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The chemical structure of free lipid A isolated from rough- and smooth-form lipopolysaccharides (R-LPS
and S-LPS, respectively) of the human gastroduodenal pathogen Helicobacter pylori was elucidated by compo-
sitional and degradative analysis, nuclear magnetic resonance spectroscopy, and mass spectrometry. The
predominant molecular species in both lipid A components are identical and tetraacylated, but a second
molecular species which is hexaacylated is also present in lipid A from S-LPS. Despite differences in substi-
tution by acyl chains, the hydrophilic backbone of the molecules consisted of b(1,6)-linked D-glucosamine
(GlcN) disaccharide 1-phosphate. Because of microheterogeneity, nonstoichiometric amounts of ethanolamine-
phosphate were also linked to the glycosidic hydroxyl group. In S-LPS, but not in R-LPS, the hydroxyl group
at position 4* was partially substituted by another phosphate group. Considerable variation in the distribution
of fatty acids on the lipid A backbone was revealed by laser desorption mass spectrometry. In tetraacyl lipid
A, the amino group of the reducing GlcN carried (R)-3-hydroxyoctadecanoic acid (position 2), that of the
nonreducing GlcN carried (R)-3-(octadecanoyloxy)octadecanoic acid (position 2*), and ester-bound (R)-3-
hydroxyhexadecanoic acid was attached at position 3. Hexaacyl lipid A had a similar substitution by fatty acids,
but in addition, ester-bound (R)-3-(dodecanoyloxy)hexadecanoic acid or (R)-3(tetradecanoyloxy)hexadecanoic
acid was attached at position 3*. The predominant absence of ester-bound 4*-phosphate and the presence
of tetraacyl lipid A with fatty acids of 16 to 18 carbons in length differentiate H. pylori lipid A from that of other
bacterial species and help explain the low endotoxic and biological activities of H. pylori LPS.

Helicobacter pylori is a prevalent pathogen of humans, and
chronic infection of the gastric mucosa by the bacterium causes
recurrent gastroduodenal inflammatory disease (5, 59). H. py-
lori is the primary cause of active chronic gastritis in humans
and plays a pivotal role in the development of peptic ulcer
disease (13, 31). Moreover, persistent infection with H. pylori is
considered a risk factor for the development of adenocarci-
noma and lymphoma of the stomach (11, 41).

Like the cell envelopes of other gram-negative bacteria, that
of H. pylori contains lipopolysaccharides (LPSs). Chemically,
LPSs are composed of a poly- or oligosaccharide covalently
linked to a lipid component, lipid A (33, 51). Fresh clinical
isolates of H. pylori produce high-molecular-weight smooth-
form LPSs (S-LPSs), which consist of an O side chain, a core
oligosaccharide, and lipid A (34, 36). However, strains of H.
pylori that have been subcultured many times on conventional
solid media may produce low-molecular-weight rough-form
LPSs (R-LPSs) that lack the O side chain (36). Nevertheless,
the phase shift from S- to R-LPS can be reversed when the
strains are grown in liquid media, and thus expression of S-LPS
can be stabilized in vitro (38).

The repeating units of the O side chains of LPSs of certain
H. pylori strains have been shown to mimic Lewisx and Lewisy

blood group antigens in structure (1, 2). Since these blood
group antigens are expressed in the gastric mucosa of normal
individuals (52), this mimicry may camouflage the bacterium
and hence aid colonization (35). Furthermore, numerous in-

vestigations of the endotoxic and immunological properties of
H. pylori LPSs have revealed significantly lower activities of
these LPSs than of enterobacterial LPSs (34, 35). H. pylori
LPS, by inducing a low immunological response, may prolong
H. pylori infection longer than would occur with a more ag-
gressive pathogen (34). Since lipid A represents the principal
structural component responsible for the range of immunolog-
ical activities of LPS (33, 45, 51, 64), it has been hypothesized
that H. pylori LPS and, in particular, its lipid A component
have evolved their present structure as a consequence of ad-
aptation to chronic infection of the gastric mucosa (28). Pre-
liminary investigations have indicated that the lipid A compo-
nent of H. pylori LPS contains fatty acids longer than those
encountered in enterobacterial lipid A and that the lipid A is
underphosphorylated (28, 34, 37).

To clarify the molecular basis for the lower immunological
activities of H. pylori LPS, we have investigated in detail the
primary structure of its lipid A moiety. Investigations were
initially undertaken with free lipid A liberated by acid hydro-
lysis from R-LPS, since on a weight basis, lipid A represents a
larger proportion of R-LPS than S-LPS, and thus, greater
quantities of free lipid A were obtained for analysis. Neverthe-
less, we also investigated the structure of lipid A from S-LPS,
because this high-molecular-weight molecule occurs in vivo.
The evidence presented shows that lipid A moieties from both
R- and S-LPS are underphosphorylated and underacylated
compared with those from enterobacterial LPS.

(A preliminary report of this research was presented at the
Fourth Conference of the International Endotoxin Society, 22
to 25 October 1996, Nagoya, Japan.)
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353-91-524411. Fax: 353-91-525700. E-mail: anthony.moran@ucg.ie.
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MATERIALS AND METHODS

Bacterial strains and growth conditions. H. pylori NCTC 11637 was obtained
from the National Collection of Type Cultures (London, England). Stock cul-
tures were maintained at 270°C in 15% (vol/vol) glycerol-Trypticase soy broth
(BBL Microbiology Systems, Cockeysville, Md.). H. pylori was grown routinely on
blood agar under microaerobic conditions at 37°C for 48 h (36). H. pylori NCTC
11637 grown under these conditions expressed R-LPS (36). Bacteria were har-
vested in sterile distilled water, centrifuged at 5,000 3 g (4°C, 30 min), and
washed twice, and the bacterial pellets were freeze-dried. To obtain H. pylori cells
expressing S-LPS, bacteria were grown in a broth of brain heart infusion (Oxoid
Ltd., London, England) containing 2% (vol/vol) fetal calf serum (Oxoid) as
described by Moran and Walsh (38). Bacteria were harvested by centrifugation
of broth cultures (5,000 3 g, 4°C, 30 min) and washed twice, and the pellets were
freeze-dried.

Preparation of LPS. After pretreatment of bacterial biomass with pronase
(Calbiochem, Los Angeles, Calif.) (7), LPS was extracted by the hot phenol-
water technique (61). The LPS preparations were purified by treatment with
RNase (Sigma Chemical Co., St. Louis, Mo.), DNase II (Sigma), and proteinase
K (Sigma) and by ultracentrifugation as described previously (36).

Preparation of free lipid A. Free lipid A was obtained by treatment of LPS with
HCl (0.1 M, 100°C, 30 min) or with 0.1 M sodium acetate (pH 4.4) (100°C, 2 h)
as described previously (36, 39). The former treatment yielded lipid AHCl from
R- and S-LPS (R-lipid AHCl and S-lipid AHCl, respectively) that lacked substi-
tution at position 1 of the backbone disaccharide, whereas treatment of R-LPS
and S-LPS with sodium acetate buffer yielded lipid ANaAc (R-lipid ANaAc and
S-lipid ANaAc, respectively) with partial substitution at position 1.

Degradation and derivatization reactions. Reduction with NaBH4 or NaB2H4
was accomplished in water (monosaccharides) or in 0.02% aqueous triethyl-
amine (lipid AHCl and derivatives) at 56°C for 16 h. Strong hydrazinolysis was
performed essentially as described by Hase and Rietschel (14), but with modi-
fications. The reaction was performed at 100°C for 48 h, and after cooling, the
remaining hydrazine was removed by evaporation in a vacuum desiccator over
concentrated H2SO4 (39). Unless otherwise stated, de-O-acylation was per-
formed by mild hydrazinolysis at 37°C as described by Helander et al. (16).
N-acetylation was carried out with acetic anhydride-NaOH (14), and O-acetyla-
tion was performed with acetic anhydride-pyridine (100°C, 30 min). Methyl-
ation was performed according to the procedure of Ciucanu and Kerek (8).
Acetolysis was carried out as described by Stellner et al. (56), and acidic meth-
anolysis was performed with methanolic HCl (1 M, 86°C, 1 h) in sealed glass
tubes.

Isolation of the lipid A backbone. Preparation of the lipid A backbone was
accomplished by the degradative procedure described previously (25, 39). Briefly,
lipid AHCl was reduced and subjected to strong hydrazinolysis and N-acetylation,
and subsequently the product was purified by gel permeation chromatography.

Preparation of dephosphorylated lipid A derivatives. Preparative dephosphor-
ylation of LPS was performed with 48% aqueous hydrofluoric acid (Merck,
Darmstadt, Germany) at 4°C for 48 h as described previously (16). Free dephos-
phorylated lipid A (lipid A-HF) was obtained by treatment of dephosphorylated
LPS with mild acid (0.1 M HCl, 100°C, 1 h). De-O-acylation of dephosphorylated
lipid A was achieved by alkaline methanolysis (0.2 M NaOCH3, 4°C, 24 h) (39).

Preparation of reduced and dephosphorylated derivatives of LPS and lipid A.
First, LPS was de-O-acylated and purified by gel permeation chromatography
(39). The isolated product, which had increased solubility compared with LPS,
was then dephosphorylated with hydrogen fluoride and reduced (with NaBH4) to
yield reduced-dephosphorylated LPS (25). Second, LPS was de-O-acylated and
dephosphorylated, and the product was subjected to mild acid hydrolysis (0.1 M
HCl, 100°C, 30 min) (39). Subsequently, this material was reduced (with NaBH4)
to produce reduced-dephosphorylated lipid A. Finally, reduced lipid A was
produced by reduction of lipid AHCl (with NaBH4).

Methods of chemical analysis. Phosphate content was determined according
to the method of Lowry et al. (30). Amino components (glucosamine, D-glucos-
aminitol, and ethanolamine and their phosphorylated derivatives) were liberated
by strong acid hydrolysis (4 M HCl, 100°C, 18 h) and quantified in an amino acid
analyzer (Alpha Plus 4151; LKB, Bromma, Sweden). Hexosamine content was
also determined by the Morgan-Elson assay as modified by Strominger et al. (57).
The direct Morgan-Elson assay was performed without hydrolysis. Analysis of
4-amino-4-deoxyarabinose was achieved after treatment of LPS with 4 M HCl
(65°C, 15 h) and subsequent reduction and per-O-acetylation (39).

Total fatty acids were liberated from LPS or lipid A preparations by combined
acid- and base-catalyzed hydrolysis (39) and, with heptadecanoic acid (17:0) as
an internal standard, were carboxymethylated with diazomethane. The resulting
methyl esters were determined quantitatively by gas-liquid chromatography
(GLC). Ester-bound fatty acids were selectively liberated from vacuum-dried
lipid A by alkaline transesterification with sodium methylate (0.25 M, 37°C, 15 h)
as described previously (50). Amide-bound acyloxyacyl residues were investi-
gated according to the procedure of Wollenweber et al. (62).

Chromatographic techniques. High-voltage paper electrophoresis was per-
formed at pH 2.8, and pherograms were stained with alkaline silver nitrate,
thiobarbituric acid, ninhydrin, or molybdate as described previously (36, 39). Gel
permeation chromatography was carried out on Sephadex G-25 (Pharmacia,
Uppsala, Sweden; column, 50 by 2 cm) and on TSK-HW40S (Merck, Darmstadt,

Germany; column, 24 by 1 cm) with water as an eluent. The effluent was mon-
itored at 206 nm (Uvicord S spectrophotometer; LKB), and 2-ml fractions were
collected. High-pressure liquid chromatography was performed as described
previously (15) with an Aminex HPX-87H column (300 by 7.8 mm; Bio-Rad,
Hercules, Calif.) at 40°C under isocratic conditions with 5 mM H2SO4 as the
eluent at a flow rate of 0.75 ml/min.

GLC was performed with a 5890 gas chromatograph (Hewlett-Packard, Avon-
dale, Pa.) equipped with flame-ionization detectors. Injector and detector tem-
peratures were 260 and 280°C, respectively. The carrier gas was helium (0.05
MPa). The chromatograph was equipped with a fused-silica chemically bonded
NB-9C capillary column (HNU-Nordion, Helsinki, Finland; 25 m by 0.32 mm)
and a chemically bonded HP-5 column (Hewlett-Packard; 25 m by 0.32 mm). The
following temperature program for the NB-9C column was used: 200°C for 3
min, increasing to 260°C at 5°C/min (analysis of neutral sugar and amino sugar
alditol acetates). The temperature programs for the HP-5 column were 150°C for
3 min, increasing to 300°C at 3°C/min (fatty acid methyl esters and permethylated
monosaccharide derivatives); 250°C for 3 min, increasing to 320°C at 5°C/min
(permethylated lipid A backbone disaccharides); 150°C for 3 min, increasing to
300°C at 5°C/min (monosaccharide derivatives); and 200°C for 3 min, increasing
to 320°C at 10°C/min (monosaccharides carrying amide-bound fatty acid groups).

MS. Combined GLC-mass spectrometry (MS) was performed on a Hewlett-
Packard 5890 series II gas chromatograph equipped with a chemically bonded
HP-5 fused-silica capillary column (25 m by 0.2 mm) and mass selective detector
(model 5971A). Helium was used as the carrier gas, and the temperature pro-
grams were the same as those used in GLC. Electron-impact (EI) mass spectra
were recorded at 70 eV; chemical ionization (CI) mass spectra were obtained
with ammonia as the reactant gas. The ion-source temperature was 185°C.

Laser-desorption (LD)-MS of free dephosphorylated lipid A and dephosphor-
ylated and de-O-acylated lipid A was performed with a laser microprobe mass
analyzer (LAMMA 500; Leybold AG, Cologne, Germany) under the conditions
described previously for the generation of spectra (29). Spectra were recorded
after admixture of either sodium or cesium iodide.

NMR spectroscopy. Proton nuclear magnetic resonance (1H-NMR) spectra
were recorded on a Varian 500 Unity instrument at room temperature in 0.5 ml
of 2H2O (99.96% 2H). Signals were referenced to acetonitrile (1.93 ppm) as an
internal standard. Samples (5 to 10 mg) for phosphorous (31P-NMR) spectros-
copy were dissolved in 2H2O containing 2% (wt/vol) sodium deoxycholate and 5
mM EDTA and adjusted to pH 9.5 with triethylamine. 1H broad-band decoupled
spectra were recorded over a spectral range of 7 kHz (15). Samples were refer-
enced to an 80% (wt/vol) solution of phosphoric acid (0.00 ppm) as an external
standard.

RESULTS

Chemical composition of lipid A. Free lipid A preparations
were obtained from R-LPS and S-LPS of H. pylori NCTC
11637 by mild acid hydrolysis with either 0.1 M sodium acetate
buffer, pH 4.4, or 0.1 M HCl, and their compositions are shown
in Table 1. Besides fatty acids, D-glucosamine (GlcN), phos-
phate, and ethanolamine were present in R-lipid ANaAc and
S-lipid ANaAc. However, phosphate and ethanolamine were
absent from R-lipid AHCl. Although ethanolamine was absent

TABLE 1. Chemical composition of lipid A components obtained
by differing acidic hydrolyses of H. pylori R-LPS and S-LPS

Constituent

Amt of constituent in nmol/mg (mol/2 mol of GlcN) in:

R-lipid
ANaAc

R-lipid
AHCl

S-lipid
ANaAc

S-lipid
AHCl

GlcN 1,033 (2.0) 1,150 (2.0) 921 (2.0) 1,014 (2.0)

Phosphate 520 (1.0) 0 (2)a 665 (1.4) 217 (0.4)

Ethanolamine 8 (Tr)b 0 (2) 10 (Tr) 0 (2)

Fatty acids
12:0 10 (Tr) 6 (Tr) 226 (0.5) 254 (0.5)
14:0 67 (0.1) 69 (0.1) 189 (0.4) 203 (0.4)
16:0 41 (0.1) 52 (0.1) 46 (0.1) 51 (0.1)
18:0 610 (1.2) 679 (1.2) 438 (1.0) 507 (1.0)
16:0(3-OH) 382 (0.7) 431 (0.8) 602 (1.3) 659 (1.3)
18:0(3-OH) 1,160 (2.3) 1,300 (2.3) 922 (2.0) 1,014 (2.0)

a 2, none detected.
b Tr, trace (,0.05 mol).
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from S-lipid AHCl, phosphate was present in a lower molar
ratio (0.4 mol) than in S-lipid ANaAc (1.4 mol). Unlike lipid A
of some other bacterial species, in which 4-amino-4-deox-
yarabinose is present as a polar head group (33, 64), this sugar
was not detected in H. pylori lipid A. The major fatty acids
present in all of the lipid A preparations were hexadecanoic
(16:0),
octadecanoic (18:0), 3-hydroxyhexadecanoic [16:0(3-OH)],
and 3-hydroxyoctadecanoic [18:0(3-OH)] acids, with minor
amounts of dodecanoic (12:0) and tetradecanoic (14:0) acids.
The constituents accounted for 89 to 94% (dry weight) of the
preparations. The free lipid A preparations were essentially
free from proteins (,0.1%) and nucleic acids (,0.1%).

Structural analysis of the lipid A backbone. The pathway of
chemical degradation developed earlier for lipid A backbone
analysis was used (25, 39). Approximately 50% of the total
GlcN content of R-lipid AHCl and S-lipid AHCl (Table 1) was
detectable in the direct Morgan-Elson reaction, indicating that
one-half of the GlcN is in the reducing form and that both lipid
A’s are likely to contain a GlcN disaccharide as the backbone.

R-lipid AHCl (96 mg) was reduced with NaBH4 to yield a
product (82.5 mg) in which the molar ratio of GlcN (667
nmol/mg) and D-glucosaminitol was 1.0:0.9, as determined with
an amino acid analyzer. Phosphate was absent, and the product
was negative in the direct Morgan-Elson reaction. Subse-
quently, this material was subjected to strong hydrazinolysis,
and high-voltage paper electrophoresis of an aliquot (about 50
mg) of the deacylated and dephosphorylated material (28.9
mg) revealed a major component with an MGlcN of 1.15, which
readily reacted with ninhydrin. The remainder of the hydrazi-
nolysate was N-acetylated, the product (26 mg) was subjected
to gel chromatography, and a purified disaccharide was ob-
tained (5.1 mg). Similarly, S-lipid AHCl (45 mg) was reduced to
yield a product (37.4 mg) in which the molar ratio of GlcN (542
nmol/mg), D-glucosaminitol, and phosphate was 1:0.9:0.4. This
material was negative in the direct Morgan-Elson reaction.
Subsequent degradation and gel chromatography yielded a
disaccharide product (2.0 mg).

The disaccharides isolated from R-lipid AHCl and S-lipid
AHCl had a retention time on high-pressure liquid chromatog-
raphy analysis (13.1 min) identical to that of authentic 2-acet-
amido-2-deoxy-6-O-(2-acetamido-2-deoxy-b-D-glucopyrano-
syl)-D-glucitol (GlcNAcb1-6GlcNAc-ol). In the 1H-NMR
spectra of the bacterial disaccharides, signals were assigned to
H-19 5 4.43 ppm with J19,29 of 8.6 Hz, values identical to those
obtained with authentic GlcNAcb1-6GlcNAc-ol, thus indicat-
ing that the nonreducing GlcN in the backbone is present as a
b anomer. In addition, the N-acetylated backbone disaccha-
rides were permethylated and analyzed by GLC and GLC-MS.
The samples contained a single compound which comigrated
(retention time, 14.9 min) and exhibited identical EI mass
spectra, including the characteristic fragment at m/z 5 218
(Fig. 1), and CI mass spectra (pseudomolecular ion, [M 1
H] 5 553) as authentic permethylated GlcNAcb1-6GlcNAc-ol.

Finally, the permethylated disaccharides were acetolyzed,
reduced (NaB2H4), and per-O-acetylated. Subsequent analysis
by GLC and GLC-MS identified two compounds. These were
1,6-di-O-acetyl-2-deoxy-3,4,5-tri-O-methyl-2-(N-methylacet-
amido)-glucitol (obtained via C-1 de-O-methylation during
acetolysis and acetylation [17]) from the reducing GlcN residue
and 1,5-di-O-acetyl-2-deoxy-3,4,6-tri-O-methyl-2-(N-methyl-
acetamido)-[1-2H]glucitol from the nonreducing GlcN of the
lipid A backbone, which shows that the disaccharides are (1,6)-
linked. The occurrence of an O-acetyl group at C-5 in the
2H-incorporated compound indicates that the nonreducing
GlcN of the disaccharide is in the pyranose form. Collectively,

these data show that the backbone of both R-lipid A and
S-lipid A of H. pylori is a b(1,6)-linked GlcN disaccharide.

Attachment site of the core oligosaccharide to lipid A. To
determine the linkage site of the core oligosaccharide, partially
degraded LPS and free lipid A preparations were subjected to
methylation analysis. Three products each, (i) reduced-dephos-
phorylated LPS (LPS-HFred), (ii) reduced-dephosphorylated
lipid A (lipid A-HFred), and (iii) reduced lipid A (lipid Ared),
were derived from R- and S-LPS and were subsequently sub-
jected to permethylation, acetolysis, reduction (NaB2H4)
and per-O-acetylation. The resultant partially methylated
alditol acetates were analyzed by GLC and GLC-MS. As
shown in Table 2, all six products yielded 1,6-di-O-acetyl-
2-deoxy-3,4,5-tri-O-methyl-2-(N-methylacetamido)-glucitol
(3,4,5-Me3GlcNMeAc-ol). LPS-HFred derived from R-LPS
and LPS-HFred from S-LPS yielded the same additional methyl-
ation product, 1,5,6-tri-O-acetyl-2-deoxy-3,4-di-O-methyl-2-
(N-methylacetamido)-[1-2H]glucitol (3,4-Me2*GlcNMeAc-ol).
Likewise, lipid A-HFred from R-LPS and S-LPS yielded an-
other product, 1,5-di-O-acetyl-2-deoxy-3,4,6-tri-O-methyl-2-(N-
methylacetamido)-[1-2H]glucitol (3,4,6-Me3*GlcNMeAc-ol),
which was also a product of methylation analysis of lipid Ared
from R-LPS and S-LPS. However, lipid Ared derived from
S-LPS gave an additional product, 1,4,5-tri-O-acetyl-2-deoxy-

FIG. 1. EI mass spectrum of the permethylated and N-acetylated disaccha-
ride derived from free lipid A of H. pylori R-LPS.
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3,6-di-O-methyl-2-(N-methylacetamido)-[1-2H]glucitol (3,6-
Me2*GlcNMeAc-ol).

Comparing the derivatives from this methylation analysis, a
6-O-methyl group was present in the 2H-incorporated com-
pound obtained from lipid Ared and lipid A-HFred, but absent
in such a compound obtained from LPS-HFred. This shows that
in free R- and S-lipid A, position 69 of the backbone disaccha-
ride is free, but it is occupied in LPS. Thus, the core oligosac-
charide is attached to position 69 of the nonreducing GlcN
residue of the backbone of R-lipid A and S-lipid A.

Location of phosphoryl groups and their substitution.
About 4% (40 nmol/mg) of the total hexosamine content of
R-lipid ANaAc reacted in the direct Morgan-Elson reaction,
indicating that the glycosidic hydroxyl group was only partially
free. In R-lipid AHCl, the amount of GlcN determined by the
direct Morgan-Elson reaction was about one-half (500 nmol/
mg) of the total hexosamine content. Compared with R-lipid
ANaAc, preparation of R-lipid AHCl resulted in loss of phos-
phorylation (Table 1), and thus it could tentatively be deduced
that phosphate was the glycosidically bound group in R-lipid
ANaAc. In a similar manner, only 2% (20 nmol/mg) of the total
hexosamine content of S-lipid ANaAc, but 50% (501 nmol/mg)
of the GlcN content of S-lipid AHCl, reacted in the direct
Morgan-Elson reaction. However, S-lipid ANaAc contained 1.4
mol of phosphate, compared with 0.4 mol in S-lipid AHCl
(Table 1), suggesting that in addition to a glycosidically linked
phosphate, nonstoichiometric amounts of a second acid-stable
phosphate group were present in the latter lipid A.

In order to confirm the substitution of the glycosidic position
of the GlcN disaccharide by phosphate, S-lipid ANaAc (2 mg) in
0.1% sodium dodecyl sulfate (wt/vol) was treated with 0.1 M
HCl at 100°C. Samples were taken at different times and ana-
lyzed for total phosphate, inorganic phosphate, and reactivity
in the direct Morgan-Elson assay. The results, depicted in Fig.
2, show that after 30 min of incubation, reducing GlcN, de-
tected in the direct Morgan-Elson assay, reached a maximum
value (approximately 1 mol/2 mol of GlcN) which did not
change during further acidic treatment (up to 120 min). The
appearance of reducing GlcN was paralleled by the release of
inorganic phosphate (maximum, 0.95 mol), whereas total phos-
phate remained constant (1.4 mol). The concomitant release of
phosphate with the appearance of reducing GlcN, as well as
the identical kinetics of its release compared with that of a-
glycosidically bound phosphate (6, 16), indicates that this
group is a-glycosidically bound to GlcN I of the lipid A back-
bone.

Methylation analysis of partially degraded LPS and free lipid

A preparations derived from R-LPS and S-LPS indicated het-
erogeneity in substitution by phosphate of the nonreducing
GlcN of the backbone (Table 2). The occurrence of a 4-O-
methyl group in 3,4,6-Me3*GlcNMeAc-ol obtained from LPS-
HFred, lipid A-HFred, and lipid Ared indicates that position 49
of the nonreducing GlcN is unsubstituted in lipid A of R-LPS
and S-LPS. However, lipid Ared, but not lipid A-HFred, derived
from S-LPS also yielded 3,6-Me2*GlcNMeAc-ol, which shows
that position 49 in this lipid A is partially substituted by a
hydrogen fluoride-labile substituent, probably phosphate.

To investigate this potential heterogeneity in phosphate sub-
stitution further, R-lipid AHCl and S-lipid AHCl (2.5 mg, re-
spectively) were reduced (NaBH4) and subjected to acidic
methanolysis (1 h), and the methanolysate was permethylated.
Analysis by GLC and GLC-MS of the permethylated products
of S-lipid AHCl revealed three peaks. One peak, derived from
the reducing GlcN of the lipid A backbone, exhibited an EI
mass spectrum (primary fragments at m/z 5 89, 133, 177, 384,
428, 472, and 516; secondary fragments at m/z 5 57, 101, 145,
352, 396, 440, and 484) and CI mass spectrum (pseudomolecu-
lar ion, [M 1 H]1 5 562) corresponding to permethylated
glucosaminitol N-acylated by 3-methoxyoctadecanoic acid [18:
0(3-OMe)] (Fig. 3A). The two remaining compounds (peaks 2
and 3), derived from the nonreducing GlcN of the backbone,
had relative peak intensities of 2:1 and corresponded to per-
methylated pyranosidic GlcN N-acylated by 18:0(3-OMe) (EI-
MS, characteristic fragments 5 117 and 396; CI-MS, [M 1 H]1

5 546) and the 4-O-phosphorylated derivative of the latter
compound (EI-MS, characteristic fragments 5 117 and 490;
CI-MS, [M 1 H]1 5 640) (Fig. 3B and C). On the other hand,
analysis of the permethylated products of R-lipid AHCl yielded
only two compounds corresponding to peaks 1 and 2 above,
indicating lack of phosphorylation of the nonreducing GlcN
residue in this lipid A preparation. Collectively, these results
provided evidence that the nonglycosidic phosphate group is
linked in nonstoichiometric amounts to position 49 of the back-

FIG. 2. Time dependence of phosphate release and appearance of reducing
glucosamine on treatment of H. pylori S-lipid ANaAc with 0.1 M HCl at 100°C.
The mixture was assayed at different times for total phosphate (j), inorganic
phosphate (}), and reducing glucosamine reactivity in the direct Morgan-Elson
assay without prior hydrolysis (■).

TABLE 2. Identity of methylated sugars obtained after methylation
analysis of selected preparations derived from

H. pylori R-LPS and S-LPS

Preparation
Methylated sugar in derivative of:

R-LPS S-LPS

HF-LPSred 3,4,5-Me3GlcNMeAc-ola 3,4,5-Me3GlcNMeAc-ol
3,4-Me2*GlcNMeAc-olb 3,4-Me2*GlcNMeAc-ol

Lipid Ared 3,4,5-Me3GlcNMeAc-ol 3,4,5-Me3GlcNMeAc-ol
3,4,6-Me3*GlcNMeAc-ol 3,6-Me2*GlcNMeAc-ol

3,4,6-Me3*GlcNMeAc-ol

HF-lipid Ared 3,4,5 Me3GlcNMeAc-ol 3,4,5-Me3GlcNMeAc-ol
3,4,6-Me3*GlcNMeAc-ol 3,4,6-Me3*GlcNMeAc-ol

a Obtained via C-1 de-O-methylation during acetolysis and acetylation (17).
b Asterisk denotes a 2H-incorporated compound.
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bone of S-lipid AHCl and that this position was not phosphor-
ylated in R-lipid AHCl.

Analysis by 31P-NMR confirmed the above conclusions (Fig.
4). The analysis revealed a signal (2.96 ppm) for a glycosidic
phosphomonoester and a second for a phosphodiester (1.32
ppm) in R-lipid ANaAc. Since acidic treatment (0.1 M HCl,
100°C, 30 min) of R-lipid ANaAc led to the loss of both signals
and the liberation of phosphate and ethanolamine-phosphate,
the signals were deduced to correspond to glycosidic phos-
phate and ethanolamine-phosphate, respectively. In addition
to these signals, analysis of S-lipid ANaAc revealed a further
signal which corresponded to an ester-bound phosphomono-
ester (4.52 ppm) which was not affected by acidic treatment
and hence was attributed to 49-phosphate.

Nature, quantity, and type of linkage of fatty acids. All of
the lipid A preparations derived from H. pylori R- and S-LPS
contained 16:0, 18:0, 16:0(3-OH), and 18:0(3-OH) as the major
fatty acids, with minor amounts of 12:0 and 14:0 (Table 1). As
determined previously (36), the 3-hydroxy fatty acids possessed
the (R)-configuration. The molar ratios of fatty acids in the
lipid A preparations derived from R-LPS (R-lipid ANaAc and
R-lipid AHCl) differed from those of lipid A derived from
S-LPS (S-lipid ANaAc and S-lipid AHCl) (Table 1). However, in
our previous investigation (42), we showed that quantitatively
similar fatty acid profiles were present in H. pylori LPS and the
respective lipid A preparations, showing that differences do not
result from the hydrolysis conditions used to liberate free lipid
A. Nevertheless, the observed differences in molar ratios sug-
gested greater substitution by certain fatty acids in lipid A of
S-LPS than in R-LPS (Table 1).

Analysis of the products of R-lipid AHCl and S-lipid AHCl
after methanolysis and permethylation (described above)

showed the presence of permethylated derivatives of reduced
and nonreduced GlcN N-acylated by 18:0(3-OMe) (Fig. 3).
Thus, these data indicated that 18:0(3-OH) residues are amide
bound to the reducing and nonreducing GlcN units of the back-
bone of both R-lipid AHCl and S-lipid AHCl. In order to iden-
tify potential amide-bound 3-acyloxyacyl groups, R-lipid AHCl
and S-lipid AHCl were subjected to a procedure known to
cleave amide bonds preferentially (62). On GLC and GLC-MS
analysis, one peak was detected in both preparations, which by
comparison with available mass spectrometric data (54, 63) was
identified as 3-(octadecanoyloxy)octadecanoic acid [3-(18:0-
O)-18:0]. Quantitatively, 0.8 mol (811 nmol/mg) and 0.9 mol
(1,035 nmol/mg) of the product were detected in S-lipid AHCl
and R-lipid AHCl, respectively. These results show that in lipid
A of H. pylori, approximately 1 mol of amide-linked 18:0(3-
OH) can be substituted by 18:0.

Ester-linked fatty acids were investigated by treatment of
R-lipid AHCl and S-lipid AHCl with sodium methylate (Table
3). This treatment of R-lipid AHCl released quantitatively 18:0
(1.0 mol) and 16:0(3-OH) (1.1 mol) as their methyl esters,
showing that they had been exclusively ester linked. In the
alkaline methanolysate, only trace amounts of 16:0(3-OMe)
were detectable, indicating the predominant absence of ester-
bound 3-acyloxyacyl groups in this lipid A. Sodium methylate
treatment of S-lipid AHCl released quantitatively 18:0 (1.1 mol)
and 16:0(3-OH) (1.0 mol), and in addition, a nonstoichiometric
amount of 16:0 (0.1 mol), as their methyl esters. In contrast to
R-lipid AHCl, 16:0(3-OMe) (0.6 mol) was present in the meth-
anolysate of S-lipid AHCl, and methyl esters of 12:0 (0.6 mol)
and 14:0 (0.5 mol) appeared after diazomethane treatment of
the methanolysate (i.e., carboxymethylation). Hence, based on
previous experience of the behavior of variously linked fatty
acids in transmethylation and b-elimination reactions (50), it
was deduced that ester-bound 3-acyloxyacyl groups consisting
of 3-(dodecanoyloxy)hexadecanoyl [3-(12:0-O)-16:0] and 3-
(tetradecanoyloxy)hexadecanoyl [3-(14:0-O)-16:0] residues
were present in this lipid A. In addition, the 18:0 (and the
nonstoichiometric amounts of 16:0) released as methyl ester
was likely to have been the ester-bound substituent of amide-
bound 3-acyloxyacyl residues (described above).

Distribution of fatty acids on the lipid A backbone. Free
dephosphorylated and de-O-acylated lipid A preparations de-

FIG. 3. Fragmentation patterns of permethylated and N-acylated glucos-
amine derivatives from H. pylori LPS. (A) Permethylated glucosaminitol
N-acylated by 3-methoxyoctadecanoic acid [18:0(3-OMe]. (B) Permethylated
glucosamine N-acylated by 3-methoxyoctadecanoic acid. (C) Permethylated glu-
cosamine-4-phosphate N-acylated by 3-methoxyoctadecanoic acid.
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rived from R- and S-LPSs of H. pylori were subjected to LD-
MS, after cationization by the NaI admixture, and were ana-
lyzed in the positive-ion mode. The LD mass spectra of both of
these materials yielded identical spectra (not shown) with a
quasimolecular ion ([M 1 Na]1) at m/z 5 928 corresponding
to a GlcN disaccharide carrying two amide-bound 18:0(3-OH)
residues.

Subsequently, free dephosphorylated lipid A preparations
derived from R- and S-LPSs of H. pylori (dephosphorylated
R-lipid A and S-lipid A, respectively) were analyzed in a sim-
ilar manner. These two lipid A preparations yielded differing
spectra, as shown in Fig. 5. The assignments of ions for de-
phosphorylated R-lipid A and S-lipid A are shown in Tables 4
and 5, respectively, and the fragmentation scheme and pro-
cesses compatible with these assignments are shown in Fig. 6.
The depicted m/z values represent quasimolecular ions derived
from the acylated GlcN disaccharide (M) and fragment ions
including those derived from the acylated reducing and non-
reducing GlcN units (MI and MII, respectively). Also, analysis
of dephosphorylated S-lipid A by LD-MS after admixture of
CsI gave a similar fragmentation pattern, and in addition
showed the presence of nonstoichiometric amounts of amide-
bound 3-(16:0-O)-18:0 replacing 3-(18:0-O)-18:0 on the non-
reducing GlcN unit of the lipid A backbone (data not shown).

Collectively, these data and the results of chemical studies
show that the predominant lipid A molecular species in H. py-
lori R-LPS is tetraacyl, whereby the reducing GlcN of the
backbone carries amide-bound 18:0(3-OH) and ester-linked
16:0(3-OH), and the nonreducing GlcN carries only amide-
bound 3-(18:0-O)-18:0. Likewise, tetraacyl lipid A may be pres-
ent in S-LPS, but hexaacyl lipid A is also present, whereby the
nonreducing GlcN has ester-bound 3-(12:0-O)-16:0 or 3-(14:0-
O)-16:0. To resolve this issue of heterogeneity, which had been
observed in our previous analysis of free lipid by thin-layer
chromatography (42), free dephosphorylated lipid A prepara-
tions derived from R- and S-LPSs of H. pylori were subjected to

silica-gel chromatography as described previously (39). Upon
fractionation of the dephosphorylated material, one predomi-
nant fraction was obtained from R-LPS, and one major and a
second minor fraction were obtained from S-LPS. Analysis of
the major fractions from R- and S-LPSs by LD-MS confirmed
the presence of tetraacyl lipid A, whereas analysis of the minor
fraction derived from S-LPS showed the hexaacyl distribution
of fatty acids as described above.

Discussion

In the present study, the lipid A components of H. pylori R-
and S-LPS were isolated and chemically characterized. The
proposed structures of the molecular species in both of these

FIG. 4. 31P-NMR spectrum of H. pylori free lipid A (S-lipid ANaAc).

TABLE 3. Nature and amount of fatty acid methyl esters released
from free lipid A of H. pylori by sodium methylate

Fatty acid
methyl ester

Amt of methyl ester in nmol/mg (mol/2 mol of GlcN)a

detectable before and after CH2N2 treatmentb

R-lipid AHCl S-lipid AHCl

Before After Before After

12:0 0 (2)c 7 (Tr)d 0 (2) 328 (0.6)
14:0 0 (2) 24 (Tr) 0 (2) 262 (0.5)
16:0 18 (Tr) 20 (Tr) 48 (0.1) 50 (0.1)
18:0 558 (1.0) 561 (1.0) 537 (1.1) 553 (1.1)
16:0(3-OH) 632 (1.1) 626 (1.1) 482 (1.0) 500 (1.0)
16:0(3-OMe) 0 (2) 14 (Tr) 279 (0.6) 298 (0.6)
18:0(3-OH) 0 (2) 0 (2) 0 (2) 0 (2)

a The GlcN values of 1,150 and 1,014 nmol were the basis of the calculation of
molar ratios in R-lipid AHCl and S-lipid AHCl, respectively.

b Diazomethane treatment results in carboxymethylation of free acids liber-
ated by b-elimination and hence their detection as methyl esters.

c 2, none detected.
d Tr, trace (,0.05 mol).

6458 MORAN ET AL. J. BACTERIOL.



lipid A’s from H. pylori R- and S-LPSs are shown in Fig. 7.
Despite variations in acylation and phosphorylation patterns,
the structure of H. pylori lipid A possesses the common archi-
tectural and structural principles encountered in many distinct
bacterial groups (33, 44, 48, 51, 64). The predominant molec-
ular species in both lipid A components are identical and are

tetraacylated in an asymmetric manner (Fig. 7A). In addition,
a second molecular species which is hexaacylated, also in an
asymmetric manner, is present in lipid A from S-LPS (Fig.
7B). Despite differences in substitution, the backbone of the
molecules consists of a b(1,6)-linked GlcN disaccharide with a
glycosidically linked phosphate at position 1. Because of micro-
heterogeneity, nonstoichiometric amounts of ethanolamine-
phosphate may also be linked to the glycosidic hydroxyl group.

A significant finding of the present investigation is the ab-
sence of an ester-bound phosphate group at position 49 of the
nonreducing GlcN unit of the backbone disaccharide of lipid A
from R-LPS (Fig. 7A). Although the hydroxyl group at posi-
tion 49 on the backbone disaccharide of lipid A from S-LPS was
predominantly free and unsubstituted, phosphorylation at po-
sition 49 was present in this lipid A in nonstoichiometric
amounts. It was not possible in the present study to determine
whether 49-phosphate was present on the backbone of the
tetraacyl or hexaacyl molecular species in lipid A of S-LPS.
However, because of the nonstoichiometric nature of this
phosphate substitution and by analogy with lipid A of R-LPS,
it is more likely that the minor hexaacyl species in S-LPS,
rather than the predominant tetraacyl species, is phosphory-
lated at position 49 (Fig. 7B). An ester-bound phosphate group
bound to the hydroxyl group at position 49 of the backbone
disaccharide is a common constituent of lipid A of other bac-
terial species, particularly enterobacterial lipid A’s (33, 44, 48,
64). However, this phosphate group is absent from lipid A’s of
Bacteroides fragilis, Bacteroides intermedius, and Rhodomicro-
bium vannielii (17, 19, 60). In R. vannielii lipid A, the 4-O-
phosphoryl group is positionally replaced by D-mannose (17).
Similar to lipid A from H. pylori S-LPS, the predominant mo-

FIG. 5. Positive-ion LD mass spectra of free dephosphorylated lipid A prep-
arations derived from R-LPS (A) and S-LPS (B) of H. pylori after admixture of
NaI.

TABLE 4. Assignment of peaks in the LD mass spectrum of free
dephosphorylated lipid A derived from H. pylori R-LPSa

Peak
(m/z)

Cleavage
process Structureb

1,477 [M 2 16:OH(3-OH) 1 18:OH(3-OH) 1 Na]1

1,449 [M 1 Na]1

1,421 [M 2 18:OH(3-OH) 1 16:0 1 Na]1

1,177 B [M 2 16:OH(3-OH) 1 H 1 Na]1

853 [MII 1 102 1 Na]1

793 [MII 1 42 1 Na]1

751 [MII 1 Na]1

739 [MI 1 Na]1

587 H [MII 1 102 2 18:0 1 H 1 Na]1

527 G [MII 1 42 2 18:0 1 H 1 Na]1

485 F [MII 2 18:0 1 H 1 Na]1

466 B [MI 2 16:0(3-OH) 1 H 1 Na]1

a The relevant cleavage process and the resultant structure are shown in Fig. 6.
b M, quasimolecular ion derived from the acylated GlcN disaccharide; MII,

fragment ion derived from the acylated nonreducing GlcN unit of the backbone;
MI, fragment ion derived from the acylated reducing GlcN unit of the backbone.

TABLE 5. Assignment of peaks in the LD mass spectra of free
dephosphorylated lipid A derived from H. pylori S-LPSa

m/z Cleavage
process Structureb

1,914 [M 2 12:0 1 14:0 1 Na]1

1,886 [M 1 Na]1

1,858 [M 2 18:0 1 16:0 1 Na]1

1,704 A [M 2 12:0 1 H 1 Na]1

1,614 B [M 2 16:0(3-OH) 1 H 1 Na]1

1,449c C [M 2 12:0 2 16:0(3-OH) 1 H 1 Na]1

1,432 D [M 2 12:0 2 16:0(3-OH) 1 H2O 1 Na]1

1,230 G [MII 1 42 1 Na]1

1,196c C, E [M 2 16:0(3-OH) 1 H 2 12:0 2 16:0(3-OH) 1
H 1 Na]1

1,188 [MII 1 Na]1

1,183c C, F [M 2 18:0 1 H 2 12:0 2 16:0(3-OH) 1 H 1 Na]1

1,108 A, H [MII 1 102 2 12:0 1 H 1 Na]1

1,048 A, G [MII 1 42 2 12:0 1 H 1 Na]1

1,006 A [MII 2 12:0 1 H 1 Na]1

853c C, H [MII 1 102 2 12:0 2 16:0(3-OH) 1 H 1 Na]1

793c C, G [MII 1 42 2 12:0 2 16:0(3-OH) 1 H 1 Na]1

751c C [MII 2 12:0 2 16:0(3-OH) 1 H 1 Na]1

739 [MI 1 Na]1

587c C, F, H [MII 1 102 2 18:0 1 H 2 12:0 2 16:0(3-OH) 1
H 1 Na]1

527c C, F, G [MII 1 42 2 18:0 1 H 1 12:0 2 16:0(3-OH) 1
H 1 Na]1

485c C, F [MII 2 18:0 1 H 1 12:0 2 16:0(3-OH) 1 H 1 Na]1

466 B [MI 2 16:0(3-OH) 1 H 1 Na]1

a The relevant cleavage process and the resultant structure are shown in Fig. 6.
b M, quasimolecular ion derived from the acylated GlcN disaccharide; MII,

fragment ion derived from the acylated nonreducing GlcN unit of the backbone;
MI, fragment ion derived from the acylated reducing GlcN unit of the backbone.

c Peak that can be derived from tetraacyl lipid A as well as from cleavage of
acyl chains from hexaacyl lipid A. Compare with Table 4.
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lecular species in lipid A of the oral pathogen Porphyromonas
gingivalis lacks a phosphate group at position 49 of the back-
bone disaccharide, but a minor constituent is phosphorylated
at this position (26).

Another significant finding of the present investigation is

that although hexaacyl lipid A is present in S-LPS, tetraacyl
lipid A predominates in both R- and S-LPSs of H. pylori.
Although heterogeneity was observed in the lipid A prepara-
tions, it is unlikely to derive from conditions used to liberate
lipid A or from other treatments used during analysis, since

FIG. 6. Interpretations of the fragmentation patterns of free dephosphorylated lipid A derived from R-LPS (A) and S-LPS (B) of H. pylori. Numbers in circles refer
to the number of carbon atoms in acyl chains, and letters indicate the designated cleavage process. Refer to Tables 4 and 5 for details of the formation of positive ions.

FIG. 7. Proposed chemical structures of the predominant lipid A molecular species found in both R-LPS and S-LPS (A) and a minor lipid A molecular species found
in S-LPS (B) of H. pylori. Numbers in circles refer to the number of carbon atoms in acyl chains, and shaded lines indicate partial substitution due to microheterogeneity.
Polar headgroups are indicated by R9 (phosphate or phosphorylethanolamine) and R0 (H or phosphate).
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treatment conditions had been optimized and the natural het-
erogeneity in lipid A had been verified in our previous study
(42). The asymmetric acylation pattern in H. pylori hexaacyl
lipid A is similar to that found in a number of bacterial species
of diverse origins, e.g., Escherichia coli, Salmonella minnesota,
Campylobacter jejuni, Haemophilus influenzae, Pectinatus spp.,
and Proteus mirabilis (15, 16, 33, 39, 54, 64). However, the
predominant fatty acids, particularly the 3-hydroxy fatty acids,
are relatively long and are not common constituents of LPS.
Like H. pylori, however, Brucella abortus and Legionella pneu-
mophila have collectively 18:0, 16:0(3-OH), and 18:0(3-OH) in
their LPSs and also possess low endotoxic activity (32, 55).
Although nontoxic Rhodobacter capsulatus contains predomi-
nantly pentaacyl lipid A (24), a tetraacyl lipid A has been found
in this organism, but with acyl chains of 10 to 14 carbons in
length only (48). Thus, the predominance of a tetraacyl lipid A
with long acyl chains of 16 to 18 carbons in length is an unusual
property of H. pylori lipid A.

The relationships between the chemical structure of lipid A
and the endotoxic and immunological activities of lipid A and
LPS have been examined by many investigators using both
natural and chemically synthesized lipid A analogs. In partic-
ular, studies of synthetic S. minnesota- and E. coli-like lipid A
partial structures and analogs have shown that phosphorylation
patterns (12, 18, 20, 22, 23), fatty acid composition (21, 27),
and the presence of acyloxyacyl groups (49, 51) are important
for the full expression of a range of biological activities. Based
on these findings, it has been deduced that certain structural
prerequisites in lipid A are needed for full expression of
endotoxicity and biological activities by LPS. These include
a molecule with a b(1,6)-linked D-hexosamine disaccharide
backbone which is bisphosphorylated and carries six fatty acids
in a defined arrangement as it is present in E. coli lipid A (33,
51, 64). Because synthetic lipid A partial structures that are
monophosphorylated and lipid A analogs that carry acyl chains
of increased chain length have been shown to exhibit decreased
biological activity (18, 23, 27), it is likely that the underphos-
phorylation and underacylation patterns in H. pylori lipid A
would produce an LPS with low endotoxic and biological ac-
tivities.

Consistent with this, the lower endotoxic and immunological
activities of H. pylori LPS have been well documented (34, 35).
Compared with Salmonella typhimurium LPS, the pyrogenicity
and mitogenicity of H. pylori LPS are 1,000-fold lower, and the
lethal toxicity is 500-fold lower (40). H. pylori LPS exhibits a
100- to 500-fold lower activity when tested in the Limulus
amebocyte lysate assay (42). The induction of cytokines, nitric
oxide, and prostaglandin E2 by H. pylori LPS is significantly
lower than that by enterobacterial LPS (4, 9, 42, 43). Also, the
ability of H. pylori LPS to induce the production of procoagu-
lant activity is 1,000-fold lower than that of S. typhimurium LPS
(53). Unlike enterobacterial LPS, H. pylori LPS does not abol-
ish the expression of suppressor T-cell activity (3) or induce
E-selectin expression or significant natural killer cell activity
(10, 58).

With some analogy to the tetraacyl lipid A of H. pylori, a
tetraacyl lipid A partial structure which constitutes a precur-
sor in lipid A biosynthesis is produced by an S. typhimurium
mutant strain and has been termed “precursor Ia,” or, alter-
natively, lipid IVa (46, 64). Synthetic precursor Ia, which is bis-
phosphorylated and contains four fatty acids but no acyloxyacyl
groups (45, 47), exhibits high toxicity but low pyrogenicity and
mitogenicity compared with intact lipid A (12, 18, 20, 22, 23).

Comparisons have been made between B. fragilis, which is a
long-lived commensal of the human gut, and the ability of H.
pylori to cause chronic infection in the stomach. In particular,

it has been suggested that the lipid A and LPS of H. pylori may
have evolved to avoid or minimize the host defense (28). Sup-
porting this, like the LPS of H. pylori that of B. fragilis also
expresses low pyrogenicity and toxicity and has a lipid A with
a b(1,6)-linked GlcN disaccharide backbone phosphorylated at
position 1 only, with long 3-hydroxy fatty acids whose chain
length is 15 to 17 carbons (61). In addition, the repeating units
of the O side chains of H. pylori LPS may mimic Lewis blood
group antigens that are found in the gastric mucosa (1, 2, 52),
thereby potentially camouflaging the organism and minimizing
the host defence (37). Therefore, these findings support the
view that the primary role of H. pylori LPS and lipid A should
not be considered endotoxicity, but that it is to provide a
functional macromolecular matrix through which the bacte-
rium interacts with its environment.
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