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ABSTRACI- 

The main structure of a lipopolysaccharide R-type core oligosaccharide com- 
mon to a number of different strains of Neisseria meningifidis has been elucidated. 
Methylation analysis, specific degradations, and nuclear magnetic resonance spec- 
troscopic analysis of the dephosphorylated cores indicated that they all have the 
following structure. 

cmGlcp-NAc 

The determinants responsible for the L3, L7, and L9 meningococcal lipopolysac- 
charide serotypes are situated in this oligosaccharide. 

INTRODUCTION 

Subcapsular antigens of Neisseria meningitidis have been implicated in the 
immune response to natural infections’,‘, and have been the focus of extensive 
studies3-5. They have assumed considerable importance in recent years due to 
their potential as vaccines, alternative to the poorly immunogenic group B polysac- 
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charide’, against group B meningococcal infection. Like the well detined, serntype 

protein antigens’. the meningococcal lipopolysaccharidcs (LPS) are situated in the 
outer membrane of the <xganism. Zollinger and MandrelI’ a habe hhowrl thal the 

meningococcal I.PS arc scrotypc antigens, independent of protein serotype, and 

have identified eleven different, serotype deterzninants among the groups A. H. 

and C organisms. Some of these determinants are shared to a certain extent hy all 

of the LPS, thus producing a complex. serological response-‘-‘. 

Recently, it has been demonstrated’.’ that these determinants are situated in 

the glycose moieties of the LPS that had previously heen identified as low-molecu- 

lar-weight. core oligosaccharides of the R-type’,“. Structural diversity in the mcnin- 

gococcal core oligosaccharidcs has been established’ which IS consistent with the 

type-specificity exhibited by their homologous LPS. To complete the antigenic 

profile. it was necessary to elucidate the structures of the cares related to the diffcr- 

ent LPS serotypes. Wc now dcscribc the structural elucidation ot a “xxingococcal 

LPS core oliposaccharidc in which the L.3, 1.7. and LY dcterminantr’ ’ prrdom- 
“ale. 

KESlJLTS AND DISCIJSSION 

The lipopolysaccharides from the different serogl-oups of IV. meningitidis 

were isolated by a modified, phe”o-extraction technique’ in which the cells were 

disrupted by lysozyme prior to extraction. as previously described’. In this proce- 
dure. the LPS were recovered from the aquet~us phase ol’ the phenol extraction. 

However. it has now been established that further quantities of the I t’s can be iso- 

lated from the phenol phase; thrs modlficatmn of the extractlo” pi-ocedur-e resulted 

in improved overall yields (sometimes as much as double) of the I PS. Presumahlq. 

the lack of a hydrophilic O-chain inctcascs the solubility of thcsc K-type 

lipopolysaccharides in the phenol phase. 

‘The core oligosaccharides were prepared from the L_PS by mild hydrolysis 

with acid, and purified by gel filtration”. Sugar analysis indicated that they all co”- 

taincd residues of wgalactosr. r)-glurnsr. 7-acztamidn-2-drow*-~~-gl~~~~~sc, I -glvc- 
em-u-manno-heptos~ (t.r>-Hep). and 3-deoxy-n-ma,tno-octulos~,nic acid (KI>O) in 

Ihe ratios of 2:1:2:2: 1. as prcviouly reported*. In addition. the prescncc of 

nonstoichiometric but cquirnolar amounts of 2-aminoethanol and phosphate have 

also been reported in these core oligosaccharidrs’. A signal at 41.3 p.p.rn. (‘J,._,,,, 

8.0 Hz) in the “C-n.m.r. spectra of the oligosaccharides indicted that these corn- 

ponents exist ax 2-amino-O-phoaphonoethanol substitucnts. and this was cow 

firmed by the dctcctlon of a free ammo group in these ol~gosaccharldcs by means 

of I-fluoro-?,4-dinitrobenzene. Ab previously described’. the oiigosaccharideh 
WCIC mudifit-d by removal of the 2-amino-O-phosph[,noethvl groups with 4X’% 

aqueous hydrogen fluoride, followed by reduction of the terminal KLXI to 3. 
deoxyoctitols (KDOols) residues, tc, yield compound 1. 
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i 
(1) uuGlcp.NAc 

The 300-MHz, ‘H-n.m.r. spectrum of 1 exhibited. inter ah, signals for 
anomeric protons at 6 5.39 [3J,.2 small (not resolved)], 4.97 (3J1.2 3.0 Hz), 4.96 
[3.71,2 small (not resolved)], 4.67 (‘J,,* 6.5 Hz), 4.48 (3J,,z 7.5 Hz), 4.39 (3J,,2 7.5 
Hz), and 4.38 (3J1,2 7.5 Hz). The chemical shifts and coupling constants of the first 
three, lowest-field signals indicated that both of the L-glycero-D-manno-heptosyl 
residues in 1 exist as L-a-o-heptopyranosyl residues, and that one a-D- 
hexopyranosyl unit is present in 1; those of the remaining four (highest-field) sig- 
nals indicated that 1 contains four p-L>-hewopyranosyl units. Two singlets in the ‘H- 
n.m.r. spectrum, at 8 2.06 (3 H) and 2.04 (3 H), indicated that both of the 2-amino- 

Z-deoxy-D-glucosyl units are N-acetylated. 
The 25MHz, ‘%-n.m.r. spectrum of 1 is complex, but it exhibits signals, at 

176.0, 175.3, 23.5 and 23.2 p,p.m., associated with the two N-acetyl groups, at 56.4 
and 55.5 p.p.m. for the carbon atoms linked to acetamido groups, at 36.7 p.p.m. 
for the CH, group of th’e 3-deoxyoctitol residue, and at 104.0 (2 C), 103.5, 102.9, 
and 100.8 (2 C) for a total of 6 anomeric carbon atoms. 

The methylation analyses of compound 1 obtained from a number of strains 
of N. meningitidis [608 (B), 550 (29E), 665 (W-135), 247 (X) , 546 (Y), and 565 
(Z)] have been reported*, and the results are in agreement with the conclusion that 
all of the original octasaccharides have a terminal (nonreducing) D-galac- 
topyranosyl and a 2-acetamido-2-deoxy-D-glucopyranosyl group, and a branching 
heptose residue linked through O-3 and O-4. The octasaccharides terminate with 
a KDO residue linked through O-5, a linkage common in the core oligosaccharidcs 
of other Enterobacteriaceae”,“. 

In order to obtain information on the sequences, a number of chemical de- 
gradations were performed on 1. Oligosaccharide 1 was N-deacetylated”, and part 
of the product was deaminated13 with nitrite in aqueous acetic acid, and the prod- 
uct reduced with sodium borodeuteride. Two fragments containing 2,5-anhydro-D- 
mannitol-Id were isolated by gel filtration, and identified as 2,5-anhydro-D-man- 
nitol-Id and O-P-D-galaCtOpyranOSyl-(1 -t4)-2,5-anhydro-D-mannitol-ld. The P-D- 
configuration of the disaccharide was confirmed from its ‘H-n.m.r. spectrum, 
which exhibited an anomeric doublet at S 4.40 (?J, ,= 7.0 Hz). 

Another portion of the N-deacetylated 1 was subjected to acid hydrolysis, in 
which all of the glycosidic linkages, cxccpt those of the 2-amino-2-deoxy-D-gluco- 
pyranosyl (GlcN) residues, were cleaved. Following reduction of the hydrolysis 
products with sodium borodeuteride, the GlcN-containing, reduced disaccharides 
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oxidation of the first oxidized and reduced. intcrmcdiate Smith-degradation prod- 
uct of 1. 

The underoxidized intermediate from the first Smith degradation of 1 was re- 
duced with sodium borodeuteride, and the product treated with acid under mild 
conditions, the hydrolyzate reduced with sodium borohydr-ide. and the alditols sub- 
jected to methylation analysis. This analysis indicated the following methylated 
components: 2-deoxy-1.3,5-tri-O-methylpcntitol-1.5d,. 2,3.4,6-tctra-O-methyl- 
mannose-6d, 2,4.6-tri-0-methylgalactose. and 2-deoxy-3,4.6-tri-0-methyl-2-(N- 
methylacetamido).glucose. As a result of the underoxidation of the glucosyl re- 
sidue in the Smith degradation of 1, equimolar amounts of 2,3.6-tri-O-methylglu- 
case and 2.3.6tri-0-methylmannose6d were also detected. This indicated that the 
partially oxidized P-tl-glucopyranosyl residue was linked to O-4 of the di-O-substi- 
tuted heptopyranosyl residue in 1. The results of the foregoing Smith degradations 
arc consistent with the presence in 1 of the following oligosaceharide unit: &t>- 
GlcpNAc-( 1+3)-P-D-Galp-( l-+4)-p-D-(ikp-( 1 j-2)-L-a-D-Hepp-(1~5).KDOols. 

The combined results of all of the different analyses made are consistent only 
with structure 1 for the dephosphorylated and reduced oligosaccharide obtained 
from the lipopolysaccharides of a number of strains of N. meningitidis. All of the 
core oligosaccharides obtained from N. meningitidis 608 (B), 550 (29E). 665 (W- 
135). 247 (X). 546 (I’). and 565 (Z) gave 1 on dephosphorylation. and reduction of 
their terminal KDO residues. This was indicated by the similar sugar and methyla- 
tion analyses given by these modified oligosaccharides, and was confirmed by their 
superposable ‘?C- and ‘H-n.m.r. spectra, respectively. The “C-n.m.r. spectra of 
the oligosaccharides prior to modification were, however, not superposable. thus 
indicating differences in their O-substitution with 2-amino-O-phosphonoethanol. 
LPS serotypmg of the aforementioned organisms by the method of Zollinger and 
MandrelI’,’ demonstrated the presence of multiple determinants, the L-3, L7, and 
L9 determinants being predominant. Ilowever, these serotypes are closely related. 
and have more recently all been designated serotype 1, according to the system of 
Poolman et ~1.“. Preliminary serological studies ‘a indicated that these determin- 
ants are situated in the LPS R-type oligosaccharides; however, the role of the 0-(2- 
amino-0-phosphonoethanol) substituents, if any. in the aforementioned serotyp- 
ing systems has not yet been cstablishcd. 

EXPERIMENTAL 

Genrrcrl mcvhuris. - Solutions were evaporated under diminished pressure 
below 40”. Gas-liquid chromatography (g.1.c.) was performed with a Hewlett- 
Packard 5830 A instrument. using columns and conditions as previously described’ 
and an SP-1000 glass capillary-column (25 m X 0.25 mm). Combined gas-liquid 
chromatography-mass spectrometry (g.l.c.-m.s.) was conducted with a Finnegan 
3100 D or a Varian MAT 311~SSlOO instrument, using the same columns. N.m.r. 
spectra were recorded with a Varian CFTZO. a JEOL FX-100, and a Bruker WM- 
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tion studies was obtained from the LPS of the group-29E organisms, and gave an 
elemental analysis:C, 41.28; H, 6.02; N, 2.61; and ash, 6.0%. Free amino groups 
were detected in the cores by reacting with 1-fluoro-2,4-dinitrobenzene and 
measuring’” the optical absorbance of the reaction mixture at 420 nm. Dephos- 
phorylation of the cores, and reduction of their terminal KDO residue?. yielded 
the modified oligosaccharide 1. Elemental analysis of I obtained from the LPS of 
the group-29E organisms gave: C, 43.18; H. 6.48: N. 1.51; and ash, 0.0%. The 
oligosaccharide had [cz];? +51” (c 1.0, water). 

Dearnination of 1. - Prior to deamination of the modified oligosaccharide, 
it was N-deacetylated by the method of Kenne and Lindberg’“. The modified 

oligosaccharidc (40 mg) was treated with sodium hydroxide (80 mg) in a mixture of 
benzenethiol (20 PI.), water (0.4 mL). and dimethyl sulfoxide (3.0 mL) for 16 h at 
80”. with stirring. The solution was cooled, made neutral with M I-ICI. and evapo- 
rated to dryness in vucuo. The product was purified by gel filtration on a column 
(50 x 1 cm) of Sephadex G-25, using 0.1% aqueous pyridine, and yielded 32 mg 
of N-deacetylated product. Complete N-deacetylation was confirmed by the failure 
to detect the characteristic N-acetyl methyl proton signals at 8 -2. 

The deamination of the N-deacetylated core was achieved essentially by the 
method of Dmitriev et al. ‘I. The N-deacetylated core (16 mg) in water (0.6 mL) 
was treated with acetic acid (I .O mL) and 5% aqueous sodium nitrite (I .O ml.) for 
40 min at room temperature, water (10 mL.) was added. and the mixture was 
lyophilized. The product was redissolved in water (2 mL). and sodium 
borodeuteride (30 mg) was added. After 2 h, the pH WLLS adjusted to 4 with acetic 
acid. and the solution WBY evaporated to dryness, and codistilled with methanol (3 
x 2 mL). ‘l‘he product was treated with acetic anhydride (1.0 mL) in pyridine (1.0 
mL) for 30 min at lOO”, the solution evaporated to dryness, and the residue par- 
titioned between chloroform and water. The chloroform phase was concentrated to 
p-1 mL. the concentrate applied to a column of Scphadcx I.H-20, and the column 
eluted with 1: I acetonei-hloroform. The fractions were examined by t.l.c., ‘H- 
n.m.r. spectroscopy. and e.1.c.. and the fractions of lower molecular weight were 
0-deacetylated; the product was studied by ‘H-n.m.r. spectroscopy and methyla- 
tion analysis. 

Elydrolysis of N-dracefylat~d 1. - N-Deacetylated 1 (16 mg) was hydrolyzed 
with 0.5~ trifluoroacetic acid (3 mL) for 16 h at 100”. and the solution cooled, and 
evaporated to dryness. The residue was dissolved in water (2 mL), and the solution 

was treated with sodium borodeuteride (20 mg) for 4 h. added to a column (1 x 
III cm) of Dowcx-50 (H+) ion-exchange resin. and the column eluted first with 
water (to remove the neutral alditols). and then with 0.5~ HCI (to remove 
hexosamine-containing disaccharides). The aqueous eluate was evaporated to dry- 
ness, codistilled with methanol (3 x 2 mL). the residue acetylated. and the acetates 
examined by g.l.c.-m.s. The acidic eluate was evaporated to dryness, and investi- 
gated by ‘H-n.m.r. spectroscopy; this showed two anomeric protons of approxi- 
mately equal intensity, indicative of the presence of two diffcrcnt. hexasamine- 
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