to process
the prepilin subunit into pilin, whereas pilF mutants processed pilin but did not
assemble the mature subunit. Both mutants secreted S-pilin, asoluble, truncated form
of the pilin subunit previoudy correlated with defects in pilus assembly (1). In
addition, mutants containing trangposon insartions in pilD or in a downstream open
reading frame, orfX, had greatly reduced rates of growth. Deletion analysis of pilD
indicated that the poor growth phenotype observed for the pilD transposon mutants
was due to polar effects of the insertions on orfX expresson. orfX encodes a
predicted polypeptide of 23 kD and has gpparent homologues in P. aeruginosa,
Pseudomonas putida, Ther musthermophilus, and the eukaryote Caenor habditis
elegans. In P. aeruginosa and P. putida, the orientation of orfX downstream of
pilD is aso conserved.

Although expression of orfX and pilD appears to be transcriptionally coupled,
mutants containing trangposon insartionsin orfX expressed pili. Unlikeether pilF or
pilD mutants, orfX mutants were aso competent for DNA transformation. A
possible relationship exists between prepilin processing or pilus assembly and OrfX
function as pilD-orfX double mutants grew extremey poorly, and fast-growing
colonies whicharose from the double del etion mutants expressed greeatly decreased
to undetectable leves of the prepilin subunit. In addition, Western andysis using
antibodies generated againg purified pili has identified severa polypeptide bands
unique to orfX mutants, thus it is possible that the orfX gene product is associated
with the expression of pilus associated proteins.
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The Product of thepilQ geneisessential for the biogenesis of type IV pili
in Neisseria gonorrhoeae

S. L. Drakeand J. M. Koomey

Department of Microbiology and Immunology, Univergity of Michigan, Ann Arbor,
MI 48109-0620, USA.

TypelV pili hasbeen shown to play an essentid role in colonization of the humanhost
by Neisseria gonorrhoeae (Gc). The product of the omc gene, Omp-mc, has been
proposed to be a highly conserved, surface exposed, outer membrane protein, but its
function has not yet been characterized (4). Recent studies show that proteins
essentia for Ge pili biogenes's are related to a family of gene productsinvolved in
protein secretion, filamentous phage assembly and DNA transfer (1). The RIQ
protein has been shown to be essentia for pilus biogenesis in Pseudomonas
aeruginosa and was found to have sgnificant identity with Omp-mc (2).

Our studiesexamined if Omp-mc functionsin asmilar rolein Ge. Using trangposon
shuttle mutagenesis, we have constructed defined mutations within and flanking the
omc gene and characterized the mutants with respect to pilus assembly and pilus-
associated phenotypes. Themutantsexhibited anonpiliated phenotypewhen cultured
on clear solid media, and faled to autoagglutinate when cultured in liquid media. By
€l ectron microscopy, the mutantswere devoid of cdl surface-associated pili. INDNA
transformation assays, the mutants exhibited a 1000-fold reduction in competence
compared to wild type drains. Western blot analysis reveded that the mutants
expressed wild typelevds of pilin but examination of cultured supernatant of mutants
reveded the presence of pilin, S-pilin, and large amounts of truncated Omp-mc
protein. DNA sequencing, Northern blotting and primer extension sudiessuggest that
omcispart of an operon containing other pilus assembly genes, whichissmilartothe
resultsfound for the pil Q gene of Pseudomonas aeruginosa (3). Collectively, these
data demonstrate that Omp-mc, anabundant surface exposed Gc antigen, isessentia
for type IV pili biogenesis.

These data dong with the homology of Omp-mc with other components of surface
trand ocation machinery suggest that Omp-mc may function as a pore/ gate channel
in the extruson of pili. Inlight of the results detailed here and to be consstent with
preexigting pilus assembly gene nomenclature, we have redesignated the omc gene as
pilQ, and its product, RilQ.
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Characterization of omc, gene required for typelV pili biogenesis and
competencein Neisseria gonorrhoeae

S.L. Drake and JM. Koomey
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M1 48109-0620, USA.

TypelV pili hasbeen shown to play an essentid role in colonization of the humanhost
by Neisseria gonorrhoeae (Gc). The product of the omc gene, Omp-mc, hasbeen
proposed to be a highly conserved, surface exposed, outer membrane protein, but its
function has not yet been characterized. Recent studies show that proteins essentidl
for Gc pili biogenesis are related to a family of gene products involved in protein
secretion, filamentous phage assembly, and DNA transfer. The Fil Q protein has
been shown to be essential for pilus biogenesisin Pseudomonas aeruginosa and
found to have dgnificant identity with Omp-mc.

Our studiesexamined if Omp-mc functionsin asmilar rolein Ge. Using transposon
shuttle mutagenesis, we have constructed defined mutations within and flanking the
omc gene and characterized the mutantswhichexpresstruncated forms of Omp-mc.
The omc mutants were non-piliated and faled to express pilus-associated
phenotypes. Thesedatademonstrate the Omp-mc, an abundant surface exposed Gc
antigen, is essentia in type IV pili biogenesis. Based on these studies and the
homology of Omp-mc withcomponents of surface trand ocation meachinery, suggests
that it may function as a pore/channd in the extrusion of pili.
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The assembly of membrane phospholipids in the Neisseria meningitidis and
Neisseria gonorrhoeae is not understood at a molecular level. The conversion of
lysophosphatidic acid to phosphatidic acid, an integrd membrane component, is
mediated in Escherichia coli by a 1-acyl-sn-glycerol-3-phosphate acyltransferase,
the product of the plsC gene (2).

We have identified the meningococca and gonococca homologues of the plsC gene,
and describe the effects of mutation affecting these genes. A Th916- generated
mutant of a serogroup B meningococcd strain (2) was identified that expressed
increased amounts of (**268)-linked capsular polysaccharide by immunoblots, and
increased numbers of assembled pili (2-3x the number of pili/diplococcus as
compared to the parent grain) by electron microscopy. The single, truncated 3.8
kilobase Th916 insertioninthe meningococca mutant waslocated ina 771 base pair
open reading frame. The gonococcal equivdent of this gene was identified by
transformation with the cloned meningococcd mutant gene. InN. gonorrhoeae, the
mutation increased piliation up to five-fold. The gonococca insertion was present in
a 765 base par open reading frame. The predicted amino acid sequence of the
putative meningococcal and gonococcal gene products were homologous to the PIsC
gene product of E. coli (>50% samilarity througha136 amino acid overlap) and other
bacterid species, as wdl as the eukaryotic enzyme (3).

A plasmid cloned copy of the meningococcd plsC gene complemented agtrain of E.
coli harboring atemperature-sendtive mutation of the plsC gene. Complementation
restored 1-acyl-sn-glycerol-3-phosphate acyltransferase activity a the non-
permissve temperature. Sinceinterruption of the neisserid plsC homologue was not
lethd in either N. meningitidis or N. gonorrhoeae, the pathogenic Neisseria sap.
may be able to utilize an dternative pathway to produce glycerolphosphalipidsinthe
absence of PISC enzymatic activity. This hypothesisis supported by the observation
that dthoughthe levels of mature glycerol phospholipids and acyltransferaseenzymédic
activity were reduced in the neisserid plsC mutants when compared to parenta
grains, they were ill detected a aggnificant level. In pathogenic Neisseria sap. a
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secondary pathway appearsto produce glycerol phosphalipidsinthe absence of AIsC
enzymatic activity. Implementation of this aternate pathway results in dterations of
glycerolphospholipid composition that lead to pleiotropic effectson outer membrane
components, including capsule and piliation.
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Pilus-mediated attachment of Neisseria gonorrhoeae and Neisseria
meningitidisto host cell receptors

M. Rahman, S. Normark and A-B. Jonsson
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Karolinska Ingtitute, 171 77 Stockholm, Sweden.

Fili of Neisseria gonorrhoeae and Neisseria meningitidis facilitate binding of the
bacteria to epithdid cdls (4-6), and undergo both phase and antigenic variation. RIC
is @110 kD minor pilus associated protein for which two loci exists. Expression of
pilC is contralled by frameshift mutationsin apoly G tract within the sgnd peptide
coding region that put the initiation codon in or out of frame compared to the mature
protein (1). N.meningitidis strains carry one or two pilC loci containing a poly G
tract Smilar to what is seen in gonococci. A sdlective mechanism for structurd
variationof gonococcd pili hasbeenproposed to operate at the leve of assembly due
to on/off switch in AIC expression (2).

The binding to epithelid cdl lines and to fixed tissue sections of N.gonorrhoeae
MS11 derivatives and mutants has been studied. Riliated (P+) gonococca clones
carying variant pilin gene sequences showed different binding properties to human
conjunctiva and corned tissue. However, sequence changes in RIE did not effect
binding to cervical and endometria tissue. Theeukaryoticreceptor(s) for gonococcal
pili present onawide variety of humantissueswas resstant to periodatetreatment but
sengtive to proteinase K, suggesting it may be a protein or a glycoprotein (3).

In order to identify a potential protein-receptor for P+ gonococci, a cDNA library
was congtructed from an endocervica cdl line The library was screened by a
"panning procedure" usng purified gonococcal pili and a done containing a2.4 kb
insert wasidentified. Transfection of the cDNA-clone into acdl line that normdly do

not bind gonococcai, resulted in cells that efficiently bound P+ but not P- gonococci.

This cDNA-cloneis currently being characterized.

The meningococcd FIIC genes and ther role in attachment and pilus biogenesis are
being studied, as wel as the role and function of potential carbohydrates on the

meningococcd pili.
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Modulation of pilus-facilitated adher ence of Neisseria meningitidisby pilin
primary sequence changes, post-trandational modification and PilC
expression
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and JR. Saunders
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Adherence of capsulate Neisseria meningitidis to human endothelid and epithdid
cdlsisonly facilitated invariantsthat express pili. Fili produced by meningococci are
gther of Class I, which are very samilar to those produced by Neisseria
gonorrhoeae, or of Class Il, which are antigenicaly and biochemicdly digtinct (1).
Bothtypesof pili are subject to phase and antigenic variation. These processes assist
in the avoidance of host immune survelllance and modulation of adhesion specificity
for different tissues during the course of infection.

Variants of the serogroup B strain C311 have been obtained that express Class |
pilins of reduced apparent M, and exhibit marked increase in adherence to Chang
conjunctiva epithdid cdls(2,3). Structura andyss of pilinsfromtwo hyper-adherent
variants 311#7 and 311#16, and the parent wascarried out by DNA sequencing of
their pilE lod. Comparison of deduced amino acid sequencesindicated that, dthough
severa subditutions had occurred inthe variant pilins, no ddetions could be observed
to account for the reduced apparent M,. Deduced MW's of pilins were aso
consderably lower compared withtheir gpparent M, on SDS-PAGE, consstent with
some formof post-trandational modification of the pilin polypeptide. Mature hyper-
adherent pilins shared unigque changes in sequence, notably substitution of Asn,,; for
Asp,13. Thiswasaccompanied by changesfrom Asn-Asp-Thr-Aspto Thr-Asp-Ala
Lysat pogtions 127-130. The Asnresidues 113 and 127 of the "parentd” C311 pilin
bothformpart of atypica eukaryotic N-glycosylationsite (Asn-Xaa-Ser/Thr). These
obsarvaions invite the hypothess that pilins may be modified by post-trandationa
glycosylation, perhaps involving the motif Asn-Xaa-Ser/Thr (3).

Classl pilinvariantsderived froma separate srain M C58, 58#5 (adherent) and 58#6
(non-adherent) differed only residues 60 and 62. The glycosylation matif Asng,-
Asng-Thrg, in 58#5 was replaced by Aspg-Asng-Serg, in vaiat 58#6. Fully
adherent backswitchers obtained from 5846 alway's regained an Asny, but retained
Serg,. Thus, subgtitution of Asn by Asp at podtion 60 in MC58 pilins abolishes
adhesion to epithelid cdlswithout affecting adhesion to endothelid cells (2,3). This
region of the class | sequence contains two overlgpping Asn-Xaa-Ser/Thr motifs.
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Vaiants that lack the criticd Asng,, such as 58#6, might paradoxicaly be more
susceptible to modification at the adjacent ste. The apparent M, of variant pilins are
consgent withthisnotion. Functiond variationsinN.meningitidis Class| pili arethus
modulated, in part, by primary amino acid sequence changes that either create
(normdly downmodulating adherence) or ablate (normdly up modulating adherence)
motifs that are classc N-glycosylation Stes. The precise structure of  the glycosyl
moieties involved are currently being investigated by fast bombardment mass
spectrometry (FAB-MS) and el ectronspray mass spectrometry (ES-MS).

A hyper-adherent variant that exhibited no changesin primary amino acid sequence
was isolated from strain MC58. MC58 dicits pilins with generdly less potentia
glycosylaionmatifs thanthe parental C311 strainand normaly produces|owamounts
of the phase variable pilus-associated protein RIC. In contrast, dl variants isolated
from strain C311 conggtently produced smilar but appreciable anountsof AIC. The
hyper-adherent MC58 variant was found to produce subgtantialy larger amounts of
RIC thanthe parenta strain and showed differencesin kinetics of adherence to host
cdls Therdative increasein adherence to Chang cells was substantidly greater than
to HUVEC endothelid cells after 1 hr incubation. Furthermore, adherenceto Hep-2
humanepithelid cdls or cdls of non-human origin was unaffected inthis variant. Thus
pilus-mediated adherence to certain human cells may be modulated by RIC as well
as by changes in primary amino acid sequence of pilin which is consgtent with
previous observations of ourselves (3) and others(4,5). Furthermore, changesinpilin
and RIIC gppear to have differentid effects on adhesion of meningococci to different
humean epithdid cdl types.
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Anti-Gal bindsto pilus of Neisseria meningitidis Thelga isotype blocks
complement-mediated killing
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Departments of Laboratory Medicine and Medicine, University of Cdifornia and
Veterans Administration Medical Center, San Francisco, CA 94121.

Anti-Gd are ubiquitous natural human polyclona antibodies that bind to terminal
galactose ""1,3ga actose (*"-gdactosyl) residues (2). Gram-negative bacteria that
cause sepsis are more likdy to bind serum anti-Gal than are bacteria of the same
Species that are isolated from the stools of well persons (3). This may be because
serum 1gG anti-Gal can block dternative complement pathway-mediated lysis of
representative bacteriathat bind it to ** -galactosyl L PS structures, thereby promoting
aurvival of such bacteriain the nonimmune host (3). We now report on the binding
of anti-Gd to the cell-surfaces of Neisseria meningitidis.

We were interested in examining whether anti-Ga binds to the LOS of N.
meningitidis, analogous to its binding to LPS of enteric Gram-negative bacteria.
Serum IgG, IgA, and IgM anti-Ga aswell as colostral 1gA were purified by afinity
chromatography using silica-linked Ga'*1,3Gal$1,4GIcNAc (3). Immunoblots of
SDS-PA GE-separated outer membrane preparations from two group C strains and
one group B drainrevealed that dl threeisotypesbound the pilus but not the LOS of
these organisms, suggesting an immunogenic carbohydrate pilin epitope. Binding to
pilin was confirmed using pilus purified fromone of the Srains. The anti-Gal isotypes
aso bound to the pili of whole organisms as determined by
immunod ectronmicroscopy.  Convaescent serum from a child recovering from
meningococcal disease contained antibodiesthat bound strongly to purified pilinfrom
the infecting strain. Pilus-binding but not outer membrane protein-specific antibodies
in norma human serum could be completely absorbed by passage of the serum over
the glicalinked carbohydrate coumn. Mild periodate oxidation of
SDS-PAGE-separated outer membranes of these strains followed by labeing of the
neo-adehyde groups resulted in labding of bands corresponding to LOS and of the
band corresponding to pilin exdusvdy, further suggesting that pilus contains a
carbohydrate sructure. This finding confirms a recent report that meningococca pili

are glycosylated (7).

We next examined the effect whole serum, serum IgG, serum IgA1 anti-Gal and
cologtrd IgA anti-Gal onthe complement mediated killing of agroup C strain which
was grown under conditions that caused either maxima or minimd piliation. Serum
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anti-Gal containing dl three isotypes blocked complement-mediated lyssof thisstrain
whereas serum anti-Ga 1gG done had no effect on killing. Purified serum anti-Ga
IgA 1, however, blocked lyssindicating that IgA 1 was the blocking anti-Gd isotype
in serum.

Aliation of meningococci is associated with increased adherence to human
nasopharynged cdls and it dso mediaesinitia attachment of meningococci to human
nasopharynged tissue in organ culture (4, 6). Rli are found on meningococci and
gonococci isolated from human mucosal surfaces and as well as on meningococci
isolated from the bloods and cerebrospina fluids of patients with disseminated
meningococca disease (1, 4, 5). The presence of blocking mucosd and serum
anti-Ga that bind to meningococcd pili therefore may be of pathogenic importance.
Our findings support arole for anti-Ga in meningococcal disease.
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