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Despite the success of vaccines composed of the meningococca groups A, C, W-
135 and Y cgpsular polysaccharides, they gill have serious limitations. Firg, dl the
polysaccharides induce an inadequate immune response in infants (1), and second,
dthough group B N. meningitidis is responsible for a sgnificant amount of
meningococca meningitis, its capsular polysaccharide is precluded from the above
vaccine due to its poor immunogenicity in adults (2). Serologica evidence
accumulated from anima experiments has indicated that the firg limitation can
probably be overcome by the covaent coupling of the polysaccharides to protein
carriers to form highly protective conjugate vaccines (3). However, this technique
aone does not overcome the second limitation of the poor immunogenicity of the
group B meningococcd capsular polysaccharide (GBMP), because even when
conjugated to tetanus toxoid (TT) it failed to produce a Significant response in mice
(3). Thisisprobably attributable to structural mimicry betweenthe GBMP and human
tissue antigens (4). Antibodies specific for the GBMP, recognise an epitope found
only on the polysaccharide when it is in an extended hedlica conformation in which
there are at least ten residues per hdicd turn (5,6) and the same epitope has also
been identified on fetal N-CAM and other human tissue (4).

Thefalure of the GBMP-TT conjugete to provide satisfactory leves of protective
antibody prompted interest in further chemica modification of the GBMP prior to its
conjugation. One modification that could be made without disturbing the extended
hdlicd epitopewasto replace the N-acetyl groups of the Sdic residues of the GBMP
with other N-acyl resdues. The modified polysaccharides were then conjugated to
tetanus toxoid and the conjugates were used as experimenta vaccines in animals.
Only the N-propionylated (NPr) and N-butylated (NBu) conjugates were gble to
induce protective (bactericida) antibodies in mice when administered with Freunds
completeadjuvant. TheNPr-GBMP-TT conjugateproduced two distinct popul ations
of antibodies, one which (minor population) cross-reacted with the GBMP. Of
significance was fact that the mgor population of antibodies was only specific for
NPr-GBMP and yet contained dl the bactericida activity (7). Thistogether withother
serologica evidence, indicatesthat the NPr-GBM P mimicsadifferent epitope onthe
surfaceof group B meningococci thanis presented by the GBMP (8). Therefore NPr-
GBMP-TT is an idedl vaccine candidate, dthough its success as a vaccine would



depend on whether it would break tolerance, and even if it did, what if any the
consequences would be.

The bactericidd and protective activities of murine 1gG NPr-GBMP-specific
antibodieswere evaduated. It was found that 1gG, was not bactericidd, presumably,
due to the fact that it fixescomplement poorly, but was till able to passively protect
mice chdlenged withlive group B meningococci. The isotypes IgG,, and IgG,, were
both bactericidal and passvely protective. Anisotype switchfromIgG; to 1gG, could
be achieved by adjuvanting the NPr-GBMP-TT. While dum ill induced mainly
1gG,, antibodies, both Freunds complete adjuvant and RIBI adjuvant were able to
consderably augment the population of 1gG, antibodies.
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Capaule expression of meningococa is directed by a gene cluster located in the
chromosomal cps|locus. The steps for expressionof the poly-"* 2,8 sdic acid capsule
of group B meningococci includes firg, the synthesis of the polymer by four gene
products of a centrd DNA fragment, termed region A. The biosynthess steps for

poly-""2,8 dadic acid synthess incudes synthesis of ManNAc, presumably by
epimerization of GICNAc, condensation of ManNAc and phosphoenolpyruvate to

form NeuNAc, activation of NeuNAc resulting in CMP-NeuNAc and findly

polymerization of the activated precursors by the ''2,8 polysidyltransferase (1).

These enzymdtic activities have been assgned to the four gene products encoded by
region A. Biosynthesis of the polysaccharide occurs in the cytoplasm. Before being

transported to the cdl surface the polysaccharide chains are subgtituted with a
phospholipid molecule at the reducing end by two gene products of region B.

Phospholipid substitutionisaprerequisite for export of the polysaccharide through the
inner and outer membrane, which occurs in an ATP-dependent manner by a
transporter complex of the ABC-transporter family. These transporter proteins are
encoded by genes of region C of the cps gene complex (for review seeref. 2). An
additional DNA fragment of cps, termed region D, condtitutes a cassette of genes
from the LOS biosynthesis pathway, induding gal E, whichsynthesis the galactose as
apart of the outer core moiety of the LOS molecule. Thus, deletion of gal E results
in expression of a truncated LOS molecule, which cannot be saylaed by the
LOS-sdyltransferase (3).

The identification of genes required for capsule and LOS synthesis enabled us to
congtruct isogenic mutants with isolated defects in capsule and/or LOS expression.
These mutants were used to andyse therole of cell surface located sdic acids for
mediating serum resistance and for ther influence on invasion of epithdid cdls.
Summarising the results of these experiments, we could demonstrate, that the capsule
does not mediate resstanceto killing by dternative complement pathway activation.
Serum resgtance is exclusively mediated by L OS saylation. Furthermore, it became
evident, that invasoninto epithelid cdls isdmost completey inhibited by the capsular
polysaccharide, but not by the saylated LOS. Surprisingly, the few cells of the
encapsulated wildtype strains, which were able to invade into epithelid cells, were



proven to be cgpsule deficent derivatives. However, in high frequencies some of the
cgpsule negative clones reverted to a cgpsule postive phenotype. This is the first
evidencefor aphase variationincapsule expresson. Thereis preiminary evidencefor
a posttranscriptional control of capsule expression.
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Neisseria gonorrhoeae syntheszes a rough LPS that does not contain any of the
repetitive  O-antigen  units  characteristic of the smooth LPS of the
Enterobacteriaceae. We have identified genes involved in the biosynthess of
gonococcal LPS and have used theseto construct isogenic Strains carrying geneticaly
defined null mutations. These mutants have been characterized and have alowed us
to examine the role of components of the LPS structure initsbiological function.

We have cloned a homologue for the gonococcal gal E gene(1). Sequence dignments
indicate extensive homol ogies withthe homologous E. coli and Salmonella enzymes.
Mutants were constructed whichdisplayed deep rough phenotypes, and these were
andyzed immunochemicaly and biologically. These anadyses have dlowed us to
locdize the target epitopes for killing by norma human serum, the acceptor Ste for
gdic acid, and have provided some evidence about the role that LPS structure plays
in the ability to invade human epithdid cdlsin vitro.

We have dso identified gonococcal homologuesfor threer fb genesfrom Salmonella
involved in the synthes's of the dTDP-rhamnose (2). Congtruction and anaysis of
gonococcal drans carrying nul mutation in these genes showed no observable
phenotypic changes with respect to LPS migration, sugar content, siadylation,
monoclond antibody binding, serum sengttivity or the interactionwitheukaryotic cdls
in vitro.

References

1 Robertson, B. D., M. Frosch and J. P. van Putten. 1993. The role of
galE inthe biosynthesis and functionof gonococcal lipopolysaccharide. Mol
Microbiol. 8: 891-901.

2. Robertson, B. D., M. Frosch and J. P. van Putten. 1994. The
identification and characterization of cryptic rhamnose biosynthesis genesin
Neisseria gonorrhoeae. submitted.



Capsules and lipopolysaccharides
I solation of mutants of Neisseria meningitidisproducing altered LPS
P. van der Ley, H.J. Hamstra, M. Kramer, L. Steeghs, A. Petrovand J.T. Poolman

Nationa Inditute for Public Hedth and Environmenta Protection, 3720 BA
Bilthoven, The Netherlands.

Mutants of Neisseria meningitidis with atered LPS were isolated in the following
ways.

1. A nove method for random insertion/del etion mutagenessin meningococci was
devised. This consgts of ligating a digest of total chromosoma DNA to a 1.1kb
restrictionfragment containinganerythromycin-res sancemarker (ermC), and subse-
quent transformationof the ligationmixture to the meningococca strain H44/76. The
resulting erythromycin-resstant transformants dl carried the ermC gene inserted at
random positions in the chromosome, aswas shown by Southernblotting. A pool of
mutants was screened for binding of the mAb 4A8B2, which is specific for
immunotype L 3. Two independent L 3-negative mutants were isolated, which could
be distinguished from spontaneous L PS phase variants by ther inability to revert to
anL3" phenotype. I ntransformati onexperimentswith chromosoma DNA fromthese
mutants, erythromycin resistance and lack of 4A8B2 reactivity were always linked,
showing that the insartion/deletionwasinalocus or loci involved in L PS biosynthes's.
Pulsed-fidld eectrophoresis of chromosoma DNA showed that the two mutants
mapped to the same Nhel fragment. When the mutant LPS was andysed by SDS-
PAGE, andectrophoretic mobilityintermedi atebetween previoudy isolated gal E and
Isi-1 mutants was observed, suggesting an oligosaccharide structure truncated
between the proxima heptose and galactose residues. Comparison of the binding
pattern of mAbs specific for LPS confirmed the different nature of the new mutants.
The chromosoma DNA flanking the ermC gene was cloned from both mutants;
characterization of the region in both mutants and the wildtype strain isin progress.

2. Meningococcd drains synthesizing an LPSwith reduced toxicity would be highly
useful for production of outer membrane vesicle vaccines. To this end, spontaneous
mutants of strain H44/76 resistant to the lipid A-binding antibiotic polymyxin B were
isolated. Approximately 50% of the res stant mutantswere found to have altered LPS
asdemonstrated by astrongly increased d ectrophoretic mobilityon SDS-PAGE. The
nature of the structural change inthe L PSis currently under investigetion. Preliminary
experiments on the induction of IL-6 in human periphera blood leukocytes
demondtrated that this ability was reduced in whole cdls or outer membrane
complexes of the polymyxin-resstant mutants, but not in purified LPS. When mice
were immunized with outer membrane complexes from the polymyxin-resistant
mutants, the resullting antiseragave bactericidal titers againgt the parent strain H44/76

8



that were Sgnificantly lower as comparedtothe wildtype. This demonstratesthat L PS
has an effect on the immune response againg the class 1 and 3 outer membrane
proteins.
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Lipooligosaccharides (LOS) are important surface components of Neisseria. They
are a family of amphipathic molecules that consst of a hydrophilic carbohydrate
portionand a hydrophobic lipid A portion. 1t hasbeen shownthat the oligosaccharide
portion of the LOS is atarget for potentialy protective, bactericidd human antibody
(1). The carbohydrate portion also contans determinants that mimic human
olycosphingolipid antigens and may participate in molecular mimicry (3).

Recent studiesinour laboratory and those of our collaborators hasfocused on studies
related to the role of the oligosaccharide portion of the LOS in human disease
pathogenesis. Aspart of these studieswe have begun asystematic study of the genes
involved inLOS biosynthes's. These studies have led to the identification of galactose
epimerase gene and gtructura studies of the LOS produced in Neisseria with
mutations in this gene. These analyses have shown that the oligosaccharide in these
ga actose deficient mutants can produce L OS oligosaccharides containing repetitive
glucose moietiesindicative of biosynthetic pathways different from that necessary to
form the lacto-N-neotetraose moiety. Analysis of the parent strain confirms that
amilar structures are present among the LOS species of the wild type LOS. This
suggests a wider heterogeneity of LOS structure than was previoudy considered.
Studies of the L OS structure of organisms with mutations in the phosphoglucomutase
gene (pgm) indicatethat the L OS terminates at the second heptose and no additiona
sugars are added to the core region (5). Andyss of mutations in the
heptosyltransferase | gene (hepT1) have indicated that the LOSistruncatedat KDO.
Sequence data reveded athirty-two bp A+T-rich region between the putative -35
and -10 elements and the HepTI coding sequences. Previous studies suggested that
such A+T-rich nucleotide € ements that induce curved DNA structure may influence
the promoter srength in cis (4). Since the average GC content inN. gonorrhoeaeis
about 50% (2), we believe that the continuous A+T-rich sequence may beinvolved
in the regulation of expression of the hepTl gene in N. gonorrhoeae. In addition, a
Sxteen bp paindrome sequence encompassing the putative ribosoma binding site of
hepTl isobserved.
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Functional studies of the adhesive interactions between gonococci indicate that
termind galactose of the LOS binds to the opa protein of neighbouring organisms.
This is respongble for the dumping seen with opat+ organisms. Analyss of the
interaction of gonococci withHep2G cdlls has shown that terminal gal actose moieties
of the LOS bind to two calcium dependent carbohydrate receptors; one of theseis
the wdl characterized mgjor hepatic asa oglycoprotein receptor and the other isayet
to be characterized 70kDa gal actose binding protein. Expression of these receptors
isincreased in the presence of gonococci as compared to the insulin receptor which
remans unchanged. Andyss of human sperm has shown that a 46 kDa galactose
binding receptor is present and can bind the gonococcus through the galactose
resdues of LOS. This interaction can be compditivey inhibited by
asaloorosomucoid.  Confocal and immunoelectron microscopy confirm  that
gonococci are binding to the sperm head.

Another cdl known to express a gdactose-binding protein on its surface is the
macrophage. Seria immunoe ectronmicrographs of humanurethra exudatesinfected
with N. gonorrhoeae have demonstrated the presence of macrophage-like cells
containing ingested gonococci. These organisms are present in the cytoplasm and
have not beenfound in phagolysoma vacuoles. Of interest, gonococc in the process
of ingestion do not bind anti-LOS MAbs on the bacteria surface fused to the
macrophage membrane while gonococci which are in the cytoplasm dain
crcumferentidly with anti-LOS MADbs. It is tantdizing to suggest that the LOS on
cdls during envelopment is occupied by receptors which are recycled when the
organism isinternadized. Studies are now in process to further define interactions of
the LOS with macrophages and the role of macrophages in gonococcd infection.
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Meningococci (mgc) are seldom of asingle LOS serotype. 19/33 endemicBand C
mgc in one US city were L8; 16 of thesewereadso L3, L7 or both and 9 were L1.
We compared the L1, L8 and L3,7 LOS structures. L1 strains made a common
LOS, we estimated its M,, and those of the L8 and L3,7 LOSs by co-SDS-PAGE
with gonococca LOS of known molecular mass. We used serotype-specific mAbs
to mark each LOS. We used their M, sto identify the L1 and L8 molecular ions in
electrospray mass spectraand got massand compaositiond informetion from this and
other M S techniques.

Asprevioudy shown, theL8"* chainislactose (Lac; Gal31-4Glc); the L1 LOS arises
by termina Gal""1-4 subgtitution of the L8 Lac structure. This creates the human P
blood group, and L1 LOS binds a P mAb. The L1/P* glycose is partialy siaylated,
endogenoudy. Enzymatic remova of thetermind "'-Gal from unsiaylated L1 LOS
createsthe L8 LOS; removad of the termind (3-Gal from L8 LOS causes lossof the
L8 determinant. The L3,7 LOS arises by termind subgtitution of the L8 LOS with
lactosamine (Gall31-4GIcNAC); it isthe paragloboside glycose and dso is patidly
sdylaed, endogenoudy.

L8 GalR164GId3164Hep " 16(KDO),
8
GIcNAC(OAC)""162Hep37PEA
L1 (NeuNAC''263)Gal*'163GalR164G| d3164Hep™* 16(K DO),
8

GIcNAC(OAC)""'162Hep
L37 (NeuNACc'263)GaR164GIcNACR163GalR164GId’164Hep" 16(KDO),

The L1 mAb did not bind phosphoethanolamine (PEA) substituted LOS that had the
L1 glycose. Dephosphorylationdid not affect the mobility of the L1 LOS or itsability
to bind its mAD, but caused the L8 LOS to lose the L8 epitope.

These data show that the L1 and L3,7 structures arise by aternative subgtitutions of
the L8 """ chain. Basal PEA subdtitutions varioudy effect L1 and L8 expression. Ther
sructural relationshipsexplain co-expressionof L1, L3,7 and L8 serotypes. Boththe
L1 and L3,7 LOS may be sidylated, endogenoudly.
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Thelipooligosaccharides(L OSs) of Nei sseriagonorrhoeaeareimportant pathogenic
and antigenic outer membrane components. Gonococcal LOS expression varies
among drains, and some drains produce severa dructuraly different LOS
components (1, 2). In addition, gonococca L OS expresson can shift with the sage
of infection (3), and astrain that produces a single LOS component has anability to
synthesize avariety of LOSs, depending on its environment (3). Further, changesin
LOS structure can affect the interaction of gonococci with human cell surfaces and
defences.

We have studied the structures and epitope expression of some prevalent LOS
components produced by clinical gonococca isolates (3-7). Our previous studies
showed the falowing: () the structurd differences among LOSs are primarily due to
differences in the oligosaccharide moiety of the LOS; (b) gonococci produce higher
molecular-weight (MW) LOSs such as 4.5 and 4.8 Kda by dongating the
carbohydrate sequence of asmal MW LOS; (c) the antigenic Smilarity betweenthe
4.5 Kda LOS and human glycosphingolipid (4), paragloboside, is due the presence
of identical OS, and this LOS component is suggested to be associated with the
disease process (3).

Gonococci produce severa other LOS componentswhose structures are unknown,
and these unidentified LOSs could be important for understanding the role and
functions of the LOS ingonococcal disease. Inthe present study, weinvestigated the
gructure of a LOS produced by drain 15253 isolated from a patient with
disseminated gonococcal infection. MAb 3G9 bindstothisLOS (2, 8) and itsbinding
patterns to gonococcal L OSindicatethat the 15253 L OS is structurdly different from
the LOSs studied previoudy (6, 7). This MAb 3G9-defined epitope appearsto be
specific for Neisseria gonorrhoeae.

We andlyzed the structure of the oligosaccharide derived from the 15253 LOS by
chemica and two-dimensond NMR methods and determined that the 15253 LOS

13



has two lactosyl residues in the molecule. This present finding reveds a newly
recognized glycosylation pathway for gonococcal L OS. As described above, higher
MW LOSs dongate from a LOS precursor. For example, gonococci synthesze a
lactoneotetraose structureby dongatinga lactosyl moiety that is attached to a heptose
(Hep-1) inthe LOS molecule (MS11mk LOS). In contrast to elongation of the
Hep-1 linked lactosyl resdue described above, strain 15253 modifies another
heptosyl resdue (Hep-2), producing a second lactosyl resdue.

The noved gtructure represented by the presence of two lactosyl resduesin the same
L OS mayberedatedto the antigenic pecificity of MAb 3G9 for the gonococci. Strain
15253 may interact with human glycosyltransferase or cell lectins via ether lactosyl
residue, and these possible invivo interactions may play some role inthe infectionand
the disease. This new glycosylaion pathway not only demondrates additiond
complexity in gonococcal LOS biosynthesis but adso provides further structura
information on LOS expressed during different clinical states of infection.
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Surface charge and hydrophobicity correate with Gc behaviour
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Although surface charge and hydrophobicity dictate many interactions of inanimate
colloida particles with one another and with heterologous surfaces, whether these
physicochemica attributes amilaly influence the interactive behaviours of
colloid-szed bacteria isincompletely defined. Nor are the molecular origins of surface
charge of gram-negative bacteria defined comprehensvely. Capsulationincreasesthe
negative charge of E. coli, with magnitude of the enhanced negdtivity rated to
cgpsule composition (1). Salmonella with "smooth” LPS are reported to be less
negativey charged than "rough" LPS mutants by phase partition assessments, but
charges of various rough mutants could not be differentiated by (5). A recent report
findsno sysematic differencesinthe dectrophoretic mobility (EPM) of E. coli when
they express different LPS molecules (1).

I have been exploring genera surface properties of gonococci (Gc) to define thar
molecular origins and to assess the composite effects that accompany co-expression
of multiple surface-exposed molecules. An added reason isto look for correlations
betweensurfacepropertiesand biologicd behaviour of Ge, especidly thosethat might
relate to pathogenicity.

Lipooligosaccharide (L OS) molecules, as major surface-exposed condtituents of the
Gc outer membrane, are likdy contributorsto surface charge. Relationships between
LOS sructure and EPM of Gc were examined in the well-characterized set of
pyocin-resistant mutants of strain 1291 (2). Sngle sugar truncations diginguish the
L OS moleculesexpressed by 1291 and its variants 1291a-d (3); two of the variants
have identicd truncated side chains but differing numbers of KDO core moieties
(1291d = 3 KDO, 1291e = 2 (2)). P- Opa cdls of each LOS variant were
examined. The salient results follow:

# LOSvaiantsexhibit EPMsrange from -0.15 to -0.77 - m-cm/V-s, their
EPM negativities are: 1291 < 1291a< 1291c < 1291c <1291e < 1291d.

# Truncation of oligosaccharide side chains correlates with increased
negative charge (correlation coefficient = 0.872 withdl variants considered; = 0.976
when 1291b excluded); the EPM differences seen with single sugar truncations
ranged from -0.12 to -0.36 - m-cm/V-s.

# Absenceof athird KDO correl ates withreduced negative EPM for variant
1291e (-0.71) compared to 1291d (-0.77).
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These data suggest that phosphates of LOS core KDO and heptose moietiesare the
main ionogenic moieties of P- Opa- Gc outer membranes. The Ge LOS variants
exhibit dffering EPMs because of the gpatid separation imposed by the
oligosaccharide sde chains of increased length between ionogenic core phosphates
and the eectrophoretic shear plane at the outermost surface of the bacteria This is
condgtent with recent studies on the shape, orientation, and exposure for LPS
moleculesinthe outer membranes of sdmondlaand E. coli (4); eachsde chain sugar
adds gpproximately 2.3 - 3.5 nm to LPS molecule length, and dl core phosphates
orient toward the cell membrane exterior.

It could be argued that outer membrane proteins (such as Por and Rmp) might
contribute to EPM and that the observed dissmilarities reflect different degrees of
"shidding" of commonly expressed outer membrane proteins by the variant
oligosaccharide side chains of differing length. Thisisinconggent with afinding thet
proteinaseK treatment of whole P- Opa- Gc, under conditions that appearsto totaly
hydrolysethese proteinsin situ, did not ater EPM. Nor doesthe surfacelipoprotein
(Lip, H.8) appear tobeamgor contributor to EPM, as deduced fromexamining Lip-
mutants (from J. Cannon).

The LOS vaiants of dran 1291 exhibited differing in ther comparative
susceptibility/resistanceto killing by the cationic **-helix forming peptide magainin-2
(GIGKFLHSAKKFGKAFVGEIMNS) asfollows:

# Resistanceto magainin-2; 1291a> 1291 >b>c>d>e

The inexact correlation between magainin-2 senditivity of Gec and LOS side chain
length resembles results with samondla LPS mutants (6). Enhanced resistance of
vaiant 1291ato maganin-2migh relateto this L OS variant being considerably more
hydrophobic thandl the others, (1291a>> 1291 > 1291b= ¢ = d = €), as assessed
by partitioning whole Gc between dextran and polyethylene glcal. Its heightened
hydrophobicity likely relates to its having N-acetyl subgtituents on its termind sde
chain saccharide.

Two variants (1291, 1291b) have gdactose-terminating side chainsand aresaylated
when CMP-NANA is supplied. Another variant (1291c) dso has a termind
gdactoseresidue, but it was not sdylated. Sidylation produced enhanced negtivity
for both 1291 and 1291b, but not equdly, and their hydrophobicities were virtudly
unchanged. It was somewhat surprising that sdylated 1291 and 1291b, because
EPMs became decidedly more negative, were not dtered in thar sengtivities to
meagainin-2. Magainin-2molecules, having little or no secondary structure insolution,
are thought to be converted to ''-helica oligomers upon interacting with
negatively-charged cdl surfaces; these oligomers subsequently can insart into the
membrane, function as pores, and cause the cdllsto lyse.
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Summary: Variationin LOSsdechainsisaccompanied by digtinctive changesin Gc
surface charge as deduced from EPM measurements. Phosphate groups of the LOS
core are probably the ionogenic groups responsible for the mgority of negative
charge onGe. EPM differencesamong theLOSvariantscorrel ateinexactly withtheir
sengtivitiesto maganin-2.
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Capsules and lipopolysaccharides, poster 1.

Molecular analysis of mAb 2C7 and mAb CA1, an anti-idiotope surrogate
for a conserved gonococcal oligosaccharide epitope

S. Gulati, W. Den, S. Sompuram, J. Sharon, D.P. McQuillen and P.A. Rice

The Maxwe| Finland Laboratory for Infectious Diseases, Department of Medicine,
Boston City Hospital and Departments of Pathology and Laboratory Medicine and
the Hubert Humphrey Cancer Research Center, Boston Universty School of
Medicine, Boston, MA 02118, USA.

We have identified a gonococcal lipooligosaccharide (LOS) epitope, recognized by
mAb 2C7 (1gG38), that is widdy expressed on gonococca strains (2). We have
previoudy shownthat mAb 2C7 bindsto oligosaccharide (OS) chainson LOS by the
falowingmethods. First, mAb 2C7 binds to OS chans derivatized to tyramine after
acid hydrolyss of whale LOS and chromatographic separation of OS from lipid
containing fractions. Second, proteinase K trestment did not ater binding of mAb
2C7 to immunoblots of whole gonococca lysates and purified LOS. However,
preincubation with Nal O, abolished mAb 2C7 binding to immunoblots of whole cell
lysates or LOS. Third, mAb 2C7 bound to whole cell immunodat blots of the wild
type gonococcal sranFA 19, but nottotwo transformants possessing truncated LOS
variants, FA628 (sac-1") and FA899 (sac-3").

We believe that this OS epitope may serve as an gppropriate vaccine candidate for
human immunization agang Neisseria gonorrhoeae. However, purification of OS
from LOS may modify its antigenicity and would result in a T-cdl independent
carbohydrate antigen, whichmay be poorly immunogenic. Asan dternative Strategy,
we have generated an IgM 6 anti-idiotope mAb inmice, named CA 1, asasurrogate
for the 2C7 OS epitope. mAb CAL1 dicits a bactericidal and opsonophagocytic
immune response in animals (1). Compared to gonococca OS, use of a mAb
surrogate would facilitate vaccine antigen purification and provide a protein antigen
that should dicit a T-cell dependent immune response.

To amplify fragment productionand alow more complete andysis of the interactions
of these antibodies with each other and with LOS we decided to: a) clone and
sequence the variable regions of both mAbsand b) produce them in both bacteria
and mammdian expression systems. The heavy and light chain variable (V) region
pair of each antibody (mAbs2C7 and CA 1) wereseparately amplified by polymerase
chan reaction (PCR) from cDNA, usng primer pools, and cloned into a phage
display expression vector. This vector (Den, Sarantopoulos, and Sharon, submitted
for publication) can be modified to produce soluble Fab. The nucleotide sequences
of the 2C7 V,, and V| region genes were determined. The 2C7 V, region belongs
to murine V8 subgroup | and isencoded by the V81 gene withno somatic mutations.
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The 2C7 VH region beongs to murine subgroup |l A and ispartidly encoded by the
JH2 gene. These sequences are highly homologous with those of anti-dextran
antibodies, as would be expected for an antibody that binds to a carbohydrate
antigen. Weareinthe processof determining the nucl eotide sequencesof mAb CA1
(the anti-idiotope) V, and V, regions.

Fab fragments constructed from human congtant (C) region and the V region
sequences of mADbs 2C7 and CA1 will be expressed in bacterid and mammadian
sysems. Use of human C region sequenceslimits the non-human portions of the Fab
to the V regions and V regions can be further humanized to diminate unnecessary
murine sequences. These strategies should decrease the chance of adversereactions
upon adminigration in humans. Bacterid and mammédianderived phage display and
soluble CA1 Fab will be used to immunize animds. The crossreactivity of the
resultant Ab3 antibodieswitha panel of gonococcal srains will be compared withthe
range of reactivity of mAb 2C7 (Abl).
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Capsules and lipopolysaccharides, poster 2.

Functional characteristics of theimmuneresponse to the gonococcal
lipooligosacchar ide epitope defined by mAb 2C7 in natural infection and
after immunization

D.P. McQuillent, S. Gulatit, E.W. Hook? and P.A. Rice!

The Maxwell Finland Laboratory for Infectious Diseases, Boston City Hospitd,
Boston University School of Medicine, Boston, MA and 2University of Alabama at
Birmingham, AL, USA.

Monoclona antibody (mAb) 2C7 (Abl) recognizes a widely conserved, in vivo
expressed lipooligosaccharide (L OS) epitope expressed by Neisseriagonorrhoeae.
We have previoudy shown that mAb 2C7 is bactericidal against and promotes
ingestion by human polymorphonuclear leukocytes (PMNSs) of both serum-sengtive
(SS) ad -resgant (SR) gonococci (2, 3). The inherent toxicity of LOS and
difficulties in purification of large quantities of non-toxic and immunogenic
subcomponents of L OS antigen precludeitsuse as a convenient vaccine antigen. We
therefore el ected to generate an anti-idiotypic mAb (Ab2) surrogate that would also
evoke a T-cell dependent immune response. Immunization of mice with mAb 2C7
elicited an anti-idiotope (Ab2), named mAb CA 1, that was used in turn to immunize
syngeneic miceand xenogenec rabbits. Anti-anti-idiotypic (Ab3) antibodiesdicited
inboth species recognized LOS, indicating that mAb CA 1 representsan Ab23 anti-
idiotope (i.e., it cariesthe interna image of the nomina LOS antigen). These Ab3
were able to effect equivaent or greater complement-mediated killing of both SS and
SR drains of gonococci expressing the 2C7 LOS epitope than LOS immunization.
The Ab3 response in both species was predominantly 1gG with essentidly no IgM
consstent with a T-cdll dependent immune response.

We next assessed the capacity of rabbit Ab3 antibodies to promote gonococcal
opsonophagocytoss by flow cytometry, based on a modification of previousy
published methods (5). Gonococci were labeled with Ludfer Yellow before
opsoni zationwithrabbit serum, thenwere alowed to adhereto humanPMNsat 0°C
followed by phagocytosis at 37/C. Surface adherent (but not interndized) gonococci
were counter-stained with a biotinylated mAb directed against a conserved
gonococcal lipoprotein antigen (H.8) coupled to streptavidin-phycoerythrin-Texas
Red. PMN adherence of a SS and a SR strain bearing the 2C7 LOS epitope was
moderately increased by immune (Ab3) rabbit serumcompared to pre-immune rabbit
serum. Immune (Ab3) rabbit serum mediated nearly complete ingestion of both the
SS and SR drains bearing the 2C7 LOS epitope, while pre-immune rabbit serum
mediated minima ingestion of only the SS gtrain. Immune (Ab3) rabbit serum did not
ater PMN adherence or ingestion of a control SR strain lacking the 2C7 LOS
epitope, indicating specificity of the

response.
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We aso sought further evidence that the 2C7 epitope isimmunogenic in the setting
of both natura gonococcd infection and vaccination in humans. To evauate the
response dicited by naturd infection to the 2C7 epitope, we assayed acute and
convaescent sera from 6 patients with disseminated (DGI) and 7 with locd
(endometritis) infection. We used mAb 2C7 inaninhibitionEL I SA assay (1) to show
that patients with DGI developed 8-fold 1gG and 12-fold IgM increases againgt the
2C7 epitope. Women with endometritis had 3-fold IgG and 4-fold IgM antibody
responses againg the 2C7 epitope. Additionally, sera obtained from 62 adult mae
volunteers immunized with either a Por vaccine or placebo, as part of a 1985
enriched Por vaccine chalengetrid (4), were assayed for antibody againgt the 2C7
epitope. The vaccine preparati on cond sted of approximatey 85% Por (Proteinl), but
a0 contained 15% Rmp (Protein 111) and small contaminating amounts of LOS
(which contained the 2C7 epitope). Twenty-eight of 35 vaccinated individuals
developed agreater than2-fold rise in antibody levels againgt LOS and 21 of the 28
demonstrated a rise in antibody (> 0.1 = g/ml) directed against the 2C7 epitope.
Eleven individuas developed an excess level of antibody against the 2C7 epitope
compared to their overal response to LOS. These results confirm that the 2C7
epitope is a target of the human immune response in the sattings of both naturd
infection and LOS vaccination. Inanimd systems the anti-idiotope mAb CA1 (Ab2)
didts a T-cdl dependent immune response that mediates gonococcal killing and
PMN phagocytoss. Suchananti-idiotope, used as a surrogate immunogenfor LOS,
may form the basis for a potentidly protective gonococcd vaccine.
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Capsules and lipopolysaccharides, poster 3.

Cloning and sequencing of lipooligosaccharide monoclonal antibody regions
for molecular level study of epitope-antibody interactions

J. S. Evans and M. C. J. Maiden

Divison of Bacteriology, Nationd Ingtitute for Biologica Standards and Control
(NIBSC), Blanche Lane, South Mimms, Potters Bar, Herts,, EN6 3QG, UK.

Various human invasve diseases are caused by mucosa pathogens, the virulence of
which is mediated by an array of surface antigens, induding their principd glycolipid,
known aslipooligosaccharide(L OS) (3). The meningococcus is one of the two magjor
pathogenic species of the genus Neisseria. Much of the pahogenicity of
meningococca strains is dtributable to their surface LOS, which composes
gpproximately 50% of the outer membrane. The hydrophobic portion of the molecule
is lipd A, which is the active moiety of endotoxin. The more hydrophilic
oligosaccharide portion contains the variability which provides a bads for
epidemiologica typing (immunotyping) (4, 8). 12 disinct LOS immunotypes have
beendefined and monoclond antibodies (M AD's) agangt some of theseepitopeshave
been produced (7).

Whereas work on the specific interactions of Neisseria OMPsand Mab's is quite
advanced (5), this probably being due to the interest in these proteins as vaccine
candidates and aso the availability of techniques such as epitope mapping for protein
antigens, the more complex area of anti-carbohydrate antibodies is only just
beginning to be understood . Proteins that recognise carbohydrate moieties have to
discriminate between a vast number of sugar sructures, aisng from the
stereochemistry of hydroxyl groups and greet variety of possible sugar linkages.

Antibody binding sites are primarily composed of six segments known as CDR's
(complementarity determining regions), with threein each varigble region of the light
and heavy chains. Recombinant antibody and gene amplification technology have
made it possible to clone antibody genes into bacteria, dlowing them to be readily
produced, sequenced and rearranged to ater specificities and affinities. The
availability of Fab's (antibody fragmentscontaining constant and variable regions) and
ScFv's (dngle-chain  congtructs of both variable regions) now alows well-refined
crysta structures of protein-carbohydrate complexes to be solved (2).

With this in mind, the genes for two anti-LOS L3,7,9 MADb's, 4A8-B2-L379
(J. Poolman) and 9-2-L. 379 (W. Zallinger), have been rescued frommicehybridomas
and cloned either directly as Fab's into aphagemid expression vector (0GEM5Zf+/-
), or used to construct ScFv's and cloned into a phage display system
(PCANTABS) (6). The rdative binding affinities of these two Mab's have been
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comparedinEL|SA assaysusngpurified LOS, and have beenfound to show marked
differencesintheir reactivitieswithL OSisolated froman N. meningitidiscase isolate
identified as immunotype L3,7,9 (strain K454, PHL Manchester). In order to
determine the molecular basis for this variation, sequences of V region genes for
MAb 4A8-B2-L.379 have dready been obtained fromits ScFv, and arebeingdigned
and compared to other antibody sequences. TheFab of MAb 9-2-L. 379 ispresently
being sequenced, and the comparison of sequencedatafrombothanti-L3,7,9 MAb's
will provideinformationonwhichareas of the V regions contributeto their differentid
binding. Usng Fab DNA asatemplate, constant aswel asvariable regionsequence
can be obtained, which may be necessary in order to have a complete picture of dl
the nucleotides that may influence antibody binding capabilities.

Once dl the genes encoding the antibody DNA's have been sequenced, studies of the
interaction of these antibodies with LOS by co-crystallisation of Nm-LOS and
ScFv/Fab regions will be possible, aswill structurd studies by X-ray crystalography
and solution studies by NMR. Sequence information may aso be used to generate
models of the antibody combining sites with a commercia antibody modelling
package, to help predict likely contact residues in the antibody combining sites. It is
then possible to mutate these and andyse resulting dterations in affinities via an
automated biosensor system, suchas Biacore, whichmeasure molecular interactions
inred time (2).
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Application of FPLC to purification of lipooligosaccharide from
meningococcal strains

J. S. Evans and M. C. J. Maiden

Divison of Bacteriology, National Inditute for Biologica Standards and Control
(NIBSC), Blanche Lane, South Mimms, Potters Bar, Herts., EN6 3QG, UK.

Aqueous phenal has been widdy used in the extraction of LPS from gram-negative
bacteria because of its goplicability to many groups of bacteria and its relative
amplicity. It isdso the only procedure which gives sgnificant yiddswhen extracting
LOS-containing bacteria. Extraction of LOS by the standard phenol-water method
(4) gives lower yidds than for LPS, because the repeated water solubilisation and
ultracentrifugation steps required for LPS purification results in condderable loss of
the lower molecular weight LOS. Whilg traditiona gel filtrationhas beenused inLOS
purification for some time (1, 2, 5), we chose to replace the traditiond purification
cyclesby asngle gd filtrationstep usng FPLC (fast protein liquid chromatography),
which has much greater separation power and vastly reduces e ution times.

The group B meningococca strains used, K454 and L352, were obtained from the
referencelaboratory inManchester. Bothweretyped asB15:P1.7,16R. Crude LOS
(prepared asabove) fromwhole cdls was applied to a Superose 6 HR10/30 column,
and dution of LOS was followed by refractive index. Contaminant peaks were
monitored at 260/280nm. The LOS e uted as a single pesk in mostly one fraction
(500m) when a sample volume of 50m was loaded. Thiswas confirmed by andlyss
of dl fractions collected by SDS-polyacrylamide gd eectrophoresis (PAGE),
followed by periodic acid-slver saining (3). Thelevd of purity of this present FPLC
method aready compares very wel with that for meningococcal LOS purified by
traditiona gd filtration; there is an average 50% reduction in nucleic acids, ( ~0.5%
c.f. 1%) and % protein is an order of magnitude lower (<0.05% c.f. 0.5%) (1). By
modifying the e ution buffer and using a column witha fractionationrange for dextrans
closer to the molecular weight of LOS, lower leves of contamination, particularly with
regard to RNA, should be possible.
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Isolation of an S. typhimurium rfaE homolog in Neisseria gonorrhoeae
F.K. Leeand M.A. Apicela
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USA 52242

Gram-negative bacteria have lipopolysaccharide or lipooligosaccharide (LPS or
LOS) molecules attached to their outer membrane through a lipid A anchor. In
pathogenic gram-negative bacteria, this molecule plays an important role in
pathogeness, conferring the bacteria ability to evade the immune system through
molecular mimicry and anti-phagocytic properties. The structure and compaosition of
the LPS or LOS have been ducidated for a number of gram-negative species and
showsthat the core oligosaccharides of different speciessharecommon sugarsand/or
linkages. The geneticsof L PS biosynthess inenteric gram-negative bacteria has been
extensvely studied and today, much is known about the genes involved in this
complexpathway. However, innon-enteric pathogens, investigaionsintothegenetics
of LPS (or LOS-ipooligosaccharide) biosynthesis has been hampered due to
difficulties encountered in manipulating the genomes of these non-enteric pathogens.
Among the difficultiesare the lack of an effident and smple protocol for construction
of mutant libraries and screening of a mutant library for LOS mutant phenotypes.

In this study, we report on the use of defined LPS biosynthesi's mutants in enteric
bacteria S. typhimurium LT-2 to identify and cdlone a LOS biosynthesis gene in
Neisseria gonorrhoeae. A plasmid library of genomic DNA from N. gonorrhoeae
strain 1291 was electroporated into an A DP-heptose synthase deficient mutant of S.
typhimurium(rfaE827) and grown onampidcillin-novobiocin supplemented selection
media SDS-PAGE andyss of LPS isolated from the transformant showed an
upward shift in mohility relative to the parent suggesting that the gonococcal DNA
was able to complement the leson in rfaE827. Phage sengtivity pattern of the
trandformant was gmilar to the pattern exhibited by the wild type. Southern blot
hybridizations with the 6.8 kb insert suggested that the rfakE gene exigs asasngle-
copy gene. This region gppears to share high homology with the homologous region
iNnN. meningitidis. Defined S typhimurium LPS mutants appear to be aussful tool
in identifying LOS biosynthesis genes of pathogenic gram-negetive bacteria,
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Capsules and lipopolysaccharides, poster 6.

Lipooligosaccharide biosynthesisin Neisseria gonorrhoeae: Cloning,
identification and characterization of the'' 1,5 heptosyltransferase | gene

(hepTl)
D. Zhouand M.A. Apicdla
Department of Microbiology, The University of lowa, lowa City, lowa 52242.

Neisseria gonorrhoeae isthe causdtive agent of gonorrhoea. Lipooligosaccharide
(LOS) is an important surface component of gonococcus. It is an amphipathic
molecule that conssts of a hydrophilic carbohydrate portion and ahydrophobic lipid
A portion. Unlike most enteric bacteria, which make lipopolysaccharide (LPS), N.
gonorrhoeae make LOS, which lack the O-antigen. Comparison of the LPS and
LOS gtructures of S. typhimurium LT2 and N. gonorrhoeae strain 1291 reveded
theidenticd partia deep core structure of Hep''1-3Hep'* 1-5KDO. Thisled usto
assume that thetwo **1,3 and "' 1,5 heptosyltransferasesin S. typhimurium and N.
gonorrhoeae may be functiondly exchangesble. By complementing the S
typhimurium rfaC630 mutant drain, we were die to clone the ''1,5
heptosyltransferase genesin N. gonorrhoeae strain 1291.

SDS-PAGE andys's confirmed the productionof wild type LPS in the transformant.
Subcloning revealed that a 1.2 kb fragment was able to confer the complementation.
Sequence analysis demonstrated acomplete openreading frame corresponding to a
36~37 kDa peptide. In vitro transcription-trandation andyss of the 1.2 kb clone
confirmed that a 37 kDa protein was encoded by this DNA fragment. The DNA
sequence-deduced protein had 36% identity and 58% isofunctiona amilarity to S,
typhimurium heptosyltransferase | (rfaC). Primer extension andyss indicated that
transcription of the cloned gene in N. gonorrhoeae stran 1291 begins 144 bp
upstream of the start codon at a G nuclectide, indicating the cloned gene is
transcribed from its own promoter. An isogenic mutant of N. gonorrhoeae grain
1291 witham-Tn3 insertioning dethe coding sequences expressed a sngle truncated
LOSwithagmilarmolecularwaght as S typhimuriumrfaC LPS. We concludethat
the 1.2 kb fragment encodes for the ** 1,5 LOS heptosyltransferase | (hepTl) in N.
gonorrhoeae. Our studies dso provide further evidence to the observation that the
third KDOin S. typhimurium LPS is added after the core synthesisis completed.
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Capsules and lipopolysaccharides, poster 7.
Genetic analysis of alocusfor gonococcal L OS biosynthesis
E.C.Gotschlich

Laboratory of Bacterid Pathogeness and Immunology, The Rockefdler University,
New York, NY 10021, USA.

A locus involved in the biosynthesis of gonococcal LOS has been cloned from
gonococca strain F62. The locus contains five open reading frames. Thefirst and the
second reading frames are homologous, but not identica to the fourth and the fifth
reading frames respectively. Interposed is an additiond reading frame which has
disgant homology to the E. coli rfal and rfalJ genes, both glucosyl transferases
involved in LPS core biosynthesis (5). The second and the fifth reading frames show
strong homology to the lic2A gene of Haemophilus influenzae, but do not contain
the CAAT repesats seen in the lic2A gene (1,2).

Deetions of each of thesefive genes, of combinations of genes, and of the entirelocus
were condructed and introduced into parenta gonococcal strain F62 by
trandformation. The LOS phenotypes were then andyzed by SDS-PAGE and
reectivity with monoclond antibodies. Andysis of the gonococca mutants indicates
tha four of these genes are probably the transferases that add
GaNACc$163Ga$164GIcNACH163GaF$164 to the substrate Glc$164HepbR
of the inner core region (8). The orf with homology to E. coli rfal/rfad isinvolved
withthe additionof the **-linked gal actose residue inthe biosynthesis of the dternaive
L OSstructureGal'* 164Gal$164GIc$164Hep6 R (3). The DNA sequenceandysis
reveded that the firg, third and fourth reading frames contained poly-G tracts which
instrain F62 wererespectively 17, 10 and 11 nt. Thus, threeof the LOS biosynthetic
enzymes are potentidly susceptible to premature termination by reading-frame
changes, as has been reported for the gonococcal pilC genes (4,6). It islikey thet
these structura features are responsible for the high frequency genetic variation of
gonococcal LOS (7).
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Capsules and lipopolysaccharides, poster 8.

Regulation of phase variation of gonococcal lipooligosaccharide expression
R.J. Danaher, J. Levin, D. Arking, R.Sandlin and D.C. Stein

University of Maryland, Department of Microbiology, College Park, MD 20742.

Lipooligosaccharide (LOS) expression in Neisseria gonorrhoeae undergoesphase
vaiaionat highfrequencies (4). In human chdlenge sudiesinvavingthe inoculation
of volunteerswithgonococci expressinga 3.6 Kdal LOS (reactswithMab 2-1-L.8),
isolates examined after infectionexpressed LOS of 4.8 Kdal (reactswithMab 1B2)
and larger, indicating a phase shift had occurred in vivo (5). Since we (6) had
previoudy identified a genetic locus, IS-2, that was responsible for this type of shift,
we were interested in cloning this gene in order to better define the genetic basis for
this variation.

We used a set of strains with defined LOS structures as a starting point for our
studies. 1291, is a spontaneous derivative of 1291 that producesa greetly truncated
LOS (1). We have determined that the genetic basis of the dtered phenotypeisan
inframe deletion of 12 nuclectides in the gene encoding phosphoglucomutase.
Although this gtrain falls to produce the appropriate levels of the glucose precursor
required for its incorporation to produce wildtype LOS, it is cgpable of reverting to
Mab 2-1-L 8 reactivity at a frequency of about 10°%/cell/generation (3). An LOS
revertant of this strain, RS132L, was identified based onitsabilityto bind to Mab 2-
1-L8.

In order to clone the gene responsible for the ability of 1291, to revertto Mab 2-1-
L8 reactivity, various restrictionenzymeswere used to digest RS132L chromosomal
DNA and these digested DNAswerescreenedfor the ability to transform 1291, and
1291 to Mab 2-1-L 8 reactivity. All digested DNAS capable of transforming 1291
toMab 2-1-L.8 reactivity d so transformed 1291 to Mab 2-1-L 8 reactivity indicating
that the reversonof 1291, to Mab 2-1-L 8 reactivity isnot the result of a second site
suppressor mutationof 1291,,. Digested DN A was fractionated ona sucrose gradient
and afractionwasidentified that could transform 1291 to Mab 2-1-L 8 reectivity. The
DNA inthisfractionwas cloned into the E. coli cloning vector pUC19. Many clones
were identified but only one orientation of the insert was obtained. One of these
clones, pREV1, was sdected for further andyss. The insart of pREV1 was
subsequently cloned into pKUP, a derivative of pK 18 that contains a gonococcal
uptake sequence, resulting in done pREV2. Again, only a sSngle orientation was
obtained suggesting that the insert contains agene that is letha when expressed from
the lac promoter of pUC19 and pKUP.
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The ahility of this cloned gene to modulate L OS expressionindgrans other than 1291
was dso examined. The cloned region was used in a transformation assay to
transform severa other drains that are able to revert to Mab 2-1-L.8 reactivity to
Mab reactivity. Transformants of strains F62 and DOV were identified that bound
Mab 2-1-L 8. LOS was isolated from each of these strains and analyzed by SDS-
PAGE. The data indicate that each transformant had an atered LOS profile, where
it had logt the ability to expressthe 1B2 reactive L OS and now expressed the smaller
Mab 2-1-L8 reactive LOS.

To map the location of the gene responsible for LOS phase variation, unidirectiona
deletionclonesweregenerated and usedtotransform 1291 to Mab 2-1-L8 reactivity.
The DNA sequence of the region responsible for the transformation event was
determined and revedled an open-reading-frame that contained a stretch of guanine
residues that corresponds to the region required for transformation of 1291 to Mab
2-1-L.8 reactivity. This data suggests that the mechanism of LOS phase variation
involves a DNA dip-strand mechanism identical to that previoudy reported for
gonococcd pilC phase variation (2).
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Capsules and lipopolysaccharides, poster 9.

Influence of lipooligosaccharide structure on the sensitivity of serogroup B
Neisseria meningitidisto normal human serum

C.M. Kahler and D.S. Stephens

Departments of Medicine and Microbiology and Immunology, Emory School of
Medicine and VA Medica Center, Atlanta, Georgia, USA.

To further define the role of lipooligosaccharide (L OS) inresistanceto killing by nor-
ma human serum, a mutant library in a serogroup B N. meningitidis strain was
congructed by transformation using the tetM containing conjugative trangposon,
Tn916. Over 1500 transformants, accumulated frommultiple transformations, were
screened for mutations that affected LOS structure. The LOS of the parent strain
was 4.5 kDa, contained a lacto-neotetraose moiety (Gal$1-4GIcNAc$1-4GId-
4Hepl-KDO-Lipid A), and was ~50% sSdyated under in vitro aerobic growth
conditions. The library was probed in immunoblots with the monoclond antibody
(MAB), 3F11, which recognizes the termina galactose of the lacto-neotetraose. If
the termind gdactose was subgtituted with a different sugar, completely sSalyated or
was not present, the transformant would not react with 3F11. The 3F11 negative
transformantswere further characterized by immunoreactivity withthe capsul e specific
MAB, SC1-3 and the LOS biochemica profile was determined by tricine-SDS
PAGE andyss. Transformants that did not react with 3F11 and that had an dtered
LOS prafile by SDS PAGE, but expressed norma amounts of cgpsule (SC1-3 pos-
tive), were selected for further sudy. Linkage between tetM and the phenotype
expressed by these drains was demonstrated by transformation of the wild type
parent with chromosomal DNA from the transformants. Using these methods, two
new LOS mutants designated 559 and 469, which express dtered LOSof 3.1 kDa
and 2.9 kDa respectively, were identified.

The ability of 559, 469 and two previoudy identified Tn916 LOS mutants, R6 and
SS3, to resit killing by norma human serum (NHS) was compared to the parent
drain. R6 (Hepl-KDO-LipidA), in which the phogphoglucomutase gene (pgm) has
been interrupted by Tn916, has a LOS of 3.1-3.2 kDa (1). SS3 (Glcl1-4Hepl-
KDO-LipidA) has an insartion in the UDP glucose 4-epimerase gene (galE) and
expresses atruncated LOS of 3.4 kDa(2). The bactericida assayswere performed
with 10% and 25% norma human serum with colony counts determined a 0, 5, 15
and 30 minute intervas. Mutants SS3, 469 and the wild type parent drain,
demonstrated >90% survival in 10% and 25% NHS. The R6 mutant showed aone
log decreasein surviva in 25% serum after 30 minutes, whereas no significant de-
crease was seenin10% serum. The LOS mutant, 559, showed aone log decrease
insurviva after 30 minutesin 10% serum and was completely killed after 30 minutes
in 25% sarum.  In conclusion, truncations in the core oligosaccharide of
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meningococca LOS influence the sengtivity of serogroup B encapsulated N.
meningitidis to killing by NHS.

References

1.

Zhou,D.,D.S. Stephens, B.W. Gibson, J.J. Engstrom, C.F. McAllister,
F.K. Lee and M.A. Apicella. 1994. Lipooligosaccharide biosynthess in
pathogenic Neisseria. Cloning, identification, and characterization of the
phosphoglucomutase gene. J. Biol. Chem. 269: 11162-11169.

Stephens, D.S., C.F. McAllister, D. Zhou, F.K. Lee, and M.A.
Apicella. 1994. Tn916-generated, lipooligosaccharide mutants of Neisseria
meningitidis and Neisseria gonorrhoae. Infect. Immun. 62: 2947-2952.

35



Capsules and lipopolysaccharides, poster 10.

Influence of capsular polysaccharide and L OS sialylation on serum
resistance and invasive propertiesin meningococci serogroupsA, B and C

S. Hammerschmidt, A. Unkmeir, J.P.M. van Putten and M. Frosch

Inditut for Medizinische Mikrobiologie der Medizinischen Hochschule Hannover,
30623 Hannover, Gemany, and Max-Planck-Ingtitut fir Biologie, Abt.
Infektionsbiologie, 72076 Tubingen, Germany.

Sdic acids are comporents of the capsular polysaccharide and most of the
lipooligosaccharide (LOS) serotypesinmeningococci with the serogroups B and C.
In contrast, group A drains express a capsule composed of ''-2,6-N-
acetylmannosamine-1-phosphate, and Sadicacidsareonly L OS-associated withsome
LOS serotypes. Since gdic acids on bacterid cell surfaces mediate resistance to
complement mediated bacteriolysis by inhibition of dternative complement pathway
activation, we analysed the role of LOS associated sdic acids on serum resistance
in correlation to the capsules of serogroup A, B and C drains. Furthermore, since
there was evidence that invason isinhibited by capsule expresson (3), we andysed
the role of the capsular polysaccharide and of LOS sdylation with isogenic mutants
of meningococcal serogroups A, B and C with defects in capsule and/or LOS
gdylation.

A firgt group of mutants(I) was constructed by transformeation of the wild type strains
with plasmid pMF32.35:Tn1725 (1), which contains the capsule gene complex of
Neisseria meningitidis group B withaninactivatedpaly- '*-2,8 sdyltransferase gene
(siaD), resulting ina cagpsule negdive phenotype. Mutants of group Il were defective
inthe galE gene (2). Sincethe termind gal actose of the L OSmolecule isthe acceptor
for ddic acid, the galE mutantsare characterized by aninabilityto sdylaethe LOS.
Additionaly, mutants of group 111 exhibited acombined defect in the siaD and galE
genes. The mutants and the parentd dtrains were incubated with 90% CA-deficient
guinea pig serum for and the CFU were determined. Mutants | and 111 of each
serogroup were completely killed by the dternative complement pathway, but the
galE mutants (1) and the wild type strains survived and multiplied about threefold.
This indicates, that the LOS associated gdic acid, but not the capsular
polysaccharides play a pivota role in mediating serum resistance to meningococd.

The three serogroups and their mutantswere aso tested for their ability to adhere to
and to invade epithdid cells. Adheson and invason were strongly increased in
mutants 11 and | compared to the galE mutants (11) and to the wild type strains.
These results indicated, that the LOS associated sdic acid has no influence on
invagon, but adherence and invasion are strongly inhibited by expresson of the
capsular polysaccharide in dl investigated serogroups. Therefore, Snceinvasonand,
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thus, outbreak of meningococcd disease seems to be limited by expression of the
capsule, we hypothesi ze amechaniam, which alows phase variationof encapsulation

iN Meningococd.
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Effects of capsule and lipooligosaccharide sialylation on the serum
resistance of Neisseria meningitidis

F.G. Mackinnont, R. Borrow?, A.J. Fox?, A. Robinsont and D.M. Jones®

Centrefor Applied Microbiology and Research, Porton Down, Salisbury SP4 OJG,
UK and 2Manchester PHL, Withington Hospital, Manchester M20 2L R, UK.

During an epidemiologicd study of an outbresk of meningococca disease in
Gloucestershire, UK (Stonehouse meningococcd survey), the L3,7,9 LOS
immunotypeof N. meningitidis (serotype B15 P1.7,16) wasfound to be associated
with invaave disease, whereas the L1,8,10 immunotype was more commonly
expressed by strainsisolated from carriers (2). When srains expressing the various
LOS immunotypes (L1,8,10 only, L3,7,9 only or both smultaneoudy) were tested
for virulencein an intranasd (i.n.) infant mouse modd, case isolates and groupable
carrier isolates possessing the L3,7,9 immunotype produced higher leves of nasa
colonisation and were more invasive than isolates expressing the L1,8,10 LOS
immunotype (3). It was thought that the enhanced virulence in the mouse mode was
linked to serum resistance.

Capsuleisan important factor for surviva inthe blood, sinceit was previoudy shown
that mutantslacking in capsule were effectively avirulent in intraperitoned infection in
mice (4). However, recent findings by Hammerschmidt et al. (1), usng isogenic
mutants lacking in either capsule production or in the ability to sdylate LOS,
suggested that LOS saylation might aso contributeto resistance of meningococci to
complement-mediated lyss. In the present study, both encapsulation and LOS
gdylationof the meningococcd grains previoudy tested for virulenceinthe i.n. mouse
infection modd, were assessed for their contribution to serum resistance in an assay
using fresh human serum.

L OS sialylationof meningococcal strains: Endogenous saylationwas determined
by measuring binding of mab 3F11 to the sdylation site on LOS (by whole cell
ELISA). Exogenous sdylationwas determined by measuring mab 3F11 binding after
growthinthe presence of CMP-NANA (5: g/ml). Only srans expressngthe L 3,7,9
LOS immunotypewere found to possessthe sdic acid acceptor Site defined by mab
3F11. Inmost case drains expressing the L3,7,9 LOSimmunotype, 60% of the total
galylation was found to be endogenous. Also, groupable carrier isolates that
expressed the L3,7,9 LOS immunotype were 60% endogenoudy sdylated. In
contrast, two other carrier isolates (SYH1114 and S/H1497) which expressed high
levels of the target epitope for Sdic acid were unable to endogenoudy saylate their
LOS component and only became salylated after growth in the presence of
exogenous CMP-NANA.
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Contribution of capsule and LOS salylation to resistance to complement-
mediated killing by human serum: The presence of the polysialyl capsule was
found to be animportant factor in serum resistance of meningococci, sincedl isolates
expressing high levels of capsule had some resistance in serum and dl isolates
expressing low amounts of capsule were sengtive to serum, regardless of levels of
LOS saylation.

LOS saylationhowever, dso appeared to contribute to serum resistance, Snce after
growth in exogenous CMP-NANA, the serum resistance of all strains that were
endogenoudy saylated, increased. In contrast, exogenous sidylation afforded no
protection againgt serum killing of carrier srains (SH1114 and S/H1497) despite
these gtrains expressing high levels of the sidylatable LOS component. Two case
drains expressing the L1,8,10 LOS immunotype also experienced an increase in
serum resistance after growth in exogenous CMP-NANA, despite lacking the
termind gal actoseacceptor for sdic acid (defined by mab 3F11), indicatingthat other
acceptor Stesfor gdic acid may exist on LOS that have not yet been defined.

Leves of endogenous LOS saylation were shown to affect serum surviva rates. A
carrier srain possessing only 24% capsule but being 90% endogenoudy saylated
had a higher serum surviva rate (24.5%) than other fully encapsulated strains.

Serum resistance as a factor in murine virulence: A direct correlation was
observed between resistance to human serum and virulence of meningococd in the
i.n. infant mouse modd. Most serum resistant strains produced high levels of nasa
colonisation(above 5.0x10* CFU/mouse) and disseminated to cause blood infection.
In contrast, serum sengitive strains produced low levels of nasal colonisation (below
5.5x10° CFU/mouse) and failed to cause blood infection (3).

Thus, serumresistance was found to be directly related to virulence of meningococcal
grains in infant mice following i.n. infection. However, the relative importance of
capsule expresson and LOS sdylation on serum resistance, varied between strains
and neither done resulted inhigh levels of serum resistance, suggesting an interactive
mechanism between the two factors. Capsule gppeared to be a primary determinant
conferring serum resistance, but the resistance of capsulate strains was enhanced by
LOS sdylation.
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Phenotypic switching of LOS immunotype expresson during murine
infection with Neisseria meningitidis

F.G. Mackinnon and A. Robinson
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UK.

Lipooligosaccharide (LOS) is a surface exposed component of the bacterid cdl
subject to attack by bactericida antibody. A number of pathogens suchasNeisseria
gonorrhoeae (4) and Haemophilusinfluenzae (3) have demonstrated a phenotypic
change of LOS during infection. Similarly, meningococcd LOS has been shown to
undergo change during human infection (2) from the non-saylatable form in loca
infection isolates to the saylatable form in disseminated infection isolates.

During previous virulence sudiesin mice of serotype B:15:P1.7,16 meningococcd
case and carrier isolates, the L3,7,9 LOS immunotype was found to be associated
with increased virulence (1). Two case isolates (L91 1134 and L352) which were
atypicdl in that they expressed only the L1,8,10 LOS immunotype, were found to
switch LOS expression and also expressed the L3,7,9 immunotype, following
intranasdl infection in infant mice.

Characterisation of the phenotypic changein LOS immunotype expression:
After further investigation, populations of strains L91 1134 and L 352 isolated during
murine infection were found to condst of mixed populations of individud cdls
expressng ether the L1,8,10 immunotype, the L3,7,9 immunotype or both
smultaneoudy. Proportions of each immunotype varied depending on the time and
steof sample. All Isolates sampled from mice during infectionwere found to be fully
encapsul ated.

Thepresenceof angle colony murine isolates expressing boththe L3,7,9and L 1,8,10
immunotypesindicatesthat theimmunotypeswitchobservedin vivo representsatrue
phenotypic switch rather thanselection of a small number of L3,7,9 bacteria present
in the inocula. To support this data, a hundred colonies of strain L352 inoculum
isolates were analysed for immunotype expressionand dl were found to express the
L 1,8,10 LOS immunotype only.

Since LOS switching was shown to occur at high frequency in vivo, the stability of
immunotypeexpression of LOS variantsin vitro was assessed. After 10 subcultures
onblood agar (containing vancomycin supplement), the immunotype expression was
found to be stable, suggesting that environmenta conditions are crucid to the control
of LOS expresson. Inapreviousinvitro study onN. meningitidis, leves of agration
were shown to effect LOS expresson, with low aeration giving rise to an increasein
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the high MW LOS which was saylatable; these growth conditions may have
mimicked the in vivo Stuation (5).

Sialylation and serum resistance of LOS variants: Only the strain L91 1134
L OS variants(isolated frommurineinfection) expressngthe L 3,7,9 L OS immunotype
possessed the acceptor site for sdic acid (defined by mab 3F11). Sdylation of this
epitope has previoudy been shown to induce serum resistance in N. gonorrhoeae.
Therefore the leves of endogenous and exogenous sdylation and their effects on
resstance to killing by fresh human serum was assessed in the LOS variants.
Endogenous sdylation was determined by measuring binding of mab 3F11 to the
sdylaion ste on LOS by whole cdll ELISA. Exogenous sdylationwas determined
by measuring mab 3F11 binding after growth in the presence of CMP-NANA (5
- g/ml). There was an increase in serum resistance of dl variants after growth in
CMP-NANA, despite the fact that the L1,8,10 variant possessed no detectable
sadylatable epitope (defined by mab 3F11). Thiswas aso observed with the parent
drains (L91 1134 and L352) and suggests that other target epitopes for saylaion
may exist on meningococca LOS. There was a direct correlation between 3F11
epitope expression and surviva rates of meningococci in human serum, since the
L3,7,9 LOS vaiant expressed the highest amount of the Saylatable epitope and was
the most the most serum resigtarnt.

In this study LOS expression was shown to be subject to high frequency switching
under in vivo conditions, but remained dable after in vitro subculture. The
expression of the saylatable LOS component following i.n. infection in mice was
found to confer an increased leve of serum resistance on LOS variants, possible
explaining the association of its expresson to invasive meningococcd infection.
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The importance of polysdic acid capsules as a mgor virdence determinant for
invadve meningococcd diseaseis well established (1). Meningococci undergo phase
variation in capsular polysaccharide expressionwhereby organisms exig ineither the
capsulate form, associated with invasve disease, or the noncapsulate form whichis
associated with isolates from the nasopharynx and the establishment of the carrier
sate. Recent work has suggested that the importance of salic acid in meningococcd
pathogenesis extends to the saylation of another mgor surface component, the
lipooligosaccharide. Since 1982 there has been a prolonged outbreak of
meningococca disease due to B:15:P1.7,16 sulphonamide resstant drains in the
Gloucester Hedlth didtrict, England. This outbreak prompted an epidemiologica
investigation (Stonehouse M eningococca Survey, SMS) into meningococca disease
resulting in the recovery of meningococca isolates from asymptomeatic carriers
induding strains with the same phenotype as the outbresk strain with the exception
that a number of strains were noncapsulate (3). Sdlected strains from this collection
of epidemiologicaly related isolates have since been demondtrated to be geneticaly
gmilar and related to members of the ET-5 complex, a group of related organiams
which have been responsible for numerous epidemics of meningococcd disease in
Europe and elsewhere (4).

We have examined a selection of case and carrier srains fromthis collectionfor ther
LOS immunotypeand there appearsto be an association between expression of the
L 3,7,9 immunotype and invasve disease, whereas the L1,8,10 immunotype was
associated with carriage (5). The relationship between the L3,7,9 and L1,8,10
immunotypesand meningococcal virulenceof this collectionof case and carrier srans
was examined usng an infant mouse intranasd infection modd. The results indicate
that inadditionto the capsule, the L 3,7,9 immunotypeconfersincreased virulence due
to greater colonisation of the nasopharynx and ability to invade infant mice (6). We
concluded that the L 3,7,9 L OS immunotype acts as a secondary virulencefactor and
others have shown, usng capaule and LOS isogenic, mutants that both
meningococca capsule and LOS contribute to resistance to serum-mediated killing
(7). These phenomena are of fundamenta importance to understanding the
pathogenesis of meningococcd infectionand the regulaionof sdic acid biosynthetic
processes may be centra to both these phenomena.



We have examined related case and carrier isolates, representing  the observed
capsule and L OS phenotypes, using reactivity with the monoclona antibody (mab)
3F11 as a surrogate for saylation (8). Briefly, capsulate case and capsulate and
noncapsulate carrier srains, expressing the L OSimmunotype L3,7,9 were examined
for 3F11 binding usng a whole cdll ELISA. 3F11 is directed againgt the termind
lacto-N-neotetraose residue and antibody binding isblocked by sdylation. Capsule
express onwasquantified usngagroup B polysaccharide specific mab and whole cell
ELISA. Severd of the case strains were found to express only trace amounts of the
3F11 epitope which was not detectable on other strains. Thislack of reactivity was
not due to saylaion since no further increase in 3F11 binding was demonstrated
falowing neuraminidase treatment. Those case strains which were expressing low
levels of 3F11 were endogenoudy sdylated. Smilar results were obtained for the
groupable carrier strains (capsule expression for al of these strains was determined
to be between 50 and 100% that of a collection of groupable caseisolates), whereas
the non-groupable carrier srains for which the leve of capsule expression was less
than 5% or not detectable were found to have greetly increased expression of the
3F11 epitope and dl were found to exogenoudy sdylatetheir LOS in the presence
of CMP-NANA.

Theseresultsdemonstrate ard ationship betweengroup B capsule biosynthesis, 3F11
expressonand LOS saylaion. Itispossblethat the down-regulation of the capsular
polysaccharide results in the loss of endogenous substrate (CMP-NANA) for LOS
sdylaion. Mandrel et al (9) have presented evidence for the existence of aLOS
specific slayltransferase which may be regulated independently of the cps complex
thus enabling the use of exogenous substrate for LOS saylation in the absence of
endogenous CMP-NANA from cagpsule biosynthesis. The phenomena described
above arecentra to the control of virulence by group B meningococci and knowledge
in this area has mgor implications for the design of effective vaccines for group B

MeningoCcoCai.
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