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Structural studies on lipopolysaccharides of serologically non-typable
strains of Helicobacter pylori, AF1 and 007, expressing Lewis antigenic
determinants
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In contrast to other Helicobacter pylori strains, which have serologically detectable Lewisx (Lex) and Lewisy

(Ley) antigenic determinants in the O-specific polysaccharide chains of the lipopolysaccharides, H. pylori AF1

and 007 were non-typable with anti-Lex and anti-Ley antibodies. The carbohydrate portions of the

lipopolysaccharides were liberated by mild acid hydrolysis and subsequently studied by sugar and methylation

analyses, 1H-NMR spectroscopy and electrospray ionization-mass spectrometry. Compared with each other, and

with lipopolysaccharides of strains studied previously, the lipopolysaccharides of both AF1 and 007 showed

similarities, but also differences, in the structures of the core region and O-specific polysaccharide chains.

The O-specific polysaccharide chains of both strains consisted of a short or long polyfucosylated poly-N-

acetyl-b-lactosamine chains, which were distinguished from those of other strains by a high degree of

fucosylation producing a polymeric Lex chain terminating with Lex or Ley units:

where n = 0 or 1 in strain AF1 and 0 in strain 007, m = 0±2, 6±7 in strain AF1 and m = 0±2, 6±7 or < 40 in

strain 007, the medium-size species being predominant. Therefore, compared with other strains, the lack of

reactivity of lipopolysaccharide of H. pylori AF1 and 007 with anti-Lex and anti-Ley may reflect the presence of a

polymeric Lex chain and has important implications for serological and pathogenesis studies. As the substitution

pattern of a d-glycero-d-manno-heptose residue in the outer core varied in the two strains, and an extended

dd-heptan chain was present in some lipopolysaccharide species but not in others, this region was less

conservative than the inner core region. The inner core l-glycero-d-manno-heptose region of both strains carried

a 2-aminoethyl phosphate group, rather than a phosphate group, as reported previously for other H. pylori strains.
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Helicobacter pylori, the causal agent of chronic gastritis, is an
important human gastric pathogen [1]. Infection with this
bacterium is associated with a broad spectrum of clinical
outcomes [2], including the development of peptic ulcers and
an increased risk for the development of gastric cancer. Like the
cell envelope of other gram-negative bacteria, that of H. pylori
contains lipopolysaccharides (LPS). Fresh clinical isolates of
H. pylori produce high molecular mass smooth-form LPS,

which consists of an O-specific polysaccharide (OPS), a core
oligosaccharide and lipid A [3,4].

Structural studies on the LPS of a number of H. pylori strains
have shown that they exhibit mimicry of human cell surface
glycoconjugates because of the presence of Lewisx (Lex) and/or
Lewisy (Ley) blood group antigenic determinants [5±10]. These
are formed by monofucosylated or difucosylated N-acetyl-b-
lactosamine (LacNAc) units attached to the LPS core, or by the
same units placed at the nonreducing end of the OPS. Hence,
the OPS of H. pylori LPS represents a chain of fucosylated poly
LacNAc [11], which in some strains is decorated with lateral
glucose or galactose residues [8,9,11]. In addition, Lewisa,
Lewisb and H type 1 antigenic determinants in the OPS chains
of certain H. pylori strains have been found [10]. Another
feature of some H. pylori strains is the presence of an additional
chain of d-glycero-d-manno-heptose (dd-Hep) which has been
reported to connect the OPS to the LPS core [7].

Although the pathogenic relevance of Lewis antigen mimicry
in H. pylori remains unclear [12,13], serological investigations
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using anti-Lewis antibodies have detected the expression of the
respective Lewis antigens, in support of the chemical studies
[10,14±17]. Moreover, serotyping of H. pylori strains on the
basis of reactions with a panel of anti-Lewis mAb has been
proposed [15]. In this paper we report chemical studies on the
LPS of two new H. pylori strains, AF1 and 007, which are
distinguished by their non-typability with anti-Lex and anti-Ley

mAb. Despite this, the LPS were found to possess these
terminal Lewis antigenic determinants.

M A T E R I A L S A N D M E T H O D S

Bacterial strains, cultivation, isolation and degradation of
LPS

H. pylori strains 007 and AF1 were isolated from gastric
biopsies of patients at the Department of Microbiology,
Rigshospitalet, Copenhagen, Denmark. Growth of the bacterial
strains and isolation of LPS by extraction with aqueous phenol
[18] were performed as described previously [3]. LPS were
recovered from the water phase in yields of 3.9 and 4.0% of
dried cells, respectively, and subjected to mild acid hydrolysis
with 0.1 m sodium acetate buffer, pH 4.2, for 2 h at 100 8C.
Precipitate was removed by centrifugation (10 000 g, 30 min)
and the water-soluble carbohydrate portion was fractionated by
gel-permeation chromatography on a column of Sephadex G-50
(Pharmacia, Uppsala, Sweden) using 0.05 m pyridinium
acetate, pH 4.5, as the eluent; monitoring was performed with
a Waters differential refractometer (Milford, MA). After
pooling, six fractions, I±VI, were obtained for AF1 and five
fractions, I±V, for 007; their relative elution volumes and yields
are given in Table 1. Of these AF-II, AF-VI, 007-II, 007-III,
007-IV and 007-V were analysed using 600 MHz NMR
spectroscopy and the others with 270 MHz NMR only.

Electrophoretic and serological analyses

The LPS preparations were fractionated by SDS/PAGE [19]
using the gel systems and voltage conditions described
previously [3]. After electrophoresis, LPS was detected by
silver staining [20]. Alternatively, the fractionated LPS was
electroblotted onto nitrocellulose membranes [21] and Western
blots visualized with mouse mAb against Lewis antigens, anti-
Lex, -Ley, -Lea, -Leb or -H type I antigen (Signet Laboratories,
Dedham, MA), or against blood group determinants, anti-A, -B
or -AB (Immunocor, Norcos, Ga.), diluted 1 : 1000 as primary
antibody and peroxidase-conjugated goat anti-(mouse IgM)
(Sigma Chemical Co.) diluted 1 : 1000 as the secondary
antibody [17]. In addition, ELISA with bacterial whole cells
[16] was used as described previously [17] to examine the
reaction of the anti-Lewis and anti-(blood group) with H. pylori
AF1 and 007. The specificities of the antibodies in the assay
were validated by their ability to bind the respective antigen
from a panel of synthetic blood group antigens and the LPS of
other H. pylori strains of known structure [17].

Sugar analysis

Hydrolysis to liberate sugars was performed with 2 m
trifluoroacetic acid (120 8C, 2 h). The hydrolysate was
subsequently evaporated and monosaccharides were identified
by GLC of the derived alditol acetates [22] using a Hewlett-
Packard 5880 instrument with a DB-5 column. The absolute
configurations of the monosaccharides were determined as
described previously [23].

Methylation analysis

Methylation was carried out using methyl iodide in dimethyl-
sulfoxide in the presence of sodium methylsulfinylmethanide
[24]. Derived, partially methylated alditol acetates were
identified with GC-MS using a NERMAG R10-10L mass
spectrometer. Hydrolysis was performed as in sugar analysis,
partially methylated monosaccharides were reduced with
NaBH4, converted to alditol acetates and analysed by GLC/
MS on a Hewlett-Packard 5890 chromatograph equipped with a
NERMAG R10-10L mass spectrometer and a DB-5 fused-silica
capillary column using a temperature gradient of 130 8C
(1 min) to 250 8C at 3 8C´min21. Identification was performed
using published data [25,26].

Other chemical modifications

Fraction AF1-VI (0.5 mg) was treated with aqueous 48%
hydrofluoric acid for 16 h at ambient temperature, the sample
was evaporated in a stream of nitrogen, dissolved in water and
freeze-dried to give the dephosphorylated oligosaccharide.

NMR spectroscopy

All saccharide samples were exchanged twice with 2H2O
(99.9%), lyophilized and dissolved in 2H2O (99.96%). 1H-NMR
spectra of 2H2O solutions were recorded with a JEOL EX-270
instrument (Tokyo, Japan) at 75 8C or a Varian Inova 600
instrument (Palo Alto, CA) at 25 8C. Assignment of 1H-NMR
signals was performed using double-quantum filtered COSY
and TOCSY experiments at 600 MHz. Chemical shifts were
measured in p.p.m., relative to sodium 3-trimethylsilylpropano-
ate-d4 as internal standard (dH 0.00).

Electrospray ionization-MS

ESI-MS was performed in the negative mode using a VG
Quattro triple quadrupole mass spectrometer (Micromass,
Altrincham, UK) with acetonitrile as the mobile phase at a
flow rate of 10 mL´min21. Samples were dissolved in aqueous
50% acetonitrile at a concentration of < 50 pmol´mL21 and
10 mL was injected via a syringe pump into the electrospray
source.

R E S U LT S

Serological analyses of LPS

Analysis of the isolated LPS of H. pylori AF1 and 007 by SDS/
PAGE and silver staining confirmed the expression of high

Table 1. Fractionation of acid-degraded LPS on Sephadex G-50. Void

and full volumes of the column are 105 and 300 mL, respectively. Elution

volumes are relative to the void volume and refers to the top of peaks.

Fraction

H. pylori strain I II III IV V VI

Relative elution volume

AF

007

1�.03

1.05

1�.31

1.32

1�.76

1.82

2�.08

2.08

2�.24

2.25

2�.44

Yield (% of LPS weight)

AF1

007

, 1

2.0

28�.0

21.6

3�.1

5.2

, 1

6.2

3�.4

3.8

7�.4
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molecular mass LPS as reported previously [3,4]. In Western
blotting, although anti-Lex mAb reacted with control H. pylori
LPS known to express Lex [5], no reaction was observed with
LPS of H. pylori AF1 and 007 (data not shown). Similarly, no
reaction of these latter LPS were observed with mAb against
other Lewis antigens (anti-Lex, -Ley, -Lea, -Leb or -H type I) or
against blood group determinants (anti-A, -B or -AB). In case
of chemical modification of LPS or selection of a particular
LPS molecular species during extraction, these same mAb were
tested for reaction with whole cells of H. pylori AF1 and 007 in
an ELISA system. Confirming the results of Western blotting,
no reaction of the panel of antibodies with these strains in the
ELISA was observed.

Mild acid hydrolysis of LPS

Delipidation by acid treatment of LPS from the two strains of
H. pylori under mild conditions resulted in a number of
polysaccharides and oligosaccharides which were fractionated
by gel-permeation chromatography on Sephadex G-50. The
LPS of H. pylori AF1 gave six fractions designated AF1-I to
AF1-VI according to their order of elution (Table 1); fractions
AF1-I and AF1-IV were present in low amounts and were not
studied further. The LPS of H. pylori 007 gave five fractions
designated 007-I to 007-V which had practically the same
elution times as the corresponding AF1 fractions, except for
fraction 007-III which eluted later (Table 1). Further studies
showed that the corresponding fractions from the two strains
were also structurally similar (see below).

The fractions obtained were studied using sugar and
methylation analyses, 1H-NMR spectroscopy and, in addition,
low-molecular mass fractions were also analysed by ESI-MS.
Preliminary data suggested that the LPS of the two strains
possess a structure similar to that reported for H. pylori
serogroup O:3 LPS [7]. This structure is characterized by a

core oligosaccharide occasionally substituted with an a-glucan,
an a-d-glycero-d-manno-heptan (d,d-heptan) and OPS chains
of polyfucosylated poly LacNAc chains, which are terminated
with either the Lex antigenic determinant, b-Gal-(1!4)-[a-
Fuc-(1!3)]-b-GlcNAc, or Ley antigenic determinant, a-Fuc-
(1!2)-b-Gal-(1!4)-[a-Fuc-(1!3)]-b-GlcNAc. Sugar analysis
(Table 2) showed significant amounts of d-glucose (d-Glc),
d-glycero-d-manno-heptose (dd-Hep) and l-glycero-d-manno-
heptose (ld-Hep) in all fractions and N-acetyl-d-glucosamine
(d-GlcNAc) and l-fucose (l-Fuc) in fractions I to V. Fractions
AF1-III and 007-III to 007-V contained relatively large
amounts of Glc and dd-Hep, thus suggesting the occurrence
of glucan and dd-heptan chains. The content of ld-Hep, which
is a typical component of the H. pylori LPS inner core
component [5,7], increased with decreasing molecular mass.
The linkage between the O-chain and the core, and between
the glucan and the core, are adapted from previous data as
no structural evidence could be obtained in the present
studies.

Methylation analysis (Table 3) confirmed these results and
showed that in fractions enriched in dd-Hep and Glc, the
former is mainly 3-substituted and the latter mainly 6-
substituted. Typical OPS chain components, terminal Fuc and
3,4-disubstituted GlcNAc, were present in fractions I±IV, and
3-substituted Gal was present in fractions I±III from both
strains.

Fraction AF1-VI

Methylation analysis of fraction AF1-VI revealed terminal Glc,
4-substituted Gal, 2-substituted ld-Hep and 7-substituted dd-
Hep, together with a smaller amount of 3-substituted ld-Hep.
Consistent with phosphorylation at position 7 [5,9], the content
of 3-substituted heptose increased upon dephosphorylation up
to the level of the other heptose derivatives. ESI-MS
demonstrated intense singly and doubly charged pseudomole-
cular ions, [M-H]2 and [M-2H]2±, at m/z 1242.4 and 620.8,
respectively. These ions correspond to a Hex2Hep3AnKdoPEtn
oligosaccharide (where AnKdo is an anhydro form of 3-deoxy-
d-manno-oct-2-ulosonic acid and PEtn is 2-aminoethyl phos-
phate), having a calculated molecular mass of 1244 Da.
However, as expected, the ESI mass spectrum of dephos-
phorylated fraction AF1-VI showed two peaks of [M-H]2 ions
at m/z 1119.3 (major) and 1137.4 (minor), which corresponded
to Hex2Hep3AnKdo and Hex2Hep3Kdo oligosaccharides
with calculated molecular masses of 1121 and 1139 Da,
respectively.

Fig. 1. Structures of the truncated core oligosaccharides 1 and 2 from

H. pylori NCTC 11637 [5] and AF1 (fraction AF1-VI), respectively.

Table 2. Data of sugar analysis. GLC retention times for the corresponding alditol acetates are referred to fucitol pentaacetate (1.00); peak areas are given

as percentage of the sum of detector response.

Fraction from LPS of H. pylori strain

Relative

retention

AF1 007

Sugar time II III V VI I II III IV V

l-Fuc 1�.00 25 12 13 0 15 21 13 10 10

d-Glc 1�.60 17 30 21 25 45 19 30 33 43

d-Gal 1�.62 28 14 24 22 18 24 12 9 9

d-GlcN 1�.98 13 11 12 0 16 13 11 9 8

dd-Hep 2�.11 16 28 17 27 6 21 30 33 19

ld-Hep 2�.17 2 5 13 27 0 2 5 6 11
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The presence of the 2-aminoethyl group was further
confirmed by the 1H-NMR spectrum of fraction AF1-VI
which displayed a spin system of two CH2 groups at d 3.30
(CH2N) and 4.14 (CH2O). In the anomeric region of the 1H-
NMR spectrum, there were signals for H-1 of b-Gal at d 4.52
(d, J1,2 7 Hz), a-Glc at d 4.94 (d, J1,2 4 Hz) and two Hep at d
5.06 (nonresolved) and 5.43 (d, J1,2 1 Hz). The H-1 signal for
the third Hep residue was split into at least two signals at d 5.36
and 5.45 (both nonresolved), most likely owing to its
attachment to the Kdo residue which existed in multiple forms.

These data are similar to those published for the truncated
core oligosaccharide 1 from LPS of the H. pylori type strain
NCTC 11637 [5], except that 2-aminoethyl phosphate is present
in fraction AF1-VI rather than a phosphate group [5]. PEtn also
occurred in all other products derived from H. pylori AF1 and
007 LPS (see below). Therefore, the truncated core oligosac-
charide of fraction AF1-VI has structure 2 (all monosaccharide
residues are in the pyranose form; Fig. 1).

Fraction 007-V

Methylation analysis of fraction 007-V indicated the presence
of terminal Fuc, terminal Glc, 4-substituted Gal, 6-substituted
Glc, 6-substituted dd-Hep, 2,7-disubstituted dd-Hep, 2-sub-
stituted ld-Hep and 3-substituted GlcNAc as the main
components (Table 3). The terminal Fuc residue gave a
2,4-di-O-methylfucose, as observed previously and this is
suggested to result from incomplete methylation [5,9]. The
presence of a significant amount of 6-substituted Glc showed
the presence of a short (1!6)-linked glucan chain. The absence
of the expected derivative of a 3,7-disubstituted ld-Hep residue
was attributed to the presence of phosphate at position 7 which
is difficult to remove by hydrolysis. A minor derivative from

3-substituted ld-Hep appeared on the account of partial
dephosphorylation under the conditions of methylation.

In addition to the signals found in the 1H-NMR spectrum of
fraction AF1-VI, the anomeric region of fraction 007-V
contained signals for H-1 of b-GlcNAc at d 4.60 (d, J1,2

7.5 Hz), a-Fuc at d 5.15 (d, J1,2 4 Hz) and a number of a-Glc
residues at d 4.95±5.02 (d, J1,2 3.5±4 Hz). Signals for Hep
residues were observed at d 5.01, 5.12 and 5.36±5.46. There
were also characteristic signals for one N-acetyl group of
GlcNAc at d 2.05 (3H, s), H-6 and H-5 of Fuc at d 1.15 (3H, d,
J5,6 6 Hz) and 4.36 (q), respectively, and PEtn at d 3.29 (CH2N)
and 4.12 (CH2O).

ESI-MS data were in agreement with the methylation
analysis and NMR spectroscopic data. The spectrum contained,
as the main peak, a doubly charged pseudomolecular ion,
[M-2H]2±, at m/z 891.5 deriving from a FucGlcNAcHex2-
Hep4AnKdoPEtn oligosaccharide with a calculated molecular
mass of 1785.5 Da, and a less intense peak at m/z 972.4 from an
oligosaccharide containing one additional Hex (Fig. 2). A
number of minor peaks at m/z 1053.4, 1134.5, 1216.1, 1297.5,
1459.3, 1540.6 and 1621.3 arose from elongation of the glucan
chain by one Glc residue up to a total of 11 residues, and those
at m/z 810.4 and 729.3 from loss of Glc and both Glc and Gal
residues, respectively. Each peak was accompanied by a smaller
peak of the corresponding compound containing Kdo instead of
AnKdo.

These data show that the main oligosaccharide in fraction
007-V is similar, but not identical, to oligosaccharide 3
identified as a component in a mixture from LPS of H. pylori
NCTC 11637 [5]. The two compounds differed in the presence
not only of PEtn, but also of 6-substituted dd-Hep instead of
7-substituted dd-Hep, and in the lack of one of the Glc residues.
Therefore, structure 4 could be proposed for this oligo-
saccharide (Fig. 3). Higher oligosaccharide components of

Table 3. Data of methylation analysis. GLC retention times, for the corresponding alditol acetates, are referred to 2,3,4-tri-O-methylfucose (2,3,4-Me3-Fuc,

1.00) and glucitol hexaacetate (2.67); peak areas are given as percentage of the sum of detector response. TR, trace amount.

Fraction from LPS of H. pylori strain

Relative

retention

AF1 007

Sugar time II III V VI I II III IV V

2,3,4-Me3-Fuc 1�.00 23 5 18 12 6 3

2,4-Me2-Fuc 1�.27 2 5 7 2 3 4 4 9

2,3,4,6-Me4-Glc 1�.33 5 3 14 18 2 2 5 3 14

2,3,4,6-Me4-Gal 1�.38 6 3 1 TR 3 4 3 5 TR

2,4,6-Me3-Glc 1�.66 5 0 3 5 5

2,3,6-Me3-Gal 1�.67 5 13 23 5 7 3 5

2,3,6-Me3-Glc 1�.70 TR 5 6 24 2 0 2

3,4,6-Me3-Gal 1�.72 1 3

2,4,6-Me3-Gal 1�.73 14 6 21 10 4

2,3,4-Me3-Glc 1�.77 23 19 9 6 16 20 25 34

2,3,4,6,7-Me5dd-Hep 1.85 7 1 2

3,4,6,7-Me4dd-Hep 2�.19 3 6 2 2 12 7 6 2

2,3,4,7-Me4dd-Hep 2�.25 5 6 3 4 5 6 11

2,4,6,7-Me4dd-Hep 2�.26 4 17 0 5 15 19 17 3

3,4,6,7-Me4ld-Hep 2�.31 2 4 14 28 2 4 6 9

2,3,4,6-Me4dd-Hep 2�.37 9 26 2 1 TR

2,4,6,7-Me4ld-Hep 2�.38 TR 1 2 5 TR 1 1 2

3,4,6-Me3dd-Hep 2�.71 4 6 12 3 4 6 10

2,4,6-Me3-GlcN 2�.97 TR 1 1 TR 3 2 4

2,6-Me2-GlcN 3�.13 7 2 13 6 6 2 0
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fraction 007-V had longer glucan chains. Because the three
major methylated heptose derivatives were present in similar
amounts, it is suggested that the terminal Glc residue in
oligosaccharide 4 is the site of the glucan chain elongation,
rather than a Hep residue as reported [5,7] and shown in Fig. 1.
It should be mentioned that an a-Fuc-(1!3)-b-GlcNAc
disaccharide fragment is present in 4 as well as in all LPS-
derived products, except for fraction AF1-VI, and seems to be a
core component of H. pylori LPS.

Fraction AF1-V

ESI-MS studies of fraction AF1-V revealed the presence of an
oligosaccharide having the same molecular mass as oligosac-
charide 4, a lower content of glucan-containing higher
oligosaccharides with, on average, shorter glucan chains with
up to seven Glc residues and contamination by oligosaccharide

2 from fraction AF1-VI. The 1H-NMR spectrum contained all
the characteristic signals for, and thus confirmed the presence
of, a major oligosaccharide similar or identical to 4. However,
methylation analysis revealed a difference from fraction 007-V
due to the presence of 7-substituted dd-Hep rather than 6-
substituted dd-Hep. Hence, structure 5 can be inferred as the
main oligosaccharide present in fraction AF1-V. A significant
amount of terminal dd-Hep may indicate incomplete sub-
stitution with the Fuc!GlcNAc fragment, in accordance with
the relatively low content of methylated derivatives from this
disaccharide; however, the occurrence of such a truncated core
oligosaccharide could not be confirmed by ESI-MS data.

Fraction 007-IV

In addition to the core and glucan components present in
fraction 007-V, methylation analysis of fraction 007-IV

Fig. 2. The region of doubly charged pseudomolecular ions, [M-2H]2±, in the negative mode ESI-MS spectrum of fraction 007-V from H. pylori 007.

Compound A has structure 4 shown in Fig. 3; Hex, hexose.

Fig. 3. Structures of the core oligosaccharides

3±5 from H. pylori NCTC 11637 [5], 007

(fraction 007-V), and AF1 (fraction AF1-V),

respectively.
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revealed several other methylated monosaccharides (Table 3).
Of these, 2-substituted and 3-substituted dd-Hep originated
from a dd-heptan and indicated further extension of the core
heptose region, and 3-substituted Glc may be a component of a
glucan chain (compare with structure in Fig. 3). Additional
components were also terminal Fuc, terminal Gal and
3,4-disubstituted GlcNAc which formed a single terminal OPS
repeating unit having the structure of a Lex trisaccharide.

Consistent with these findings, the 1H-NMR spectrum of
fraction 007-IV, compared with the spectrum of fraction 007-V,
contained more signals, including those for additional residues
of b-Gal (H-1 at d 4.45), b-GlcNAc (H-1 at d 4.56) and a-Fuc
(H-6 of two Fuc residues at d 1.16 and 1.18, both d, J5,6

6±6.5 Hz). Signals for H-1 of glucan and dd-heptan were at d
4.97±5.03 and 5.10±5.14, respectively, the latter coinciding
with the H-1 signal of one of the Fuc residues. Attempts to
obtain an ESI mass spectrum for fraction 007-IV, as well as
for higher molecular mass fractions 007-II and 007-III,
failed.

Fraction 007-III

Fraction 007-III contained glucan and dd-heptan chains, the
heptan somewhat longer than the glucan, as inferred in the
methylation analysis from the amounts of 6-substituted Glc on
the one hand, and 2-substituted and 3-substituted dd-Hep on the
other, and also a short OPS chain. The methylation analysis also
displayed typical core and OPS components (Table 3). The core
components were similar to those found in fraction 007-IV. The
OPS components were terminal Fuc, terminal and 3-
substituted Gal, and 3,4-disubstituted GlcNAc. As judged by
the ratio of the methylated Fuc and Gal derivatives, the OPS
chain contained two repeating units, one terminal and one
interior. Accordingly, the 1H-NMR spectrum of fraction 007-III
contained signals for H-6 of three Fuc residues at d 1.15 (6H)
and 1.17 (3H), three N-acetyl groups at d 2.01 (3H) and 2.05
(6H) and one CH2NH2 group of PEtn at d 3.29 (2H).

Fraction AF1-III

Sugar and methylation analyses showed that fraction AF1-III
differed from fraction 007-III in the lower content of terminal
Gal and the appearance of 2-substituted Gal, the ratio of
3-substituted and 2-substituted Gal was < 2 : 1 (Table 3). The
1H-NMR spectrum of this fraction showed signals for H-6 of
Fuc at d 1.14±1.25, N-acetyl groups at d 2.01 and 2.05 and a
CH2NH2 group of PEtn at d 3.29 with the integral intensities
indicating that these groups were present in the approximate
ratio 4 : 4 : 1. From the signals for Fuc H-6, two were at lower
field at d 1.22 and 1.25 and, thus, belonged to a terminal Ley

tetrasaccharide unit. Two other Fuc H-6 signals at d 1.14 and
1.16, which were twice as intense, were almost at the same
positions as in the spectrum of fraction 007-III. These data
suggest that fraction AF1-III contained short OPS chains
having two or three repeating units; most terminated with a Ley

tetrasaccharide, others with a Lex trisaccharide.

Fraction AF1-II

This fraction was distinguished by the presence of long OPS
and glucan chains and the absence of a long dd-heptan chain
(Table 3). The presence of 3,4-disubstituted GlcNAc and the
absence of 4-substituted GlcNAc showed that all repeating
units in the OPS are fucosylated, and the presence of
2-substituted Gal was indicative of the occurrence of a Ley unit
at the nonreducing end of the OPS. The 1H-NMR spectrum
showed the a-Glc H-1 signals from glucan at d 4.98±5.01 and
the major H-1 signals from the OPS for a-Fuc at d 5.10, b-Gal
at d 4.44 and b-GlcNAc at d 4.70, and for H-6 of a-Fuc at d
1.13. Two minor signals for H-6 of Fuc at d 1.22 and 1.25 were
from the terminal Ley tetrasaccharide (Fig. 4), as confirmed by
a COSY experiment which revealed all expected characteristic
Fuc H6/H5 cross-peaks at d 1.13/4.80 (major), 1.14/4.33,
1.22/4.87 and 1.25/4.24 (all minor), from the interior
repeating units (polymeric Lex), core oligosaccharide (compare
data for fraction AF1-VI), and two from the terminal Ley unit,

Fig. 4. 1H-NMR spectrum of fraction 007-II

from H. pylori 007. Insets, the resonance region

of H-6 of Fuc residues of 007-II (A) and AF1-II

(B). Apart from the H-6 region the spectrum of

AF1-II is similar to that of 007-II4. Relevant

chemical shift data can be found in [5±7].
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respectively. One more minor signal at d 1.16 was from the
terminal Lex trisaccharide unit (see below). The ratios of the
integral intensities of the major and minor H-6 signals of Fuc
and the signal for CH2N of PEtn showed the presence of seven
repeating units in the OPS on average, about two-thirds of the
chains being terminated with the Ley tetrasaccharide and one-
third with the Lex trisaccharide.

Fraction 007-II

Fraction 007-II, like fraction AF1-II, was the predominant
OPS-containing fraction. In addition to a long-chain OPS, it
contained glucan and dd-heptan chains (Table 3). Again,
4-substituted GlcNAc was absent, thus indicating complete
fucosylation in the OPS chain. The absence of 2-substituted Gal
suggested that the nonreducing end of the OPS has a terminal
Lex unit. Notably, dd-heptan included both 2-substituted and
3-substituted Hep residues, the latter being predominant. In the
1H-NMR spectrum (Fig. 4), there were the same major OPS
signals as in OPS from H. pylori AF1, but only one minor H-6
signal at d 1.16, which belonged to Fuc from the terminal Lex

trisaccharide. The COSY spectrum showed the expected cross-
peaks at d 1.13/4.79 (major), 1.14/4.31 and 1.16/4.83 (both
minor) from the interior repeating units (polymeric Lex), the
core oligosaccharide and the terminal Lex unit, respectively.
The ratio of the integral intensities of the Fuc minor H-6 signal,
the major signal at d 1.13 and the signal for CH2N of PEtn at d
3.28 indicated the presence of six repeating units in the OPS on
average. The signals for H-1 of a-Glc and a-dd-Hep were in
the regions d 4.98±5.02 and 5.08±5.12, respectively.

Fraction 007-I

Sugar and methylation analyses of fraction 007-I (Tables 2 and
3) showed that it was a mixture of a (1!4)-linked glucan, most
likely a contaminant of the LPS preparation, and a very long
OPS chain. As judged by the ratio of methylated derivatives
from typical OPS and core components, on average, OPS
contains < 40 repeating units. The (1!6)-linked glucan and
(1!3)/(1!2)-linked dd-Hep were also present, but as
expected, their relative contents were lower than in fraction
007-II. The degrees of polymerization of these homopolymers
in fraction 007-I could be estimated as 8 and 6, respectively.

These data showed that the OPSs of H. pylori AF1 and 007
have the structures shown in Fig. 5.

D I S C U S S I O N

Structural studies of carbohydrate products derived by mild
acid delipidation showed that LPS of H. pylori AF1 and 007 are
highly heterogeneous with respect to the size and the structure
of different molecular species. The studies revealed an
incomplete and a complete (except for the Kdo region) core
oligosaccharide, the latter having extended glucan and dd-
heptan regions, and a number of OPS-containing species with a

chain varying from 1±3 to 6±7 or < 40 trisaccharide repeating
units.

The LPS core regions in H. pylori AF1 and 007 showed a
high degree of structural similarity, but not identity, to each
other and to those of strains studied previously [5±10]. The
most significant difference was the presence of a 2-aminoethyl
phosphate group, rather than a phosphate group, as reported
previously [5±7]. The same phosphodiester group has been
found by us in two other H. pylori LPS preparations (A. P.
Moran, Y. A. Knirel & P.-E. Jansson, unpublished data), and
seems to be a common core component of this bacterium. A
feature that distinguished the LPS core of H. pylori 007 is the
presence of a 6-substituted dd-Hep residue, whereas in
H. pylori AF1, as well as in other strains that have been
studied [5±7], the same position in the dd-Hep region is
occupied by a 7-substituted dd-Hep residue.

An extended glucan was found in all LPS species that
contained a complete core. However, we could not confirm that
a dd-Hep residue was the site of attachment of the glucan chain.
Moreover, our data suggested that in H. pylori 007 the glucan
chain elongation started from the Glc!Gal disaccharide
fragment of the complete core, rather than from the
7-substituted dd-Hep residue [7]. The exact site of attachment
of dd-heptan remains unknown. Notably, some of the LPS
species from H. pylori AF1, including those that contained an
OPS chain, lacked any long-chain dd-heptan, a finding
indicating that its presence is not a prerequisite of the
attachment of OPS to the core.

Independent of chain length, OPS always showed complete
substitution of LacNAc units in the main chain by a lateral Fuc
group, whereas strains studied previously produced OPS with
mixed repeating units both containing and lacking Fuc [5±11].
In contrast, nonreducing terminal units were different in the two
strains. Although the terminal unit in H. pylori 007 had the
same structure as other repeating units, namely a Lex trisac-
charide, in H. pylori AF1 most OPS chains were terminated
with the Ley tetrasaccharide. Moreover, studies with these
strains confirmed the usefulness of a simple 1H-NMR spectro-
scopic method to distinguish between the terminal Lex and Ley

oligosaccharides.
Despite the mimicry of Lex and Ley blood group determi-

nants in the OPS chains of H. pylori AF1 and 007 established in
this study, both strains and their isolated LPS did not react with
anti-Lewis mAb. Previous studies have shown that a minimal
chain length is required for recognition of Lex and Ley by
antibodies [14] and, furthermore, that loss of expression of OPS
by H. pylori can occur under certain in vitro cultivation
conditions [3,4]. However, expression of OPS by H. pylori AF1
and 007 was confirmed in electrophoretic and chemical
analyses, and the calculated OPS chain length would be
sufficient for recognition by the antibodies. Therefore,
compared with other strains, the presence of a polymeric Lex

chain and observed differences in the core of the LPS (e.g.
presence of a 2-aminoethyl phosphate group and site of
attachment of the glucan chain) may influence the presentation

Fig. 5. Structures of the O-chain polysaccharides of H. pylori AF1 and 007. n = 0 or 1 in strain AF1 and 0 in strain 007, m = 0±2, 6±7 in strain AF1 and

m = 0±2, 6±7 or about 40 in strain 007, the medium-size species being predominant.
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of Lex and Ley units, particularly terminal ones, for recognition
by antibodies.

The lack of detection of Lex and Ley in H. pylori AF1
and 007 using antibodies has important implications for
serological and pathogenesis studies. First, a proportion of
H. pylori strains (15±20%) has been reported as untypable
with anti-Lewis, particularly anti-Lex and anti-Ley, and have
been assumed to possess different structures [15,16].
Secondly, because of these potentially false-negative sero-
logical results, expression of Lex and Ley blood group
determinants by H. pylori may be more common than
assumed previously [13,15]. Thirdly, the use of anti-Lewis
in typing H. pylori strains should be applied with caution as
the antibodies may be recognizing only substructures of the
respective antigen [10] and antigenic determinant presen-
tation in LPS may influence antibody reaction. Finally,
because the pathogenic relevance of Lewis antigen mimicry
in H. pylori is unclear [12,13], and the role of this mimicry
in the induction of H. pylori-related autoimmunity is yet to
be established unequivocally [13,14,27,28], the use of
serological techniques alone to detect the occurrence of
Lex and Ley in H. pylori strains should be reconsidered when
studying the latter pathogenic phenomenon.
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