-2- : They adhere very strongly to the epithelial «calls of the
gastric nmucosa, this property being manifested in vitro by an extrenely
strong adhesion to ‘the Hela cells. , The C. "pylori produce and
rel ease an enzyne which exhibits a proteolytic activity leading to the
degradati on of the nucus and thus to a weakening of the natural barrier

protecting the gastric nucosa. However, the detection of C pylori
in situ in humans and in the environnment and the study of its pathogenic

power - it is considered responsible for

I, Abraham 'smm' DipIng DipDoec,

translétor to RWS Translations Ltd., of Europa House, Marsham
Way, Gerrards éross, Buckinghamshire, England, hereby declare
that Iﬂém éonversant with the English and French languages and
am a:competént translator thereof. I declare further that to the
best_of'my'knowledge and belief the following is a true and
correét tianslﬁtion of the accompanying documents in the French

language.

Signed this 20th day of February 1996

A. SMITH

For and on behalf of RWS Translations Ltd.
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active gastritis in humans - is conplicated by difficulties in
culturing this organism Its gromh. is very slow (6 to 7 days on

bl ood- agar nmediun) and nust take place in mcroaerophilic conditions,
the oxygen in the air being toxic. The scarch for nmeans of
detecting this bacteriumhas led the inventors to identify the genes in
C. pylori responsible for producing urease. The determ nati on of

t he nucl eotide sequenece of an intragenic fragnment has nmade it possible to
obtain a tool which can be used as a detection probe for the specific

i dentification of the C. pylori. The invention is thus intended to
supply new
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NUCLEOTIDE SEQUENCES CODING FOR A PROTEIN WITH UREASE
ACTIVITY
‘The present invention concerns nucleotide
5 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.
C. pylori is a Gram-negative bacterium
10 heretofore found exclusively at the mucosa surface of
the antral regiqn of the human stomach, and more
particularly around the lesions and craters of gastric
and duodenal ulcers. 25% of the populétion are C.
pylori carriers: 8% present an ulcerous illness, 9%
15 suffer from nonulcerous dyspepsia and 8% are
asymptomatic carriers.
All the C. pylori isolated and described
heretofore possess the following three properties:
The bacteria produce an extremely active

20 urease.
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sequences of nucl eotides which are capable of coding for proteins wth
urease activity such as those expressed in C. pylori.

-3-7 It is also intended to supply f&pgnents of this sequence which
may be used as detection probes-for C pylori. . . In addition, the
invention aims to supplyTheypradkéfe Widdryll eas®mfliy Vicby, tﬁdChep‘ﬁSthéllal

expressed in C pylori, of a high degree of purity, and fragnents of the

sai d protein. cells of the gastric mucosa, this property being
manifested in vitro by an extremely strong adhesion to
the Hela cells.

5 | The. C. pvlori 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
10 -"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-
15 agar medium) and must take place in microcaerophilic
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.
20 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
25 seqguences of nucleotides which are capable of coding

for proteins with wurease activity such as those

expressed in C. pylori.
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According to the invention, the sequence of nucleotides is
characterized in that it conprises at |east one part of a sequence coding
for 'a protein with urease activity such as ihs _expressed in C pylori.
The invention nore particularly concerns a sequence of nucleotides
whi ch is capabl e of hybrigtziBgalsot ingendedced rRapply EyAguierits WE this
urease activity such as is expressed in C. pylori, under the follow ng
conditions: 68[ersg@uefice SBI¢H aySChes wseld {5 ofie@etbi/bonof paltks antbr
0. 015M of sodiumcitrate, pH7), in Denhardl. nedium (1% Ficoll, 1%

pol yvi nyl pyrrol i dGaepylexhevi ne serum al bumin). According to

anot her aspect of the invention, ) )
In addition, the invention aims to supply a

5 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

10- 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

15 such as is expréssed in C. 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) .

20 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

25 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
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t he sequence of nucleotides is characterized in that it carries the

I nformation reqired for the production of a protein with urease activity
or of its fragnents, capable of form ng. _ag .i munol ogical conplex
with antibodies directed respectively against a protein with urease
activity such as ia expagamesd | rof C alpyhori 8or kkngatcostespogdings ab t hhe

sai d protein. The sequence according to the invention is al so
characterized in thestrictbopri fewgmenitcasicoR® pdCfladf, BamHI) - PstI
-4- a fragnment of about 8 kb corresponding to the

(HindIII).

The enzymatic restriction map of this fragment
5 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
10 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
15 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
20 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
25 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. - T T
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restriction fragment EcoRl (Cal, BanHT) - Pstl (HndlIl).

The enzynatlc retstriction map of thIS fragnment s represented in Figure
2. A nore specifically preferred = sequence conprises at

| east one part of a fragnent of about 4.2 kb ([err]5% delimted by

the end nucleotides regpeGhiciRlok it UsdGtkdited @fﬁéﬁ@elﬁﬁeﬁﬁﬁbﬁméﬁée|y
0.55 kb upstreamof site H2, as represented in Figure 2,

appr oxi mat el y 0. ghkPagownssE@ammoft gt etBéy aafe r@@pssp@tacf lnyua:gwﬁrig;
The sequences constituted by this fragnment carry the information

necessary for thgieXpaepsobe Hbrmed from the sequence exhibiting:

- the following chain (I) of nucleotides:

mmmmmmmmmm

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

AAOGCATRTTATTGCAGAAGGAG TG TGOOCCAGTCTICGTGRAT T TTAAAGOCARTC
. GCAOOGGCTTCAATTTGATOGGCTAAG TORCATOGT TAGAAGOGTTACCTTTAGOCAAG
ARAOCTAAATTCATAGAATATTCT TCAGOOGCICTGRAGCATOCATTT TAAATTICTTICTG
OCTGGAGTGATAGTAGTOR AT TAG TGOCATCAGCAGGACOGETTOCACCACCAATCATG
GIIGTTACAOOGCTTOGAAANGCTGIAGGGAT TTCTTGE3GTGAAATGAAGTGGATGTGT
GTGTCRATAOCAOCAGOUSTTACGATCAAACCTTCAOOGGCTAN G TTCAGTAGCAGGA
OCTACGCTAAGATTGETTTIAAOGOCAICTTGCATGICTTIGT TACOGOCTTTACCAATG
ATTAANGOGTTAGTGATAATTAAATOCAN ICTTCTTTGCTAGSG TIGTIAGATTGGCTC
ATGOCTICTICTTAGGGG TTTTAOOGOCAOGAATTTAAGCICTTOGCCATARATGGTGTA
GTCATGHICTACTTCAGOGATCAAGTCTCATOROOCARTCTCACTTTATOGOCTGTAGTA
20 GGAQCATACATAGAAACATALICITTTCIGCTAAICITITICATTICTTACTOCTTAATT
GTITITACATAGTTGICATOGCTITIAGS

15

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

25

This Sheet Has Been Rei

HIIIIHIIIIH




protein with urease activity as expressed naturally in C pylori
The expression of these sequences may occur i'n any other mcro-organi sm
capabl e of exploiting to its advantage the |nforna|on carried by
said sequences, . 0 [ .

deficient in
activity (or i

15

20

- 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

25

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
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t he sequence and a DNA sequence coding for termnation signals of the

transcrlptlon The nucl eol i de .sequences of the invention are
characterized in that they are capabl e of hypridizing - with a probe-forned
fromthe sequence exhibiting: - the following chain (1) of nucl eoti des:
[err] 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
5 universal genetic code, to at least one part of the

following amino acid sequence {(III):

KLLGVLGVYOKSKNALS SQATVATNMSNL ALKEYLKSQDLELXHCATGDKE VSPORINK
ANFGGEQSGHI IF SDYAKTGDGLVCALQVSALVLESKL ’

The invention also relates to a sequence of

10 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

15 1AGIGKGRKDMDGVINNLSVGPATEALAGHGLIVIAGGIDTHIHE ISPOOIPTAFRSG

VITMIGGGTGPADGTNATT I TP GRRULKAMLRAAEE Y SMNLGF LAKGNASNDAST ADQTE
AGAIGEKTHEDWGTTPSAINHA

The invention also concerns recombinant
expression and cloning vectors capable of transforming
20 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
25 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
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- or the following chain (IT) of nucleotides: [err]
or the follow ng chain (IT bis) ot nucleotides:

10

15

20

25

. - 8-
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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-6- [err]
conpl enent ary

10

15

20

25

- or the chains of nucleotides which are
: . N |
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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respectively to the above-nentioned chains (1), (Il1) and (Il bis).
Sequences of nucl eotides according to the invention are characterised in
that they conprise the above-defined nucleoalde chains or are constituted
by at least a part of the said chains. It is self-evident that the

bases of the nucl eoti derpgquansRumy borhordrdhé! ecticephder ddiie iyt

found in the genes;, and/or that the said bases may possibly
substituted, wheprgpbeEObfaghaberaked Eho'fha%uctlhe%e%iﬁq%eglétesléast one

characterlstlc and unequi vocal response with respect to the ability to
recogni ze the ppagenee ah gpoee-80€inedf segqueneepoot RUB1VLE DdEECaSE

Any probe which, with regard to its sequence of

5 nucleotides, 1is 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.

10 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

15 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

20 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

25 bacteria or their nucleic | acids, in conditions
permitting the possiblg hybridizaﬁion of the nucleotide
sequence .of the probe with a. complementary segquence

possibly contained in the tested product.
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activity of C pylori. The invention al so covers any sequence or
nucl eoti des which is hybridizable with that of the above- nenti oned chai ns

of nucl eotides, such as that. . -7- obtained by
reverse enzymatic transcription of t he é&rresponding RNA, or el se by
chenical synthesis. The BI®t NP Oht b GnetBE GRdlP, Por SewHRpEe, Of

nucl eotides which corresponds, according to the universal genetlc
code, to at |eastbeongsedlt Tofid heethod! AWved vyl Noatted RMMGAIdD ) of

the DNA obtained beforehand from bacteria originating
from antral biopsies, the deposition of an aliquot
5 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
10 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
15 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 probet
Detection for the specific identification of
20 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
25 used of 10 to 40 nucleotides, advantageously of
approxima;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
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The invention also relates to a sequence of nucl eotides whi ch
corresponds, according to the universal genetic code, to at |east one
part of the follow ng am no acid sequence QZV) (encoded by the nucleotide

sequence (Il bis); [err] The invention al so
concerns  recondidigliementiH 85 S5@Guahbes| ONHRG VEREP! QreaPiPbLi®ized (or
transform ng an appropriate host cell, the said vectors containing at

| east one part oflLimksabduenchResé Ign(ﬂn@ifs depe aadvasitiageduslloy es indeted hat
control of regulatory el enents
: approximately 200 to 250 nucleotides from the DNA
strains to be amplified. one of the sequences is
5 capable of being linked to a nucleotide sequence 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
10 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

15 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

20 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
25 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
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permtting its expression. _ preferred reconbi nant vectors include at

| east one part of the above-nentioned sequence of approximtely

4. 2 kb. The strains of transformed,gicroorganisns are al so -covered
by the invention. These strains contain one of the above-defined

sequences of nucleet isiete®r sBrah@c @i tlant syeat eegurnceelonedupl eyt fasky.
Strain E.coli S17-1, deposited on 16 August 1988 under nunber |-795 at

the Collection Nahienatentact Clditie delWowedor bgnisnygene Natplifiocatior
nstitut step in the presence of a DNA polymerase and of the
four triphosphate nucleosides dATP, dCTP, dGTP and
5 dTTP, with these primer hybridization 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
10 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
15 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

20 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

25 sgpecialized services, i.e. bacteriological techniques
or the use of electron microscopy.

Reproducible 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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Pasteur in PARIS (France), carries plasmd [err] of approximately 16.3 kb
conprising the above-nmentioned restriction fragnent EcoRI(d al,

BarHl ) - Pst1 (Hindll1) of approxinmately 8 kg. . The i nvention also
concerns a protein exhibiting a ureas Yacti vi ty of the type

expressed naturally ingiGen PYl®dir as gpali |1‘:':L@.‘~?Ltyt heiRept | Ql@gaﬁ.»aagn‘eat S
or this protein. The protein of"~ the I Niventi on, Its

fragments, corregponshBR&ED diResé Opi‘BBeﬁnb‘tér $lso aehsls Cof cedﬁsldbeabuae
above-defined sequences .of nucleotides in particular to at |east one
part of the sequeneaesft.approximtely 4.2 kb.
In studying the pathogenic power of C. pylori
5 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,
10 "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.

15 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

20 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

25 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
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The protein or the invention is also characterized in that it
Is a protein such as +1s -obtained by the transformation of host cells
by means of a reconbinant vector as defined_above, culturing, in an
appropriate nmedium of the transrormed host Cell's  and recovery of the

protein from thgaeisding ad tkldd e€hé Vaht 98ba188 evbhUEBeMBdiriReribg,
I nvention also concerns the production of urease or of fragnments of the

latter by this pritgesdkample by afffinitpl@irbmatdgrdgds,. 1nvention and
its fragnents, which nay also be obtained %n/ chem cal
: The monoclonal antibodies are produced in the
usual manner by fusing myeloma cells with cells of
5 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

10 ° contained. This method is characterized in that it
comprises: |
- the bringing into contact of the sample with an
antibody according to the invention, in conditions
allowing the production of an immunological complex
15 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
20 use of nucleotide probes, use is advantageously made of
equipment or kits comprising:
- if lappropriate, at least omne paif of primers
“according to the invention,
- a defined quantity of a nucleotide probe according to
25 the invention,
- advantageously, a medium which is appropriate to.the
formation of a hybridization reaction between the

" sequence to be detected and the prdbe.
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-9 synthesis, exhibit advantageously a high degree of purity and are
used, according to standard techniques, to form polyclonal antibodies.
Such pol ycl onal antibodi es, and the nDnocLonq% ant i bodi es capabl e of
recogni zing specifically the above protein thdits fragnents, are al so

covered by the invelifitageously, TQ@a?QH!Q defiethsequrNCest8Etion of
nucl eoti des are obtained, ~ according o the standard techniques of

geneti c engi neeri RgprPiisheibRy ciiiblied@y | fbemédobetiwedrhetBenafucleotide

responsi ble for the synthesis of a protein wth urease activity in C

pyl ori sequence and the probe during the hybridization
reaction.

5 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

10 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,

15 - 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

20 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. .

25 ¢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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The invention also concerns the biological applications of the
sequences of nucleotides, of the 'corresponding proteins and of the

monocl onal or pol ycl onal antibodies. L Thése applications include
the elaboration, fromintragenic fragments;” of probes for the detection
of C.pylori.  Thisagmémboodt 4Qn kILOSPrCSepylorl, RAT i €he agenekh@oding

denaluration of the double standard sequences in order to obtain a
singl e stranded sEmpiethe uwrkiagle mbweEtisedtws aapoeberoteins ofheet &Pas
performed with such fragnments with a view to detecting the possi bl e
presence of conpldedantkby semeentdentinfiedi oexraldmil obactehis anafter
various deletions within the fragment of 4.2 kb, a
5 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
10 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
15 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
20 C. jejuni. 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
25 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
This Sheet Has Been RTlaced
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I n mcroorgani sns belonging to different geneta have revealed the high
degree of specificity of these fragnents.-

10 - The .invention therefore concerns detection probes
characterized in that they conprise at | east-Bone part of an above-defi ned
sequence of nucleotides Any probe which, with regard to its
sequence of qleotldes IS dlstanU|shed from the preV|oust

ment i oned prube

onl
nucl eoti des not &

10

15

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)):
mmmmmmmmmmmmm
GRILLKPLOWDGVAMIHEVGIEAM PDGTKLVIVHIP TEANGKLVPGELFLKNEDITI
NEGKKAVSVKVIRWGORPVOT GSHE HEFEVNRCLDE DREKTF GKRLDIASGTAVREEPGE
mmlmmnmmmammmmcm@

25 239 Amino acids

Molecular weight: 26,522 daltons

Sfiﬂtlilailfeen Iﬁm




its hybridization properties with the genonme of C pylori is covered

by the invention. The DNA fragnment used as a probe contains a
sufficient nunber of nucleotides to obtain Ege required specificity and
the fornual ati on of a stable hybrid. is possible to wuse

fragments of up to S%%rainvé%mrptals@lsanéefﬁsfa@ntbr rp%&tﬂ tSf ERE
al so obtained with, shorter fragnents of approxinmately 25 to

nucl eot i des. folloaggboghbq@%tgagbggqhghchhuvxuype of detectlon are
advant ageously labelled with a radioactive elenent or any other group

allowing its regognition in the hybridized state with the preparation

COMPri S ng the A ANGATTAG AGAAAAGANTATGTTTCTATGIATGGTOCTACTACAGGUGATAAA

5
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DNA to be studied. According to the standard techniques, these
prohe, are . brought into -contact with a biological sanple containing
bacteria, or directly wth these bacteri 38 or. their nucleic acids,

[ [

conditions permtting the possible hybr at | on of the nucl eoti de

sequence of the probe withha coRphIBALAY

| ?y@ I ned in
the tested product. The bl ot Hhybri |zat| b%%n%%ﬁé f%’l;

exanpl e, be usednuﬁhb&t&ﬁéhOdehﬁéﬁbéescoﬁféﬁﬁoﬂéﬂﬁéUraéé@&r@ing 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

SQSNNPSKEELDLITNALIVDYTGIYKADIGIKDGKAGIGKGGNKDMQDGVINN
LSVGPATEALAGEGUIVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPAD 46 ©

10 GTNATTTTPGRRMJMMLWEEYSMGHWASNDASL’ADGEW Tle
xmeowemsmmwovmmnvovmmnnaecvsomsmm 2,
TPHTEGAGGGHAPDIKVAGEHNILPASTNPTIPFTVNTEAEHMDMLMVCHALD 52t
: xsn{eovmmsm%monuwswsn&osomenvsmmm M
ADKNKKEFGRLKEEKGDNDNFRIKRYLSKYTINPAIAHGISEYVGSVEVGKVADL. 3%
VLWSPAFFGVKPNMIKGGRALSQMGDANASIPTPQPVYYREMFAHHGKAKYD 7°
ANﬂFvsoAAvDKGlKEELerQVLPvmcnmmDMQFNDnm:EVNPav S

}hﬂﬁﬂNSKEVTSK@UU%OKNJKNJ*ﬂF
569

15

569 Amino acids

20 Molecular weight: 61 729 daltons

“‘ﬁﬁ’iiﬁ‘ li‘iilﬂﬁi“ iﬂin
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the DNA obtai ned beforehand from bacteria originating fron1éntra|
t he deposition-of an aliquol quantity of this DNA on

bi opsi es,

ni trtocel l ul ose nmenbranes, the hybrldlzatlog
the wusual <conditions wth the probe, %d the detection, in
standard fashi on,

met hod may

each nenbrane under

of the dutiydrd Jcif M8¢. amino adidl @RlquhcdyWTiIdi Z@ELAN

al so be used, according to the Southern technique. This

met hod invol ves dhag ebEcCtjaihdbedn C ugensest idesderiloghr aae wattidafldhein

fragnents of DNAs engendered after treatment of the DNA by restriction

transf eBuaf.t erd al Kiioctheem delzd ur at$DA1®Ht 0 (2PP8 Dpr | ahexpeabediys,
hybridi zation wth the probe under the usual

enzynmes,
and their

10 -

15

20

25

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

Sheet Has Been Rzlilaced
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conditions. It

I's not always necessary to carry out the prelimnary

expression of the DNA, it is enough that .the DNA should be rendered
accessi ble to the probe. Det ecti on f%r_the specific
identification or the C pylori may also be carried out by DNA
anplification teahd galesl1{BERo Mrayiieahntieepracencd dRrdesss atoding
described in US patents 4683202 and 4683195 to Cetus Corporation.

To i npl enent t hediort exddenipposrein wi gy ivmrasearactingary off C.1@Wleri .40

nucl eot i des,
prinmers being

advant ageously of approximately twenty nucl eotides, these
i ncl uded The dmvendfion healshoveoviers neanysegaguence opf

nucl eotides or able to hyblidize with a part of one of

10

15

20

25

nucleotides which is ybrldlzable 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. pyloxi.

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



:

t he above-defined nucl eolidic sequences, or of their
- 12 - conmplenentary sequences. \Wen they are hybridized (or |[|inked),
t hese priners are advant ageously sit.uated_a%3 approxi mately 200 to 250
nucl eotides fromthe DNA strains to be anplified. One of the sequences is

capabl e of bei ng dontiedthdd® annugheobidd cgd@dadnceamblaneace@drdieg Dd the
fragnment strands to be anplified, this sequence being situated at an end
of this fragnment adove-desmniked methiodend) the other sequence is capable
of being linked to a nucleotide sequence of the second DNA
The invention also relates to the recombinant
expression and cloning vectors capable of transforming
5 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
10 producing proteins corresponding to all or part of the
above-mentioned sequences VI, VIII and X, the said
process comprising the transiormation of appropriate
host cells (particularly ﬁhose described above) by
means of the above-mentioned vectors and the recovery
15 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
20 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
25 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.

heet Has Been Replaced |
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fragnent strand to be anplified, this |latter sequence being situated at
the end opposite the above-nentioned end of this fragment (which opposite

end’is designated by 3' and in the given exgyple).- Preferred
primers are included in the nucleotide sequence of restriction
fragnent H2-H3 in FigureTRe andeatéoapmlea nedreterdOthe polyelonadt izdes
apart. In particular, the fragnents concerned are those
situated respectihomdglonal shthbodhds obtathed fimewtraklion peybewde the
HndlI1-HndlIl. A nmethod of in vitro detection of the possible

presence of C. pyl®h¢v¢nd%$©rbb%@lcBPlyﬁﬁpFédﬁﬁcl@@@k able to form an

immunological complex with them.

5 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

10 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

15 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

20 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

25 acids situated at positions 206 and 338 of sequence
VIII, in association with a pharmaceutically acceptable

vehicle.

Sheet Has Been Re(vlaced
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the follow ng steps; - possibly, the prior anplification of the anount.
-nucl eoti de sequences likely to be contained in the sanple by bringing
thi$ sanple into contact with priners as d ri bed above, these pri-ners

being able to

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

sai d sequence of nucl eotisesh adthrunmdgemi?¥ eodlpoébitions may be used as
-13- the other strand of the said sequence of nucleotides, this contact
bei ng fol | owed byvacgime eumpoéltamnsnfostppeventmngptheenméectlaanﬁ an
pol ynerase and of the

10

15

20

25

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- -part 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 1 and 2, of whicﬁ:

- Figure.l represents the restriction map of a fragment

PstI-EcoRI of the recombinant cosmid IID2 carrying the

This Sheet Has Been Replaced
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féur tri phosphat e nucl eosi des dATP, dCTP, dGIP and dTTP, wth these
primer hybridization and .gene anplification steps being repeated .

several . tines;
contact with a

- the bringing of bioIoch% sanples in question into.
nucl eotide probe accordifig to the invention, under

condi tions perm t tinForida@ iPhodtkdui DFed Ofo2 HY | gkBiésoT0k 0Bl ehd Onpesse

bet ween the probe and

the rapid detection of C pylori, bothin situ and in the environnent,
with a high degreeRigusec@ friepneserdral the tremtiridicioreewhp ovf call fvagment

10 -

15

20

25

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, énd
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

Sheet Has Been Replaced
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hybridi zation cordpl €. jejuni, ahide i nvention thus provides, tools enabling



>

Such detection tools are particularly useful in studying the natural
reservoir of these bacteria, as well as the nethods of transm ssion,
circulation and contam nation. Furthernore,Jjn the in vitro diagnosis
performed on the biopsies, the use of thesé probes nakes it possible to

save a consider abl @gziditatd bhdRage@NPAr &d D irf U K€Nlamba@shpiagtesles
whi ch, noreover, require a technology which can only be carried out in

speci al i zed serviames, thef. iaFchicldobgal raefeictien iitdha userain of
el ecrtron m croscopy. Repr oduci bl e results have been obtai ned using
t he above-defi ne@Efrogpkiht atcappodatimgel p 8 Harsasid | nNineRencappbdbe. of
complementing in trans the transfer functions of the
5 recombinant cosmids. The infected and kanamycin-
resistant colonies of E. coli are immediately preserved
individually at -80°C; a cosmid genomic bank
representing the entire genome of Campviobacter pylori
is realized in.E. coli by preserving approximately 500
10 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 .

15 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

20 Jjejuni 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. |

25 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

E. coli, partial digestion by the endonuclease Sau3A so

This Sheet Has Been Reilaced
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Gven their specificity with regard to C. pylori, these probes are
al so tool s of considerable. interest. _ I n studying the pathogenic
power of C. pylori wth a view to prevefélng infection, it if thun
possible to study the role played by C. pylori in the devel opnent of

ul cerous illnessegsafd benedalel Purthal @aReiPLd Hetfiaymaaitsd rary Gy seesmt o
be involved in this ogranism s pathogenic power, with a viewto creating,
in vitro, isogenig tutabt kidbbaspgloThe objectiae! did ahe smallest hybrid
plasmid cloned in E. coli which confers the ability to
produce a urease after its transfer by conjugation to
5 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).

10 A cémparison 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

15 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

20 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

25 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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nodi fied genetically in each of the determnants which seem to play a
rule in the pathogenesis of the infection, which nutants coul d be
tested using animal! nodel s. .The inv ion al so concerns the
detection of the polynorphi smof the genes cdding for the urease in C.

pyl ori by neans of the abome deblnedingc! sedhéce protbesioanthc Bagt Idyd aoE
restriction enzymes. The conditions under which this detection is
carried out are dgserchaini (Igartisculmrermahnter tthe efxpgmerdt defifedelblya
inJ. of din. - investigations (1980), 77, 1723-1726. The
i nvention al so corsidres HhendnBho(Bighws 2} . : '
4) Specifidity of the nucleotidic probes for the
5 detection of Campylobacter pylori.

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

32 Campylobacter loxi were tested in

10 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).
15 Under 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
20 pneumoniae (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
25 of Escherichia coli urease’ and 3 strains of Citrobacter
freundiifurease+.
The absence of false positive reaction with the
fragmént of 8 kb guarantees the specificity of the

proposed nucleotide probes.
t Has Been RTlaced
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applications of the encoded protein, particularly for the elaboration of
specific anti serum and of polyclonal and nonoclonal antibodies. The

anti bodies are "forned, accoLdEBg_ to- standard techniques,
by injecting the protein into animals, recdvering the anti seruns
and then the

pol‘ycl onal

chr omat ogr aphy.

antibodies fromthe antiseruns. for exanple by affinity

The nonocl onal anti bodi es are produced in the

usual manner by fusing mpel -preceek| sfott tinel lprepfaratdion eofr aaitibodies
I muni zed by nmeans of the

previ ously

10

15

20

25

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, aécording to the

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

- 7461-7465, 1983, " I
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proteins of the invention. In addition, the invention concerns an
invitro detection nethod for the possi bl e presence of C. pylori in a

bi ol ogi cal sanple in which it is likely to 2 contained. This nethod is
characterized in that it conprises: - the bringing into contact of
the sanple with anclaiidpdyf acaer diNag tthddeobti€AbAORAN il ORghtbePBate
all owi ng the production of an i munol ogi cal conplex forned between all or
part of the prot pillaswith vectase andc triedoveny adladte eds md aiucbaik tddsd
anti body, and - the detection of the imrnol ogical conpl ex. For
the inplenentat bgnhybiridikation wikhren appropriate probe.

e
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detection nethods aunnﬂlﬂﬂﬁkﬂnand based on the wuse of nucleotide
probes, use is adva ﬂn”u eqU|pnent or kits conprising:. -

appropriate, at- ledst® ohe "pdir* of pri “according to the
i nvention, - a defined quantity of a nucle0 ide probe according to the
I nvention, - adgaatmgeously, a nmediumwhich is appropriate to the

formation of a hybridization reaction between the sequence to be
detected and thelprobe. Immunogenic composition characterized in that

it comprises all or part of the seguence between"ﬁhe

amino acids situated in positions 206 and 338 of
5 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).

10 - 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

15 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

20 <o).

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,

25 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.

amkwiwm
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- advant ageously, II the detection of hybridization

conpl exes fornmed dmmmnlmu umngtl de sequence and the probe during
the hybridization*réactioh. § * . For égeqinplenention of the in vitro
detection nethods, defined above and ased on the use of

anti bodi es, usegi.s advampsegeFusite NBEGuOhceUREBRELIAY tll (I LHMEI2 SaRY: -
a defined quantity of an antibody according to the .invention, -

advant ageousl y, 3gn fappragtédt tngnethe Mprdsencd her f abeehicen of athese
i mrunol ogi al” reaction between at |east one part of the protein with urease
activity producegguences in samples.
7. Use of the fragments according to Claim 4 for
5 inducing the synthesis of specific antibodies against

the said fragments.

il m il ‘i\’ﬁ“‘“
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by a strain of C. pylori and the antibody. - advantageously reagents
permtting the detect ion of the imunological conplexes forned between
at [east one part of the protein with urease activity and the antibody
during the inmunol ogi cal reactLon. ABSMRaC dept h study of the
above-defined fragnent of 4.2 kb has made it possible to | ocate the
structure genes coding for the major pol ypeptide subunits of the urease
of C pylori. This study was carried out by constructing
nutants in the recuGLEOTIDR| SEQUENCES t CORING (FORItD PROTEIN iWETH UREASE I |
whi ch are |ncapable of synthesizing the urease (A Baskerville, D. Newell
(1988), cut.. 29, ACTIVITY

The invention relates to an immunogenic composition
comprising all or part of amino acid sequence (VIII) of
the urease, and to fragments (VI), (VIII) and (X) of
the ﬁrease, and to a process for producing an
immunological complex between fragments and antibodies

which are formed against the protein with urease

activity in C. Pylori.

(no figure)
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65:472). The system ‘of in vitro
coli and a system of expression in:

| ocate, in
C. pylori,

proteins of 26 kDa and 61 kDa were id
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detafledj description which follows) was used to identify the
regi ons -knd{ spensabl e to the expression of urease activity, and to
~correl ate the deletion of a region with the di sappearance of a pol ypeptide

~and t he 1o s of urease activity. In this way, it was det enn$ied t¥at the

gerfes coding for the two pol ypeptides 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 poI ypeptldes pf .61 kDa or 26 kDa takes place in the sense
prnt of 3. 35REPLASEKMHSSEEE}SO dout 1 hsufficient
the | BfPassipiast patlelY... foNpaged 3.
B Claim(s) :paged .3k to paged .33
I Drawing(s) : paged .}k, to paged ...
B Abstract  :paged ... to paged ...

NUCLEOTLDE SEQUENCES CODING FOR A PRO‘i‘EIN WITH URRASE
ACTIVITY

The present invention conuerns nucleotide
sequences coding for a urease such as is expressod
Raturally in gCampybolacter pylori and its binlogical
applications, notably for the detection of €. pvlori in '
hunans or in the environment.

€. pylori is a Graw-negative bacterium
heretofore found exclusively at the mucosa surface of
the hm:ral xegion o©of the humarn stomach, and more
particularly around the lesions and craters of gastric
and duodenal ulcers. 25% of the popula.c ion are ¢.
Rylori carriecs: 8% present an ulcerous iliness, 9%
suffer from noanulcerous dyspepsia and 8% are
asymptomal.ic carriers.

A'l.l the ¢g. pylori imolated and dascribed
hergtofore possepss the fol lowing three properties:

The Dbacteria produca an extremely active

urease. l
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C. jejuni. An adjacent region of 0.85 kb, situated upstream of and
apparently not associated with the exptegsion of pol ypeptldes in E CO|I

“is wital to the expresssion of the urease activity in C
Anal ysis of the del eti Fra¥ut MG, VBRIV tFBr°Fﬁ&HscF'PptT-%ﬂ t#%ﬂ‘%h%ﬁ

made it possible,.to oh er e that t he two e |des of 26 and 62 kDa
ar e encoged b?% aflac 8Pt EYFenituc s"'p %51 BRAGY | dreing
concerns all &anﬁ%%stéH F 8! bW N0 Gl &0l sE%SHe”%%AQQion to

the Hela cells.
The C. _ pylori produce and relesge an enzyme
which exhibits a proteolytic activity leading to the

dagradation of the mucus and thus To a weukening of the

natural barriexr prote:ting the gastri¢ mucosa. . |
' However, thc dotection of C. pvlori in gitu in -
humans aud in the envirounmenlt, and the study of its '
pathogeuic power - it is considered xesponsible for
active gastritis in humens - is complicated by
difficulties in culturing this oryganism. o

Its growth is very slow (6 to 7 days on blood-
agar wediun) and must take place in microaerophilic
condltions, tha oxyyen in the air being toxic.

The scarch for means of detecting this
bacterium has led the inventors to identify the genes
in C. _le.é_ri responsible for producing urease.

The determination of the muclectida sequence of
an intragenic frayment has made it possible to obtain a
tool which can be used ag a detcction probe for the
spacific identification of the . pylori.

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

for proteing with urease activity such as those

expresged in G, pylori.
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It is$ also intended to sufizbiy fragments of this
seqquence which may be usced as detection probes for
C. pvlozri.

In addition, the invention aims to supply a
protein Qrith urease activity, such as is expressced in
e. pylori, of a high degree of purity, and fragments of
the said pvotein.

According to the invention, the sequence of
nucleotides is characterized in that it cowpriscs at
leaut one part of a sequence coding for a protein with
ureasc activity such as is expressed in . pylori.

The inventioan wmore particularly concerns a
sequeace of nucleotiden which is capable of hybridizing -
with genes coding for a protein with urease activity
such as is eaxpressed in g_.__"p\_r;._oi;_i;, under the following
conditiongs: 68°C, & x SSC (1 x 8SC is made up of 0.15M
of NaCl and 0.015M of sodium citrate, pH7), in Denhard,
medium (1% Ficoll, 1% polyvinyvlpyrrolidone, 1% bovine
serum albumin).

According to another aspect of the invention,
the sequence of nucleotides is characterized in that it
carrias the information required for the production of
a protein with ureasc activity or of its fraguenrs,
capable of forming an iImmunological complex with
a,pt:ibdd*les direct.ed respectively agaiust a protein with
urease activity such as is expressed inh £. pylori or
against fragmcuts of tha said protein.

The sequence according to the invention is also

characterized in that it compriscs at least one part of
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The invention particularly concerns any nucl eotidic sequence
correspondi ng according to the wuniversal genetic code, to at |east one
partt of the following animated acid seguence (Vl) of 26 kbDa

(encoded by nual eraipnemguedte @Bdut 8 kb 238 APSHOnALHES to the
| restelction fragment EgoRI (Clal, Bagyll) - Pstl
(HindXII).

The enzywatic restriction map of this fragment
is repraseuted in Figure 2.

A nore specifically prefarred sequence
comprises at. leask one pért of a fraguentL of about
4.2 kb (& 5%) delimited by the end nucleotidas
respectively situwated at a distance of approximately
0.55 kb upstream of site H2, as represanted in Figqure
2, and of approximately 0.7 kb downstream of site Bi,
an reprezented in Pigure 2.

The sequences constituted by this fragment °
carvy the informiution necessary for the expre:sion of a
protein with urcase activity as expressed naturally in
C.. pyloxi.

The: expression of these sequences may occur in
any olher micro-organism c¢apable of exploiting to its
advantage the information carxried by the gaid
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
strain of urease gampylobacter).

According to yet another aspect, the invention
woncerns a recombinant seguence cowpr ising one of the
above-defined sequénces, possibly in assoclation with a
promoter capable o©f controlling the transcription of
the scquence and a DNA sequence coding for termination

aignals of the transcription.
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Mol ecul ar wei ght: 26,522 dal tons The invention al so
concerns all or part of the fol | awidig. nucl eoti de sequence (VII):

The nucleol.ide sequencres of the invention are -
characterized in that they are capable of hybridizing

with a probe formed from the scquence exhibi ting:

~ the following chain (I) of nucleotides:

- ox the fallowing chain (IT) of nucleotides:

AROGCATGAT TR T TG RCAAGGAGTGE TEOCAGICT IO IGAAT TTLARAGOCAATC
» GCAOOGGCTTCAAT TIGATOGGCIAM TOCATOGT TAGAAGOGTTACC T ITAGOCAAG
ARACCTAAATTCATAGAATATICTICAGOORCTCTGAGCATOCATTTTAMATTICTICTS
CCTGRAGTGATAGTAGTORCAT TAG NOCATCAGCAGGAOOGG TTOCACCAOCAATCATG
G1LGTACAOOGC T TOGAAAAG G TAGEGAT TG T GOGGIGAAATCAAG TGEATGIGT
GTGICAATAOCACCAGOUSTTACGATCAARMOCTTCAOOGOCIAN X TICAGTAGCACCA
OCTAQGCTAAGAT TG T TTAROGOCATCT TRCA TG ICT TICTTAOCGOC T T TACCANTC
OCACOGAT I TIGOCATC T TAAT ACCAATATOOGC T TTATAARTACCGG TG TAATOCAOG
ATTAMGOGI TAGTGATAATTAN T OCAACICTTICTTIGCTAGH T TSI TAGATTCECIC
ATCOCTICTCTTAGGEGTT T TAOCGOCACOGAAT TTAAGCTC T SCGOCATARATGGTGTA
GICATSGIICTACT ICAG AT ARG TCTGATOGOOCAATCICACT T TATOROCTCTAGTA
GGACCATACATAGANACATAT ICT I TTCTGCTAA Y CLTTI TCATTICTIACTOCTTAATT
GTITTTACATAGTIGICATOGCITITAGS

— =
-

- or the fullowing chailn (IT bis) of nucleotides:

~ REPLAGEMENT SHEET
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WWMTWWW
AGCT TAGOOGATCAAAT TGAAGOIGGTGOGATIGECTTTAAAAT TCACGANGALTGEAGC
AOCACTOCTTCTGCAATCAATCATGOGTT

- or the chains of nu:-leotldea which are complementary

P a—

respeclively to the above .mentioned chains (I}, (II)
and (II bis).

Sequences of nucleotides according to the
invention arae characteriged in that they cowprise the
above-defined aucleotidc chains or are constituted by
at least a part of the said chains.

It 1s sclf-evident thalL the bases of ;he
nucleotide segquents may be in a diffevent order from
that Found in the gunes, and/or that the said bares may
possibly be substituted, when a probe elaborated £rom
such sequendes gives a charaateristic and unequivocal
response with respec¢t to the abllity to recognize the
presence of geunes coding for the protein with urease
activiiLy of ¢._pylori.

The invention also covers any segQueace of
nucleotidead which 1s hybridizabla with that of the

above-ment.ioned chains of nualeotides, such as that
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I nvention particul arly concerns any pucl eoti de sequence
correspondi ng, according to the unlversar genetic code, to at |east one

part of the  bhitldwmiesy a:m Noreaks < e quaryare tivi | I@?msmpmr(emﬁdedm y

nucl eoti de sequence (VI I)
corresponding RNA, or else by chemical synthesis.

The invention also concarng a sequence of
nucleotides which correspond:s:, according to the
universal genetic code, to at least one part of the
following amino acid sequence (III):

WWWW
mnmmmmvzm *

The a.nvention also rymlatern to a sequence of
nucleotides which correspouds, acecording to the
universal genectic c¢ode, to at leasr one part of the
following amino acid sequence (IV) (encoded by the

nuc:leot.ide sequence (II bis):

NMITPEMRAKSTNSVAVKPLREGMIOSNNP SKEFT NLI TINALIVO Y TG YKAD TGIHDGK
TG IGRERKDMDGVKINL SVGRATEAL AGEGLIVIAGG IDTHIBF ISPQQIPTAFRSG
VIMIGGIGPADGINAT T L TPGRRVLKMLRAAEE Y SMNLGR LAKGNASNDASLADQLE,
PCAIGEKINFDWGTTPSATNHA .

The invention alsc  concerns recoubinaat
expxesdion and cloning vectors capable of transforming
an appropriate host cell, the sald vectors containing
at least one part of a scquence of nucleotides as
defined above under the control of regulatoxy elaments
permitting its exprassion.

Preferrad racowbinant vectors include at least
one part of the above-mentioned  gequeance  of
approximately 4.2 kb.

‘The strains of transformed microorganisms axe
also -:co'ver'ed by the invention. These strains contain
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569 Am no acids Mblecular weight: 61 729 daltons
-8 -
one of the above-defiuned sequences of nualeotides or a
recombinant vector as defined previously. .
Strain B, coli sS17-1, deposited on 16 August'
1988 under number I-795 at the Collection Nationale de
Culture de Microorganismes (C.N.C.M.) oL the Institut
Pasteur in PARIS (France), carries plasmid pILTS90 of

approximately 16.3 kb comprising the above-meniioned

restriction fragment EBEcoRI(ClaY, BamHI)~-PstI (HindIII)
of approximately 8§ kb.

The invention almsc concexns a  protein
exhibiting a urea:se activity of the type eaxpresancd
naturally in C. _ pyloxi, as wel)l as the peptide
fragments of this protein. :

~ The pxoteim of the invention, and its .
fragments, correspond, according to the universal
genatic code, to the above-defined sequences of
nualeotides, in particular to at least one paxt of the
sequence of approximately 4.2 kb.

The protein of the iavenLion is also
chavracterized in that it is a protein such as is
obtained by the transformation of host calls by wmeuns
of a recombinant vector a® defined above, culturing, in
an appropriate wmedium, of the transformed hoél: cells
and recovery of the protein from these cells or
directly from the culture medium, The inveatioa also
concerns the productiou of ureuse or of fragments of
the lattear by this proccss.

The pratein of the invention, and its

fragments, which may also be obtained by chemical
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- 21 - Conmpari son of am no acid sequence VIII wth that of jack
bean urease, described in particular in .E¢gr. J. Biochem 175, 151-165
(1980), wunexpectedly reveals a high level of amno acid honol ogies. This
stTucture concanvmEhnalanasitilbitie advaetasrausty deduistshhedegteee ofte
of the urease subunit of .61 kDa which is rised, in whole or in part,
in the polypefUYXit¥%AR2nBES Ui ‘!)?F?ﬁgf i F8 && q JREWw igges,

Y

positions 206 33 boy.e scri bed sequence VIII.

The invention atlogg%c"'d'h?peor%c;la(}*&orgrf)g#o%fg"'nucl eotide sequence IX
consi sting successivel ¥g:@fh pulyclonal antibodies, and the monoclonal

antibodies capable of rxecognizing specifically the

above protein and its firagments, are also govered by

the invention.

The above defined segquen«aas of nucleotidea are

obtained, according to the standard techhi@es of.
- genetia éng'ineering, by cloning and identification of l‘
the gchnes responsible for the synthesis of a protein 'I
with urease act.ivity in . pyle:ri.

The invention also concerns tha biological-
applicationx of the sequences of nucleotiden, of the
corresponding proteins, and of the monocloaal or
polyclonal antibodies.

These applications include the elaboration,

from intragenic fragments, of probes for the detection

of ¢. _pvlori. This elaborzation comprises, in

particular, tha denaluration of the doubla: stranded
sequences in ordec to obtalin a single stranded sequence
which may be used as a probe.

The tests performed with such fragwments with a

view to detecting the possible pressnce of
complsmentary sequences in various Campylobucterm and
in microorgaunisms belonging to different genecra have

xevealed the high degree of specificity of thesc |

fragmentsa., !
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sequence V and sequence VII. The invention also relates to any '
nucl eoti de sequence corresponding, according to the universal. Z
genetic code, to at |east one part of the B%inho acid sequence (X) of - 87
kDa consisting sucesspygly inRlent3RMeNCEnYarsRd S%@ﬁlSVI | Berection -ThE
I nvention also concerns probes for detecting possi bl e presence
of C. pylori irprobedi chapacteriganl en ehatacdhey Zﬁhpﬁg&aattheaseom@ se
at | east one part of a sequence or nucl eotides defined above.

is self-evidergart haf an habovasdefineéad sequesequeficnacdeonddeant i des unher
consideration may be in an order differing fromthat found in the genes;
and/ or i Any probe which, with regard to its seyuence of

nucleotides, is distinguished from the praviously
men! lonél prube only in respect of substitutions or

alterations of nucleoticdes not causing modificaLion of

its Thybridization properties with the genome of
C. pylori is covered by the inventioa. |
The DNA fragment used as a probe contains a !
sufficient number of nucleotides to obtain the required
specificity and the format.ion of a stable hybrid. !
It is possible to wuse fragments of up to - ;
several kb, but high-specificity regults are also

oktained with shorter fraygments of approximately 25 to

——— v e

40 nucleoctides.

Appropriate probac for this type of detection

are advantageously labelled with a radiocactive element

or any other group allowing its recognition in the
hybridizcd state with the preparation comprising the
DNA to be studied.

According to the standard techriques, thesas .
probes are brought into contact with a biologica’l :
sample containing bacteria, or | directly with these
bacteria or their nucleic acids, in e¢qndil ions
permitt.idg the possiﬁle hybridiiat:ion of the nucleoctide
sequence of the probe with a complementary sequence

pornibly confainad in the tested productl.
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that these bases may if appropriate be substituted when a probe el aborated
from such sequences given a characterigt&& _and unequi vocal response with

respect to - 22 - _the ability to recognize
the presence of genes OThei dgdot drybhidizat oom methodrvaye fori \exansife C.
pyl ori . The invention al so covers any sequence of nucleotides

whi ch is hybribezatgedyi This methed inwolugsoycaftnti drerierarien @f

nucl eotides, suych_as |s ,obtained b reverse enzymatjc tr.anscription
of the tﬂe DNa oktained be.o;ghang rom agéeria ori&lnat ng

f£xom antral biopsies, the deposirion of an aliquot

: gquantity of this DNA on nitrocellulose muﬁbranes, the
hybridization of each wembrace under the usual .
conditions with the probe, and the detection, ini-
standard faghion, of the hybridlformed.

A replica hybridization method may also be
uged, acaording to the Sourhern tecchnique. This method
involves the eleci.rophoretic separation in agyarosa gel
of the fragments of DNAz engendered after treatment of
the DNA by reericcidn enzymes, trangfec after alkaline -
denaturation onto appropriate membrunes, and their
hybridization with the probe under the usual
couditions. It is not always neceagsary to carry out the
preliminary exp:ression of the DNA; it is enough that
the DNA should be rendered accessible to the probe,

Detection £for the gpecific identification of
the C. pvlorli may also be curried out by DNA
amplification techniques (PCR). These techniques are in
particular described in US patents 4683202 and 4683195
t0 Cetus Corporat.ion.

To implement these techniques, two primers are
used of 10 to 40 nucleotiden, advantageously of
appruximately twealy nucleotides, these primers being
included in one of the above-defined sequences of
nunleotides or able to hybridiza with a part of onc of

the above-defined nucleoltidic sequences, or of their
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corresﬁ'c.)'r.\di ng RNA or by chem cal synthesis.
any probe which, wth regard to its sequence of nucleotides, is

di sti ngui shed fromthat mentioned previousfy-only by substitutions or
alterations not

| ng.. an Idel-caty ¥ [Sre "Wy didaald®n (o
properties withc‘?'?éﬁg'gén%\%%rgf )éggr&%;#%rl Witk Q'hler}\ae af)%vg{-yrxrieﬁtiloned progt
may "be used in ixﬂf&dj I T QHREACESSERnES" atie? IiIPAAGaGHCuBTPSistitharad eace
C. pylori in a]bl ol ogical sanpl®e, such as are described above.

i nvention al so

{rateTyeopode poi 256 michppridesat f:gmlOthe DNA
approxi mately 40 nucl eotides, these prinmers being included in one of th

above- definedstwaimet ite Sequemmplified.Viensorofn Bhe ofeguences is

capable of beinyg linked to a nucleotide sequenca of one

The invention covg

of the DNA fragment strands to be amplified, this
sequence beiny situated at an end of this fraguent (for
exanple the 5’ end); the other sequence ig capahle of
being linked to a nuqleotide sequence of the secend DVA
fragment strand to be amplified, this latter sequence
being situaled at the end opporite the above-mentioned
end of this fragyuent (which opposite end is designated
by 3’ end in the given example).

Preferred primers are  included in  the
nucleotide sequence of rentriction £fragmeut H2-HY in
Figure 2, and are approximately 200 to 250 nucleotides
apart.

In particular, the fragments concerned are
those situated zespeactively at each end of this
reaLriction secuence HindIIZ-HindITI.

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

- possibly, the prior amplification of the amount of
nucleotide sequences 1likely to be coutained in the
sample by bringing t:his sample into contact with
pi:-imers as described above, these primc:ré being abla to
be linked respectively to the 5’ end of one strand of

the said sequence of nuclaotides and to the 3’ end of
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sequences derived fromthe said sequences V and VII), or being able td
hybridize with a part of one of the above;nentioned nucleotide sequences
or =with their conplenmentary sequences ?BaFticularly under the above °
defined condi t{REs ohehy Nt thidt b2N)the suld sedfl@nkivest i plcake® iGRACEr NS
the use of these priners in the above-defined in vitro diagnosils

methods, for thbe asmtact ndbeingnmiulibeetl doy of geha gupltifivacfion'’
nucl eotides of C. pylori likely to be - 23 -
cont ai ned i n t&eebi drogtbal waAsnescofi® nENAo pdlymerase and of the

four triphosphate nunleosides dare, Ad4CTP, d4GTP :  and
dTvP, with thesa .primer . hybridivation. ard ' .gene
amplification steps being rupeated sevural times;

~ the bringing of “bio.'!ogica_l_samples in quwestion into

contacgt with a n:rr:legt;..v'de _probe according to the
invenrion", undey condillions pér_mi_.t'_.t:ing_ the product ion .
of a hybridization complex formed bet:weenmthe pxobe and
.the se«quence of nuéleoci&es, - T

- the dctedfi.oﬁ of the hybrid%zaciou_icomg.al.éx.

The invention g};us' ﬁé‘évidleswéc;ols .enah‘l ing the
rapid detection of C. pvlori, both in situ and in the .
environmenl, with a high aegreu of specaificity and
without the need for culturing.

Such detection tools are particulacly useful in
studyiﬁg the natural reservolr of these bacterxia, as
well as the msithods ©f tranumission, eirculatrion and
aohtamipation. Fusthermore, in the in vitro diagnosisa
perforwed’ on the biopsies, the use of thesn probes
make:r: it possible to save a considerable amount of time
compared to- current technique:, which, moreover,
requive a technology which can ouly be carried out in
specialized services, i1.e. baclericlogical techniyues
or the use of elecrvwon microgcopy.

Reproducible results have been obtained using
the above-defined frayment of approximately 8 kb as

intragenic probe.
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above descri bed net hod. The invention also relates to the
reconbi nant expression and cloning vectorggcapable of transformng an,
appropriate host cell containing all or part of .a nucleotide sequence ,
which is identical to, G#vgeruvteaeWroan@ﬁbf&%w meNiF Bnedragardot i &€

sequences V, VIl an invention_ al.so goncerng .
process for &m&&iﬁﬁ%&?’&% %%p%’ﬁ‘alﬁ Pot&‘ﬂlsormf)a??“ﬁfaf’ﬁ@b]es
above-nmenti one pces VI, VI and X, the said process conprising

t he transfornmatl on appropr| ate host cells (particularly those descrilbed

above) by means of theIﬁb@t%-aﬁmg Ofﬁéi gssehaganaad ;SéWefeBQVny pylori

with a viaw ¢to preVent:.ng u;fecLion, it is thun

———
'
H

possible to _study the role played by C. pyloxi in the

developgent of ulgerous illpesses and ‘to identify the

genatlic determinants wh1ch seem to be involved in this

ogranism’s pathogenir' power.. w:_.th,.‘a, view to creating, '
in vitro, 1sogenic mutants of €. pylori, i.e. ba.cteria!
modified genatically in each of the determinants which !
seem to play a zrole in the 'pat'r_:%)gehesis of the !
infugtion, which wutants could be tested uéing animalJ
models.

The invention also coneerns the detoection of
the polymorgphism of the genes coding for the urease in
‘€. pylori by means of the above delined nucleoctide

probes and appropriate pestriction enzymes. The

cunditions wunder which this detaction is carried out
are described in particular in an arﬁicle by J.F. de
Gusella in J. of Clin. - iﬁ\}est;tgat-ions (198¢), 77,
1723~-1726.

The invention also concwerns the immunological
applications of the encoded protein, particularly for
the elaboration of specific antiserum and of polyclonal
and wmonoclonal antibodies.~ The polyclional antibodies
axe formcd, according to standard techniques, by

injecting the protein into animals, <xecovering the
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of the proteins thus produced followed, if appropriate, by a purificatiﬁ
step for these proteins. The abovelegefi ned protein production
process nay, i f appropri at e, conprist® ~“a prelimnary

anpl i fication stgp ffehiifs08AE AN Eh AntitRaed Frbn WIRS CaRt QHUELRAN
sought, this step being carried out wth priner pairs of the invention i
accordance w th géieeadmybe dbgcarbedispt bhlomatographybe invention al so
concerns the polypeptides (or proteins) encoded by the above descri bed
nucl eotide sequences. The nmuposicrayl patibedies| wrecopredused: Hen tbev
described am no acid sequence X of 87 kDa, sequence VI of 26 kDa_and
sequence VI || ofusiakDaanprr by fusing myeloma cells with cells of

female rats previously immunlzed by means of the
proteins of the invention.

In addi r.:i.o:n,- t‘he‘“i.xnxge:ﬁ‘tic;;‘;.éor\ce.fhs an in vitro
detection method for the possible pf;ﬁéﬁcé of g.‘ pyloxt
in a biological sumple in which 1t is likely to be

contained. This " method " is‘~characterized in that ic

comprises: . : S L

- the briaging into contact..of  the: sample with aa:
é.ntibody ~according to the..inveation,. in conditions-
allowing the production of an immunological complex
formed between all ox part of the protein with urease
activity produced by €. pylori and this antibody, and

- the detection of the lmmunological complex.

For the implementation of the in_  vitre
detection methods, congidered above and based on the
use of nucleotide probes, use is advauntageously made of
equipment or kits comprising:

- 1f appropriate, at least one palr of primers
according to the invention,

~ a defined guantity of a nucleotide probe according to
the invention,

- advantageattsly; a medivm which is appropriate to tha
formation of a hybridization reaction belween the

seéquence to be detected and the probe.
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{
their fragnents. - 24 - The i nvent i{on
al so concerns the polyclonal and nonoclngl anti bodi es obtai ned from alil
or ,part of the above-described polypeptides and able to form an' |

i mmunol ogi cal conp@xantidedttshy, reagerts pilvwdniarthet detéctvbmi @f:
concerns the abtibodies, notably nonocl onal, obtained by neans of a !

pepti de sequenchybiridi zasdon apprpikexese Sprrmd obesweani fhdic PH@’GP"--‘-"‘*_;
of " “The i nvenPREReRrE Mot B89 ageiRe afRTnTyarir PRRridiEaidn £
reactiorn.
For the implemention of the in vitro detectien
methods, defined above and based on the use of
antibodies, use is édvantageoualy made of equipwent or

kits comprisiag:

- a defined quantity of an antibody acaording to the

invention,

- advanLageounly, an appropriate medium forxr tha

formation of an immunologial reaction between at least

ona part of the protein with urease activity produced:
by a strain of €. pyleri and the antibody, i

- advaustagecusly, reagents permitting the detecrion of

the immunol igical comploxey formed betwecn at least one

part of the protein with urecasa activity and the

antibody during the immunoloyical reactlon.

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

Thiga study was carried out by constructing

mutants in the recomblnant plasmids introduced into E.
20li and C. jeijuni, which are incapable of synlLhezizing
che urense (A. Baskerville, D. Newell (1988), Gut. 29,

165-472). The system of in yitro transcription-

- e+ —— — St

:ranglation of B, colli and a system of expression in

1inicelles were used to identify and locate, in tha
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sequence delimted by the amno acids situated at positions 206 and
338 of sequence VIII, nore especially those obtained by means of a
peptide sequence of at |east approxinmatel ¥,10 to 15 am no acids .
originating fromthe sequence delimted by the am no acids situated ati
positions 206 agdagméntl cfouedckbVidf .C. mgl_o_r_i_;l'halﬂ.n\xehﬂlgenabsawrw ies
to the use of the above nentioned antibodies to inplenent the in vitro
net hods and t he£or \iher ouxease aszbue@&q béaw%mmoxfwotmla@mt n@6t H@a

i nfection of an individual

ngd The nventtbf 6}!
concerns i muagdni €1 é'é??po!’ﬁ??o %‘lﬁaﬁ%‘?ngpaélaln&' pEPt this, haLttey,
described pol ypeptides, art | c I part he 4P | vaept i dg
sequence del i m V@FiERS hgegﬁﬁ'ﬂ £h8h Une Oexlmear® of"%a 3 YES]
system of transfer by conjugation of a strain of
E. ¢oli to . +1ejuni (of the type s¢t out in the
detatiled description which follows) was used to

identify the regions indispensable to the expression of

ureage activity, and to correlate the deletion of a.
region with the disappearance of a polypeptide and the
losns of urease activity. In this way, it was determined;
that the genes c¢oding £for the two polypeptides.
necessary té the expression of the urease activity are -
situated in tha central reyion of 03.35 kb, downstream
of site H3 in Figure 2, and astride Bl. Transcriptianf

of the genes coding for the polypeptides of 61 kDa or

26 kDa takes place in the sense EcoRT-PstlI. Thei
fragment of 3.35 kb is necessary to, bhut insufficiem:_
for, the expression of  the urease activity in’
€. _jeiuni. An adjacent region of 0.85 kb, situat::-.d:
upstream of and apparently not associated with the ,

expression of polypeptides in B. goli, is wvital to the

expression of the urease activity in . _Jdeiuni.

Analysis of the deletion mutants by in wvitro
.transcripr.'ion-translation made it pogsible to obsorve .
that the two polypeptides of 26 and 61 kDa are encoded
by two adjaceunt DNA fragments.

Thig invention concerns all or part of the .

following nucleoride sequence (V) s

pegcnae |
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acids situated at positions 206 and 338 of sequence VIII, in association
wi th a pharmaceutically acceptable vehicleyg .

- 25 - Such i ”mmunogeni ¢ conpositions may be used as vacci ne

conposi tions for preventing the infection of an individual by C pylori..
The invention jalso concerns pharnaceutlcal cobp05|t|ons co -r|5|no one
(or "a nunber of s R ARRS : p ' 7

particular, antihb

- -

The inventlon particularly concerns any
nucleotidic sequence correnponding, according to the;
universal genetic code, to at least on: part of the '
foltowing animated acid saquence (VI) of 26 kDa

'(encoded by nucleotide sequence (V)):

MKLIPKELDKIM BYAGEL AKKRKERGEKINY VEAVALTSAHIMEERRAGIGCAAFTMOB
GRILLXEDOMMDGVASMIBEVGIEAME POGTRKEVIVRIP IEANGKLVEGEL FLINEDTIT |
MIWWWW

239 Amino acids

Molecular weight: 26,522 daltons
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all or part of the peptide sequence delimted by the amnos situated at
positions 206 and 338 of sequence VIII, -in%ssociation wth a
pharmaceutical ly acceptabl e, vehic rLmaceuti c

conposi ti ons accordi ng 196 %Wﬁ?qqiéﬁn?5ﬁ°nﬁ9“b8rﬁse3aﬁ1QWEP?FgaPnenha
t hol | al b C. | , t abl
st trse® and gBliebele A B Sodlbddl I ® 2 B hges and

O her advant ages and
characteristics of the |nvent|on are detalled in the fol | ow ng
description relgtli

production of JGARSEINAFRR-TARH

[ V
TCATTOEORTACAGA TIGAIOCTGAAG TAGAN AT CACTACAOCATTTANG

A NN TTAM tc'.teoe A RA MY O TANACANGCATGA T AN AL

ACRATCAANGCTACTIGICARRTACACO AT TAMOOCAOGATOGCICATGECATTACC
GEOGATGOGAMOGC T ICTATOCCTAQOOCACANOCOGI TTATIACAGAGAANTIGTIONT
AATATCPCTANAANNGACATGCAATTCAMOGACACTACTGCTCACATTGANG TCARTOCE

MTTGOCCACTCITIACCATITICIAG
Y RL
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C. pylori, the sequencing of the region associated with the expression of
the protein with urease activity and the 2sq)e_cifici ty of nucleotide

reference is nade to TH& gurisvdnendn?, phrvhiroharly Fi goneekn®epr easpt's
the restriction map of a fragment Pstl--EcoRl of the reconbinant cosmd !
| 102 carrying thelvleotide sequénce correspondings -a¢giwiinmgi oror etiered

for the expressi oni of the urease jejuni, and

for detecting C. pylori. this description,

ilversal genetic co e, to at leant one part of the
sllowing amino acld sequence (VIII) of 61 kDa (encoded

y nucleotide sequenca (VII)):

SRIEYVSMYGETTGDKVAL GOTOUAEVEHOYTIVGEELKFGOGKTLREGH
JSNNPSKEELDUITNALIVDY TGIYKADIGIKDGKIAGIGK
VGPATEALAGEGLIVTAGGIDTHHFISPQOIPTAFASGVITMIGGGTGPAD 46~
mmmwummmeammwhww Lie
meowemsmwvmovovmmeovsommmm 24
FHTEGAGGGHAPDIKVAGEHNILPASTNPTIPFTVNTEAEHMDMLMVCHHLD 52
s#ovamosmnmmnmmcﬁsrmoswenvsevmwm 3™
DKNKKEFGRLKEEKGDNDNFRICRYLSKY TINPAAHGISEYVGSVEVGKVADL. &3t
AWSPAFFGVKPNMIKCGRALSQMGDANASPTROPVYYREMFAHHGKAKYD L
wmsomvoxemammwmmn«monmwsw
AVFVDGKEVTSKPANKVSLAGLFSI

88

R

569 Amlno acids
Moleculay weight: 61 729 daltons
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- Figure 2 represents the restriction map of a fragnent of approxintely 8
kb of plLL590. 1) Construction of a genom c bank in a shuttle cosmd
vector; cloning of genes involved in the pro#fhction of urease in C

pyl ori . The chror@%?% ofgt %ﬁ{i?éﬁihﬂ Seqliihokl .V%?EP) with

prepared so as to generate ragnments of nol ecdl ar wei g

approxi mately 300:h£¢ " bE Ofadki beatr@r@SHER! deNAraHRAS Ubh epladd flcilkr in
controlled partial digestion by the restriction endonucl ease Sau3A, and

deposited on sucrigxse. grdidi eBiiochemucl7s ,wausas-165 | Qoisdl, sSeheehhuekily

di gestion fragnents conprised between 35 and 45 kil obases. 1.5 [err]g

of these fragmentseveals a high level of amino acid homolngies. This
structure conservation has enabled the inventors to
deduce the active site of the ureasc subunit of 61 kDa
which is comprised, in whole or in pare, in the
polypcptide sequ‘enc:e. limited by tha amino acids
sirfvatad at positions 206 and 338 of the above -
described scquence VIII.

The invention also concerns all or part of
nuclentide sequeace IX  congiastring  successively of
secuence V and seqummce VII.

The invention also xelates to any nucleotide
sequeuce corresponding, accoi-ding to the universal
genctic code, to at least one part of the amino acid
sequenca (X) of 87 kDa consisting successively of
sequence VI and soquence VITL.

The invention also concerns probes  for
detacting the posnible presence of C. pylori in a
biological sample, characterized in that they comprise
at leant bne part of a gequence of nucleotides defined
above,

I+ 1s gclf-evident that the basnes of the
sequences of nuclecntides under consideration may be in
an order differing from that found in the geneg, and/or
that these basess may i1f appropriate be subsi.ituted,
when a probe elaborxated f£from such sequencas gives a
characteristic and unequivocal responsce with respect to
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is ligated in vitro onto the shuttle cosmd vector plLL575 |linearized
by the endonuclease BanH and -dephosphorylated. plLL575 was

constructed from the shuttle cosmd plLL®20~descri bed by Labi gne- Roussel
et al. in J. Bacteriol. 169:5320-5323, 1987, into which was inserted the
"cos" site of tha@eabliiitya tphigecanieegthe BrasTicef of B CREARSS3

oot 1| 560 by’ CorfPBatPBIBreERES MAPhaurease: ARLIVAEY REnSm BRI ch i s
T both £ col i and G FEPunERSHRSG Ry PHEt, SSNET ot Tegirhel (8% °
origins, one of WhigRoESabUNCLROBR! 18 Fhyldiffite aRth that of the
above-mentioned chains of nmnaicotides, such as is
obtained by reverse enzymatic transcription of the

corresponding RNA or by chemical synthenis.

The invention covers any probe which, with
ragard to its sequence of nucleotlides, is distingui shhd:
from that mentioned previously only by substitutions ox:
alterations not causing | any wmodification ©f its
hybridization properties with the genowme of . pylori.

The above-mentioned probes may be wsed in im
vitro procenscs for diagnosing the possible presencs of
€. pvlori in a biclogical sample, such as are denaribed
above.

The :i.nvo.ntioh also concerns nuclentida primers
of approximately 10 to approximataly 40 nucleotides,
these primers being ineluded in one of tho above-
defined nucleotide seguences V or VII (or in one of the
sequences derived from the said scquences V and VII),
or being able to hybridize with a part of one of the:
above-mantioned nucleotide sequences or with their
complementary sequences (particularly under the abave
defined condirions ;)f hybridization).

The invent.jon also concexns the use of these
primers in the above-defined 4n wvitro diagnosis
mathods, for thé preliminary amplification of the.
quantity of nucleotides of (. pylori likely to ba
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.the other solely in Canpyl obacter. The products of this

- 27 - ligation are packaged in vitro in_t g |l_anmbda particles and then
i ntrroduced by transfection into a strain of “E. coli accompdating a
plasnmid IncP cepabhénedf icort;i‘herréntqhagﬂcalt r sagpilee aceosdtngl unst itis
of the reconbinant cqosmds, The .infected and kananycin- resistant
col oni es of E. c8PPVardesFribes akhedeser ved i ndi vi dual ly at

-80[err]C, a cosmd nom ¢ bank epresentin ntlre me of
Canpyl obacter pyl ori isqﬁgaljr‘} PR aéﬁ?’l ‘Pﬁ?‘{] 'e'ge n"} ‘SF

500 expression and cloning vectors capable of transformlng

an appropriute hout cell containing all or part of a
minleotide sequence which is identical to, or derived
from, the above-montioned nucleotide sequences v, VII

and IX.

The inventlon also corverns a process for .

produsing proteins corresponding te all or part of tha '

above-mentioned sequences VI, VIIT and X, the said

process comprising the transformation of appropriate

host cells (particularly thuse deucribed above) be

mcans of the above-mantcioned vectors and the recovery

of tha protains thus produawd followed, if appropriatea,
by a purification step for those proteins.

The above defined protain production process

may, if appropriate, comprise a preliminary

amplification step of the gens coding for the protein
whose production is sought, this step being c¢arried out
with primer pairs of the invent.ion in accordanca with

the above-desacrihed method,

The invention also concerns the polypeptides

{or proLeins) encoded by the abova-described nucleotide -

_Sequences. The inventlon particularly concerns the

above described amino acid segquence X of 87 kbDa,

sequence VI of 26 kDa and sequence VIII of 61 kDa, and :

thelr frayments.
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I ndependent cl ones. Each of the reconbinant cosmds is then
transferred by conjugation of E. coli to a receptor strain of

Canpyl obacter jejuni: C31 which is natural I%/‘_'Urease. Each of _
these kananycin-resistanpdr ansepbitin WY Schicshieskelle! i8R Tdn sy NaAGSI S
of a urease by Canpyl obacter jejuni occurs. One“cosmd is

i sol ated out Ofmondiflometl dARIbodRERY ioRE adewed i frduhf AL abicopant o gthes
Canpyl obacter jejuni C31 the ability to produce a urease. The size of the
reconbi nant cosralsbyd+dggcribéd kphiypeptidisgurend abdes the rfomzmi van
position of the sites cleaved by the
: immunological complex with them.
In particular, tha invention concerns the
“abtibodied, notably monoclonal, obtained by means of a
pept.ide sequence of at least approximately 10 to 15

amino acids of seyuence VI or of scquence VIII.

Prefervred monoclonal antibhodies of the '
invention &are directed against all or part of the?
smiquence delimited by the amine sacids situated at.
positions 206 and 338 of sequence VITI, more espé.ciallyl
those obtaincd by wcans of a peptide sequence of at
least approxiwmately 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 z"el&:tec to the use of the.
above mentloned antibodics to implement the in vitro
methods and tha in vitro kits, as described above, for’
diagnosing the infection of an individual by C. pvlori. :

Tha inveution  also  concerns immungenic:
composit ions comprisi.ng-' all or part of the above
described polypeptides, and in particular all ox part
of the polypeptide sequence delimited by the anino
aciylse situated at positions 206 and 338 of sequence
VIlIl, in aspociation with a pharmacoeutically ac:cept‘.ahlal

vehicle.
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restriction endonucl eases Pstl, BanH, Smal and EcoRI on this sequence. '
2) Indentification of the gene(s) required for the production of urease in
Canmpyl obacter pylori. Subcl oni ng=o®5t he urease genes is carried |,

out by performng, fro " eﬁﬂ\-ﬁs% ggfb I :];%Dg‘r-qg%&d ' CQldadg '

partial digestion by thghg%gonu_c eefg% au3£ Y. _ tndy "be q‘léa( as.

- 28 - as to gengaateniatbipbsiitdnld Tdf HHRHAIANRNOLALEEE i8nt 8F12nN

ki | obases. The objective is the snmallest hybrid plasmd cloned in E. col
whi ch confers thgndbzidbglt by G. pvlori.

The invention also concerns pharmaceutical

compoaitions compriaing one (or a nunber of) antibodies

such as are described abow, and, Iin partiecular,

antibodiss able to forw an immunological cowplex with

all or part of the peptide sequenaca delimited by the

aminos situated at positions 206 and 338 of sequence
vIlI, in association with a pharmaceutically acceptabie
vehicle.

Such pharmaceutical compositions according to
the invention way be wused in the trearment of
pathologies linked to the infection of an individual by
C. pylori, notably gastritis, and gastric and duodenol
ulcers. :

Other advantages and characteristics of the'
invention are detailed in tha following description:
relating to the cloning 6f genes responsible for the

 production of the prolein with urease activity in
S. pvlori, the sequencing of the region associated with
the expression of the protein with ureaire activity and
tha specificity of nucleotide probes for detecting
C. pylori.

In this desdr:iptiqn, reference 1s made to
Figures 1 and 2, of which: _

- I-‘iguré 1 reprasents the restriction map of a fragment

PStI-EcoRI of the recombinant coswmid ILO2 carrylng the|
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produce a urease after its transfer by conjugation to receptor |
Canpyl obact er. Qut of the 37 tested, 4 plasmds carry the '
information required for the expression of gﬁé'urease in Canpyl obact er
jejuni:  plLLS8Gn k8@ NeeBlb ka0 fdicl enkl Gdp¥ednion of tHa CQPRRSEESON
of the restriction maps of these four hybrids reveals the presence of a
sequence of nudreq@i dbsiwkiA. @ndil obases which is common to the four
hybrids, suggesting that this is the region required for the
expressi on of the Eigpase. 2 Arapkdsencs thel restwdctdont imagi uf thefragment
concl usi ons, were_perforned cf. Figure g&t

pILL&892Q.

of approximtely 8 kb of
1) Construction of a genomic bank in a shuttle cosmid
vector; cloning of gencs involved in the pruduction of

ureaze in C. _pvlori.
" The chromosomal DNA of the strain C. pvlori

———

(85P) is prepared Bo as to generate DNA fragments-ofi
high wolecular weight; approximately 300 ug of this:
chromosomal DNA are subjected to & controlled partial
digerition by the restriction endonuclcase Sau3A, and
deporited on suwaruvse gradient in such a way as to
isolate gselecctively digestion fragments comprised
between 35 and 45 kilobases. 1.8 ug of these fragmenl.s
is ligated in_ vwvitrg onto the shuttle cosmid wvector
pILL575 linearized by the endunucleasns BamHI and:
dephosphorylared. pILLS75 was constructed from the !
shultle cosmid PILLSS0 described by Labigna-Roussel et:f;
al. in J. Bacteriol. 169:5320-5323, 1987, into which"
wa:: inserled the “cos” site of the lambda phage
(Exragment Bgl II of 1.7 kb of PERG1S3 ins;c-'zr:t.:ed at site
Pvu II of pILL550); like this cosmid, it may thus be
mobilizal by conjugation, codes for & resistance to
kanumycin which his expressed in both E. coli and
Campylobacter (Km®) and is replicated in both E. _coli
and C. j.gjun;,' owing to the presence of two replication
origins, ocne of which is functional. in E. _coli only and .

the other solely in Campvlobecter. The preducts of this
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Fragment EcoRI-Psl, | of plLL590 was used as a probe in hybridizations
with the total DNA of C. pylori 85P so as t6, ensure that the different
restriction fragnments generated with BanH "and Hindl 1l from plLL590 were
present in 85P. Iigatdeom tsrelpackegedhdn Mizza Hal theudasbdel mdtbiclies
present in plLL590 was not rearranged in the course of the various cloning
steps. 3) Sequeasd ctheaclissorducesdt bye tzamfeddonc brkg 4, phrphes of
expression of the urease. The sequencelﬁ?é)‘“g%e fragment Hi qdl I
lying between skBes-SPand@f8 MrdatiBddsd o R uetRGP ot capghia of

nucl eoti des of ”é%mcp %imrq]-un(t:li)xig in trans the transfar £functions of the
recombinant coumids. The infected and kanamycine
resistanlL colanies of E. c¢oli are immediately preserved
individually at -80°C; a cosuid genomic  bank

repracenting the entire genome of Campylcobacter_pvlori

is realized in E. ¢oll by preserving approximately 506
indapandent clonas. , , :
| Bach of the xccoombinant cosmids is t;.hen'
transfarred by conjugation of E. ¢oli to a raceptor'
gtrain of Cawpvlobacter djejuni C31 which 4is naturally
ureasc’, | :
| Barh of thene kanamycin-resistant transoonju-
gatzté is checked to scc if synthesia of a ureane by.
Campylobactar jejuni occurs. _
| One cosmid is isclated out of 106 analysed;
carrying genetic ianformition which gives gamg_zl_._g_ga_g_t;_e_;:
jejuni €31 the ability to produce a urease. The size of:
the recombinant casmid (ITh2) is 54 kilobases. Figure 1
shows the relative poultion of the sites cleaved by the'j
regl riction endonuclea:u:s PstI, BamHI, SmaI_ and EcoRI
on this sequence.
2) Idem'.ificat-.ién of the gme(s) required foﬁ: the:
product.ion of urease in Campvlubacter pvlari.
Subcloning of the ureazc genes is carrled out.

by performing, from the cosmid DNA IIN2 prepared in'

E. coli, partial digestion by the endonuclease Sau3lA so
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- 29 - The foll owi ng sequence of 610 nucl eotides of the chain (1)
is internal to the fragnent defined by siteg R4 and Bl (Figure 2). 4)
Specificity of the nucleotidic FrErobes for detection of

Canpyl obact er pyRégr €0 genevats Barehs! E@Bﬁlﬁ'-‘?é?%‘h%&%‘*k‘ﬁ“oﬁﬂ% ngFPRom
R e o s 34 SCELAUSnE OB o B) R B Sl SRR B
gave a posi tive gggalia SHénkl 1RE20 iyl Whs P Eofe LE°cRERY AR Ko
produce a urease after its transfer by conjugsation to

receptor Campvlobacter.
out of tha 37 tested, 4 plarmids carry the

information requived for the expraesuion of the urease

in Campylobacter jeiuni: pILLS86, pILLS89 and pILT.‘iQO_l
(cf. Figure 2). )

A comparison of the restriction wmeps of these
four hybrids reveals thc presence of a sequence of
nucleotidans of 4.2 kilobhascs which is common to the
four hybrids, ';s.uggest ing that this 1is the region
regquired for the expression ©of the urease, A number of"
deletions, confirming these conclusions, were performed,
(cf. Pigure 2).

Fragment EcoRI-Psl. I of pILLS90 was uscd as a:
probe in hybridizations with the total DNA of £. pvlori
85P so0 as to ensure that the different restriction
fragments generated with Bawmiil and HindIII from pINT.590
were prescnt in 85P. The results obtained show that the
sequence of 8 kb present in pILLS30 was not rearranged'
in the course of the various cleming steps.

3) Scquence of nucleotides of the reglon associated
with the expression of the urease.

The saquence of the fragment HindTII ly:!.ng!r
between gites H2 and H3 corresponds to the sequence of

294 nucleotides of the chain (I).
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L.,

fetus and coli gave a positive signal under standard and stringent :
hybri di zation conditions (50% formani de, . 3§ err], 3XSSC). Unde‘
the same conditions, the 8 kb probe of C pylori did not give a positivej
signal with the |ist of The follewiny meneneanicfs61al Inueleptidear of
nat ural producers_of urease: Kl ebsjella ox;g oca

, (3 .strains), -
Kl ebsiella pneuffBfii £hyin sfEL nd® *ﬁ‘?ﬁ%l rﬁ"?aﬁihﬁ gt af’ﬁ§}negr c}?lérl.s
(3 Sirains), PochdbRenEe Wm0 ¥ Velsinta enterocol 1 pa
(3 strains), 5 gt)raig%n.;qildgcd’yet@pac{ﬁg UhGasebeiale 2p§55%5”5'£o*c tha
detection of Campylobacter pvlort.

Fragment EcoRYI-PstT of 8 kb originating fxom
pILL590 was used as radicactive probe in hybridization
axperiments.

32 us b. viori wexe tested in |

hybridization on colonies and gave a positive signal;

out of the 35 tested, none of the Campvlobacter jequnt,:
fetus and coli gave a positive signal under st amlardg
and stringent hybridization conditions (50% forma_mide',?
37°, 3X843C).,

Under the same conditions, the 8 kb probe of
€. pylori did not give a positive signal with the list

of the following microorganisms, all of which are’

natural producers of ureace:
Klebsiella oxytoca {3 strains), Klebsiella

|
pneumoniae (3 sLrzains), Proteus wmirabilia (3 ecratns)!

Proteus morgunili (3 gtrains) oteu ris (2;
strains) Providencia_stuartii (3 strains), Eﬁgml
picket.ti (3 strains), Yersinia entercocolitica (3
strains), S5 straing of Acinetobacter ureana”, 2 sirains:

of Egscherichia coli ureas«’ and 3 strains of Citrobacter

freundii urease’.

The abience of false posirive reaction with the ;

fragment of 8 kbl» guAarantees the spceccificity of t_-.he’

proposed nucleotide prohes.
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of Escherichia coli urease[err] and 3 strains of G trobacter freundii l

ureaseferr]. The absence of false o itive reaction with the
fragment of 8 kb guarantees the specificity~f the proposed nucleotide

pr obes. : - 30- A process for the
preparation of antibodies conprises: - the immunization or an aninal

by. neans of a polypeRipsgendgeffned thevpréghdcat.ion of antibadies
comprises: _ :
- the immunization of an animal by means of a
polypeptide as defined above, and
- the rxecuvery of Ehe antibodies fo.émed, using standard

techniques.

aAn appropriate merhel for prepnring the n.uclé:lcf
~acids (containing a maximum of 200 nucleot.ides - or bp
in the case of biantenary nucleic acids) comprises the'
following siep3:
- DNA synthesis using the B-cyancthyl phosphoramidite
automalexl method described in Biooryanic Chemistry 4;
274-325, 1986,
- ¢loning of the NNAs thus obtained in an appropriate
plasmid vector, and <zecovery ©f the DNAs Dy|

hybridization with an appropriate probe.

A chemical  method €for the preparation of
nucleie acids of a length in excess of 200 nucleotides
- or bp (in the cana of blcatenary nucleic acids)
comprises the following steps:

- assembly of chemically synthegized oligunucleotides
_equipped with different restriclLion sites at their
endn, whose sequenacas are cowpatible with the amino
acid chain of the natural polypeptide, accord ing to the
prinaciple described in Proc. Nar. Acad. Sai. USA 80; .
7461-7465, 1983,
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- the recovery of the antibodies forned, using standard techniques.

An appropriate nmethod for preparing the nugleic acids (containing a
maxrmum of 200 nucleotides - or bp in thé ds& of b catenary nucl eic

aci ds) compri ses.t Noodhd OuEnEr aifAe hPRACHLALRH SiWSARO dpiropriate
[err]-cyanet hyl phospﬂmr amdite automated nethod described in Bi oorganic!'
Chem stry 4; 274133midlS%ctor adntegevdcy hef Dile dead reldt aiucde o sid
appropriate plasmd vector, and recovery of the DNAs by

hybri di zati on wi tly dybapptioptiae widban appropriate probe.
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A chemcal nethod for the preparation of nucu ' ' ength
I n excess of 200 nucleotides - or bp (i® BRe=-case n’"”mnﬂ mnnmlei C
acids) conprise %he followi ng steps: - assenbly of chemically '«

synt hesi zed oliﬁiﬁ Bféoti des equipped with different restriction sites at

their ends, V\/ngge sequgg&%o?j&?lggp{wg%kgﬁrﬂ,hh_é)%r%g_ds%??ﬁggciﬁcllzﬂa[t of

t he natur al pol ypepti de,"acco princip in Proc. .
Nat. Acad. Sci.jESAdbriddd®lalibr 1843t of the sequence butween the

amino acids situated in posirions 206 and 338 of
sequence (VIII).

2. - Nucleotide sequence ¢orrasponding, acaurding to
the universal genetic code, to the sequence between the
amina acids situated in positions 206 and 338 of
sequence (VIII).

3. Nucleotida seuence characterized in that it is
delimited by two ©of the resﬁriction sites of Fiqure 2
betwecen sites HL and B2 and including sites Hl, H2, H3,
H4, Bl and B2.

4. Peptide frégmenha of a proLein with urnasé
activity, charactarized in that they are choaen from:

a) amino scid s¢guence (X) of 87 kDa

b) amino acid sequence (VI) of 28 kDa

c) amine acid sequeance (VIII} of 61 kDa

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

S. Process for producing an immunological complex
betwaen the antlbodies agrinst the protein wlth uraase
activity which is expressacd bysg. PYIORI or fragments
of the sald protein, notably those of Claim 4,
characterized by the bringing of the said protein or of
the said peptide fragmants into coutact with the said
ant ibodies, noLahTy those which are present in a

biological liquid.
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- 31- cloning of the DNAs thus obtained in an appropriate plasmd
vector and recovery of the desired nucleit 3¢id by hybri di zation with an

appropriate pro Cgi1s
| nunogeni ¢ corrp%& tion c ar act SPR, STy a‘i‘ Oronpgl Egs af’llm(ﬁ jﬁ)aﬂ"dof

the sequence betyjeeFdhe qntlctGngiCithie prbdahed bp PIBELLGES o£06:nald

338 of -sequence (VII1). 2. Nucl eot I de sequence correspondl ng
according to theeqenstsaln ggamplescode, to the sequence between the
amno acids situated in positions 206 and 338 of

7. Use of the fragments according to Claim 4 far

indueing the synthesis of specific antibodies against

the sald frugments.

' * [ L N s *
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sequence (VIIl1) . 3. Nucl eoti des sequence characterized in that it is
delimted by two of the restriction sites of Fi gure 2 bet ween sites Hl and
B2 and including sites HL, H2, H3, H4, : Pepti de
fragments of a protein wth urease acC Y, characterlzed in that they
are chosen from a) am no acid sequence (X) of 87 kDa b) amno acid
sequence (VI) of 26 kDa c¢) amno acid sequence (VII1) of 61 kDa d) a

fragment of one GiudtEotTiwReSEQUENCESSCODING) FORIA PROTBIN WITRPRRENSE f Or
produci ng an i nmunol ogi cal conpl ex
ACTIVITY

The invention relates to an lmuunoganie composit.ion
comprising all or parr of amino acid sequenca (VIII) of
the wrease, and to frugments (VI), (VIIT) and (X) of
the urease, and tti a progess for produc:l.ng' an
immunologincal complex between fragments and antibodies
which are formed against 'the protein with uraedse

activity in €. Pylori.

(no figure)
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bet ween the anti bodi es against the protein with urease activi
expressed by C. PYLORt or fragnents of the said protein,
t hose of Caim 4, characterized by the bringing of the si
of the said peptide fragnents into mmqut with the said ani
notably those mhicqgégre present in‘’a biological liquid
- 33 - 6. . Use of K@ sequences according to Cains 2 and

detecting the rese ol absence gof ghes s@guences i ngsa
g preserfg of fof §hesey sqauences ina
<™ .
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7 ~ Use of 'the fragnments according to Claim4 for inducing the
synthesi's of specific antibodies against the sai dbf pagreht §79°
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NUCLEOTLIDE SEQUENCESS CODING FOR A PROTEIN WITH URRASE
ACTIVITY

The presentr invention concerns nuclentide
5 sgequences coding for a urease ' such as is expressnd
 npaturally in Campybolacter _pylori and its biological
applications, notably for the detection of C. pylori in
hunans or in the eaviroument. |
€. —pylori is a Graw-pegativc bacterium
10 heretofore found exclusively at the mucosa surface of
the antral xegion of 'the buman stomach, and wore
particularly around the lesions and craters of gastric
and duodenal ulcers. 25% of the popula.t ion are C.
pvlori carriecs: 8% present an ulcerous illness, 9%
18 sguffer from noaulcerous dyspepsia and 8% are
ssymptomat.ic carriers.
A1l the (.  pylori isolated and described
heretofore poussens the following three properties:
The badleria producde an eaxtremely active

20 urease.,
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ABSTRACT

NUCLEOTIDR SEQUENCES CODING FOR A PROTEIN WITH UREASE
ACTIVITY

The -invenr.ion relales to an immunoganie composition
c'ompris_tng all or part of amina acid sequenga (VIII) of
the urease, and to fLruymeuts (VI), (VIIT) and (X) of
the urease, and to a process for producing an
immunolégina'l complex between fragments and antibodies
which are formed against the protein with uredse

act ivity in €. Pvlori.

{(no figure) -



