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THE tagA GENE AND METHODS POR DETECTING

PREDISPOSITION TO PEPTIC ULCERATION AND GASTRIC CARCINOMA

BACKGROUND OF THE INVENTION

Helicobacter pylori is now recognized as an
important pathogen of humans in that the chronic gastritis
it causes is a risk factor for the development of peptic
ulcer disease. There is also increasing evidence that
persistent infection with Helicobacter pylori is a risk
factor for the development of gastric adenocarcinoma
(1,2), especially of the distal stomach (3-5). The
evidence comes mainly from epidemiologic investigations
{6-9), including nested case-control studies (4,5,10), and

molecular and pathological studies support its biological

- plausibility (11). However, although essentially all

infected persons develop gastritis, clinical consequences
of H. pylori infection are recognized in only a minority
of persons. Also, while H. pylori infection is highly
prevalent in patients with gastric cancer, most H. pylori-
infected persons never develop these neoplasms (12).

Thus, it is important to identify other féctors that more

precisely determine risk among H. pylori-infected persons.

H. pylori strains are highly diverse (13-15) at

.a genetic level, but most phenotypic characteristics are

well-conserved. Furthermore, individuals can be infected
with more than one strain (4,15). Thus, it is important
to isolate particular characteristics of H. pylori strains

that_might affect risk of gastric ¢éncer developméntf
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Two exceptionslto the phenotypic homogeneity are
curréntlf recognized. First, about 50%-60% of H. pylori
strains produce a vacuolating cytotoxin in vitro (20,39),
and toxin production is'associated-with peptic ulceration
(40) . Second, there is heterogeneity in whether an
antigehic brotein migrating at éppfoximately 120-128
kilodalton (kDa) on reduéing sodium dodecyl sulfate-
polyacrylamide gel electrophoresis [SDS-PAGE] is produced
{20) . .More recent measﬁréments of this protein (referfed
to interchaﬂgably as TagA or CagAY.have yielded molecular
weights as high as 140.kDa. Although toxic activity is
mediatéd by an 87 kDa prbtein (23,41), toxin production
itself is associated with thé présence of the antigenic

120-128 kDa protein (20). Previous studies have found

that about'66-80%'of'H;'pyiori isolates express the 120-

128 kDa protein (20,42). Notably, presence Of-antibodies
to the 120-128 kDa protein in either serum or mucosal
secretions is associated with the presence of peptic

ulceration (18,20).

Until now, little was known about the
association between toxin producﬁion, ulcers or gastric
carcinoma and the 120-128 kDa antigen. This is due to the
previous inability to further characterizé the 120-128 kDa’

antigen after its initial visualization.

In previous studies, the 120-128 kDa antigen was
visualized by Western blotting, but virtually no other

characterization was performed (20). 1In contrast to the

‘ease with which this antigen has been visualized by

Western blotting, the 120-128 kDa band has not been easily
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visualized by otler methods such as silver staining
(Figure 2 in Cover et al., 1990 (20)). The explanation
for this phenomenon is that this antigen is present only
in minute quantitiés, relative to other H. pylori |
proteins. Recently, Gerstenecker et al. (43) have
reported the isoclation of an approximately 120 kDa protein
from H. pylori which reacts with positive human control
serum. However, virtually no characterization (such as N-

terminal sequencing) of this antigen has been performed.

Despite the difficulty of purification, the
present invention provides the cloning and sequence of the
gene and deduced amino acid sequence encoding the 120-128
kDa proteih. This data was obtained using alternate
methodology that did not require purification of the 120-
128 kDa antigen. The invention also provides diagnostic,

therapeutic, and prophylactic compositions and methods.

Immunoblot studies suggest that persons infected
with tagA* strains have higher degrees of gastric
inflammatioﬁ and epithelial cell damage than do persons
from whom tagA- strains have been isolated (18). Persons
infected with tagA*' H. pylori strains have enhanced
expression of IL-la, IL-1B, and IL-8 in gastric biopsies
compared to uninfected persons, and patients infected with
tagA- strains (19). Both intensity of inflammation and
epithelial damage may be involved in the pathogenesis of
gastrié'cancer (1). Thus, there is a need to examine the
importance of tagA expressing H. pylori strains in this

context.
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The invention'meets these needs by providing a
new serologic assay based on a recombinant fragment of
tagA, and a method of:determining predisposition to

gastric cancer.

The pﬁesent.invention provides an isolated
nucleic acid encpdiqg1an approximatelY'lzo-lze kilodalton
antigen of Hélidobacter‘pylori, or an antigenic fragment
thsreof,_wherein theisntigen is associated with peptic

ulceration and gastric carcinoma. The present invention

‘also provides'methods of detecting the presence of a

Helicobacter pylbri strain possessing_the 120-128
kilodalton antigen in a-subject} comprising the steps -of
contacting an antibody-containing sample from the subject
with a detectable amount. of the TagA antigen or fragment
thereof of the present invention and detecting the

reaction of the fragment and the antibody.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows physical maps of plasmids pMC1,
pMC2, -and pMC3. The.largsfarrow beneath.pMC3 represents
the location of the tagA Qene and the direction of
transcription as determined by deletion mutations and

immunoblotting. The small arrows represent the strand and

-extent of DNA sequenced from exonuclease III-derived

fragments. Restriction endonuclease cleavage sites: B,

Bglll; Ba, BamHI; E, EcoRI; H, HindIII; N, Ndel; S, SacI.
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Figure 2 shows a restriction map of PMC3 : km used
in construction of H. pylori mutant. The km cassette from
pILL600 was ligated into the NdeI site of PMC3 to create
PMC3:km. The arrows represent open reading frames
including the truncated 2577 bp tagA open reading frame.
Restriction sites are E, EcoRI; B, BglII; H, HindIII; Ba,
BamHI; N, NdeI} S, Sacl; Sm, SmaI. pMC4 represents the 2.9
kb EcoRI to SacI fragment of pMC3.

Figure 3 shows physical maps of plasmids pMC3,
pYB2 and pUT2. The largé arrow beneath pUT2 represents the
location of the tagA gene énd the direction of
transcription as determined by deletion mutations and
immunoblotting. Restriction endonuclease cleavage sites:
B, Bglll; Ba, BamHI; E, EcoRI; EV, EcoRV; H, HindIII; N,
Ndel; S, Sacl, X; Xbal.

Figure 4 shows physical mpas of the DNA
fragments from tagaA which were used to méke'overlapping
gene fusiong. The arrows représent the direction'df
transcription. The size of each product is indicated.
The clear boxed areas represent those areas of ;he.gene
that possess répeated nucleotide regions and which have
been determined to express immunogenic epitopes of this

protein.

Nucleic Acids
The present invention provides an isolated

nucleic acid encoding an approximately 120-128 kDa antigen
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or fragment of H. pylori, associated with peptic

'ulceration-(TagA). By "isolated" is meant'sufficiently

separated from @ther nucleic acids, proteins and other
cellular componénts found in the naturally occurring

organism to be useful in a clinical diagnostic or other

scientific protocol. The nucleic acid encoding the 120-

128 kDa antigen.can be the native tagA gene, which is
specific for strains of H. pylori expressing the 120-128
kDa antigen. By "spécifiq" is meant an isolated sequence
which does not hyb;idize;to a significant degree above
background with;nﬁcleic acids from.H. pylori strains that

do not express the antigen.

An ex@mple of such an isolated nucleic acid is
an open readingéframe pf 3543 base pairs comprising
nucleotides 1072 through 4614 contained in a 4821 base.
pair insert (SEQ ID NO:3). A cell line containing a
plasmid having the;fuli length tagA gene is deposited with
the American Type Culture Collection (1230 Parklawn Drive,
Rockville MD 20852) under ATCC Accession No. 69273. This
isolated H. pylori-specific nucleic acid can be used to
detect H. pylori expressiné_the 120-128 kDa antigen in
methods such as;polymerase-chain reaction (PCR), ligase
chain reaction and hybridization as further described
below. The nucleic acid or fragments thereof can be iﬁ a
suitable expression vector and host, and utilized to
produce the full length TagA protein as further described

herein.

An example of a nucleic acid encoding an

antigenic fragment of the 120-128 kDa antigen is a
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truncated open reading frame of 2577 basé pairs- comprising
nucleotides 1072 thrbugh 3648 contained in a 3648 base
pair insert (SEQ ID NO:l).- This specific nucleic acid can
be used to detect H. bylori possessing'the 120-128 kDa
antigen in methods such as polymerase chain reaction,
ligase chain reaction and hybridization. Alternatively,
the 3648 base pair sequence can be in a vector in a
suitable host and utilized to produce an antigenic

fragment of TagA.

Another example of a nucleic acid encoding an
antigenic fragment of the 120-128 kDa antigen is a
recombinant fragment (orv220) of the tagA gene comprising
nucleotides 1921 through 3648 of SEQ ID Nos:1 and 3
(Example 4). This specific nucleic acid can be used to
detect H. pylori strains expressing the 120-128 kDa
antigen in methods such as polymerase chain reaction,
ligase chain reaction and hybridization. Alternatively,
the nucleic acid can be in a vector in a suitable host and

utilized to produce an antigenic fragment of TagA.

Nucleic acids encoding other antigenic fragments
of TagA can be obtained by the skilled artisan using
routine methods and a routine amount of éxperimentation
following the procedures described herein for obtaining
the e#emplary nucleic acids. Other methods for obtaining
nucleic acid fragments of a known isolated nucleic acid,

such as restriction digests, can be applied to the larger

coding sequence to obtain nucleic acids encoding other

fragments of the antigen. The nucleic acids so obtained
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can be routinely screened for antigenicity, specificity,

etc., according to the examples herein.

Changes in the nucleotide,sequence:of the
exemplary nucleic-acids_encoding TagA or antigenic
fragments thereof are also contemplated as long as the
antigenicity of the.polypeptide encoded: by the nucleic
acids is maintained. Likewise, nucleic acids used as
primers or probes can have substitutions so long as enough
complementary bases exist for selective or specific |

hybridization (44).

Another example of the nucleic acid encoding the
TagA antigen is an alternative codihg sequence for the
antigen, obtained based on the degeneracy of the genetic.
code. Having provided one amino acid sequence of the TagA
antigen (SEQ ID NO:3), the skilled artisan can determine
the nucleotide sequence that encodesfthe antigen or a
frégment of the;antigen, and can generate the nucleic acid

using the existing techniques.

An isolated nucleic acid that selectively
hybridizes with the nucleic acid éomprising nucleotides
1072.through 4614-containedlin_the ngcledtide sequence
defined in the Sequencing Listing as SEQ ID NO:3 under

polymerase chain reaction conditions is also contemplated.

‘The term "selectively" as used herein refers to a nucleic -

acid that will hybridize under PCR conditions with the
reference nucleic acid at a level distinguishable from
background or random hybridization, but may also hybridize

with selected other nucleic acids at a level clearly
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distinguishable over background or rahdom hybridization.
The selectively hybridizing nucleic acid can be
complementary to the above nucieic acid. The degree of
sequence identity and length of the hybridizing sequences
can be selected based on the intended use of the
particular sequence. If used as primers, the invention
provides compositions including at least two nucleic acids
which selectively hybridize with different regions so as
to amplify a desired région. Exemplary PCR conditions are
provided herein, are well known in the art, and are taught

by the providers of PCR reagents and'appa:étus;

An isolated nucleic acid that specifically
hybridizes with the nucleic acid comprising nucleotides
1072 through 4614 contained in the nucleotide sequence
defined in the Sequencihg Listing as SEQ ID NO:3 under the
stringency conditions of 68°C for 16 hours in buffer

containing 6X SSC, 0.5% sodium dodecyl sulfate, 5X

- Denhardt's solution, with washing at 60°C in 0.5X SSC is

also contemplated (Example 1, southern hybridization).
Other examples of hybridization conditions are also
provided. Specific hybridization conditions exclude
nucleic acids that hybridize with nucleic acids other than
the reference nucleic acid. Thus, the hybridizing nucleic
acid can be complementary to a segment of of all of the.
above nucleic acid, or it can have sufficient
complementarity with the segment to which it hybridizes ;o
prevent it from binding to other naturally occurring
nucleic acids. The éequences to which the.nucleic acid
will hybridize can be selected based on the nucleotide

sequence and the utility of the particular sequence. For
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example, the specifically hybridizing nucleic acids can.be
used as prébes,fp: detecting the presence of an organism
that has the nucleic acid to which it hybridizes.
Alternatively, the hybridizing nucleic acids can encode

the fragments of TagA provided herein.

Also provided is an isolated nucleic acid that
hybridizes with_Fhe-nucleic_acid-encoding the H. pylori
TagA under stringent conditions and has at least 70%
complementarity Qith the 8§gment and strand of the nucleic
acid of SEQ ID NQ:3 to which it hybridizeé. The.
hybridizing nucleic acids of thé invention can have at
least 70%, 80%, 85%, 90%, 95%, 97%, 98% and 99%
complementarity with the segment and strand of the _
exemplary.séquenpe to which it hybridizes. The nucleic
acids can range from at least 18 to 4000 nucleotides in .
length. Thus, the nucleic acid can encode TagA from
another tagA* strain, or can be used as a probe or primer

for deteéting the presence of tagA* H pylori..

The invention provides examples of_these nucleic
acids of H. pylori, so that the degree of comp;ementarity
required to distinguish specifically hybridizing from
nonspecifically hybridizing nucleic acids-under specific
conditions can be clearly detérmined for éach nucleic
acid. 'The nucleié acids can be double stranded or single
stranded depending on the intended.use (e.g. as a coding
sequence or a primer/probe, respectively). It should also
be clear that a specifically hybridizing nucleic acid will
not hybridize with nucleic acids encoding unrelated

proteins.
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. One skilled in the art can féadily obtain the
nucleic acids of the present invention using routine
methods to synthesize a full gene as well as shorter
nucleotide fragments. For example, technigues for
obtaihing nucleic acids such as those'provided in the
Sequence Listing are specifically provided in the
application. Furthermore, additional methods are provided
in the art that can be utilized without significant
modification. Ferretti et al. -(75) and Wosnick et al.
(76) show routine methods to synthesize a gene of known
sequence. More specifically, Ferretti et al. teach the
synthesis of a 1057 base pair synthetic bovine rhodopsin
gene from synthetic oiigonucleotides. The synthesized
gene was faithful to the known sequence (first sentence,
page 603), demonstrating the feliability of this method of
gene synthesis. Additionally, Wosnick et al. teach the
synthesis of a maize glutathione-transferase (GST) gene
using an efficient, one-step.annealing/ligation protocol.
This technigue also produced a complete synthetic gene |
with 100% fidelity, which demonstrates the routine nature

of this protocol.

Antigen |

| Purified antigenic polypeptides encoded by the
nucleic acids of the'présent invention are also
contemplated. As used herein, "purified" means the
antigen is sufficiently free of contaminants or cell
components with which the antigen normally occurs to
distinguish the antigen from the contaminants or

components. Thus, the purified antigenic polypeptide is
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sufficiently separated from contaminants, so that it can
be used in a cl?nical diagnostic or other laboratory
protocol. The ﬁuxified approximately 120-128 kDa full-
length antigen épd antigenic frégments of the present
invention are aiso referred to herein as "the antigen,"

"the TagA antigén" or "the cagA antigen."

Spec1f1cally, an. approxlmately 130 kDa full
length TagA antigenlc polypeptide . (SEQ ID NO:4) is encoded
by an open read%ng.frame of 3543 base pairs within the
4821 base pair éloped insert, consisting essentially of

the amino acids%encpded by nucleotides 1072 through 4614

‘contained in thé nucleotide sequence defined in the

Sequence Listing as SEQ ID NO:3.

An approximately 96 kDa antigenic fragment of

TagA is encoded by an open reading frame of 2577 base

pairs within,th¢.3648 base pair cloned insert, consisting

essentially of the amino écids encoded by nucleotides 1072
through 3648 contained in the nucleotide sequence defined

in the Sequénce;Listing as SEQ ID NO:1.

Another antigenic fragment of TagA is encoded by
an open reading frame (orv220), consisting essentially of
the amino acids encoded by nucleotides 1921 through 3648
contained in the nucieotide sequence defined in the

Sequence'Listing as SEQ ID NO:1l.

An antigenic fragment of the antigen can be
selected by applying the routine'tgchnique of epitope

mapping to the TagA protein to determine the regions of
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the protein-thatmcontain epitopes reactive with serum
antibodies or éapable of eliciting an immune response in
an animal. Once the epitope is selecﬁed, an antigenic
polypeptide containing the epitope can be synthesized
directly, or produced recombinantly by cloning nucleic
acids encoding the polypeptide in an expressidn system,
according to the standard methods. Alternatively, an
antigenic fragment of the antigen can be isolated from the
whole antigen or a larger fragment by chemical or
mechanical disruption. The purified fragments thus
obtained can be tested to determine their antigenicity and
specificity by the methods taught herein. An ahtigenic
fragment is defined as an amino acid sequence of at least
about 5 consecutive amino acids derived from the antigen
amino acid sequence that is reactive with (binds) an

antibody.

Once the amino acid sequence of the aﬁtigenic
polypeptide is provided, antigenic polypeptides can be
designed that correspond to amino acid sequences of the
native antiéen, but with modifications in the form of
substitutions, inclusions or deletions of particular amino
acid residues in the derived sequences. The modifications
can include attaching the antigen-to-sequénces designed to
provide for some additional property, such as solubility.
The modifications can include other amino acids that
provide for some additional property, such as to
remove/add amino acids capable of disulfide bonding, to
increase bio-longevity, alter enzymatic activity, or alter
interactions with gastric acidity. In any case, the

peptide must possess a biocactive property, such as
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antigenicity, immunogenicity, specificity etc. ”Thé
polypeptides sogdesigned'can be tested for antigenicity,
immunogenicity énd specificity by the methods used and
described herein. - These polypeptides can then be .
synthesized, using standard peptide synthesis techniques.

‘Thus, synthesis|or purification of an extremely large

number of polypeptides derived from the exemplary sequence

of the TagA antigen is pcsSible;

Determining_Imm@nogenicity

The.pﬁfified antiggnic'polypeptides:can be
tested to determine their imﬁunogenicity and specificity.
Briefly, varioué concentrations of: a putative
immunogenically;specific-fragment are prepared and
administered toéan animal and the immunological response
(e.g., the production of antibodies or cell mediated
immunity) of an animal to each concentration is
determined. The amounts of antigeniadminis;ered depend on
the subject, e.g; a human or a guinea pig, the condition
of the subject, the size of the subject, etc. Thereafter

an animal so inoculated with the antigen can be exposed to

- the bacterium to determine the vaccine-effeét oﬁ.the

specific antigenic fragment. The specificity of the
fragment can be ascertained by testing sera, other fluids
or lymphocytes from the inoculated animal for cross

reactivity with other closely related bacteria.

Vectors and Hosts

A vector comprising the nucleic acids of the
present invention is also provided. The vectors of the

invention can be in a host suitable for expressing the
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polypeptides encoded by the nucleic ac¢id. Specific
example of vectors and hosts are provided below in the

Examples.

There are numerous E. coli expression vectors

- known to one of ordinary skill in the art useful for the

expression of the antigen. Other microbial hosts suitable
for use include bacilli, such as Bacillus subtilus, and
other Enterobacteriaceae, such as Salmonella, Serratia,
and various Pseudomonas species. In these prokaryotic
hosts one can also make expression vectors, which will
typically contain expression control sequences compatible
with the host cell (e.g., an origin of replication). 1In
addition, any number of a variety of well-known promoters
will be present, such as the lactose promoter system, a
tryptophan (Trp) promoter system, a beta-lactamase
promoter system, or a promoter system from phage lambda.
The promoters will typically control expression,
optionally with an operator sequence, and have ribosome
binding site sequences for example, for initiating and
completing transcription and translation. If necessary an
amino terminal methionine can be provided by insertion of -
a Met codon 5' and in-frame with the antigen. Also, the
carboxy-terminal extension of the antigen.can be removed

using standard oligonucleotide mutagenesis procedures.

Additionélly, yeast expression can be used.
There are several advantages to yeast expression systems.
First, eﬁidence exists that proteins produced in a yeast
secretion systems exhibit correct disulfide pairing.

Seéond, post-translational glycosylation is efficiently
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carried out by jeast secretory systems. The Saccharomyces

. cerevisiae preeﬁroralpha-factor leader region (encoded by

the MFu-1 gene) is routinely used to direct protein
secretion from yeast (45). The leader region of pre-pro-
alpha-factor.coﬁtains.a signal peptide:.and a pro-segment
which includes a recognition sequence for a yeast protease
enqoded by-the KEX? gene: this enzyme cleaves the -
precursor proteihﬂén,the carboxyl side of a Lys-Arg
dipeptide cleavaéessignal-sequence.- The antigen coding
sequence can be fused iﬁ—frame to the-pre—pro-alpha-factor‘
leader region. This construct is then put under the
control of a strong transcription promoter, such as the
alcohol dehydrogﬁnase I promoter or a glycolytic promoter.
The antigen coding sequence is followed by a translation
termination codon-which is followed by transcription
termination~sigmals. Alternatively, the antigen coding
sequences can be:fused to a second prétéin coding. |
sequence, such as Sj26 or P-galactosidase, used to
facilitéte puriﬁication of the fusion protein by affinity
chromatography. - The insertion of protease cleavage sites

to separate the components of the fusion protein is

- applicable to constructs used for expression in yeast.

MammaLian célls permit the expression of

'proteins in an environment that favors important post-

translational modifications such aé folding and cysteiné
pairing, addition of complex carbohydrate structures, and
éecretion of active protein. Vectors useful for the
expression of antigen in mammalian cells are characterized
by insertion of the antigen coding sequence between a

strong viral promoter and a polyadenylation signal. The
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vectors can contain genes conferring either gentamicin or

methotrexate resistance for use as selectable markers.

The antigen and immunoreactive fragment coding sequence

‘can be introduced into a Chinese hamster ovary cell line

using a methotrexate resistance-encoding vector. Presence
of the vector DNA in transformed cells can be confirmed by
Southern analysis and production of an RNA corresponding
to the antigen coding Sequence can be confirmed by
Northern analysis. A number of other suitable host cell

lines capable of secreting intact human proteins have been

'developed in the art, and include the CHO cell lines, Hela

cells, myeloma cell lines, Jurkat cells, etc. Expression
vectors for these cells can include expression control
sequences, such as an origin of replication, a promoter,
an enhancer, and necessary information processing sites,
such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator
sequences. Preferred expression control sequences are
promoters derived from immunoglobulin genes, SV40,
Adenovirus, Bovine'Papilloma Virus, etc. The vectors
containing-the DNA segments of interest can be transferred
into the host cell by well-known methods, which vary |
depending on the type of-cellular host. For example,

calcium chloride transfection is commonly utilized for

‘prokaryotic cells, whereas calcium phosphate treatment or

électfoporation may be used for other cellular hosts.

Alternative vectors for the expression of
antigen in mammalian cells, those similar to those
developed for the expression of human gamma-interferon,

tissue plasminogen activator, clotting Factor VIII,
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hepatitis B virus surface antigen, protease Nexinl, and
eosinophil majog basic'protein; can be employed. Further,
the vector can inglude CMV promoter sequences and a
polyadenylation signal available for=éxpression of

inserted DNAs in mammalian cells (such as COS7).

TherDNA sequences can be expressed in hosts
after the sequences.havé been operably linked to, i.e.,
positioned to edsure the functioning of, an expression
control sequencg.. These expression vectors are typically
replicable in tHe host organisms either as episomes or as
an integral part of the host chfomosomal DNA. Commonly,
expression vectdrs can contain selection markers, e.g.,
tetracycline resistance or hygromycin resistance, to
permit detection and/or selection of those cells’
transformed with the desired DNA sequences (see, e.g., -

U.S. Patent 4,704,362).

Polynucleotides encoding a variant polypeptide
may include sequences that facilitate transcription
(eXpression'sequences).and'translation'of the coding
sequences such that . the encoded polypeptide'product is
produced. Construction of such pqunucleotides-is well
known in the art. For example, such polyﬁucleotides can
include a promoter, a transcription termination site
(polyadenylation site in eukaryotic expression hosts), a
ribosome binding site, and, optionally, an enhancer for
use in eukaryotic expression hosts, and, optionally,

sequences necessary for replication of a vector.
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Purified Antibodies

A purified monoclonal antibody that specifically
binds the TagA antigen or antigenic fragment is also
provided. The antibody can specifically bind a unique
epitope of the antigen it can also bind epitopes of other
organisms. The term "bind" means the well understood
antigen/antibody binding as well as other nonrandom
association with an antigén. "Specifically bind" as used‘
herein describes an antibody or other ligand that does not
cross react substantially with any antigen other than the
one specified, in this case, the TagA antigen. Antibbdies
can be made as described in the Examples (see also, Harlow
and Lane (46)). Briefly, purified antigen can be injected
into an animal in an amount and in intervals sufficient to
elicit an immune response. Polyclonal antibodies can be
purified directly, or épleen cells from the animal can be
fused with an immortal cell line and screened for
monoclonal antibody secretion. -Thﬁs, nonhuman polyclonal
antibodies'that specifically bind the antigen are within

the scope of the present invention.

A ligand that specifically binds the antigen is
also contemplated. The ligand can be a fragment of an
antibody or a smaller molecule designed ﬁo bind an epitope
of the TagA antigen. The antibody or ligand can be boﬁnd
to a Substrate or labeled with a detectable moiety or both
bound and labeled. The detectable moieties contemplated
with the composition of the present invention are those
listed below in the description of the diagnostic methods,

including fluorescent, enzymatic and radiocactive markers.
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Antigen Bound to Substrate
A purified TagA antigen bound to a substrate is
also provided. éThe antigen can also be bound to a
purifieduantiboéy”or ligand. The antibody can be a
monoclonaluantiéody obtained by standard methods and as
described hereié.
-

Serological Detéctibn (Diagnosis) Methods

Detectinggﬂntibody with Antigen

- The present invention provides a method of

-detecting the-pﬁeSence'of a H. pylori strain possessing

the 1205128_kDajantigen in aésubject, comprising the steps
of contacting aﬁ antibody-containing saﬁple from the -
subject with a 4etéctablé amount of the TagA or TagA
antigenic fragmént'cf3the present invention and detecting
the binding readfion of the TagA or fragment and the
antibody producéd by the subject, the'binding indicating
the p;esence_df;the toxic H. pylori strain or previous
infection with the toxic H. pylori strain. There are
numerous roﬁtine immunological assays that can be used in
the present detection and predispoéition methods.

Examples are prdvided below.

-Detecting Antigen with Antibody/Ligand
One exaﬁple-of the method of detecting H. pylori
possessing the éhtigen_is performed by contacting a fluid
or tissue samplé from the subject with an amount of a
purified antibody specifically reactive with the antigen,
and detecting the binding of the antibody with the

antigen. It is .contemplated that the antigen will be on
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intact cells containing the antigen, or will be fragments
of the antigen. lAs contemplated herein, the antibody
includes any ligand which binds the antigen, for example,
an intact antibody, a fragment of an antibody or another
reagent that has reactivity'with the antigen. The fluid
sample of this method can comprise any body f£luid which
would contain the antigen or a cell containing the
antigen, such as blood, plasma, serum, saliva and urine.
Other possible examples of body fluids include sputum,

mucus, gastric juice and the like.

ELISA

| Immunoassays such as immunofluorescence assays
(IFA), enzyme linked immunosorbent assays (ELISA) and
immunoblotting can be readily'adapted to accomplish the
detection of the antigen. An ELISA method effective for
the detection of the antigen can, for example, be as
follows: (1) bind the antibody to a substrate; (2)
contact the bound antibody with a fluid or tissue sample
containing the antigen; (3) contact the above with a
secondary aﬁtibody bound to a detectable moiety (e.g.,
horseradish peroxidase enzyme or alkaline phosphatase _
enzyme); (4) contact the above with the substrate for the
enzyme; (5) contact the above with a color reagent; (6)
observe color change. The above method can be readily

modified to detect antibody as weIl'as antigen.

Competitive Inhibition Assay
Another immunologic technique that can be useful

in the detection of H. pylori expressing tagA or previous

'H. pylori infection utilizes monoclonal antibodies (MAbS)
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for detection of antibodies specifically reactive with

TagA antigen. B%iefly; sera or other body fluids from the

~subject is react?d with the antigen bound to a substrate

(e.g. an ELISAu9§-well plate). Excess sera is thoroughly
washed away. -A_;abeled;(enzymerlinked, fluorescent,
radioactive, etc})_monoclonal antibody is then reacted
with the previoﬁ%lyﬂreacted antigen-serum antibody
complex. The am@unt of inhibition of monoclonal antibody
binding is measu%ed relative to a control (no patient
serum antibody);f The degree of monoclonal antibody .
inhibition is a very specific test for a particular
variety or straip since it is based on monoclonal antibody
binding-specificity; MAbs can also be used for detection

directly in cells by IFA.

Micro-Agglutination Assay

A micro-agglutination test can also be used to
detect the presence of the.TagAepossessing H. pylori
strain in a subject. Briefly, latex beads (or red blood
cells) are.coated with the antigen and mixed with a sample.
from the subject,.such that antibodies in the tissue or-
body fluids that are specifically reactive with_the
antigen crosslink with the antigen, causing agglutination.
The.agglutinated antigenfantibody-complexés form a
precipitate, visible with the naked eye or by
spectrophotémeter. In a modification of the above test,
antibodies specifically reactive with the antigen can be
bound to the beads and antigen in the tissue or body fluid

thereby detected.



WO 96/10639 : ' . PCT/US95/12669

10

15

20

25

30

23

Sandwich Assay/Flow Cytometry/Immunoprecipitation
In addition, as in a typical sandwich assay, the

antibody can be bound to a substrate and reacted with the
antigen. Thereafter, a secondary labeled antibody is
bound to epitopes not recognized by the first antibody and
the secondary antibody is detected. Since the preéent
invention provides TagA antigen for the detection of toxic
H. pylori or previous H. pylori infection other
serological methods such as flow cytometry and

immunoprecipitation can also be used as detection methods.

In the diagnostic methods taught herein, the
antigen can be bound to a substrate and contacted by a
fluid sample such as serum, urine, saliva or gastric
juice. This sample can be taken directly from the patient
or in a partially purified form. 1In this manner,
antibodies specific for the antigen (the primary antibody)
will specifically react with the bouhd antigen.
Thereafter, a secondary antibody bound to, or labeled
with, a detectable moiety can be added to enhance the
detection of the primary antibody. Generélly, the'
secondary antibody or other ligand which is reactive,
either specifically with a different epitope of the
antigen or nonspecifically with the ligaﬁd or reacted
antibody, will be selected for its ability to react with
multiple sites on the primary antibody. Thus, for
example, several molecules of the secondary antiquy can
react with each primary antibody, making the primary

antibody more detectable.
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_ Deteétableﬁuoietiea'

The detectable moiety will allow visual
detection of a érecipitate'or a color change, visual
detection by miéroscdpy, or automated detection by
spectrometry,.rédiometric measurement or the like.
Examples of detéctable moieties include fluorescein aﬁd
rhodamine (for ﬂiuorescence microscopy)’;  horseradish
pefoxidaSe (foréeither light or electron microscopy and
biochemical detéétion), biotin-streptaﬁidin (for light or
electron micrOSQOpy), alkaline.phosphatase'(for'
biochemical detéction by color change) and radioisotopes
(fqr radiographj).. The-detection-methods and moieties
used can be seléc;ed; for example, from the list above or
other suitable QXamples'by-the standard criteria applied

to such selectidns (46) .

" Detecting Disease or Prédispbsitidn to Disease

Peptic Ulceration

Because the purified TagA antigen brOVided
herein is associated with peptic ulceration, the present
invention also provides'a method of determining
predisposition to peptic ulceration in a subject. The
method can be accomplished according to the methods set
forth above for the detection of H. pylofi'expressing-the
TagA antigen or for the detection of antibodies specific
to the TagA antigen or for the detection of specific
antibodies to the TagA antigen. The presence of the TagA
antigen or TagA specific antibodies indicates a
predisposition of the subject to pepticiulceration. The
methods described below for detecting nucleic acids

specific for tagA* strains can also be used.
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‘Gastric Carcinoma _
Because the purified TagA protein provided
herein is associated with gastric cancer, the present

invention also provides a method of determining

. predisposition to gastric carcinoma in a subject. The

method can be accomplished according to the methods set
forth above for the detection of tagA* H. pylori strains or
for the detection of antibodies specific to the TagaA
antigen or for the detection of specific antibodies to the
TagA antigen. The presence of the TagA antigen or Taga
specific antibodies indicates a predisposition of the
subject to gastric carcinoma. Example 4 provides
supporting human data and an example of a specific
protocol for practicing this method. The méthods
described below for detecting nucleic acids specific for

tagA* strains can also be used.

Treatment Methods

| Methods of treating peptic ulcers in a subject
using the cpmpositions of the present invention are
provided. For example, in one such method an amount of
ligand (e.gqg., antiquy or antibody fragment) specifically
reactive with the approximately 120-128 kDa antigen of H.
pylori sufficient to bind thg'antigen in'ﬁhe subject and
improve the subject's clinical condition is administered
to the.subject. Such improvement results from the iigand
interfering with the antigen's normal function in inducing
inflammation and'qellular damage. The ligand can be a
purified monoclonal antibody specifically reactive with |
the antigén,'a purified polyclonal antibody derived from a

nonhuman animal, or other reagent having specific
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reactivity with;thé antigen. Additionally, cytotoxic
moieties can be}conjugated-to the ligand/antibody by
standard methods. Examples of cytotoxic moieties include

ricin A chain, diphtheria toxin and radiocactive isotopes.

.. .Another method of treating peptic ulcers in a
subject comprisés administering to the subject an amount
of a ligand/antégpnist for a receptor for the 120-128 kDa
antigen of H. pylori sufficient to react with the receptor
and prevent the binding of the 120-128 kDa antigen to the
receptor. An antagonist for the receptor is thus;
contemplated. - The result is an improvement in the
subject's clinical condition. Alternatively, the _
treatment method can include administering to the subject
an amount of an analogue of a TagA receptor to result in
competitive binding of the TagA antigen, thus inhibiting
binding of the TagA antigen to its wild type receptor.

The receptor is localized on cells present in: the
gastroduodenal ﬁucosa, such as epithelial cells, |

inflammatory cells, or endothelial cells.

Becausge the expression of-TagA is shown to be
associated withfgastriC'carcinoma, the above treatment
methods are applicable to the treatment or prevention of

gastric carcinoma.

"Mutant Organism|

The present invention also provides a mutant H.
pylori in which the tagA gene product has been rendered
nonfunctional. The mutant can either not express tagA or

express a non-functioning TagA antigen. 1In one example,
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the mutant H. py;ori.strain is obtained by making a-
substitution mutation in the coding sequence for the TagA
antigen as described in Example 2. Since the present
invention provides the nucleic acid encoding the antigen,
other methods of mutéting the coding sequence of the
antigen can be used to obtain other mutant strains as
contemplated herein. An example of the mutant H. pylori
strain of the present invention is designated 84-183:M22
and is deposited with the American Type Culture Collection
(1230 Parklawn Drive, Rockville, MD 20852) under ATCC
Accession Number 55359.

Additional isogenic mutants can be prepared, for
exaﬁple, by inserting a nucleic acid in the tagA gene or
deleting a portion: of the tagA gene so as to render the
gene non-functional or produced in such low amounts that
the orgahism is non-infectious. Furthermore, by.providing
the nucleotide sequence for the nucleic acid encoding the

antigen, the present invention permits the making of

-specific point mutations having the desired effect. The

deletion, insertion or substitution mutations can be made
in the gene sequence in either the regulatory or coding
region to prevent transcription or to render the

transcribed product nonfunctional..

One such approach to the construction of a
deletion or insertion mutant is via the Donnenberg method
(47). A deletion in tagA is created by deleting a 0.2 kb
BamH1-Ndel fragment and religating the tagA clone. This
mutant is cloned into suicide vector pILL570. The sacB

gene of Bacillus subtilis is also cloned into the suicide
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vector to'providg'a'conditionally lethal phenotype. This
construct is tra#sformed.into:H; pylori by
electroporation, | and transformants selected by
spectinomycin resisﬁancé. The merodiploid strain which
contains the sui#ide_vector and the mutated version of the
tagA gene are exéqséd to sucrose to directly select for
organisms that-héve undergone a second recombination,

resulting in the loss of the vector. These and other well

~ known methods ofgmaking_mutations can be applied to the

nucleic acids provided herein to obtain other desired

mutations.

| Non-isegenic mutants are alsd within the scope
of-the invention, For ekample, a live attenuated;H;
pylori that is also a tagA” mutant aécording-to,the present
invention, is pro,vided.- A tagA-recA  mutant strain is.
constructéd, for example, by insertion mutation of ‘both
the tagA and recA genes, according to the methods taught
herein and taught in U.S. serial no. 08/215,928 for recA.
A tagA vacA- mutant strain is constructed, for example, by .
insertion mutation of both the tagA and vacA genes,
according to the methods taught herein for tagA and in
U.S. Application Serial No. 08/215,928, which describes
the generation of a vacA mutant. A recaA- f:agA‘vac_A' mutant
strain is constructed, for example, by insertion mutation:
of the recA, tagA and vacA genes, according to the méthods‘

taught herein for recA and vacA, and taught in U.S.

 serial no. 08/215,928. Any of the well known methods of

mutating a gene can be used'in the present invention to

'generate H. pylori mutant strains. The strains can be

tested as provided for immunogenicity.
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Vaccines
The antigen, antigenic fragment or mutant H.

pylori of this invention can be used in the construction

of a vaccine comprising an immunogenic amount of the

antigen or mutant H.'pylori and a pharmaceutically
acceptable carrier. The vaccine can be the entire
antigen, the antigen on an intact H. pylori, E; coli or
other strain. The vaccine can then be used in a method of
preventing peptic ulcetation or other complications of H.
pylori infection (including atrophic gastritis and

malignant neoplasms of the stomach) .

Immunogenic amounts of the antigen can be
determined using standard procedures. Briefly, various
concentrations of a putative specific immunoreactive
epitope are prepared, édministered to an animal and the
immunological response (e.g., the production of
antibodies) of an animal to-each concentration is

determined.

The pharmaceutically acceptable carrier in the
vaccine of the instant invention can comprise saline or
other suitable carriers (48). An adjuvant can also be a
part of the carrier of the vaccine, in which case it can
be selected by standard criteria based on the antigen.

dsed,'the mode of -administration and the subject (48).

Methods of administration can be by oral or sublingual

means, or by injection, dépending on the particular

vaccine used and the subject to whom it is administered.
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It can be appreciated from the above that the.
vaccine can_be_ﬁsed as a prophylactic or a thefapeutic
modality. Thus, the invention provides methodé of |
preventing or treating H. pylori infection and ﬁhe
associated diseases by administering the vaccine to a-

subject.

Nucleic Acid Deﬁection {(Diagnosis) Methods

The presence of the TagA antigen and H. pylori
possessing the~¢agA antigen can-also-bé=determined by
detecting the ptesence of a nucleic acid.specific for the
antigen. The séécificity of these sequences for the
antigen can be determined by conducting a computerized
comparison withéknown sequences, catalogued in GenBank, a
computerized database, using the computer programs Word
Search or FASTA of the Genetics Computer Group (Madison,
WI), which search the catalogued nucleotide sequences for

similarities to the gene in gquestion.

The nucleic acid specific for the antigen can be

detected utilizing a.nucleic acid amplification technique,

such as polymerase chain reaction or ligase chain.
reaction. Alternatively, the nucleic acid is detected
utilizing direct hybridization or-by_utilizing a
restriction fragment length polymorphism. For example,
the present invéntion provides a method of detecting the
presence of H. pylori, possessing the TagA antigen,

comprising_ascertaining.the.presence of a nucleotide

‘sequence associated with a restriction endonuclease

cleavage site. In addition, PCR primers which hybridize

only with nucleic acids specific for the antigen can be
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utilized. The p;esehce of amplification indicates the
presence of theléhtigen.. In another eﬁbodiment a
restriction fragment of a DNA sample can be sequenced
directly using, for example, Sanger dAdNTp sequencing or 7-
deaza-Z'—deoxyguanoéine 5'-triphogphate and Tagq polymerase
and compared to .the known unique sequence to detect H.
pylori. 1In é further embodiment, the present invention
provides a method of'detecting the presence of tagA-
containing H. pylori by selective amplification by the
methods described'above._ In yet another embodiment H.
pylori can be detected by directly hybridizing the unique
sequence with a tagA specific nucleic acid probe.
Furthermore, the nucleotide sequence could be amplified

prior to hybridization by the methods described above.

Once specific variable sequences are shown to be
associated with peptic ulceration, the methods to detect
these sequences are standard in the art. Detection of
point mutations or variable sequences using direct probing
involves the use of oligonucleotide probes which may be |
prepared, fér example, synthetically or by nick
trahslation.- The probes may be suitably labeled using,
for example, a radio label, enzyme label, fluorescent
label, biotin-avidin label and the like for subsequent
visualization in the example of Southern blot
hybridization procedure. The labeled probe is reacted
with a bound sample DNA, e.g., to a nitrocellulose sheet
under conditions such that only fully COﬁplementéry'
sequences hybridize; The areas that carry DNA sequences
complementary to the labeled DNA probe become labeled

themselves as a consequence of the reannealing reaction.
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The areas of the filter:that-exhibit_sueh.labeling may
then be visualiéed, for example, by:autoradiography. The
labeled probe iehreacted with a DNA sample bound to, for
example, nitrocéllulose under conditions such that only
fuliy complemenéary'sequences will_hybridiZe. The
Stringeney of hjbridizatiph.is usually 5°C below the Ti
(the irreversibﬁe melting temperature of the hybrid formed
between the prqée_and_its target sequence) for the given
chain length,_,ﬁqr gbmers the recommended hybridization
temperature is gbout 58°C. The washing temperatures are
unique to the séquencefunder investigation and need to be

optimized for egch.variant.

Alterqative_probing techniques, such as 1igase
chain reaction (LCR), involve the use of mismatch probes, -
i.e., probes which are fully_complementary with the target
except at the peint of the mutation. The target sequence
is then allowed to hybridize both with oligonucleotides
which are fully complementary and have oligonucleotides
containing a miematch,.under conditions which will
distinguish between the twoc. By manipulating the reaction
conditions, it is possible to obtain.hybridization only
where there is ﬁull complementarity. If a mismatch is

present there is significantly reduced hybridization,-

The polymerase chain reaction (PCR) is a
technique that ampllfles specxflc DNA sequences w1th
remarkable-eff;qlency. Repeated cycles of denaturation,
primer annealing and extension carried out with
polymerase,.e.gﬁ,_a heat stable enzyme Taq polymerase,

leads to exponential increases in the concentration of
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desired DNA sequences. Given a knowledge of the
nucleotide sequeﬁce of a mutation, éyﬁthetic
oligonucleotides can be prepared which are complementary
to sequences which flank the DNA of interest. Each
oligonucleotide is complementary to one of the two
strands. The DNA can be denatured at high temperatures
(e.g., 95°C) and then reannealed in the presence of a
large molar excess of ocligonucleotides. The
oligonucleotides,'oriented with their 3' ends pointing
towards each other, hybridize to opposite strands of the
target sequence and prime enzymatic extension along the
nucleic acid template in the presence of the four
deoxyribonucleotide triphosphates. The end product is
then denatured again for another cycle. After this three-
step cycle has been repeated several times, ampiification
of a DNA segment by more than one million-fold can be
achieved. The resulting DNA may then be directly
sequenced in order to locate any genetic alteration.
AlternatiVely, it may be possible to prepare
oligonucleotides that will only bind to altered DNA, so
that PCR wiil oniy result in multiplication of the DNA if
a mutation is present. Following PCR,'direct
visualization or allele-specific oligohucleotide

hybridization méy be used to detect disease associated

‘with a point mutation. Alternatively, an adaptation of

PCR cailed-amplification of specific alleles (PASA) can be
employed; this uses differential amplification for rapid
and reliable distinction between alleles that differ at a
single base pair. Other techniques, such as 3SR, which
utilize RNA polymerase to achieve high copy number, can

also be used where appropriate.
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In yet another method, PCR may be followed by
restriction endonuclease digestion with subsequent
analysis of theéresultant.products."Nucleotide'
substitttionS'cinmresult in'the'gain drilOSSrdf specific
restriction endénuclease sité; ‘The gain or loss of a

restriction endénuclease_recognition site facilitates the

detection of the disease associated mutation using

restriction”fradment 1ength polymorphism (RFLP) analysis

- or by detection of the presence or absence of a

polymorphic resﬁriction endonuclease site in a PCR product

that spans the.éequence of interest.

For,RﬁLE'analysis,-DNA is obtained, for eﬁample
from the blood,égastric specimen, séliVa,.dental plaque,
other bodily fl&ids or stool of the subject suspected of
containing tagA{posSeséing H. pylori, or H. pylori
isolated from subject, and from a subject infected with
nontéxic H. pylori, is digested with a resﬁriction
endonuclease, and subsequently separated on_fhe basis of
size by agarose.gel electrophoresié. The Southern blot
technique can then be uséd to detect, by hybridization

with lébeled_prdbes, the products of endonucleage-

 digestion. The patterns obtained from the Southern blot

can then be compared. Using such an'apprbach, tagA DNA is
detected by determining the number of bands detected and

comparing this number to the DNA from H. pylori strains

‘that are not associated with severe disease. Restriction

endonucleases can also be utilized effectively to detect

mutations in the tagA gene.
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similéflcreation of additioﬁal restriction sites
by nucleotide substitutions at the disclosed mutation
sites can be readily calculated by reference to the
genetic code and a list of nucleotide sequences recognized -

by restriction endonucleases.

Single strand conformational analysis (SSCA)
offers a relatively quick method of detecting sequence
changes which may be appropriate in at least some

instances.

In general, primers for PCR and LCR are usually
abou; 20 bp'in length and the preferable range is from 15-
25 bp. Better amplification is obtained when both primers
are the same length and with roughly the same nucleotide
composiﬁion. PCR conditions can include denatufation of
strands usually takes place at 94°C and extension from the
primers is usually at 72°C. The annealing temperature
varies according to the sequence under investigation.

Examples of reaction times are: 20 mins denaturing; 35

cycles of 2 min, 1 min, 1 min for annealing, extension and

~denaturation; and finally a 5 min extension step.

PCR amplification of specific alleles (PASA) is
a 'rapid method of detecting singlé-base mutations or
polymorphisms. PASA (also known as allele specific
amplification) involves amplification with two
oligonucleotide primers such that one is allele-specific.
The desired allele is efficiently amplified, while the
other allele(s) is poorly amplified because it mismatches

with a base at or near the 3' end of the allele-specific
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primer. Thus, PhSA'or"the'related-method of PAMSA may be

used to specificélly amplify the mutation séquences of the
invention. Where such amplification is done on H. pylori
isolates or sampies'obtained from an individual, it can
serve as a methoa of detecting the presence of the

mutations.

As-men?ioned above, a method known as ligase
chain reaction (?CR) can be used to successfully detect a
single-base subs?itution. LCR probes may be combined or
multiplexed for simultaneously screening for.multiple
different mutatipns. Thus, LCR can be particularly useful
where, as here, hultiple-mutations are predictive of the

same disease.

" Antigen-Detecting Kit

The present-ihvention provides a kit for the
diagnosis of infection by strains of H. pylori possessing
the TagA antigeﬁ. Particularly,'the kit can detect the
presence of'TégE antigen specifically reactive with an
antibody or.an immunoreactive fragment therebf. The kit
can include an antibody bound to a substrate, a secondary
antibody reactive with the antigen and a reagent for
detecting binding of the secondary antibody*to the
antigen. Such a kit can be an ELISA kit and can comprise
the substrate, primary and secondary antibodies when
appropriate, and any other necessary reagents such as
detectable moieties, enzyme substrates and color reagents
as described abgve. The diagnostic kit can,
alternatively, be én-immunqblot kit generally comprising

the compohents and reagents described herein.
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Antibody-Detecting Rit

The diagnostic.kit of the pfesent invention can
be used to detect the presence of a primary antibody
specifically reactive with TagA or an antigenic fragment
thereof. The kit can include the antigen bound to a
substrate, a secondary antibody reactive with the antibody
specifically reactive with the TagA antigen and a reagent
for detecting binding of the secondary antibody to the
primary antibody. Such a kit can be an ELISA kit and can
comprise the substrate, antigen, primary and secondary

antibodies when appropriate, and any other necessary

reagents such as detectable moieties, enzyme substrates

and color reagents as described above. The diagnostic kit
can, alternatively, be an immunoblot kit generally

comprising the components and reagents described herein.

Nucleic Acid Detection (Diagnostic) Kits

| Once the nucleotide sequence of the TagA antigen
is determined, the diagnostic kit of the present invention
can alternatively be constructed to detect nucleotide
sequences'specific for the Antigen comprising the standard

kit components such as the substrate and reagents for the

- detection of nucleic acids. Because H. pylori infection

can be diagnosed by detecting nucleic acids specific for
the antigen in gastric or duodenal tissue and body fluids
such as gastric juice, urine, stool, and saliva, it will

be apparent to an artisan that a kit can be constructed

. that utilizes the nucleic acid detection methods, such as

specific nucleic acid probes, pfimers or restriction
frégment length polymorphisms in analyses. It is
contemplated that the diagnostic kits will further
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comprise a positive and negative control: test.

The pﬁrticular reagents and other components
included in the diagnostic kits of the present invention

can be selected from those available in the art in accord

~with the specific_diagnostic method practiced in the kit.

Such kits can bé-used.to detect the antigen in tissue and

fluid samples fiom a subjéct.

| The following examples are intended to
illustrate, but;not limit, the invention. While they are
typical of thosé that might be used, other procedures
known to those skilled in the art may be_alternatively

employed.
EXAMPLE 1
Cloning and Expression of TagXA Antigen

Bacterial-strains and growth conditions. .

ﬁ; pylori strain 84-183 (ATCC 53726). was used to
clone the gene for the TagA antigen. Thirty-two clinical
H. pylori isolates from humans, including strains that had
been previously shown to possess the_antigen,*were-used to
assess conservation of the gene and correlétion with
cytotoxin producﬁion (Table 1) . Stock cul;ures were
maintained at -70°C in Brucella broth (BBL Microbiology
Systems, Cockeysville, MD) supplémented-with 15% glycerol.
H. pylori strains were cultured in Brucella-broth
supplemented with 5% fetal bovine serum in a microaerocbic

atmosphere (generated by CampyPak-Plus (BBL) at 37°C for
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48 hours. For transformation and protein expression, E.
coli strains XLl-Blue (Stratagene, La Jolla, CA), HB101
(ATCC 33694), and DH5a (Stratagene, La Jolla, CA) weré
cultured in Luria-Bertoli (LB) medium with shaking at
37°C. The final concentrations of ampicillin when added

to media was 100 upg/ml.

Chemicals and enzymes.

Isopropyl-B-D-thiogalactopyranoside (IPTG) was
purchased from Sigma Chemical Co. (St. Louis, Md) and used
at 57 ug/ml, and S5-bromo-4-chloro-3-indolyl-f-D- '
galactoside (X-GAL; final concentration 40 ug/ml) was from
Boehringer-Mannheim (Indianapolis, IN). Restriction
enzymes, T4 DNA ligase, E. coli bNA polymerase large:
{Klenow) fragment and Se’queﬁase‘m were from Promega and
United States Biéchemiéals (Cleveland, OH). [x-32P] dATP

(650 Ci/mmol) was from ICN Radiochemicals (Irvine, CAa).

Genetic techniques and nucleotide sequence analysis.

To obtain chromosomal DNA from H. pylori 84-183,
the strain was cultured for 48 h in Brucella broth |
containing's% fetal bovine serum, the cells peileted, and
resuspended in 100 mM Tris-HC1l (pH 7.2) containing 100mM
NaCl. Cells were lysed using 1% SDS in 150 mM Tris-HC1l
(pH 8.8). After chloroform-phenol extractions, the
dhromoéomal DNA was precipitated with 100% ethanol.
Plasmids were isolated by the rapid alkaline extraction
procedure of Birnboim and Doly (49) and purification was
completed by precipitation in the presence of 800 mM NaCl
and 6.5% polyethylene glycol. All other standard '

molecular genetic techniques, including sequential ordered
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deletions, weregpgrfqrmed as desdribed (SO); The -
nucleotide sequénce.was.determined unambiguously on both
strands using d@uble-stranded DNA templates and the
dideoxy chain términation-procedure as described
previously (51){ Qligpnugleotide primers were synthesized:
by the Vanderbift University DNA cdre.Facility using a |
Milligen 7500 DﬁA synthesizer, using the manufacturer's
protocol. Nucléotide sequences were compiled and analyzed
with the aid of the DNA-Star program (DNA Star, Inc.,
Madison, WI);_p@tative promoter and Shine-Dalgarno-
sequences were ﬂdentified,by compariéon with consensus

sequences (52).

Construction ofga gegamiq library from H. pylori.

Strain 84-183 chromosomal DNA'wés sheared by

‘sonication and the resulting fragments were

electrophoresed on a 0.7% low melting temperature agarose
gel. Fragments in the 2-10 kb size range wére excised,
treated with T4;DNA polymerase to produce blunt ends, and
ligated to phosghorylated EcoR1 octamer linkers (New
England Bioiabs,_Beﬁerly, MA). The DNA was digested with

'EcoRI and ligated to the_EcoRI arms of,the-hzépII vector,

according to the manufacturér's.protocol. The ligation
mixtures were added to the Gigapack IIa péckaging mix
(Stratagene) and titered on XLl-blue cells (lambda ZapII)
or Y1088 (lambda gtll) cells. The amplified phage
libraries were screened with adsorbed sera from an H.

pylori-infected person or by plaque hybridization.
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Cloning of H. pylori-specific genes.

Serum from an H. pyiori-infedted person that
strongly recognizes the 120-128 kDa antigen was adsorbed
with H. pylori strain 86-313, which does not produce the
120-128 kDa band, and with E. coli cells to reduce the
likelihood of nonspecific reactivity and then used to
screen a bank of genes from the amplified AZapll phage
library (53). The bank contained approximately 4x10*
insertions. The amplified phage library was screened by
allowing approximately 10° plaques to grow on XLl Blue
cells for 2.5 h at 42°C, overlaying with a nitrocellulose
filter previously impregnated with 10 mM IPTG, and
incubating for 2 h at 37°C. The filters were then
screened with the adsorbed serum to detect 9 reactive
clones. Positive plagues were then plagque purified, and
lysates were prepared from these infected E. coli cells.
The lysatés were immunoblotted with the adsorbed serum and
clones expressing recombinant proteins were saved. By
immunoblotting with the adsorbed human serum, each of the

XL1-Blue lysates showed a strongly immunoreactive band

‘migrating at either-approximately 75, 85, or 96 kDa,

corresponding to plasmids pMCl, pMC2, or pMC3,

respectively.

- From the three representative.clones, the
pﬁiuescript plasmids containing the cloned DNA inserts
were excised by co-infection with helper phage, as
detailed (54), and fresh XLl1-Blue cells transformed. After
plasmid purification, restriction enzyme cleavage maps
were generated and the plasmids used for further |

characterization. In a parallel study, four clones were
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isolated from a Agtll library of H. pylori 84—183 DNA by
the same methodology, and the DNA insert from one of four
positive clones was amplified by polymerase chain reaction
(PCR) using primers based on the known flanking Agtll - |
sequences. Recdmbinant phage DNA from four positive
plaques was puriﬁied, and each contained a 0.6 kb insert.
Immunoblot analysis of lysates from two clones (AYB1 and
AYB2) showed-similar-sized 130 kDa bands that reacted with
the adsorbed human antiserum. To determine whether the 130

kDa protein was synthesized by a recombinant phage as a

_fusioﬁ protein, cell lysate prepared from AYBl was

subjected to immunoblot analysis using B-galactosidase
epecifio antiserum. The cross-reactivity shown indicates
that the,recombinentfclone AYB1l contains a fusion of the
Agtll B-galactosidase large (116 kDa) fragment and an H.
pylori open reading frame. We cloned the AYB1l insert into
pUC19, but the recombinant (pYBl) did not express any

protein.

Gel eleotroéhoresis and immunoblot analysis.

Lysates from E. coli carrying recombinant lambda
gtll, AZapll or pBluescript were analyzed by SDS-PAGE and
immunoblotting with adsorbed human serum.' Discontinuous
sodium dodecyl sulfate (SDS)-poly-acrylamide gel
electrophoresis (PAGE) was performed as described_
previously (55) by using a 4.5% stacking gel and a 7.0%
separating gel. Samples containing 3 ug of protein were
applied to each.gel lane. After electrophoresis, gels
were fixed and proteins were resolved.by the modified -

silver stain method of Oakley et al. (56). Concentrated
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éulture supernatants 6ontaining proteih were diluted in
sample buffer and wefe layered onto the surface of a
polyacrylamide gel in a Mini-PROTEAN II slab cell (Bio-Rad
Laboratories, Richmond, Calif.). Followihg
electrophoresis, proteins Were transferred to
nitrocellulose paper by electro blotting for 1 h at 1 amp.
After nonspecific binding was blocked, the nitrocellulose
paper was incubated at room temperature for 1 h with 1:100
dilutions of serum samples. Alkaline-phosphatase
conjugates of goat anti-hﬁman IgG, (Tago, Inc.,
Burlingame, Calif.), in a dilution of 1:2,000 were used as

the second antibody.

Southern hybridization.

H. pylori or C. jejuni dhromosomal DNA was
digested with either HindIII or EcoRI and BamHI and the
reéulting fragments were electrophoresed on a 0.7% agarose
gel in 0.04 M Tris-acetate -2 mM EDTA buffer (pH 8.2).

All hYbridization conditions and procedures were exactly
as described (50). Probes were radiolabeled by primer
extension using réndom hexamers (§7) . Hybridization was
carried out at 68°C for 16h in buffer containing 6X SSC

(1X sscC is'0.15M NacCl, 0.0ISM sodium citrate), 0.5% sodium

- dodecyl sulfate (SDS), 5X Denhardt's solution (1X

Dénhardt's solution is 0.02% Ficoll, 0.02%
ﬁolyvinylpyrrolidone, 0.02% bovine serum albumin), and 100
pg/ml salmon sperm DNA. - The blots were washed at 60°C in
0.5X SSC and exposed to XAR-2 X-ray film (Eastman Kodak,
Rochester, NY).
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Colony hybridizationm.

- H. pylori strains were grown on trypticase soy
bloocd agar plates (BBL) and replica copies of ﬁhese
colonies were téaﬁsferred to nitrocellulose filters. Each
filter was plécéd,on 3 mm Whatman paper saturated with 0.2
M NaOH/1.5M NaCl. After 3 min the filter was transferred
to 3 mm.Whatmanépaper saturated with 0.4M Tris-Cl (pH
7.6)/2X SSC for 3 min, and then to 2X SSC for 3 min. The
colony blot filﬁgrs:were dried in a vacuum oven for 90 min
at 80°C and hybridized with radiolabeled pMCB_as_described.
(50).

Cytotoxin'produdtion.

H. pylori broth culture supernatants were
concentrated 30-fold by ultrafiltration, passaged through;
a 0.2 pM filter, and incubated with HeLa.célls,..Briefly,
H. pylori strains were cultured at 37°C_in.bruce;1a broth
(BBL, Microbiology Systems, Cockeysville, MD.) containing
5% defined fetal bovine serum (Hyclone, Logén, Utah),
supplemented with 10 mM ammonium chloride to potentiate
cytotoxin aétivity.. Broth cultures Qere_incpbated in a
microaerobic atmosphere on a gyratory shaker at 100 rpm
for 72 h. Cult@reS-were.centrifuged.at 3,060 x g for 15
min, and the cell-free supernatants wére.stored at -70°C.
After thawing, supernatants. were concentrated 30-fold by
using a 30-kDa @ltrafiltration membrane, and retentates
were sterilized by passage through a 0.22-um-pore-size
filter. These concentrated culture supernatants (CCS,)
were incubated with Hela cells (obtained from Allison
O'Brien, Uniformed Services University of the Health

Sciences, Bethesda, Md.) in twofold dilutions from 1:10 to
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1:320 as described previously (39), except that toxicity
assays were performed in a total volume of 100 ul in 96-
well microtiter plates (Falcon; Becton Dickinson and Co.,

Lincoln Park, N.J.).

Vacuolation of Hela cells was quantitated using.
a neutral red uptake assay. Briefly, a stock solution of
0.5% purified grade neutral red (Sigma Chemical Co., St.
Louis, Mo.) was prepared in 0.9% saline and filtered with
Whatman no. 1 filter pater. Staining solutions were
prepared before each experiment by diluting the stock
solution 1:10 in Eagle medium containing 10% fetal bovine
serum. After incubation with test samples for 24 h the
medium overlaying HeLa cells was removed and replaced with
100 ul of staining solution per well for 4 min. The cells
were washed twice with 150 pl of 0.9% saline per well, and
the neutral red was extracted from cells by the addition
of 100 ul of acidified alcohol per well (58). The optiéal
density (OD) at 540 nm of wells was determined by using an
MR700 enzyme-linked immunosorbent assay reader (Dynatech,
Alexandria, VA.). All assays were performed in
triplicate. .In all experiments, the mean OD of wells
containing cells incubated with medium alone was less than
0.130 (mean, 0.101 + 0.007); this backgrdund OD was - |
subtracted from the OD of experimental wells to_yield a
net OD. Of the 32 H. pylori strains tested{ 15 produced
the vacuolating cytotoxin, as determined in this assay

(Table 3).
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Mapping the pBluescript inmserts.

After?digestion with EcoRI, plasmids pMC1, pMC2,
and pMC3 were féund to contain DNA inserts of
approximately 2.5, 2.7, and 3.6 kb, réspectively.

Analysis of restriction endonuclease treatment of the
recombinant: plasmids identified a conserved 1.2 kb
HindIII-digestidn.fragment in all three (Figure 1). As
such, further studies concentrated on pMC3, which
contained the largest insert. Analysis of deletion
mutations produced by exonuclease III digestion,
identified the orientation and approximate-location of the

open reading frame (ORF) (Figure 1, large arrow).

Sequence analysis-of'pMCS and p!Bi.
To determine the sequence of the 3.6 kb insert
in pMC3, a series of nested ordered deletions of the

plasmid'using exonuclease III (Figure 1) was performed, as

described (50). In total, the sequence for the entire

pMC3 insert representing 3648 bp was determined on both
strands (SEQ ID NO:1). The nucleotides are numbered on
the right dfaeaeh line. The nucleotides encoding the
glycine at residue number 859 of SEQ ID NO:1 are an
artifact of the cloning process and are ndt'a part of the
tagA gene. SEQ:ID-NO:z provides the dedﬁced amino acid

sequence of the nucleic acid shown in SEQ ID NO:1.

A long open reading frame commencing at
nucleotide 1072 continues to the termination of the

insert. Two other open reading frames in the opposite

‘orientation begin at 645 bp and 264 bp. The deduced amino

acids are shown beneath the nucleotides. Potential
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' ribosomal binding-sites (Shine-Delgarno sequence; SD), and

putative promotef elements (-35 and -10 sequences) are
indicated. 'Only a single ORF exceeding 300 bases was
found in any of the six possible readihg frames. This ORF
encodes a TagA antigen of 859 amino acids, yielding a
predicted protein with a molecular weight of 96,022

(SEQ ID NO: 2). The direction of transcription deduced
from this ORF is élso in_agreement with that determined
previously by the use of'the deletion mutants. Howe?er,
there is no trahslation termination signal, indicating
that the ORF in pMCBmis'truncated. ‘The truncated fragment
is rich in basic amino acids (Tablé 2) and the pfedicted
isoelectric point is 8.0. A potentiai ribosomal binding
site (AGGAG) ends 6 bp upstream of the ORF. The sequence

112 bp upstream of the translational start site exhibits

the promoter sequence TATAGT (SEQ ID NO: 1) which

resembles the Pribnow consensus promotef sequence TATNATN
(Hawley and McClure). This putative -10 region, which is
similar to a sigma-70 promoter, is associéted with a -35
region, ATGCCA, which shares 4 of 6 bases wifh'the
correspondiﬁg consensus sequence,'TTGACA (52). The
deduced amino acid composition of the truncated

polypeptide is shown in Table 2.

Two smaller ORFs, each proceeding in the
opposite direction, also were identified (SEQ ID NO: 1).
The first, encoding a polypeptide of 79 amino acids,
commences at bp 645 and is.not proceeded by an obvious
Shine Delgarno or putative prométer sequence. The second
ORF.  commences at bp 264 and encodes 88 amino acids before

the end of the insert. This truncated ORF is preceded by
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a Shlne Dalgarno sequence, and the sequence TTTGAT 90 bp
upstream of the . translatlonal start s1te resembles the -10
consensus promoter 51te, followed by the sequence TTGTCA,

Wthh shares 5 of 6 bases w1th the_ 35 consensus sequence

(52).

_ The 0. 6 kb 1nsert in pYBl was sequenced u51ng
both forward and reverse prlmers of the known Agtll
flanklng sequences along w1th addltlonal primers based on .
experlmentally derlved 1nsert sequences The first 464
bases of the 620 bp pYBR1 sequence overlapped w1th the ~end
of pMC3 but the ORF still contlnued

Serologic recognition of the truncated recomb;nant TagA
antigen.

In addltlon to the 1ndex case, sera from H,
pyiorl 1nfected persons that recognize the TagA antlgen
from H. pylori straln 84 183 recognlze the recomblnant
polypeptlde For this analy51s, we studled serum from 6
persons not 1nfected with H. pylorn, and from 14 1nfected
persons (7 dld and 7 did not recognize the 120-128 kDa
antigen from strain 84-183) . Using lysates of E. coli XL1-
Blue transformed with pMC3 and immunoblotting, there is
clear recognition of the'96 kDa antigen by human serum
IgG. 1In total, 4 of 7 sera that recognlze the native 120-
128 kDa band also strongly recognlze the recomblnant
protein versus none of the 13 sera tested that do not
recognize the 120 128 kDa band (p—O 007 Flsher s exact
test, 2- talled) If weak reactions to the 'pPMC3 band are
considered, then all 7 sera that recognlze the 120 128 kDa

band, and 3 of 13 of the non-recognizing sera react to the
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recombinant protein (p=0.003, Fisher's exact test, 2-
tailed). Thus, the recombinant protein produced by pMC3

can be used for serologic assays to detect antibodies to

the H. pylori 120-128 kDa antigen.

c°nservatién of Ehe tagA gene.

To determine whether other H. pylori strains
possess the tagA gene or homologous sequences, 32 strains
were studied by colony hybridization using pMC3 as a probe
(Table 3). A positive signal was obtained from 19 (59.3%)
of these strains. SDS-PAGE and immunoblotting of whole
cells of these strains indicated tha: 19 (59.3%) of the 32
strains expressed a band at 120-128 kDa. The immunoblot
and colony hybridization findings correlated completely;
all 19 H. pylori strains expressing the protein possessed
a gene homolog, in comparison to none of the 13 strains
not expressing the protein (p<0.001, Fisher's exact test,
one-tailed). In addition, all 15 strains producing the
vacuolating cytotoxin showed both pMC3 hybridization and

presence of-the 120-128 kDa band (Table 3).

To_gain.information on the restrictiop fragment
polymorphism of the tagA gene and whether there are
mqltiple homologous genes in each bacterial genome, _
genomic DNA from 4 H. pylori strains was prepared and
Southern hybridization performed using pMC3 as the probe.
Two strains expressing ﬁhe 120-128 kDa protein and with
positive colony hybridization now showed strong
hybrldlzatlon to a HindIII restrlctlon fragment mlgratlng
at approximately 1.2 kb, and weaker bands at 3.0 and 3.3
kb. For a third strain that showed the phenotype and had
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a positive coloﬂ? h?bridizatidn; the probe hybridized.
strongly in the?Southern-analysis to a band of about 1.1
kb; no weaker bénds were seen. A band migrating at less
than 0.5 kb thaﬁ hybridized weakly with the probe was
present in all éhree strains. An H. pylori strain that
expressed no 12@-128 kDa protein and that had a negative

colony hybridizétion, as well as a C. jejuni strain used

‘as a control, sHowed lack of hybridization in the Southern

analysis. -Hybrﬁdization of pMC3 to chromosomal DNA from
strains 84-183 and 60190 digested with EcoRI and BamHI
also showed polﬁmorphiSm, confirmihg the heterogeneity
observed with tﬁe'other:restriction enzyme. These studies
indicate that aithough.homologs of TagA exist in other H.
pylori strains,%there is heterogeneity in either

intragenic or flanking sequences.

Thé pﬁesent example provides a cloned fragment
of H. pylori gernomic DNA that includes the majority of a
gene that encodés an importaht H. pylori antigen. The
evidence that pMC3 contains the gene encoding the TagA
antigen may be summarized as follows: (i) neither the
protein nor the .gene are present in all H. pylori strains;
(ii) ‘only strains expressing the 120-128 kDa protein
hybridize with pMC3 and strains that do not express the
gfotein do not hybridize; (iii) sera from H. pylori-
infected persons that recognize the 120-128 kDa antigen
recognize the pfodUct of recombinant tagA significantly

more frequently than do control sera.

The pértial-sequences_of tagA and the two other

ORFs have no idéntity~with the N-terminus or 3 internal
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sequenées from the 87 kDa cytotoxin. ?%his finding is
consistent with earlier observations that the 120-128 kDa
and 87 kDa proteins are antigenically unrelated (41).
Comparison cof the truncated deduced gene product revealed

little direct homology with known proteins.

The tagA gene or homologous genes are present in
approximately 60% of the H. pylori isolates stﬁdied but
absent from the others. As indicated by the Southern
analysis, there is evidence for restriction fragment
polymorphism even when only a small number of strains are
examined. Absence of a homolog correlated exactly with
lack of expression of an antigenic band at 120-128 kDa.
Thus, the phenotype lacking this band is not due to
deficiencies related to transcriptioﬁ or expression but

rather to the absence of the implicated gene.

The presence of genomic DNA containing at least
the truncated tagA gene is highly associated with
cytotoxin production. A minority of strains that possess
the tagA gene do not produce detectable levels of
cytotoxin. This phenomenon may reflect suboptimal
sensitivity in the cell culture assay'tq-detect toxin, or
may indicate that factors other than the TagA antigen are

associated with toxin activity.

As shown by the immunoblot studies, the pMC3
products are excellent diagnostic reagents for detection
of human serum antibodies to the.TagA antigen. Use of
this reéombinant protein can readily supply sufficient

antigen to aid in development of immunoassays to determine'
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which persons are infected with H. pylori strains
producing the nétive 120-128 kDa protein, and heterologous
antibodies raised against the pMC3 gene product can be
used to determine which strains produce the TagA antigen.
Knowledge of the DNA sequence of pMC3 permits the .
construction of oligonucleotides for use as hybridization
probes or formp?imers for PCR. Such techniques are also
used for rapid @etection of infection due to a strain with
the implicated Qeno:ype. Creation of deletioﬁ mutants
enables elucidation of the role of this gene product and
provides both therapeutic reagents and vaccine candidates.

Such diagnostic: methods and mutants are detailed herein.
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Table 1

- Helicobacter pylori strains used in this study

- Expression of Expression of
Strain Isolation 120-128 kDa vacuolating
X . . , Lvity!
Tx36a Texas - -
84-183 Texas | o+ o+
60190 England + | +
87-29 Colorado o+ ' +
86-313 Colorado - -
.87-199 Colorado + +
86-385 Colorado - -
87-33 Colorado + +
87-81 Colorado + +
87-91 Colorado + +
87-90 Colorado - -
87-226 Colorado + -
87-225 " colorado - - -
87-230 Colorado - -
87-75 Colorado - | -
87-203 ' Colorado - -
87-6 Colorado + -
'86-338 Colorado - -
86-63 New York + : -
86-86 New York + | +
-86-332 Minnesota + +
92-18 Tennessee + +
92-19 Tennessee + +
92-20 . Tennessee - -
92-21 ' Ténnessee + +
92-22 Tennessee ' + -
92-23 Tennessee - -

SUBSTITUTE SHEET (RULE 26)
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Expression of

Strain Isolation 120-128 kba
| 92-24 | Tennessee -
92-25 Tennessee +
92-26 Tennessee -+
92-27 Tennessee o+
92-28 Tennessee - -

PCT/US95/12669

Expression of
vacuolating

cytotoxin activity®

Recognition of 120-128 kDa band in cell lysates by human

serum as detected by immunoblot (20).

cell culture (59).

Production of vacuolating cytotoxin as detected in Hela

SUBSTITUTE SHEET (RULE 26)
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Table 2

Amino acid compoéitidn of truncated 859 amino acid TagA
polypeptide as deduced from pMC3

Percent of

_ Number of 859 amino
Amino acid resid o 4
Ala 60 7.0
cys BEERIE I8 0.2
Asp 62 7.2
Asn 82 9.5
Glu - 59 © 6.9
Gln | 48 5.6
Phe 44 5.1
Gly - 54 6.3
His 12 1.4
Ile : 50 5.8
Lyg 101 11.8
Leu 67 7.8
Met 12 1.4
Pro 24 2.8
Arg 22 2.6
Ser 63 7.3
Thr | 30 3.5
Val ' 47 5.5
Trp ' 4 0.4
Tyr _ 16 1.9
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Table 3

Correlation between presence of 120-128 kDa band by immunoblot,
hybridization with pMC3, and cytotoxin production
by 32 H. pylori isolates from humans

Strain charactexistics

Presence of Hybridization Cytotoxin

120-128 kDa of pMC3 to production _
band on H. pylori in cell Number
- immunoblot? colony® culture of
assay*® strains
+ + . 15
- - - 13
+ + - 4
- - + 0
- + - 0
+ - - 0
+ - + 0
- + + -0
a Recognition of 120-128 kDa band in cell lysates by

human serum as detected by immunoblot (20).

b Hybrldlzatlon of pMC3 to lysed H. pylorl cells in
- gcolony blot (50).

¢ Production of vacuolating cytotoxin as detected in
HeLa cell culture (59).
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EXAMPLE 2

| COnstruction;and characterization of a'tagAéhegative
- -gtrain of Helicobacter pylori

Bacterial straiﬁs, #estors and érowthlcosditiohs.

H. pylori strain 84-183 (ATCC 53726) used in
this study was from the culture collection of the
Vanderbllt Unlvers1ty Campylobacter/Hellcobacter _
Laboratory and was chosen because it has been extensively
characterlzed Stock cultures were maintained at -70°C in
Brucella broth (BBL Microbiology Systems, Cockeysville,
MD) supplemented with 15% glycerol. H. pylori strains were
grown in Brucelia broth supplemented with 5% fetal bovine
serum or on blood agar plates supplemented with nalidixic
acid (50 mg/liter), vancomycin (10 mg/liter), polymyxin B
(5000 U/liter), and trimethoprim (5 mg/liter) under
microaerobic cohditions at 37°C for 48 hours. E. coli
strain DHS5a (Stratagene, La Jolla, CA) used for
transformation, was grown in LB mediﬁm. As described
above, pMC3 contalns the truncated tagA gene on a 3.5 kb
insert in pBluescrlpt Plasmld pILL600 (60) was used as a

source of a C. coli kanamycin (km) resistance gene.

Chemicals and enzymes. _

_ " Final concentratlons of amp1c1111n (100 ug/ml)
and kanamycin (50 ug/ml) were used whenever necessary.. '
Restriction enzymes, T4 DNA llgase, E. c011 DNA polymerase
large (Klenow) fragment were from Promega and United
States Biochemicals (Cleveland, OH). «-*?P-dATP (650

Ci/mmol) was from ICN Radiochemicals (Irvine, CA).
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Genetic techniqﬂéé.
Chromosbmal_DNA was prepared as described above.
Plasmids were isolated by the procedure of Birnboim and
Doly (49). All other standard molecular genetic
techniques were performed as described (50). DNA

fragments used as probes for hybridization experiments

were gel-purified.

Introduction of km cassette into H. pylori strain 84-183.
An E. coli kanamycin-resistance gene was
inserted into the unique NdeI site of pMC3 to create
PMC3:km (Figure 2). This construct was introduced |
directly into H. pylori strain 84-183 by electroporation.
Briefly, H. pylori cells grown on blood agar plates for 48
h were harvested, washed three times in eleétroporation
buffer (15% glycerol/S5% sucrose) and suspended in 200 ul
of the buffer. Plasmid DNA from pMC3:km was isolated by a

'rapid\(mini-prep) alkaline-lysis method of Birnboim and

Doly and was added to. the cells and incubated for 5 min on
ice. The cells and DNA were transferred to 0.2 cm
electroporation cuvette in a Gehe-pulsar apparatus (Bio-
Rad), and high voltage pulses (25F, 2.5 kv and 200Q) were
delivered as described previously (61). Following
electroporation, the cells were suspended in 400 #l of LB
media and spread on blood agar plates. The plates were
incubated at 37°C under microaerobic conditions for 24 h,
then cells were harvested, plated on blood agar plates
containing 50 pg/ml of kanamycin, and incubated

miéroaerobically for 48 h.
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The cloning vector used waé unable to replicate
in H.;pylori.and'selection_on kanamycin-containing media
yielded kanamycin-resiétant recombinants. From
approximately 10'° H. pyiori cfu, 3000 transformants (1077)

were obtained when 500 ng of plasmid DNA was used.

Colony hybridization.

Fifty kanamycin-resistant transformants obtained

- by electroporation were grown on blood agar plates and

replica copies of these colonies were transferred to
nitrocellulose filters. Each filter was placed on 3 mM
Whatman paper saturated with 0.2 M NaOH/1.5 M NaCl. 'After
3 min the filter was transferred to 3 mM Whatman paper,

saturated with 0.4 M Tris-HCl (pH 7.6)/2 X SSC for 3 min,

'and then to 2 X SSC for 3 min. The colony blot filters

were dried in a vacuum oven for 90 min at 80°C and
hybridized with radiolabeled pBluescript or the km--
resistance gene, as described above. The colony blots
were washed at 60°C in 0.5X SSC and exposed to XAR-2 X-Ray"
film (BEastman Kodak, Rochester, NY).

Gel electrophoresis and immunoblot analysis.

Lysates of E. coli carrying pBluescript, pMC3 or .
pPMC3 : km 6r of H. pylori cells were prepared and analyzed
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE).

. Immunoblotting of whole cell extracts derived from wild-

type and mutants-l, 21 and 22 was performed as detailed
above using a 1:300 dilution of adsorbed human sera, and a
1:2000 dilution of goat anti-human immunoglobulin alkaline
phosphatase conjugate as the secondary antibody, as

described above. These studies showed that isogenic



WO 96/10639 e - | o PCT/US95/12669

10

15

20

25

30

61

mutant strains 1,” 21, and 22 have no antigenic tagA gene

product.

Southern hybridizations.
Southern hybridization of wild-type H. pylori

strain 84-183 and kanamycin-resistant transformants M21

- and M22 were performed. H. pylori chromosomal DNA was

digested with HindIII or BamHI and SacI and the resulting
fragments were electrophoresed.on a 0.7% agarose gel and
transferred to nylon membrane. Probes were gel-purified
DNA fragments derived from pMC4 or pILL600 and were
radiolabeled by primer extension using random hexameric
oiigonucleotides as described above. The DNA was then
transferred to a nylon membrane and hybridized with 32p-
labeled pMC4 or the 1.3 kb km cassette under conditions of
high stringency. Hybridizations were performed in a
solution of 6X SsC, 0.5% SDS, 5X Denhardt's solution and
100 pug/ml salmon sperm DNA and the blots were washed for
30 min. at 60°C in 0.5X SSC/0.1% SDS.

Genotypic characterization of the transformants.

To provide genetic evidence that the!tagA gene
is disrupted in the transformant strains, DNA isolated
f:oﬁ wild-typé stréin 84-183 and H. pylori mutants 21 and
22 was digested with the restriction endonuclease HindIII
or BamHI and Sacl. After separation of the digested DNA
on an agérose gel the DNA was transferred to a nylon
membrane and hYbridized to pMC4 which is a tagA probe.
This probe hybridized to approximately 20 and 1.0 kb
BanHI-Sacl fragments in the wild-type strain, whereas the
1.0 kb BamHI-SacI fragment is lost and a new 2.3 kb
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hybridizing fragment was observed in both mutant strains
without disruption of the other bands. Similarly, a 1.2
kb HindiII fragment was lost and a 2.2 kb fragment gained
in both mutants because of the kanamycin resistance gene
insertion. The kanamycin gene probe hybridized only with
the 2.3 kb BanHI-SacI and 2.2 kb HindIII fragment in
mutants 21 and 22 strains, which indicate that replacement
had occurred in the tagA genme. Thus, the tagA gene in
strain 84-183 had been mutagenized by insertion of the km

gene.

thotoxin production.

| Cytotoxin production was-éssayed as described
above and the results shown in Table 4. The results
indicate that neither the intact TagA antigen nor the

intact tagA gene is'required-fox vacuolation.
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Table 4

Cytotox;n production by wild-type H. pylori strains
: and tagA- mutants

Supernatant Optical

dilution density®
84-183 M1l ' M22 87-203P

1:5 - 0.21 10.04 0.26 +0.04 0.23 +£0.05 0 £0.02
1:10 0.16 +0.02 0.20 +0.03 0.13 £0.02 0.01 +0.01
1:20 0.13 £0.01 0.15 £0.02 0.10 £0.02 0.01 +£0.01
1:40 -0.09 £0.02 0.06 +0.01 0.06 £0.02 ~0.01 £ 0
1:80 0.03 +0.01 0.04 %0 0.02 +0.01 0.01 £+ 0
1:160 -0.01 £0.02 -0.01 £0.01 -0.01 £0.02 -0.02 +£0.02

a Net optical density as measured in neutral red assay of

cytotoxin-induced vacuolation, as described above (59).

b Strain 87-203 is a strain known not to produce cytotoxin.

EXAMPLE 3
Full Length tagA Gene and Gene Product

S Cloning and sequencing of tha-full length gene.
To isolate the full-length gene, we next used
the 0.6 kb fragment of pYBl as a probe to screen the
AZapII library of H. pylori 84-183. Five positive plaques

were purified and the pBluescript plasmids containing the
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‘cloned DNA inseﬁts were excised by co-infection with the

helper phage. Egch of the_fivg positive clones contained
DNA inserts of 2 to 3 kb (data nét shown) . The clone
designated pYBzﬁ which contains a 2.7 kb insert, was
chosen for furtﬁer study and a restriction map generated
(Figure 3). A séries of nested deletions starting at
either end of tﬁe 2;7 kb insert of pYB2 was performed
using exonucleaée III. Using overlapping deletion clones
of pYB2, we detérmined 1969 bp sequence in both strands.
As expected, thé first 785 bases of this sequence (SEQ ID
NO:3, beginning%with nucléotide 2864) overlapped with thé

- end of pMC3. Tr&nslation of thegéomplete nucleotide

sequence generated from pMC3, pYBl1l and pYB2 in-all
possible reading frames revealed a single open reading |
frame of 3,543 nucleotideé initiated by an ATG codon at
position 1072 and terminated by a TAA codon at position
4,615. The sequence encodes a protéin of 1181 émino acid
residues (SEQ ID NO:4) and the calculated molecular weight
of the deduced polypeptide is 131,517 daltons. A sequence
that could form a potential stem-loop structuré in the
MRNA and which ¢ould serve as a transcription termination
site (AG= -14.4 Kcal) extends from nucleotides 4642 to
4674 (SEQ ID NO:3).

Hémoldgies of the TagA polypeptide with other proteins.
Search.of Swiss.Prot version 21, and NBRF-PIR

protein data banks showed no striking homologies with the

full 1ength-TagA antigen (SEQ ID NO:4). However, among

the homologies with the highest scores were chloroplast H*-

" transporting ATP'SYnthaSes (62,63), and a sodium channel

protein (74) with 15.8% and 17.3% identity, and 50% and
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42.6% conserved ‘amino acids in the regién between residues
i-482 and 123-1182, respectively. No significant
homologies were observed when the amino acid sequences of
the other two ORFs contained in" pMC3 were compared with _

the protein data bases.

The content of basic amino acids [141 lysines,
(11.9%) and 117 asparaglnes (9.9%)] TagA was unusually
high and was con51stent with the predicted 1soe1ectr1c
point of the peptide (8.89). A hydropathicity plot
indicated that the deduced protein is predoﬁinantly
hydrophilic. An interesting feature of the primary
structure of this.protein is the-pfesence of structures of
homopolymeric amino acid sequence, most notably
polyasparagine (SEQ ID NO:4, Position 3705). In searches
comparing this asparagine-rich region with various protein
sequence data bases, there was strong homology with
sequences from yeast (64,65,66,67,68,69,70) and Plasmodium
(71) nucleotide-binding proteins. Polyasparagine is also
found in the DNA-binding regulatory product of the lac9
gene of Kluyveromyces var.lactis (72) and potassium

transport protein (TRK1l) of Saccharomyces cerevisiae (73).

Construction of the full length tagA gene.

To construct the full length tagA gene, we
utilized the unique SacI restrlctlon 51te located in both
pPMC3 and pYB2 (Figure 3). First, the 3.6 kb tagA fragment
of pMC3 was cloned into a pUCl1l9 vector under the control
of the lacZ prometer, to generate pUT1l. Next, the 2.6 kb
SacI fragment from pYB2 was éloned_into sacl-digested

pUT1. A clone with the correct orientation was selected,
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which was namedépUTz. An identical clone (pEM3), but
present-in_the:ﬁGEM3z vector, has been deposited with the
ATCC in compliadce_with the.requiremeﬁts~of the Budapest
Treaty under Acgdession No. 69273. E. coli cells
containing pUTzior PEM3 expressed the immunoreactive H.

pylori 128 kDa protein.

Detection of huqan serologic responses to the recombinant
TagA protein by Western blotting.

To determine whether human sera reacted with the
full-length recombinant TagA protein, lysate from pEM3-
containing cells was“eiectrqphoreéed on a 7% acrylamide
gel, and_electrdblotted:onto'nitrocellulbse paper. Sera
from 10 H. pylori infected humans and 10 uninfected humans
were diluted i:xoo_and tested for reactivity with the
recombinant protein. Sera from 7 H. pylori infected
persons recogniied.the TagA protein, compared to sera from
1 of 10 uninfected persons (p=0.01, one-tailed Fisher's
exact test). Thus, the recoﬁbinant full-length protein
was a useful antigen for aésessing_human-responses to H.

pylori.
EXAMPLE 4

~ H. pylori-stﬁai#s possessing tagA associated with an
increased risk of developing adgnocarcinama of_the stomach

' This example describes a serologic assay to

:determine whether'Helicobactér'pylori'inféction is due to

a tagA* strain. j_This-éézi'um_'I'gG assay, utilizing orv220, a

recombinant tagﬁ fragment was found to have a sensitiﬁity
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of 94.4% and specificity of 92.5% wher used in a

clinically-defined population.

The present example also shows that H. pylori
infection is associated with gastric cancer risk. Serum
specimens obtained from a cohort of Japanese-American men
in Hawaii was used in a study of 103 H. pylori-infected
men who eventualiy (13 years after the serum specimens
were collected) developed gastric cancer, and 103 matched
H. pylori-infected control speéimens from the men who did
not develop cancer within the same period of time. Serum
antibodies to TagA were associated with a 1.9-fold (0.9-
4.0, p=0.08) increased risk of developing gastric éancer
during the observation period. Among the 75 men with
intestinal type cancer of the distal stomach, the odds
ratio (OR) was 2.3 (1.0-5.2, p=0.056). Young age (<72
years) and late stage at tumor diagnosis each were

significantly associated with TagA-positivity.

The following results indicate that presence of
serum antibodies to the product of a recombinant tagA
accurately determines the tagA status of an infecting H.
pylori strain, and indicates that infection with a taga*
strain is associated with an enhanced risk of development
qf.gastric cancer, especially intestinal type affecting

the distal stomach.

Selection of patients for validation study.
To determine the utility of the TagA serologic
assay, sera from 181 persons whose H. pylori status had

been previously defined (9,22-24) were studied.
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Uninfected perséns (n=115) were those who underwent
endoscopy and héd biopsies that did not reveal H. pylori
infection by raéid urease test or by histologic
éxamination;,ali patients also had negative serology in a
standardized-en?yme-linked immunosorbént assay (ELISA) for
serum IgG direcﬁed to H. pylori (25). The 115 uninfected |
patients were a%bitrarily divided into a reference group
(n=35) and a te?t_group (n=80). Infected persons were
those from_whom?H. pyiori was obtained in culture on
biopsy; these 6§ patients.included thbse with duodenal-
ulceration (n=1A), gastric ulceration (n=6), gastritis
alone (n=36), o#.other diagnoses (n=10). For each
patient, a éing}e isolaté.was evaluated to determine tagA
status by colony hybridization with a gene-specific probe,
as previously described (6,24). On the basis of the
hybridization aésay, 36 patients were defined as being
infected by a tagA* strain, and 30 patients by a tagA-

strain. All sera had been stored at -20°C until used.

Selection of patients for cancer study.

All the patients in this study were part of the
Japan-Hawaii Stﬁdy.cohort, as previously described.
During the 21-year period from 1968-1989, 109 cases of
pathologically-confirmed gastric carcinoma had been
identified, and previous serologic testing indicated that
i03 of these patients had been infectéd with H. pylori at
the time of their original serum submission in the 1960's

(5). Of the 103 matched controls for these cases, 83 had

been H. pylori-infected. For each of the remaining 20 H.

pylori-infected cases, 3 further controls were identified

according to the previous criteria (5). Serology to
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determine whether H. pylori infection‘was present was done
on coded samples, and from the positives, one H. pylori-
infected contrel was randomly selected for each of the 20
unmatched cases. In total, the study consisted of 103 H.
pylori-infected men who developed'gastric cancer, and
Itheir 103 matched controls, who also were H. pylori-.
infected but did not develop gastric cancer during the

study period.

Preparation of the recombinant TagA antigen.

A 1.7kb BamHI fragment containing bp 1921-3648
of tagA.cloned in pMC3 (16) was subcloned into the BamHI
site of pET15b (Novagen, Madison WI), downstream of the 7
promoter. This plasmid (pORV220) was used to transform E.
coli host strain BL21l, a ADE3 lysogen containing the T7
RNA polymerase gene under control of the lacUV5 promoter
(26) . Addition of IPTG to a growing culture of the
lysogen induces T7 polymerase to transcribe the target DNA
on the recombinant plasmid. This vector allows
transcriptionally-regulated expression of a fusion protein
consisting of the TagA - fragment with an N-terminal
histidine-tag. The fusion protein consists of 600
residues.(24 vector + 576 insert), and has a predicted
molecular mass of 66.4 kDa. The protein was purified from
;ysates of induced broth cultures using a nickel-chelating

resin, and eluted with imidazole, as described (27).

Serologic methods.
The presence of serum IgG antibodies to H.
pylori was determined by ELISA with the Pyloristat kit

(Biowhittaker, Walkersville, MD) as previously described
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- {5). For ;he“TégA ELISAs, optimal concentrations of
antigen, patien& serum, and anti-human IgG conjugate were
determined by cﬁeckerboard titrations. For orv220, the
optimal antigenéconcentration'Was Sug/ml and 100uxl
aliquots were l&adea'intd'wells in a 964well microtiter
plate. ‘The optﬁmal dilution of human serum was 1:100, and
horseradish peréxidase-conjugated goat-anti-human IgG was
used at a dilution of 1:4000. Other details of the
serologic methods were exactly as described in similar

assays (23,25).:

Statistical analysis.

' The t-test for paired samples was used for the
comparison 6f“means,'and McNemar's test was used for the
comparisbh of'tﬁe distribution of various characteristics
between patients and control subjects. Odds ratios (OR)
for stomach cancer, based on the results of'the=TagA'
assay, were derived from conditional logiséic-regression'
methods-(zs); Tests for linear trend in the logit of risk
were derived from conditional logistic regression models
through the use of grouped TagA test results (coded by
quartile as 1, 2, 3, or 4). All models of conditional
1ogiStic-regreséion were fitted by using»iterative maximum
likelihood methéds and a special application of the
pfoportional.haiards regresSionimodel (30). The estimate
of the attributable risk of gastriq carcinoma related to a
tagA* strain was based on the method of Walter (31). A
receiver operator characteristic (ROC) curve was
constructed to summarize the sensitivity and specificity

estimates (32).
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Diagnostic accuracy of TaghA serology_u;ing orv220.
Previous studies of TagA serology used a
recombinant antigen that was purified from E. coli cell
lysates (21). Because purification of this antigen was
tedious and prolonged, overlapping tagA gene fragments
were expressed as fusion proteins in an alternate
prokaryotic expression system. Preliminary studies
indicated that orv220 expressed the best of several of the
candidate antigens based on the TagA fragments studied
thus far. The truncated protein was compared with the
antigen purified from E. coli strains transformed with

PEM3, which encodes the entire tagA ORF. By linear

. Yegression analysis, serum IgG results for 41 persons (19

infected and 22 uninfected), correlated closely between
assays using the 2 different antigens (r=0.96, p<0.001).
Using the same threshold of the mean wvalue for uninfected
persons + 2 SD, the orv220 antigen gave a negative result
for 21 (95%) of the 22 uninfected persons; and the
exception was weakly positive. For the 19 H. pylori-
infected persons, the results with orv220 were exactly the
same as for the pEM3 antigen (12_positive and 7 negative) .
Thus, serologic reaétivity'with the 66.4 kDa TagA fragment
encoded by orv220 was nearly identical with that detected

with a larger TagA fragment.

To establish the assay, sera from 36 persons

known not to be infected with H. pylori were used for

" reference, and after multiple runs, thresholds based on

mean values plus intervals of standard deviation were
established. Concurrently, sera were tested from a second

group of 80 uninfected persons, 36 persons known to be
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infected with aétagA'strain, and 30 persons from whom the
only H. pylori ;solatg.ébtained_was tagA .. Not
surprisingly, o@tical-density ratios for the uninfected
persons were neérly identical to those for the reference
groups. In con#rast;:thg.values for the persons infected

with tagA’strains_were significantly higher (Students' T-

'test, p<0.001, gne—tailed).' Among the 30 sera obtained

from persons frém whom the only isolate was a tagA  strain,
a bimodal_dis;ributioh was. observed. . For 27. of the sera,
the values_Werejsimilar to those in the two groups of
uninfected perséns, but for three sera the values were
much higher and similar to those for patients infected

with tagA* strains.

~To esﬁablish a threshold for use in diagnostic
assays, the accuracy of séveral optical density ratio cut-
offs were examined (Tabie 5). Overall, the highest
accuracy was.obtained when the mean value for the 35
uninfected (reference) patients + 3 intervals of standard
deviation was used, with sensitivity of 94.4% and -
specificity of 92.5%. This type of threshold was used in
all future;stu&ies‘ On the basis of receiver operator
characteristic :(ROC) curves, there was high level

discrimination of tagA status using orv220.

Assessment of stahility-ofﬂantibcdy levels.

To determine whether serum-antibodies-to'the
TagA product persist over the course of chronic H. pylori
infection, paired serum specimens from 36 epidemiologists
who were part 6f a cohort previously studied for clinical .

and epidemiological-features associated with H. pylori
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infection (28) wéire evaluated. .On averige, the specimens
were obtained 7.59 years apart, and values in the standard

H. pylori ELISA (28) were compared to values in the TagA
ELISA.

Among 36 participants, none had seroconverted
from positive to negative antibody status or vice versa.
Mean optical density scores produéed by the first and
second sera were highly similar (0.217 vs 0.249; p=0.3,

paired t-test; Table 6).

Association of tagA Positivity With Gastric Cancer.

| Having developed an assay to detect persons
infected with H. pylori strains possessing TagA using TagA
or antigenié fragments thereof, the invention shoﬁs that
infection with a tagA* strain is associated with the risk
of developing gastric cancer. From-an earlier study of
109 Japanese-American patients, who developed gastric
cancer over a 2l-year observation period (5), 103 were
foﬁnd to be H. pyloii-infected based on serum specimens
obtained from them a mean of 13 years prior to cancer
diagnosis. Each of these cases was matched to a control
from the same cohort, of the same ége, and who also was H.
pylori-infected; the characteristics of the 103 H. pylori
infected men whé'developed'gastric cancer and their age-
matched controls are shown in Table 7. The two groups of
men were similar with respect to demographic

characteristics and laboratory values.

For this population, presence of serum

antibodies to TagA (i.e., infection with a tagA positive
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" H. pylori straid) was associated with increased risk of

- cancer development (OR=1.9, p=0.08) (Table 8). An

analysis confined to the 101 cases of cancer of the distal
stomach and theﬁ; controls showed highly similar values,
as expected (OR%i.e, p=0.11). When the cases with distal
cancers were-stéatified by the histologic type'df tumor,
the strongest aésociation was with the intestinal type
(OR=2.3, p=0.05é) but not the diffuse type iOR=1.0,-
p=1.0); 3 men had an indeterminate histological pattern.
Positivity in the TagA ELISA was not the result of
seroconversion during the interval between when serum was
obtained and diégnosis of cancer, nor was the magnitude of

the TagA antibo@y.reSponse a factor in the risk developing

~cancer. In the population of H. pylori-infected persons,

the presence of .tagA was associated with an attributable

risk of 28% (95% C.I.=0-57%) for gastric cancer. There

was no association between levels of the IgG antibodies to
TagA and levels of IgG to the conserved H.

pylori antigens. -

The TagA antibody analysis was stratified by the

patients' age at which gastric cancer was diagnosed. TagA

_ seropositivity was associated with a 3.0-fold (95%

C.I.=1.0-9.3; p=0.057) increase in gastric cancer risk for
5# men diagnosed under the age of 72. Imn contrast, for 51
men who were :72 years at time of diagnosis, the
association was not significant (OR=1.3, 95% C.I.=0.5-
3.5). TagA seropositivity was associated with risk of
developing an advanced stage tumor (3 or 4), OR=2.6, 95%
C.I.= 1.1-6.2; p=0.03, but not an earlier (1 or 2) stage

tumor (O§=1.0).? The risk of developing gastric cancer
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associated with TagA seropositivity'wag'nOt'incteased'when
subjects were stratified according to birth order or

sibship size.

Although'some of the above OR values are not

- statistically éignificant using the consérvative 2-tailed

analysis of significance, use of 1-tailed analysis
indicates that the associations with all cancers and
intestinal type cancers reach statistical significance
(p=0.04 and 0.028 fespectively). Furthermére, undetectéd
differences in risk between_the two groups,_lack of
perfect accuracy of the assay, and variation in patient-
to-patient response to this infection could help account

for lack of significance.

Multiple infectionm.

Simultaneous gastric infection with two H.
pylori strains has been reported with frequencies of 10 to
13% (14,15), and simultaneous infection with three
different strains also has been observed (33). 1In the |
initial validation study, only a single colony from each

patient had been picked,wso there was no opportunity to

. examine for multiple infection. However, that 3 of 30

(10%) persons from whom a tagA- strain was the only isplate
had high-level seroldgic responses to TagA suggests that
éhese'persons were co-infected with a tagA* strain. Since
only the conjunction bf simultaneous infection with a tagA-
iﬁdex strain and a second tagA’strain and not vice vefsa,
could show dichotomous results'betweeh'colony teéting and
serologic assay, the data suggést that the frequency of
multiple infection may be substantially higher than the
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previously reported frequency, which was based on a small

number of biOpSies (4,15) .

The present Example further supports the utility
of non inva51ve serologic assays for H. pylori infections,
because they are shown to be global assays that in essence
sample the entlre stomach In contrast biopsy -based .
techniques only sample a minuscule fraction (<<1%) of the
gastric mucosa. Because TagA is an immunodominant antigen
(17), serologic assays potentially have the power to

detect 1nfections w1th tagy*organisms even if numbers are

low in relation to tagA- isclates.

The associations with the.subset of.more
aggressive tumors (younger age; higher stage when
diagnosed), and the consistency of the data with the _
underlying hypothesis, show that the effect is real as
further supported by a number of realities.of_TagA
biology. First; infection with tagA'strains is associated
with enhanced ePithelial-cell injury (18,19), injury to
surface gastric.epithelial celis promotingior possibly
initiating the oncogenesis. Second, infection;with cagA*
strains is associated with higher degrees of gastric

inflammation (3,19), and with enhanced expression of pro-

inflammatory cytokines such as IL-1 and IL-8 (19,35).

These may contrihute to epithelial injury. _Third, most

tagA* strains also express vacuolating cytotoxin activity

(16,17) . Expression of cytotoxin as assessed by serum

 neutralizing antibodies, may be associated with gastric

cancer (36). Finally, intestinal type gastric cancer is
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more highly associated with increased, inflammation and

" atrophic gastritis than is the diffuse type (37,38).

It has been shown that high titered antibbdy
responses to conserved Hh.pyiori antigens were associated
with gastfic cancer risk (5,8). One interpretation of
this phenomenon is that high antibody levels are markers

for the degree of inflammation, active inflammation being

considered a precursor of oncogenic events (1). The lack

of strict correlation of gastric cancer and anti-TagA
antibody levels may reflect overmatching, since only
persons infected with H. pylori were selected, all of whom
have some degree of inflammation. 1In any event, the
significance of these findings must be tempered by the
observation that TagA-positivity was present in 78% of the
H. pylori-infected controls who did not develop cancer. |
Thus, infection with-a tagA* strain is neither necessary
nor sufficient for oncogenesis but is shown to be a factor

involved in this proceés.

The presence of tagA in a strain may be a marker
for adjacent genes or for a particular phenotype that

itself is relevant to inflammation or to the oncogenic

" process. Nevertheless, this Example shows that particular

H. pylori strains are associated with differential risk of

gastric cancer.

Summary. _
Among persons known to be infected with taga*
strains, there was a broad range in serologic reactivity,

but without substantial overlap with the reactivity of
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uninfected persons. The stability of the results over
years in the_abSence of antimicrobial therapy further

indicates the utility of the present TagA assay.

Havinq provided an accurate assay for detecting

infection with q tagA* strain of H. pylori, the invention

~also permitted the determination that infection with a

tagA* strain is a risk factor for the development of

gastric cancer. , Infection with a tagA* strain nearly
doubled the risk of developing gastric cancer over the
ensuing 21 years, compared.with infection with tagA-
st:éin, and_the;effect'was more marked for persons who

developed intestinal type neoplasms.

Having provided a purified TagA and antigenic
fragments of TagA,.and shown that infection with a TagA
expreésing.strain indicates predisposition'to gastric
carcinoma, further-uses'of the present discoveries are

enabled.
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Table 5

Diagnostic value of TégA ELISA using orv220

Group Number of. Number (%) exceeding threshold*

subjects ,
1SD 25D 38D 48D
Uninfected 80 12(15%) 9(11.3% 6(7.5%) 3(3.8%)
Infected, 30 9(30%) 6(20%) 5(16.7%) 4(13.3%)

tagA- strain

Infected, 36 36(100%) 3597.2%) 3494.4%) 31(86.1%)
tagA* strain ' '

* Threshold defined as mean plus stated intervals of standard
deviation (SD) of optical density ratio (ODR) values for

reference group of 35 persons known not to be infected by H.
pylori.

Tahle 6

Stability of serum antibodies to H. pylori éntigens in 36
subjects '

Serum IgG response to indicated antigen

Serum speciﬁen Conserved H. pylori TagA'
antigens**
Initial 3260 0.217+0.30
Follow-up* 2913 ' ' 0.2494+0.35
* ‘Follow-up specimen obtained an average of 7.59:+1.0 years

after initial specimen.
** Antibody level indicated by reciprocal geometric mean
titer to pool of sonicates of 5 H. pylori strains.

T Antibody level indicated by Mean : SD optical density
ratio.
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Table 7

Characteristics of H. pylori-infected patients with gastric
cancer and control subjects at the time the serum specimen was

obtained
Characteristic ; Patients Controls P-value
' (n=103) (n=103)
Mean age at .=~ 58.8 58.7 0.18
examination (year)
Born in United o - 83 83 0.83
States (%) ' '
Married (%) . = . 93 95 0.72
Alcohol use_(%f' S 65 N 73 0.27
Mean body-mass index 23.5 24.0 0.33
Mean diastolic blood 81.6 82.1 " 0.74
pressure
(mm Hg)
Mean serum cholesterol 5.7 _ 5.6 ©0.74
(mmol/liter) ' ' : '
Mean serum glucose 9.3 9.2 ° . 0.92

(mmol/liter)
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Table 8

Odds Ratios for the Association between Infection with a tagA® H.
pylori Strain and Gastric Cancer

Gastric Matched-pair Status? Oodds 95%

Cancer (Patients/Controls) Total Ratio Confidence
Type ' : ' Interval®
+/+ +/- -/+ -/-
All 69 21 11 2 103 1.9 (0.9 - 4.0)
Distal 68 20 11 2 101 1.8 . (0.9 - 3.8)
Intesti- . 48 18 8 i 75 2.3 (1.0 - 5.2)
nal
Diffuse 18 2 2 1 23 1.0 (0.1 - 7.1)
a +/+, both patient and matched control show serologic

response to TagA. :
+/-, patient but not matched control show serologic resonse

to TagA.

-/+, control but not patient show serologic response to
TagA. _

-/-, neither patient nor control show serologic response to
TagA.

b two-tailed analysis
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Throughout”this_apglication_?arious publications

are referenced. ' The disclosures of these publications in

their entireties are hereby incorporated by reference into

this application in order to more fully describe the state

W W 1 ! e W B

of the art to which this invention pertains.
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1)

(ii)

(iii)

(iv)

{v)

(vi)

(viii)

(ix).

APPLICANT: COVER, TIMOTHY L.
' BLASER, MARTIN J.
HARRY KLEANTHOUS

TUMMURU, MURALI K.R.

TITLE OF INVENTION: THE tagA GENE AND METHODS FOR DETECTING
- PREDISPOSITION TO PEPTIC ULCERATION AND GASTRIC CARCINOMA

NUMBER OF SEQUENCES: 4

CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: NEEDLE & ROSENBERG, P.C.

(B) STREET: 127 Peachtree Street, Suite 1200
(C) CITY: Atlanta ' '

(D) STATE: Georgia

(E) COUNTRY: USA

{F) 2IP: 30303

COMPUTER READABLE FORM:
(o) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IEM PC compatible
(C) OPERATING SYSTEM: DC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:

(C) CLASSIFICATION:

ATTORNEY/AGENT INFORMATION:
(A) NAME: SPRATT, GWENDOLYN D.
(B) REGISTRATION NUMBER: 36,016
{C) REFERENCE/DOCKET NUMBER: 2200.030

TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 404/688-0770
(B) TELEFAX: 404/68_8-98_80

{2) INFORMATION FOR SEQ ID NO:1:

(1)

(ii)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3648 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

MOLECULE TYPE: DNA (genowic)
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(vi) ORIGINAL SOURCE:
(A) ORGANISM: Hel:.cobacter pylor:.
(ix) FEATURE:
(p) NEME/KEY. CDS
(B) LOCATION: 1072..3648

88

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

ATGGGCTGCG
CAAATATCCG
ATGATCTGAA
ATTAAAGGAT
GTGATTCTTG
ATCAAARAAA
CCGACGCTTT
ATTTTTCTTT
AATCGTCTCA
AATAAAGCTC
TTTGAAAATC
TTAATTACAA
GCTTCATGCA
TTTCTTCAAA
AATTTTTGTT
ATCGGACTTT
GATAACGTTC

GATACCAATA

CGTAACGAAA
CTATACCTTT
CCACCAAAGT
TGGCTGCTAT
TAAAAAATTT
AGTATTTTTA
TGTTTGACAA
CTCAAGTCAT
GGTTGAAACC
CATTTTAAGC
TGTCCTATTG
ATACATACTA
CTCACCTTGC
AAGGCTCATT
AATTGTGGGT

TTTCAATATT

AACAGTCGCT

GACTCCTAGA

TTTAGTCTCA

CGCTAGCCCT

CATGCGTTTC

:TACTATTCAT

CTGATATAAT
CGTAGAATTG
TARAAACAAG
AACTCCATAA
ATTTGTTTTC

'TAATAAGTAT

TCCTAACCAT

TCTTAGTTTC
'AARAATGTGA

-AATGAAAAAA

AAAGACACGA ATTGCATACT

AGATACCGAT

AGGTATGAAA

TGACCTCTTT
GCGCAACCAC

GTAATGCCTG

AAAGTTACTA

CTTTCARATT
ACAAGCGCTA
TTAGGAACAA
TAGATCTTTA
CAGARACAAA
ACCACTAAAG
CATTTTGTTT
GGCACACACA
TTCTCCAACC
TITTATTCTT
ATCGTTCCTA
TGCCAAATAT
CAAAGTGTGT

CTAGGTATAG

AAC GAA ACT ATT GAC CAA CAA CCA CAA ACC GAA

5

10

CAG CAA TTT ATC AAT AAT CTT CAA GTA GCT TIT
Gln Gln Phe Ile Asn Asn Leu Gln Val Ala Phe

TGATGTCATC

CTACGATCGC

ATGCAGGACT

CAACTTTCTT

GAAATCAATC

CTTTATAATT
TAAACCTACT

GGATCTTTGA

CCCAAGCTGA

AAACTTTTTT

CCCATGCGGA
AACCAAARCCA
ATCTTTAGCG
ARRATTTTTC
GCTTTTAGAC
TCTAAATATT
AGTAGTTTTT

AAGGAGAAAC

GCG GCT TTT AAC CCG

15

Asn Glu Thr Ile Asp Gln Gln Pro Gln Thr Glu Ala Ala Phe Asn Pro

CTT AAA GTT GAT AAC
Leu Lys Val Asp Asn

PCT/US95/12669 -
AGAGRTTTTC 60
TAGAACAGRA 120
GTCGAAAGCC 180
GTAGCTGTCA 240
GTTTGAGTAT 300
TAAATCAAAA 360
TGTCCCAACC 420
TGTATTTTTT 480
TCAGAGTGAG 540
TGAGACTCTC 600
TCACARACGC 660
iTT:TAGAAc 720_
TTGCATTTGA 780
CATTCTAGCA 840
GCTTGCAACG 900
GTGGTATAGT 960 -
AGCGETCTTT 1020
A ATG ACT 1077

Met Thr
1

1125

1173
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GCT
Ala
35

GAT
Asp

Glu

" Phe

CIC

. Leu

Gln
115

TCT
Ser

Gln

GCC
Ala

GAT
Asp

Glu

20

GTC
val

AGG
Arg

TAC

TCA
Ser

ATT
Ile

-100

CGT

Lys

ccc
Pro

Lys

Gln
180

GCA
Ala

195 -

Phe

GCA
Ala

AGC

TTA
Leu

ATC
Ile

ACC

GCT
Ala

Asp

TCC
Ser

Asp
85

GTC
val

TAC
Tyr

ATC
Ile

cCT
Pro

Gln
165

Lys

GAA
Glu

TCA
Ser

Asn

ACT

TCA
Ser

AAC
Asn

AAT
Asn
70

Phe

GTG

Val

ceA
Arg

AAC-

Asn

ATC
Ile
150

TCT
Ser

TTC
Phe

Lys

TTT

Phe

Gln
230

CAC

TAC
Tyr

AGG
Arg
85

Lys

ATC
Ile

GAA
Glu

ATT
Ile
ACC
135

ccT
Pro

Phe

ATG
Met

Asn

ATA
Ile
215

GAA
Glu

ATA

GAT
Asp
40

Gln

GCG
Ala

AAT
Asn

TCT
Ser

TTC
Phe

25

ccT
Pro

GCT
Ala

ATC
Ile

ANG
Lys

TCC
Serxr
108

ACA
Thr

120

CGA
Arg

GAT
Asp

GCa
Ala

s
Gly

Gly
200

TTT
Phe

CCA
Pro

TGC
Cys

GAC
Asp

Gly

GTG
Val
185

Gly

GAC
Asp

Leu

GAT
Asp

Phe

Lys

AGC
Ser

90
ACA
Thr

AGT
Ser

ATC
Ile

Lys

ATC
Ile
170

Phe

cCT
Pro

Lys

ccr
Pro

Gln

GAG
Glu

Asn
75

AAT
Asn

Lys

TGG

Trp

CGA
Arg

GAA
Glu
158

ATC
Ile

GAT
Asp

ACT
Thr

Lys

CAT
His

235

TTA

cCG

89

Lys

GGA
Gly
60

ccT

Pro

GAT
Asp

AGC
Ser
GTG
val
AAT

Asn
140

Lys

ATA
Ile

GAA
Glu

GGT
Gly

Gln
220

GTC
val

CCT

CCA
Pro

45

ATC
Ile

Acc
Thr

TTA
Leu

Phe

TCC
Ser
125
TTT
Phe

GCA
Ala

Gly

TCC
Ser

Gly
205

TCT
Ser

Gln

30
ATC_
Ile

TCG

‘Ser

Lys

ATC
Ile

Gln
110

CAT
His

ATG
Met

GAG
Glu

AAT
Asn

TTG
Leu
190

GAT
Asp

TCT
Ser

cca
Pro

TCT

GTT
Val

Gln

Lys

AAC
Asn
as

Lys

Gln

Glu

TTT
Phe

CAA
Gln
175

Lys

TGG

Trp

GAT
Asp

GAT
Asp

AGG

GAT
Asp

TTA
Leu

AAT
Asn
80

Lys

TTT
Phe

AAC
Asn

CAT
His

TTG
Leu
160

ATC
Ile

GAA
Glu

TTG
Leu

GTC
Vval

ATA
Ile
240

GAT

ARG
Lys

AGG
Arg
€s

CAG
Gln

GAC
Asp

Gly

GAT
Asp

ACC
Thr

145

Lys

CGA
Arg

AGG
Arg

GAT

Asp

Lys
225

GCC
Ala

TTG

PCT/US95/12669
AAC 1221
Asn

50
GAA 1269
Glu
TAT 1317
Tyr
AAT 1365
Asn
GAT 1413
Asp
cce 1461
Pro )
130
ATA 1509
Ile
TCT 1557
Ser
ACG 1605
Thr
CAA 1653
Gln
ATT 1701
Ile
210
GAA - 1749
Glu
ACT 1797
Thr
CTT 1845
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Ser

cCT
Pro

GCA
Ala

CTT
Leu

Glu

TAT

435

Asp

Thr

GAA
Glu
260

GAT
Asp

TTA
Leu

GAT
Asp

GGT
Gly

Gln
340

GGC
Gly

AGT
Ser

Leu

GCA
Ala

Lys
420

TTA

Leu

cca
Pro

Thr
245

AGG

Arg

GTT

Val

TTG
Leu

GGC
Gly

TTT
Phe
325

Gln
AGT
Ser
TTT

Phe

AGT
Ser

Gln
405

TTC
Phe

GAC
Asp

Lys

His

GGT
Gly

GAG
Glu

ATT
Ile

ATA
Ile
310

GGA
Gly

GGT
Gly

GGC
Gly

TAT

Tyr.

Gln
390

AAC
Asn

CGA
Arg

GCcC
Ala

CAT
His

Ile

AAT
Asn

GGC
Gly

cAC
His
295

Glu

GCC
Ala

AnC

Asn

TTA
Leu

CTC
Leu
375

GAA
Glu

AAT
Asn

ART
Asn

CTA

Leu

TCA

Gln

TTT
Phe

eTe

Val

Gly

TCT

Ser
265

Gee

Ala

280

RAT
Asn

ccT

Pro;

Lys

AAT

Asn

GrC
Vval
360

TAC
Tyz

GAG
Glu

GCT
Ala

GAG
Glu

AAC
Asn

Glu

CAC
His

GTG
val
345

ATA
Ile

Lys

ATC
Ile

Lys

ATT
Ile

- 425

GGG
Gly
440

felony

AAT
Asn

TTA

Ser Ala Leu

Leu
250

Lys

GAC
Asp

ACT

Lys

GAT
Asp
330

GCT

Ala

GCA

Ala

GAA
Glu

Gln

TTA
Leu
410

Lys

GAT

Asp

ATT
Ile

Pro

TTC
Phe

ATG
Met

cTrGe
Leu

GTT
Vval
315

Trp

ACA

'i‘hr
GGT
Gly
GAC
Asp

AAC

Asn.
395

GAC
Asp

GAT
Asp

CGT
Arg

ACT
Thr

90

Pro

ACT

Thr

GAT

Asp

TCT

Ser
300

TCA

Ser

AAC
Asn

ATA

Ile

GGT
Gly

Gln
380

Lys

AGC
Ser

TTC
Phe

ATT
Ile

Glu

Glu

CTIT
Leu

cce

Pro
285
TCT

Ser

TTA
Leu

Gec
Ala

ATT
Ile

GAG

Glu
365

CTC
Leu

ATA
Ile

TTG
Leu

Gln

GCT
Ala

‘445

Phe

Ser

GGC
Gly
270

AAT.

Asn

GTG
Val

TTG

Leu

ACC.

Thr

AAT
Asn
350

Lys
ACA
Thr

GAT
Asp

AGC
Ser

Lys
430

Phe

AAT
Asn

Arg
255

GAT

Asp

TAC

Tyr

TTA
Leu

TAT
GTT
Val
335
GTG

val

GGG
Gly

GGC
Gly

TTC
Phe

Glu
415

GAC
Asp

GTT
val

AAG
Lys

Asp

ATG
Met

ARG
Lys

ATG
Met

ace
Ala

Leu

Glu

TTC
Phe

GGG
Gly
305

GGC
Gly

320

GGT
Gly

CAT

His

ATT
Ile

TCA
Ser
ATG
Met

400

Lys

TCT
Ser

TCT
Ser

GGG
Gly

TAT

ATG
Met

AAC

Asn

Gln
3is8s

Glu

GAG
Glu

AAG
Lys

Lys

GAT
Asp

PCT/US95/12669

Leu

ATG
Met

AAT
Asn

290

AGT
Ser

AAT

Asn

Lys

Lys

AAC .

Asn
370

CGA
Arg

Phe

Lys

cCcT
Pro

Lys
450

Leu

1893

1941 -

1989

2037

2085

2133

2181

2229

2277

2325

2373

2421

2469
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AGC
Ser

Arg

ATG
Met

ccc

Pro

515
Gly

GCT
Ala

Lys

Ser

GTA
val
595

Gln

TAC
Tyr

GAG
Glu

TTT
Phe
500

AAT
Asn

TTT
Phe

ATC
Ile

GGA
Gly

AGC
Ser
580

GCT
Ala

Lys

ACT
Thr

Lys
485

GTT
val

Lys

AGC
Ser

ACT

TG
Leu
565

AAC
Asn

GAA
Glu

GAT
Asp

CTC
Leu
470

AAT
Asn

AAT
Asn

GGT
Gly

AAG
Lys

AGT
Ser

550

TCC
Ser

Lys

GCT
Ala

CTT
Leu

455
Lys

GTC
val

TAT
GTA
val

GTG
Vval
535
GTC
val

CCA
Pro

Glu

Lys

GTT

Vval

ACT
Thr

TCT
Ser
GGC
Gly
520
GCT
Ala
GTA
val

Gln

Leu

Asn
600

GAA AAAL

Glu

‘615

Lys

ATG
Met

CcTT
Leu

AAT
Asn
505

GTT
Vval

GTC
val

AGG
Arg

Glu

GTT
val
585
ACA
Thr

TCT
Ser

GGA
Gly

Gln
490

TTC
Phe

ACG
Thr

Phe

cGe
Arg

GCT
Ala
570

GGA
Gly

GGC
Gly

CcTA
Leu

Lys
475

GGT
Gly

Lys

AAT
Asn

Asn

91

460
Lys

AAC
Asn

TAC

GGC
Gly

Leu

Gln

CTA

Leu

ACC
Thr

GTT
val
5§25

cCT
Pro

540

GAT
Asp
555

AAT
Asn

Lys

AAC

Asn

Lys

TTA
Leu

AALG
Lys

GCT
Ala

TAT

Lys
620

GAG
Glu

Leu

TTA
Leu

GAC
Asp
605

CGA
Arg

ATA
Ile

Lys

AAC
Asn
510

™CcC

Ser .

AAT
Asn

GAT

Asp

GTC
val

AAC
Asn
590

GAG
Glu

Glu

AAG

Lys

His
495

GCC
Ala

CAT
His

TTA

Leu

Lys

Lys
575

TTC
Phe

GTG
val

CAT

His

GCT
Ala
480

GAT
Asp

TCC
Ser

TTA
Leu

AAT
Asn

CTA

Leu

560

GAT
Asp

AAT
Asn

Lys

TTG
Leu

465
TTA

Leu

GGC
Gly

AAG
Lys

Glu

AAT
Asn
545

ATC
Ile

Phe

Lys

CGA
Arg

GAG

Glu

625

_PCT/US95/12669
GAT 2517
Asp
QTG 2565
Val
AGT 2613
Ser
GCA 2661
‘Ala
530
CTC 2709
L_eu
GCT 2757
Ala
TTG 2805
Leu
GCT 2853
Ala
GCT 2901
Ala
610
AAA 2949
Lys
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Asp

Glu

ATC
Ile

GTT
_ Val

Lys
755

ATT
Ile

CTC
Leu

GTA
Val

GCT
Ala

.ATA
Ile
835

GTA
Val

GCA
Ala

AAT
Asn
660
CTT
Leu

AAG
Lys

Lys

GGC
Gly

Glu
740

GAT
Asp

Lys

AAT
Asn
GAG
Glu

Gln
820

TAC

Tyr

GCG
aAla

Lys
645

Lys

Lys

GAT
Asp

AAT
Asn

TCG
Ser
725

AAC
Asn

TTC
Phe

GAT
Asp
Gln
Gln
805

Gln

Gln

AAA
Lys
630

GCT
Ala

Glu

Gec

Gly

Leu

ARG
Lys

AAT
Asn

Gln

GCT
Ala

ATC
Ile

Lys
695
GAT
Asp

710 .

GTG
Val

CTIT
Leu

AGC
Ser

GTG
Val

GCG
Ala
790

GCG
Ala

GCT

Ala

TCC
Ser

Lys

AAT
Asn

Lys

ATC
Ile
775

GTA
Vval

TTA
Leu

Gln

GTT
val

TTG
Leu

GéT
Ala

.AA&

Asn

Lys
680

GAC
Asp

TTC

Phg

GaT
Asp

aca
Ala

GTA
Val
760

ATC

Ile
TCA

Ser

GCC
Ala

Lys

Lys
840

GAG
Glu
AAC
Asn

AGC
Ser

ARA
Lys

. 635

AGC
Ser

- .. 650

AGA

Arg

665

AGG

Phe

AGC

Ser

TTA
Leu

_c.-'.'c'r
Ala
745

ACG

AAT
Asn

GTG
val

GAT
Asp

Asn
825

AAT
Asn

GAC
Asp

GAA
Glu

AGT
Ser

Lys

GGT

Gly

Gln

GCA
Ala

Leu
Lys

GCA
Ala

718

ATC
Ile

730

Leu

Gln

Gln

GCT
Ala

cTc
Leu
810

Glu

GGT
Gly

AAT
Asn

GCA

Ala

Lys

92

AGC
Ser

Lys

AGA

Arg

TCT
Ser

TCT
Ser

- 700

Glu

AAT
Asn

Glu
Lys

ATA
Ile

- 780

Lys
795

Lys

AGT
Ser

GTG
val

ATA
Ile

Asn

TTC
Phe

AAC
Asn

GGC

PCT/US95/12669

AAC ARA AAT AAA ATG

Gly Asn Lys

Asp

GCA
Ala
GAT
Asp

Glu

ATC
Ile
670

Lys

685 '

Phe

Glu

cece
Pro

TTC
Phe

AGC
Ser
765
ACG
Thr

GCG
Ala

TTC
Phe

AAT
Asn

GGA
Gly
845

GAT

Asp

ACG
Thr

GAA
Glu

Lys

- 750

GAC
Asp

GAT
Asp

TGC
Cys

TCA
Ser

GTT
val
830

ACC
Thr

ATT
Ile
655

GCT

Ala
Leu

Gly

CTA

Leu

TGG
Trp
735

AAT
Asn

Gln

Lys

GAT
Asp
AAG
Lys
815

GGA

Gly

CTA
Leu

Asn

. 640

TTT

Phe

TAC

GAA

Glu

TTC
Phe

Lys

GCG
Ala

GCT
Ala

AAT
Asn

Lys

- 708

Lys
720

ATT
Ile

GGC
Gly

GAA

Glu

GTT
val

TTC
Phe
800

Glu

Lys

GTC
Val

GCC

Ala

TCA
Ser

Lys
Asn

GAT
Asp

7885

AGT
Ser

Gln

TCcT
Ser

GGT
Gly

Met

Leu

Gln

ATC
Ile
690

AAT
Asn

CIT
Leu

Lys

Asn

TCC

Ser

770

Glu

Gly

Leu

Glu

AAT

Asn
850

2997

3045

3093

3141

3189

3237

3285

3333

3381

3429

3477

3525

3573

3621
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GGG TTA TCT GGA ATA GAG GCC ACA GGG
Gly Leu Ser Gly Ile Glu-Ala Thr Gly

(2) INFORMATION FOR SEQ ID NO:2:

(i) SEQUENCE CHARACTERISTICS:

855

83

(A) LENGTH: 859 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(xi) SEQUENCE

Met Thr Asn Glu Thr

1

Asn

Asp

Lys

Arg

65

~Gln

Asp

Gly

Asp

Thx

Pro

Asn

Asn

50

Glu

Asn

Asp

Pro
130

145

Lys

Arg

Ser

Thr

Gln

Gln
Ala

35
Asp
Glu
Phe
Leu
Gln
115
Ser
Gln
Ala

Asp

Glu
195

Gln
20

Val

Ser

Ile

5

Phe

Ala

Asp

Ser

Asp

85

Val

100 .

Arg
Lys
Pro
Lys
Gln
180

Ala

Ile

Pro

Gln

165

Lys

Glu

DESCRIPTION: SEQ ID

Ile
Ile
Ser
Asn
Asn

70
Phe
val
Arg
Asn
Ile
150
Ser

Phe

Lys

Asp
Asn
Tyr
Arg

55
Lys
Ile
Glu
Ile
Thr
135
Pro
Phe

Met

Asn

Gln
Asn
Asp

40
Gln
Ala
Asn
Serx
Phe
120
Asp
Ala
Gly

Gly
200

Gln
Leu

25
Pro
Ala
Ile
Lys
Ser

105

Thr

Asp
Gly
Val

185

Gly

Pro Gln
10

Gln Val

Asp Gln.

Phe Glu
Lys Asn
75

Ser Asn
90

Thr Lys
Ser Trp
Ile Arg
Lys Glu

155

Ile Ile
170

Phe Asp

Pro Thr

NO:2:

Thr
Ala
Lys
Gly

60

Pro

Asp

Ser

Vval

Asn
140

Lys

Ile
Glu.

Gly.

Glu Ala

Phe Leu

30

Pro Ile
45

Ile Ser

Thr Lys

Leu Ile
Phe Gln
110

Ser His
125

Phe Met
Ala Glu
Gly Asn
Ser Leu

190

Gly Asp
205

Ala

15
Lys
V;l
Gln
Lys
Asn

95
Lys
Gln
Glu
Phe
Gln
175

Lys

Trp

PCT/US95/12669

Phe
val
Asp
Leu
Asn

80
Lys
Phe
Asn
His
Leu
160
Ile

Glu

Leu

3648
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Asp
Lys
225
Leu
Glu
Phe
Gly

305

Gly

Met

Gln
385
Glu
Glu
Lys
Lys
Asp

465

Leu

Ile

210

Glu

Thr

Leu

Met

Asn

220

Ser

Asn

Lys

Lys

Asn

370

Arg

Phe

Lys

Pro

Lys

450

Leu

Asp

Phe Leu
Ala Ile
Ser Thr
Asp Glu

260
Leu Asp
275
Gln Leu

His Asp

Gly Gly

Asp Gln

340

Asn Gly
358

Pro Ser

Ala Leu

Leu Ala

Glu Lys
420

Tyr Leu
435
Asp Pro

Ser Tyr

Arg Glu

Ser
Asn
Thr
245
Arg
val
Leu
Gly
Phe
325
Gln
Ser
Phe
Ser
Gln
405
Phe
Asp
Lys

Thr

Lys
485

Phe
Gln
230
His
Gl_y
Glu
Ile
Ile
310

cly

Gly

Gly

Gln
3590
Asn
Arg

Ala

His

Léeu

470

Asn

Ile

215

Glu

Ile

Asn

Gly

His

Phe

Pro

Gln

Phe

Val

280

Asn

295

Glu

Ala

Asn
Leu

Leu

375"

‘Glu

Asn

Asn

Leu

Ser

455

Lys

val

Pro
Lys
Asn

Val
360

Glu

‘Ala

Glu

Gly
440

Ala

val

Thr'

Asp
Leu
Gly
Ser
265
Ala
Asn
Glu

His

94
Lys
Pro
Leu
250
Lys
Asp
Thr

Lys

Asp

- 330

‘Val

345

Ile

Lys

Ile

Lys

Ile

425

Asn

Leu

Met

Leu

Ala
Ala
Glu
Gln
Leu
410
Lys
Asp
Ile
Gly

Gln
490

Lys

His

Gln

| 220

val

235

Pro
Phe
Met
Leu

val
315

Trp

Gly
Asp

Asn
395

Asp

Asp

Thr

Lys

475

‘Gly

PI_'O

Asp
Ser
300

Ser

Asn

IJ.e

Gly

Gln

380

Lys
Ser
Phe
Ile
Glu
460
Lys

Asn

Ser

Gln

Glu

Leu
Pro
2_85
Ser

Leu

Ala

Ile
Glu
365
Leu
Ile
Leu
Gln
Ala

445

Phe

"Gln

Leu

Ser

Pro
Ser
Gly
270
Asn
val

Leu

Thr

Asn
350
Lys
Thr
Asp
Ser
Lys
430

Phe

Asn

Ile

Lys

Asp

Asp

Arg

255

Asp

Leu

val
335

val

Gly

Gly

Phe

Glu

415

Asp

val

Lys

Lys

His
495

PCT/US95/12669

val
Ile
240
Asp
Met
Lys
Met
Ala
320
Gly
His
Ile

Ser

Met

400

Lys

Ser -

Ser

Gly -

480

Asp
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Gly

Lys

Glu

545

Ile

Phe

Lys

Glu
€25

Lys

Ala

Asn

Lys
705

.Ser

Lys

Asp

val

Ser

Ala

530

Leu

Ala

Leu

Ala

Ala

610

Lys

Met

Leu

Gln

Ile

690

Asn

Leu

Lys

Asn

Ser
770

Glu

Met

Pro

515

Gly

Ala

Lys

Ser

val

595

Gln
Asp
Glu
Ile
Asn
675
Asn
Gly
Lys
Val
Lys
755

Ile

Leu

Phe

500

Phe

Ile

Gly

Sexr

580

Ala

Lys

Val

Ala

Asn
660

Leu

Lys

Lys

Gly

Glu
740

Asp

Lys

Asn

Val
Lys
Ser
Thr
Leu
565
Asn
Glu
Asp
Ala
Lys
645

Lys

Lys

Asp

Asn

Ser

Asn
Gly
Lys
Ser
550
Ser
Lys
Ala
Leu
Lys
630
Ala
Glu
Gly
Leu
Lys
710

Val

725

Asn
Phe
Asp

Gln

Leu
Ser
Vval

Ala

Tyr
val
Val
535
val
Pro
Glu
Lys
Glu
615
Asn
Gln
Ala
Ile
Lys
695
Asp
Lys
Asn
Lys
Ile

775

Vval

Ser

Gly

"520

Ala
Vval
Gln
Leu
Asn
600
Lys
Leu
Ala
Asn
Lys
€80
Asp
Phe

Asp

Ala

Val
760

Ile

Ser

Asn
505
val

val

Glu

val

585

Thr

Ser

Glu

Asn

Arg

665

Phe

Sexr

Leu

Ala

745

Thr

Asn

Val

95

Phe
Thr

Phe

Ala
570
Gly
Gly
Leu
Ser
Ser
650
Asp
Glu
Ser
Lys
Gly
730
Leu

Gln

Gln

Lys

Asn

Asn

Asp

555

Asn

Lys

Asn

Lys

Lys

635

Gln

Ala

Leu

Lys

Ala

715

Ile

Asn

Ala

Lys

Lys

Tyr

Gly

Leu

540

Leu
Lys

Ala

Lys
620
Ser
Lys
Arg
Ser
Ser
700
Glu
Asn
Glu
Lys
Ile

780

Ile

Thr-

val
525
Pro
Glu
Leu
Leu
Asp
605

Arg

Gly

‘Asp

Ala
Asp
685
Phe
Glu
Pro
Phe
Ser
765

Thr

Ala

Asn
510
Sexr
Asn
Asp
val
Asn
590
Glu
Glu
Asn
Glu
Ile

670

Lys

Asp

Thr

Glu

Lys

750

Asp

Asp

Cys

PCT/US95/12669

Ala Ser
His Leu
Leu Asn
Lys Leu

560
Lys Asp
§75 .
Phe Asn

val Lys

His Leu

Lys Asn

640

Ile Phe

655

Ala Tyr

Leu Glu

Gly Phe

Leu Lys
720

Trp Ile

735

Asn Gly

Gln Glu

Lys Val

Asp Phe
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78S

790

96

. 795

PCT/US95/12669

800

Ser Gly Val Glu Gln Ala Leu Ala Asp Leu Lys Asn Phe Ser Lys Glu

Gln Leu Ala

805

~820

825

810.

‘815

Gln Gln Ala Gln Lys Asn Glu Ser Phe Asn Val Gly Lys
830

Ser Glu Ile Tyr Gln Ser Val Lys Asn Gly Val Asn Gly Thr Leu Val
835 - | '

840

845

Gly Asn Gly Leu Ser Gly Ile Glu Ala Thr Gly

850

-; 885

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 4821 base pairs
(B) TYPE: nugleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear .

(ii) MOLECULE TYPE: DNA (genomic)

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1072..4614

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ATGGGCTGCG CGTAACGAAA MGTCGCT TGACCTCTTT TGATGTCATC

CAAATATCCG
'ATGATCTGAA
ATTARAGGAT
GTGATTCTTG
ATCARARARA
CCGACGCTTT
ATTTTTCTTT
AATCGTCTCA
AATAARGCTC

TTTGAAAATC

CTATACCTTT
CCACCAAAGT
TGGCTGCTAT
TARAARATTT
AGTATTTTTA
TGTTTGACAA
CTCAAGTCAT
GGTTGARACC

CATTTTAAGC

TGTCCTATTG ATTTGTTTTC CATTTTGTTT CCCATGCGGA

éACchrAGA
TTTAGTCTCA
CGCTAGCCCT
CATGCGTTTC
TACTATTCAT
CTGATATAAT
'CGTAGAATTG
TAAARACAAG

AACTCCATAA

GCGCAACCAC CTACGATCGC
GTAATGCCTG ATGCAGGACT
AAAGfTAcrA CAACTTTCTT
CTTTCAAATT GARATCAATC
ACAAGCGCTA CTTTATAATT
TTAGGAACAA TARACCTACT
TAGATCTTTA GGATCTTTGA
CAGAAACAAA CCCAAGCTGA

ACCACTAAAG AAACTTTTTT

AGAGATTTTC
TAGAACAGAA
GTCGARAGCC
GTAGCTGTCA
GTTTGAGTAT
TAAATCAAAA
TGTCCCAACC
TGTATTTTTT
TCAGAGTGAG
TGAGACTCTC

TCACAAACGC

60

120

180.
240
J00
360
420
480
o
600

660
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97

PCT/US95/12669

TTAATTACAA ATACATACTA TAATAAGTAT GGCACACACA AACCAAACCA TTTTTAGAAC

GCTTCATGCA CTCACCTTGC TCCTAACCAT TTCTCCAACC

TTTCTTCAAA AAGGCTCATT TCTTAGTITC TTTTATTCTT

AATTTTTGTT AATTGTGGGT AAAAATGTGA ATCGTTCCTA

ATCGGACTTT TTTCAATATT AATGAAAAAA TGCCAAATAT

GATAACGTTC AAAGACACGA ATTGCATACT CAAAGTGTGT

GATACCAATA AGATACCGAT AGGTATGAAA CTAGGTATAG

Gln

GCT
Ala
35

Asp

GAA
Glu

Phe

CTC
Leu

Gln
115

TCT
Ser

Gln

Glu

Gln
20

GTC
Val

TAC

TCA
Ser

ATT
Ile
100

CGT

Lys

cce
Pro

ACT
Thr

Phe

GCT
Ala

GAT
Asp

TCC
Ser

GAC
Asp
85

GTC
Val

TAC

ATC
Ile

CCT
Pro

ATT
Ile

ATC
Ile

TCA
Ser

AAC
Asn

AAT
Asn
70

Phe

GTG
val

CGA
Arg

AAC
Asn

ATC
Ile
150

GAC

Asp

AAT
Asn

TAC

Arg

§5

Lys

ATC
Ile

Gl_u

ATT
Ile
ACC
135

CCT
Pro

Gln

AAT
Asn

GAT
Asp

Gln

GCG
Ala

AAT
Asn

TCT
Ser

TTC
Phe
120

cea
Arg

GAT

Gln

CIT
Leu
25

cCcT

Pro

GCT
Ala

ATC
Ile

Lys

TCC
Ser
105
ACa
Thr

TGC
cys

GAC

cca
Pro
10

Gln

GAT
Asp

Phe

Lys

AGC
Ser
90

Thr

Ser

ATC

Ile

CAA
Gln

GTA
val

Gln

Glu

Asn
75

AAT
Asn

Lys

TGG
Trp

Cca
Arg

ACC
Thr

GCT

aAla

Lys

Gly
60

cCcT
Pro

GAT
Asp

AGC
Sex

GTG
Val

AAT
Asn
140

AAA GAA AAA
Asp Asp Lys Glu Lys Ala

155

‘This Sheet Has Been Replaced

Glu

Phe

CCA
Pro

45
ATC
Ile

ACC
Thr

TTA
Leu

Phe

TCC
Ser
125

Phe

GCA

ATCTTTAGCG TTGCATTTGA

AAAATTTTTC CATTCTAGCA

GCTTTTAGAC GCTTGCAACG

TCTAAATATT GTGGTATAGT

AGTAGTTTIT AGCGGTCTITT

AAGGAGAAAC A ATG ACT

GCG
Ala

CTT
Leu

30
ATC
Ile

TCG
Ser

Lys

ATC
Ile

Gln
110

CAT
His

ATG
Met

Glu

GCT
Ala
15

Lys

GTT
val

Gln

Lys

AAC
Asn
95

Lys
Gln

GAA
Glu

Phe

Met Thr
1

TTT AAC CCG
Phe Asn Pro

GTT GAT AAC
Val Asp Asn

GAT AAG AAC
Asp Lys Asn
50

TTA AGG GAA
Leu Arg Glu
65

AAT CAG TAT

Asn Gln Tyr
80

Lys Asp Asn

Phe Gly Asp -

AAC GAT CCG
aAsn Asp Pro
130

CAT ACC ATA

His Thr Ile
145

Leu Lys Ser

- 160

THIS SHEET HAS BEEN
REPLACED

720
780
840
200
960

1020

1077

1125

1173

1221

1269

1317

1365

1413

1461

1509

1557
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GCC
Ala

Asp

Glu
195

Phe

GCA
Ala

Ser

GAT
Asp

TTA
Leu
275

Gln

Gly

Lys

Gln
180

GCA
Ala

TTA
Leu

ATC
Ile

ACC
Thr

Glu
260

GAT
Asp

TTA
Leu

GAT
Asp

GGT
Gly

Gln
340

GGC
Gly

AGT

Gln

TCT
Ser

165 .

Lys

Glu

TCA

Ser

AAT
Asn
ACT
245

AGG
Arg

.GTT

val

TG

Leu

GGC
Gly

TTT
Phe
325

Gln

AGT
Ser

TIT

TTC
Phe

Lys

Phe

Gln

‘Phe

ATG
Met

Asn

ATA
Ile
215

Glu

230

CAC
His
GGT
Gly

GAG
Glu

ATT
Ile

ATA
Ile

310

Gly

GGT
Gly

GGC
Gly

TAT

ATA
Ile

AAT
Asn

GGC
Gly
QAC
His
295

Glu

Gee
Ala

ARC

Asn

TTA
Leu

CcTC

GCA| GGA ATC

Ala

Gly;

Gly'g
200;

TTT.
Phe:

CCA|
Pro.

Gln

Phe

265 .

GTC
val

280 -

AAT

Asn

CCT
Pro

ARG
Lys

AAT
Asn

Gly

GTG
Val

{185

Giy

Asp

Leu

Gly

TCT
Ser

GCC
Ala

AAC
Asn

Glu

CAC
His
GTG
Val

Ile
170

Phe

ccr
Pro

Lys

cCT
Pro

. TTA

Leu
250

Lys

GAC
Asp

ACT
Thr

Lys

GAT
Asp
330

GCT
ala

. 345

GTC
val

ATA

Ile

360

TAC

AAA

GCA
Ala

GAA

ATC
Ile

GAT
Asp

ACT
Thr

Lys

CAT

His

235

cce
Pro

TTC
Phe

ATG
Met

TG
Leu

GTT
Val

98

ATA
Ile

G".ll.u

Gly'

Gln

GGG
Gly

TCC

Ser

Gly

205

TCT
Ser

220

GTC
val

cCcT
Pro

ACT
Thr

GAT
Asp

TCT
Serxr

300

TCA
Ser

315

Trp

ACA
Thr

GGT

Gly

GAC

AAC

ATA

Ile’

GGT
Gly

CAA

Gln

Glu

Leu

ccc

Pro
285
TCT
Ser

TTA

Leu

GCC
Ala

ATT

Ile

Glu
365

CTC

AAT

Asn

TG
Leu
190

GAT
Asp

TCT
Ser

GTG
val

TTG
Leu
ACC
Thr

AAT

Asn

350

Lys

ACA

PCT/US95/12669

CAA ATC CGA ACG

Gln
175

Lys
Trp
GAT
Asp
GAT
Asp

255

GAT
Asp

“TAC

TTA
Leu

TAT

eTT
Vval
335

GTG
val

Gly

GGC

Ile
GAA
Glu
Leu

GTC
val

ATA

Ile
240

GAT
Asp

ATG
Met

AAG
Lys

ATG
Met
GCG
Ala
320
GGT
Gly

CAT
His

ATT
Ile

TCA

Arg

AGG
Arg

GAT
Asp

AAA
Lys
225

GCC
Ala

TG

Leu

Glu

TTC
Phe

Gly
305

GGC
Gly

TAT

Tyr

ATG
Met

AAC
Asn

CAA

Thr

CAA
Gln

ATT
Ile
210

Glu

Thr

CcTT
Leu

ATG
Met

AAT
Asn
290
AGT
Ser

AAT
Asn

Lys

Lys

AAC

Asn
370

CGA

1605

1653

1701

1749

1797

1845

1893

1941

1989

2037

2085

2133

2181

2229
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Pro

GCA
Ala

CTT
Leu

Glu

TAT

435

Asp

AGC
Ser

Arg

ATG
Met

- CCC
Pro

Ser

TG
Leu

GCA
Ala

Lys
420

TTA

Leu

cca
Pro

TAC

GAG
Glu

TTT
Phe
500

AAT
Asn

518

Gly

GCT
Ala

Lys

AGT
Serxr

Phe

ATC
Ile

Gly

AGC
Ser

Phe

AGT
Ser

Gln
405

TTC
Phe

GAC
Asp

Lys

ACT
Thr

Lys
485

GTT
Vval

Lys

AGC
Ser

ACT
Thr

TG
Leu
$65

AAC
Asn

Tyr Leu Tyr Lys

caa
Gln
390

AAC
Asn

CGA
Arg

GCC
Ala

CAT

His

CTC
Leu
470

AAT
Asn

AAT
Asn

GGT

Gly

‘Lys

AGT
Ser
550

TCC
Ser

Lys

375
GAA
Glu

AAT
Asn

AAT
Asn

CTA
Leu

TCA
Ser
455

Lys

GTC
val

TAT
Tyr
GTA

vVal

GTG
val
535

GTC
val

CCA
Pro

Glu

GAG
Glu

GCT
Ala

GAG
Glu

GGG
Gly
440
GCT
Ala

GTT
Val

ACT
Thr

TCT
Ser

GGC
Gly
520

GCT
Ala

GTA

Val

Gln

TTG

‘Leu

ATC
Ile

Lys

ATT
Ile
425

AAT
Asn

TTA
Leu

ATG
Met

Leu

AAT
Asn
505

GTT
Val
GTC
Vval

Arg

GAA
Glu

GTT

Val

Glu

Gln

TTA
Leu
410

ARG
Lys

GAT
Asp

ATT
Ile

GGA

Gly

Gln
490

TTC
Phe

ACG
Thr

‘Phe

CGG
Arg

GCT.

Ala
870

Asp

AAC
Asn
395

GAC
Asp

GAT

Asp

CGT
Arg

ACT
Thr

Lys
475

GGT

Gly

Lys

AAT
Asn

Asn

GAT
Asp
555

AAT
Asn

99

Gln
380

Lys

AGC

Ser

TTC
Phe

ATT
Ile

Glu
460

AAG
Lys

AAC

Asn

TAC
Tyrx

-GGC

Gly

Leu
540

TTA
Leu
AAG
Lys

GGA AAA GCT

Gly

Lys

Ala

Leu

ATA

Ile

TG
Leu

Gln

GCT
Ala
445

Phe

Gln

CTa
Leu

ACC
Thr

GTT
Val
$25

CCT
Pro

GAG
Glu

Leu

TTA
Leu

Thr

GAT
Asp

AGC
Ser

Lys
430

Phe

AAT
Asn

ATA

Ile

Lys

AAC
Asn
510

TCC

Ser

AAT
Asn

GAT
Asp

GTC

Val

AAC
Asn

ely

TTC
Phe

GAG
Glu
415

GAC
Asp

GTT
val

ARG
Lys

Lys

CAT
His
495

GCC
Ala

CAT
His

TTA
Leu

Lys

Sexr

ATG
Met
400

Lys

TCT
Ser

TCT
Ser

GGG
Gly

GCT
Ala
480

GAT
Asp

TCC
Ser

TTA
Leu

AAT
Asn

Leu

. 560

Lys
575

TTC
Phe

GAT

Asp

AAT
Asn

Gln
385

Glu

GAG
Glu

ARG
Lys

Lys

GAT
Asp
465

TTA

Leu

GGC
Gly

AAG
Lys

Glu

AAT
Asn
545

ATC
Ile

TTT
Phe

Lys

PCTUS95/12669
Axrg

TTT 2277
Phe
AAA 2325
Lys
CcCcT 2373
Pro
AAA 2421
Lys
450
TG 2469
Leu
GAT 2517
Asp
GTG 2565
val
AGT. - 2613
Ser
GCA 2661
1_\1a
530
CTC 2709
Leu
GCT 2757
Ala
TTG 2805
Leu
GCT 2853
Ala
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GTA
Val
595

Gln

Asp

Glu

ATC
Ile

GTT
val

Lys
755

ATT
Ile

CTC
Leu

580

GCT
Ala

Lys

GTA
Val

GCa
Ala

AAT
Asn
660

Leu

ARG
Lys

Lys

GGC
Gly

Glu
740
GAT

Asp

Lys

AAT
Asn

GAA
Glu

Asp

GCG
Ala

Lys
645

Lys

Lys

GAT
Asp

AAT
Asn

TCG
Ser
725

AAC
Asn

TTC
Phe

GAT
Asp

Gln

GCT
Ala

. CTT

Leu

Lys

630

GCT
Ala

GAG

‘Glu

Gly

TTG
Leu

Lys .

GAA
Glu
615

AAT
Asn

Gln

GCT.

Ala

ATC
Ile

Lys

. 695

Lys
710

GTG
val

Leu

AGC
Ser

GTG
Val

GCG
Ala
790

GAT
Asp

Lys

aAsn

ARG

Lys

ATC
Ile
778

GTA
val

585 -

TTG
Leu

GcT
Ala

AAT:
Asn

Lys
680

GAC
Asp

TTC
Phe

Gat
Asp

aca
o

GTA
val
760
ATC
Ile

TCA

'Aca

. TCT
: Ser

Glu

anc
Asn

Phe

AGC
Ser

TTA

Leu

Gac

Gly

CTA

Leu

AGC
Ser

AGC

Ser
650

@ac
Asp

Glu

AGT
Ser

ARG
Lys

GGT
Gly

- 730

GCT
Ala
745

ACG

AAT
Asn

GTG

Leu

Gln

CAA
Gln

GCT

' Ser ‘Val Ala

AAC
Asn

ARG
Lys

Lys
635

Gln
GCA

Ala

Leu

Lys

GCA
Ala
715

ATC
Ile

AAT
Asn

GCA
Ala

AAG
Lys

100

TAT

‘Lys
620

AGC
Ser

Lys

AGA
Arg

TCT

Ser

TCT
Ser
700

Glu’

AAT
Asn

Glu

AAA
Lys

GAC

‘Asp

605

cca

GGC
Gly

Asp

GCA
Ala

GAT

‘Asp

590

GAG
qlu

Glu

AAC
Asn

GAG
Glu

‘ATC

Ile

GTG
Vval

CAT
His

Lys

ATT
Ile
655

GCT
Ala

670

Lys

685

Phe

Glu

cce
Pro

TTC
Phe

AGC
Ser

GAT
Asp

ACG

Thr

Glu

Lys

750

GAC

Asp

765

ATA
Ile
780

ACG
Thr

AAA ATA GCG
Ile Ala Cys

Lys
795

GAT
Asp

TGC

CTT
Leu

GGA
Gl_y

CTA
Leu

TGG
Trp

- 735

AAT
Asn

Gln

Lys

GAT
Asp

Lys

TTG
Leu

Asn

640

Phe

TAC

GAA

Glu

TTC
Phe

Lys
720
ATT

Ile

GGC

Gly :

Glu

GTIT
val

TTC
Phe
800

CGA
Arg

GAG
Glu
625

Lys

GCG
Ala

GCT
Ala

AAT
Asn

Lys
705

GCC
Ala

TCA

-Ser

Lys

AAT
Asn

GAT
Asp
785

AGT
Ser

PCT/US95/12669
GCT 2901
Ala

610

AAG 2949
Lys

ATG 2997
Met

TTG 3045
Leu

CAA 3093
Gln

ATC 3141
Ile :

690"

AAT 3189
Asn :
CTT 3237
Leu

AAR 3285
Lys

AAT 3333
Asn :
TCC 3381
Ser '

770

GAA 3429
Glu

GGG 3477
Gly '
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GTA
Val

GCT
Ala

ATA
Ile
835

Gly

ATC
Ile

Lys

Gln
915

GCG
Ala

AGG
Arg

CcCT
Pro

995

. TCA

Glu

Gln
820

TAC
Tyr

TTA
Leu

AAG
Lys

AAT
Asn

Lys
900

GTT
Val

AcCa
Thr

CAT
His

Glu

Lys
980

AAT
Asn

GAA

Gln
805

Gln

Gln

cT

Ser

Lys

GGT.

Gly
88s

Lys

GCT

Ala

AGT
Ser

GAT
Asp

ccc
Pro
965

AGG
Arg

Gln

GCT

GCG
Ala

GCT -

Ala

TCC
Ser
GGA
Gly

Glu
870

crc

Leu

ACA
Thr

Lys

GGT
Gly

Lys
950

ATT
Ile

CAT
His

GAA
Glu

TTA
Leu

Gln

GTT
Val

ATA

Ile
855

TTG
Leu

Lys

Gly

Lys

TTC
Phe
938

GTT
Val

TAT
Tyr

GCC
Ala

Lys

Lys

840

Glu

AAT

Asn

Asn

Gln

GAT
Asp

Asn
825

AAT

Asn

GCC
Ala
GAG
Glu

GGC
Gly

GTA
Vval

- 905

GTA
Val
920

GGT
Gly

GAA
Glu

GCT
Ala

ACT
Thr

GGT

Gly

GAT
Asp

ACA
Thr

GAT AAA GTT

Asp

TTG

Lys

ACT

Val
985

CAG

Leu Thr Gln
1000

GCA GGT TTT

CcTC
Leu
810

Glu

GGT

Gly

ACA

Lys

Gly
890

GCT
Ala

Lys

GTA
val

cTC
Leu

ATT
Ile
970

GAT
Asp

Lys

Lys

AGT
Ser

GTG
Val

GCT
Ala

Phe
875

Glu

AGC
Ser

Lys

Gly

AGT
Ser
955
GAT
Asp

GAT
Asp

ATT

Ile

101

Asn

TTC
Phe

AAC
Asn

cTC
Leu
860

AAA

Lys

cce
Pro

cCcT
Pro

ATT
Ile

Gln
940

AAG
Lys

GAT
Asp

CcTC

Leu-

GAC
Asp

AAT

TTC
Phe

AAT
Asn

Gly
845
GCC
Ala

AAT
Asn

ATT
Ile

Glu

GAC
Asp
925

GCG
Ala

GTA
Val

CTC
Leu

AGT

Ser

AAT

Asn

TCA
Ser

GTT
Vval
830

ACC
Thr

Lys

TTC
Phe

TAT
Tyr

Glu
810

Gln

GGC
Gly

Gly

GGT
Gly

AAG

Lys

990

cTC
Leu

1008

cTa

GAA

ARG
Lys
815
GGA
Gly

CTA
Leu

Asn

AAT
Asn

cCT

‘aAla

895

ccc
Pro

cTC
Leu

TTC
Phe

cea
Arg

GGG
Gly
975

GTA

val

AGT
Ser

GAG
Glu
Lys

GTC
val

TTT
Phe

AAC
Asn
880

Gln

ATT
Ile

AAT
Asn

ccT
Pro

TCA
Sexr

‘960

TCT
Ser

Gly

Gln

ACG

Gln

CcT
Ser

GGT
Gly

TCG
Ser
865
AAT
Asn

GTT
val

TAT

Gln

TTG
Leu
945

GTT
Val
TTC
Phe

CTT
Leu

Gcae

Ala

ATA

PCT/US95/12669
TTG 3525
Leu
GAA 3573
Glu
AAT 3621
Asn
850
GAT 3669
Asp
AAC 3717
Asn
AAT 3765
Asn
GCT 3813
Ala
GCA 3861
Ala
930
AAA 3909
Lys
AGC 39857
Ser
ccT 4005
Pro
TCA 4053
sSer
GTA 4101
val
1010

4149
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Ser

Lys

AGC
Ser

1015

1030

1045

ACT AAC
Thr Asn
1060

GCT
Ala

ATC AAT
Ile Asn
1075

GAA
Glu

CTC AAA CTC
Leu Lys Leu

CcCT
Pro

TCA
Leu

TAT
Tyr

TCT

Asp Ser

1125

GAC ATT
Lys Asp Ile
' 1140
ACA GGA TAT
Thr Gly Tyr
1155

AAT GCT AAT
Asn Ala Asn

AAAACGCAAA AACCACCTTG CTAAAMAGCAA GGGGTTTTTT AACTTAAAAT ATCCCGACAG
ACACTAACGA AAGGCTTTGT TCTTTAAAGT CTGCATAGAT ATTTCCTACC CCAAAAAGAC

TTAACCCTTT GCTTAAAATT AAATTTGATT GTGCTAGTGG GTTCGTGCTT TATAGTGCGG

AATTGGG

Ser’

AGC CAC ACA CGC
Ser His Thr! Arg

GCA AMA ARA GTG CCT GCT AGT TTG
Ala Lys Lys Val Pro Ala Ser Leu

1050

ATT
Ile

. 1065

AAR GCG ACC GGC

ACT

Lys Ala 'I‘hr' Gly"rhr'

1080

GTG AAT GAT AAG
Val Asn Asp! Lys
1095 °

GAT AAC
Asp Asn

GAG TAT

Glu Tyr
1110

GAT TCG
Asp Ser

TTC AAG
Phe' Lys

AAG TCT
Lys Ser

ATC

Ile

ATT
Ile

TIT
Phe
1130

1145

TAC TCC
Tyr Ser
1160

ART
asn

Val

102

Glu Ala Lys Ala Gly Phe Phe Gly Asn Leu

1020

1035

TCA
Ser

AGC
Ser

Glu

CTC AAA GAT TTT ACA%AAA AAC AAT CCT GTG
Leu Lys Asp Phe Thr Lys Asn Asn Pro Val

GCG
Ala

AAT
Asn

Glu
AAT
Asn

AAR
Lys

ATC

Ile
‘1070

CGG CAA AAA AAC
Arg Gln Lys Asn

1085 -

GTT GCG

CAT

Ala His

1100 -

GGA
Gly Phe
1115

TCC ACC
Ser Thr

GGC TTT ACG CAA TTT
Gly Phe Thr Gln Phe

ATG GCG AGA GAA AAT
Met Ala Arg Glu Asn

ACA ARA GGT GGT TTC CAA AARA
Thr Lys Gly Gly Phe Gln Lys
1180

1175

(2) ' INFORMATION FOR SEQ ID NO:4:

TTC AGC

Ser

ARG

Lys

TTA
Leu

AAT
Asn

CAA
Gln

GCC
Ala

Gln

PCT/US95/12669

Gln Thr Ile Asp
1025

CTA TGG GCT GAA

Leu Trp Ala Glu
1040

CTA GAC AAT TAC
Leu Asp Asn Tyr

- 1055

CAA AAT GGA GCG

Asn Gly Ala

CCT GAG TGG
'Pro Glu Trp
: -1090

GTG
Val

GGA AGC GTT
Gly Ser Val
1105

AAG AAT ATG AAG
Lys Asn Met Lys
‘1120

AAC AAT GCC GTA
Asn aAsn Ala Val
1135

AAT GCA TTT TCT
Asn Ala Phe Ser

1150

GCG GAG CAT GGA ATC AAA
Ala Glu His Gly Ile Lys
1165

Ser

1170

TCT TAAAGGATTA AGGAACACCA

4197

4245

4293

4341

4389

4437

4485

4533
4581
4634
4694
4754 .

4814

4821 .
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{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:- 1181 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

Met Thr Asn Glu Thr Ile Asp Gln Gln Pro Gln Thr Glu Ala Ala Phe
1 5 - 10 _ 15

Asn Pro Gln Gln Phe Ile Asn Asn Leu Gln Val Ala Phe Leu Lys Val
20 ' 25 30

Asp Asn Ala Val Ala Ser Tyr Asp Pro Asp Gln Lys Pro Ile Val Asp
35 40 45

Lys Asn Asp Arg Asp Asn Arg Gln Ala Phe Glu Gly Ile Ser Gln Leu
50 g5 60

Arg Glu Glu Tyr Ser Asn Lys Ala Ile Lys Asn Pro Thr Lys Lys Asn
65 70 75 80 -

Gln Tyr Phe Ser Asp Phe Ile Asn Lys Ser Asn Asp Leu Ile Asn Lys
85 - 90 95

Asp Asn Leu Ile Val Val Glu Ser Ser Thr Lys Ser'Phe Gln Lys Phe
100 105 . 110

Gly Asp Gln Arg Tyr Arg Ile Phe Thr Ser Trp Val Ser His Gln Asn
118 120 - 125

Asp Pro Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met Glu His
130 135 140

Thr Ile Gln Pro Pro Ile Pro Asp Asp Lys Glu Lys Ala Glu Phe Leu
145 150 155 = 160

Lys Ser Ala Lys Gln Ser Phe Ala Gly Ile 1le Ile Gly Asn Gln Ile
165 170 175

Arg Thr Asp Gln Lys Phe Met Gly Val Phe Asp Glu Ser Leu Lys Glu
- 180 185 190

Arg Gin Glu Ala Glu Lys Asn Gly Gly Pro Thr Gly Gly Asp Trp Leu
195. 200 205 -

Asp Ile Phe Leu Ser Phe Ile Phe Asp Lys Lys Gln Ser Ser Asp Val
210 215 ' 220

Lys Glu Ala Ile Asn Gln Glu Pro Leu Pro His Val Gln Pro Asp Ile
225 230 235 . 240



WO 96/10639

Leu
Glu
Phe
Gly

305

Gly

Met

Gln
385
Glu
Glu
Lys
Lys
Asp
465
Leu
Gly
Lys

Glu

Leu

Met

Asn

290

Ser

Asn

Lys

Lys

Asn

370

Arg

Phe

Lys

Pro

Lys

450

Leu

Asp

val

Ser

Ala

Ser

Asp

Leu

275

Gln

His

Gly

Asp

Asn

Thr
Glu
260
Asp
Leu
Asp
Gly
Gln

340

Gly

355 -

Pro

Ala

Leu

Glu

Tyr
435
Asp
Ser
Arg
Met
Pro
515

Gly

Ser
Leu
Ala
Lys
420

Leu

Pro

Glu
Phe
500

aAsn

Phe

Thr
245
Arg
Val
Leu
Gly
Phe
325
Gln
Ser
Phe
Ser
Gln
405
Phe
Asp
Lys
Thr
Lys
485
val

Lys

Ser

His

Gly

G:!.u

Ile

Ile

Ile
Asn
Gly
iiis
295

Gl-u

310 -

Gly

Gly

Gly

Gln
390
Asn
Arg
Ala
His
Leu
470

Asn

aAsn

s
Asn
Leu
Leu
375
Glu
Asn
Asn
Leu

Ser
455

Lys

v"al

Gly Val

Lys

Val

Gln
Phe
Val
280
Asn
Pro
Lys
Asn
val
360
Glu
Ala
Glu
Gly
440
Ala
Val
Thr

Ser

Gly

. 520

Ala

Gly
Ser
265
Ala
Asn
Glu
His
Val
345
Ile
Lys
Ile
Lys
Ile
425
Asn
Leu
Met

Leu

Asn

505

val

Vval

104

Leu

250

Lys

Asp

Thr

Lys

Asp

P:o
Phe
Met
Leu
val

315

Trp

330 -

Ala
Ala
Glu
Gln
Leu
410
Lys
Asp
Ile
Gly
Gln
490
Phe

Thr

Phe

Thr

Gly

Asp

Asn

395

Asp

Asp

Arg

Thr

Lys

475

Gly

Lys

Asn

Asn

Pro

Asp
Ser
300
Ser
Asn
Ile
Gly
Gln
380
Lys
Ser
Phe
Ile
Glu
460

Lys

Asn

Glu

Leu

Pro

285

Ser

Leu

Ala

Ile

Glu

365

Leu

Ile

Leu

Gln

Ala

445

Phe

. Gln

Leu

Gly Val

Leu

525

Pro

Ser
Gly
270
Asn
val
Leu
Thr
Asn

350

Lys

Thr

Asp
Ser
Lys
430
Phe
Asn
Ile.
Lys
510

Ser

Asn

Arg
255

Asp

Leu

Val
338
Val
Gly
Gly
Phe
Glu
415
Asp
val
Lys
Lys
His
495
Ala
His

Leu

PCT/US95/12669

Asp
Met
Lys
Met
320
Gly
His
Ile
Ser
Met
400
Lys
Ser
S.er
Gly
Ala
480
Asp
Ser
Leu

Asn

»
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545

Ile

Phe

Lys

Glu
625

Lys

Ala

Lys
705
Ala

Ser

Lys

Asp
785

Ser

Gln

530

Leu
Ala
Leu
Ala
Ala
610
Lys
Met
Leu
Gln
'Ile
690
Asn
Leu
Lys
Asn
Ser
770
Glu

Gly

Leu

Ala

Lys

Ser

Val

595

Gln

Asp

Glu

Ile

Ile

Gly

Ser

580

Ala

Lys

Val

Ala

Asn

" 660

Asn
675
Asn

Gly

Lys

Vval

Lys
785
Ile
Leu

val

Ala

Leu

Lys

Lys

Gly

Glu

Thr

Leu

565

Asn

Glu

Asp

Ala

Ser
550

Ser

Lys

Ala

Leu

Lys

630

Lys

645

Lys

Lys

Asp

Asn

Ser
725

740 .

Asp

Lys

Asn

Glu

Gln
820

Phe
Asp
Gln
Gln
805

Gln

Ala
Gl.u
Gly
Leu

Lys

710

‘Val

Leu

Ser

Vval

Ala

790

Ala

Ala

S35

Val

Pro

Glu

Lys

Glu

615

Asn

Gln

Ala

Ile

Lys

695

Asp

Lys

Asn

Lys.

Ile

Val
Gln
Leu
Asn
600
Lys
Leu
Ala
Asn
Lys
680
Asp
Phe
Asp
Ala
Val

760

Ile

778 .

Val

Leu

Gln

Ser

Ala

Lys

Arg
Glu
Val
585
Thr
Ser
Glu
Asn
Arg
665
Arg
Phe
Ser
Leu
Ala
745
Thr
Asn
Val

Asp

825

105

Arg
Ala
570
Gly
Gly
Leu
Ser
Ser
650
Asp
Glu
Ser-
Lys
Gly
730

Leu

Gln

‘@Gln

Ala

Leu

810

Glu

Asp

555

Asn
Lys
Asn
Lys
Lys
635
Gln
Ala

Leu

Lys

540

Leu
Lys

Ala

Lys
620

Ser

Lys

Ser

Ser

- 700

Ala
715
Ile
Asn
Ala
Lys
Lys
795

Lys

Ser

Glu
Asn
Glu
Lys
Ile
780
Ile

Asn

Phe

Glu

Leu

Leu

Asp

605 .

Arg

Gly

Asp

Ala

Asp

685

Phe

Glu

Pro

Phe

Ser

765

Thr

Ala

Phe

Asn

Asp

val

Asn

-590.

Glu
Glu
Asn
Glu
Ile
670
Lys
Asp
Thr
Glu
Lys
750
Asp

Asp

Ser

Val
830

PCT/US95/12669

Lys Leu
560

Lys Asp
575

Phe Asn
Val Lys
His Leu
Lys Asn

640

Ile Phe
655

Ala Tyr
Leu Glu
Gly Phe
Leu Lys

720

Trp Ile
738

Asn Gly
Gln Giu
Lys Val

Asp Phe
800

Lys Glu
815

Gly Lys
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Ser Glu Ile Tyr Gln Ser Val Lys Asn Gly Val Asn Gly Thr Leu Val
835 ' 840 845

Gly Asn Gly Leu Ser Gly Ile Glu Ala Thr Ala Leu Ala Lys Asn Phe
850 855 860

Ser Asp Ile Lys Lys Glu Leu Asn Glu Lys Phe Lys Asn Phe Asn Asn
865 870_ 875 880

Asn Asn Asn Asn Gly Leu Lys Asn Gly Gly Glu Pro Ile Tyr Ala Gln
885 _ . 890 895

Val Asn Lys Lys Lys Thri Gly Gln Val Ala Ser Pro Glu Glu Pro Ile
900 905 . 910

Tyr Ala Gln Val Ala Lys' Lys Val Thr Lys Lys Ile Asp Gln Leu Asn
915 920 925

Gln Ala Ala Thr Ser Gly Phe Gly Gly Val Gly Gln Ala Gly Phe Pro
930 935 940

Leu Lys Arg His Asp Lys Val 'Glu Asp Leu Ser Lys Val Gly Arg Ser
945 950. 955 960

Val Ser Pro Glu Pro Ile Tyr Ala Thr Ile Asp Asp Leu Gly Gly Ser
965 970 ‘975

Phe Pro Leu Lys Arg His! Asp Lys Val Asp Asp Leu Sef Lys Val Gly
980 _ 985 990

Leu Ser Arg Asn Gln Glu Leu Thr Gln Lys Ile Asp Asn Leu Ser Glin
995 1000 1005

Ala Val Ser Glu Ala Lys: Ala Gly Phe Phe Gly Asn Leu Glu Gln Thr
1010 1015 1020

Ile Asp Lys Leu Lys Asp Phe Thr Lys Asn Asn Pro Val Asn Leu Trp
1025 1030 1035 _ 1040

Ala Glu Ser Ala Lys Lys Val Pro Ala Ser Leu Ser Ala Lys Leu Asp
. 1045 1050 1055

Asn Tyr Ala Thr Asn Ser His Thr Arg Ile Asn Ser Asn Ile Gln Asn
. 1060 ) 1065 1070

Gly Ala Ile Asn Glu Lys Ala Thr Gly Thr Glu Arg Gln Lys Asn Pro
1075 1080 1085

Glu Trp Leu Lys Leu Val Asn Asp Lys Ile val Ala His Asn Val Gly
1090 . 1095 1100

Ser Val Pro Leu Ser Glu Tyr Asp Asn Ile Gly Phe Ser Gln Lys Asn
1105 _ 1110 1115 1120

Met Lys Asp Tyr Ser Asp Ser Phe Lys Phe Ser Thr Lys Leu Asn Asn
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1125 = 1130 -~ 1135

Ala Val Lys'Asp Ile Lys Ser Gly Phe Thr Gln Phe Leu Ala Asn Ala
1140 1145 1150

Phe Ser Thr Gly Tyr Tyr Ser Met Ala Arg Glu Asn Ala Glu His Gly
1185 1160 1165 '

Ile Lys Asn Ala Asn Thr Lys Gly Gly Phe Gln Lys Ser
1170 . 1175 1180
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What is claimed is:

1. Aan isolated nucleic aczd encodlng an approxlmately
120-128 kllodalton antlgen of Hélzcobacter pylori or an
antigenic fragment thereof, where;n the antigen is

associated with peptic ulceration.
2. A vector comprising the nucleic acid of claim 1.

3. The vector of claim 2 in a host suitable for

expressing the polypeptide encoded by the nucleic acid.

4. The nucleic acid of claim 1, comprising nucleotides
1072 through 4614 contained in the nucleotide sequence
defined in the Sequencing Listing as SEQ ID NO:3.

5. The nucleic acid of claim 1, comprising nucleotides
1072 through 3648 contained in the nucleotide sequence
defined in the Sequencing Listing as SEQ ID NO:1.

6. The nucleic acid of claim 1, comprising nucleotides
1921 through 3648 contained in the nucleotide sequence.

defined.in the Sequencing Listing as SEQ ID NO:1.

7. An isolated nucleic acid that selectively hybridizes
with the nucleic acid of claim 4 under polymerase'chain

reaction conditions.

8. An isolated nucleic acid that hybridizes with the
nucleic acid of claim 4 under the stringency conditions of

68°C for 16 hours in buffer containing 6X SSC, 0.5% sodium



a1
A i

109

dodecyl sulfate, 5X Denhardt's solution, with washing at
60°C in 0.5X SSC.

9. A purified antigenic polypeptide encoded by the

nucleic acid of claim 1.

10. The antigenic polypeptide of claim 9, wherein the
polypeptide consists essentially of the amino acids
encoded by nucleotides 1072 through 4614 contained in the

nucleotide sequence defined in the Sequence Listing as SEQ
ID NO:3.

11. The antigenic polypeptide of claim 9, wherein the
polypeptide consists essentially of the amino acids
encoded by nucleotides 1072 through 3648 contained in the

nucleotide sequence defined in the Sequence Listing as SEQ

ID NO:1.

12. The antigenic polypeptide of élaim 9, wherxein the
polypeptide consists essentially of the amino acids
encoded by ﬁucleotides 1921 through 3648 contained in the
nucleotide sequence defined in the Sequence Listing as SEQ

ID NO:1.

13. A method of detecting the presence of a Helicobacter
pylori strain possessing the 120-128 kilodalton antigen in

a subject, comprising the steps of:

a. contaéting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 10;
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b. - detecting the binding‘bf'the polypeptide and the
antibody, the reaction indicating the presence of the

Helicobacter pylori strain.

14. A method of detecting the presence of a Helicobacter
pylori strain possessing the 120-128 kilodalton antigen in

a subject,-compﬁising the steps of:-

a. contaéting'an'antibody—ccntaining sample from
the subject with a detectable amount of the polypeptide of

claim 11;

b. detecting the binding of thé polypeptide and the
antibody, the binding indicating the presence of the

Helicobacter pylori strain.

15. A method of detecting the presence of a Helicobacter
pylori strain possessing the 120-128 kilodalton antigen in

a subject, comprising the steps of:

a. contacting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 12;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating the presence of the

Helicobacter pylori strain.

16. A method of determining'predisposition to peptic

ulceration in a.subject, comprising the steps of:
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a. contacting an antibody-containing sample from
the subject with a détectable_amount of the polypeptide of

claim 10;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

subject to peptic ulceration.

17. A method of determining predisposition to peptic

ulceration in a subject, comprising the steps of:

a. contacting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 11;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

subject to peptic ulceration.

-18. A method of determining prediéposition.tq peptic

ulceration in a subject, comprising the steps of:

a. contacting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 12;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

subject to peptic ulceration.
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19. A method-oﬁ-determining predisposition'to gastric

_carcinoma in a subject, comprising the steps of:

a. conﬁa¢ting an antibody-containing sample from
the subject with a. detectable amount of the polypeptide of

. claim 10;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

‘subject to gastric carcinoma.

20. A method of determining predisposition to gastric

carcinoma in a subject, comprising the steps of:

a. contacting an antibody-containing sample from
the subject with a detectable amounﬁ of the polypeptide of

claim 11;

b. detecting the binding of the polypéptide and the
antibody, the binding indicating a predisposition of the

subject to gastric carcinoma.

21. A method of determining predisposition to gastric

carcinoma in a éubject, comprising the steps of:

é. contacting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 12;
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b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

subject to gastric carcinoma.

22. A method of detecting the presence of the
Helicobacter pylori associated with peptic ulceration in a
subject, comprising detecting the presence of the nucleic

acid of claim 1.

23. The polypeptide of claim 9 in a pharmaceutically

acceptable carrier.

24. A mutant Helicobacter pylori in which the producé of
the nucleic acid of Claim 1 has been rendered

nonfunctional.

25. The Helicobacter pylori strain of claim 24, wherein
the Helicobacter pylori is.deposited with the American

Type Culture Collection under ATCC Accession Number 55359.

26. The mutant Helicobacter pylori of claim 24 in a

pharmaceutically acceptable carrier.



