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CAGII, A NEW MULTIGENE LOCUS ASSOCIATED WITH
VIRULENCE IN HEUCOBACTER PYLORI
N. S. Akopyants, D. Kersulyte and D. E. BM Dept. Molec
Microbiol, Washington Univ. Med Sch., St. Louis, MO 63110

Most Helicobacter pylori strains implicated in peptic ulcers and
gastric cancer produce a vacuolating cytotoxin and an
immunodominant cytotoxin-associated protein, encoded by the vacA
and cagA genes, respectively. In contrast, many strains from
asymptomatic carriers do not produce either protein. We searched
for new genes associated with virulence using our ordered library of
H. pylori cosmid clones (Molec. Micro. 11:509-523, 1994), and by
hybridizing restriction digests of each cosmid with DNA from
several cagA- and control cagA+ strains. A -21 kb segment was
found that was present only in the cagA+ strains. We propose that it
be called "cagIIr, for "second cytotoxin-associated gene" segment.
Most of cagII was cloned as a set of seven BglII fragments, which
were also used as hybridization probes. They hybridized with DNAs
from each of 73 cagA+ strains, but not with DNAs from 32 of 33
cagA- strains. The left end of cagIl in our type strain (NCTC1 1638)
was mapped; PCR primers specific for that end and for adjacent
sequences were then constructed to assess whether cagII tends to
occur at one site, or at many locations (e.g. as with typical
transposons). These primers allowed amplification of a -300 to
~500 bp product from each of 15 cagII+ strains tested, but gave no
product with any of 15 cagll- controls. Thus, the cagIlI location is
constant in most cagII+ strains; there is also some diversity among
strains in cagII terminal sequences and/or adjacent chromosomal
DNA. Further analysis of cagII ends and corresponding regions in
cagI- strains should help us learn how cagII is gained or lost from
its unique site during evolution. Our mapping showed that cagII is
far from vacA and cagA in the H. pylori genome. Accordingly, we
propose that the association of these three loci reflects joint selection
for their various functions, not chromosomal linkage. In parallel
studies, the DNA sequence of caglI has been determined and is
being analysed (S. Clifton et al., this meeting), in the expectation that
some cagll-encoded proteins will be important in host interactions
during infection -- perhaps as mediators of tissue damage, of
immune or inflammatory responses, or of cellular proliferation.

Identification of a Helicobacter pylori-specific protein
involved in adherence to gastric epithelial cells

S. Odenbreit, M. 'ill and R. Haas, Max-Planck-Institut fiur Biologic,
Abteilung Infektionsbiologic, Spemannstr. 34, D-72076 Tilbingen,
Germany

We developed a general genetic approach for the identification of
surface-exposed or secreted antigens of Helicobacter pylon. For this
purpose a mini-transposon carrying the 5'-truncated mature B-
lactamase gene was constructed (TnblaM). The transposon combines
the advantages of tagging genes encoding leader-peptide-carrying
exported proteins with the principle of tansposon shuttle mutagenesis.
A chromosomal gene library of H. pylori established in E. coli was
mutagenized and a total of 191 plasmid clones encoding putative
excyplasniic proteins could be identified by TnblaM mutagenesis.
Individual mutated plasmids were transformed into H. pylori by
means of natural transformation. Allelic exchange via homologous
recombination resulted in 135 independent H. pylori mutants.
Southem hybridization experiments confiried the correct insertion of
the mini-transposon into the H. pylori chromosome.

Using an adherence assay, two independent mutants were
identified, which revealed a strong reduction in their ability to adhere
to the human gastric carcinoma cell line KatoIL Both mutants carried
the mini-transposon in the same gene, about 0.5 kb apart, and revealed
a strongly diminished motility and autoagglutination phenotype. The
H. pylori gene was expressed in an E. coli expression vector and a
fusion protein was produced in E. coli. A polyclonal antiserum raised
against the fusion protein recognized a band of approx. 53 kDa in
SDS-PAGE of total H. pylori cell lysates of wild type strains, but not
in the adhesion-defective mutant. By Southern hybridization we could
show that the gene is present in all H. pylori strains examined, but
absent in Helicobacter mustelae or Helicobacter felis, indicating that
the putative adhesin might be specific for the interaction of H. pyloni
with human gastric cells. The antigen will be tested for its potential as
a vaccine candidate.
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Growth phase and pH-related regulation of cagA, cagC and

ureA expreslon In H. pylorn
Mikd KIwe, Mural K. R. Tummuru-. and Martin J. Blasert
Division of lnfectous Diseases*, Deparnent of Medicine. Vanderbilt
University School of Medicne and VA Modial Centert, Nashvlle, TN37232.
USA.
To begin to undertd the transcriptional reguaton of cagA, cagC and
LeA under physiological condiffons, we created H. pyIodmutants in
which xylE, a transciptional fusion reporter, was Inserted into the ORF of

each of these 3 genes. Mutants of strain 3401 cels (3401A- 3401C.
3401 W) were created by natural tansfortnation and allelic exchange
using a xyE:km cassete. We found that the mutant and wild type (WT)
strains grew in culture at nearly identcal rates, and that when xyE was
introduced dowpstream (but not in the revere orientathn) of an active
promoterIn H. pylor, expression could be readily detected. To examrne
reponse to pH change, the mutantmnd WT srains were grown in
culture for 24 or36h (late bg phase; LLP) or 48h (stationary phase; SP),
then exposed to pH4, 5. 6 or 7 buffer, and then xyE expresn
(mUnlN protein) assessed.

pH-induced Wxr n of xyE within the cagA ureA, or cagC ORFs
by H. p1w1 culture duration_ ~~~~~~~~~~~~3401lC'

ForLLP3401A-lls, exposure to pH4 ed to markedly lower xyE
expression, compared to pH57. For SP cells, exposure to pH5&6 led to
Incrasd expressin butforpH4&7, there was no change from LLP;
thus, coA expresson Is growth phase and pH-specfi For 3401 U-

cals, exposure to pH6&7led to Increased expression related to growth
phase but for pH4&5. there was no changefrom LLP. However, pH
exposure (4<7) had aconsnteffect For 3401C- cells, forpH4, 5,
6 or 7, there was le change thoughout the growth cyde, but the pH
effects were paallel to 3401 U- cell although the magnitude of expression
was 20-30 fold less.
We condlude that thepronteesxyE reporter is useful to assess
transcription hn H. pyodand that regulation deachofthe 3 genes difers

Expression Is maxirnal for cagA at pH5& 6,

at

A1TACHMENT OF H. PYLORI TO GASTRIC CELLS OCCURS
BY AN EPEC-LIKE MECHANISM AND INDUCES TYROSINE
PHOSPHORYIATION OF HOST CELL PROTEINS. E.D. Sega
S. Falkow, LS. Tompkins. Dept. of Microbiology and
Immunology and School of Medicine, Stanford
University, Stanford, CA.
To investigate the manner and consequences of H. pylon
attachment to human gastric cells, bacterial/cell
interaction was examined via transmission electron
microscopy (TEM) and immunofluorescence (IF). Double
immunofluorescent studies were done using a cag+vac+
H. pylon strain and the AGS cell line. After attachment
the monolayer was fixed, permealized and stained with
various antibodies. The primary antibodies included
anti-alpha-actinin and anti-talin, both cytoskeletal
proteins. Rhodamine phalloidin was used to visualize
actin filaments. An Ab against phosphotyrosine was used
to ascertain If tyrosine phosphorylation was associated
with attachment of H. pylorn. All samples were stained
with polyclonal anti-H. pylon antibodies to localize the
bacterium on the monolayer.
TEM experiments showed that attachment of H. pylon
results in i) effacement of microvilll at the attachment
site, ii) actin condensation beneath the bacterium, and
iii) pedestal formation. Double IF studies confirmed that
actin rearrangement results from H. pylorn atchment
and revealed that cytoskeletal components alpha-
actinin and tal are also involved. Additionally binding
of H. pylorn to AGS cells induced tyrosine
phosphorylation of host cell proteins. These results
indicate that H. pylorn causes EPEC-like lesions on gastric
epithelial cells resulting in cytoskeletal rearrangements
and interaction with the host signaling pathways.
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IDENTIFICATION OF THE LECTIN-LIKE LAMININ-BINDING
PROTEIN OF HEICOBACTER PYLORI. A.P. Moran1, K.
Valkonen', T. Wads .Dept of iobiology, University
College, Galway, Ireland & 2Dept of Medical Microbiology,
University of Lund, Sweden.

Binding of Helicobacter pvlori to basement membrane
glycoprotein, laminin (LN), may allow the pathogen to
survive in chronically amed tissue and we have
previously characterized the role of H.ivlort
lipopolysaccharide in this interaction. However, a second
bactial adhesin, a lectin-like protein, is also involved and
thus, the prsent study was undertaken to characterize the
latter interaction. LN binding by strains that exhibited
different adherence properties, both strongly
haemagglutinating (HA) and poorly HA, were determined in
liquid-phase assays with radiodinated LN. Inhibition and
displacement asays were performed with bacteial
preparations, carbohydrates and isolated prtns. Binding
of both strongly and poorly HA strains was rapid, specific
and saturable. Treatment of bacterial cell with heat and
proteolytic enzymes reduced LN binding, thus confirming
the contribution of proteins to binding. LN binding was
inhibitable with fetuin, but not as significantly with
aslalofetuin, and treatment of laminin with neuraminidase
reduced binding, thereby indicating the involvement of N-
acetylneuraminic (sialic) acid residues. Selected
monosaccharides, constituents of sugar chains of LN, were
not signifcant inhibitors of LN binding. However, N-
acetylneuraminyl-aL(2*3)-3actose (NeuAc2*3Lac), but not
N-acetylneuraminyl-o(42-.6)-lactose, signifintly inhibited
LN binding by both strongly and poorly HA strains. These
findings were confirmed in displacment experiments. In
addition, outer membrane proteins wee isoated,
eletroblotted onto nitrcellulose membranes, incubated with
LN and bound LN was deteced by specific antisera. This
procedure identified a 25 kD laminin-binding protein in all
the strains. Collectively, the results suggest that both
strongly and poorly HA strains posss a 25 kD lectin-like
LN-binding protein, though expression of the protein
differs between these strains, and the protein apparently
recognizes NeuAc2-3Lac-containing oligosaccharides of LN.
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REGULATION OF GENE EXPRESSION BY pH AND UREA IN
HFCOBAC7ER P .LORI.
Petra Voland, Klaus Melchers, Klaus P. Schifer and Wolfam Steinhilber
Byk Gulden, Department of Molecular Biology, Konstanz, Germany.

H. pylon is cultivatd in vitro under microaerophilic conditions at neutral pH. In
contrast, in vivo its natual habitat is believed to be more acidic. It is also known
that H. pylon surviveres in acidic pH in the prce of urea whereas at neutral pH
it does not, depending on the urea concenration. Thus, it seems conceivable, that
adaptation to environmental changes is accompanied by differential gene
expression. Therefore, we have studied the gene expression ofH. pylon at neutral
and acidic pH in the prce or absence of urea. H. pylon cells (ATCC 49503)
from the log phase grown in BIl-broth supplemented with 6% horse serum were
harvested d ded in bbanced salt solution (BSS) at pH 7.4, 5, and 3.
After the addition of S35-methionine the cells were incubated in the presence or
absence of 10 mM urea at 37- C for 20 and 90 mis. After centrifugation the cells
were r p in IO, lysed by sonication, ad the incoroation of S35-
methionise was deermined by liqiud scintillation counting. In the absence of urea,
total protein synthesis wag decreasd about 20 and 75% at pH 5 and 3,
repctively, compared to cells kept at pH 7.4. In contrast, in the presece of 10
mM urea, protein synthesis ws opposite to that obsed without urea. It
dereased about 66% at pH 7.4, 27% at pH S, and only 15% at an initial pH of
3. In contrast, the protein synhsis of the ureae negative mutant (ATCC 511 11)
remained unchanged at pH 7.4 and was greatly deread (90%) in the presence
of 10 mM urea. The de novo synthesis of single proteins was alyzed by 1-
and/or 2D gel ectrophoresis and fluorography. Although, ther is a decrease in
total protein synthesis at acdic and neutnl pH in the absne and presence of
urea, recvely, we have identified >18 proteins, which are down or up
regulated by pH and/oru. Two of these are HP60 and Ureae. The synthesis
of HSP60 is greaty decAed at pH 5,CompAed to p17.4., boh in the prce
and absence of urea. In conrst, the syntei of HSP60 is increse at pH 3 in
thelD abce of urns compard to pH 5, but decreasd when urea was present.
Interstngly, urease synteis was just the opposite to tht obevd for HSP60 at
pH 3. Hoevr at pH 5 usue syntesis wa reduced both in the presence or
absence of ure, comred to pH 7.4. In adton we hve identfied a protein
withi a Mi470 1A whichl is induced byqre insa conetaiong dqepedent manner.
Our finig demonsrte that the gene exprsion of H. pylorl is strongly
reguldatd in response to environmental chane likec pH and urea reflecting that H-
(gastric acid) and urea play an imporat role in physiology of H. pylon ad
hence for the survival in the stomach.
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HELICOBACTER FELlS PLASMID: A GOOD
CANDIDATE FOR A SHUTTLE VECTOR?
MCA de Ungrial, T Kolesnikowl, PT Cox2, A Leel.
1School of Microbiology and Immunology, The University of New
South Wales and 2Australian Water Technologies.

Aim: The Helicobacterfelis- mouse model has been shown to be a
useful and convenient animal model to study the pathogenesis of
helicobacter infection. Since H. felis is a relatively new organism,
there is an urgent need to learn more about its molecular biology.
Hence the aim of this study is to construct a H. felis shuttle vector to
stably introduce genes into Helicobacter sp.
Methods: Plasmids were extracted from a number of H. felis
isolates originatina from cats and dogs including the type strain
ATCC 49179 (CSI). In addition, CSI was re-isolated from
colonised Specific Pathogen Free rodents. Plasmid profiles of CS 1
from these animals were compared with those of stock cultures and
a plasmid (S-1) was chosen for further characterisation. S-1 was
purified from a gel and separately digested with 12 restriction
enzymes.
Results: We have shown that all H.felis isolates examined possess
more than one plasmid as well as unique plasmid profiles. Close
examination of the plasmid profile of CS 1 stock cultures indicated
the stability of its plasmids in vitro. However, one 6.5 kB plasmid
(S- 1) was absent from the CS 1 that was re-isolated from colonised
animals. Of the 12 restriction enzymes, only four were able to digest
S-1. The inability of some restriction enzymes to digest S-1 could
either be due to the absence of specific recognition sequences or the
presence of inhibitors, e.g. methylation, at these sites. ClaI was the
only enzyme of the 12, that digested S- 1 at a unique site.
Conclusion: This is the first study to demonstrate the presence of
plasmids in H. felis. The isolation of S-1, a 6.5kB plasmid from
CS 1, is a major step towards the construction of a H. felis shuttle
vector. Once the H. felis shuttle vector is constructed, it will be
useful for in vitro and in vivo manipulation of genes in Helicobacter
sp.
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The Role of Helicobacter pylori in Neutrophil Toxic
Oxygen Radical Release.

N0rgaard Al, Andersen LP.1,2, Elsborg L.3 and Nielsen H1,4.
1 Department of Clinical Microbiology. Rig~hospitalet, Copenhagen.
2Department of Clinical Microbiology, Statens Serum Institute.
3Department of Medicine B, County Hospital Hillerod.
4Department of Infectious Diseases M, Rigshospitalet. Denmark.

Although the causative role of Helicobacterpylori in
duodenal ulcer disease and chronic gastritis is established most
infected subjects remain asymptomatic and the pathogenic
mechanisms are still unclear. H. pylori activates neutrophils in
vitro to toxic oxygen radical (TOR) release which might be
important for the tissue damage. However, it is unclear if
differen-ces in host immune response to H. pylon could explain
the different clinical manifestations of the infection. To elucidate
the role of H. pylon in the pathogenesis of peptic ulcer disease
we have investigated the interaction of H. pylon with the human
immune system.

Eighteen patients with H. pylon infection confirmed by
histology and culture of antral mucosal biopsies were included
in the study. H. pylon were cultured on chocolate agar plates at
350C under microaerophil conditions. H. pylon proteins were
prepared by sonication of pure cultures of all 18 isolates.
Neutrophils were isolated from perpheral blood and release of
TOR's were measured in a luminol enhanced chemilumine-
scence assay by stimulation with a reference strain (CH-20249)
and the patients own strain. Control experiments with cross
stimulation of neutrophils from healthy donors were performed.

All 18 isolates were unable to stimulate the homologous
neutrophils to release TOR's. The reference strain and patient
strains were comparable in response when neutrophils from
healthy donor were stimulated.

The fact, that all the 18 strains have the ability to stimulate
neutrophils from a healthy donor but not neutrophils from the
homologous donor, is strongly indicating that a specific selective
immunparesis is present. This is a unique feature of H. pylon not
previousely described for other bacterial infections.
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