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‘The present invention concerns nucleotide

sequences coding for a urease such as is expressed
naturally in Campybolacter pylori and its biological
applications, notably for the detection of C. pylori in
humans or in the environment.

Gram-negative bacterium

C. pylori is a

heretofore found exclusively at the mucosa surface of

the antral region of the human stomach, and more

particularly around the lesions and craters of gastric

and duodenal ulcers. 25% of the population are C.

pylori carriers: 8% present an ulcerous illness, 9%

suffer from nonulcerous dyspepsia and 8% are

asymptomatic carriers.

and described

All the C. pylori

isolated
heretofore possess the following three properties:

The bacteria produce an extremely active

i

urease.
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They adhere very strongly zﬁb the epithelial
cells of the gastric mucosa, this property being
manifested in vitro by an extremely strong adhesion to
the Hela cells.

The. C. pylori produce and release an enzyme
which exhibits a proteolytic activity leading to the
degradation of the mucus and thus to a weakening of the
natural barrier protecting the gastric mucosa.

However, the detection of C. pylori in situ in

~humans and in the environment, and the study of its

pathogenic power - it 1is considered responsible for
active gastritis in humans - is complicated by
difficulties in culturing this organism!

Its growth is very slow (6 to 7 days on blood-
agar medium) and must take place in microaerophilic
conditions, the oxygen in the air being toxic.

The search for means of detecting this
bacterium has led the inventors to identify the genes
in €. pylori responsible for producing urease.

The determination of the nucleotide sequence of
an intragenic fragment has made it possible to obtain a

tool which can be used as a detection probe for the

. specific identification of the C. pylori.

The invention is thus intended to supply new
sequences of nucleotides which are capable of coding

for proteins with wurease activity such as those

expressed in C. pylori.

eet Has Been RT‘aced
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It is also intended to supply fragments of this
sequence which may be used as detection pfobes for
C. pvlori.

In addition, the invention aims to supply a
protein with urease activity, such as is expressed in
C. pvlori, of a high degree of purity, and fragments of
the said protein. |

According to the invention, the sequence of
nucleotides is characterized in that it comprises at

least one part of a sequence coding for a protein with

urease activity such as is expressed in C. pylori..

The invention more particularly concerns a
sequence of nucleotides which is capable of hybridizing
with genes coding for a protein with urease activity
such as is expréssed in €. pylori, under the following
conditions: 68°C, 6 x 88C (1 x SSC is made up of 0.15M

of NaCl and 0.015M of sodium citrate, pH7), in Denhardt

" medium (1% Ficoll, 1% polyvinylpyrrolidone, 1% bovine

serum albumin) .

Acéording to another aspect of the invention,
the sequence of nucleotides is characterized in that it
carries the information required for the production of
a protein with urease activity or of its fragments,
capable of forming an immunological complex with
antibodies directed respectively against a protein with
urease activity such as is expressed in _C. pzlori or
against fragments of the said protein.

The sequence according to the invention is also

characterized in that it comprises at least one part of

This Sheet Has Been Replaced

AR




10

15

20

25

- 4 -
a fragment of about 8 kb corresponding to the
restriction fragment EcoRI (ClaI, BamHI) - PstI
(HindIII).

The enzymatic restriction map of this fragment
is represented in Figure 2.

A more specifically  preferred seqﬁence
comprises at least one part of a fragment of about
4.2 kb (+ 5%) delimited by the end nucleotides
respectively situated at a distance of approximately
0.55 kb upstream of site H2;-as represented in Figure
2, and of approximately 0.7 kb downstream of site B1,
as represented in Figure 2.

The sequences constituted by this fragment
carry the information necessary for the expression of a
protein with urease activity aé expressed naturally in

The expression of these sequences may occur in
any other micro-organism capable of exploiting to its
advantage the information <carried by the said
sequences, notably in a strain of Campylobacter which
is naturally deficient in genes coding for the
production of a protein with urease activity (or in a
straiﬁ of urease- campylobacter).

According to yet another aspect, the invention
concerns a recombinant:  sequence comprising one of the
above-defined sequences, possibly in association with a
promoter capable of controlling the transcription of
the sequencé and a DNA sequence coding for termination

signals of the transcription. - N T
This Sheet Has Been R,
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The nucleotide sequences of the invention are
characterized. in that they are capable of hybridizing
with a probe formed from the sequence exhibiting:

- the following chain (I) of nucleotides:

mmmmmmmmmm

- or the following chain (II) of nucleotides:

AAOGCATGRATTATTGCAGAAGGAGTGGTGOOOCAGTCTIOGIGAATTTTAAAGOCARTC

. GCAOOGGCTTCAATTTGATORGCTAAGCTOGCATOGT TAGRAGOGTTACCTTTAGOCAAG

ARAOCTAAATTCATAGAATATTCT TCAGOOGCICTGRAGCATOCATTT TAAATTICTTICTG
OCTGGAGTGATAGTAGTORCAT TAGTGOCATCAGCAGGAOOSGTTOCACCACCAATCATG
GIIGTTACAOOGCTTOGAAANGCTGIAGGGAT TTCTTGE3GTGAAATGAAGTGGATGTGT
GTGTCRATAOCAOCAGOUSTTACGATCAAACCTTCAOOGGCTAN G TTCAGTAGCAGGA
OCTACGCTAAGATTGETTTIAAOGOCAICTTGCATGICTTIGT TACOGOCTTTACCAATG
ATTAANGOGTTAGTGATAATTAAATOCAN ICTTCTTTGCTAGSG TIGTIAGATTGGCTC
ATGOCTICTICTTAGGGG TTTTAOOGOCAOGAATTTAAGCICTTOGCCATARATGGTGTA
GTCATGHICTACTTCAGOGATCAAGTCTCATOROOCARTCTCACTTTATOGOCTGTAGTA
GGAOCATACATAGAAACATALICT ITTCTGCTAATCLTITICATTTCTTACTOCTTAATT
GTITITACATAGTTGICATOGCTITIAGS

- or the following chain (II bis) of nucleotides:

This Sheet Has Been Reilac
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- or the chains of nucleotides which are complementary

respectively to the above-mentioned chains (I), (II)
and (ITI bis).

Sequences of nucleotides according to the
invention are characterized in that they comprise the
above-defined nucleotide chaihs or are constituted by
at least a part of the said chains.

It is self-evident that the bases of the
nucleotide sequencs may be in a different order from
that found in the genes, and/or that the said bases may

possibly be substituted, when a probe elaborated from

such sequences gives a characteristic and unequivocal

response with respect to the ability to recognize the
presence of genes coding for the protein with urease
activity of C. pylori.

The invention also covers any sequence of
nucleotides which is hybridizable_ with that of the

above-mentioned chains of nucleotides, such as that

eet Has Been Rep‘laced
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obtained by reverse enzymatic transcription of the
corresponding RNA, or else by chemical synthesis.

The invention also concerns a sequence of
nucleotides which corresponds, according to the
universal genetic code, to at least one part of the

following amino acid sequence {(III):

KLLGVLGVYOKSKNALS SOATVATNMSNLALKE YLKSCDLELKHCATGDKE VSEOMRINK
ANFOGEQSGHI TF SDYAKTGDGLVCALQVSALVLESKL .

The invention also relates to a sequence of
nucleotides which corresponds, according to the
universal genetic code, to at least one part of the
following amino acid sequence (IV) (encoded by the
nucleotide sequence (II bis):

NMITPEMAKSTNGVAVKPLREGMS0SNNP SKEET DLI ITNALIVDY TGTYKADIGIKDGK
TAGIGKGRKDMDGVIANLSVGRATEALAGEGLIVIAGGIDTHIHE ISPFOOTPTAFRSG

VITMIGGGTGPADGTNATT I TP GRRULKAMLRAAEE Y SMNLGF LAKGNASNDAST ADQTE
AGAIGEKTHEDWGTTPSAINHA

The invention also concerns recombinant
expression and cloning vectors capable of transforming
an appropriate host cell, the said vectors.containing
at least one part of a sequence of nucleotides as
defined above under the control of regulatory elements
permitting its expression.

Preferred recombinant vectors include at least
one part of the aboﬁe-mentioned sequence of
approximately 4.2 kb.

The strains of transformed microorganisms are

also covered by the invention. These strains contain

This Sheet Has Been Re'i
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one of the above-defined sequences:of nucleotides or a
recombinant vector as defined previously.
Stréin E. coli S817-1, deposited on 16 August

1988 under number I-795 at the Collection Nationale de

Culture de Microorganismes (C.N.C.M.) of the Institut

Pasteur in PARIS (France), carries plasmid pILL590 of
approximately 16.3 kb comprising the above-mentioned
restrictién fragment EcoRI(Clal, BamHI)-PstI (HindIII)
of approximately 8 kb.

The invention also concerns a protein
exhibiting a urease activity of the type expressed
naturally in €. pvlori, as well as the peptide
fragments of this protein.

The protein of the invention, and its
fragments[ correspond, according to the wuniversal
genetic code, to the above-defined sequences of
nucleotides, in particular to at least one part of the
sequence of approximately 4.2 kb.

-Thé - protein of the invention is also
characterized in that it is a protein such as is
obtained by the transformation of host cells by means
of a regémbinant vector as defined above, culturing, in
an appropriate medium, of the transformed host cells
and recovery of the protein from -these cells or
directly from the culture medium. The invention also
concerns the production of urease or of fragments of
the latter by this process.

The protein of the invention, and its

‘fragments, which may also be obtained by chemical
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synthesis, exhibit advantageously a high degree of
purity and are used, according to standard techniques,
to form polyélonal antibodies.

Such polyclonal antibodies, and the monoclonal
antibodies capable of recognizing specifically the
above protein and its fragments, are also covered by
the invention.

The above-defined sequences of nucleotides are
obtained, according to the standard techniques of
genetic engineering, by cloning and identification of

the genes responsible for the synthesis of a protein

‘with urease activity in C. pylori.

The invention also concerns the Dbiological
applications of the sequences of nucleotides, of the
corresponding proteins, and of the monocleonal or
polyclonal antibodies.

These applications include the elaboration,

- from intragenic fragments, of probes for the detection

of C. pylori. This elaboration comprises, in
particular; the denaturation of the double-stranded
sequences in order to obtain a single-stranded sequence
which may be used as a probe.

The tests performed with such fragments with a
view to detecting the possible presence of
complementary sequences in various Campylobactera and
in microorganisms belonging to different genera ‘have

revealed the high degree of specificity of these

- fragments.
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The invention therefore concerns detection
probes characterized in that they comprise at least one
part of an above-defined sequence of nucleotides.

Any probe which, with regard to its sequence of
nucleotides, is distinguished from the previously
mentioned probe only in respect of substitutioﬁs or
alterations of nucleotides not causing modification of
its  hybridization properties with the genome of
C. pylori is covered by the invention.

The DNA fragment uséd' as a probe contains a
sufficient number of nucleotides to obtain the required
specificity and the formation of a stable hybrid.

It is possible to use fragments of up to
several kb, but high-specificity results are also
obtained with shorter fragments of approximately 25 to
40 nucleotides.

Appropriate probes for this type of detection
are advantageously labelled with a radiocactive element
or any other group allowing its recognition in the
hybridized state with the preparation comprising the
DNA to be studied.

According to the standard techniques, these
probes are brought into contact with a Biological
sample containing bacteria, or directly with these
bacteria or their nucleic | acids, in conditions
permitting the possiblg hybridization of the nucleotide
sequence .of the probe with a. complementary sequence

possibly contained in the tested product.

This Sheet Has Been Re; laced
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The blot hybridization method may, for example,
be used. This method involves, after denaturation of
the DNA obtained beforehand from bacteria originating
from antral biopsies, the deposition of an aliquot
quantity of this DNA on nitrocellulose membranes, the
hybridization of each membrane under the |wusual
conditions with the probe, and the detection, in
standard fashion, of the hybrid formed.

A replica hybridization method may also be
used, according to the Southern technique. This method
involves the'electrophoretic separation in agarose gel
of the fragments of DNAs engendered after treatment of
the DNA by restriction ehzymes, transfer after alkaline
denaturation onto appropriate membranes, and their
hybridization with the probe under the usual
conditions. It is notfalways necessary to carry out the
preliminary expression of the DNA; it is enough that
the DNA should be rendered accessible to the probe;

Detection for the specific identification of
the C. .pzlori may also - be carried out by DNA
amplification techniques (PCR). These techniques are in
particular described in US patents 4683202 and 4683195
to Cetus Corporation.

To implement these techniques, two primers are
used of 10 to 40 nucleotides, advantageously of
approxime;ely twenty nucleotides, these primers being
included .in one of the above-defined sequences of
nucleotides or able to hybridize with a part of one of

the above-defined nucleotidic sequences, or of their

Sheet Has Been Reraced
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complementary sequences. When they are hybridized (or
linked), these primers are advantageously situated at
approximately 200 to 250 nucleotides from the DNA
strains to be amplified. one of the sequences is
capable of being linked to a nucleotide segquence of one
of the DNA fragment strands to be amplified, this
sequence being situated at an end of this fragmenf (for
example the 5’ end); the other sequence is capable of
being linked to a nucleotide sequence of the second DNA
fragment strand to be amplified, this latter sequence
being situated at the end opposite the above-mentioned
end of this fragment (which opposite end is designated
by 3’ end in the given example).

Preferred primers are included in the
nucleotide sequence of restriction fragment H2-H3 in
Figure 2, and are approximately 200 to 250 nucleotides
apart. |

In particular, the fragments concerned are
those situated respectively at each end of this
restriction sequence HindIII-HindIII.

A method of in_vitro detection of the possible
presence of C. pylori in a bioclogical sample includes
the following steps:

- possibly, the prior amplification of the amount of
nucleotide sequences 1likely to be contained in the
sample by bringing this sample into contact with
primers as described above, these primers being able to

be linked respectively to the 5’ end of one strand of

‘the said sequence of nucleotides and to the 3’ end of

This Sheet Has Been Reilaced
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the other strand of the said sequence of nucleotides,
this contact being followed by a gene amplification
step in the presence of a DNA polymerase and of the
four triphosphate nucleosides dATP, dCTP, dGTP and
dTTP, with these primer Thybridization and gene
amplification steps being repeated several times;

- the bringing of biological samples in question into
contact - with a nucleotide probe according to the
invention, under conditions permitting the production
of a hybridization complex formed between the probe and
the sequence of nucleotides,

- the detection of the hybridization complex.

The invention thus provides tools enabling the
rapid detection of C. pylori, both in situ and in the
environment, with a high degree of specificity and
without the need for culturing.

Such detection tools are particularly useful in
studying the natural reservoir of thesé bacteria, as
well as the methods of transmission, circulation and
contamination. Furthermore, in the in vitro diagnosis
performed on the biopsies, the use of these probes
makes it possible to save a considerable amount of time
compared to current techniques, which, moreover,
require a technology which can qnly be carried out in
specialized services, i.e. bacteriological techniques
or the use of electron microscopy.

Reprodﬁcible results have been obtained using

the above-defined fragment of approximately 8 kb as

intragenic probe.
This Sheet Has Been RTlaced
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Given their specificity with regard to

C. pylori, these probes are also tools of considerable
interest .- o
In studying the pathogenic power of C. pylori

with a wview to preventing infection, it is thus
possible to study the role played by C. pvlori in the
development of ulcerous illnesses and to identify the
genetic determinants which seem to be involved in this

ogranism’s pathogenic power, with a view to creating,

"in vitro, isogenic mutants of C. pylori, i.e. bacteria

modified genetically in each of the determinants which
seem to play a role in the pathogenesis of the
infection, .which mutants could be tested using animal
models.

The invention also concerns the detection of

the polymorphism of the genes coding for the urease in

C. pylori by means of the above-defined nucleotide
probes and appropriate restriction enzymes. = The

conditions under which this detection is carried out
are described in particular in an article by J.F. de
Gusella in J. of Clin. - investigations (1986), 77,
1723-1726.

The invention also concerns the immunological
applications of the encoded protein, particularly for
the elaboration of specific .antiserum and of polyclonal
and monoclonal antibodies. The polyclonal antibodies
are formed, according to standard techniques, by

injecting the protein into animals, recovering the

This Sheet Has Been Reilaced
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antiserums and then the antibodies from the antiserums,
for example by affinity chromatography.

The monoclonal antibodies are produced in the
usual manner by fusing myeloma cells with cells of
female rats previously immunized by means of the
proteins of the invention.

In addition, the invention concerns an in vitro
detection method for the possible presence of C. pylori
in a biological sample in which it_ is likely to be
contained. This method is characterized in that iﬁ
comprises: |
- the bringing into contact of the sample with an
antibody according to the invention, in conditions
allowing the production of an immunological complex
formed between all or part of the protein with urease
activity produced by C. pyvlori and this antibody, and
- the detection of the immunological complex.

For the implementation of the in vitro
detection methods, considered above and based on the
use of nucleotide probes, use is advantageously made of
equipment or kits comprising:

- if appropriate, at 1least one pair of primers

“according to the invention,

- a defined quantity of a nucleotide probe according to
the invention,
- advantageously, a medium which is appropriate to the

formation of a hybridization reaction between the
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- advantageously, reagents allowing the detection of
hybridization complexes formed between the nucleotide
sequence and the probe during the hybridization
reaction.

For the implemention of the in vitro detection
methods, defined above and based on the usé of
antibodies, use is advantageously made of equipment or
kits comprising:

- a defined quantity of an antibody according to the
invention, |

- advantageously, an appropriate medium for the
formation of an immunoclogial reaction between at least
one part of the protein with urease activity produced
by a strain of C. pylori and the antibody,

- advantageously, reagents permitting the detection of
the immunoligical complexes formed between at least one
part of the protein with urease activity and the
antibody during the immunological reaction.

An in-depth study of the above-defined fragment
of 4.2 kb has made it possible to locate the structure
genes coding for the major polypeptide subunits of the
urease of C. pylori.

This study was carried out by constructing
mutants in the recombinant plasmids introduced into E.
coli and C. jejuni, which are incapable of synthesizing
the urease (A. Baskerville, D. Newell (1988), Gut. 29,
465-472). The system of in vitro transéription-
translation of E. coli and a system of expression in

minicells were used to identify and locate, in the
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fragment of 4.2 kb of C. pylori, all the genes coding
for the urease subunits; two major proteins of 26 kDa
and 61 kDa were identified. Parallel to this, after
various deletions within the fragment of 4.2 kb, a
system of transfer by conjugation of a strain of
E. coli to C. jejuni (of the type set out in the
detailed description which follows) was used to
-identify the regions indispensable to the expression of
urease activity, and to correlate the deletion of a
region with the disappearance of a polypeptide and the
loss of urease activity. In this way, it was determined
that the genes coding for the two polypeptides
necessary to the expression of the urease activity are
situated in the central region of 03.35 kb, downstream
of site H3 in Figure 2, and astride Bl. Transcription
of the genes coding for the polypeptides of 61 kDa or
26 kDa takes place in the sense EcoRI-PstI. The
fragment of 3.35 kb is necessary to, but insufficient
for, the expression .of the urease activity in
C. Jjejuni. An adjacent region of 0.85 kb, situated
upstream of and apparently not associated with the
expression of polypeptides in E. coli, is vital to the
expression of the urease activity in C. jejuni.

Analysis of the deletion mutants by in vitro
transcription-translation made it possible to observe
that the two polypeptides of 26 and 61 kDa are encoded
by two adj acent DNA fragments.

This invention concerns all or part of the

following nucleotide sequence (V): e e
Sheet Has Been RTldced
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The invention particularly concerns any
nucleotidic sequence corresponding, according to the
universal genetic code, to at least one part of the
following animated acid sequence (VI) of 26 kDa
20 (encoded by nucleotide sequence (V)):

MWWWW
GRILLKPDOVMDGVASMIHEVGIEAMFPDGTKLVIVRIP IEANGKLVPGELFLIREDITI
NEGKKAVSVKVIRWGORPVOT GSHE HEFEVNRCLDE DREKTF GKRLDIASGTAVREEPGE
mxmmmmammm

25 239 Amino acids

Molecular weight: 26,522 daltons
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The invention also concerns all or part of the

following nucleotide sequence (VII):
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The invention particularly concerns any
nucleotide sequence corresponding, according to the
universal genetic code, to at least one part of the
following amino acid sequence (VIII) of 61 kDa (encoded

5 by nucleotide sequence (VII)):

' 7=
MKXKISRKEYVSMYGPTTGDKVRLGDTOUAEVEHOY TTYGEELKFGGGKTLREGM

SQSNNPSKEELDLITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMDGVINN 7
LSVGPATEALAGEGLIVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPAD 46~

10 Gwmmmmxwumsvsmewpsnom’wam Tie
xmeowemsmmvmmovovmnnaecvsommmm 2
TPHTEGAGGGHAPDIKVAGEHNILPASTNPTIPFTVNTEAEHMDMUMVCHHLD 32t
- KSIEDVOFADSRIRPQTIAAEDTUHDMGIFSITSSDSQAMGRVGEVITRTWOT 2™
ADKNKKEFGRLKEEKGDNDNFRIKRYLSKVTINPAIAHGISEYVGSVEVGKVADL 3%
VLWSPAFFGVKPNMIKGGRALSQMGDANASIPTPQPVYYREMFAHHGKAKYD ~7*
ANﬂFvsoAAvDKGlKEELerQVLPvmcnmmDMQFNDnm:EVNPav S

- HVFVDGKEVTS KPANKVSLAQI.FSl;-'6 .

15

569 Amino acids

20 Molecular weight: 61 729 daltons

This Sheet Has Been R

Hllllﬂ IIIIH uu IlTiIf ]




10 -

15

20

25

_21 _-

Comparison of amino acid sequence VIII with
that of jack bean urease, described in particular in
Eur. J. Biochem 175, 151-165 (1988), unexpectedly
reveals a high level of amino acid homologies. This
structure..conservation has enabled the inventors to
deduce the active site of the urease subunit of 61 kDa
which 1is comprised, in whole or in part, in the
polypeptide sequence limited by the amino acids
situated at positions 206 and 338 of the above-
described sequence VIII. '

The invention also concerns all or part of
nucleotide - sequence IX consisting successively of
sequence V and sequence VII. |

The invention also relates to any nucleotide
sequence corresponding, according to the universal
genetic céde, to at least one part of the amino acid

sequence (X) of 87 kDa consisting successively of

" sequence VI and sequence VIII.

The invention also concerns probes for
detecting the possible presence of C. pylori in a
biological sample, characterized in that they comprise
at least one part of a sequence of nucleotides defined
above.

.It is self-evident that the bases of the
sequences of nucleotides under consideratiop may be in
an order differing from that found in the genes, agd/or

that these bases may if appropriate be substituted,

‘when a probe elaborated from such sequences gives a

characteristic and_unequivocal'response with respect to
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the ability to recognize the presence of genes coding
for the protein with urease activity of C. pvlori.

The invention also covers any sequence of
nucleotides which is hybridizable with that of 'the
above-mentioned chains of nucleotides, such as is
obtained by 'reverse enzymatic transcription Qf the
corresponding RNA or by chemical synthesis.

The invention covers any probe which, with
regard to its sequence of nucleotides, is-distinguished
from that mentioned previousiy only by substitutions or
alterations not causing any modification of its
hybridization properties with the genome of C. pylori.

The above-méntioned probes may be used in in
vitro processes for diagnosing the possible presence of
C. pylori in a biological sample, such as are described
above.

The invention also concerns nucleotide primers
of approximately 10 to approximately 40 nucleotides,
these primers being included in one of the above-
defined nucleotide sequences V or VII (or in one of the
sequences derivea from the said sequences V and VII),
or being able to hybridize with a part of one of the
above-mentioned nucleotide sequences or with their
complementary sequences (particularly under the above-
defined conditions of hybridization) .

The invention: also concerns the use of these
primers in the above-defined in __vitro diagnosis
methods, for the preliminary amplification of the

quantity of nucleotides of (. gylorl llkely to be

i
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contained in the biological sample according to the
above-described method.

The invention also relates to the recombinant
expression and cloning vectors capable of transforming
an appropriate host cell containing all or part of a
nucleotide sequence which is identical to, or derived
from, the above-mentioned nucleotide sequénces v, VII
and IX. | |

The invention also concerns a process for
producing proteins corresponding to all or part of the
above-mentioned sequences VI, VIII and X, the said
process comprising the transformation of appropriate
host cells (particularly ﬁhose described above) by
means of the above-mentioned vectors and the recovery
of the proteins thus produced followed, if appropriate,
by a purification step for these proteins.

The above-defined protein production process

. may, if appropriate, comprise a preliminary

amplification step of the gene coding for the protein
whose production is sought, this step being carried out
with primer pairs of the invention in accordance with
the above-described method.

The invention also concerns the polypeptides
{or proteins) encoded by the above-described nucleotide
sequences. The invention particularly concerns the
above-described amino acid sequence X of 87 kbDa,
sequence VI of 26 kDa and sequence VIII of 61 kDa, and

their fragments.
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The invention also concerns the polyclonal and
monoclonal ahtibodies obtained from all or part of the
above-described polypeptides and able to form an
immunological complex with them.

In particular, the invention concerns the
abtibodies, notably monoclonal, obtained by means of a
peptide sequence of at least approximately 10 to 15
amino acids of sequence VI or of sequence VIII.

Preferred monoclonal antibodies of the
invention are directed against all or part of the
sequence delimited by the amino acids . .situated at
positions 206 and 338 of sequence VIII, more especially
those obtained by means of a peptide sequence of at
least approximately 10 to 15 amino acids originating
from the sequence delimited by the amino acids situated
at positions 206 and 338 of sequence VIII.

The invention also relates to the use of the
above-mentioned antibodies to implement the in vitro
methods and the in vitro kits, as described above, for
diagnosing the infection of an individual by C. pylori.

The invention also concerns immungenic
compositions comprising all or part of the above-
described polypeptides, and in particular all or part
of the polypeptide sequence delimited by the amino
acids situated at positions 206 and 338 of sequence
VIII, in association with a pharmaceutically acceptable

vehicle.
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Such immunogenic compositions may be used as
vaccine compositions for preventing the infection of an
individual by C. pylori.

The invention also concerns pharmaceutical
compositions comprising-one (or a number of) antibodies
such as are described above, and, in particular,
antibodies able to form an immunological complex with
all or-éart of the peptide sequence delimited by the
aminos situated at positions 206 and 338 of sequence
VIII, in association with a pharmaceutically acceptable
vehicle.

Such pharmaceutical compositions according to
the invention may be wused 1in the treatment of
pathologies linked to the infection of an individual by
C. pvlori, notably gastritis, and gastric and duodenol
ulcers.

Other advantages and characteristics of the
invention are detailed in the following description
relating to the cloning of genes responsible for the
production of the protein with urease activity in
C. pvlori, the sequencing of the region associated with
the expression of the protein with urease activity and
the specificity of nucleotide probes for detecting
C. pylori.

In this description, reference is made to
Figures_l and 2, of whicﬁ:

- Figure.l represents the restriction map of a fragment

PstI-EcoRI of the recombinant cosmid IID2 carrying the
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information required for the expression of the urease
in C. _jedjuni, and
- Pigure 2 represents the restriction map of a fragment
of approximtely 8 kb of pILL590.
1) Construétion of a genomic bank in a shuttle cosmid
vector; cloning of genes involved in the production of
urease in C. pylori.

The chromosomal DNA of the strain C. pyloxri
(85P) is prepared so as to generate DNA'fragments of
high molecular weight; approximately 300 ﬁg of this
chromosomal DNA are subjected to a controlled partial
digestion by the restriction endonuclease Sau3A, and
deposited on sucrose gradient in such a way as to
isolate ' selectively digestion fragments comprised
between 35 and 45 kilobases. 1.5 pug of these fragments
is ligatea in vitro onto the shuttle cosmid vector
pILLS75 linearized by the endonuclease BamHI and
dephosphorylated. pILL575 was constructed from the
shuttle cosmid pILLS550 described by Labigne-Roussel et
al. in J. Bacteriol. 169:5320-5323, 1987, into which
was inserted the “cos” site of the lambda phage
(fragment Bgl II of 1.7 kb of pERG153 inserted at site

Pvu II of pILL550); like this cosmid, it may thus be

mobilized by c¢onjugation, codes for . a resistance to

kanamycin which his expressed in both E. coli and

Campylobacter (Km") and is replicated in both E. coli

and C. jejuni owing to the presence of two replication

origins, one of which is functional in E. coli only and

the other solely in Camgxlobacter. The products of this
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ligation are packaged in vitro in the lambda particles
and then introduced by transfection into a strain of
E. coli accommodating a plasmid IncP capable of
complementing in trans the transfer functions of the
recombinant cosmids. The infected and kanamycin-
resistant colonies of E. coli are immediately preserved
indivj.dual ly at -80°C; a cosmid genomic bank
representing the entire genome of Campviobacter pylori
is realized in .E. coli by preserving approximately 500
independent clones.

Each of the recombinant cosmids is then
transferred by conjugation of E. coli to a receptor
strain of Campylobacter jejuni €31 which is naturally
urease .

ﬁach of these kanamycin-resistant transconju-
gants is checked to see if synthesis of a urease by
Campylobacter jejuni occurs.

One cosmid is isolated out of 106 analysed
carrying genetic information which gives Campylobacter
jejuni C31 the ability to produce a urease. The size of
the recombinant cosmid (IID2) is 54 kilobases. Figure 1
shows the relative position of the sites cleéved by the
restriction endonucleases Pstl, BamHI, Smal and EcoRI
on this sequence. |
2) Identification of the gene(s) required for the
production of urease in Campylobacter pxlori.

Subcloning of the urease genes is carriea out
by performing, from the cosmid DNA IID2 prepared in
L__c&]gi_,.partial digestion by the endonuclease Sau3A so
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as to genefate partial digestion fragments ranging from
8 to 15 kilobases. The objective is the smallest hybrid
plasmid cloned in E. coli which confers the ability to
produce a urease after its transfer by conjugation to
receptor Campxlobacter.

Out of the 37 tested, 4 plasmids carxy the
information required for the expression of the urease
in Campylobacter jejuni: pILL586, pILL589 and pILL590
(cf. Figure 2).

A gémparison of the restriction maps of these
four hybrids reveals the presence of a segquence of
nucleotldes of 4.2 kilobases which is common to the
four hybrids, suggestlng that this is the region
required for the expression of the urease. A number of
deletions, confirming these conclusions, were performed
(cf. Figure 2).

Fragment EcoRI-Pst I of pILL590 was used as a
probe in hybridizations with the total DNA of C. pylori
85P so as to ensure that the different restriction
fragments generated with BamHI and HindIII from pILL5S0
were present in 85P. The results obtained show that the
sequence of 8 kb present in pILL590 was not rearranged
in the course of the various cloning steps.

3) Sequence of nucleotides of the region associated
with the expression of the urease.

The sequence of the £fragment HindIII lying
between sites H2 and H3 corresponds to the seguence of

294 nucleotides of the chain (I).
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The following sequence of 610 nucleotides of
the chain (II) is internal to the fragment defined by
sites H4 ahd Bl (Figure 2).

4) Specifidity of the nucleotidic probes for the
detection of Campylobacter pylori.

Fragment EcoRI-PstI of 8 kb originating from
pILL590 was used as radioactive probe in hybridization
experiments.

32 Campylobacter pylori were tested in
hybridization on colonies and gave a positive signal;
out of the 35 tested, none of the Campylobacter jejuni,

fetus and ¢oli gave a positive signal under standard

and stringent hybridization conditions (50% formamide,
37°, 3X8s8C).

ﬁnder the same conditions, the 8 kb probe of
C. pyvlori did not give a positive signal with the list
of the following. microorganiSmé, all of which are
natural producers of urease: |

Klebsiella oxytoca (3 strains), Klebsiella
pheumoniae (3 strains), Proteus mirabilis (3 strains)
Proteus morganii (3 strains) Proteus vulgaris (2
strains) Providencia stuartii (3 strains), Pseudomonas
picketti (3 strains), Yersinia enterocolitica (3
strains), 5 strains of Acinetobacter urease’, 2 strains
of Escherichia coli urease’ and 3 strains of Citrobacter
freundiﬁfurease+.

The absence of false positive reaction with the
fragmént of 8 kb guarantees the specificity of the

proposed nucleotide probes. SR
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A process for the preparation of antibodies
comprises:
- the immunization of an animal by means of a
polypeptide as defined above, and
- the recovery of the antibodies formed, using standard

techniques.

An:appropriate method for preparing the nucleic
acids (containing a maximum of 200 nucleotides - or bp
in the case of bicatenary nucleic acids) comprises the
following steps:

- DNA synthesis using the fp-cyanethyl phosphoramidite
automated method described in Biocorganic Chemistry 4;
274-325, 1986,

- cloning of the DNAs thus obtained in an appropriate
plasmid vector, and recoﬁery of the DNAs by

hybridization with an appropriate probe.

A chemical method for the preparation of
nucleic acids of a length in éxceés of 200 nucleotides
- or bp (in the caée of bicatenary nucleic acids)
comprises the following steps:

- assembly' of chemically synthesized oligonucleotides
equipped with different restriction sites at their
ends, whose sequences are compatible with the amino
acid chain of the natural polypeptide, apcording to the

principle described in Proc. Nat. Acad. Sci. USA 80;

- 7461-7465, 1983, " I
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- cloning of the DNAs thus obtained in an appropriate
plasmid wvector and recovery of the desired nucleic acid

by hybridization with an appropriate probe.

I

Re(laced

“\\iif\\\\\\\\\\\\\\\\ i



10 -

15

20

25

. ¢t L M s *

Claims:

- 32 -

1. Immunogenic composition characterized in that
it comprises all or part of the seguence between"ﬁhe
amino acids situated in positions 206 and 338 of
sequence (VIII).

2. Nucleotide sequence corresponding, according to
the universal genetic code, to the sequence between the
aminc acids situated in positions 206 and 338 of
sequence (VIII).

3. Nucleotide sequence characterized in that it is
delimited by two of the restriction sites of Figure 2
between sites H1l and B2 and including sites H1, H2, H3,
H4, Bl and B2.

4. Peptide fragments of a protein with urease
activity, characterized in that they are chosen from:

a) amino acid sequénce (X) of 87 kDa

b) amino acid sequence (VI) of 26 kDa

¢) amino acid sequence (VIII) of 61 kDa

d) a fragment of one of the three sequences a), b) and
c).

5. Process for producing an immunological complex
between the antibodies against the protein with urease
activity which is expressed by C. PYLORI or fragments
of the said protein, notably those of Claim 4,
characterized by the bringing of the said protein or of
the said peptide fragments intb contact with the said
antibodies, noﬁably those which are present in a

biological liquid.
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6. Use of the sequences according to Claims 2 and
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3, for detecting the presence or absence of these
sequences in samples.

7. Use of the fragments according to Claim 4 for
inducing the synthesis of specific antibodies against

the said fragments.
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