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HELICOBACTER PYLORI - EPIDEMIOLOGIC AND
MICROBIOLOGICAL ASPECTS IN A NORWEGIAN POPULATION.
J.B. Haug. F. Lerang. E. Ragnhildstveit. B. Moum.
Ostfold Gastro Group: from the Departments of Microbiology and Internal
Medicine. Ostfold Central Hospital. Fredrikstad. Normay.

Introduction: This study comprises 1191 gastral antrum biopsy samples routinely
cultured for Helicobacser pylori (Hp) at a single clinical microbiological laboratoin
during 27 months since June 1992.
Aim: To evaluate 1) diagnostic niethods with regard to the presence of Hp.
2) antinucrobial suscetibility rates and 3) the epidemiology of Hp infections in our
geographical area (a county of Norway with -240).t(X) inhabitants).
Methods: Specimens were incubated nicroaerophilic on selective agar media for
up to 12 days. using standard techniques. Microscopy was performed with the
Grain and Acridin stains and each specimen was tested for urease production after

and 18 hours of incubation In the case of a negative culture. one typical
nucroscop and one positive urease test was regarded a Hp-positive case
(designated <indirect>> critenon). Antibiotic susceptibility tests were performed with
the Epsilometer test. using a MIC > 16 mg/I as breakpoint for metronidazole
(MTZ) resistance.
Results: The male to female ratio in Hp positive cases was 1.6:1. ln 64.7% of cases.
the patients were less than 6(0 years of age. Hp was present in 5(9 (42.5%) of all
specimens and of these. a positive culture was achlved in 90.2%. In 72.1% of
cases. Hp was cultured within 5 days and the rest after 6-12 days of incubation
Our ((indirect)> criterion was not fullfilled in 33.60/0 of the culture-positive cases.
hence. the sensitivity and spesificity for the urease test and was 78.7% and 90.5%
and for microscopy. 74.0% and 90.9%. respectively. Microscopy and urease test
performed significantly better (p<0.001) when Hp grew rapidly i.e after < 5 days,
than after a longer periode of incubation. Overall MTZ-resistance was 29.1%.
Increased MTZ resistance rates were found for both female sex and for younger
patients (i.e. < 60 years of age) with p-values of < ()0.15 and < 0.002. respectively.
For tetracycline and ampicillin. susceptibility rates were nearly 100%.
Conclusions: In our hands. microscopy and urease test can not replace cultunng as
a means of Hp detection. A significant number of the HP culture positive cases in
our study (more than 1/ ) w.ere detected after an incubation time of 6 to 12 days.
Metronidazole resistance is highly prevalent (29.1%) in our population, especially
among the young and female patients. We propose that an earlier use of
metronidazole in this particular patient group may be one possible explanation.
Serological, histopathological and clinical observations are pending in this on-
going study and will be further commented upon.
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Rapid western blotting assay: role in determining which H.

pylori patients have duodenal ulceration(DU) . P Patel, S.
Khulusi. M Asante. J. Levy. MA Mendall, TC Northfield. Department
of Medicine. St. George's Hospital Medical School. London. UK.

Background: Although 95% of DUs are associated with H. pylori
infection only 20% of infected patients will have DU. Increased presence
of CagA and VacA have been shown in DU patients compared to H.
pylori positive gastritis patients. Identification of the immune response
to these factors by a rapid western blot assay mav allow patients at risk
of DU to be selected for endoscopy. Aim: To assess the IgG response
to different H. pylori proteins and their value in digtinguishing between
DU and gastritis patients. Methods: Serum was collected from 19 DU
and 10 gastritis patients. All patients were positive on either histology or
urease test. Western blotting was carried out using a commercially
prepared kit - Helico Blot 2.0 (Genelabs Diagnostics. Singapore).
Results: The table below shows the IgG response to different H.
pylori
proteins.
Band Any 116 89 35 30 26.5 19.5
(kDa) band 25
DU 19(100j 16(84)l 14(74) 14(74) 17(90) 17(90)1 15(79)
n=19(%)I
Gastritis 10(100 6(60) 5(50) 3(30) 9(90) 9(90) 8(80)

11 6kDa band=CagA, 89kDa band=VacA. 3OkDa=urease H,
26.5kDa=urease A, 19.5kDa=U=urease E.
Conclusion: The Helico Blot 2.0 assay provides qualitative results on
the IgG response to H. pyloni. IgG to the CagA, VacA and the 35kDa
band may be useful in distinguishing DU from gastritis patients.
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CLONING, SEQUENCING, OVEREXPRESSION AND
PURIFICATION OFA TYPE II DEHYDROQUINASE FROM

HELICOBACTER PYLORI

Bottomley, J. R.', Clayton C2., Chalk, P2. and Kleanthous, C.1
School of biological Sciences, University of East Anglia, Norwich.

Norfolk. England.
2 Glaxo Group Research Ltd., Greenford Road, Greenford. Middlesex.

Dehydroquinase catalyses the dehydration of 3-dehydroquinate to 3-
dehydroshikimate and is the central step in two distinct metabolic
pathways; the shikimate pathway which is responsible for the
biosynthesis of aromatic compounds such as essential amino acids and
ubiquinone and the inducible quinate catabolic pathway which enables the
organism to utilise quinate as a carbon source via the P-ketoadipate
pathway.The biosynthetic pathway is present in bacteria, fungi and plants,
whereas the catabolic pathway has only been characterised in fungi such
as N.crassa and A.nidulans. Interestingly the shikimate pathway is absent
in mammalian species so is a potential target for chemotherapeutic agents
and herbicides.

Classification of biosynthetic DHQase (bDHQase) and catabolic
DHQase (cDHQase) does not however adequately describe the
classification of these enzymes, since bDHQase-like enzymes are found
exclusively in the shikimate pathway whereas the cDHQase-like enzymes
have been identified in both pathways. The two classes are thus described
as type I (the biosynthetic like enzyme) and type II (the catabolic like
enzyme).
A type II DHQase has been identified in the organism helicobacterpylori

and purified to homogeneity. Putative DHQase clones obtained from
random sequencing of the H. pylori NCTC 11637 genome were
transformed into an E. coli aroD- strain deficient in endogenous DHQase.
A clone, which complemented this DHQase point mutant and restored
prototrophy was identified, sequenced, overexpressed and the protein
purified to homogeneity. The translated protein sequence shows a high
degree of sequence homology with other members of the type II class.
The N-terminal amino acid sequence is identical to that obtained directly
from the purified protein of the native organism. The molecular mass
calculated from this translated sequence was confirmed by electrospray
mass spectrometry of the homogeneous, overexpressed enzyme. The
presence of a type II DHQase may provide a novel target for H. pylori
therapeutic research since other enterobacterial species often possess type
I enzymes which function by a very different mechanism.
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PRELIMINARY STRUCTURAL ANALYSIS OF
HELICOBACTER PYLORI LIPID A. A.P. Moran', J.J.
McGovern', B. Lindner2, E. J. Walsh'. 'Dept of
Microbiology, University College, Galway, Ireland &
2Forschungsinstitut Borstel, Borstel, Germany.

In contrast to other bacteria, lipopolysaccharide (LPS) of
Helicobacter pylon possesses low immunological activity,
which thus may allow chronic infection by H.pylori. Since
lipid A is the moiety that endows LPS with its immunological
properties, we undertook a structural examination of
H.pylori lipid A to determine the molecular basis for the
observed lower activities. High-molecular weight (-M,),
smooth-form (S-) LPS and low-M,, rough-form (R-) LPS
were isolated by hot phenol-water extraction from bacteria
grown in liquid or on solid media, respectively. Lipid A was
liberated from R-LPS and S-LPS (R-lipid A and S-lipid A,
respectively) by acidic hydrolysis and subjected to chemical
degradative analysis. Free lipid A and its derivatives were
analysed using gas-liquid chromatography (GC), GC-mass
spectrometry, high pressure liquid chromatography
(HPLC), laser desorption mass spectrometry (LDMS) and
nuclear magnetic resonance (NMR). H. pylori R-lipid A and
S-lipid A contain a 0(1(6)-linked D-glucosamine
dissacharide as in other bacteria. Unlike other bacteria
whose lipid A backbones carry phosphate groups at position
1 and position 4' of the glucosamine disaide, H.pvlori
R-lipid A was not phosphorylated at position 4 and H. pylori
S-lipid A was only partially phosphorylated at this position.
In addition to underphosphorylation, underacylation of the
backbone was also evident. The predominant molecular
species in R-lipid A and S-lipid A contained four fatty
acids, i.e., a tetraacyl lipid A. Some fatty acids presnt
were uncommonlyln, 3-hydroxyhexadecanoic acid
(16:OH), 3-hydroxyoctadecanoic acid (18:OH) and
octadecanoic acid (18:0). On the basis of previously
established structure-bioactivity relationships for lipid A,
it can be concluded that the phosphorylation and acylation
patterns in H. vvlori lipid A account for the low
immunological actvities of its LPS. Furthermore, these
results show the influence of growth conditions on
phosphorylation of H. pylori lipid A.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.37.S

uppl_1.A
16 on 1 January 1995. D

ow
nloaded from

 

http://gut.bmj.com/


European H pylori Study Group

65 67

EVALUATION OF MEDIA FOR GROWTH AND ANTIGEN Monitoring of Metabolic Activity of H.py/ori Using a Cytosensor
EXPRESSION BY HELICOBACTER PYLORI. E.J. Walsh, Microphysiometer: Drastic Changes in Cellular Activity Induced by Acidic
A.P. Moran. Department of Microbiology, University pH and Urea.
College, Galway, Ireland.

Klaus Melchers. Wolfram Steinhilber. and Klaus P. Schaifer
As cultivation of Helicobacter iplo on conventional solid Byk Gulden Pharmaceuticals. Dept. of Molecular Biology, D-78467
media in vitro may result in changed antigen expression, Konstanz, Germany.
e.g. in lipopolysaccharide (LPS), we undertook a study to
evaluate the ability of various media to support both growth The Cytosensor Microphysiometer detects protons produced and
and antigen expression by culture collection strains and secreted by metabolically active cells. The metabolic activity of H.pylori

clnclisolates. Growth was estimated by determfination of was measured in the Cytosensor in a balanced salt solution (BSSI
colony-forming units and antigen expression' was assessed supplemented with 10 mM glucose IGIc) in the presence or absence of 1
qualitatively by sodium dodecyl sulphate-polyacrylamide gel mM glutam'ne (GIN). In both, BSS/GIc and BSS/Glc + GIN, H.pylori
electrophoresis. IAquid-based basal media (brain heart acidifies the medium at pH 7.4. Lowering the extracellular pH to 5.0 the
infusion, brucella broth, tryptone soya broth and Mueller- activity of H.p or changed to an alkalinization of the medium which is
Hinton broth) supported the growth of strains. In significantly stronger in the presence of GIN. The same pattern of meta-
contrast, solid basal media of the same formulation did not bolic activity was found by substituting 0.1 mM urea for GIN indicating
support growth. Supplements examiined included blood, that the alkalinization during the pH 5 pulse is dependent on the
horse serum, foetal calf serum, yeast extract, corn starch, availability of sources of NH3 but does not essentially depend on the
proteose peptone and 13-cyc-lodextrin. Upon addition of presence of urea. After readjusting the pH to 7.4, H.pylori in both media,
these supplements in various single, double and triple BSS/GIN and BSS/urea, acidified the medium as observed before the
combinations to liquid basal media, blood (7%) was far acidic pulse. In BSS/GIc, however, the level of acidification was strongly
superior to any other combination of supplements without reduced indicating that the alkalinization during the acidic pulse precludes
blood. For solid media, strains grew only on those damage to H.pylori due to the elevated proton concentration in the
containing blood. However, excluding blood, serum extracellular medium. In BSS/Glc, pH 7.4, a 10 mM pulse of urea
supplements dlid enhance growth in liquid medLia, though resulted in a change from acidification to a strong alkalinization rate.
horse serum was superior to foetal calf serumn. Corn starch After removal of urea no further cellular activity, neither acidification nor
enhanced growth as a single supplement but in combination alkalinization, could be detected indicating the toxicity of ammonia under
with other supplements the response was complex. In these conditions. In the same experiment in BSS/Glc + GIN again a
general, 13-cyclodextrin did not increase growth. Mueller- strong alkalinization was observed during a urea pulse. But in contrast to
Hinton broth or tryp)tone soya broth containing horse serum the experiment without GIN, after removal of urea acidification of the
and a nitrogen source, such as proteose peptone or yeast extracellular medium was observed as before. This indicates that GIN
extract, was found to give optimal growth of H. pylori in a land other NH3 supplying amino acids we have analyzed in the
blood-free medium. Strains after cultivation in liquid media cytosensor) protects the cell against toxicity of ammonia produced by
maintained production of high-molecular weight (-M,) LPS urease activity in the presence of an excess of urea at neutral pH.
with an 0-specific chain independent of medium Whereas the localization of urease activity of H.pylori is still in dis-
compostion, whereas subculturing on all solid media cussion, our data indicate that the compartment of urease activity
resulted in production of low-M, LPS. Expression of depends on the availability of intracellular nitrogen, probably indicating
proteins differed in liquid and on solid media, but that the urease activity with respect to its localization is regulated by the
qualitatively no differences were observed with bacterial ntr system.
supplementation of basal media. Thus, growth and antigenX
expression by H.pylori can be optimized in vitro.
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CHANGES IN SUIBSTRATE LEVE-LS DURING CUILTURE OF CHEMICAL STRUCTURES OF LIPOPOLYSACCHARIDES: A WINDOW ON
H.pyori AND THE EFFCT OF OXYGEN SUPPLY. P. A. halk STRAIN TO STRAIN VARIATIONS IN HELICOBACTER PYLORI. GO.
and A- Tuckwell. Chemnotherapy Department, Glaxo Research and Aspinall1, M.A. Monterol, A.P. Moran2. 1Dept. Chemistr, York Univershty,
Development Ltd., Greenford Road, Greenford, Mlddx. UB60HE. Toronto, Canada &2Dept. Microbiology, University College, Galway, Ireland.
U.K. Chemicalcharacterzainsoflipopolysaccharides(LPS)wereundertakentoseek

a molecular basis for understanding strain to strain antigenic variations and the
Many features of anaeobic substate catabolismn have been interactions of these complex bacterial cell surface components whth those of
demonstaed in H. Pylon such as flumarte respiration and the gastric mucosal cells.
generation of lactate and ethanol from pyruvate. However the Samples from rough- and smooth-form LPS of the H. pybri type strain [NCTC
bacterium cannot be cultured under strictly anaeobic conditions. 11637; ATCC 43504]; P466 [a poorly hemagglutinating strain binding to Leb
Therefore we have investigated media substrae levels during grwt antigen] and M019 [ahemagglutinating strain not binding to epfthelial cells; from

of H. piM undrWeret confitions f oxygn suppy. ChagesinT. Boron]; and strafin Cl [serogroup 02; from J.L. Penner] were used. Structuralof H.pylonundediffrent ondiions f oxyen spply.Changs instudies utilized chemical analyses, nucle-ar magnetic resonance spectroscopy
the levels of substates and potential acidic end products of metabclisW, (NMR), and mass spectrometry [fast atom bombardmient (FAB-MS) and electron
might give clues as to the relative importace of aerobic and anaerobic impact (El)] in studies of LPS, polsaccharides and ohigosaccharidesliberatedon
substate catabolism in thfis organism. Substrates investigated include mild acid hydrolysis, andohjosacchandeasproductsof enzyme action.
glucose, fructose, ax-hydroxy butyrate, citrate, L-lactate, D-lactate, L- The most complete primary structure was assigned for the 0-chain, a short

glutmate,acetate,thanok sucinme, awrbate, an formate.intervening region, and the core OS of the typ strain. The most striking feature
gevlutamaereactatiedoethaol dasuccunate ascorbtehand ui

form te. was the discovery that the repeating structure of the 0 chains consisted of
Level werestudedovr 5 ays dring rowt in lquidcultue offucosylated NMactylactosaminoglycanswith Lex determinants, thus providing a

strain NCTClI637 in Bill supplemented with 5% foetal calf serm in remarkableexampleof molecularmimicry inbacterialpolysaccharides. The inner
an atmosphere of 12e/eoCO2, 5e/402, 51/eH2, balance N2 . Glucose, core OS region which was Iberated from linkageto lipid A was established as a
glutmate and D&L-lactate levels declined and fructose increased. hexasaccharide unit withasingle attached phosphoric monoester and terminated
Succinate and acetate initially increased then declined after 2 days. by a3-deoxy-D-nww-octulosonic acid reducing unit and was shown to be the
Glucose depletion of the media coincided with a decline in the vibft same in all four LPS samples. LPS from the 3 otherstrains were shown to differ

of the culture. ~~~~~~~~~~~~~~~fromthat of the type strain In one or more respects: extent of elongation of 0
ofbsthe ltue.eswr losuiddrn rwho hclt chains;termination ofO0 chain by the LeY determinant; or the number and nature

Substrat levelsere alsostudied uring grwth on cocolateof sugar residues in the intervening region including those in- chains of the rare
Columbia agar at oxygen levels between 2 - 15%, plus 10%C02 sugar, Dn-glenwvheptose. fo conclude,substantia variations in the
balance N2. Acete and succinate increased initially at 2% 0- but structures of different regions of LPS from 4 strains of H. pybd have been
decreased at higher concentrations. At all oxygen levels glutawtte, estabbed.
glucose and D&L-1actate were utiised but f.uctose was not. The mimicry of Lewis bbood group antigens on the surface of H. pyb strainsglucoseresults suggea thate Hwere l buthe capaty for both. aobc may have important implications for colonization and pathogenesis by the
The results suggest that H.pylor has the capability for both aerobic bacterium. IN PARTICULAR, THE EXPRESSION OF TUMOUR-
and anaerobic substrate utilisation and are consistent with, during batch ASSOCIATED CARBOHYDRATE ANTIGENS ON THE BACTERIAL
culture, an initial partially anaerobic phase of substrate utilisation SURFACE MAY BE IMPORTANT IN CARCINOGENESIS AND IMMUNE
followed by a period of aerobic catabolism. SUPPRESSION. The results may also aid the development of antibodies of

defined specificity for dlagnosis of infections
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CHARACTERISATION OF HELICOBACTER PYLORI
PYRUVATE:FLAVODOXIN OXIDOREDUCTASE.
N. J. HughesI, D. J. Kelly1, A. A. Davisonl, P. A. Chalk2 and C.
L. Clayton2. 1 Dept. Molecular Biology and Biotechnology.
University of Sheffield. Sheffield, UK. 2Glaxo Research and
Development Ltd., Greenford Road, Middlesex, UK.

The metabolism of pyruvate is a key enzymatic step in any

organism, yet little is known about the enzymes responsible for this
in H. pylori. Our studies have revealed that the conversion of
pyruvate to acetyl-CoA is carried out in cell free extracts ofH.
pylori by a pyruvate:acceptor oxidoreductase (POR). This class of
enzyme is dependent on thiamine pyrophosphate and is capable of
reducing compounds ofvery low redox potentials, the in VWvo
electron acceptor normally being flavodoxin or ferredoxin. The H.
pylori enzyme has now been partially purified and characterised
and N-terminal sequences of the polypeptides obtained.
H. pylori POR has an optimum temperature for activity of 300C,
an optimum pH of 8.0 and is oxygen sensitive. The artificial
electron acceptors methyl viologen and benzyl viologen are capable
of coupling with the enzyme, but NAD and Clostnidium
pasteurinum ferredoxin are unable to do so. Evidence that POR is
involved in the reduction of metronidazole has also been obtained,
and the likely in vivo electron acceptor is flavodoxin which has
been isolated from H. pylori The enzyme has been purified to near

homogeneity. The partially purified enzyme has a native molecular
mass of approximately 24OkDa, similar to other PORs and is
composed of four subunits of47, 36, 26 and 15kDa. The N-
terninal sequence ofthe 47kDa band displays limited homology to
the nifJ product (a pyruvate:flavodoxin oxidoreductase) of
Anabeana.
POR may catalyze an essential step in pyruvate metabolism in H.
pylori, as neither aerobic pyruvate dehydrogenase or pyruvate-
formate lyase activities have been detected.
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SEQUENCING AND INACTIVATION OF A
HELICORACTER PYLORI HYDROGENASE
AA Davison , DJ Kelly', PJ White', PA Chalk2, CL Clayton2

1Department of Molecular Biology and Biotechnology, University
of Sheffield, PO Box 594, Sheffield S10 2UH, UK
2Glaxo Research and Development Limited,.Greenford Road,
Greenford, Middlesex UB6 OHE, UK

Helicobacterpylori is a microaerophilic organism which has not
been shown to grow anaerobically. However, it was discovered
that H.pylori NCTC I 1637 contains an uptake hydrogenase which
reduces methyl viologen with H2. This uptake hydrogenase may be
part ofthe system which catalyses the anaerobic conversion of
fumarate to succinate, enabling the phosphorylation ofADP by
inorganic phosphate via an electron transport chain. A 45bp probe
was designed from a small open reading frame of sequenced
H.pylori NCTC I 1637 which showed homology to the membrane
bound hydrogenase ofthe anaerobic rumen bacterium Wolinella
succintogenes. This was used to probe a H.pylori 11637 cosmid
library and hybidising cosmid fragments were sub-cloned into
pUC 18 and sequenced. Sequencing ofthese clones has shown a

high identity ofthe H.pylorn hydrogenase operon to that ofthe
uptake hydrogenase operons of Wolinella succinogenes and other
anaerobic bacteria. Deletion studies are ongoing and these will
reveal the importance ofan uptake hydrogenase to the metabolism
ofH.pylori.

THE CLONING AND CHARACTERISATION OF
CHEMOTAXIS GENES IN HELICOBACTER PYLQRI
C.J.Jacksonl D.J.Kellyl C.L.Clayton2
I Dept of Molecular Biology and Biotechnology, University of
Sheffield, Sheffield, UK. 2 Glaxo Research and Development Ltd.,
Greenford Rd., Middlesex, UK.

Helicobacter pylori is a gastric spirillum, with a recognised role
in the aetiology of type B gastritis, peptic ulcer and gastric cancer.
Motility and chemotaxis are primary virulence determinants of many
intestinal pathogens. The biochemical and genetic bases of chemotactic
signalling in H.pylori, which may be important for colonisation of the
human gastric mucosa, are currently unknown.

We describe the cloning and sequencing of two H.pylon genes
encoding proteins with homology to the enterobacterial CheA and
CheY proteins, which are the central regulators of the chemotactic
response. Conserved residues involved in phosphorylation of these
proteins have been identified in H.pylon. Sequence analysis of the
regions flanking CheY indicate that the arrangement of the chemotaxis
regulon in H.pylori may differ from that in enterobacteria. The
construction and chemotactic properties of an isogenic H.pylori CheY
deletion mutant will be described.

Three H.pylori sequences with predicted protein homologies to
methyl-accepting chemotaxis proteins (MCP's) have also been
identified. Standard hard agar plug assays to a number of compounds
that may be sensed via MCP's have been performed. Positive, negative
or neutral chemotaxis to these substances will be described, and
compared to responses in other bacteria.

PROTON PUMP INHIBITOR (PPI) PRETREATMENT AFFECTS
HELICOBACTER P1 LORI -SENSmVITY TO ANTIBIOTICS.
M. Nilius, I. Manheller *. S. Eckelmann *.T.Sauerbruch*. P. Malfertheiner
Dept. Gastroenterol., Hepatol.. Lnfect. Dis., University ofMagdeburg .Germany
* Dept. Internal Medicine. University of Bonn. Germany

Aim of the study was the imnestigation of time- and concentration dependent effects
of antibiotics in vitro on growth, viability and morphology of H.pvlori (HP) after
pretreatment with non-lethal doses of the proton pump inhibitors (PPI) oneprazole
and lansoprazole.
Material and Methods: 3 HP -strains were incubated with culture media containing
8 ltglml (omeprazole) and 2 ig/ml (lansoprazole) of PPI for 24 hours. After washing
bacteria were incubated for further 24 hours with culture media (pH 7.4) coataining
0.2, 2, 16, 64, 128 and 256 sg/ml of antibiotics (amoxicillin, clarithromycin,
roxithromycin). Optical density of the cultures was measured at 0, 4.8,12,16 and 24
hours after preincubation. Viability ofbacteria ,as tested after 24 hours by plating
on Wilkins-Chalgreen Agar. Gram stain was used to assess the morphological
changes ofHP from helical to coccoid like forms (CLF). In addition intra- and
exLtracellular ATP-concentration as indicators for bacteriolysis and cell metabolism
was measured with a bioluminescence assay.
Results: After preincubation ofHP with sublethal doses of PPI no change in MIC is
observed. Howevr striking effects on H.pylori morphology were observed. CLF
formation by antibiotics was extremely influenced after PPI-petreatment (Tab.).
Bacteriolysis due to roxithromycin and clarithromycin but not with amoxidcillin,
determined by extracellular ATP-concentration was inhibited by preincubation with
PPI.(p<0.05).

Tab.: Induction of CLF by antibiotics.
Substance no PPI- PPI-preincuba-

preincubation tion
Amoxcillin CLF 98.9 % 99 % n.s.
Clarithromvcin CLF 8 % 2 % p<0.01
Roxithromycin CLF 21% 5,1 % p<0.01

Conclusion: Preincubation ofHP with sublethal doses ofPPI reduces the
transfornation of helical forms to CLF caused by macrolide antibiotics but not with
amoxicilhin. Bacteriolysis also decr with marolides but the bactericidal effect of
all used antibiotics is maintained. The mechanisms of this phenomenon are unclear.
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SURFACE LOCALIZATION OF H. PYLORI UREASE AND Phylogenic Analysis of ure B and fla A Genes among Isolates of
HP54K REQUIRES BACTERIAL LYSIS. S.H. Phadnis B.E. Helicobacterpylonin Relation to Restriction Length Polymorphism.
Dunn. Dept of Path, VAMC and Medical College of WI, HiromitsuAkashil),T.HayasNl),H.Koizukal),S.Takamil),Y.Tonokatsu2),
Milwaukee, Wl, USA. 1.Yamamoto2),Y.Fukuda2),T.Shimoyama2),T.Tamural)

1 )Dept. of Bacteriology and 2)Fouth Dept. of Intemal Medicine, Hyogo
H. pylon (Hp) appears unique in that both urease and the College of Medicine,l-1 Mukogawa, Nishinomiya Hyogo 663,Japan

GroEL homolog, Hp54K, which are major expressed proteins in
most primary Hp isolates and are exclusively cytoplasmic proteins [Purpose] Helcobacterpylon(Hpylon) flora in the stomach of one
in other bacteria, are associated with the outer membrane. host consists of RFLP-genotypically homogeneous strains, regardless loci
Preliminary genetic analysis of Hp strains has shown no evidence in mucous layer, or penod,of isolation. On the other side, strains from

to sprsrioueeo bkwbtindependent origins are extremely different in RFLP. Present study
tosupportsecretionpathwy of ueasSec,o 5 by known baepri aimed to see how RFLP-genotype was proved by nucleotide sequence
secretory pathways such as Sec, ABC or Yop.the present of selected genes.
studies were conducted in order to investigate the mechanisms [Methods] 1) Bacteria; Twenty H.pylon were isolated from
whereby urease and Hp54K become associated with the surface endoscopic biopsies of patients at the Hyogo College of Medicine. Four
of Hp in vitro. H.pylori were obtained from Aomori Japan. NCTC1 1637 was referred as

Using a variety of techniques including cryo-electron a standard strain. H.mustelae and H.felis were provided by Dr.A.Lee.
microscopy, we show that urease, Hp54K and other normally 2) Sequencing and Phylogenic analysis; PCR products were directly
cytoplasmic proteins (catalase) adsorb to, and potentially mask, sequenced with a Taq Dye Deoxy Terminator Cycle Sequencing Kit
the outer membrane of viable Hp after their release by autolysis (Applied Biosystems). Phylogenetic trees were constructed by the
(presumably genetically-regulated) of a fraction of the bacteria, neighbor-joining method using Microsoft CLUSTAL V.
similar to events in Streptococcus pneumoniae. The relative [Results and Discussion] Percent similarity matrix was constructed by
amount of surface-associated urease and Hp54K is dependent cross-matching of nucleotide sequences of PCR-fragments of ure B or
upon Hp culture conditions. fla A from all strains listed above. As the dissimilarity range was very

Such .altruisticlysis. ' in which autolysis of a fraction of te ,narrow, orny intra-patient strain clustering was roughly inferred on the
e uch 'altruisticpysis,u In which autolysis of a fraction o the matrix. This matrix analysis was improved when the 3rd position of

bacterial population presumably benefits the remaining viable codon was compared. The sequence data were processed into
bacteria, would: 1) allow adsorption of the essential enzyme phylogenic analysis. Principally, a group of strains from one intra-patient
urease (and other cytoplasmic proteins) onto the surface of viable origin convergented into one duster that branched from the most
bactera, thus promoting survival; 2) help to explain how the non- peripheral node on the rooted tree. Those clusters were separated each
invasive bacterium Hp can present virulence factors and antigens other from upper node, indicating phylogenic distiniction of strains at
to the gastric mucosa and immune system; 3) likely influence the inter-patient level. Oversea strains, as well as those of geographically-
specificity of Hp adherence to eukaryotic cells in vitro and in vivo; distant-domestic strains, located at the nodes as remote as out-group
4) explain the recognized difficulty of identification of integral species. Phylogenic tree analysis of intra- or inter-patient strains may
outer membrane proteins of Hp; and 5) potentially influence the well paralleled to RFLP homogeneity or variety. The shorter branch
choice of antigens for oral immunization against Hp. length in intra-patient clusters may reflect an evolution of a strain after

having colonized in a host being restricted within unchanged RFLP.
Thus, " One host dwells on one genotype" may be paraphrased into
` One host allows one clonality".

74 76

THE CITRIC ACID CYCLE OF Helicobwter pykri UREA NFLUENCE HELICOBACTER PYLORI MOTILITYAT
George L. Mendz, Stuart L. Hazell and Sujatha THE GASTRIC MUCOSAL SURFACE. O N KaMi , N K Dhir, J H
Srnivasan. The University of New South Wales, Sydney, BBar J J Misiewicz, R P H Logan, R L Sidebotham. Parkside
NSW 2052, Australia. h U o Helicobacterpylori Study Group, St Mary's Hospital and CentralNSW 2052,Australia. If~~~~~~~~~~iddlese Hospital London.
Purpose: To investigate the mode of operation of the Krebs' Modlity and urease are required for Helicobacter pylori (Hp)
cycle of the bacterium. The citric acid cycle is a source of colonizto of gastic mucus. This is an acid environment: Hp
biosynthetic intermediates and of energy. Understanding moility in mucus might therefor, be dependent upon the buffering
its mode of operation will provide insights into the central acu:n of lal"i roduced by urease Ihis hypothesis was tested by.m ols of H. pylon, epxanimng in vitro Ci) th ffect ofpH on Hp moility with the Hobsonmetabzo.lism Of T.pylor. Tckran Cii) the effect of ms-gert alkali on the pH gdntMethods: Nuclear magnetic resonance spectroscopy and a e gasmc cos sufiace (GMS).
spectrophotometry were employed to study the activities The non-fasting stomach has a median 24 hour intraluminal pH 2.
and kinetics of the enzymes of the tricarboxylic and Tumberg (Gasroewrology 1981;88! 713) hasmodelled the pHgradient
dicarboxylic acid segments of the cycle in the bacterium. at GMS for this inwaluminal pH; demonstrating (i) a non-linear
Results: Citrate synthase and aconitase activities were gradient acomss the mucus, from pH 7.4 at the epithelial surface to pH
measured in cell extracts by the synthesis of citrate from 2.9 at the luminal surfac and Ca)-an adjac fluid layer, median pHoxaloasuretate andce actsDylCoA, ands the OIcnveIrsionof 2.3. Mtng dtis model into account, we examined the effect ofpH on
oxaloacetate and acetyl-CoA, and the conversion of Hp motility within the range pH 2.3 to pH 8 in two buffers. Highly
isocitrate to cis-aconitate and citrate, respectively. modle Hp isas cam ffvy nonmodle in buffer at pH 4 and
Lysates generated a-ketoglutarate from isocitrate and below, butremain mole beat pH S and above
NADP+ demonstrating the presence of isocitrate Hp wesrs active at acid and ncutal pH, that liberate
dehydrogenase activity; but no a-ketoglutarate nm arbonate and babonatm u To ascenain how
dehydrogenase activity was observed. The results t alalinafc tth epHpaisaGMS theywer (i)tinto 25mM NaHa), or Cii) produced in .da by addition of Hp cells to
suggested that the tricarboxylic acid segment of the Krebs' 2,5 or lOmM mu inmM NaHC,; prdjusted with HCI to a pH
cycle proceeds in the oxidative direction. In the wiin the rge pH 2 to pH 7.4. The pH of the NaHC% -
dicarboxylic segment of the cycle malate and fumarate hierib was increased by both nium salts;this was
were formed in incubations of cell extracts with mot maked (beween 3 and S pH units) at inidal pH 3. Hp urease
oxaloacetate and NADH revealing the equilibrium w inactiv belo pH 2.7.
reactions catalized by malate dehydrogenase and We find i etinbeg model these da indicate (i) Hp would
fumarase. Succinate was generated from fumarate in a be n o acmss40Gof thepH gient at GMS in the absence of
unidirectional reaction, and succinyl-CoA was generated sue acivit. Cii) alai generated by the acid-urease could rnderHP motiecrs theenctiredepthof the mucus, and some distance intofrom succinate, ATP and CoA-SH. The results suggest the adpcent fluid layer, and (iii) ali generated at the epithelial
that this segment of the cycle proceeds in the reductive see by the eual-use hough the mucus, could
direction. rend~ Hp motile across both the mucus and fluid layers.
Conclusions: The findings established the existence of a ON USION: Um facitates Hp colonization at GMS, by
branched Krebs' cycle in H. pylori, characteristic of apH om .P|sXmdlir1
anaerobic metabolism.
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ISOLATION OF HELICOBACTER SPECIES FROM MOUSE
CAECAL MUCOSA.

B.R. Robertson. M. Dorsch and A. Lee. School of Microbiology and
Immunology, The University of New South Wales, Sydney, Australia.

It has long been known that the mucus crypts of the lower
gastrointestinal tract of rodents and other animals are colonised
predominantly by spiral-shaped bacteria. The purpose of this study
was to isolate and characterise spiral-shaped organisms observed in
the caccal mucosa of conventional Quackenbush/Swiss mice.

Mucous scrapings from the caecum were inoculated onto blood agar
(LBA) and Campylobacter Selective agar (CSA) and incubated both
microaerophilically and anaerobically for 4 days. Plates were
screened for the presence of fine spreading growth which was
subcultured to obtain a pure culture. In this study, two spiral-shaped
organisms were isolated. The first organism (MCSpl) grew optimally
on CSA in a microaerophilic atmosphere, while the second organism
(MCS1) grew optimally on LBA under anaerobic conditions. DNA
was extracted from both organisms, and subjected to a number of
amplification reactions using PCR. Only MCS 1 gave a positive result
when DNA was used in a Helicobacter genus specific PCR
previously developed by us. We also used the DNA in a PCR we
designed to amplify a 720 bp region of the ureB gene of Helicobacter
species exhibiting urease activity, and again found the reaction to be
successful only for MCS 1. We have shown these urease primers to be
successful in amplifying DNA from H. pylori, H. felis, H. mustelae
and H. muridarum, but not from other urease positive organisms
including Klebsiella pneumoniae, Proteus vulgaris or P. mirabilus or
from urease negative species of Helicobacter.

With the discovery of H. hepaticus and its role in liver cancer in
infected mice, these lower bowel helicobacters may play an
increasingly important role in research into this group of organisms.
Of particular interest is the exact location of these bacteria in the
gastrointestinal tract.

ACETYL COA CARBOXYLASE ACTIVTTY IN
HELICOBACTER PYLORI AND THE
REQUIREMENT OF INCREASED CARBON
DIOXIDE FOR GROWTH
B.P. Burns', S.L. Hazell' and G.L. Mendz2
'School of Microbiology and Inmmunology and 2School of
Biochemistry and Molecular Genetics, The University of New _ outh
Wales, Sydney, Australia

Alms: To study C02/HC03- uptake/utilisation by H. pylori to better
understand the microaerophilicity of this bacterium. The present
study presents data on the molecular properties and activity of a
biotinylated protein identified in H. pylon.
Methods: A combination of gel filtration chromatography, gel
electrophoresis and Western blot analysis were employed to isolate
and detect the biotinylated protein. Enzyme activity was studied
using radioactive tracer analysis and nuclear magnetic resonance
(NMR) spectroscopy.
Results: Acetyl CoA carboxylase, a biotinylated enzyme that
requires bicarbonate as a substrate, was partially purified and
characterised from this bacterium. The protein was isolated in the
soluble fraction of the cell, and the approximate molecular mass of
the native enzyme was esimated to be 235 kDa by native PAGE. A
single band of approximately 24 kDa was detected by SDS-PAGE,
suggesting that the native enzyme is a multi-protein complex. The 24
kDa biotinylated component was proposed to be the carboxyl carrier
protein of the complex. Activity was linked to tre biotinylated
protein as the reaction was inhibited by avidin but unaffected by
avidin pre-treated with excess biotin. Vmax for bicarbonate was
determined at 0.730 ±mole min-1 mg protein-1. The end product of
the reaction was identified as malonyl CoA and the reaction shown to
be reversible by NMR spectroscopy. The affinity of bicarbonate for
the enzyme was relatively low (Km 16.6 mM, cf. E. coli, 2.9 mM).
Conclusions: These results demonstrate that the acetyl CoA
carboxylase of this bacterium functions optimally at higher levels of
CO2/HCO3-. This data provides the first evidence of a possible
physiological role for the requirement of high levels of C02 for
growth of this bacterium.

8078

STRAIN DIVERSITY AND SELECTION IN PATIENTS TREATED
FOR HELICOBACTER PYLORI INFECTION.
S.L. Hazell, V. Warburton. G. Daskalopoulos, M. Jorgensen.
Univ of New South Wales & Western Sydney Endoscopy
Centre, Sydney, Australia.

Aims: To determine the number and distribution of strains of H.
pylon within the stomach of infected patients. To examine the
effect of failed antibiotic therapy upon strain diversity and the
occurrence of metronidazole resistance.
Methods: Patients presenting with upper gastrointestinal
symptoms were invited to participate in the study. H. pylori
infected patients had five biopsies each from the body and
antrum taken for culture. Patients were treated with triple
therapy. Upon follow-up examination again ten biopsies for
culture were taken. Two isolated colonies were expanded from
each culture positive biopsy, giving up to 20 isolates from each
patient both before and after treatment. Each of these isolates
was examined by random amplified polymorphic DNA (RAPD)-
PCR to obtain a fingerprint. Isolates were also tested for their
sensitivity to metronidazole.
Results: Of the 46 patients returning for follow-up examination,
21 (46%) had failed therapy. Based on the fingerprint data
generated by the RAPD-PCR most patients were found to be
colonized by at least two strains of H. pylori. The number of
strains found in any one patient ranged from one to four. One
strain was usually predominant in any given patient. Failed
antibiotic therapy usually resulted in a reduction of the number
of strains present and a change in the predominant strain. The
predominant strains were more likely to be resistant to
metronidazole. In some patients, prior to treatment, the resistant
strains that later emerged had been detected as a minor
component of the gastric microbiota.
Conclusion: Patients may be infected with multiple strains of
H. pylon. Resistant strains can be present in patients as a minor
component of the gastric microbiota prior to therapy. Therapy
may selectively enrich for resistant strains.

ULTRASTRUCTURAL CHARACTERIZATION OF THE INTER-
ACTION BETWEEN PHOSPHOLIPID LIPOSOMES AND HELICO-
BACTER PYLORI BY ELECTRON MICROSCOPIC TECHNIQUES.
F. Mauch, G. Bode, G. Adler. Dept. of Internal Medicine I, University
of Ulm, Germany.

Aqueous compartments enclosed by bilayers made in the form of
spherical vesicles are called liposomes. Liposomes can be used as
vectors for transfecting cells and moreover as transport vehicles for
substances. Liposomes loaded in this way have a potential for the
delivery of drugs. The aim of this study was to investigate the trans-
location and internalization of liposomes into H. pylon cells.
Material and Methods: Liposomes were prepared of soy bean phospha-
tidylcholine (1 mg/ml) with a mean diameter of 100 nm.Without prefi-
xation 2 different H. pylon strains from liquid culture were incubated
with the liposome suspension in buffer for 3 hours. After fixation, the
samples were dehydrated and embedded in Epon resin. Ultrathin sec-
tions (30 nm) were analyzed either by transmission electron microscopy
(TEM) or by specific element analysis using electron energy loss spec-
troscopy (EELS) and electron spectroscopic imaging (ESI). All exami-
nations were performed with a Zeiss CEM 902 device.
Results: Liposomes could be visualized within H. pylon cells in both
tested strains. They were detected by conventional electron microscopy
as well as by an element specific analysis using the ESVP/ELS techni-
que. It was found that the liposomes entered the cytoplasm by penetra-
ting the outer and inner membranes. This mechanism seems not to be
mediated by a fusion of the liposomes with the membranes. After trans-
location through the membranes the liposomes often could be demon-
strated in close association with the polyphosphate granules.
Conclusion: These results suggest that it is possible to target liposomes
to bacteria and that this mechanism may have potential as a means of
delivery bactericides or enhance the efficacy of drugs.
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COMPLEXITY OF P TYPE ATPASE GENES IN THE GENOME OF
HEUCOBACTER PYLORI

Klaus Meiches. Thomas Weitzenegger, Sabine Wingler, Wolfram
Steinhilber, and Klaus P. Schafer
Byk Gulden Pharmaceuticals, Department of Molecular Biology,
P.O.Box 100310, D-78403 Konstanz, Germany.

All known P type ATPases, isolated from eukaryotic and bacterial cells,
contain a highly conserved DKTGT(IIL)T consensus sequence. The as-
partate residue carries a phosphate in a mixed anhydride configuration
through the phosphorylation\dephosphorylation cycle during transport
catalysis. Given the degenerated genetic code the phosphorylation con-
sensus box can be encoded by a DNA sequence pool of 2,304 different
molecules 20 b in length (main pool). We have divided this pool into 5
DNA oligonucleotide sub-pools covering all possible sequences of the first
six amino acids of the phosphorylation signature sequence and the AC of
the threonine codon. Southern blot analyses were performed by hybridiz-
ing these sub-pools to restricted DNA of H.pylori. In all cases, a pattem of
5-10 bands differing in size were detected. Since the pools consisted of
similar DNA sequences, the hybridization pattems exhibited a high degree
of similarity but were not identical. The actual number of DNA restriction
fragments detected by each of the DNA oligonucleotide sub-pools was
estimated by gel scanning. Using these sub-pools we screened an
H.pylori DNA library in pRH160 in E.coli HB101. A couple of positive
clones were isolated, one of which was selected for detailed analysis.
DNA sequencing showed that it encodes a 75 kDa protein, rich in
cysteine and histidine residues, exhibiting several features of P type
ATPases, i.e. consensus sequttmi,fe pttgophoryjation ipiP, R
a conserved CPC motif located in a putative membrane spanning seg-
ment and a CPDC sequence near by the N-terminus of the predicted pro-
tein. When compared to the Cd` and Cu` transporting pumps of bacte-
ria, the cloned P type ATPase shows a 50% homology. The hydrophobi-
city plot is very similar. These results demonstrate that we have cloned a
P type ATPase of i'l.pyioni verifying the appiled -cloning strategy. Analysis
of further clones is in progress to elucidate the total number and identity
of P type ATPases present in the genome of H.pylon.

82

Genetic characterization of the Helicobacter pylori
recA gene.

W. Schmitt, S. Odenbreit, D. Heuermann and R. Haas, Max-Planck-
Institut far Biologic, Abteilung Infektionsbiologie, Spemannstr.34, D-
72076 Tubingen, Germany

Studies concerning the role of putative virulence factors of Helicobacter
pylori require both the construction of isogenic mutants and their
genetic complementation. Complementation experiments, however, are
severely hampered by the effective DNA recombination system in H.
pylori, leading to deletions and rearrangements of genes reintroduced
on shuttle vectors. We were therefore interested in constructing H.
pylori recA mutants deficient in genetic recombination, thus obtaining
genetically stable strains.
A part of the H. pylori recA gene was cloned by PCR using
degenerated oligonucleotide primers. This fragment was taken as a
basis for screening a plasmid library, which resulted in isolation of the
whole recA gene. Sequence analysis showed an open reading frame
encoding a putative protein of about 38 kDa with strong homology to
other bacterial RecA proteins. A second open reading frame coding for
a putative protein with N-terminal sequence homology to procaryotic
and eucaryotic enolases was located directly downstream of recA.
Isogenic H. pylori recA mutants displayed an increased sensitivity to
ultraviolet light, as compared to wild type, and a loss of homologous
recombination activity.
The cloned recA gene was shown to be expressed in E. coli, but did not

complement an E. coli recA mutation. Interestingly, the recombinant

RecA protein expressed in E. coli migrated at a smaller apparent
molecular weight in SDS-PAGE compared to the wild-type H. pylori
RecA protein. We speculate that RecA in H. pylori is posttranslationally
modified.

INTERACTIONS OF A KATALASE- AND A UREASE-NEGATIVE
MUTANT OF HELICOBACTER PYLORI WITH POLYMORPHO-
NUCLEAR GRANULOCYTES (PMN). M. Marxer', F. Farzam',
C. Spiegelhalder', S. Odenbreit2, R. Haas2 A. Kersten3
and M. Kist; 'Institut fur Med. Mikrobiologie, Hermann
-Herder-Str. 11, 79104 Freiburg, 2Max-Planck-lnstitut fur
Biologie, Spemannstr. 34, 72076 Tubingen and 3Pathologisches
Institut, Albertstr. 19, 79104 Freiburg, Germany

Histological examinations of infected mucosa have shown the
presence of PMN in close vicinity of H. pylori. This host
response seems to be unable to eradicate the bacteria. The aim
of the study was, to evaluate the function of the two enzymes
catalase and urease as potential microbial evasion mechanisms.
We conducted series of killing experiments in parallel to FACS-

analysis of the oxidative burst with isogenic catalase- and
urease-negative mutants, derived from the wild type strain
Hp 69A by transposon mutagenesis. Either non-oposonized or
antibody-opsonized bacteria were used.
As expected, the burst produced by the catalase-negative

mutant was significantly higher than the wild type and the
urease-negative mutant. In spite of this fact the killing
experiments showed, that the urease-negative mutant was the
most sensitive to killing (86% after 90 min) whereas the
difference between the wild type (42%) and the catalase-
negative mutant (56%) was less significant. Opsonization with
antibodies had no major influence on the number of bacteria
adhered, ingested or killed.
These results suggest, that the catalase plays a minor role in

protecting the organism against eradication by PMN. The urease
seems to shield H. pylori from the destructive potential of the
granulocytes by mechanisms that are not known yet. More
detailed investigations, including electronmicroscopy are in
progress.

IDENTIFICATION OF SURFACE COMPONENTS OF HELICOBACTER
PYLORI THAT BIND H TYPE 2 AND LEWIS BLOOD GROUP ANTIGENS
A.H. Alkout, C..C. Blackwell, D.M. Weir, W. Luman, K. Palmer. Dept.
Medical Microbiology, University of Edinburgh and Dept. Medicine, Western
General Hospital, Edinburgh, Scotland

Epidemiological studies indicate that individuals of blood group 0 or non-

secretors of their ABO blood group antigens are over represented among
patients with gastric or duodenal ulcers. As Helicobacter pylori is associated
with peptic ulcer, we wished to determine if there are surface components on

these bacteria that bind to the H type 2 ( group 0) antigen or the Lcwis8 (Le)
or Lewisb (Le6) antigens. Le is expressed predominantly on cells and in body
fluids of non-secretors and Leb on cells and in body fluids of secretors.

The outer membrane proteins of H. pylori NCTC 11637 were identified by
SDS-PAGE of sarkosyl-soluble membrane material. Three major outer
membrane proteins (approximate molecular mass 61, 34 and 31 Kda) were

observed in preparations from this strain stained with Coomassie brilliant
blue. A protein of approximately 61 Kda was obtained by affinity adsorption
with synthetic Le, Leb or H type 2 antigens conjugated to Synsorb beads. The
amount of material obtained from the Synsorb eluatc appeared to reflect the
amount of the biotinylated sugars bound to the bacteria assessed by whole cell
ELISA or dot blot, H2 >Lcb >Le'. In studies in which flow cytometrv was

used to assess bacterial binding to buccal epithelial cells (BEC) or a gastric
adenocarcinoma cell line (kato III), binding of H. pylori NCTC 11637 was

inhibited by pretreatment of the cells with monoclonal antibodies to Le, Leb
or H type 2.

We conclude that H type 2, Le' and Leb can act as receptors for H. pvlori.
Although in this study the 61 Kda protein was demonstrated by SDS-PAGE
with strain NCTC 11637, 51 clinical isolates each bound H type 2, Le and
Leb in the whole cell ELISA. The presence of adhesins that bind H type 2
might contribute to the excess of individuals of blood group 0. If binding of
the sugars in vitro reflect their interactions with the bacteria in vivo, the
greater binding of Leb to most strains compared with Le might more
effectively block some of the bacterial adhesins, thereby reducing density of
colonization among secretors.
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KINETICS OF PUTATIVE VIRULENCE FACTORS IN H. PYLOPJ-
Catharina Lindholm, Ingrid Bolin and Ann-Mari Svennerholm.
Department ofMedical Microbiology and Immunology, Goteborg
University, Sweden.
Aim: To evaluate the kinetics of the expression of some putative
virulence factors in H. pylori during different culture conditions.
Material and methods: Two strains ofH. pylori were used, i.e CCUG
17874 (a laboratory strain) and Hel 73 (recently isolated from a patient
suffering from gastritis). Cultivation was performed in parallel on blood
agar plates and in brucella broth supplemented with cyclodextrin in a
microaerophilic atmosphere. Bacteria were harvested after 2, 4 and 7
days, washed in PBS and kept at - 200C until analysed. The expression of
a 30 kDa H. pylori-specific surface protein, flagellae and a 26 kDa
membrane protein was analysed by inhibition-ELISA assays employing
specific monoclonal antibodies raised in our laboratory against each
antigen. These antibodies were also used in immunoelectron microscopy.
Results: When CCUG 17874 had been cultivated for 7 days, on blood
agar plates as well as in brucella broth, approximately 70% of the bacteria
had converted from the initial spiral form to the coccoid form. This
conversion occured already after 3 days in Hel 73. In phasecontrast
microscopy studies these coccoids were motile and thereby probably also
viable. The expression of the 30 kDa protein seemed to be very constant.
Thus, the inhibition-ELISA assay showed the same concentration of this
antigen in samples adjusted to the same bacterial concentration from plate
and broth cultures collected during 7 days. The presence of the protein
was confirned by immunoelectron microscopy. Finally the protein was
found to be more abundant in Hel 73 than in CCUG 17874. The flagellae
appeared to be more strongly expressed in broth cultures in which the
expression increased over time while it remained constant in plate-grown
bacteria as assayed by the inhibition-ELISA. The 26 kDa protein seemed
to be equally well expressed under both culture conditions throughout the
7 days studied.
Conclusions: This study shows that the 30 kDa surface protein is equally
well expressed by bacteria cultivated on solid media as well as in broth
during the entire study period. Also the 26 kDa protein is expressed under
both culture conditions but at various concentrations. The flagellae, on the
other hand, are best expressed in broth cultures.

BINDING OF BIOTINYLATED BLOOD GROUP ANTIGENS TO ISOLATES OF
HELICOBACTER PYLORI WITHmREFERNCE TO DISEASE, BLOOD GROUP AND
SECRETOR STATUS A.H. Alkout, C.C. Blackwell. D.M. Weir, W. Luman, K. Palmer.
Dept. Medical Microbiology, Univeristy of Edinburgh and Dept. Gastoerlogy,
Westen General Hospital, Edinburgh, Scotland.

Individuals of blood group 0 and indiviudals of all blood g s who do not secrete their
ABO blood group antigens (non-seetors) are over-represented ang patients with peptic
ulcers. We have found that Halicobacter pylon NCTC 11637 has an outer membrane
protein that binds H type 2, Le1O (exrsed only by secetors) and Lewis8 antige
(expressed predominantly by noae ). In this study we wisd to compae binding of
the biotinylated form ofthae ant to isotes ofH. plori in a whole cel enm lin
immunosorbent assay (ELISA) and to assess the binding of blood group antigens in relation
to clinical diagnsis (prcsce or abarnc of gastric or duodenal ulcer), ABO blood group
and secretor status of the individual from whom the bacteia were isolated.

There were four pattems of bindin observed with the 3 antigens. For the majority of the
strains (37/51, 73%), the highest optical density (OD) values in the ELISA were obsered
for H type 2, followed by Lewis and the lowest values for Lewis. This patten was found
among patients with normal histoo for bo stomach and duodenum and those with
disease and there was no association with secrtor status. There were 6 stain which bound
more Lewisb than H type 2. Half were from patients with nrmal histology, 3 were isolated
from secretors and 3 from non-secretors. There wer 5 strains in which the OD values
obtained with Lewis' wem greater than or equal to those for Lewisb.Three isobtes wer
from patients with normal histology, 2 wer from non-secretors and 3 from secrtors.
There were 3 strains in which OD's for Lewis' and Lewish wer equal. Each was obtained
from a patient with ulcers and/or duodenititir, 1 was from a non-secretor and 2 from
secrators.

The OD values for binding ofH type 2 ranged from 0.11 8-0.304. The mean OD values for
isolates from patients of blood grop 0 were lower comed with isolates obtained from
patients of other blood grosps (not0): normal histology(O= 0.198, not-O - 0.2l0y, gastric
ulcrs (0=0.198, not-O = 0.213); or peptic ulcers (0 = 0.207, not-O - 0.224).

We had predicted individuals of blood group 0 might harbour strains that bind higher levels
of H type 2; however, the opposite was observed. In contt to expectation, there was no
prevalence of strains which bound more Lewis' among non-secretor patients. Tbe only
group which was obtained predminntly from patients with disease was that to which both
Lewis' and Lewisb bound equally. These studics need to be expanded to examine larger
nwnbers of strains from well documented patients.

GENETIC CHARACTERIZATION OF AN
UNPROCESSED 30 kDa HELICOBACTER PYLORI-
SPECIFIC SURFACE PROTEIN.
Anneli Lundstrm and Ingrid B6lin. Dept of Med. Microbiology and
Immunology, G6teborg University, Guldhedsgatan 10, G6teborg,
Sweden.

By the use of a monoclonal antibody (MAb) described earlier
(1) we have cloned a 30 kDa surface exposed Helicobacter
pylori specific protein. This protein is specific for H. pylon
since the MAb reacts with all H. pylon strains tested but does
not react with other bacterial species. Since it seems to be
highly conserved among strains the protein must have an

important function in the bacteria.

A genomic library was constructed from the H. pylon strain
CCUG 17874 using the vector lambda Zap express
(Stratagene). The library was screened for expression of the
30 kDa protein and seven positive clones were found. The
smallest DNA insert containing the entire gene was 1,7 kb.
Both strands of this insert was sequenced.

The 30 kDa protein is a surface exposed protein. In
immunoblotting experiments some of the Helicobacter pylori
strains were found to produce two protein bands, indicating
the existence of a precursor form of the 30 kDa protein.
However, no typical signal peptide was found in the deduced
sequence of this protein. The possible processing was further
investigated in in-vitro translation- and minicell-experiments.
From the results of these experiments there was no evidence
for processing of the protein, in agreement with the lack of a

signal peptide sequence.

1. Bolin, I., Lonroth, H, and Svennerholm, A-M 1995. Identification of H.kobact.r pylo~ by
Immunogkical dot blot method based on reaction of a species-specific monoconal antibody with a

surface exposed protein. J. Clin. Microbiol. 33: p. 381-384.

IDENTIFICATION OF GENES ENCODING EXPORTED
PROTEIN SEQUENCES IN HELICOBACTER PYLORI USING
ALKALINE PHOSPHATASE VECTORS. S. Hanley, P.
Mullany, E. Allan, S. Tabaqchali. Department of Medical
Microbiology, St. Bartholomew's Hospital Medical College,
London, England.

The surface proteins of H.pyloni are likely to be involved in the
virulence of the organism and also represent excellent vaccine
candidates. Genes encoding surface proteins were cloned using a
set of three plasmid expression vectors, designated pMG, which
contain for each reading frame the alkaline phosphatase (AP) gene
lacking the sequence encoding the exporting signal peptide. A
library was constructed with Sau3A digested H.pyloni genomic
DNA which resulted in the creation of functional Hpyloni - AP
fusions. This indicated that the cloned H.pyloni DNA contained
sequences which encoded export signals. One fusion labelled with
`p was probed against geographically diverse H.pyloni strains and
was found to be conserved. The fusion was sequenced and
searched on the Swissprot database which revealed no homologies
to existing protein sequences. It is concluded that the H.pylori
sequence identified is likely to encode a novel exported protein.
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IDENTIFICATION OF IRON-REGULATED OUTER
MEMBRANE PROTEINS OF HELICOBACTER PYLORI. E,
Allan, P. Mullany, S. Tabaqchali. Departnent of Medical
Microbiology, St. Bartholomew's Hospital Medical College,
London, England.

When exposed to an iron-deficient environment, such as that
encountered in vivo, many pathogenic bacteria synthesise low
molecular weight iron chelating compounds called siderophores,
which are released into the environment to scavenge iron. In
addition, high molecular weight outer membrane proteins (OMPs)
are induced which function as receptors for these siderophores.
Alternatively, some bacteria, such as pathogenic Neisseria, exhibit
inducible OMP receptors which bind lactoferrin or transferrin
directly.

To investigate the response of H.pylori to iron-limitation, OMPs
were prepared from H.pylori grown in iron-rich and iron-limiting
media. Iron-limiting medium consisted of nutrient broth with 10%
horse serum plus the iron chelator ethylenediamine di-o-
hydroxyphenylacetic acid (EDDA, 0.04M). Iron rich medium
consisted of this same medium but with excess FeSO4 (5OuM).
OMPs were prepared using sodium N-lauroyl sarcosinate
(Sarkosyl) to solubilise the cytoplasmic membrane and the protein
composition of these preparations were compared by SDS-PAGE.

One new protein of 70-8OkDa was observed in the OMP
preparation from cells grown in low iron medium. In addition,
two proteins of approximately 9OkDa and 4OkDa were over-
expressed, and at least two proteins were under-expressed in
response to low iron, compared with cells grown in iron-rich
medium. The N-terminal sequences of these proteins are being
determined and will be used to design oligonucleotide probes to
screen a genomic library of H.pyloni to identify the genes encoding
these proteins.
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IDENTIFICATION AND CHARACTRISATION OF THE
HELICOBAC7ER PYLORJ GENE ENCODING A HOMOLOGUE
OF THE CLPB HEAT SHOCK PROTEIN OF ESCHERICHUA
COLI. E. Allan, P. Mullany, A.C. Jones', S. Tabaqchali.
Department of Medical Microbiology, St. Bartholomew's Hospital
Medical College, London, England. 1 School of Biological
Sciences, University of Birmingham, Birmingham, England.

To understand the pathogenesis and immunology of H.pylori
infection, it is essential to define the antigenic components of the
bacterium. In particular, surface-associated antigens and those
released from the cell during infection are most likely to be
important.

A lambda ZAP expression library of H.pylori genomic DNA was
screened with H.pylori whole cell rabbit antiserum. A recombinant
clone, which was shown by immunoblot analysis, to produce a
polypeptide of 87kDa was selected for further study. Purification
of plasmid DNA and digestion with restnction enzymes, revealed
an insert of approximately 3.2kb. A series of nested deletions
were created using exonuclease m. Some of these deletion
derivatives lost the ability to express the 87kDa protein and this
allowed the gene to be localised. The nucleotide sequence of this
gene was determined. The predicted amino acid sequence showed
extensive homology to the ClpB heat shock protein of E.coli and
to other Clp proteins. These proteins constitute a recently
discovered family of highly conserved ATP-dpendent proteases
that are ubiquitous among prokaryotes and eukaryotes.
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PROPOSAL FOR DEVELOPMENT OF A UNIFORM
GENETIC NOMENCLATURE FOR HELICOBACTER
PYLORI.
D. E. Bergl, M. J. Blaser2, A. Labigne3, R. Rappuoli4, D. E.
Taylors and T. J. Trust6
'Dept. Molec. Microbiol., Washington Univ. Med Sch., St. Louis,
MO 63110, USA, 2Vanderbilt Univ. Med. Center, Nashville, TN
37232, USA, 3Institut Pasteur, F75724 Paris Cedex, France, 4IRIS,
Siena, 53100 Italy, 5Dept. Med Microbiol. & Inf. Dis., Univ
Alberta, Edmonton, T6G 2H7 Canada, 6Dept. Biochem. &
Microbiol. Univ. Victoria, British Columbia, V8W 3P6, Canada

We propose that parficipants in this VIHIth International Workshop
begin developing guidelines for a uniform nomenclature for
Helicobacter pylori genes and gene clusters. The development of
such guidelines should be important for our community, in light of
the phenomenal growth in H. pylori molecular genetics, and the
many persons with varied backgrounds having interest in this
field. To start discussion, we propose that the guidelines be kept
simple, straightforward and historically consistent, and that they
conform to those used when publishing in American Society for
Microbiology journals. In partcular, we propose that:
(i) H. pylori genes homologous to genes already found in other
organisms be named similarly. Examples include ureA and ureB,
which encode urese, andflaA which encodes flagellin.
(ii) Entirely new genes be given names that are mnemonics of the
function or activity of the proteins they encode -- for example,
vacA, for vacuolating cytotoxin.
(iii) When homology is not apparent, or the function of a new
gene has not been established, a unique provisional name could be
given. Examples include cagA for "cytotoxin associated gene",
and cagII for "second cytotoxin associated gene" cluster.

We ask for your comments and suggestions during presentation of
this poster. Continued input from interested persons would also be
most welcome, and could be directed to Douglas Berg (fax 314
362 1232 or email BERG@BORCIM.WUSTL.EDU).
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PREVALENCE OF H.PYLORI INFECTION AND RELATED
-GASTRODUODENAL LESIONS IN SPOUSES OF H.PYLORI-
POSITIVE DUODENAL ULCER PATIENTS.
F.Parente, G.Maconi, M.Minguzzi, Bianchi Porro
GI Unit,L.Sacco Hospital,Milan,Italy.

So far the risk of infection among spouses of
Hp- positive patients (pts) is uncertain. We
aimed to assess the geroprevalence of HP
infection in spouses of HP positive-DU pts as
compared to a group of healthy controls,as well
as the frequency of HP-related gastroduodenal
lesions in those spouses according to the
presence or the absence of upper GI complaints.
124 spouses (60 M/64 F) of HP-positive DU were
screened for serum IgG anti-HP antibodies.
Endoscopy with antral and corpus biopsies for
histology and CP test was offered to all
seropositive spouses. 248 volunteer blood donors
served as an age and sex control group. Spouses
of HP positive DU pts had a significantly higher
prevalence of HP infection than controls (71% vs
58%,p< 0.05); 30/88 HP-positive spouses (34%)
referred GI symptoms as compared to 4/34 (11%)
of HP-negative spouses (p<0.02). At endoscopy HP
infection was confirmed in 48 of 49 seropositive
spouses (98%). The endoscopic findings of those
spouses showed active DU in 8(16%),duodenal scar
and cap deformity in 2(4%),active gastric ulcer
in 2(4%),erosive duodenitis in 3(6%),antral
erosions in 2(4%),antral erosion + duodenitis in
one and peptic oesophagitis in another one
patient. However, the prevalence of major
endoscopic lesions was significantly higher in
symptomatic than in asymptomatic spouses.
These results show that being a spouse of an
H.pylori-positive DU patient increases the risk
of H.pylori colonization and probably of peptic
ulcer disease,and suggest the usefulness of a
systematic serologic screening in cohabiting
partners of HP-positive DU pts.
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