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Abstract
The lipooligosaccharide (LOS) from the N. meningitidis prototype serogroup A strain NMA Z2491,
an L9 immunotype LOS, was isolated and structurally characterized using glycosyl composition and
linkage determination, mass spectrometry and both 1- and 2-D nuclear resonance spectroscopy. The
results show that the L9 LOS has an identical structure to that of an L4 LOS structure with the
exception that it does not contain a sialic acid residue linked to position 3 of the lactoneotetraose
terminal galactosyl residue. Further, two oligosaccharides are present in the Z2491 LOS preparation,
OS1 and OS2. They differ from one another only in that OS2 contains an added glycine moiety,
presumably at O-7 on the inner core Hep II residue. The structures of these oligosaccharides are as
follows:

Where R = H or Gly.
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1. Introduction
The lipooligosaccharides (LOSs) of meningococci are known to be involved in virulence and
pathogenicity 1–3. Twelve immunologically and structurally distinct N. meningitidis LOSs are
known. All of the N. meningitidis LOS structures contain a common inner core oligosaccharide
structure: α-D-GlcNAc-(1→2)-α-L,D-Hep II-(1→3)-α-L,D-Hep I-(1→5)-[Kdo-(1→4)]-Kdo. An
α-lactoneotetraose oligosaccharide can be attached to this inner core structure at O-4 of the
Hep I residue. The structures of the different LOS immunotypes vary from one another in the
type of substituents located on the α-D-GlcNAc-(1→2)-α-L,D-Hep II- portion of the inner core
oligosaccharide, whether the α-lactoneotetraose oligosaccharide that is attached to Hep I is
complete or truncated, and the addition of N-acetylneuraminic acid (NeuNAc) to the α-
lactoneotetraose. Figure 1 gives a generalized N. meningitidis LOS inner core structure
illustrating the various substituents that are observed among the different immunotypes and
the genes encoding the necessary transferases.

The LOS has been shown to have numerous roles in meningococcal pathogenesis including
modulation of attachment to and invasion of endothelial and epithelial cells, in addition to
protecting the meningococcus from complement-mediated lysis. The α-lactoneotetraose chain
has been shown to interfere with Opc-mediated attachment of meningococci to endothelial
cells 4. Recent studies indicate, however, that the intact LOS structure has a significant role in
triggering invasion, an effect that is lost upon truncation 5. The presence of exposed PEA
substituents at O-3 or O-6 of Hep II of the LOS inner core are targets for the C4b complement
component and dictate sensitivity to human complement-mediated lysis 6. Thus, structural
modifications that mask or eliminate these groups have important implications for the virulence
of the meningococcus.

The combination of these inner core substituents and the length of the α-neolactotetraose
portion of the LOS are determined by the presence or absence of small genetic islands encoding
the relevant transferases and the phased expression of these genes. lgtG and lpt6 encode the
transferases responsible for the addition of O-3-linked glucose and O-6-linked PEA to Hep II
and are located on genetic islands which are either present or absent in different isolates 7.
lpt3, which encodes the transferase for adding the O-3-linked PEA group to the inner core, is
also located on a genetic island found in all strains; however, in some strains lpt3 itself may
contain an internal deletion that inactivates the gene 8. In addition to their presence or absence,
expression of the genes lgtA, lgtD, and lgtC, which are responsible for α-chain synthesis 9,
10, and lgtG 11 and lot, 12 which are responsible for the glycosylation of Hep II and O-
acetylation of the terminal α-GlcNAc residue, respectively, is determined by phase-variation
of the coding frame. However, even when all of these genes are present and “phase-on”, the
inner core substitution pattern can be restricted to a specific subset of structures. For example,
in strain NMB (an L2 immunotype) all the genes are present and “phase-on” for addition of
the α-lactoneotetraose, as well as for all of the possible inner core substituents; i.e., it has the
genes responsible for the addition of both PEA groups, lpt3 and lpt6, and it has “phase-on”
lgtG and lot genes 12. However, the NMB LOS lacks the O-3 PEA group and exclusively
contains a α-Glc residue and a PEA group at O-3 and at O-6, respectively, on Hep II, and has
an acetyl group at O-3 of the α-GlcNAc residue. Although strain NMB has an active Lpt3, the
absence of the PEA group at O-3 on Hep II was found to be controlled by several factors. An
O-3 PEA group is present on the inner cores of LOS of mutants unable to complete the α-
lactoneotetraose addition to Hep I 13, on the LOS from the lgtK mutant that lacks the α-GlcNAc
residue at O-2 of Hep II and lacks the α-lactoneotetraose 14, and on the LOS from a double
lgtGlot mutant that contains the intact α-lactoneotetraose but lacks the inner core terminal α-
Glc and the O-acetyl group 12. These results showed that when the α-lactoneotetraose was
present, an acetyl group at O-3 of the inner core α-GlcNAc residue prevented Lpt3 from adding
PEA to O-3 of Hep II in the absence of LgtG activity 12.
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Prototype serogroup A N. meningitidis, strain NMA Z2491, has an L9 LOS structure. The
glycosyl sequence of an L9 LOS was reported by Jennings et al. 15 to consist of the α-
neolactotetraose attached to an inner core region that lacks the α-Glc residue attached to O-3
of Hep II. However, the location of the substituent groups, i.e., PEA and acetyl groups, on the
inner core region has not been reported. Here, we report the structure of the L9 LOS from NMA
Z2491, including the presence and location of the inner core substituent groups.

2. Results
2.1 Glycosyl composition and linkage analysis of the NMA Z2491 LOS

Composition analysis showed that the LOS glycosyl residues consisted of galactose (Gal),
glucose (Glc), L-glycero-D-manno-heptose (Hep), N-acetyl glucosamine (GlcNAc) and 3-
deoxy-D-manno-2-octulosonic acid (Kdo). The major fatty acids detected were lauric acid
(C12:0), myristic acid (C14:0), β-hydroxy lauric acid (3-OH C12:0) and β-hydroxy myristic
acids (3-OH C14:0). This glycosyl and fatty acyl composition is as expected for a N.
meningitidis LOS. Notably, the NMA2491 LOS did not contain detectable levels of NeuNAc.

The oligosaccharides were released from the LOS by mild acid hydrolysis and fractionated by
GPC using Bio-Gel P4. The GPC yielded two fractions termed as OS1 and OS2, respectively.
Glycosyl residue composition analysis showed that both fractions contained Gal, Glc, Hep,
GlcNAc, and Kdo. However, OS2 contained larger amounts of Kdo compared to OS1. This
was due to the presence of monomeric Kdo that eluted with OS2. The monomeric Kdo was
identified as the branching Kdo from the inner core that was also liberated during mild acid
hydrolysis. Hence OS2 was further purified by Bio-Gel P2 (fine) which separated the OS2
from the monomeric Kdo. Approximately 60% of the carbohydrate was OS1 and 40% OS2.

Methylation analysis of OS1 indicated the presence of terminally linked Gal, 3-linked Gal, 4-
linked Glc, (3→4)-linked Hep, 4-linked GlcNAc and terminally linked GlcNAc. Methylation
analysis of OS2 gave the same glycosyl linkages. These linkages are consistent with an LOS
that contains a lactoneotetraose [Gal-(1→4)-GlcNAc-(1→3)-Gal-(1→4)-Glc-(1→] attached
to the 4-position of the (3→4)-linked Hep I residue, and an inner core region consisting of a
terminal GlcNAc residue possibly attached to the 2-position of the second Hep residue (Hep
II). The reason we do not see any of the Hep II residue in the methylation analysis is that this
residue contains a phosphorylated substitutent (i.e., a PEA group) and is not detected by this
procedure. Therefore, methylation analysis was repeated after removal of the PEA group by
treating the OS with aqueous HF. This resulted in the appearance of 2-linked Hep which is
consistent with a GlcNAc residue attached to O-2 of the Hep II residue. The presence and
location of the PEA substituent is described below with regard to the mass spectrometric and
NMR analyses.

A comparison of the glycosyl linkages obtained from NMB LOS with those of the NMA Z2491
LOS is shown in Figure 2. The major difference observed in the PMAA profiles is that the
NMB LOS contains terminally linked Glc, which is absent in the NMA Z2491 LOS. This
terminally linked Glc residue in NMB L2 immunotype LOS is due to the α-Glc that is attached
to O-3 of the Hep II residue,16 and these results show that this residue is not present in the
NMA Z2491 LOS. There are also greater 3-linked and less terminally linked levels of Gal in
the NMB LOS compared to the NMA Z2491 LOS due to the fact that a portion of the NMB
LOS contains NeuNAc attached to O3 of the lactoneotetraose distal Gal residue,16 and the
NMA Z2491 LOS does not contain NeuNAc.
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2.2 Mass spectrometric analysis of the NMA Z2491 LOS oligosaccharides
The MALDI-TOF mass spectrum of OS1 in the positive-ion mode showed the presence of a
sodiated molecular ion with m/z of 1702.24 as the major component, along with anhydrous
and di-sodiated ions, m/z 1684.3 and 1724.22, respectively (Figure 3A). Anhydrous molecules
are generated during the mild acid hydrolysis method due to the formation of anhydro-Kdo
residues. The proposed compositions for each of these ions are given in Table 1. Ions of minor
intensities were also observed due to molecules that lack either a hexose (Hex), a Hex and a
GlcNAc, or two Hex and a GlcNAc; e.g., m/z 1540.2, 1337.15, and 1175.11, respectively. The
OS1 from NMB LOS has an m/z of [M+Na]+ 1864.3 12, which is 162 mass units greater that
the mass of Z2491 OS1. This result is consistent with the above methylation results, which
show that the Z2491 OS1 lacks the α-Glc residue that is terminally linked to O-3 of Hep II.

The major molecular ions observed in the MALDI-TOF mass spectrum of OS2 are 57 mass
units greater than those for OS1, i.e., m/z of 1759.33, 1781.31 and 1803.31. This increase in
57 mass units is consistent with these ions being due to mono-, di-, and tri-sodiated
oligosaccharides containing an added glycine (+ 57 mass units) residue (Figure 3B). As with
OS1, the OS2 ions and their proposed compositions are given in Table 1. The presence of
glycine was also supported by HSQC NMR analysis of OS2 (data on shown) that showed a δ
3.56/42.4 1H/13C cross resonance as reported17 for the glycine methylene group for the inner
core region of N. meningitidis LOS.

2.3 NMR spectroscopic analysis of the NMA Z2491 LOS OS1
The structure of the NMA Z2491 LOS was determined by comparing the NMR spectral data
of its OS1 with those data published for the OS of the NMB LOS 16.

A comparison of the NMA Z2491 OS1 proton spectrum with that of NMB OS1 is shown in
Figure 4. The assignments of the NMB OS1 proton resonances were as reported in the literature
12, 16. This spectral comparison clearly shows that the resonance for H-1 of the α-Glc (δ ~5.41)
that is attached to O-3 of Hep II (residue B) in the NMB OS1 is absent in the spectrum of the
NMA Z2491 OS1, and that the H-1 of the α-GlcNAc residue has shifted from δ ~5.25 to δ 5.18
However, the remaining anomeric resonances between the NMB and NMA Z2491 OSs are
essentially identical, indicating that the Z2491 OS glycosyl structure differs from that of the
NMB OS only in that it lacks the terminally linked α-Glc residue. Also, both the NMB and the
NMA Z2491 OS have a resonance at δ ~3.30 that is indicative of a PEA group.

Further NMR analysis using gCOSY, TOCSY, and HSQC allowed assigning many of the
proton and carbon resonances of the NMA Z2491 OS1. These assignments are shown in Table
2. Also, a comparison of the HSQC spectra for the NMB and NMA Z2491 OS1 fractions is
shown in Figure 5. As with the comparison of the proton spectra, these results support the
conclusion that the Z9241 OS structure is the same as that determined for NMB OS with the
exception that it lacks the terminally linked α-Glc that is attached to O-3 of Hep II. It should
also be noted that the location of the O-acetyl group is at O-3 of the α-GlcNAc residue as
indicated by the H-3/C-3 chemical shift of δ 5.16/74.3, a result that is identical to that as
reported for the NMB OS 12 and is shown in Figure 5B. The HSQC spectrum also shows a
second α-GlcNAc H1 (δ 5.08/98.0) which is due to the presence of a small amount of OS that
lacks the O-acetyl group. This structure is likely due to the partial removal of the O-acetyl
group during the mild acid hydrolysis procedure.

The above NMR and MS data clearly show that the NMA Z2491 OS contains a single PEA
substituent. The PEA substituents of various N. meningitidis LOS OSs can be attached to the
Hep II residue at O-3, O-6, or O-7, or at both O-3 and O-6. Since the NMA Z2491 OS clearly
lacks the α-Glc residue at O-3 of Hep II, this position is open for substitution by a PEA group.
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Therefore, it was important to determine the location of the PEA substituent in the NMA Z2491
OS. This was accomplished by 31P-1H HMQC spectroscopy, Figure 6. This spectrum clearly
shows that the protons of the PEA methylene group attached to the phosphate (δ 4.14) are
coupled to both the phosphorous of the PEA group and to the Hep II H6 proton (δ 4.58).
Therefore, the single PEA group in the NMA Z2491 oligosaccharide is at O-6 on the Hep II
residue.

In summary, these data are consistent with the following structure for the NMA Z9241 OS
where R is either a proton or a glycine residue:

Approximately 40% of the LOS has the added glycine residue. The position of this glycine
residue was not determined, but is likely to be at O-7 of the Hep II residue as reported by Cox
et al. 17.

3. Discussion
In this report, we have shown that the LOS structure of NMA Z2491 has an outer core
oligosaccharide that consists of α-lactoneotetraose attached to O-4 of Hep I, and an inner core
region in which Hep II is substituted at O-6 with a PEA group and at O-2 with α-GlcNAc. In
addition, the α-GlcNAc residue is substituted with an acetyl group at O-3. A portion,
approximately 40%, of the LOS consists of structures that are glycinylated in the inner core
region, presumably at O-7 of the Hep II residue. As expected for an isolate without an
endogenous supply of NeuNAc, the LOS is not sialylated. The structure of this oligosaccharide
is shown in Figure 7, structure L9. For the purposes of the following discussion, the structures
of the oligosaccharides from L3, L4, and L7 immunotypes are also shown in Figure 7.

Jennings et al. 18, reported that the LOSs from L3, L7, and L9 all had the same oligosaccharide
structure as obtained after release from the lipid A by mild acid hydrolysis and after treatment
with aqueous HF and O-deacetylation. Our results for the L9 LOS from NMA Z2491 also show
the same oligosaccharide structure, after HF treatment, as reported by Jennings et al. 18, with
the exception that we show that the terminally linked α-GlcNAc residue is acetylated at O-3.
This exception was likely due to the fact that Jennings et al. O-deacetylation the OS in addition
to HF treatment, which removed any O-acetyl groups. Therefore, it was possible that the L3,
L7, and L9 LOSs could vary, not only in the location of PEA groups, but also in the presence
or absence of the O-acetyl group. Subsequent to the findings of Jennings et al. 18, Kogan et al
19 reported that the L3 LOS was distinguished from L7 by the presence of a terminally linked
NeuNAc residue. Similarly, comparison of the L4 structure with our results for the NMA Z2491
L9 structure reveals that the major distinction between these two structures is the presence or
absence, respectively, of terminal NeuNAc on the lactoneotetraose portion of the LOS. In
comparison to the L7 LOS structure, the L9 NMA Z2491 LOS structure differs in that it
contains an acetyl group at the O-3 of the terminally linked α-GlcNAc residue, and it has a
PEA substituent at O-6 rather than at O-3 of the Hep II residue.

The genetic basis for the structural differences between the L3, L4, L7, and L9 LOSs is due to
the presence or absence or phase off or on status of lgtG, lpt3, lpt6, and lot, as well as the
availability of CMP-NeuNAc for the addition of NeuNAc by the product of lst. For LOSs that
contain a complete α-lactoneotetraose, the expression of lgtG or lot prevents the addition of a
PEA to O-3 of Hep II 14. When both lgtG and lot are inactivated, the LOS contains the O-3
PEA substituent 12. In the case of the L3 and L7 immunotypes, lgtG and lot are absent or not
expressed, and the resulting LOS contains PEA at O-3 of Hep II and lacks the acetyl group at
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O-3 of the terminally linked α-GlcNAc residue. Based on the genome sequence of NMA Z2491
20, lgtG is absent, lpt3 contains a deletion, and an active lot is present. This gene profile is
consistent with the structure we observe; namely, a LOS that contains a PEA at O-6 of Hep II
and not at O-3, and has an acetyl group at O-3 of the α-GlcNAc residue. The difference between
this L9 structure and that reported for L4 is that the latter LOS contains a terminally linked
NeuNAc. The lack of this terminally linked NeuNAc is due to the inability of serogroup A
strains, and other strains that have a non-NeuNAc-containing capsule, to synthesize CMP-
NeuNAc 19, 21.

The L9, L10, L11 and L12 immunotypes are expressed by serogroup A strains, which are
unable to synthesize NeuNAc-containing capsules, while immunotypes L1 to L8 are expressed
in serogroup B and C isolates that have varying levels of NeuNAc capsule expression. In
previous surveys, the L3, L7, and L9 LOS all react similarly with a panel of immunotyping
antibodies 3, 22. From the known structures of L3, L7 and L9, we can deduce that the
immunotyping antibodies may be directed towards the common lactoneotetraose α-chain.
Significantly, both immunotyping panels did not contain antibodies that cross-reacted between
L4 and L9 structures, even though these structures share the same inner core with O-6 PEA
and an O-acetyl group, and differ only in the lack of sialylation of the L9 lactoneotetraose. For
this to occur, we would predict that L4 and L9 structures represent different conformations
based upon the state of sialylation of the lactoneotetraose, and that this difference is driven by
the position of the O-6 PEA group on Hep II. Future molecular modeling of these structures
will assess this prediction.

In summary, the L9 LOS structure of NMA Z2491 has the same structure as that reported for
the L4 immunotype with the exception that it lacks the terminal NeuNAc residue. The finding
has significance for understanding the genetic and immunological basis of meningococcal LOS
structure and for design of meningococcal vaccines that contain LOS.

4. Experimental Methods
4.1 Growth conditions

Meningococcal strain NMA Z2491 was grown on GC agar base (Oxoid) supplemented with
20 mM glucose, 0.43 µM thiamine pyrophosphate chloride, 6.8 mM glutamine and 12.4 µM
Fe(NO3)3 in a 5% carbon dioxide atmosphere. Liquid cultures were vigorously aerated at 37
°C in GC broth with the same supplements and 0.51 M sodium bicarbonate 23.

4.2 Isolation of oligosaccharides
The LOS was prepared as previously described 24 and washed three times with 9:1 ethanol–
water (v/v) mixture to remove contaminating phospholipids. The washed LOS preparation was
suspended in water and lyophilized. It was then subjected to mild acid hydrolysis in 1% aq
HOAc (v/v) for 2.5 h at 100 °C with constant stirring. The lipid A precipitate that formed during
hydrolysis was collected by centrifugation at 3000 × g for 15 min at 4 °C, and the supernatant
containing the released oligosaccharides (OSs) was decanted and lyophilized. The lyophilized
OSs were further purified by gel-filtration chromatography using a Bio-Gel P-4 (Bio-Rad)
column (120 × 1 cm) and water as eluent.

4.3 Glycosyl composition and linkage analysis of the oligosaccharides
Glycosyl compositional analysis was performed by gas chromatography–mass spectrometry
(GLC–MS) of per-O-trimethylsilyl (TMS) methyl glycosides with myo-inositol used as an
internal standard 25. The samples were hydrolyzed with methanolic 1 M HCl at 80 °C for 18
h. The released monosaccharides were dried under a stream of dry air and N-acetylated with
3:1:1 methanol–pyridine–acetic anhydride (v/v/v) at 100 °C for 1 h. After cooling, samples

Choudhury et al. Page 6

Carbohydr Res. Author manuscript; available in PMC 2009 November 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were dried-down and trimethylsilylated with Tri-Sil® reagent (Pierce) for 30 min at 80 °C. The
resulting per-O-TMS derivatives were analyzed by GLC–MS, on Hewlett–Packard HP5890/
HP5970 MSD gas chromatograph–mass spectrometer equipped with a Supelco DB-1 fused
silica capillary column (30m × 0.25 mm I.D.) with helium as the carrier gas.

Glycosyl linkages were determined by methylation analysis carried out by the slurry NaOH
method modified from that of Ciucanu and Kerek 26. Samples were dissolved in 0.5 mL of
dimethyl sulfoxide (DMSO) by stirring overnight at room temperature under an N2 atmosphere.
After dissolution, a freshly prepared slurry of NaOH in DMSO was added (0.5 mL), and the
reaction mixture was stirred for 2 h at room temperature. Methylation was performed by the
sequential addition of iodomethane (250 µL followed by 100 µL) at 30-min intervals. The
permethylated monosaccharide was extracted into the organic phase after partitioning the
reaction mixture between water and chloroform. The organic phase was then removed by
evaporation under a stream of N2. The permethylated OS was hydrolyzed with 4 M TFA (100
°C, 6 h), reduced with NaBH4, acetylated and the resulting partially methylated alditol acetates
(PMAAs) were dissolved in dichloromethane and analyzed by GLC–MS using an HP-1 (from
Hewlett–Packard) capillary column (25 m × 0.25 mm).

Methylation analysis was also performed after treating the OS with aqueous 48% hydrogen
fluoride (HF) to reveal the linkages of the glycosyl residues that contain phosphorylated
components. Oligosaccharide (1 mg) was dissolved in 200 µL of 48% HF and kept at 4 ° C for
48 h. The solution was diluted 10 times by adding 2 mL of cold distilled water and dialyzed
against cold water at 4 °C using a 500 MWCO dialysis bag for 3 days with three changes of
water. Finally the solution was lyophilized and used for chemical and linkage analysis.

4.4 Mass spectrometry
Oligosaccharides were analyzed by matrix-assisted laser desorption ionization time of flight
mass spectrometry (MALDI-TOF MS) using a 4700 Proteomics Analyzer instrument (Applied
Biosystems). The OS samples were dissolved in water (1 µg/µL), mixed in a 1:1 (v/v) ratio
with 0.5 M 2,5-dihydroxybenzoic acid (DHB) in methanol matrix solution, and spotted on a
stainless steel MALDI plate. Spectra were acquired in both the positive- and negative-ion
acquisition modes. The acceleration voltage was set to 20 kV, and data were acquired in the
reflectron mode with a 200 ms delay

4.5 NMR Spectroscopy
NMR spectra were collected on Varian Inova 500 and 600 spectrometers using standard
software supplied by Varian. The samples were exchanged several times with D2O (99.8%
Aldrich), and final measurements were made in 0.5-mL D2O solutions (100% D; Cambridge
Isotope Laboratories) at 27 °C. Proton NMR spectra were measured at 600 MHz using spectral
width of 8 kHz and the data were processed with the HOD signal referenced at 4.78 ppm on
the proton scale. The correlated spectroscopy (gCOSY) spectra were measured over a spectral
width of 2.25 kHz using a dataset of (t1 × t2) of 256 × 2048 points with 32 scans. The total
correlated spectroscopy (TOCSY) and nuclear Overhauser (NOESY) spectra were collected
using the same sized data set with 32 scans with a mixing time of 80 and 200 ms, respectively.
For the heteronuclear single quantum coherence (HSQC) experiment, the spectral widths in
the proton and carbon dimensions were 2.5 and 22.0 kHz, respectively. 1D 31P NMR spectra
were obtained at pH 7.0 using a Varian Inova 500 instrument with a broadband probe adjusted
to 202.38 MHz. 1H-decoupled 31P spectra were acquired with spectral width of 10 kHz
calibrated with phosphoric acid (85%) as the external standard (δp = 0.0 ppm). The 2D proton
detected 1H–31P heteronuclear multiple bond quantum coherence (HMQC) and HMQC-
TOCSY experiments were performed using the standard pulse sequence supplied by Varian.
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The measurements of HMQC and HMQC-TOCSY spectra were obtained using a spectral width
of 2.2 and 5.8 kHZ in the proton and phosphorus dimensions, respectively.
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Figure 1.
The inner core structure of N. meningitidis LOS is shown with the various substituents that can
be attached, their location and the genes responsible for these substituents. The gene
responsible for the addition of glycine has not yet been identified or reported.
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Figure 2.
A comparison of the GC–MS profile of the partially methylated aldtitol acetates obtained from
the LOS of (A.) N. meningitidis NMA Z2491, and (B.) N. meningitidis NMB. t-Glc = terminally
linked glucose; t-Gal = terminally linked galactose, t-GlcNAc = terminally linked N-
acetylglucosamine; →4)Glc = 4-linked glucose; →3)Gal = 3-linked galactose; →3,4)Hep =
3,4-linked heptose; and →4)GlcNAc = 4-linked N-acetylglucosamine.
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Figure 3.
MALDI-TOF/TOF mass spectra of the oligosaccharides isolated from NMA-LOS and purified
by Bio-Gel P4 column. (a.) The mass spectrum of the OS1 fraction. (b.) The mass spectrum
of the OS2 fraction. The spectra were acquired in positive mode and the proposed molecular
compositions are shown in Table 1.
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Figure 4.
1H NMR spectrum of OS1 isolated from (A.) NMA Z2491 LOS and (B.) NMB LOS. The data
were acquired at 27 °C on Varian 600-MHz instrument. The anomeric region and structural
reporter signals are as labeled.
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Figure 5.
1H-13C HSQC NMR spectrum of OS1 isolated from (A.) NMA Z2491 LOS and (B.) NMB
LOS. The data were acquired at 27 °C on a Varian 600-MHz instrument. The anomeric and
some of the non-anomeric protons are labeled, the carbon chemical shifts of major signals are
marked.
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Figure 6.
1H-31P HMQC NMR spectrum of OS1 isolated from NMA-LOS and purified by a Bio-Gel P4
column. The data were acquired at 27 °C at pH 6.8 on a Varian 500-MHz instrument. The
projection on top represents 1D proton spectrum and the projection on left hand side the 1D
phosphorus indicating the connectivity between the phosphate and sugar ring.
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Figure 7.
A comparison of the structures of the oligosaccharides from immunotypes L3, L7, L4, and L9.
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Table 1

Observed masses obtained by MALDI-TOFMS analysis of OS1 and OS2 from the LOS of NMA Z2491.
Observed Mass Proposed Composition OS Fraction
1803.31 GlcNAc2Gal2Glc1Hep2PEA1Ac1Gly1Kdo1Na+

3 OS2
1781.31 GlcNAc2Gal2Glc1Hep2PEA1Ac1Gly1Kdo1Na+

2 OS2
1759.33 GlcNAc2Gal2Glc1Hep2PEA1Ac1Gly1Kdo1Na+

1 OS2
1741.33 GlcNAc2Gal2Glc1Hep2PEA1Ac1Gly1Kdo1Na+

1(−H2O) OS2
1724.22 GlcNAc2Gal2Glc1Hep2PEA1Ac1Kdo1Na+

2 OS1
1702.24 GlcNAc2Gal2Glc1Hep2PEA1Ac1Kdo1Na+

1 OS1
1685.23 GlcNAc2Gal2Glc1Hep2PEA1Ac1Kdo1Na+

1(−H2O) OS1
1619.27 GlcNAc2Gal1Glc1Hep2PEA1Ac1Gly1Kdo1Na+

2 OS2
1597.28 GlcNAc2Gal1Glc1Hep2PEA1Ac1Gly1Kdo1Na+

1 OS2
1579.29 GlcNAc2Gal1Glc1Hep2PEA1Ac1Gly1Kdo1Na+

1(−H2O) OS2
1579.2 GlcNAc2Gal2Glc1Hep2Ac1Kdo1Na+

1 OS1
1562.18 GlcNAc2Gal1Glc1Hep2PEA1Ac1Kdo1Na+

2 OS1
1540.2 GlcNAc2Gal1Glc1Hep2PEA1Ac1Kdo1Na+

1 OS1
1522.2 GlcNAc2Gal1Glc1Hep2PEA1Ac1Kdo1Na+

1(−H2O) OS1
1416.21 GlcNAc1Gal1Glc1Hep2PEA1Ac1Gly1Kdo1Na+

2 OS2
1394.22 GlcNAc2Gal1Glc1Hep2PEA1Ac1Gly1Kdo1Na+

1 OS2
1376.22 GlcNAc2Gal1Glc1Hep2PEA1Ac1Gly1Kdo1Na+

1(−H2O) OS2
1359.11 GlcNAc1Gal1Glc1Hep2PEA1Ac1Kdo1Na+

2 OS1
1337.15 GlcNAc1Gal1Glc1Hep2PEA1Ac1Kdo1Na+

1 OS1
1315.18 GlcNAc1Gal1Glc1Hep2PEA1Ac1Kdo1 OS1
1175.11 GlcNAc1Glc1Hep2PEA1Ac1Kdo1Na+

1 OS1
1153.11 GlcNAc1Glc1Hep2PEA1Ac1Kdo1 OS1
1135.13 GlcNAc1Glc1Hep2PEA1Ac1Kdo1(−H2O) OS1
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