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Abstract

A lipopolysaccharide (LPS) was isolated by hot phenol-water extraction from Helicobacter pylori strain D4 and
found to contain no fucosylated poly-N-acetyllactosamine chain typical of most H. pylori strains studied but a
homopolymer of D-glycero-D-manno-heptose (DD-Hep). The heptan attached to a core oligosaccharide was released
by mild acid degradation of the LPS, and the following structure of the trisaccharide-repeating unit was established

by chemical methods and 'H and '*C NMR spectroscopy:

— 2)-D-a-D-Hepp-(1 — 3)-D-a-D-Hepp-(1 — 3)-D-a-D-Hepp-(1 —

'H NMR spectroscopy performed on small amounts of the intact LPS revealed the presence of the same
polysaccharide in LPS of H. pylori strains D2 and DS, but not strain D10. © 2001 Published by Elsevier Science Ltd.

All rights reserved.
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Helicobacter pylori is a prevalent pathogen
of humans,' and infection is associated with
the development of gastritis, gastric and duo-
denal ulcers, and gastric cancer.” As the lipo-
polysaccharide (LPS) of H. pylori interacts
with the bacterial microenvironment and the
infected host, attention is focusing on its
structure and contribution to pathogenesis.?

* Corresponding author. Tel.: + 46-858-583821; fax: + 46-
858-583820.

E-mail address: pererik.jansson@kfcmail.hs.sll.se (P.-E.
Jansson).

The low phosphorylation and unusual acy-
lation pattern of the lipid A moiety* have been
suggested to contribute to the low endotoxic
activity and low immunological response ob-
served with H. pylori LPS.** Structural studies
on the LPS of certain H. pylori strains have
shown that the O-chain polysaccharide ex-
hibits mimicry of Lewis* and/or Lewis’ blood
group antigens by expression of the corre-
sponding determinants in the O-chain or lo-
cated at the nonreducing end of the O-chain
polysaccharide.®'* Typically, the O-polysac-
charide is an a-L-fucosylated poly(N-acetyl-f-
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lactosamine) chain,® '* which may be addi-

tionally decorated with a-D-glucose or o-D-
galactose residues.”'* Furthermore, Lewis?,
Lewis®, and H type I antigenic determinants
have been found in the LPS of some other H.
pylori strains.®'3 Although Lewis and related
blood group antigens are present in the hu-
man gastric mucosa,'> the pathogenic rele-
vance of Lewis antigen mimicry by H. pylori
remains largely unclear. Recently, a different
polysaccharide type, which contains no typical
H. pylori O-chain components, but D- and
L-rhamnose, and a new branched sugar, 3-C-
methyl-D-mannose, has been reported in the
LPS of three H. pylori strains.'®

A peculiar feature of the LPS of some H.
pylori strains is the presence of an additional
D-glycero-D-manno-heptan chain,®®!'?> which
was postulated to intervene between the O-
chain and the LPS core®® In the present
paper we report on the structure of the D-
glycero-D-manno-heptan present in the LPS of
some H. pylori strains, which are non-typeable
with anti-Lewis antibodies.

Mild acid degradation of the LPS from H.
pylori strain D4 resulted in one oligosaccha-
ride and two polysaccharide fractions, which
were separated by GPC on Sephadex G-50.
Sugar analysis of the oligosaccharide fraction
revealed typical components of H. pylori LPS
core, namely, Glc, Gal, D-glycero-D-manno-
heptose (DD-Hep), and L-glycero-D-manno-
heptose (LD-Hep),'*!? together with minor
amounts of Fuc, Man, and GIlcNAc. The neg-
ative mode electrospray ionisation mass spec-
trum showed a doubly charged peak for the
pseudomolecular ion [M —2HP*~ at m/z
620.8, which corresponds to a Hex,Hep;-
anhKdoPEtn oligosaccharide (where anhKdo
i1s an anhydro form of 3-deoxy-D-manno-oct-
2-ulosonic acid and PEtn is 2-aminoethyl
phosphate) with a calculated molecular mass
of 1243.4 Da. The structure of a core oligosac-
charide of the same composition from the LPS
of H. pylori AF1 has been reported.'?

A minor polysaccharide fraction that eluted
from Sephadex G-50 first, consisted mainly of
a (1 - 3)-linked galactan (sugar and methyla-
tion analysis data). Sugar analysis of the ma-
jor polysaccharide fraction that eluted next,
revealed mainly DD-Hep together with smaller

amounts of Rha, Fuc, Man, Glc, Gal, GIcN,
and LD-Hep (the ratios were
1:0.03:0.02:0.02:0.4:0.07:0.16:0.04). The abso-
lute configuration of DD-Hep was confirmed
by GLC analysis of the (+)-octyl gly-
cosides.!” Methylation analysis of the heptan
demonstrated the presence of 3-substituted
and 2-substituted heptopyranose residues in
the ratio ~ 2:1.

The '"H NMR spectrum of the heptan (Fig.
1) showed three major signals in the anomeric
region (0 5.39, 5.12, and 5.03) and signals for
other ring protons in the region ¢ 3.72-4.22.
In addition, there were a number of minor
signals, including those for ethanolamine (o
3.29, CH,N), GIcNAc (0 2.05, s, NAc), Fuc (0
1.17, d, H-6; correlating in the COSY spec-
trum with 0 4.3, H-5), and Rha (¢ 1.31, d,
H-6; correlating in the COSY spectrum with ¢
3.8, H-5). The '*C NMR spectrum showed the
major signals for three anomeric carbons at o
103.7, 103.6, and 101.9, three HOCH,-C
groups at ¢ 63.7 and 63.6 (2C), and 15 other
carbons in the region ¢ 80.1-68.3. These and
methylation analysis data indicated that the
heptan has a trisaccharide repeating unit.

The 'H and "*C NMR spectra of the heptan
were assigned using two-dimensional homo-
and heteronuclear correlated experiments
COSY, TOCSY, and H-detected 'H."*C
HMQC (Table 1). The ppD-Hep residues were
denoted as A, B, and C according to decreas-
ing '"H NMR chemical shifts of the signals
from the anomeric protons. All three showed
non-resolved Jy ., couplings, intraresidue
H-1,H-2 correlations in a NOESY experiment
with no correlations between H-1 and H-3/H-
5, and ¢ at high numerical values (Fig. 2);
hence, all bD-Hep residues are a-linked.

Downfield displacements of the signals for
C-2 of unit A and C-3 of units B and C to ¢
81.1-79.8 demonstrated the glycosylation pat-
tern of the heptan. The monosaccharide se-
quence was determined using a NOESY
experiment (Fig. 2), which showed inter-
residue correlations between the following
transglycosidic protons: A H-1/B H-3 at ¢
5.39/3.97, B H-1/C H-3 at ¢ 5.11/3.88, and C
H-1/A H-2 at o0 5.02/4.06. These data show
that the heptan from the LPS of H. pylori D4
has the following structure:
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— 2)-D-a-D-Hepp-(1 — 3)-D-a-D-Hepp-(1 — 3)
A B
-D-o-D-Hepp-(1 —
C

This structure is different from that reported
for a D-glycero-D-manno-heptan present in the
LPS of H. pylori serogroups O:3 and O:6,
which suggested it to be an a-(1 — 3)-linked
homopolymer.®

The failure to detect, in the methylation
analysis, a penta-methylated DD-Hep deriva-
tive indicated that the polysaccharide chain is
terminated with another sugar residue or an
oligosaccharide built up of minor compo-
nents, such as Fuc, Rha, Gal or/and GIlcNAc.
As it is evident from the '"H NMR spectrum,
by comparing anomeric and CH; signals, that
the O-chain is short, for example in the order

of some ten repeating units, it should be possi-
ble to see terminal sugars. Therefore, the hep-
tan may intervene between the different LPS
regions, e.g., between the core oligosaccharide
and an O-antigen oligosaccharide or polysac-
charide in H. pylori.

Small amounts (~3 mg) of the nonde-
graded LPS from three more H. pylori strains
were analysed by '"H NMR spectroscopy. The
major sugar signals in the spectrum of the
LPS from H. pylori strains D2 and D5 were
essentially the same as in the spectrum of the
heptan from H. pylori strain D4, and no sig-
nificant signals belonging to another polysac-
charide were present. Sugar and methylation
analyses of the carbohydrate material derived
by mild acid degradation of these LPS confi-
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Fig. 1. 'TH NMR spectrum of the heptan from H. pylori strain D4 LPS. Sugar residues are denoted by letters as follows: A—C,
heptose residues; F, fucose; R, rhamnose. NAc and Etn stand for the N-acetyl group of GlcNAc and the NCH, group of

ethanolamine phosphate, respectively.

Table 1
Chemical shifts (5) of the signals in the 'H and '*C NMR spectra of the D-glycero-D-manno-heptan from H. pylori D4 LPS
Sugar residue H/B3C

1 2 3 4 5 6 7 (7a) b
—2)-a-Hepp-(1 - 5.39 4.06 3.97 3.82 3.83 4.06 3.73 3.82
A 101.9 80.1 71.9 69.5 75.4 73.3 63.6
—3)-0-Hepp~(1 — 5.11 422 3.97 3.90 3.88 4.04 3.75 3.84
B 103.6 71.1 80.0 68.3 75.0 73.6 63.6
— 3)-a-Hepp-(1 - 5.02 4.22 3.88 391 3.79 4.01 3.72 3.79
C 103.7 71.0 79.8 68.7 75.3 73.8 63.7
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Fig. 2. Part of a NOESY spectrum of the heptan from H. pylori strain D4 LPS. The corresponding parts of the '"H NMR
spectrum are shown along the axes. Sugar residues are denoted as shown in Table 1.

rmed the presence of a heptan having the
same structure as shown above. In contrast,
the '"H NMR spectrum of the LPS from H.
pylori D10 contained no signals from the hep-
tan, but a single signal for an anomeric proton
at 6 5.40 (d, J,, ~3 Hz). This belonged to an
a-(1 = 4)-linked glucan (bacterial glycogen), as
followed from sugar and methylation analyses
data. A similar glucan has been identified in
the LPS preparation from H. pylori 007.'2
Therefore, '"H NMR spectroscopy applied to
small amounts of LPS is a useful tool for
screening H. pylori strains for the presence of
various polysaccharide types.

1. Experimental

Bacterial strains and cultivation.— H. pylori
strains D2, D4, D5, and D10 were isolated
from biopsies at the Department of Clinical
Microbiology, Rigshospitalet, Copenhagen,
Denmark. Serological analysis by both West-
ern blotting and an enzyme-linked immuno-

sorbent assay with monoclonal antibodies
against a variety of Lewis antigens (anti-Le*-
LeY-sialyl-Le*, -Le*-Le®, or -H type I) or
against blood group determinants (anti-A, -B,
or -AB), as described previously,'> showed
that strains were non-typeable. The bacterial
strains were grown on blood agar to produce
biomass as described previously.'®

Isolation and degradation of lipopolysaccha-
rides.—LPS (12 mg) of strain D4 was isolated
by extraction of biomass with hot aq phenol*’
in a yield of 3.6% (dry weight), and degraded
with 0.1 M AcONa buffer, pH 4.2, for 2 h at
100 °C. The water-soluble carbohydrate por-
tion was fractionated by GPC on a column
(70 x 2.6 cm) of Sephadex G-50 using 0.05 M
pyridinium acetate, pH 4.5, as eluent and a
flow rate of 0.5 mL/min. Monitoring was per-
formed with a Waters differential refractome-
ter and 10-mL fractions were collected. The
yield of the two polysaccharide fractions was 1
mg each ( ~ 8% of the LPS weight), and that
of the core oligosaccharide was 3 mg (20%).
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LPS of strains D2, D5, and D10 were iso-
lated in small amounts (3 mg each) by the
phenol-water procedure.” After 'H NMR
spectroscopic analysis, they were degraded as
above, and the carbohydrate material was
studied by sugar and methylation analysis
without fractionation by GPC.

Sugar and methylation analyses.—Hydroly-
sis was performed with 2 M trifluoroacetic
acid (120°C, 2 h). Monosaccharides were
identified by GLC of the alditol acetates®
using a Hewlett—Packard 5880 instrument
equipped with a DB-5 fused-silica capillary
column (25 m x 0.25 mm) and a temperature
gradient of 160 °C (1 min) to 250 °C at 3 °C/
min. The absolute configuration of DD-Hep
was established by GLC of the acetylated
(+)-2-octyl glycosides,'” using for compari-
son a sample derived from the synthetic au-
thentic monosaccharide.

Methylation was performed using methyl
iodide in dimethyl sulphoxide in the presence
of sodium methylsulphinylmethanide.*! Hy-
drolysis was performed as for sugar analysis,
and subsequently partially methylated
monosaccharides were reduced with NaBD,,
converted to the alditol acetates, and analysed
by GLC-MS on a Hewlett—Packard 5890
chromatograph equipped with a NERMAG
R10-10L mass spectrometer, using the same
chromatographic conditions as in GLC.

NMR spectroscopy and MS.—NMR spec-
tra of the heptan from H. pylori D4 (1 mg) in
600 pL of 99.96% D,O were recorded at 50 °C
using a Bruker DRX-500 instrument. Chemi-
cal shifts are reported in ppm relative to inter-
nal acetone (0 2.225, o 31.45) as a reference.
Standard Bruker software (XWINNMR 1.2) was
used to acquire and process NMR data. A
mixing time of 100 and 150 ms was used in
TOCSY and NOESY experiments, respec-
tively. NMR spectra of the whole LPS from
H. pylori D2, D5, and D10 were recorded on
a Varian Inova 600 instrument at 25 °C.

Electrospray ionisation MS was performed
in the negative mode using a VG Quattro
triple quadrupole mass spectrometer (Micro-
mass, Altrincham, UK) with MeCN as the
mobile phase at a flow rate of 10 pL/min.
Samples were dissolved in 50% aq MeCN at a
concentration of about 50 pmol/puL, and 10

puL was injected via a syringe pump into the
electrospray source.

Acknowledgements

This work was supported by research grants
from INTAS (97-0695), the Swedish Natural
Science Research Council (to P.E.J. and to
G.W.), Royal Swedish Academy of Sciences
(to P.E.J.), Irish Health Research Board (to
A.P.M.), and Millennium Research Fund (to
A.P.M.. SN.S. and Y.AK. thank the
Karolinska Institute for fellowships. We thank
Professor S. Oscarson for the sample of D-
glycero-D-manno-heptose.

References

1. Dunn, B. E.; Cohen, H.; Blaser, M. J. Clin. Microbiol.
Rev. 1997, 10, 720-741.

2. Hunt, R. H. Scand. J. Gastroenterol. 1996, 31, 3-9.

3. Moran, A. P. Aliment. Pharmacol. Ther. 1996, 10, 39-50.

4. Moran, A. P.; Lindner, B.; Walsh, E. J. J. Bacteriol.
1997, 179, 6453—-6463.

5. Moran, A. P. FEMS Immunol. Med. Microbiol. 1995, 10,
271-280.

6. Monteiro, M. A.; Chan, K. H. N.; Rasko, D. A.; Taylor,
D. E.; Zheng, P. Y.; Appelmelk, B. J.; Wirth, H. P,;
Yang, M. Q.; Blaser, M. J.; Hynes, S. O.; Moran, A. P.;
Perry, M. B. J. Biol. Chem. 1998, 273, 11533-11543.

7. Aspinall, G. O.; Mainkar, A. S.; Moran, A. P. Glycobiol-
ogy 1999, 9, 1235-1245.

8. Aspinall, G. O.; Monteiro, M. A.; Shaver, R. T.; Kur-
janczyk, L. A.; Penner, J. L. Eur. J. Biochem. 1997, 248,
592-601.

9. Aspinall, G. O.; Monteiro, M. A. Biochemistry 1996, 35,
2498 -2504.

10. Aspinall, G. O.; Monteiro, M. A.; Pang, H.; Walsh, E. J.;
Moran, A. P. Biochemistry 1996, 35, 2489-2497.

11. Aspinall, G. O.; Monteiro, M. A.; Pang, H.; Walsh, E. J.;
Moran, A. P. Carbohydr. Lett. 1994, 1, 151-156.

12. Knirel, Y. A.; Kocharova, N. A.; Hynes, S. O.; Wid-
malm, G.; Andersen, L. P.; Jansson, P.-E.; Moran, A. P.
Eur. J. Biochem. 1999, 266, 123—131.

13. Monteiro, M. A.; Appelmelk, B. J.; Rasko, D. A,
Moran, A. P.; Hynes, S. O.; MacLean, L. L.; Chan, K.
H.; Michael, F. S.; Logan, S. M.; O’Rourke, J.; Lee, A.;
Taylor, D. E.; Perry, M. B. Eur. J. Biochem. 2000, 267,
305-320.

14. Monteiro, M. A.; Rasko, D.; Taylor, D. E.; Perry, M. B.
Glycobiology 1998, 8, 107-112.

15. Sakamoto, J.; Watanabe, T.; Tokumaru, T.; Takagi, H.;
Nakazato, H.; Lloyd, K. O. Cancer Res. 1989, 49, 745—
752.

16. Kocharova, N. A.; Knirel, Y. A.; Widmalm, G.; Jansson,
P.-E.; Moran, A. P. Biochemistry 2000, 39, 4755-4760.

17. Leontein, K.; Lindberg, B.; Lonngren, J. Carbohydr. Res.
1978, 62, 359-362.



224 S.N. Senchenkova et al. / Carbohydrate Research 331 (2001) 219—-224

18. Moran, A. P.; Helander, I. M.; Kosunen, T. U. J. 20. Sawardeker, J. S.; Sloneker, J. H.; Jeanes, A. Anal. Chem.
Bacteriol. 1992, 174, 1370-1377. 1965, 37, 1602—1603.
19. Westphal, O.; Jann, K. Methods Carbohydr. Chem. 1965, 21. Hakomori, S.-I. J. Biochem. (Tokyo) 1964, 55, 205-

5, 83-91. 208.



