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ABSTRACT. Lipopolysaccharides (LPS) from pherabater extraction of dyspeptic (P466) and asymptomatic
(MO19) strains ofHelicobacter pyloriwere each isolated as water-soluble material of high relative
molecular mass (higM;) and as water-insoluble gels of loM,. Chemical and spectroscopic analyses

of the soluble LPS and oligosaccharides liberated from the water-insoluble gels led to proposed structures
for chains comprising the O antigen, intervening, and core regions. As in the LPS from the type strain
NCTC 11637 [Aspinall, G. O., et al. (1998)jochemistry 35000], the O antigen region of the P466 LPS

is characterized by the presence of extended chains with fucosylated and nonfucdégestyllactosamine

units, the former carrying.-L-fucopyranose units at O-3 gFp-GIcNAc residues. This structure differs

from that of the type strain in termination of the O chain by a L&Jli®Y) antigenic determinanofL-
Fuc(t=2)3-b-Gal(1—4)[a-L-Fuc(1—3)]5-p-GlcNAc] but also has internal LewigLeX) units. The inner

core region of the P466 LPS is indistinguishable from that in the type strain. In contrast, the O antigen
region of the LPS from strain MO19 consists of a singlé épitope linked via a 3-linke@-p-Gal to an
intervening region on the basis of a sequence of 3-linkgdlycero-a-p-manneheptose residues which

is in turn linked to an inner core identical to that in the type strain and the P466 strain. Results in this
and the preceding paper show that LPS from the titegylori strains display molecular mimicry of
human cell surface glycoconjugates but may vary in the expression‘af lLey determinants, the degree

of O antigen chain extension, or in the presence of an additional region between the inner core and the
O antigen.

Lipopolysaccharides (LPSomprise an important group  however, were noted without regard to possible structural
of bacterial cell surface carbohydrate components which differences in LPS. Evidence that such differences occur
often interact specifically with surface components of an has been indicated by the differentiation betwetrpylori
infected host. In the case dfielicobacter pylorj the strains in electrophoretic patterns in sodium dodecyl sufate
bacterium has been variously implicated as a causative agenpolyacrylamide gel electrophoresis coupled with antigenic
of gastritis, gastric and duodenal ulcers, and gastric carci- gnalyses with strain-specific antisera [see also Mills et al.
noma (Cover & Blaser, 1995). The chemical structure of (1992)]. In experiments of a different type, Baret al.
LPS has remained largely undefined, although LPS is known (1993) reported differences in the binding of strainsHof
to have low endotoxic activity, induces a low immunological pylori to human gastric mucosal cells containing the Léwis
response, and has been implicated in a variety of biological (Le) antigen. The binding of one such strain, P466 from a

|n|teract||ops. TTesfe mclude_tﬁn |nh|b|t<|)_ryteff(.atct t?\n m;;cus patient with dyspeptic syndrome (Falk et al., 1993), to gastric

glycosy'ation, interierence with mucosal integrty, the simu- -, 5 \vas inhibited by the Lantigen, whereas the MO19

lation of pepsinogen secretion, and a role in the mediation . . . : : .
strain, from an asymptomatic patient, did not bind to gastric

of adherence of the bacterium laminin in the basement Althouah LPS timplicated in the int i
membrane [for a review, see Moran (1995)]. These effects, mucosa. AThougr was notimpiicated in the interaction
or lack of interaction of theskl. pylori strains with gastric

mucosa, the observations of Falk et al. (1993) and Bete
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1 Abbreviations: 1D, one-dimensional; 2D, two-dimensional; COSY, presence in the LPS of O chains bearing thé &mstigenic

correlated spectroscopy; El, electron impact; FAB/MS, fast atom determinant. A preliminary account of this aspect of the

bombardment/mass spectrometry; Fuc, fucose; Gal, galactose; GC/MS, . .
gas chromatography/mass spectrometry; Glc, glucose; GIcNAC, LPS structure has been published (Aspinall et al., 1994), and

acetylglucosamine; GPC, gel-permeation chromatography; Hep, hep-full details of the study leading to a complete assignment of

tose; pbp-Hep, p-glycerob-manneheptose (similarly forLp-Hep); ;
HMBC, heteronuclear multiple bond correlation spectroscopy; KDO, the_StrUCture, of the p0|ysacc_ha”de qompon,ent from the O
3-deoxyp-manneoctulosonic acid; LacNAdy-acetyllactosaming3fo- antigen chain through an intervening unit to the core

Galp(1—4)p-GlcpNAc); LPS, lipopolysaccharide; NOESY, nuclear gligosaccharide (OS) are reported in the preceding paper

Overhauser enhancement spectroscopy; OS, oligosaccharide; ROESY, . . .
rotating frame nuclear Overhauser enhancement spectroscopy; TOCSY,('A‘Spm"’lII etal., 1996). In this paper, we describe the results

total correlated spectroscopy. of studies on LPS from thid. pylori P466 and MO19 strains.
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EXPERIMENTAL PROCEDURES

e

Table 1: Methylation Linkage Analysis of LPS and Derived

Oligosaccharide®©S-1, 0S-2, 0S-3 andOS-4 from H. pylori P466

Except as listed below, experimental procedures were thos
described in the preceding paper (Aspinall et al., 1996).

Isolation of Lipopolysaccharides (LPS) and Liberated Core
Oligosaccharides. H. pylorstrains P466 and MO19 (Falk

approximate molar ratiés

0s-3
LPSOS-1 0S-2 (P466) OS-4

structural units from
methylation analysis

et al., 1993; Bore et al., 1993) were kindly provided by
Dr. T. Boren (University of UméaSweden), and the strains
were grown in the laboratory of Dr. J. L. Penner (Department
of Microbiology, University of Toronto) as described by
Mills et al. (1992). LPS were isolated by hot phenalater
extraction as described previously (Aspinall et al., 1994),
yielding soluble highM; LPS and insoluble lowd, LPS as

a gel. The soluble fractions were purified by GPC on Bio-
Gel P-6 to furnish LPS used in further studies. Core
oligosaccharides were liberated from the insoluble gel by
heating in acetate buffer at pH 6.5 (Yamasaki et al., 1993)
as reported in the preceding paper, and the solubilized OS
were fractionated by GPC on Bio-Gel P-2 (Aspinall et al.,
1996). Inthe case of OS from P466 LPS, elution with water
afforded two broad carbohydrate-rich bands (Dubois et al.,
1956), scanning byH NMR within each of which showed

O antigen region

Fuc 5 4 2
—3)Gal 4 3 0.5
—2)Gal 1 1 1
—3)GIcNAC 0.5
—4)GIcNAC 1 1
—3/4)GIcNAc 4 3 1
intervening and core regions

Glc 1 1 1 1 0.5
—3)Glc 1 1 1
—4)Gal 1 1 1 1 0.5
pD-Hep tr 0.5
—7)pp-Hep 1 1 1 1 0.5
—2/7)pp-Hep 1 1 1
LD-Hep tr
—2)Lo-Hep 1 1 1 1 1
—3)Lp-Hep

5! 1 1 1 1
—3)Lp-Hep(P)
—5)Kdo nd nd nd 1 nd

sufficient differences to justify arbitrary separation of material
into OS-1and0S-2 and 0S-3 and OS-4, respectively.

aFor comment on the assessment of data, see Methylations in
Experimental Procedures of Aspinall et al. (1996).

IH, 13C, and 3P NMR Spectroscopy.The following
additional parameters were used in 2D NMR experiments:
NOESY and/or ROESY, 256 2048 data matrix, zero-filled
to 1024 data points if, 128 scans pdi value, recycle delay
of 2.0 s, mixing time of 300 ms, and with shifted sine-squared
filtering in t; andty; *H—31P HMBC, 512x 512 data matrix,
zero-filled to 1024 data points, and 128 scanstperlue.

RESULTS

The structure for the LPS from thd. pylori type strain
NCTC 11637 (Aspinall et al., 1996) served as a reference
point, and the strategies employed in its elucidation were to
provide the guidelines in the examination of LPS from other
H. pylori strains. With no formal distinction between rough-
and smooth-form LPS of strains P466 and MO19, bacterial
cell extracts were divided into soluble high- LPS with
extended outer chains and insoluble IMyLPS. Oligosac-

tions) of sugars, Glcpp-Hep, andib-Hep. The identities
and anomeric configurations of the principal sugar residues

were defined by*H and *C NMR as those ofr-L-fucose

[04-1 5.19 (minor) and 5.02 (major), each, 3.8 Hz; ¢
99.6 (C-1) and 15.1GHs)], 5-p-galactose ¢n.1 4.69, Ji 2
7.2 Hz; 0¢ 103 (C-1)], andN-acetyl{3-p-glucosamine ¢n.1
4.50,J12 7.7 Hz; 6c 102.4, 102.6 (C-1), 175.0C0), 55.7
(C-2), and 22.5CHs)].

Linkage analysis performed on the permethylated LPS
showed the presence of terminal Fuc, 2-linked Gal, 3-linked
Gal, and 4- and 3,4-linked GIcNAc residues in the ap-
proximate molar ratio of 5:1:4:1:4, with approximately 1 M
proportion each of variously substituted Gbn-Hep, and
Lb-Hep residues arising from the inner region of the LPS
(Table 1). An important difference in this LPS from that of
the type strain NCTC 11637 was the presence of a 2-linked

charide fractions comprising inner core and developing O Gal residue and the absence, other than in trace amounts, of
antigen chains were liberated and separated by GPC fora terminal Gal residue. The significance of the 2-linked Gal
detailed study. With considerable microheterogeneity in eachresidue arising from a Fuc{t2)Gal unit was seen in the
of these fractions, compositional and linkage analysis gave FAB mass spectrum of the permethylated LPS showing a
only average values for constituent residues. However, sincefragment ion anv/z 812 of composition Fug Gal, GIcNAc
each type of constituent sugar, dHex, Hex, HexNAc, and which could have arisen from either an®Ler an L¢
Hep, was of different mass, FAB/MS data for pseudomo- determinant, but the detection of a secondary fragment ion
lecular ions and fragment ions, in conjunction with linkage atm/z606 fromg-elimination of a terminal Fuc residue from
type information, provided precise estimates of composition O-3 of GIcNAc, and not atn/z 402, pointed to the Le
and often of structure for the individual components of epitope (Figure 1) (Egge & Peter-Katalinic, 1987). Fragment
mixtures. Assuming that smaller molecules comprise the ions of higher mass were observedmt 1435 (Fug, Gab,
first steps in the progressive development of the mature LPS,GIcNAc,) and 2158 (Fug Gak, GIcNAGc3) with increments
the evidence for these defined components could be turnedof Fuc, Gal, GIcNAc, and from the former, a secondary ion
into an advantage in the elucidation of the structure of the was observed with loss of a terminal Fuc residue (206 amu),
complete molecule. indicating a regular chain extension oflinits in a type 2
Characterization of Water-Soluble LPS of High vbm fucosylatedN-acetyllactosaminoglycan. For confirmation
H. pylori Strain P466. Water-soluble LPS was examined that the lactosaminoglycan backbone consisted of regular
directly without cleavage from lipid A in order to avoid Gal(1—4)GIcNAc repeating units, the soluble LPS was
cleavage of any relatively acid-sensitive fucopyranosyl heated with aqueous 5% acetic acid at 2@for 1 h, in
linkages. Compositional analysis showed that the main which process cleavage from lipid A was accompanied by
constituents were Fuc, Gal, and GIcNAc in the approximate defucosylation giving®?S-1 *H and*C NMR data for the
molar ratio of 4:6:5, with smaller amounts-2 M propor- degraded glycan showed two dominant anomeric resonances
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B RECETEEELEH

1220 < 1435 |

605 <-812 | :
D-Gak(1->4)-B-0-GIoNAC-{1--53)--D-Ga1-->4)-B-D-GlcNAC~(1-->3)-B-D-Gal{1->
2 3 3

t | 1
1 1 1
o-Fuc a-L-Fue a-L-Fue

m'z values for fragment ions in FAB-MS from fucosylated
chain termini in permethylated P466 LPS

Gak{1->8)-GleNAc+(1-->3)-Gal-(1-->4)-GlcNAC-(1-][->3)-LacNAc~(1-],->3)-Gal-{1-->4)-GlcNAc-{1-->[Core OS]
2 3 3 3

| I ] |
1 1 1 1
Fue Fuc Fuc Fuc

- *
O antigen of P460 LPS .
Q antigen of P46§ LPS Controlled defucosylation

5% AcOH, 100°,1 h

93(n=1) !
1362(n=2)
1911 (n=3) !
2260(n=4) :

-t
464

ﬁ-D-GaI-(->4)-B-D-GIcNAc-(1-[->3)-B-D-Gal~(1->4)-B-D~GlcNAc-(1'~],.->[Core 08] PS-1

m'z values for fragment ions in FAB-MS of permethylated PS-1

Ficure 1: Transformations of water-soluble LPS frdth pylori
strain P466 with analysis of positive ion FAB/MS data for the
permethylated O antigen chain of LPS and of the permethylated
derivative of acid-liberated and defucosylafe8-1 The structure

Aspinall and Monteiro

fractions or subfractions, not all of which were present in
sufficient quantity for detailed analysis. Compositional
analyses are given in the text, and methylation linkage
analyses for key fractions are summarized in Table 1.

Characterizations of P466 Cor®S-3and OS-4 These
fractions gave qualitatively similar analyses for composition
and linkage types, but mass spectral data provided suf-
ficiently different insights into sugar sequences and location
of the phosphate unit to justify separate consideration. Sugar
constituents of the O chain region, notably Fuc and GIcNAc,
were absentOS-3containec-Glc, b-Gal, bb-Hep, and.p-

Hep in the approximate molar ratio of 1:1:1:2. Linkage
analysis (Table 1) showed the presence of terminal Glc,
4-linked Gal, 7-linkecbp-Hep, 2-linkedL.p-Hep, a less than
equivalent proportion combined of 3-linket-Hep and a
3,7-di-O-substitutedp-Hep (incompletely liberated from a
phosphorylated residue), and 5-linked KdéP NMR
showed a single phosphoric monoester resonande3af

(pD 7). A 2D H—3P HMBC experiment showed a con-
nectivity from the phosphorus nucleus to a proton resonance
ato 3.60 in a region of the spectrum occupied by H-7 protons
of heptose residues (Mar-Loennies et al., 1994) in accord

shown for the O antigen chain is without regard to the sequence of with the indications from linkage analysis for the site of

the internal fucosylated and nonfucosylatBdacetylacetyllac-
tosamine units.*>3)LacNAc(1-= —3)5-b-Gal(1—4)5-p-GIcNAc(1-.

for f-Gal (On.1 4.69 anddc.1 102.3) andB-GIcNAC (On-1
4.49 anddc.; 103.1) residues. Th&P NMR spectrum of
acid-liberated”S-1showed a single resonanced8.78 at

pD 6 assignable to a phosphoric monoester. Methylation
linkage analysis established that 3-linked Gal and 4-linked
GIcNAc residues were the main units with no detectable
3-linked GIcNAc residues. The proportion of Gal end groups
indicated an average chain length of four to five disaccharide
units. FAB/MS supported a regularly repeating structure for
the N-acetyllactosaminoglycan backbone chain of the O
antigen region of the P466 LPS with a series of glycosy-
loxonium ions atm/z 464, 913, 1362, 1811, and 2260 from

phosphorylation.*H NMR data (from COSY and TOCSY)

for OS-3showed five anomeric resonancesdeGlc (6 4.8
andJ; » 3.9 Hz) ands-Gal (0 4.5 andJ;; 7.9 Hz) and for
three heptose residues with thenannoconfiguration, each

as unresolved doublets,@6.45 and 5.00 (double intensity).
These resonances corresponded to those of the complete
hexasaccharide structure shown in Figure 3. In addition,
minor resonances observed in the radge.45-5.00 were
presumably those of the corresponding three heptose residues
present in small amounts in chains deficient in outer chain
residues and/or phosphorylation. A 2Bi-'H ROESY
experiment orDS-3showed inter-residue contacts from H-1

of a-Glc to H-4 ( 3.98) of 5-Gal and from H-1 of3-Gal to

H-7 or H-7 (6 3.58) of ana-Hep residue.

preferential cleavage at GIcNAc residues. The proposed FAB/MS of permethylated P466S-3 (not shown) gave

structure for the O antigen chain of the P466 LPS is shown
in Figure 1.

Examination of Core Oligosaccharide Fractions Liberated
from Water-Insoluble LPS of H. pylori Strain P46@reat-

a pseudomolecular ion [(M- H) —46]t at m/z 1429 in
relatively low abundance for a complete hexasacccharide
[HexoHepsKdo] but also ions from the shortened chains of
a phosphorylated tetrasaccharide [gléh Kdo] atnVz 1115

ment of the water-insoluble LPS preparation in acetate buffer [(M + H) —46]" and, in somewhat larger abundance, from
at pH 6.5 (Yamasaki et al., 1993) with cleavage of the the nonphosphorylated tetrasaccharide [Fid¢qmo] at nvz

ketosidic linkage to lipid A gave a mixture of oligosaccha-
rides which was separated by GPC to give a series of

x2
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0s-4
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ki
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2 649

511
104 581
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1021 [(M + H) — 46]. A relatively prominent fragment
ion (Hep) from the nonphosphorylated molecule was seen

x5

‘ 1451

1523
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FIGURE 2:

Positive ion FAB/MS spectrum of permethylaté$-4 from P466 LPS.
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r Table 2: Methylation Linkage Analysis of LP®S-1, and Derived

Oligosaccharid®S-3 from H. pylori MO19
approximate molar ratiés

7
-D-Glo-{1->4)-B-D-Gal-{1->7)-DD-Hep-(1->2)-LD-Hep-(1->3)-LD-Hep-(1-»5)-Kdo 0s4

p structural units from PS-1 0sS-3
LDHeIp-fv>5Kdo () - 467" 618 methylation analysis LPS (MO19) (MO19)
<H O antigen region
Fuc 2
|P —3)Gal 1 1
LoHep~>3 LoHep $>5Kdo  [(M4H) - d6]" 867 —2)Gal 1
65 | GIcNAc 1
- —3/4)GIcNAc 1
p intervening and core regions
Carh Glc 1 1
DDHep ->2 LDHep ~+>3 LDHep +>5 Kdo [(M+H) - 46 1115 ~3)al 1
Sl —»Ggelg 3
—4)Gal 1 1
v —3)Man-6-pH 7
Glc >4 Gal ~>7 DOHep ~>2 LDHep —»3 LoHep -x5 Ko L1#Na) - 46T" 1451 DD-l)-|ep PH] tr
(- 4o eze —2)op-Hep 05
P —3)pp-Hep 7
S [(M+Na) - 46" 1545 —6)pb-Hep 1
Glc -->4 Gal ~>7 DDHep ->2 LDHep -'->3 LDHep ->5 Kdo (W) - 461" 1523 *7)DD-H ep 1
L — 2/7)pp-Hep 15
Ficure 3: Analysis of positive ion FAB/MS data for permethylated :g)LD':ep 1 1
0S-4 from P466 LPS showing pseudomolecular ions and key J.o-Hep 11 1

fragment ions for the designated compound and accompanying

minor components. —3)Lb-Hep[P]

aFor comment on the assessment of data, see Methylations in
at miz 759, but only traces of the corresponding phospho- EXperimental Procedures of Aspinall et al. (1996).

rylated ion were seen at/z 853 [HepP]. Although these .
tetrasaccharide derivatives were probably present as minor ™0 #1ot@etot3ofGle i

components of permethylat&@is-3 the detection of terminal o D-Glo{1-58)-0-D-Glo-{1->4)--0-Gak{1-57)-00-Hep-1 &)_L[,Hep_“_”)_LD_H;_(,_”)_K“ 0s2
pb-Hep in the linkage analysis was evidence for the sequence 2
of pp- andLb-Hep residues in the heptotriose segment. In jrremmnssannes 1
a parallel investigation of P468BS-4, compositional analysis v - 00 1 of GloNAe
pointed to lower relative proportions of Glc and Gal than in ! to H7 of Hep
0S-3 suggesting the presence of hexasaccharide and tet- m'z 682, 886 [p0-Gak1>4)1p-0-Glto
rasaccharide derivatives in roughly similar amounts as the |
major components. This conclusion was supported by the wFe
detection in the linkage analysis (Table 2)oof-Hep as the A
nonreducing terminus of the tetrasaccharide. The detection
of even smaller proportions of nonreducing temiraHep $0-Gal{154-p-0-GlcNAG1-  B-D-Gal{1->4)-B-D-GloNAC-{1-
residues (Table 2) pointed to the presence of tri- and H : ;
disaccharide derivatives as minor components in a mixed B wiFe e b
population of related molecules @S-4. This conclusion =

. m'z 638 -> 432 miz 812 -> 606
was clearly established by FAB/MS of the permethylated
fraction (Figure 2 and interpretation in Figure 3), in which -D-Gal{1-54)-f-D-GIGNAG-{1->3)-B-D-Gak{1->4)-B-D-GleNAc<1-
pseudomolecular ions and derived fragment ions were \ J
detected for phosphorylated oligosaccharides from di- through [oct-Fue],
hexasaccharides, and for a nonphosphorylated tetrasaccha- ned mz 913
ride. The detection of a pseudomolecular ion [(MH) e

—46]" atm/z 619 for the smallest phosphorylated oligosac- E . .

. - IGURE 4: Interpretations of selected nuclear Overhauser effect
charide [HepPKdo] and a fragment ion @z 357 for @ jhteractions in théH NMR spectrum 00S-2from P466 LPS and
terminal phosphorylated Hep residue served to locate the siteof FAB/MS data of the permethylated derivative showing fragment
of phosphorylation in this family of related molecules. The ions from regions A and B as outlined in the text.
high proportion of phosphorylated oligosaccharides was also
reflected in the abundance of double cleavage ions [HO- secondb-Hep residue from which O antigen chain develop-
Hep(P)]" at Mz 343 and [HO-Hep-Hep(P)]at nvVz 591. ment would ensue with the attachment of up to twd ae

Characterizations of P466 Cor®S-2and OS-1 Com- Le¥ units. FAB/MS of permethylated P468S-2 showed
positional analysis andH NMR for OS-2 pointed to an two groups of fragment ions, of special significance, from a
average incremental addition to the core regio®&:3 of mixed population of molecules. lons of the first group were
Fug, Glc, Gap, GIcNAC,, andpp-Hep. Using the structure  those from molecules of lower mass which were of unam-
of the OS-2fraction from the NCTC 11637 strain as a guide, biguous composition, atVz 682 (Fuc, HexNAc, Hep) and
linkage analysis showed that the increment could correspond886 (Fuc, Hex, HexNAc, Hep) (A in Figure 4). These ions
to a core extension by a single 3-linked Glc residue and the arose from cleavage at a Hep residue and provided evidence
addition, as a side chain to thm-Hep in the core, of a  for attachment of the embryonic O antigen to an unbranched
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Hep residue in the side chain (Figure 4). Support for this unit with -elimination of a terminal Fuc residue from O-3
conclusion was obtained from a 2BI—H NOESY experi- of GIcNAc. In accord with compositional and linkage
ment which showed an inter-residue connectivity from H-1 analysis data, no other abundant ions were observed arising
(60 4.50) of GIcNAc to H-7,7 (6 3.59) of a Hep residue  from an extended chain fucosylated lactosaminoglycan chain;
(Mdller-Loennies et al., 1994). This experiment also pro- the next ion in the chain extensionmtz 1016 showed an
vided confirmation of chain extension in the outer core OS increment for a Hex residue, later identified as Gal. The
region by showing a nuclear Overhauser effect contact from most striking observation from the linkage analysis was for
H-1 (0 4.80) of a terminal Glc to H-33.57) of a 3-linked the presence of multiple 3-linkemb-Hep residues. On the
Glc residue (Figure 4). Glycosyloxonium ions of the second basis of proton assignments from 2D COSY and TOCSY
group in the FAB/MS of permethylate@S-2 may be experiments, a 2D NOESY experiment showed inter-residue
regarded as arising from cleavage at HexNAc residues inconnectivities from H-1 to H-343.85) of adjacent 3-linked

more extended chains and included (i) terminal &ed L¢ pp-Hep residues indicating extended chains of these residues.
epitopes at'z 638 (Fuc, Hex, HexNAc) anaVz 812 (Fueg, Glc residues that were 6-linked were also prominent, but
Hex, HexNAc) (B in Figure 4) and (ii) less fucosylated these data gave no direct information on their location in
chains with twoN-acetyllactosamine (LacNAc) unitsnz the overall structure. In addition to the sugar residues in
913) and derivatives with one or two Fuc residuesnét the MO19 LPS probably derived from the core OS region,
1087 and 1261. a 3-linked Gal residue remained to be accommodated.

Compositional and methylation linkage analyses of P 466  The solubleLPS (3 mg), without prior removal of the lipid
0OS-1 (Table 1) indicated that in this fraction extension of A component, was submitted to a Smith degradation in which
the growing O chain approached that in the complete water- the reduction was performed with NaBBnd afforded one
soluble LPS. In additiontH NMR examination ofOS-1 fraction of MO19PS-1which was separated on a column
showed the characteristic resonances of Fuc, GIcNAc, andof Bio-Gel P-2. PS-1had a composition ofH;]erythritol,

Gal residues of the O chain, and no unexpected features werg?H;]Man, Gal, and GIcNAc in the approximate ratio of 0.6:
detected. 7:1:1; théH NMR spectrum showed anomeric signals for

Characterization of Water-Soluble LPS from H. pylori (-Gal atd 4.70 {12 7.7 Hz) andB-GIcNAc ato 4.51 (i,
Strain MO19. Compositional analysis of the water-soluble 7.9 Hz) and a major anomeric signal for a sugar with the
LPS showed the presence of Fuc, Gal, GIcNAc, Glc, o-mannoconfiguration atd 5.00 as an unresolved doublet.
pb-Hep, andLb-Hep in the approximate molar ratio of Linkage analysis for permethylatdS-1showed the pres-
2:3:1:4:10:2. Enantiomeric configurations of the sugar ence of terminal GIcNAc, 3-linked Gal, and 3-linked Man
constituents were established by the chiral glycoside methodresidues in the ratio of 1:1:7, and the FAB/MS gave fragment
(Leontein et al., 1978). The presence of Kdo was confirmed ions for the terminal trisaccharide segment ratz 260
later in the FAB/MS of the permethylated derivative of the (GIcNAc), 464 (GIcNAc-Gal), and 669 (GIcNAc-Gal-Man-
MO19 inner coreOS-3 6-°H), thereby defining the sequential connection of the

The 'H NMR spectrum of MO19 LPS, in combination GIcNAc residue of the Leepitope via the 3-linked Gal
with 2D COSY and TOCSY experiments, showed one residue to the 3-linkedp-Hep oligosaccharide unit. The
dominant anomeric resonanceydh.08 (unresolved doublet)  erythritol moiety from the proximal terminus &S-1could
which could be attributed to the-glyceroa-b-manne only arise from the oxidativereductive degradation of a
heptose component. In addition to anomeric resonances fromb-linked or a 2,7-linkedob-Hep residue. The following
residues in the inner core oligosaccharides, equal intensitystructures may therefore be proposed for MGAS-1
signals were observed for twoFuc @ 5.09 and 5.12, each
J12 3.8 Hz), oneB-GlcNAc (6 4.50,J,, 7.7 Hz), and two
ﬁ.—GaI residuesd 4.68 and 4.71, eacﬂl,_z ~ 7 Hz). Other and thence for the outer region of LPS
signals were those of H-6 of Fuc residues (3 H each at
1.20 and 1-32'J5,6 6.2 Hz) and (E|3CO (3 H,é 198) of the B-D-Ggl»(1->4)-B-D-GI§NAC-(1->3)-ﬁ~D<GaI-(1-[->3)-D<u-D—Hep]~7-(1->6/7)-DD-Hep~->.
GIcNAc residues. Proton resonances for both fucose residues | |
from H-1 and H-6 were fully assigned by 2D COSY and  _ ric  wirc
TOCSY experiments to confirm tlee-galactoconfiguration.

Methylation linkage analysis (Table 2) for the LPS showed Characterization of the Inne®S Region from Insoluble
derivatives from three regions of structure: (1) two terminal LPS from H. pylori Strain MO19. With only limited
Fuc and one each of 2-linked Gal and 3,4-linked GIcNAc; quantities of the insoluble LPS available, an attempt to obtain
(2) most prominently about seven 3-linked-Hep and three  oligosaccharide fractions analogous to those from the NCTC
6-linked Glc residues, the locations which will be considered 11637 and P466 LPS yielded only one such fract®3
later; and (3) those residues probably arising from a similarly from the inner core region, in an amount sufficient to perform
linked core OS region to those in the NCTC 11637 and P466 a complete structural analysi$H NMR showed anomeric
LPS. An additional structural unit, not seen in the NCTC protons fora-Glc [0 4.83 (.12 3.7 Hz)] andS-Gal [0 4.41
11637 and P466 LPS, and yet to be accommodated in the(J; 2 7.6 Hz)] and an array of unresolved doublets between
MO19 LPS, was a 6-linked Hep, which was assumed, on 6 4.9 and 5.4 assigned to Hep residues with dhmanno
the basis of relative proportions of the two heptoses, to be configuration. Linkage analysis (Table 2) with FAB/MS data
that of apb-Hep. The FAB/MS of permethylated LPS for the permethylate@®S-3showing a pseudomolecular ion
showed the following fragment ions from the outer chain for [(M + H) — 46]" at m/z 1544 was consistent with the
region atm/z 812 (Fug, Gal, GIcNAc), 606 [812-206 same phosphorylated hexasaccharide, Glc#batep+p-
(FucOH)], and 1016 (FucGal, GIcNAc, Hex). The former  Hep-+p-Hep(P)-Kdo, inner core region as in the NCTC
two ions were characteristic of those from arY terminal 11637 and P466 LPS. The presence of a phosphorylated

B-D-GIcNAc-(1->3)-8-D-Gal-(1-[->3)-a-D-Man-6-[2H]-[(1-]-7->D-Erythritol,
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p-D-Gal{1->4)-B-0-GloNAC{1-[->3)-B-D-Gak{1->4)-§-D-GlcNAC-(1-]->3)-p-D-Gal-{1->4)-B-D-GicNAc(1-

2 3 3

] | 1

1 1 1

oL-Fuc od-Fuc arL-Fue
at-Fuc
1
|
3
>3)--D-Gal{1->4)-B-0-GlcNAC
1
1
7
D-a-D-Hep
1
I P
2 1
@-D-Gile{1-53)c-D-Glo{1-54)-B-D-Gak(1-57)-0-G-0-Hep~{1->2)-L-a-D-Hep-{1=>3}-L-a-D-Hep-{1~>5)-Kdo
Ficure 5: Proposed structure for the complete structure of the
polysaccharide component of LPS frdh pylori strain P466.

tetrasaccharideyp-Hep-Lb-Hep+p-Hep(P)-Kdo as a minor
component of permethylate®S-3 was indicated by the
appearance of the corresponding pseudomolecular iorzat
1136 for [(M + H) — 46]". The detection of a terminal
pb-Hep residue in the linkage analysis served to place this
as the distal of the three Hep residues. Although insufficient
material was available to ascertain the linkage site in the
Kdo residue, the results allow the following structure to be
proposed for the phosphorylated hexasaccharide unit in
MO19 0OS-3

a-D-Glc-(1->4)-B-D-Gal-(1->7)-a-DD-Hep-(1->2)-a-LD-Hep-(1->3)-a-LD-Hep(P)-->Kdo.

DISCUSSION

This investigation has provided the first documented
evidence for structural differences between LPS from strains
of H. pylori. The LPS from the P466 and MO19 strains,
which differed in their abilities to bind to gastric mucosal
surfaces bearing the Reantigen, carried the same Le
epitope. In this respect, they differed from the LPS of the
type strain NCTC 11637 with a terminal Leepitope.
However, in other respects, the LPS from P466 and MO19
were markedly different. Examination of the soluble LPS

and the core oligosaccharide fractions derived from the water-

insoluble LPS fromH. pylori P466 has provided clear
evidence for the close structural similarity of the complete
polysaccharide chain in the LPS (Figure 5) to that from the
type strain NCTC 11637 (Aspinall et al., 1996) in the
following respects: (i) an identical internal core OS region;
(ii) the connection between the core OS and the GICNAc at
the reducing terminus of the O chain via-Hep residue
attached as a side chain to the core, as shov@Sr2, (iii)

the extension of the core OS region with@m-Glc residue;
and (iv) the presence of an O chain based on a type 2
fucosylatedN-acetyllactosaminoglycan. The difference of
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(6) GD-Gle-{1-53)-ct-D-Glc-(1->4)-B-D-Gal{1-57)-D-c:D-Hep-(1-52)-L-cv-D-Hep-(1->3)-L--D-Hep-(1->6)-Kdo
2

(b} ([>6)-c-D-Gle-).;~D-a-D-Hepl.y

(8) BD-Gak{1-->4)-B-D-GicNAC-{1->3)-B-D-Gak(1-]-8)-0-a-D-Hep~(1-].~A1
2 3
I 1
1 1
aL-Fue aL-Fue

Ficure 6: Proposed partial structure for the polysaccharide
component of LPS front. pylori strain MO19 as outlined in the
text showing (a) the outer O antigen chain region, (b) an
incompletely defined intervening region, and (c) the inner core
region.

latedN-acetyllactosamine unit, the Lepitope, joined via a
3-linked 3-b-Gal residue to a region of structure or “third
domain” consisting of a chain of 3-linkemb-Hep residues

as the most prominent feature of the LPS. The limited
quantity of this LPS available was insufficient to establish
the formal connection of this outer chain to core OS region.
However, on the basis of linkage analysis, five types of sugar
residues, in addition to those already placed in the outer O
chain + third domain and the inner core OS regions of
polysaccharide structure, remained to be accommodated. Two
types of units were those ak-p-Glc residues, a single
3-linked Glc residue, which probably arose from extension
of the outer region of core OS as in the P466 and type strain
LPS, and~three 6-linked Glc residues, probably mutually
linked as in similar short chains @S-2from the type strain
(Aspinall et al., 1996) and othét. pylori LPS (unpublished
results). Three types ab-Hep residues, in addition to that

in OS-3 and those in the 3-linked oligosaccharide, were
single units of 2-, 6-, and 2,7-linked residues. The absence
of 7-linked pp-Hep residues in the LPS implies that this
residue inOS-3 occurs as one of two branched residues in
the LPS. The other 2,7-linked unit is presumably that to
which the 6-linked Glc residues are attached in the LPS.
Either this second branched unit or the 6-linked-Hep
residue could be the residue to which the whole outer chain
is linked, and it gave rise to an erythritol terminusR®-1
from Smith degradation of the LPS. The known structural
features of the MO19 may therefore be summarized in Figure
6 which shows (a) the single Lechain terminal epitope
linked via aB-p-Gal residue to the 3-linked oligomer pfa-
D-Hep residues, (b) an incompletely defined region showing
threepp-Hep residues and three Glc residues, and (c) the
inner core region based on the liberated oligosacch@®i&
extended by an additional Glc residue. This LPS contains
in the third domain a structural region of a type not

greatest significance between the P466 strain and that of thepreviously encountered.

type strain lies in the termination of the extended fucosylated
N-acetyllactosaminoglycan chains by the ireplace of the

As with the LPS from theH. pylori type strain NCTC
11637, the most significant conclusion from the present

Le* blood group antigen. Other differences are the lower investigation concerns the elaboration of O antigen chains
degree of chain extension (four to five repeating units) in with Lewis epitopes in mimicry of structures expressed in
the O chain compared with nine repeating units in that of human cell surface glycoconjugates. The Lewis antigen
the type strain LPS and the absence of evidence of 6-linkedepitopes in termination of the O antigen chaing-ofpylori
a-D-Glc residues in the developing O chain structure. vary in structure, but it is now clear that there are variations
In contrast to the P466 strain, the LPS from the MO19 elsewhere in the structure of the LPS. The P466 and MO19
strain was of a very different type in carrying a single Le LPS provide a unique example of two LPS with identical
terminal epitope, that of Yebut with no extended fucosy- inner cores and O chain terminal epitopes but entirely
latedN-acetyllactosaminoglycan. The core OS region of the different intervening regions. Although found in normal
MO19 LPS as in th®©S-3fraction was, within the limits of  cells, e.g. from granulocytes, the expression in abundance
detection, identical to those of the P466 and type strains. of these tumour-associated carbohydrate antigens is limited
The outer region of the LPS consisted of a single difucosy- to malignant cells (Hakomori, 1989). The further implica-
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tions of these surface structures in interaction between thecreation of this linkage, absent in the other strains, would
bacterium and the human host will require biological require a separate transferase. The initiation of attachment
experiments with chemically defined LPS structures from of the Le epitope in the MO19 LPS is also different from
different strains of the organism. In contrast to the oligo- those for the type strain and the P466 strain in requiring
meric Le epitopes in the type strain LPS, the P466 LPS glycosyl transfer to a Gal residue at the terminus of the
contains an Léterminus with internal L units and the heptoglycan domain rather than directly tomHep residue.
possibility may be raised that these separate units in the same |n summary, the structural differences between the LPS
O chain might interact with different components in the of the P466 and MO19 imply that the LPS may be involved
human host. The MO19 LPS would be expected to display in the binding of the former strain to gastric mucosa. We
interactions dependent only on theYlterminus. Related  consider that the lack of binding of the MO19 strain to the
evidence bearing on these considerations has been obtaineghucosa is more likely to be due to the absence of the
by Dr. B. J. Appelmelk of the Free University in Amsterdam extended fucosylated lactosaminoglycan chain in the O chain
(unpublished results). Using a panel of monoclonal antibod- than to the presence of the heptan in the third domain. It is
ies specified with respect to synthetic neoglycoconjugates, possible that the binding of the P466 strain is through a
two anti-Le& Mabs appear to differentiate between terminal specific Lé—Lex interaction (Kojima et al., 1994), of the
and internal (possibly polymeric) Eenits. In recognizing  multiple Le* units in the subterminal region of the Y-e
the P466 LPS, the latter Mab would seem to be specific for terminated O chain in the LPS, with Lanits expressed in
nonterminal L& An anti-Le’ Mab in the panel recognizes  normal human gastric tissue (Sakamoto et al., 1989).
the Le termini in both P466 and MO19 LPS.

The structural conclusions from these studies on LPS from ACKNOWLEDGMENT
H. pylori are difficult to reconcile with the well-documented
biosynthetic pathways for LPS in typical enteric bacteria suc , i ;
as Salmonellaffor a recent review, see Whitfield (1995)]. Sweden) for the gift of bacterial strains P466 and MO19.
These pathways require the independent synthesis of the cordVe thank Dr. J. L. Penner (University of Toronto) for the
OS region by stepwise chain extension and the assembly ofProvision of facilities for growing the bacteria and Ms. L.
oligosaccharide monomers on a lipid carrier to furnish the A Kurjanczyk for her skill in maintaining viable growths

regular repeating units of the O antigen chain. The presenceand for the extraction of LPS. We also thank Dr. Henrianna

of the L& epitope at the terminus of the fucosylated Pang and Mary Cheung for recording the FAB mass spectra.
N-acetyllactosaminoglycan in the P466 LPS, and externally
; L L REFERENCES
to the third domain in the MO19 LPS, clearly implies the
operation of very different assembly processes. ASpinall,(G. O.), Mogtiirg, M. A., Pang, H., Walsh, E. J., & Moran,
i i i A. P. (1994)Carbohydr. Lett. 1151—-156.

exlne[r)i:gggtsall?%;ri:‘?/cgt\i/g;alIalt)tlgr?t)ilgah(ra:; sgzeg]riv{/?\r tf(l:t?r:(; Aspinall, G. O., Monteiro, M. A, Pang, H., Walsh, E. J., & Moran,

pern ' _may o A. P. (1996)Biochemistry 352489-2497.
following present structural conclusions that are difficult to goren, T., Falk, P., Roth, K. A., Larson, G., & Normark, S. (1993)
reconcile with regular transfer of preformed oligosaccharide  Science 2621892-1895.
blocks from the lipid carrier: (i) The detection of a Fuc- Cover, T. L., & Blaser, M. J. (1995ASM News 6121-26.
(1—3)GIcNAC unit as the smallest O chain-related fragment D”é)oéi'g?;/'é’)fr']'ﬁsbﬁ'e/?ﬁ’z'gag‘s"ctﬁgsé K., Rebers, P. A., & Smith,
in the development ]n thes-2 frgctlons from tne NCTC . Egge,H., & Peter-KataIinic:J. (198FK)ass Spectrom. Re6, 331~
11637 and P466 strains would point to stepwise glycosylation ~393.
in the synthesis for this first Xeunit. (ii) The lack of Falk, P., Roth, K. A,, Bore, T., Westblom, T. U., Gordon, J. |, &
fucosylation at each LacNAc unit as chain extension proceeds Normark, S. (1993Proc. Natl. Acad. Sci. U.S.A. 9@035-

woqld imply that fucosylanon is not a mandatoryl event in Hakomori, S.-i. (1989Ady. Cancer Res. 5257—331.
thelnco.rporanon of umf_ormly_complete Lenits. (iii) The Kajima, N., Fenderson, B. A., Stroud, M. R., Goldberg, R. I.,
generation of the Leepitope in the P466 and MO19 LPS Haberman, R., Toyokuni, T., & Hakomori, S.-i., (1998}yco-
would require a specific Fuc{t2)Gal transferase. This conjugate J. 11238-248.

latter glycosylation step might be regarded as a “capping” Leontein, K., Lindberg, B., & Cangren, J. (1978Farbohydr. Res
process which_ d_isallows further chain extension with Le Miﬁé g?%_?%drjanczyk, L. A., & Penner, J. L. (1992). Clin.
units. The activity of such a glycosyltransferase would be " \icrobiol. 30, 3175-3180.

highly competitive with others in the case of the MO19 LPS Moran, A. P. (1995FEMS Immunol. Med. Microbiol. 1®71—
with the single L& epitope, less competitive in the case of  280. ) )

P466 with O chains of four to five repeating units, but not Muller-Loennies, S., Holst, O., & Brade, H. (19%jr. J. Biochem

detected in the case of the type strain with the most extendedSaii‘r‘hggl_\]m\?\)atanabe T., Tokumaru, T., Takagi, H., Nakazato

O chains of nine repeating units. . _ H., & Lloyd, K. O. (1989)Cancer Res. 49745-752.
The synthesis of the MO19 LPS is of an entirely different Whitfield, C. (1995)Trends Microbiol 3, 178-185.

type with the assembly of the 3-linkedglycerao-b-manne Yamasaki, R., Griffiss, J. M., Quinn, K. P., & Mandrell, R. E.
heptoglycan segment. The glycosyl donor fop-Hep (1993)J. Bacteriol. 1754565-4568.
residues must be present in each oflthgylori strains, but BI951853K

h We are grateful to Dr. T. Bdre (University of Uméa



