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= POLYPEPTI DES The present invention relates to inmunogenic

USE I N THE COVPOSI TI ONS AND NUCLEI C ACI D SEQUENCES ENCCDI ng Igﬁ—

" for i nduci ng protective antibodies against Helicobacter spP.

i nfection. It .also relates to protelnaceoughnaterial derived from
Hel i cobacter, and to nucleic acid sequéences encodi ng t hem
Ant i bodi es to these proteinaceous materials are also. included in the

invention. ‘H pylori_is a nmicroorgani smwhich _infects huma
. IHMUNOGENIC COMPOSITIONS AGAINST KELICOBACTER

_ INFECTION, POLYPEPTIDES FOR USE IN THE COMPOSITIONS
- AND NUCLEIC ACID SEQUENCES ENCODING SAID POLYPEPTIDES

The present invention relates to immunogenic -
compositions for inducing protectivé antibodies
“against Helicobacter spp. infection. It also relates
to proteinaceocus material derived from Helicobacter,

and to nucleic acid sequences encoding them.
Antibodies to these proteinaceous materials are aléo
lncluded in the invention.

pylori is a mlcroorganlsm whlch infects human
gastric mucosa and is associated with active chronic
gastritis. It has been shown to be an aetiological
agent in gastroduodenal uléeration (Peterson, 1991)
and two recent studies have reported that persons
infected with H. pylori had a higher risk of
developing gastric .cancer (Nomura et 'al, 1991 ;
Parsonnet et al, 1991).

In __ vivo studies of the bacterium - and,
consequently, work on the development of appropriate
preventive or therapeutic agents has been severély
hindered by the fact that Helicobacter pvlori only
associates with gastric-type epithelium froﬁ very few
animal hosts, none of which are suitable for use as
laboratory models. |

A mouse model of gaStric colonisation has been
developed using a helical bacterium isolated from cat
gastric mucus (Lee et al, 1988, 1990) and identified
as a member of the. genus Helicobacter. It has been
named H. felis (Paster et al, 1990).

To date, only limited information éoncerning H.

fEliE and the extent of its similariti
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gastri cwue42690und i s associated with active chroni c gastri PCI/ERM/OES been
shown to be an aetiol ogi cal agent in gastroduodenal ul ceration (Peterson,
1991) and two recent studies have reported that persons infected with H
Pylori had a higher risk of developing gastric -cancer (Nonura et-
al; 1991 : Parsonnet et al, 1991). In vivo studies of t he
bacterium and, consequently, work on the gdevel opnent of -appropriate
preventive or therapeutic agents has been severely hindered by the fact

t hat Hel i cobact @i fFelrence®| ywdshoci Bt es pyilidripast disc- t gpaidpbillesl! i uthér om

very fe“’ani”alr23§%%if¥¥¥aé¥ gﬂécgoﬁgg:ﬂgéé¥”?o%oihgs%éﬁﬁlopment of

treatments for H. pylori infection is therefore

uncertain. Recentiy, it was shown that H. pvlori

urease is a protective antigen in the H. felis / mouse
model (Davin et al, 1993 ; Corthesy-Theulaz et al,
1993). o _

It is therefore an aim of the present invention

to provide therapeutic and preventive compositions for '
use in Helicobacter infection, which furthermore can
be tested in laboratory animals. |

It is known that H. pyvlori expresses urease
activity and that urease plays an important role in
bacterial colonisation and mediation of certain

pathogenic processes (Ferrero and lLee, 1991 ; Hazel et
al, 1991). . _ | '

The genes coding for the urease structural
polypeptides of H. pylori (URE A, URE B) have been
cloned and sequenced (Labighe et al, 1991 ; and French
Patent Application FR 8813135), as have the genes
coding' the ‘“accessory" .polypeptides necessary for
urease activity in H. pylori (International patent
application WO 93/07273).

Attempts have been made to use  nucleic acid
sequences from the H. pylori urease gene cluster as
probes to identify urease sequences in H. felis.
However, noné of these attempts have been successful.
Furthermore, the establishment and maintenance of H.
felis cultures in vitro is extremely difficult, and
the large quantities of nucleases present in the
‘bacteria complicates the extraction of DNA.

The present inventors have however, succeeded in
cloning < and sequencing the genes of the uréase
struétural 'polypeptides of H. felis, and of the
accessory polYpeptides. This has enabled, in the
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| abor at @icye4asdel S. A nouse nodel of gastric col oni sati on haPChERIIOEE2S| oped
. using a helical bacteriumisolated fromcat gastric nmucus (Lee et al, 1988,

1990) and identified as a nenber of the genus Helicobacter. It has been
“naned H felis (Paster et al, 1990). To date, only linmted information
concerning H felis and the extent of ita sinll”lniioc an-
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amino-acid sequence data for the H. felis ure gene

products with that for Helicobacter pylori, and a high
‘degree of conservation between the urease sub-units
has been . found. An immunological relationship between
the 2 ureases exists, and protective antibodies to
Helicobacter infection can be induced using the urease

sub-units or fragments thereof as immunogens.

Indeed, to elucidate the efficiency of individual
urease subunits to act as mucosal immunogens, the
'genes encoding the respective urease subunits (Urea
and. UreB)  of Helicobacter pylori and Helicobacter

felis have been cloned in an expression vector (pMAL),

and expressed in Escherichia coli cells as
translational fusion _proteins. The recombinant Urea
and UreB proteins have been purified by affinity and
anion exchange chromatography techniques, and have
predicted molecular weights of approximately 68 and
103 kDa, respectively. Western blotting studies
indicated that the urease components of the fusion
proteins are strongly immunogenic. and are specifically
recognized by polyclonal rabbit anti-Helicobacter
sera. Orogastric immunization of mice with 50 pg of
recombinant H. felis UreB, administered in
combination with a mucosal adjuvant (cholera toxin),
protected 60 % (n=7 ; p < b.005) of mice from
gastric'colonization by H. felis bacteria at over 4
months. This compared with a value of 25 % (n = 8 ;
p > 0.05) for the heterologous H. pylori UreB antigen.
For the first time, a recombinant subunit antigen has
been shown to induce an immunoprotective response
against gastric Helicobacter infection.

The inventors have "also identified, in the
context of the invention, new Heat Shock Proteins or
chaperonins, in Helicobacter, which have an enhancing
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WO 94/ 260D 94/26901 PCT/ EPFATTHHRP491625
differences with H pylori, Is avail able. The reliability of the
nouse nodel for the devel opnent of treatnents for H Pylori infection is
therefore uncertain. Recently, it was shown that H pylori urease is a
protective antigen in the H felis / nouse npdel (Davin et al, 1993 ;
Corthesy-Theulaz- et al, 1993). It is thergfore an aimof the present

invention to provide therapeutic and preventive conpositions for )
effect on urease activity. Use of the chaperonins in

an immunogenic composition may induce therefore an
enhancement of protection. '

Indeed, the genes encoding each of the HspA and
HSpB polypeptides of Helicobacter pylori have been
cloned, expressed independently as fused proteins to
the Maltose-Binding-Protein (MBP), and purified on a

large scale. These proteins have been used as
recombinant antigens' to immunize rabbits, and in
Western immunoblotting assays as well as ELISA to
determine their immunogenicity in patients infected
with HP (HP+). The MBP-HspA and MBP-HspB fusion
proteins have been shown to retain their antigenic
properties. Comparison of the humoral immune response
agéinst. HspA and/or HspB in (HP+) patient sera
demonstrated that not only HspB but also HspA was
recognized by (HP+) patient sera (29/38 and 15/38,
respectively). None of the 14 uninfected patients had
~ antibodies reacting with the Hsps. '

The present invention concerns an immunogenic
'compositipn capable of inducing antibodies against
Helicobacter infection characterised in that it
comprises : |

i) at least one sub-unit of a urease structural
polypeptide from Helicobacter pylori, or a fragment
thereof, said fragment being recognised by antibodies
reacting with Helicobacter felis urease, and/or. at
least one sub-unit of a urease structural polypeptide
from Helicobacter felis, or a fragment thereof, said
fragment being fecognised by antibodies reacting with
Helicobacter pylori urease ; |

ii) and/or a Heat Shock protein (HSP), or
chaperonin, from Helicobacter, or a fragment of said
protein. | | '
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use in Helo sedsser er i nfection, which. furthernore can be tesP&d/ER4/01625

| aboratory animals: It is known that H pylori expresses urease activity

~and that urease plays an inportant role in bacterial colonisation and
medi ati on of

et al,

pyl ori

1991).

The-.genes coding for the urease structural
(URE A, URE B) have been cloned and gequenced (Labigne et al, 1991

certai n pathogeni c processes (Ferrero and Lee, 1991

and French Patent Application FR 8813135), as have the genes coding the
"accessory” polypeptlﬂmsferabiyary tbe ureamanmgﬂnAQ3/|GOM§OS%Mxmm is

.(Internatlonal P&iSille of inducing protective antibodies.

According to a preferred embodiment, the

. immunogenic composition of the invention contains, as

the major active ingredient, at least one sub-unit of

a urease structﬁral polypeptide from Helicobacter

pylori and/or Helicobacter felis. The expression

"urease structural polypeptide" signifies, in the
context of the present invention, the enzyme of
Helicobacter pvlori or Helicobacter felis probably a

major surface antigen composed of two repeating.

monomeric sub-units, a major sub-unit (product of the
ure B gene) and'a minor sub-unit, product of the ure A
gene and which, when complemented by the presence of
the products of the acceésory genes of the urease gene

cluster, are responsible for urease activity i.e. the'

hydrolysis of urea to liberate NH,” in the two
Helicobacter species. It is to be understood that in
the absence of the a¢cessory gene products, the urease
structural polypeptides do not exhibit enzymatic
activity, but are recognised by antibodies reacting
with H. felis or H. pylori urease.

The term "immunogenic composition" signifies, in
the context'of'the invention, a composition comprising
a major active ingredient as defined above, together

with any necessary ingredients to ensure or to.

optimise an immunogenic response, for example
adjuvants, such as mucosal adjuvant, etc... :
The Helicobacter pylori urease structural

polypeptide has been described and sequenced by
Labigne et al, 1991. The polypeptide described in this
paper is particularly appropriate for use in the

composition of the ©present .invention. However,

variants showing functional homology with this
published sequence may be used, which comprise amino-
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appl i catwor4a69993/ 07273) . Attenpts have been nade to use- nRELEBSURI6E
sequences fromthe H Pylori urease gene cluster as probes to identify
urease sequences in H felis. However, none of these attenpts have been
successful. Furthernore, the establishnment and mai ntenance of H felis
cultures in vitro-is extrenmely difficult, and the large quantities of
nucl eases present: in the bacteria conpllcates the extraction of DNA. The
present inventors have however, succeeded i,n cloning and sequenC|ng t he

genes of the QﬁhéséuﬁﬁﬁARQFkﬂnspop?ééﬁﬂﬂﬂi;°5flq$er?%9?% PEgyddesd
t he accessory p%r}{i‘@p“ﬁ?é Tﬂhﬁuﬁ@§o§ﬂ@bhﬁ‘d chirbbteristics . of the

polypeptide in so far as its cross-reactivity with
anti-Helicobacter felis urease antibodies is
concerned; are maintained. Generally speaking, the
polypeptide variant will show a homology of at least
75% and preferably about 90% with the included
sequence. ' _

‘A fragment of the Helicobacter pvlori urease
structural polypeptide may also be wused in the
immunogenic composition of the invention, provided
that the fragments are recognised by antibodies
reacting with Helicobacter felis wurease. Such a
fragment will generally be comprised of at least 6
amino-acids, for example, from 6 to 100 amino-acids,
preferably about 20-25. Advantageously, the fragment
carries epitqpes unique to Helicobacter.

Nucleic acid and amino-acid seqﬁences may be
- interpreted in the context of the present invention by
reference to figure_s 11 and 12, showing the genetic
code and amino-acid abbreviations respectively.

" The Helicobacter _ felis  urease structural
polypeptide suitable for use in the present invention
is pfeferebly that encoded by part of the plasmid
pILL205 (deposited at the CNCM on 25th August 1993,
under number : CNCM I-1355), and whose amino-acid
sequence is shown in figure 3 (sﬁbuhits A and B).

-Again, a variant of this polypeptide comprising
amino-acid substitutions, deletions or insertions with
- respect to the flgure 3 sequence may be used provided
that the lmmunologlcal cross-relationship with
Helicobacter pylori urease is maintained. Such a
variant normally exhibits at least 90 ¥ homology or
1dent1ty with the figure 3 sequence. An example of
such variants are the urease A and B sub-units from

——————

— e —.
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PCTI EP94/ 01625 3 context of the invention, the conparison of the am no-acid
sequence data for the H felis ure gene products with that for Helicobacter
pylori, -and a hi gh degree of conservation, between the urease sub-units has
been found. An inmunol ogical relationship between the 2 ureases exists,

and. protective antibodies to Helicobacter 7nfection can be induced using

t he urease ) . .. ) _
Helicobacter heilmannii (Solnick et al, 1994), shown

to have 80 % and 92 % identity with the H.. felis
urease A and B sub-units, respectively.

Fragments of this urease or variants may be used
in the immﬁnogenic composition provided that the
fragments are recognised by antibodies reacting with
Helicobacter pylori urease. Again, the length of such
a fragment is usually at least 6 amino-acids, for
example from 6 to 100, preferably about 20 to 25.
Preferably, the fragment carries epitopes unique to

Helicobacter.

If variants or fragments of the native urease
sequencés are employed in the immunogenic composition
of ‘the invention, their cross-reactivity with
antibodies feacting: with .ﬁrease from the other
Helicobacter species can be tested by contacting the
fragment or the variant with antibodies, preferably:
polyclonal raised to either the native or .the_

' recombinant urease or, alternatively, to whole
Helicobacter. ?referably, the variants and fragments
give rise to antibodies which are also capable of
reacting with H. heilmannii urease. Cross protection
to infection by H. heilmannii is therefore also
obtained by the immunogenic composition of the
invention. I ' |

The use of fragments of the urease structural
genes is particularly preferred sincé the
immunological properties of the whole polypeptide may
be conserved whilst minimizing risk of toxicity.

The active component of the immunogenic
composition of the invention may be comprised of one
sub-unit only  of the 'urease structural polypeptide,
that is either sub-unit A or sub-unit B products of
the ure A and ure B genes respectively. Compositions
comprising only the urease sub-unit Ure B, of either
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sub- uni YO 8326¥hgnent s thereof as i munogens. |Indeed, to el PETHRRISO0162S
efficiency of individual urease subunits to act as nucosal i|Imunogens, the
genes encodi ng the respective urease subunits (UreA and. UreB) of

Hel i cobacter pylori and Helicobacter felis have been cloned in an

- expression vector (pMAL), and  expressed I n Escherichia coli cells
as transl ational fusion proteins. The recombi nant UreA and UreB proteins

have been purified by affinity and ani on exchange chromat ography _

t echni ques, andﬂhas&‘é[é?-’ekii Efeémﬁﬁi&-ﬁar %i&ﬂ?gaBFsarﬁﬂ%x FRCEIentSs ansd

103 kDa,  respaekiiyielly. abovest eare Raditiicid arist UdRantuhéated thaket he

urease CO”pO“engie%ErEQ% fggécnkomologous systems wherein the urease
sub-unit particularly sub-unit B, is derived from the
organism against which protection is.sought; e.g. H.
felis sub-unit B against H. felis infection. However,
the composition may contain both A and B .sub-units,
which are normally present as distinct polypéptidés.
However, it is possible, when the polypeptide is
produced by recombinant means, to use a fusion protein
comprising the entire sequences of the A and B gene
products by the suppressidn of the stop-codon
separating the two adjacent coding sequences.

The urease component of the immunogenic

composition, whether sub-unit A or sub-unit B, may be
_used in the form of_translétional fusion proteins, for
example with the Maltose-Binding-Protein (MBP). Other
suitable fusions are exemplified in International
Patent Application WO 90/11360. Another example of a
suitable fusion protein is the "QIAexpress" system

- commercialised by QIAGEN, USA, which allows the 6xHis
tag sequence to be placed at the S§' or 3' end of the
protein coding sequence. The use of the active
ingredients in the form of fusion proteins is however,
entirely optional.

According to a further preferred embodiment, the
immunogenic composition of the invention may comprisé
in addition to or instead of the urease structural
polypeptide defined above, a Heat Shock Protein also
known as a "chapefonin" from Helicobacter. These
chaperonins have been elucidated-by the inventors in
the context of the present invention. Preferably, the
chaperonin is from Helicobacter pylori. Such an HSP
may be the urease-associated HSP A or HSP B or a.

mixture of the two, having the amino-acid sequence

This Sheet Has Been Reilaced

AR




pr ot ei nswarsa/2s8grongl y i mmunogeni ¢ and are specifically recogPCEHERI4/ORE2S
pol yclonal rabbit
with 50 gg of reconbi nant H felis Ur eB, adm ni st ered in

conbination with a nucosal adjuvant (cholera toxin), protected 60 % (n =

7 ;- p < 0.005)

- of -
at over 4 nonths.

anti-Helicobacter sera. Orogastric i munization of mce

mce fromagastric colonization by H felis bacteria

This conpared with a valug of 25 %(n =8 ; p > 0.05) for
t he heterologous H pylori UeB antigen. For the first tinme, a reconbi nant.

subuni t anti gen ilasstmteshowint o fiigeree a6. | Nhespr otpsrkypeptiédesnsare

. agai nst gastrlc
“identified,

'@n&d“é@aﬁ§e':tﬂenf§fééﬂi'd EEiLG'B@Ie(Hé’;5551Q§&e a'@l ERCM on
25th August 1993, under number ¢  CNCM 1I-13586).
Particularly preferred is the H. pylori HSP-A protein,
either alone or in combination with Hsp-B.

It is 5150 possible to use, as HSP component,
according to the ihvention, a polypeptide variant in
which amino-acids of the figure 6 sequence have been
replaced, inserted or deleted, the said variant
normally exhibiting at least 75 %, and preferably at
least 85 % homology with the native HSP. The variants
preferably exhibit at least 75 %, for example at least
85 % identity with the native Hsp.

‘The variants may further exhibit functional
homology with_the.native polypeptide. In the case of
the HSP components, “funétional homology" means the
capacity to enhance urease activity in a micro-
organism capable of expressing active urease, and/or
the capacity to block infection by Helicobacter,
particularly H. felis and H. pylori. The property of
enhancing urease activity may be tested using the
quantitative urease activity assay described below in
the examples. Fragments of eithér or both of the HSP A

~and HSP B polypeptides preferably having at least 6

amino-acids, may be used in the composition. The .
fragments or variants of the HSP component used in the
immunogenic composition of the invention are
preferably capable of generating antibodies which
block the urease enhancing effect normally exhibited
by the HSPs. This property is also tested using the
quantitative assay described in the examples. The
presence of the chaperonins in the composition

enhances the protection against Helicobacter pylori
and felis. '

I

S ————
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cont ext WO 4% hventi on, new Heat Shock Proteins or chaper oRFREPIFQR162S
Hel i cobacter, which have an enhancing rhis Sheet Has Been Repl aced
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PCT/ EP94/ 0162' 4 effect on urease activity. Use of the chaperoning in an
I munogeni ¢ conposition may induce therefore an enhancenent of protectlon
Indeed t he genes  encodi ng each of the HspAcand

The Hsp component of the immunogenic composition,
" whether HspA or HspB can be used in the form of a
translational fusion protein, for example with the
Maltose-Binding-Protein (MBP). As for the urease
component, other suitable fusion partners are
described in International Patent Application WO
90/11360. The "QIAexpress" system of QIAGEN, USA, may
also be used. Again, the use of the proteins in the
form of fusion proteins is entirely optional.

. According to the invention therefore the
immunogenic composition may comprise either a urease
structural polypeptide as defined above, or a
Helicobacter Hsp, particularly HspA or a combination
of these immunogens. _

Aécording to a preferred embodiment, the
immunogenic composition comprises, as  urease
component, both . the A and B sub-units of both
Helicobacter felis (i.e. without H. pylori urease)
together with the HSP A and HSP B of Helicobacter
pylori. Alternatively, the A and B sub-units of the
Helicobacter felis urease may be used together with
those of H. Exléri, but without chaperonin component.

The immunological cross-reactivity between the
ureases of the two different Helicobacter species
enables the use of one urease only in the composition,
prefe:ably that of Helicobacter felis. The protective
antibodies induced_by'the'common epitopes will however
be active against both Helicobacter pylori and
Helicobacter felis. It is also possible that the
composition induce protective antibodies to other
species of Helicobacter, if the urease polypeptide or
fragment carries epitopes occuring also on those other
species. »

The composition of the invention is

advantageously used as an immunogehic composition or a

This Sheet.Has Been Reilaced




HspB poWh¥iR6Mes of Hel i cobacter pylori have been cloned, ®CFERI4HHE25

i ndependently as fused proteins to the Mltose-Binding-Protein (MBP), and
purified on a large scale. These proteins have been used as

reconbi nant antigens to imunize rabbits, and in Western inmmunoblotting
assays as well as ELISA to determine their imunogenicity in patients
infected with HP (HP+). The MBP-HspA and NBP-HspB fusion proteins have been
shown to retain their antigenic properties. Conparison of the hunoral

i mrune responseaEings: Mogethen/ owithspBphygiolpgiralyat i ecceptatde

g:mz;rgg ed E%%@lfa% 15/5%5&3 b”&aﬂéé’rgb?p‘aﬂ@? "e68e2bhad 13, (HRiven

' adjuvants, haptens, carriers, stabilizers, etc.
Suitable adjuvants include muranmyl dipeptide (MDP),
complete and incomplete Freund's adjuvants (CFA and
IFA) and alum. The vaccine comp051tlons are normally
formulated for oral administration.

The vaccines are preferably for use in man, but
may also be administered in non~-human animals, for
example for vetinary purposes, or for use in
laboratory animals such as miee, cats and dogs.

The immunogenic compositions injected into
animals raises the synthesis in vivo of specific
antibodies, which can be used for therapeﬁtic'
purposes, for example in pa551ve immunity.

The invention also relates to the protelnaceous
materials used in the immunogenic composition and to
proteinaceous material encoded by the urease gene
clusters other than the A and B urease structural
sub-units. "Proteinaceous material" means'any molecule
comprised of chains of amino-acids, eg. peptides,
polypeptides or proteins, fusion or mixed proteins

" (i.e. an association of 2 or more proteinaceous
materials, all or some of which may have immunogenic
or immunomodulation properties), either purified or in
a mixture with other proielnaceous or non-
proteinaceous material. "Polypeptide" signifies a
chain of amino-acids whatever its length and englobes
the term "peptide". The term "“fragment" means any
amino-acid sequence shorter by at least one amino-acid
than the.parent sequence and comprising a length of
amino-acids e.g. at least 6 residues, consecutive in
the parent sequence.

The peptide sequences of the invention, may for
example, be obtained by chemical synthesis, using a
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respect W@Sy/26%0klone of the 14 uninfected patients had anti b SHTEPI IS, ng
with the Hsps. The present invention concerns an i nmunogenic conp05|t|on

capabl e of |ndu0|ng anti bodi es agai nst Helicobacter infection
characterised in that it conprises : i) at |least one sub-unit of a
urease structural -polypeptide from Helicobacter pylori, or a fragnent
thereof, said fragment being recognised bylanti bodies reacting with
Fbllcobacter felis urease, and/or at | east one s%;tnnt of g urease

structural pol ybephndguer orsWehi céFact Bhef eMeTTifielq | JERERPLEANS e0fNdsai d
fragment being E?ﬁ%ﬁ@bi@@rbYGénttQ@dlQ?péﬁﬂadmmkﬂwidllsed by Applied

Biosystems. .

In particular, the invention relates to
proteinaceous material characterised in that it
comprises at least one of the Helicobacter felis

polypeptides encoded by the urease gene cluster of the
plasmid pILL205 (CNCM I-1355), including the
structural and accessory urease polypeptides, or a
polypeptide having at least 90 % homology with said
polypeptides, or a fragment thereof. Of particular
inﬁerést are the gene products of the ure A and ure B
genes,' as illustrated in figure 3, or a variant
thereof having at least 90 % homology or a fragment
‘having at least 6 amino-acids. The fragments and the
variants are recognised by antlbodles reacting with
Hellcobacter gzlorl urease.

Amongst the polypeptides encoded by the accessory
genes of the urease gene cluster, is the gene product
of ure I, as iliustrated in figure 9, which also forms
-part of the invention. Also included is a variant of
the ure I product having at least 75 % homology,
preferably at least 85 %, or a fragment of the gene
product or of the variant having at least 6 amino-
acids. The variant preferably has the capacity to
activate the ure A and ure B gene products in the
presence of the remainiﬂg urease accessory gene
products. This functional homology can be detected by
using the following test : 10° bacteria containing the
ure I gene product variant are suspended in 1 ml of
urea-indole medium and incubated at 37° C. The
hydrolysis of the urea 1leads to the release of
ammonium, which increases pH and induces a colour
change from orange to fuscia-red. The observation of
such a colour change demonstrates that the variant of
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Hel i cobawDed/269610ri urease ii) and/or a Heat “Shock pr ot BCU/EPO#IBIRS oOr
chaperonin, from Helicobacter, or a fragnent of said protein. This Sheet
Has Been Repl aced WO 94/26901 _
PCT/ EP94/ 01625 5 Preferably, t he I mmunogeni c conposi tion i s capabl e
of inducing protective anti-bodies. According to a preferred
enbodi nent , the 13 _
the ure 1I gene product under test is capable of
activating the ure A and B gene products.

It is also possible that a fragment of the ure I
gene product, if it has a length of, for example, at
least 70 or 100 amino-acids, may also exhibit this
functional homology with the entire polypeptide.

The fragments of ure ure I polypeptide or of the
variant preferably are capable of inducing the
formation of antibodies which block the urease
maturatlon process. In other words, the fragments bear
epitopes which play a dec151ve role in the interaction
between the ure I and ure A / ure B gene products.

The invention also relates to the proteinaceous
material comprising at least one of the Heat Shock
Proteins or chaperonins of Helicobacter pvlori or a
fragment théreof. Particularly preferred are the HSP A
and HSP B polypoptides as illustrated in figure 6 or a
polypeptide having at least 75 %, and preferably at
least 80 or 90 %, homology or'idehtity with the said
polypeptide. A particularly preferred franent of the
Helicobacter pvlori HSP A polypeptide is the c-
terminal sequence :

GSCCHTGNHDHKHAKEHEACCHDHEKEKH

or a sub-fragment of this sequence having at least 6
consecutive amino-acids. This C-terminal sequence is
thought to act as a metal binding domain allowing
binding of, for example, nickel. _

The proteinaceous material of the invention may
also comprise or consist of a fusion or mixed protein
including at least one of the sub-units of the urease
structural polypeptide of H. pylori and/or of K.
felis, or fragments or variants thereof as defined
above. Particularly preferred fusion proteins are the
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| MMUNOORKY g4/59¢P0si tion of the invention contains, as the nBfUEPIM0IRE

i ngredi ent, at |east one sub-unit of a urease structural polypeptide from

Hel i cobacter pylori ‘and/or Helicobacter felis. The expression "urease

structural polypeptide" signifies, in the context of the present invention,

the enzyne of Heli-cobacter pylori or Helicobacter felis probably a nmgjor

- surface antigen conposed of two repeating fpnoneric sub-units, a major
sub-unit (product of the ure B gene) and a m nor sub-unit, product of the

ure A gene and mhich rhsiofonpretenhed dwdt [GFIAsxprese adystemproasiién of

the accessory 9encs e ot AEAPS BERS Ld'ShEkaiTe "GSOO0S B "Aa 10575
or mixed protein may include, either instead of in
addition to the urease sub-unit, a Heat Shock Protein,
or fragment or variant thereof, as defined above.

The invention also relates to monoclonal or
polyclonal antibodies to the proteinaceous materials
described above. More particularly, the invention
‘relates to antibodies or fragments thereof to any one
of the Helicobacter felis polypeptides encoded by the

urease gene cluster of the _plésmid pILL205 (CNCM
I-1355) including the structural and accessory urease
polypeptides that is, structural genes ure A and ure B
and the accessory genes known as ure C, ure D, ure E,

ure F, ure G, ure H and ure I. The antibodies may also
'be directed to a polypeptide having at 1least 90 %
homology with any of the above urease polypeptides or
to a fragment thereof preferably having at least 6
amino-acids. The antibodies of the invention may
-specifically recognise Helicobacter felis polypeptides
expressed by the urease gené cluster. In this case,
the epitopes recogniéed by the antibodies are unique
to Helicobacter felis. Alternativelyf the antibodies
may include or consist of antibodies . directed to
epitopes common to Helicobacter  felis urease
polypeptides and to Helicobacter pvlori |urease
polypeptides. If the antibodies recognise the
accessory gene products, it is  particularly
advantageous that they cross-react with the
Helicobacter pvlori accessory gene product. In this
way, the antibodies may be used in therapeutic
treatment of Helicobacter pylori infection in man, by .
blocking the urease maturation process.
Particularly preferred @ antibodies of . the
~invention recognise the Helicobacter felis ure A
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hydr ol wsbSar2801 Urea to liberate [err] in the two Hel PCDIE®S4/81625
speci es. It Is to be understood that in the absence of the accessory gene
products, the urease structural polypeptides do not exhibit enzymatic
activity, but are recognised by antibodies reacting with H felis or H

pyl ori urease. The term "immunogeni c conposition" signifies, in the context
of the invention, a conposition conprisingga maj or active ingredient as
defined above, together with any necessary ingredients to ensure or

to optimse @hd/dfnmgsngéne pespasts, thay i=exdmpl R adiupanreaswuch
2»[5 rlrjnétc 8?:: ad| uvantdnfésc. Adtlrantal_clgeel.é\f cibacter soé/ | Oantlb"gf“aesse also

cross-react with the Helicobacter pylori A and B

urease sub-units, but do not cross-react with other
ureolytic bacteria. Such antibodies may be prepared
against epitopes unigque to Helicobacter (see figure
4), or alternatively, against the whole polypeptides
followed by screening out of any antibodies reacting
with other ureolytic bacteria.

The invention also concerns monoclonal or
polyclonal antibodies to the HSPs or fragments
thereof, particularly to the HSP A and/or HSP B
protein illustrated in figure 6. Polypeptides having
at least 75 %, and preferably at least 80 %, or 90 %
homology with the HSPs may also be used to induce
antibody formation. These antibodies may be specific
for the Helicobacter pylori chaperonins or,
alternatively,' they may cross-react with GroEL-like
proteins or GroES-like proteins from bacteria other
than Helicobacter, depending upon the epitopes
recognised. Figure 7 shows the homologous regions of
HSP A and HSP B with GroES-like proteins and GroEL-
like proteins respectively from various bacteria.
Particularly preferred antibodies are those specific
for either the HSP A or HSP B chaperonins or those
specifically recognising the HSP A C-terminal sequence'
having the metal binding function. Again, use of
specific fragments for the induction of the antibodies
ensures production of Helicobacter-specific anti-
bodies.

The antibodies of the invention may ‘be prepared
using c1a551cal techniques. For example monoclonal
antibodies may be produced by the hybridoma technique
or by known techniques for the preparation of human
antibodies, or by the technique described by Marks et
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pol ypepWa@le4/26991 been descri bed and sequenced by Labi gne et

FCT/AM™AM162Ehe

pol ypepti de described in this paper is particularly appropriate for use in

the conposition of the present i nventi on. However,

vari ants

showing functional honology wth this published sequence may be used,

~which conprise ami no- This Sheet Has Been Repl aced [err]

WO 94/ 26901

PCT/ EP94/ 01625 6 16

al (Journal of Molecular Biology, 1991, 222,
p 581-597). |

The invention also includes fragments of ahy of
the above antibodies produced by enzyme digestion. Of
particular interest are the Fab and F(ab'), fragments.
Also of interest are the Facb fragments.

‘The invention also relates to purified antibodies
or serum obtained by immunisation of an animal, e.g. a
mammal, with the immunogenic composition, the
proteinaceous material or fragment, or the fusion or
mixed protein of the invention, followed by
purification ©of the antibodies or serum. Also
concerned is a reagént for the in vitro detection of
H. pylori infection, containing at 1least these
antibodies or serum, optionally with reagents for
labelling the antibodies e.g. anti-antibodies etc.

The invention further relates to nﬁcleic acid
Sequences coding for any of the above proteinaceous
materials including peptides. In particular, the
invention relates to a nucleic acid sequence

-characterised in that it comprises :

i) a sequence coding for the Helicobacter felis
urease and accessory polypeptides as defined above,

and a sequence coding for the HSP of H. pylori as
defined above ;

or ii) a sequence complementary to sequence (i) ;

or iii) a sequence capable of hybridizing to

sequenée (i) or (ii) under stringent conditions ;

or iv) a fragment of any of sequences (i), (ii) or

(iii) comprising at least 10 nucleotides. _
Preferred nucleic acid sequences are those

comprising all or part of the sequence of plasmid

PIL205 (CNCM I-1355), for example the sequence of

Figure 3, in 'particula: that coding for the gene

product of ure A and for ure B or the sequence of
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aci d suM& p4/2a90bns, del etions or insertions provided that PRCOT&EP401625

i mmunol ogi cal characteristics of t he polypeptide in so far as its
cross-reactivity with anti-Helicobacter felis ur ease ant i bodi es
i s concerned, are maintained. Cenerally speaking, the polypeptide variant
wi |l show a honol ogy of at |east 75% and preferably about 90% with the
~included sequence. A fragnment of the kgl i cobacter pylori urease
structural polypeptide may also be used in the imu l@genlc conposi tion of

the invention, Riruteldd (Une I)heori paGagmencesreapakltegafsbybridising
antibodi es reaclifyy Phibe HebltenReL ulddst SstrsAgentSEdhditions, or a

seguence complementary to . these sequences, or a
fragment comprising at least 10 consecutive
nucleotides of these sequences.

Other préferred sequences' are those comprising
all or part of the sequencé of plasmid pILL689 (CNCM
I-1356), for example the sequence of figure 6, in
particular that coding for HSP A and/or HSP B, or a
sequence complementary to this seQuence, or a sequence
capable of  hybridizing to this sequence under
stringent conditions, or a'fragment thereof.

High stringency hybridization conditions in the

. context of the invention are the following :

- 5 x SSC ; | |

- 50 % formamide at 37°C ;

or _
- 6 x SSC ;

- Denhard medium at 68°C.

The sequences of the invention also include those
hybridizing to any of sequences (i), (ii)- a'nd_ (iii)
defined above under non-stringent' conditions, that
is : '

- 5 x SSC ;

- 0.1 % SDS ;

- 30 or 40 % formamide at 42°C, preferably 30 %.

' The term “complementary sequences" in the context
of the invention signifies "complementary" and
"reverse" or "inverse" sequences. |

The nucleic acid sequences may be DNA or RNA.

The sequences of the invehtion may be used as
nucleotide probes in association with appropriate
labelling means. Such means include radio-active
isotopes, enzymes, chemiqal or chemico-luminescent
markers, fluoro¥chromes, haptens, or antibodies. The
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f ragmentwoielesgeneral | y be conprised of at |east 6 am no- acirdI/EPSar0162s
exanple, from6 to 100 am no-acids, preferably about 20-25. Advantageously,
the fragnent carries epitopes unique to Helicobacter. Nucleic acid and

am no-aci d sequences may be interpreted in the context of the present

i nvention by reference to figures 11 and 12, showi ng the genetic code and
am no-aci d abbreviations respectively. Theqg - [err] felis urease
structural polypeptide suitable for use in the present invention is
preferably that markedsd byypaptivndXiey pbasnfiiked L it205a ( depldsi t edppbrthe

CNCM on 25t h Au%u§1e¥§%§1 (ﬂieﬂbégﬁi,: §»5§¥Lié§égl’ and mhpse am no-acid
As a preferred marker, radio-active phosporous
(3P) is incorporated at the 5'-end of the probe
sequence. The probes of the invention comprise any
fragment of the described nucleic acid sequences and
may have a 1length .for example of at 1least 45
nucleotides, for example 60, 80 or 100 nucleotides or
more. Preferred probes are those derived from the ure
A, ure B, ure I, HSP A and HSP B genes.
The probes of the invention may be used in the in

[} ' vitro detection of Helicobacter infection in a
biological sample, optionally after a gene

amplification reaction. Most advantageously, the
probes are used to detect Helicobacter felis or
Helicobacter_gxlorl, or both, depending on whether the
sequence chosen as the probe is specific to one or the
other, or whether it can hybridise to both. Generally,
the hybridisation conditions are stringent in carrying
out such a detection. _ _

The invention also relates to a kit for the in
_vitro detection of Helicobacter infection,
characterised in that it comprises :

\) - a nucleotide probe according to the invention,
. as defined above ;
' - an appropriate medium for carrying out a
hybridisation reaction between the nucleic acid of
Helicobacter and the probe ; _ |
- reagents for the detection of any hybrids
formed.
The nucleotide sequences of the invention may
also serve as primers in a nucleic acid amplification
reaction. The primers normally comprise at least 10
consecutive nucleotides of the sequences described
above and preferably at least 18. Typical lengths are
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sequencavO 84R68tn in figure 3 (subunits A and B). Again, a VRCT/EP4/0162% hi s
pol ypepti de conprising am no-acid substitutions, deletions or insertions
with respect to the figure 3 sequence may be used provi ded t hat t he
i mmunol ogi cal cross-relationship wth [err] urease is maintained. Such
a variant normally .exhibits at |east 90 % honol ogy or identity wth the
figure 3 sequence. An exanple of such variggits are the urease A and B
sub-units from This Sheet Has Been Repl aced [err]

: from 25 to 30 and may be as high as 100 or more

consecutive nucleotides. Such primers are used in
pairs and are chosen to hybridize with the 5' and 3'-
ends of the <fragment to be amplified. Such an
amplification reaction may be performed using for
example  the PCR technique (European patent
applications EP200363, 201184 and 229701). The Q--
replicase technique (Biotechnoloqy, vol. 6, Oct. 1988)
may also be used in the amplification reaction.
The invention also relates to expression vectors
characterised in that they contain any of the nucleic
P! acid sequences of the invention. Particularly
preferred expression vectors are plasmids pILL689 and
PILL205 (CNCM I-1356 and CNCM I-1355, respectively).
The expression vectors will normally contain suitable
promoters, terminators and marker genes, and any other
regulatory signals necessary for efficient expression.
The invention further relates to prokaryotic or
~ eukaryotic host cells stably transformed by the
nucleic acid sequences of the invention. As examples
of hosts, mention may be made of higher eukaryotes
such as CHO cells and cell-lines ; yeast, prokaryotes
inéluding bacteria such as E. coli e.g E. coli HB 101
: } i Mycobacterium tuberculosum ; viruses including
baculovirus and vaccinia. Usually the host cells will
be transformed by vectors. However, it is also
possible within the context of the invention, to
insert the nucleic acid sequences by homologous
recombination, using conventional techniques. -
By'cultu:ing the Stdbly transformed hosts of the
inventien, the Helicobacter urease polypeptide
material and, where applicable, the HSP material can
be produced by recombinant means. The recombinaht
proteinaceous materials are then collected and
purified. Pharmaceutical compositions are prepared by
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WO 94/
Hel i cobact er
identity with

provi ded that the-fragnments are recogni sed by antibodies reacting with

Again, the length of such $%fragnent Is usually at |east 6
for exanple from6 to 100, p

[err] urease.

am no-aci ds,

PCT/ EPPETOEPIIR1§2S

1 . : |
’r?el | mnnii (Solnick et al, 1994), shown to have 80 % and 92

%

the [err] urease A and B sub-units, respectively. Fragnents
of this urease or variants nmay be used in the inmunogeni c conposition

ferably about 20 to 25.

Preferably, thgohbdfiRE! e | Secutb DSt Unhateridls with suitable

excipients, adjuvants and optionally, any other
additives such as stabilizers.

The 1nvent1on also relates to plasmids pILL920
(deposited at CNCM on 20.07.1993, under accession
number I-1337) and pILLS27 (CNCM I-1340, deposited on
20.07.1993) constructed as described in the examples
below.

Different asgects of the invention are illustrated in
the figqures : o

Pigure 1 :
Transposon mutagenesis and sequencing of pILL20S.

Linear restriction maps of recombinant cosmid pILL199.

and recombinant plasmid pILLZOS (and the respective
scale markers) are presented. _Numbers in parentheses
-indicate the sizes bf H.felis DNA fragments inserted
into one of the cloning vectors (pILL575 or pILL570,
respectively). The "plus" and "minus" signs within
circles correspond to the insertion sites of the
MiniTn3-Km transposon in pILL205 ; “plus" signs
indicate that the transposon did not inactivate urease
expression, whereas negative signs indicate that
urease expression was abolished. The letters refer to
mutant clones which were further characterised for
quantitative urease activity and for the synthesis of
urease gene products. The location of the structural
urease genes (ure A and ure B) on pILL205 are
represented by boxes, the lengths of which are
proportional to the sizes of the respective open-
réading frames. The arrows refer to the orientation of
transcription. The scale at the bottom of the figure
indicates the sxzes (xn kilobases) of the HindIII and
Pstl restrlctlon fragments. Restriction sites are
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Hel i cobgygt saréoerf variants or fragnents of the native ureasePCERPIMOIESare
enpl oyed in the i munogeni ¢ conposition of t he I nventi on, their
cross-reactivity with antibodies reacting with urease from the

ot her Hel i cobacter species can be tested by contacting the fragnment or the
variant with anti bodi es, preferably polyclonal raised to either the
native or the reconbinant urease or, gflternatively, to whole
[err]. Preferably, the variants and fragments give rise to antibodi es which
are-al so capabl reptesentedn@asi fblhiowseid nBaniBanikase. PG oPyuIidotsecBgpn to

I nfection by Elgn?el I r?nnﬂ:op&s tl_?er?l ?ﬁﬁIIal-soc claI ; Ps, PstI.
Letters within parentheses indicate that the sites
originated from the cloning vector.

riguze 2
Western blot analysis of whole-cell extracts of
E. col:. HB101 cells harbouring recombinant plasmids
were reacted with rabbit polyclonal antiserum (diluted
1:1, 1000) raised against H. felis bacteria. A)
extracts were of E. coli cells harbouring : 'plasmid
vector pILL570 (lane 1) : recombinant plasmid pILL205
(lane 2) .; and pILL205 derivative plasmids disrupted
in loci ®a%“, wp", ugn wgr, and new (lanes 3-7). B)
Extracts were of E. coli cells harbour:.ng :
recombinant plasmid pILL'753 conta:.n:.ng the H. pylori
ure A and ure B genes (Labigne et al., 1991) (lane 1)
; and pILL205 derivative plasmids disrupted in 1loci
wEn, o ongn - wpe ‘and "i® (lanes 2-5). The small .arrow
heads 1nd1cate polypept:.des of approximately 30 and 66
kiledaltons which represent putative Ure A and Ure B
gene products of H. felis. The large arrow heads in
' penel B indicate the corresponding gene products of H.
lgx_ lori which cros-reacted with the anti-H. felis
) serum. The numbers indicate the molecular weights (in

thousands) of the protein standards.

Pigure 3 :

Nucleotide sequence of the H. felis structural
urease ge'nes'. Numbers above the sequence indicate the
nucleotide positions as well as the amino acid
position in each of the two Ure A and Ure B
polypeptides. Predicted amino acid sei;uenc_es for Ure A
(bp 43 to 753) and Ure B (766 to 2616) are shown below

b -

e
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obt ai nedwO9¢/26%0he | nTrunogeni ¢ é_orrposi tion of the invent i RGT/ER4#1635c of

fragnments of the urease structural genes IS particul arly preferred
t he i munol ogi cal properties of the whol e pol ypeptide nay be

si nce

conserved whilst mnimzing risk of toxicity. The active conponent

t he

| mmunogeni ¢ conposition of the invention nmay be conprised of one

of

sub-unit only of the urease structural polypeptide, that is either sub-unit
A or sub-unit B products of the, [err] and ure B genes respectively.
Conposi ti ons cofpei siseguenget he Theecagutakive t ribosppesbigiding Tsite

" Sheet Has Been Qgﬁ

i32%Palgarno sequence, SD) is underlined.

rigﬁ:e 4 :

Comparison of sequences for the structural urease
genes of H. felis to : a) the sequence of the two
subunits of H. pylori urease (Labigne et al., 1991) ;
b) the sequence of the three subunits of Proteus
mirabilis urease (Jones and Mobley, 1989) ; c¢) the
Sequénce of the single subunit of jack bean ureasé.
Gaps (shown by dashes) have been introduced to ensure
the best élignment. *, amino acids identical to those
of the H. felis sequence ; =, amino-acids shared by
the various ureases ; °, amino-acids unique to the

" Helicobacter ureases. The percentages relate to the
number of amino acids that are identical to those of

the H.  felis urease subunits. H.f., Helicobacter

felis ; H.p., Helicobacter pylori ; P.m., Proteus

mirabilis ; J.b., Jack bean.

Figure 5 :

Restriction map of the recombinant plasmids
pILL689, pILL685, and pILL691. The construction of
these plasmids is described in details in Table 1. Km
within triangles depictes the site .of insertion of the
kanamycin cassette 'which led to the construction of
plasmids pILL687, pILL688 and pILL696 (table 2). Boxes
underneath the maps indicate the position of the three
genetic elements deduced from the nucleotide sequence,

namely IS5, Hsp A and Hsp B.

Pigure 6 : _ _ _

~ Nucleotide sequence of the Helicobacter pylori
Heat Shock Protein gene cluster. The first number
above the sequence indicates the nucleotide positions,
whereas the second one numbers the amino-acid residue

~ This Sheet Has Been Replaced
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[err] WOBEREML 26901 PCT/EP94/01625

PCT/ EP94/ 01625 8 [err] or H felis, or variants and fragnents as defi ned
above, are particularly advantageous. Mst preferred are honol ogous systens
wherein the urease sub-unit particularly sub-unit B, is derived fromthe

or gani sm agai nst which protection is sought, e.g. H felis sub-unit B

against H felis infection. However, the B3nposition may contain both A and
B sub-units, ) :
position for each of the Hsp A and Hsp B protein. The

putative ribosome-binding sequences (Shine- Dalgarno
[SD] sites) are underlined.

Figure 7 : _

Comparison of the deduced amino-acid sequence of
Helicobacter pylori Hsp A (A) or Hsp B (B) with that
of other GroEL-like (A) or GroES-like (B) proteins.
Asteriks mark amino-acids identical with those in the

Helicobacter pylori Hsp A or Hsp B sequences.

Figure 8 :

) Expression of the Helicobacter pylori Hsp A

' Heat~-Shock proteins in E. coli minicells. The protein

bands with apparent molecular masses of 58 and 13 kDA,
corresponding to the Helicobacter pylori Hsp A and Hsp
B Heat-Shock Proteins are clearly visible in the lanes
corresponding to plasmids pILL68S and pILL692 and
absent in the vector controls (pILLS570 and pACYC177,
respectively)

Figure 9 :

Nucleotide sequence of the Helicobacter felis ure
1 gene and deduced amino-acid sequence.

) Figure 10 : :
Comparison of the amino-acid sequence of the ure
I proteins deduced from the nucleotide sequence of the
ure I gene of Helicobacter felis and that of
Helicobacter pylori. | |

Figure 11 :

Genetic code. Chain-terminating, or "“nonsense",
codons. Also used to specify the initiator formyl-
Met-tRNAM'.,., The Val ¢triplet GUG is therefore
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which awo sumaeswd | y present as distinct pol ypeptides. HowevePCT/EP94/81625
possi bl e, when the polypeptide is produced by reconbinant nmeans, to use a
fusion protein conprising the entire sequences of the A and B gene products
by the suppression of the stop-codon separating the two adjacent
codi ng sequences. The ur ease conponent of t he I munogeni ¢ :
conposi tion, whether sub-unit A or sub-unig, B, may be used in the f orm of
transl ati onal fusi-on proteins, for exanple with the Ml tose-Binding-Protein
(MBP). O her sutamibiguéust onsirar ethagnpliti ecdcdded nt botht | oval ifat enind
Application MD 90 11360, Another exanple of a suitable fusion protein is
the "Q Aexpr esd® )3‘/’5?% '
Figure 12 : _
Signification of the one-letter and three-letter

amino-acid abbreviations.

Pigure 13 :
| Purification of H. pylori UreA-MBP recombinant
protein using the pMAL expression vector system.
Extracts from the various stages of protein
_ purificatibn we:e migrated on a 10 % resolvving SDS-
) . polyacrylamide gel. Following electrophoresis, the gel
was stained with Coomassie blue. The extracts were :
1) non-induced cells ; 2) IPTG-induced cells ; French
press lysate of induced cell extract ; 5) eluate from
amylose resin column ; 6) eluate from anion exchange
column (first passage) : 7) eluate from anion exchange
~column (second passage) ; 8) SDS-PAGE standard marker
proteins.

Figure 14 : .

Recognition of UreA recombinant fusion proteins
by polyclonal rabbit anti-Helicobacter sera. Protein
extracts of maltose-binding protein (MBP, lane 1), H.
felis UreA-MBP (lane 2), and H. pylori UreA-MBP (lane
3) were Western Blotted us;ng rabbit- polyclonal
antisera (diluted 1 : 5000) raised against whole-cell
extracts of H. pylori and H. felis. The purified
fusion proteins are indicated by an arrow. Putative

degradation products of the proteins are shown by an
asterisk.

FPigqure 15 :
Recognition of . UreB recombinant fusion proteins
by rabbit antisera raised against purified homolqgous
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comrer civéD 9426P0by Q) AGEN, USA, which allows the 6xH s tag scRIEEP®/0162%¢e
pl aced at the 5 or 3" end of the protein coding sequence. The use of the
active ingredients in the formof fusion proteins is however, entirely
optional. According to a further preferred enbodi nent, the i munogenic
conposition of the-invention may conprise in addition to or instead of the
urease structural polypeptide defined abowg- a Heat Shock Protein also
known as a "chaperoni n® from Hel i cobacter. These chaperoni ns have been

el uci dated by tdrd i n\/lwterelbgoube Clitelt @roteipsesenNitmomdlilulose

Preferably, thq Ci:ﬁ: We're fﬁfg]:{;gﬁr]wzt uﬁﬁea“iclﬁowing extracts :
1) standard protein markers ; 2) H. felis UreA-MBP
3) MBP ; 4) H. pylori UreA-MBP. The membranes were
reacted with polyclonal rabbit antisera (diluted 1 :
5000) raised against MBP-fused H. pylori and H. felis
Ure B sub-units, respectively. The molecular weights
of standard proteins are presented on the left-hand
side of the blots. ' |

~e

Figure 16 : _ :
Western blot analysis of H. pylori and H. felis
- whole-cell extracts with antisera raised against
purified UreB MBP-fused recombinant proteins. SDS-PAGE
whole extracts of H. Felis (lane 1) and H. pylori
(lane 2) cells were reacted with polyclonal rabbit
antisera raised agéinst purified' H. pylori UreB and H. -
felis UreB MBP-fused proteins (sera diluted 1 : 5000).
The difference in gei mobility of the 'respective non-
recombinant UreB sub-units of H. felis and H. pylori
can be seen. The numbers on the left refer to the
molecular weights of standard marker proteins.

Figure 17 : _
) SDS-PAGE analysis of material eluted from the
' amylose column (lanes 2 and 3) or from the Ni-NTA
column following elution : with buffer E (pH 4.5),
lanes 4 and 5 ; or buffer C (pH 6.3), lanes 6 and 7.
Material eluted from ~a lysate of MC1061 (PILL933)
(lanes 2, 3, 5 ‘and 7) and material eluted from a
lysate of MC1061 (PMAL-c2) (lanes 4 and 6). Lane 3
contains the same material as in lane 2 except that it
was resuspended in buffer E, thus demonstrating that
buffer E is responsible for dimer formation of the
MBP-HspA subunit, as seen in lanes 3 and 5.
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may be Wi 94ReMie- associated HSP A or HSP B or a mi xture of POTZEPS4@1625aVvi ng
the am no-acid sequence This Sheet Has Been Repl aced [err] WO 94/ 26901
PCT/ EP94/ 01625 9 illustrated in figure 6. These pol ypepti des are encoded by
the plasm d plLL689 (deposited at CNCM on 25th August 1993, under

nunber : CNCM 1-1356). Particularly preferred is the [err] HSP-A protein,

26
Figure 18 :

Serum IgG responses to MBP (bottom), MBP-HspA
(top) and MBP-HspB '(middle). of 28 H. pylori infected
patients (squares,' left) and 12 uninfected patients
(circles, right). The optical density of each serum in
the ELISA assay described in Experimental procedures
was read at 492 nm, after a 30 mn incubation. The
sizes of the symbols are proportional ﬁo the number of
sera giving the same optical density value. |

3 _ ' EXAMPLES

I -~ CILONING, EXPRESSION AND SEQUENCING OF H. FELIS
UREASE GENE _: L '

BXPERIH_EN’I‘AL PROCEDURES FOR PART I_. :

Bacterial strains and culture conditions :

H. felis (ATCC 49179) was grown on blood agar
base no. 2 (Oxoid) supplemented with 5 % {v/v) lysed
horse blood (BioMerieux) and an antibiotic supplement
consisting of 10 ng ml"! vancoinycin (Lederle

B Laboratoz_'ies),l 2.5 pg ml"' polymyxin B (Pfizer), Sug
- ml”' trimethoprim (Sigma Chemical Co.) and 2.5 pg ml"!
amphotericin B (E.R Squibb and Sons, Inc.). Bacteria
were cultured on freshly prepate’d agar plates and
incubated, 1id  uppermost, under microaerobic
conditions at 37°C for 2-3 days. E. coli strains HB101
~(Boyer and Roulland-Dussoix, 1969) and MCl1061
(Maniatis et al., 1983), used in the cloning
experiments, were grown routinely in Luria broth
"without glucose added | or on Luria agar medium, at
37°C. Bacteria grown under nitrogen-limiting
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ei t her wb®3aR6801 i n combination with Hsp-B. It is al so possi BEFEEPBA/0A62S

HSP conponent,

according to the invention, a polypeptide variant in whi

am no-acids of the figure 6 sequence have been replaced, inserted or

del eted, the
preferably at

said variant normally exhibiting at |least 75 % and
| east 85 % honol ogy with the native HSP. The variants

as
ch

preferably exhibit at least 75 % for example at |east 85 %identity with

the native Hsp. The variants may further exhibit functional

the native pol yyitions nwere geEssaged henH8P ruitirmgemtkimitingc soliia
homol ogy” meang I{8 ¢ 2BRRs Lty 68" Ahion it fee 2fb hiNinh! mbai

(PH 7.4) supplemented with 0.4 % (w/v) D-glucose ahd
10 mM L-arginine |

(Cussac et al., 1992).

DNA manigulationé :
All standard DNA manipulations and analyses,

unless nentioned otherwise, were performed according
to the procedures described by Maniatis et al. (1983).

Isolation of K. felis DNA :

Total genomic DNA was extracted by an sarkosyl-
proteinase K lysis procedure (Lablgne-Roussel et al.,
1988). Twelve blood agar plates inoculated with H.
felis were incubated in an anaerobic jar (BBL) with an
anaerobic gaspak (BBL 70304) without catalyst, for 1-2
days at 37°C. The plates were harvested in 50 ml of a
15 %. (v/v) glycerol - 9 % (w/v) sucrose solution and
centrifuged at 5,600 rpm (in a Sorvall centrifuge),
for 30 min at 4°C. The pellet was resuspended in
0.2 ml 50 mM D-glucose in 25 mM Tris-10 mM EDTA (pH
8. 0) containing 5 mg ml"' lysozyme and transferred to a
VTi6é5 polyallomer quick seal tube. A 0.2 ml aliquot of
20 mg ml"' proteinase K and 0.02 ml of 5M sodium
perchlorate were added to the suspension. Cells were
lysed by adding 0.65 ml of 0.5M EDTA ~10 % (w/v)
Sarkosyl, and incubated at 65°C until the suspension
cleared (approximately 5 min). The volume of the tube
was completed with a CsCl solution consisting (per 100
ml) of 126 g CsCl, 1 ml aprotinine, 99 ml TES buffer
(30 mM Tris, 5 mM EDTA, 50 mM NaCl (pH 7.5). Lysates
were centrifuged at 45 000 rpm, for 15-18 h at 18°C.
Total DNA was collected and dialysed against TE
buffer (10 mM Tris, 1 mM EDTA), at 4°C.
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or gani sy 82édoe of expressing active urease, and/or the caPSIVERS4{0625| ock
I nfection by Helicobacter, particularly H felis and H pylori. The
property of enhancing urease activity may be tested using the quantitative
urease activity assay described below in the exanples. Fragnments of either
~or both of the HSP A and HSP B pol ypepti des preferably having at |east 6
am no-acids, may be used in the conpositiagyg The fragnents or variants of

t he HSP conponent used i'n the i mMmunogenic. conposition of t he

i nvention ar ecosmi@rebbningpabl e of generating antibodi es which block the

urease: enhanci ng eff el oiRLRRhhY SRR Ydci B ' B1EEPSad My SKER i S

al so tested using th
cosmid vector pILLS575, as previoulsy described

(Labigne et al, 1991). Briefly, DNA fragments arising
from a partial digestion with Sau3A were sized on a
(10 to 40 %) sucrose density gradient and then ligated
into a BamHI-digested and dephosphorylated pILL575 DNA
preparation. COsmlds were packaged into phage lambda
particles (Amersham, In Vitro packaging kit) and used
to infect E. coli HB10l. To  screen for urease
expression, kanamycin-resistant transductants were
) ~ replica-plated onto solid nitrogen-mimiting medium
(see above) containing (20 pg ml™') kanamycin that had
" been dispensed into individual wells of microtitre
plates (Becton Dickinson). The mictrotitre plates were
incubated éerobically, at 37°C for 2 days before
adding 0.1 ml urease reagent (Hazell et al., 1987) to
each of the wells. Ureolysis was detected within 5-6 h
at 37°C by a colour change in the reagent. Several
urease-positive cosmid clones were restriction mapped
and one was selected for subcloning. |

subclonigg of H. felis DNA :
' ‘A large-scale CsCl plasmld preparation of cosmid
) DNA was partially digested Sau3A. DNA fragments (7 -
11 kb) were electroeluted from an agarose gel and
purified using phenol-chloroform extractions.
Following precipitation in cold ethanol, the fragments
were ligated into Bg/III-digested plasmid pILL570
(Labigne et al., 1991) and the recombinant plasmids
used to transform competent E. coli MC1061 cells.
Spectinomycin-resistant transformants were selected
and screened for urease expression under nitrogen-rich
(Luria agar) and nitrogen-limiting conditions.
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quant i t @ig ye268esay described in t he exanpl es. The presence PCT/ERSAIH1625
chaperonins in the conposition enhances the protection against
Hel i cobacter pylori and felis. Thi s Sheet Has Been Repl aced [err] WO

194/ 26901 PCT/ EP94/ 01625 10 The Hsp

conmponent of the |nnunogen|c conposi tion, whether HspA or HspB can be used
in the formof a- 29 '

Quantitative urease activity :
Cultures grown aerobically for 2.5 days at 37°C

were harvested and washed twice in 0.85 % (w/v) NacCl.

Pellets were resuspended in PEB buffer (0.1 M sodium

phosphate buffer (pH 7.4) pontaining 0.01 M EDTA) and

then sonicated by'four sb-sec bursts using a Branson

Sonifier model 450 set at 30 W, 50 % cycle. Cell

_debris was removed from the  sonicates by
centrifugation. Urease activities of the sonicates

were measured in a 0.05 M urea solution prepared in

PEB by a modification of the Berthelot ‘reaction

j) (Cussac et al., 1992). Urease activity was expressed

) as umol urea min’'‘mg’! bacterial protein.

Protein determination : _
Protein concentrations were estimated with a

commercial version of the bradford assay (Sigma
Chemicals).

Transposen mutagenesis : o
Random . insertional mutations were generated

within cloned H. felis via a MiniTn3-Km delivery
system (Labigne et al., 1992). In brief, E. coli HB101
cells containing the transposase-encoding plasmid pTCA

=3 were transformed with plasmid pILL570 containing

' cloned H. felis DNA. Transposition of the MiniTn3-Km
element into the PpILL570 derivative plasmids was
effected via conjugation. The resulting cointegrates
were then selected for resolved structures in the
presence of high concentrations of kanamycin (500
mgl=-1) and spectinomycin (300 mgl-l).

8DS-PACE and Western blotting :

Solubilised cell extracts were analysed on slab
gels, comprising a 4.5 % acrylamide stacking gel and
12.5 % resolving gél, according to the procedure of
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trans| aWOoMA6M1usi on protein, for exanple with the Maltose- BFNWEFRYOI2dt i n
(MBP). As for the urease conponent, ot her sui tabl e fusion
partners are described in International Patent Application W 90/ 11360.
The "Q Aexpress” system of Q AGEN, USA, may al so be used. Again, the use of
the proteins in the formof fusion proteins is entirely optlonal Accor di ng
to t he I nvention therefore t he i m3@nogeni ¢ conposition may conprise
either a urease structural polypeptide defined above,

Hel i cobact er HRemmky i (baempli Hsﬂ)gyel) aﬁ&?&%%%’fﬁﬂ%%epﬁmméns
According toat R200WISH €4 efni-e18PdgeENapparhktas (Bio-Rad).

Proteins were transferred to nitrocellulose paper
(Towbin et al., 1979) in a Mini Trans-Blot transfer
cell (Bio-Rad) set at 100 V for 1 h (with cooling).
Nitrocellulose membranes were blocked with 5 % (w/v)
purified casein (BDH) in phosphate-buffered saline
(PBS, pPH 7.4) at room temperature, for 2 h (Ferrero et
al., 1992). Membranes were reacted at 4°C overnight

~ with antisera diluted 'in 1 $ (w/v) casein prepared in
PBS. Immunoreactants were then detected using a
biotinylated secondary antibody (Kirkegaard and Perry
Lab.) in conbination with avidin-peroxidase (KPL). A
substrate solution composed of 0.3 % (w/V) . 4-
chlero-l'-naphthol (Bio-rad) was used to visualise
reaction products. o

DNA Sequenczng

DNA fragments to be sequenced were cloned into
'M13mp18 and Ml3mp19 ‘(Meissing and Vieira, 1982)
bacteriophage vectors (Pharmacia). Competent E. coli
JIM101 cells were transfected with recombinant phage
DNA and plated on media containing x-gal (5-bromo-4-
chloro-3-1ndolyl-ﬁ-D-galactopyranoside) _ and

) 1sopropyl-ﬂ-D—thlogalactopyranos:.de_. Plaques arising
from bacteria infected with recombinant phage DNA were
selected for the preparation of single-stranded DNA
templates by polye_thylene glycol treatment (Sanger et
al., 1977). single-strant_ed DNA sequenced according to
the dideoxynucleotide chain termination method using a
Sequenase kit (United States Biochemical Corp.).

Nucleotide sequence aeeess;‘.en number :
The nucleotide accession number is X69080 (EMBL
Data Library). ' -
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i MUNoOQR0I9Y/269020nposi tion  conpri ses, as urease conpoPEHEPI4/QI6RH
the A and B sub-units of both Helicobacter felis (i.e. without [err]
urease) together with the HSP A and HSP B of Helicobacter pylori.
the A and B sub-units of the Helicobacter felis urease rmay
be used together with those of [err], but w thout chaperonin conponent.

Al ternatively,

I mmunol ogi cal

cross-reactivity between thgiureases of the two different

The

Hel i cobacter species enabl es the use of one urease only in the conposition,
preferably thaRESOLMS OFoRAR®I {BXPERIMBNTS ot ecti ve antibodies induced by

t he common epitopes will however be active against both Helicobacter

pyl ori

and

Bxpression of urease activity by H. felis cosmid
clones : ' '
c10n1ng of partially digested fragments (30 to
45 kb in size) of H. felis chromosomal DNA into the
cosmid vector pILL575 resulted in the isolation of
approximately 700 cosmid clones. The clones were
subcultured on nitrogen-limiting medium in order to

induce urease expression (Cussac et al., 1992). Six of

these were identified as being urease~positive after
5-6 h incubation (as described in the Experimental
procedures section). No other urease-positive cosmid

clones were identified, even after a further overnight

incubation. Restriction enzyme analysis of 3 clones
harbouring the urease-encoding cosmids revealed a
common 28 kd DNA fragment. A cosmid (designated

pILL199) containing DNA regions at both extremities of
the common fragment was selected for subcloning.

Identification of H. felis genes required for urease
expression when cloned in E. coli cells :

To define the minimum DNA region necessary for
urease expression 'in E. coli cells, the urease-~-
encoding cosmid pILL199 was partially digested with

Sau3a and the fragments were subcloned into plasmid

pILLS70. The transformants were subcultured on
nitrogen-rich and nitrogen-limiting media and screened
for an urease-positive' phenotype. Five transformants
expressed urease. activity when grown under nitrogen-
limiting cond:.tions, whereas no activity was detected
following growth on nitrogen-rich medium. Restriction
mapping analyses indicated that the urease-encoding
plasmids contained inserts of between 7 and 11 kb. The
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Hel i cob¥Q 8426981 is. It is also possible that the conpositi oRCTff34/81625
protective anti bodies to other species of Helicobacter, if the urease
pol ypeptide or fragment carries epitopes occuring also on those ot her
conposition . of t he I nvention i s advant ageously
used as an i mrunogeni ¢ conposition or a This Sheet Has Been Repl aced .

speci es.

94/ 26901

The

32 "PCT/ EP94/ 01625 11

plasmid designated pILL205 was chosen for further
studies. ' '

region of cloned DNA that contained the structural
urease genes. Random insertion mutants of the
prototype plasmid PpILL205 were thus generated using

- the MiniTn3-Km element (lLabigne et al, 1992). The site
of insertion was restriction mapped for each of the
‘mutated copies of pILL205 and cells harbouring these

plasmids were assessed qualitatively for urease
activity (figure 1). A selection of E. coli HB1l01
cells harbouring the mutated derivatives of pILL205
(designated "a" to "i") were then used both for
quantitative urease activity determinations, as well
as for the detection of the putative urease subunits
by Western blotting.

The urease activity of E. coli HB101 cells
harbouring pILL205 was 1.2 % 0.5 pmol urea 'xnixla"mg'1
bactetial protein (tablé'l), which is approximately a

fifth that of the parent H. felis strain used for the.

cloning. Insertion of the transposon at sites "a",
wew, w4, "f* and "g" resulted in  a negative
phenotype, whilst mutations at sites "b", "e", “h" and
"i" had no significant effect on the urease activities
of clones harbouriﬁg these mutated coﬁies of pILL205
(table 1). Thus mutagenesis of pILL205 with the
MiniTn3-Km element identified three domains as being
required for H. felis urease gene expression in E.
ceoli cells.

Locﬁlisation of the H. felis urease structural genes :

Western blot analysis of extracts of E. coli -

cells harbourzng pILL205 indicated the presence of two
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Random mutagenesis of cloned H. felis DNA was
performed to investigate putative regions essential
. for urease expression in E. coli and to localise the
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vacci ne,wo sdgstther w th physiol ogicaly accept abl e exci ppEIVEPI4/0 RS
carriers and, optionally, w th adjuvants, hapt ens, carriers,

stabilizers, etc. Suitable adjuvants include nurannyl dipeptide (NDP),

conpl ete and inconplete Freund's adjuvants (CFA and | FA) and alum The

vacci ne conpositions are normally formulated for oral admnistration. The .

vacci nes are preferably for use in man, b 3nay al so be adm nistered in

non- human ani nals, for exanple for vetinary pur poses, or for wuse

| aboratory ani npd:sypepbmasm 6¢, apia;;ro&ﬂﬂa&egsr Bloe atnlrc]zmﬂa‘s)g@rmc wm?h
nthesis in vivo o

ggggﬁﬁ:ilons 'W$§§1§2acte to an ga S ?yc onaﬂe S% felis rabbit

antiserum (Figure 2A). These proteins were not
produced by bacteria carrying the vector (pILL570).
Native H. felis urease has been reported to be
composed  of repeating monomeric subunlts with
calculated molecular weights of 30 and 69 kDa (Turbett
et al, 1992)._Thus the 30 and 66 kDa proteins were
thought to correSpbnd to the ure A and ure B gene
products, respectively. Interestingly an extract of E.
coli cells harbouring the recombinant plasmid pILL763
(Cussac et al, 1992) containing the Helicobacter
pylori wure A and ure B genes, expressed two
polypeptides with approxlmate molecular sizes of 30
and 62 kDa which cross-reacted with the anti-H. felis
antisera (figure 2B).

\M\'
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ant i bocjhﬁ?%n&%‘i ch can be wused for therapeutic purposePCTERIQIRZAD] e
I n passive Inmunity. The invention also relates to the proteinaceous
materials used in the i munogenic conposition and to protei naceous materi al
encoded by the urease gene clusters other than the A and B urease
structural sub-units. "Proteinaceous material" neans any nol ecul e conpri sed
of chains of amno-acids, eg. peptidé&, polypeptides or proteins,
~fusion or mxed proteins (i.e. an association of 2 or nor.e praotei naceous
materials, all or sone of which nmay have i nmmunogeni ¢ or i nmvunonodul ation
properties), either purified or in a mxture wth- other
pr ot ei naceous or non-

Table 1. Mutagenesis of E. coli clones and effect on urease activity.

plasmids 2 Urease activity P
(umol urea min-! mg-! protein)
pILL205 122046 °¢
pILL205:a | neg ¢
pILI205: b 0.74 £0.32
pILI205: ¢ neg
pILL205:: d neg
pILL2AS e 0.54 £0.15
pILL205 :: .~ neg
- pILI205::g neg
pILL205: h 1.05+0.25
pIL1205 =i 093035

-\

E. coli ceils harboured pILL205 and its derivatives constructed by
transpoéon mutagenesis. The letters correspond to the insertion sites
of the MiniTn3-transposon on pILL205.

Activities of bacteria grown aeraobically for 3 days at 37 °C on solid M9
minimal medium supplemented with 10 mM 'L-arginine. The values
represent the means t standard deviations calculated from three
" determinations. | -

Urease activity was approximately a fifth as large as that of H. felis wild-
tvpe strain (ATCC 49179) i.e. 5.7 £ 0.1 p.mol urea min-! mg-1 protein
(Ferrero and Lee, 1991).

No activity detected (limit of detection was < 1 nmol urea min"! mg-!
of bacterial protein).

———
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protei nagrRpydeogpt erial . "Polypeptide” signifies a chain ‘?’E‘r Elé’z‘i' ds
what ever its length and engl obes the term "peptide". The term" fragnenf

means any am no-aci d sequence shorter by at | east one am no-acid than the
parent sequence and conprising a length of am no-acids e.g. at least 6

resi dues, consecutive in the parent sequence. The peptide sequences of the
I nvention, may for exanple, be. obtained by %penical synthesis, using a This
Sheet Has Been Repl aced [err] '

Clones harbouring the mutated derivatives of
pILL205, in all but one case, expressed the ure A and
ure B gene products (Figures 2A, B). Given that
'several of the mutants (i.e. mutants "“c", "dﬁ, "FT and
"gr) synthesised the urease subunits yet did not
produce an active enzyme, it is possible to speculate
that accessory functions essential for urease activity
may have been disrupted by transposon insertion. 1In
contrast, the mutant designated pIlLL205::a did .not
produce the ure B product and was urease-negative.
Thus the site of transposon insertion Qas presumed to
be located in the ure B gene. Sequence analyses of the
DNA region corresponding to insertion site "a" were
undertaken to elucidate potential open reading frames
encoding the structural polypeptides of H. felis
urease. ' |

Sequence anai?ses of H. felis structural urease
genes : ' o : o
Sequencing of a 2.4 kb region of H. felis DNaA
adjacent to transposon insertion site "a" resulted in
the identification of two open reading frames (ORFs)
designated ure A and ure B which are transcribed in
the same direction (figure 3). The transposon was
.confirmed to be located at 240 bp upstream from the
end of ure B. Both ORFs commenced with an ATG start
codon and were preceded by a site similar to the E.
coli consensus ribozome-binding sequence (Shine and
Dalgarno, 1974). The intergenic space for the H. felis
structural genes consisted of three codons which were
in phase with the adjacent open-readind frames. This
suggestsithet, as has already been observed to be the

‘cas for Helicobacter pylori (Labigne et al, 1991), a
single mutation in the stop codon of the ure A gene
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WO 94/ 268Wk/26901 PCT/ ERQZY /B2 6332
. technique such as the Merrifield technique and synthesiser of the

type commercialised by Applied Biosystens. In parti cul ar, the .
invention rel ates to proteinaceous material characterised in that
it conprises at |east one of the Helicobacter felis pol ypeptides encoded by
t he urease gene cluster of the plasmd 3 LL205 (CNCM  1-1355),

i ncl udi ng the structural and accessory Urease pol ypeptides, or a

pol ypepti de hayioug gat Eﬁé&EeQQdK&hgﬂD|Q§£uwmth saild a fused single
- polypeptide.

The H., felis ure A and ure B genes encode

polypeptides with calculated molecular weights of

26 074 kA and 61 663 Da, respectively, which are

highly homclogous at the amino-acid sequence level to

the ure A and ure B gene products of H. pylori. The
levels of identity between the corresponding ure A and
ure B gene products of the two Helicobacter. spp. was
.. calculated to be 73.5 % and 88.2 ¥ respectively. From
the amino-acid sequence_.informatioh, the predicted
molecular weights of the ure A and ure B polypeptides
from H. felis and H. pylori (Labigne et al, 1991) are
very similar. Nevertheless the ure B product of H.
felis had a lower mobility than the corresponding gene
- product from Helicobacter pylori when subjected to
SDS-polYacrylamide gel electrophoresis‘(figure 2B) .

II - EXPRESSION OF RECOMBINANT UREASE SUBUNIT PROTEIﬁS
FROM H. PYLORI AND H. FELIS : ASSESSMENT OF THESE
PROTEINS AS POTENTIAL MUCOSAL IMMUNOGENS IN A
MOUSE MODEL :

The aims of the study were to develop recombinant
antigens derived from the urease subunits of H. pylori .
and H. felis, and to assess the immunoprotective
efficacies of these antigens in the H. felis/mouse
model. Each of the structural genes encoding the
respective urease subunits from H. pylori and H. felis
was independently <cloned and over-expressed in
Escherichia coli. The resulting recombinant urease
antigens (which were fused to a 42 kDa maltose~binding
protein of E. coli) were purified in large quantities
from E. coli cultures and were immunogenic, vyet
enzymatically inactive. The findings demonstrated the
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pol ypeptyglogreesni a fragment thereof. O particular interest POREPII01IGE e
products of the ure A and ure B genes, as illustrated in figure 3, or a
vari ant thereof having at |east 90 % honol ogy or a fragment having at | east
6 am no-acids. The fragnments and the variants are recogni sed by anti bodies -
reacting with [err] urease. Anongst the pol ypeptides encoded by the
accessory genes of the urease gene clustergsis the gene product of [err],
as illustrated in figure 9, which also fornms part of the invention. Al so

included is a vgeagablq_fntyhe ofe deﬁmblmgha\a ngretombdsiants %rhcmihegy,

preferably at Iggsatmg ég or a fraﬂ_\nF fgnE he gene

EXPERIHBNT_AL PROCEDURES FOR PART II :

Bacterial strains, plasmids and growth conditions :

H. felis (ATCC 49179) was grown on a blood agar
medium containing blood agar base no. 2 (Oxoid)
supplemented with 10% lysed horse blood (BibMérieux)
and an antibiotic_supplement consisting of wvancomycin
(10 ug/mL), polymyxin B (25 ng/mL), 'trimethoprim (5
pg/mL) and amphotericin B (2.5 ug/mL). Bacteria were
cultured under microaefabic_conditions at 37° C for 2
days, as described previously. E. coli strains MC1061
and JM101, used in cloning and expression experiments,
were grown routinely at 37° C in Luria medium, with or
without agar added. The antibiotics carbenicillin (100
pg/mL) and spectinomycin (100 ug/mL) were added as
required. '

DNA manipulations and analysis :

. All DNA manipulati'ons' and analyses, unless
mentioned otherwise, were performed according to
standard procedures. Restriction and modification
enzymes were purchased from Amersham (France). DNA
fragments to be cloned ‘were electroeluted from agarcse
gels and then purified by passage on Elutip mini-
columns (Schleicher and Schull, Germany). Single-
stranded DNA sequen_cing was performed using Mi3mpls
and M13mpl9 bacteriophage vectors (Pharmacia, France).
Single-stranded DNA templates were prepared from
recombinant phage DNA by polyethylene glycol
treatment. Sequencing of the templates was achieved
according to the dideoxynucleotide chain termination
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product Wp 9aheddie vari ant having at |east 6 amino- acids. ThRCT/BEP&OL625
preferably has the capacity to activate the ure A and ure B gene products
in the presence of the renmining urease accessory gene products. This
functional honol ogy can be detected by using the follow ng test : 109
bacteria containing the ure | gene product variant are suspended in 1 nm of
urea-indole nedium and incubated at [ggr] C. The hydrolysis of the
urea leads to the release of amonium which increases pH and induces .
- a col our changenfethodr angang fwsci Sewprbnaskihe dbiser vafUnited sughates

col our change d%1o6§€£¥é§itég¥pt*WbY§FAaPt of This Sheet Has Been Repl aced

Preparatzon of inserts for cloning using the

polymerase chain react1on (PCR)

To clone the ureA genes of H. pylori and H.

felis, degenerated 36-mer primers were conceived from
the published urease sequences (Labigne et al., 1991 :
' Ferrero and Labigne, 1993) (primer set #1 ; refer to
table 2). Purified DNA from E. coli clones harbouring
plasmids pILL763 and pILL207 (table 3), that encoded
the structural genes of H. pylori and H. felis

ureases, were used as template material in PCR

reactions. Reaction samples contained : 10 - 50 ng of

denatured DNA ; PCR buffer (50 mmol/L KCl in 10 mmol/L
‘Tris-HCl (pH 8.3)]) ; dATP, dGTP, dCTP and 4TTP (each

at a final concentration of 1.25 mmol/L) 2.5 mmol/L

MgCl, ; 25 pmol of each primer and 0.5 uL Tag

polymerase. The saﬁples were subjected to 30 cycles of

the following programme : 2 min at 94° C, 1 min at 40°
Cc.

The amplification products were cloned into the
cohesive ends of the pAMP vector (figure 1) accordiﬁg
to the protocol described by the manufacturer
("CloneAmp System", Gibco BRL ; Cergy Pontoise,
France). Briefly, 60 ng of amplification product was
directly mixed in a buffer (consisting of 50 mmol/L

~ KCl, 1.5 mmol/L MgCl,, 0.1 % (wt/vol) gelatine in 10
" mmol/L Tris-HCl, pH 8.3) with 50 ng of the pAMP 1
vector DNA and 1 unit of uracil 'DNA glycolsylase.
Ligation was performed for 30 min at 37° C. Competent
cells (200 pL) of E. coli MC1061 were transformed with
20 uL of the ‘ligation mixture. Inserts were
subsequently excised from the poiylinker of the pAMP
vector by double digestion with BamH1 and Pstl, and
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[err] wO926061590 1 PCT/EP94/01625
PCT/ EP94/ 01625 13 the ure | gene product under test is capable of
activating the ure A and B gene products. It is also possible that a
fragment of the ure | gene product, if it has a length of, for exanple, at

| east 70 or 100 am no-acids, may also exhibit this functional honol ogy wth
the entire pol ypeptide. The fragnents of urggl polypeptide or of the

then subcloned into the expression vector pMAL (New
England Biolabs 1Inc., Beverly, USA) chosen for the
production of recombinant antigens (pILL919 and
pILL920, respectively, figure 13), as well as in Ml3mp
bacterlophage for sequencing. '
| - Amplification of a product contalnlng the ureB
gene of H. pylori was obtained by PCR using a couple
- of 35-mer primers (set #2, table 2). The PCR reaction
mixtures were first denatured for 3 min at 94° C, then
subjected to 30 cycles of the following programme : 1
min at 94°* C, 1 min at 55° C and 2 min at 72° C. The
purified amplification product (1850 bp was digested
with EcoRI and PstI and then cloned into pMAL
(pILL927, figure 2). Competent cells of E. coli MC1061
were transformed w1th the ligation reaction.
~ H. felis ureB was cloned in a two-step procedure,
that allowed the production of both complete and
truncated versions of the UreB subunit. Plasmid
pILL213 (table 3) was digested with the enzymes Dral,
éorresponding to amino acid residue number 219 of the
UreB subunit and HindIII. The resulting 1350 bp
fragment was purified and cloned into pMAL that had
been digested with XmnI and HindIII (pILL219, figure
2). In order to produce a clone capéble of
synthesizing a complete UreB protein, PCR primers were
developed (set #3, table 2) that.amplified a 685 bp
fragment from the N-terminal portion of the ureB gene
(excluding the ATG codon), that also overlapped the
beginning of the insert in plésmid pILL219. The PCR
amplified material was purified and digested with
bamHI and'HindIII, and then cloned into pMAL (pILL221,
figure 14). A 1350 bp PstI-Pstl fragment encoding the
remaining portibn of the UreB gene product was
subsequently excised from pILinS and cloned into a
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vari ant wps42¢90ubly are capable of inducing the fornmat PEH/EPS$/01625

anti bodies which block the urease maturation process. In other words,
the fragnents bear epitopes which play a decisive role in the interaction
between the ure | and ure A/ ure B gene products. The invention also

rel ates to the proteinaceous material conprising at |east one of the Heat
Shock Proteins or chaperonins of [err] org@& fragnent thereof. Particularly
preferred are the HSP A and HSP B pol ypeptides as illustrated in figure 6
or a pol ypepti déiheariged: preprra%i®n and pPdldread y @RILIdd, sCEigun® o

honol ogy or |degh5gy with the said polypeptide. A particularly preferred
fragnment of the ' - : :

Expression of recoﬁbinant urease polypeptides in the
vector pMAL

The expression vector pMAL is under the control
of an inducible promoter (P,.) and contains an open-
reading frame (ORF) that encodes the production of
MalE (Maltose-binding protein, MBP). Segquences cloned
in-phase'with the latter ORF resulted in the synthesis
of MBP-fused proteins which were easily purified on
amylose resin. Of the two versions of PMAL that are
commercially .available, the version not encoding. a
signal sequence (ie. pMAL-c2) synthesized greater
amounts of recombinant proteins and was thus used
throughout. o '

E. coli clones harboﬁring recombinant plasmids
were screened for the production of fusion proteins,
prior to performing large-scale purification
experiments.

Purification of recombinant urease bolypeptides :

_ Fresh 500 mL volumes of Luria broth, containing
carbenicillin (100 ug/mL and 2% (wt/vol) glucose; were
inoculated with overnight cultures (5 mL) of E. coli
clones. The cultures were incubated at 37° C and
shaken at 250 rpm, until the 2,, = 0.5. Prior to
adding 1 mmol/L (final concentration) isopropyl-g-D-
thiogalactopyranoside (IPTG) to cultures, a 1.0 nlL
sample was taken (non-induced cells). Cultures were
incubated for a further 4 h at which time another 1.0
mL sample (induced cells) was taken. The non-induced
and induced cell samples were later analysed by SDS-
PAGE.
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[err] Hﬁggﬁgaghypeptlde Is the G term nal

sequence G S C @dt/Ersasdvets D H

KHAKEHEACCHDHKKHoO r a sub-fragment of this sequence having
~at least 6 consecutive ami no-acids. This Cterm nal sequence is thought

act as a netal

bi ndi ng domai n all ow ng binding of, for exanple, nickel.

protei naceous material of the invention may al so conprise or consist of
fusion or mxed protein including at |east 4gne of the sub-units of the
urease structural polypeptide of [err] and/or of H felis, or fragnents
variants thereof as difrGeithdbosad. étaltmne&aﬂgr@r@‘@ﬁmqudoratprm@ms

are the

rpm for 20 min, at 4° C and the supernatant discarded.
Pellets were resuspended in 50 mL column buffer (200
mmol/L NaCl, 1 mmol/L EDTA in 10 mmol/L TrisHC1,pH
7.4), containing the following protease inhibitors

. (supplied by Boehringer, Mannheim, Germany) : 2 umol/L

leupeptin, 2 pmol/L  pepstatin and 1 mmol/L
phenylmethylsulphonyl fluoride (PMSF). Intact_ cells
were lysed by passage through a French Pressure cell
(16 000 1b/in?). Cell debris was Tremoved by
centrifugation and 1lysates were diluted in column
puffer to give a final concentration of 2.5 mg
protein/mL, prior to chromatography on a 2.6 cm x 20
cm column of amylose resin (New England Biolabs). The
resin was washed with colunn buffer at 0.5 mL/min
uhtil the A, returned levels. The MBP-fused
recombinant proteins were eluted from the column by
washing with column buffer containing 10 mmol/L 1-
maltose. -

Fractions containing the recombinant proteins
were pooled and then dialysed several times at 4° C
against a low salt buffer (containing 25 mmol/L RacCl
in 20 mmol/L TrisHCl, pH 8.0). The pooled fractions
were then loaded at a flow rate of 0.5 mL/min onto a
1.6 x 10 cm anion exchange column (HP-Sepharose ,
Pharmacia, Swéden) connected to a Hi-Load
chromatography system (Pharmacia) . Proteins were
eluted from the column using a salt gradient (25
mmol/L to 500 mmol/L NaCl). Fractions giving high

‘absorbance readings at Ay, were exhaustively diaiysed

against distilled water at 4° C and analysed by SDS-
PAGE. ' -

Rabbit antisera :
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Thi s Shgeteqise;Been Repl aced [err] WO 94/ 26901 PCT/EP94/01625

PCT/ EP94/ 01625 14 Mal -E fusion proteins and Q Aexpress system fusion
proteins (Q ACGEN, USA) as detail] ed above. The fusion or m xed protein may
include, either instead of in addition to the urease sub-unit, a Heat Shock
Protein, or fragnment or variant thereof, as defined above. The invention

al so relates to nohocl onal or 42 S

Polyclonai rabbit antisera .was prepared against
total cell extracts of H. pvlori strain 85P (Labigne
et al., 1991) and H. felis (ATCC49179). Polyclonal
rabbit antisera  against recombinant protein
preparations of H. pylori and H. felis urease subunits
was produced by .immunizing rabbits with 100 ug of
purified recombinant protein in Freund's complete
adjuvant (Sigma). Four weeks later, rabbits were
booster-immunized with 100 ug protein in Freund's
incomplete adjuvant. On week 6, the ‘animals were
terminally bled and the sera kept at -20° C.

Protezn analyvzes by SDS-PAGE and western blott1ng :
Solubilized cell extracts were analyzed on slab

gels, comprising a 4.5% acrylamide stacking gel and a
10% resolving gel, according to the _proc9dure of
Laemmii. Electrophoresis was performed at 200 V on a
mini-slab gel apparatus (Bio-Rad, USA). |
Proteins were_transferred'to nitrocellulose paper
in a Mini Trans-Blot transfer cell (Bio-Rad) set at
100 V for 1 h, with cooling. Nitrocellulose membranes
.~ were blocked with 5% (wt/vol) casein (BDH, England) in
phosphate-buffered saline (PBS, pH 7.4) 'with. gentle
shaking at room temperature, for 2 h. Membranes were
' reacted at 4° C overnight with antisera diluted in 1%
casein prepared in PBS. Immunoreactants were detected
using specific biotinylated seondary antibodies and
streptavidin-peroxidase conjugate (kirkegaard and
Parry Lab;, Gaithersburg, USA). Reaction products were
visualized on autoradiographic film (Hyperfilm, .
Amersham, France) using a chemiluminescence technique
(ECL systen, Ameréham).
_ Proteih concentrations were determined by the
‘Bradford assay'(Sigma Chemicals corp., St Louis, USA).
D

e e e
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pol ycl ongd sgze@opodi es to the protei naceous materi als descri lped/Edanes2sMor e
particularly, the invention relates to antibodies or fragnents thereof to
any one of the [err] pol ypeptides encoded by the urease gene cluster of the
pl asmid plLL205 (CNCM | -1355) including the structural and accessory urease
pol'ypeptides that is, structural genes ure A and ure B and the accessory
genes known as ure C, ure D, ure E, [err].,Fhe antibodi es may al so be
directed to a pol ypeptide having at | east % honol ogy with any of the

above urease poguﬂﬁalidg@e@iﬂemﬁhth@ggment t hereof preferably having at
least 6 am no-act ds. Slxedggﬁ 8 ée%emalgmiﬁ %§n§bSQi¥§% Pathogen-Free
(SPF) mice were obtained (Centre d'Elevage R. Janvier,

Le-Genest-St-Isle, France) and maintained on a
commercial pellet diet with water ad 1libitum. The

intestines of the animals were screened for the
absence of Helicobacter muridarum. For all orogastric

administrations, 100 ulL aliquots were delivered to
mice using 1.0 mL disposable syringes, to which
polyethylene catheters (Biotrol, Paris, France) were
attached. '

Preparation of sonicated extracts and inocula from H.

felis cultures :

H. felis bacteria were harvested in PBS and
centrifuged at 5000 rpm, for 10 min in a Sorvall RC-5
centrifuge (SOrvall, USA) at 4° C. The pellets were
washed twice and resuspended in PBS. Bacterial
suspensions were sonicated as previously described and
were subjected to at least one freeze-thaw cycle.
Protein determinations were carried out on the
sonicates.

To ensure a virulent culture of H. felis for
protection studies, H. felis bacteria were maintained
in vivo until required. Briefly, mice were inoculated
three times (with 10' bacteria/mlL), over a period of 5
days. The bacteria were reisolated from stomach
biopsies on blood agar medium (4 - 7 days'-inéubation'
in a microaerobic atmosphere at 37° C). Bacteria grown

- for two days on blood agar plates were harvested
directly in peptone water -(Difco, USA). Bacterial
viability and motility was assessed by phase
microscopy prior to administration to animals.

Mouse protection studies :
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speci fi cwbl9ara6emogni se Hel i cobacter felis pol ypeptides exprepsegpdiolche
urease gene cluster. In this case, the epitopes recognised by the

anti bodi es are unique to Helicobacter felis. Alternatively, the antlbodles
may include or consist of antibodies directed to epitopes conmmon .
to Hel i cobacter - felis urease pol ypepti des and to [err] urease
pol ypepti des. If  the ant i bodi es recpgni se the accessory. gene
products, it S particul arly advant ageous. that t hey Cross-react
with the [err] accefFifity genefpnebodbinant hastiggn ahd ant idepditesliery be

used in therapeuﬁgiokggghm?giéga[gﬂékiégieegk%n)tngggh ggsuspended in
HCO;, were administrated orogastrically to mice on
weeks 0, 1, 2 and 3. Mice immunized with sonicated H.
felis extracts (containing 400 - 800 ug of total
protein) were also given 10 pg of cholera toxin. On
week 5, half of the mice from each group were
challenged with an inoculum of virulent H. felis. The
remainder of the mice received an additional "boost"
immunization on week 15. On week 17 the latter were
challenged with a culture of H. felis.

Assessment of H. félis colonisation of the mouse :

Two weeks after receiving the challenge dose (ie.
weeks 7 and 19, respectively) mice were sacrificed by
spinal dislocation. The Stomachs were washed twice in
sterile 0.8% NaCl and a portion of the gastric antrum
from each stomach was placed on the surfaces of 12 cm
X 12 cm agar plates containing a urea indicator medium
(2% urea, 120 mg NaHPO,, 80 mg KH,PO,, 1.2 mg phenol
red, 1.5 g agar prepared in 100 mL). The remainder of
each stomach was.placed in formal-saline and stored
until processed for histology. Longitudinal sections
(4um) of the stomachs were cut and routinely stained
by the Giemsa technique. When necessary, sections were

| additionally stained by the Haematoxylin-Eosin and
' Warthin-Starry silver stain techniques;

The ©presence of H. felis bacteria in mouse
gastric mucosa was assessed by the detection of urease
activity (for up to 24 h) on the indicator medium, as
.well as by the scfeening of Giemsa-stained gastric
sections that had been coded so as to eliminate
observer bias. The numbers of bacteria in gastric
sections were semi-quantitatively scored according to
the following scheme : 0, no bacteria seen throughout
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bl ocki ngwb®4mesmase maturati on process. Particularly pr ef erpege 401
ant i bodi es of the invention recogni se the Helicobacter fells ur gTThl

Sheet Has Been Repl aced [err] WO 94/ 26901 :
PCT/ EP94/ 01625 15 and/or ure B gene products, that is the A and B urease
sub-units. Advantageously, these antibodies . also cross-react with the

[err] A and B 45

sections ; 1, few bacteria (< 20) seen throughout ; 2,
occasional high power (H.P.) field with low numbers (<
20) of bacteria ; 3, occasional H.P. field with low to
moderate numbers (< 50) of bacteria ; and 4, nunerous
(> 5) H.P. fields with high numbers of bacteria (>
' 50). Mononuclear cell infiltrates were scored as
follows : 0, no significant infiltration ; 1,
infiltration of 1low _nﬁmbers of mononuclear cells
limited to'the submucosa and muscularis mucosa ; 2,
infiltration of moderate numbers of mononuclear cells
to the submucosa and muscularis mucosa, sometimes
'forming loose aggregates ; and 3, infiltration  of
large numbers of mononuclear cells and featuring
~ nodular agglomerations of cells.

RESULTS OF PART II EXPERIMENTS :

Expression of Helicobacter urease polypéptides in

E. coli : _

'~ Fragments containing the sequences encoding the
reSpective UreA gene products of H. felis and H.
pylori were amplified by PCR and cloned.in-phase with
an ORF encoding the 42 kDa MBP, present on the
expression vector pMAL. Sequencing of the PCR products
revealed minor nucleotidic changes that did not,
however, alter the deduced amino acid sequences of the
respective gene products. E. coli MC1061 cells
transformed with these recombinant plasmids (pILL919
and pILL920, respectively) expressed fusion proteins
with predicted moleculér weights of approximately 68
kDa. Following chromatography on affinity (amYlose
resin) and anion exchangé gel media (Q-Sepharose),

- these proteins were purified to high degreeé of purity
(figure 1). The yield from 2-L cultures of recombinant
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ur ease wiy s/l S, but do not cross-react with other ureol ypcT/Eraesisa.
Such anti bodi es nmay be prepared agai nst epitopes unique to Helicobacter
(see figure 4), or alternatively, against the whol e pol ypeptides foll owed
by screening out of any antibodies reacting with other ureolytic bacteria.

The invention also concerns nonoclonal or polyclonal antibodies to
t he HSPs =~ or fragnents thereof, partiggarly to the HSP A and/or HSP B
protein illustrated in figure 6. Polypeptides having at least 75 % and

preferably at |IBastccAd %cedlsdOwashoappogyimatelyhed ¢HSPeg nwf apswrifdeged
to induce antngggiégﬁpation. These anti bodi-es may be specifiq
| Similarly, the large UreB subunits of H. pylori

and H. felis wureases were expressed in E. coli
(plasmids pILL927 and pILL222, respectively) and
produced fusion proteins with predicted molecular
weights of 103 kDa. The yield in these cases was
‘appreciably 1lower than for the UreA preparations
(approximately 20 mg was recovered from 2-L of
bacterial culture). Moreover, problems associated with
the cleavage of the UreB polypeptides from the MBP
portion of the fusion proteins were encountered. These
‘difficulties were attributed to the large sizes of the
recombinant UreB polypeptides.

Analysis_bf the recombinant uréase.po;ypeptides H

Western blot analyses of the antigen preparations
with rabbit polyclonal antisera raised to whole-
‘extracts .of H. pylori and H. felis bacteria
demonstrated that the antigens retained immunogenicity'

to the hdmologous as well as heteroclogous antisefa
(figures 14 and 15). The antisera did not recognize
the MBP component alone. Cross-reactivity between the
urease polypeptides of H. bpylori and H. felis was
coﬁsistent with the high degrees of identity between
the amino acid sequences of these proteins.

Rabbit  polyclonal antisera raised against
purified recombinant UreA and UreB proteins prepared
from H. pylori and H. felis strongly reacted with the
urease polypeptides pfesent in whole-cell extracts of
the bacteria (figure 16). As we had already observed,
the UreB subunit of H. felis urease migrated slightly
higher on SDS-PAGE gels than did that of H. pylori
(figure 16). | |
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for tW® 94/46061r] Cchaperonins or, alternatively, they mapCT/EP#0168Ct
- Wth GoEL-like proteins or GoES-1ike proteins frombacteria other than

Hel i cobact er, depending wupon the epitopes recognised. Figure 7 shows

t he honol ogous regions of HSP- A and HSP B with G oES-li ke proteins and

G oEL- like proteins respectively fromvarious bacteria. Particularly
preferred anti bodies are those specific fop-,either the ESP A or HSP B
chaperonins or those specifically recognising the HSP A C-term nal sequence
havi ng t he netabgggg#?%%&nmctbﬁn.'ﬂgaim fsriof spoamdulafragmed s fdn t he
I nduction of the_antibaodi.es ensureéug{ggugtion of Helicobacter-specific

anti - immunoprotection s

To ensure the virulence of H. felis bacterial
inocula, bactera were reisolated from H. felis-
infected mouse stomachs (see Materials and methods).
The bacﬁeria were passaged a minimum number of times
in vitro. Stock cultures prepared from these bacteria,

and stored at =~80° C, were used to prepare fresh
inocula for other mouse protection studies. This
procedure ensured that the inocula used in successive
experiments were reproducible.

Immunization of mice against gastric H. felis

infection :

Mice that had been immunized for three weeks with
the given antigen'preparations were divided into two
lots and one half of these were challenged two weeks
later with an H. fellis inoculum containing 107
bacteria/mL. One group of animals that had been
immunized with recombinant H. felis UreA were also
challenged but, -unlike the other animals, were not
sacrificed until week 19.

a) Protection af_week 5

Eighty-five % of stomach biopsy samples from the
control group of mice immunized with H. felis sonicate
preparations were urease-negative and therefore
appeared to have been protected from H. felis
infection (table 4). This compared to 20% of those
from the other control group' of animals given MBP
alone. The proportion of urease-négative-stdmachs for
those groups of mice given the recombinant urease
subunits varied from 70% (for H. pylori UreB) to 20%
(for H. pylori Urel).

e N
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bodi es. whhé44981 bodi es of the invention nmay be prepared usi poraipessi@el
. techni ques. For exanpl e nonocl onal antibodi es may be produced by the

hybri doma techni que or by known.techni ques for the preparation of human
anti bodi es, or by the technique described by Marks et This Sheet Has Been
Repl aced [err] WO 94/ 26901 '

PCT/ EP94/ 01625 16 48

The levels of bacterial colonisation by H. felis
was also assessed from coded histological slides
prepared from gastric tissue. Due to the striking
'heliCal'morphology of H. felis bacteria, the organisms
could be readily seen on the mucosal surfaces of both
gastric pit and glandular regions of the stomach.
Histological evidence indicated that the 1levels of
protection in mice was lower than that observed by the
biopsy urease test : 25% and 20% of gastric tissue
from mice immunized with H. _ felis sonicate

preparations of H. pylori UreB, respectively, were
' free of H. felis bacteria.

Amongst <certain groups of these mice the
preponderance of urease-negative biopsies, as well as
lower histological scores for bacterial colonisation
(unpublished data), suggested that an immunoprotective
responsé had  been elicited in the animals. This’
responsé, however, may have been insufficient to
protect aéainst the inoculum administered during the
challenge procedure.

b) Protection at week 17 : _
The'remaining mice, from each group of animals,
were boosted on week 15. These mice were challenged at
week 17 with an H. felis ~ inoculum containing
.'Approximately 100-fold less bacteria than that used
previously. Two weeks later all stomach biopsies from
the MBP-immunized mice were urease-positive (table 4).
In contrast, urease activity for gastric biopsies from
mice immunized with the recombinant urease subunits
varied from 50% for H. pylori UreA to 100% for H.
felis UreB. The latter was comp&rable to the level of
protection observed for the group of animals immunized
with H. felis sonicated extracts. Histological
evidence demonstrated that the UreB subunits of H.
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al ( Jowoslrze9oiof Mol ecul ar Bi ol ogy, 1991, 222, p S8PCTEPY4/0IEIE
.invention also includes fragnents of any of the above antlbodles produced
by enzyne digestion. of particular interest are the Fab and F(ab')2
fragments. Also of interest are the Facb fragnents. The invention also
relates to purified anti bodies or serum obtai ned by inmunisation of an
animal, e.g. a mammal , with ‘the I mmunggeni c conposition, t he
protelnaceous material or fragnent, or the fusion or m xed rotein, of
the invention,felis| poded. Dvlqui iFTeEecbed 60% and 2&% |q£onr@sunb_zed

serum  AlS0 copgerged | S AJSAURRELY 0" THAIS |conphFeadRRH | 8 18vel of

85% protection for mice immunized with H. felis
sonicated extracts. Immunization of mice with
recombinant H. pylori UreA did not protect the
animals. Similarly, the stomachs of all H. felis
UreA-immunized mice, that had been challenged at week

5, were heavily colonised with H. felis bacteria at
week 19 (table 4). _

The urease gastric biopsy test, when compared to
histological analysis of gastric tissue sections, gave
sensitivity and specificity values of 63% and 95%,

"respectively. Thus histology proved to be the more
accurate predictor of H. felis infection in the mouse.

Cellular immune response in immunized stomachs :

In addition to the_histblogical assessment of H.
felis colonisation, mouse gastric tissue was also
scored (from O to'3) for the presehce of a mononuclear
cell response. In mice immunized with MBP alone, a
mild chronic gastritis was seen with small numbers of
mononuclear cells restricted to the muscularis mucosa
and to the submucosa of the gastric epithelium. In
contrast,  there were considerable numbers of
mononuclear cells present in the gastric mucosae from
animals immunized with either the recombinant urease
polypeptides, or with H. felis sonicate preparations.

' These inflammatory cells coalesced to form either
loose aggregates, in the  submucosal regions of the
tissue,_or nodular structﬁres that extended into the
mucosal regions of the Ggastric epithelia. The
mononuclear cell'response did not appear to be related

to the presence of bacteria as the gastric mucosae
from the H. felis UreA-immunized mice, that were

- -
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[err] inMX9426901 containing at |east these antibodies Or pS@riid)
optionally with reagents for |l abelling the antibodies e.qg. antl-antl ‘%Tes
etc. The invention further relates to nucleic acid sequences coding for
any of the above proteinaceous materials including peptides. In particular,
the invention relates to- a nucleic . acid sequence characterised in
‘that it conprises : i) a sequence coding forqthe Helicobacter felis urease
and accessory pol ypeptides as defined above, and a sequence coding for the

HSP of H. pylori heawiefy ne¢lamized withi )Ha fequencbace@ iENtahtalifeq
sequence (i) ; jittle or no mononuclear cells.
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or I 1 MO 942698ECUENCE capabl e of hybridizing to sequen®ET(EP94016285i i)
under stringent conditions or iv) a fragnent of any of sequences (i),
(ii) or (iii) conprising at least 10 nye l,eotides. Preferred nucleic acid
.sequences are those conprising all or dart of the sequence of plasmd

pl L205 (CNCM I -1355), for exanple the sequence of Figure 3, in particular
that coding for the gene product of ure A and for ure B or the sequence of
This Sheet Has Been Repl aced [err]

' Table - The oligomeric primers used in PCR-based amplification of

urease-encoding nucleotide sequences.

Primer set Nucleotide sequence (5' -> 3")

id
ed

forw |  .CAU CCT AAAC GAAC TCTA” GATC AAAC T5TA" ATG

rev | TOTC CTTT A'CG A'CG A'GCAT AGTAT CTTT €77 CAT CuA..

#2 forw CC GGA GAA TTC ATT AGC AGA AAA GAA TAT c"" TCT ATG

" EmRY
rev AC GTT CTG CAG CTT ACG AAT AAC TTT TGT TGS TTG AGC
¥
#3  forw . GGA TCC AAA AAG ATT TCA CG
rev GGA_AGC TT € TGC AGG TGT GCT TCC CCA GTC

HindlD¥  pstl¥

Degenerated nucleotides in which all possible permutations of the
genetic code were included (A, T, G, Q).

The given nucleotides were degenerated with the specxﬁc base(s)
shown.

G.CT

Restriction sites introduced in the amplified fragments.

=
f.
.\'-
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VO 94/ 269@194/26901 PCT/ EPOR¢DAPIL0162S
Figure 9 (Ue |I), or a sequence capabl & @f hybridising with these sequences
under stringent conditions, or a sequence conplenentary to these
sequences, or a fragnent conpri sing at | east 10 consecuti ve
nucl eoti des_of, t hes ence Ot her preferred sequences are those

conpri sing aePler p@?ﬁ“g t”ﬁ@ sequence of plasm d plLL689 (CNCM | -1356),
~for exanple the sequence of figure 6, in particular that coding for HSP A
and/or HSP_B._ _or_a sequence conplenentary to thisg anunnpn QL2 sequence

Plasmid Vector Relevant phenotype or character Reference

pILL763 'pILL570 9.5 kb fragment (Sau3a partial digest Cussac ¢t
~ of H. pylori chromosome) (Sp®) al., 1991

pILL199 pILL575 - 35 kb fragment (Sau3A partial digest Ferrero &
of H. felis chromosome) Labigne,'93

pILL207 pILL570 11 kb fragment (Sau3A partial digest_ This studv
' of pILL199)

pILL919 =~ pMAL-C2 0.8 kb BamHI-Pst] 2 insert containing This studv

a nucleotide fragment encoding H. felis ureA

‘gene (ApR)

pILL920 pMAL-C2 0.8 kb BamHI-PstI? insert cbnta_ining' This studv
PCR product encoding H. pylori ureA
- gene

pILL927 pMAL-C2 1.8 kb EcoRI-PstI? PCR fragment This study
o encoding H. pylori ureB gene

pILL213 pUC19 2 kb fragment resulting from Sau3 A This study
partial digest of pILL207 (ApR)

pILL219  pMAL-C2 1.4 kb Dral-HindIII® insert containing This study
H. felis ureB (bases 657 - 1707)

pILL 221 pMAL-C2 0.7 kb BamHI-Pstl PCR fragment This study
encoding H. felis ureB (bases 4 - 667)

pIL1222  pMAL-C2 1.35 kb Pstl-PstI€ fragment encoding This study
H. felis ureB (bases 667 - 1707) from
pILL219 cloned into linerized pILL221
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capabl e W’W%di zing to this seq gce under stringent peqishglsless:
or a fragnent thereof. High stringency qh.lle ridization conditions Inthe -
context of the invention are the following : - 5 x SSC - 50 % formam de at
[err] ; or - 6 X SSC - Denhard nediumat [err]. The sequences of the

I nvention also include those hybridizing to any of sequences (i), (ii) and
(iii) defirePle aboVEOIQFMERET OhdRics P hgERMURIEIEAN ons, that is

- with recombinant urease proteins.

Antigen | Protection (%) 2
Urease Histology
MBP 0% (0/10) 0%(0/10)

UreA H. pulori

w
o

@8 0 (0/10)

"
wu

UreA H.felis ® | 125 (1/8) 0 (0/10)

(5/8) 5 (2/8)

o\.
(9]

UreB H. puvior:
UreB H. felis | 100 (7/7) 60 (5/7)

H. felis sonicate | 100 (8/8) 8 (7/8)

Challenge inoculum dose was 10°
bacteria/mouse
- Mice were challenged on week 5 (with 107

pacteria) and were sacrificed on week 19.

—
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- 5 X SS€0-94Q6%01% SDS - 30 or 40 % formamide at [err], pref RCGHEP4HI62E The
term "conpl enentary sequences" in the context of the invention signifies
"conpl enent ary" and "reverse" .or "inverse" sequences. The nucleic acid
. sequences may be DNA or RNA. The sequences of the invention nay be used as
nucl eoti de probes in association with appropriate_labelling nmeans. Such
means include radio-active isotopes, enzy#es, chem cal or
chem co-1 um nescent markers, fluoro-chrones, haptens or _anti bodi es. The

This Sheet Has Hobi- FEBLEG@BACTER PYLORI hspA-B HEAT SHOCK ‘GENE
CLUSTER : NUCLEOTIDE SEQUENCE, EXPRESSION AND
FUNCTION :

A homolog'of the heat shock proteins (HSPs) of
the GroEL class, reported to be closely associated
with the urease of Helicobacter pylori (a nickel
metalloenzyme), has recently been purified from H.
pylori cells by bunn et al, and Evans et al. (Infect.
Immun. 60:1946, 1992, 1946 and 2125, respectively).
Based on the reported N-terminal amino acid sequence
of this immunodominant ‘protein, degenerated.
oligonucleotides were synthesized in order to target
the gene (hspB) encoding the GroEL-like pfotein in the
chromosome of H. pylori strain 85P. Following gene
amplification,'a_108-base pair (bp)-fragment encoding

'the 36 first amino acids of the HspB protein was
purified, and used a probe to identify in the H.
pylori genomic bank a recombingnt cosmid harboring the
entire HspB encoding gene. The hspB_gene'was mapped to
a 3.15 kilobases (kb) BglII restriction fragment of
the pILL684 cosmid. The nucleotide sequence of that
fragment subcloned into the pILL570 plasmid vector
(pILL689) revealed the presence of two open reading
frames (OFRs) designated hspA and hspB, the
organization of which was very similar to be gfoESL
bicistronic operons of other bacterial species. hspA

.and hspB encode polypeptides of 118 and 545 amino
acids respectiveiy, corresponding to calculated
molecular masses of 13.0 and 58.2 kilodaltons (kDa),
respectively. Amino acid sequence comparison studies
revealed i) that the H. pylori HspA and. HspB protein
were highly similar to their bacterial homologs; ii)
‘that the HspA H. pylori protein features a striking
motif at the carboxyl terminus that other bacterial
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[err] woWarf9d126901 PCPEP&RAS 01625
18 markers may optionally be fixed to a solid support for exanple a

menbrane, or particles. As a preferred marker, radio-active phosporous

[err] is incorporated at the 5'-end of the probe sequence. The

probes of the invention conprise any fragnent of the described nucleic acid

sequences and may have a Iength for exanplgsof at | east 45
GroEs—homologs lack ; this unique motif consists of a
series of eight histidine _résidues resembling metal
binding domain, such a nickel binding. Surprisingly,
immediately upstream of the gene cluster an IS5
insertion element was found that was absent in the H.
pylori genome, and was positively selectionned during
the cosmid cloning process. The IS5 was found to be
involved in the expreésion of the hspA and hspB'genes
in,'pILL689. The expression of the HspA and HspB
proteins from the pILL689 plasmid was analyzed in
minicell-producing strain. Both polypeptides were
shown to be constitutively expressed in the E. coli
cells. When the pILL689 recombinant plasmid was
introduced together with the H. pylori urease gene
cluster into an E. coli host strain, an increase of
urease activity was_ observed suggesting a close
interactibn between the heat shock proteins and the
urease enzyme. Supporting the concept of a specific
function for the HspA chaperone, was the fact that
whereas a single hspB copy was found in the H. pylori
genome, two copies of the hspA were found in the
genome, one linked to the hspB gene and one unlinked
‘to the hspB gene. Attempts to construct isogenic
mutants of H. pylori in the hspA and the hspB gene
were unsucesseful ' suggesting that these genes afe
essential for the survival of the bacteria.

EXPERIMENTAL PROCEDURES FOR PART III :

The cloning experiments . were performed with
genqmic DNA prepared from H. pylori strain 85P. H.
,pylori'strain'Ns was used as the recipient strain for
the electroporation experiments because of its
favorable transformability. E. coli strain HB101 or

Bacterial strains, plasmids, and culture conditions :
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nucl eot helgs4r2dopf exanpl e 60, 80 or 100 nucl eotides or nore. PRTERIA0OBEES
probes are those derived fromthe ure [err], HSP A and HSP B genes. The
probes of the invention may be used in the in vitro detection of [err]
infection in a biological sanpl e, optional ly after a gene
anplification reaction. NMst advantageously, the probes are used to
detect Helicobacter felis or [err], or botdg dependi ng on whether the
sequence chosen as the probe is specific to one.or the other, or whether it
can hybridi se tstbatih. MEY0HLl Weret sedy Bs$ dasdosdn fendepisoris agkoning

stringent in Cagﬁﬁin@d@ﬁidﬂfﬁbEié&ﬁé?&ﬁéﬁES, respectively. E. coli
P678-54 was used for preparation of minicells. Vectors
and recombinant plasmids used in this study are listed
in Table 1. H. pylori strains were grown on horse
blood agar platee, supplemented with vancomycin (10
mg/l), pelymyxin B (2,500 U/I), trimethoprim (5 mg/1),
and amphotericih B (4 mg/l). Plates were incubated at
37°C under microaerobic conditions in ‘an anaerobic jar
with a carbon dioxide generator envelope (BBL 70304).
E. coli strains were grown in L-broth without
glucose (10 g of tryptone, 5 g of yeast extract, and 5
g of NaCI per liter ; pH 7.0) or on L-agar plates (1.5
% agar) at 37°C. For measurement of urease activity,
the nitrogen-limitihg - medium used consisted of
ammonium-free M9 minimal agar medium (pH7.4)
containing 0.4 % D-glucose as the carbon source, and
freshly prepared filter-sterilized L-arginine added to
the final concentration of 10 mM. Antibiotic
eoncentrations for the selection of recombinant clones
were as follows (in milligrams per liter) : kanamycin,
20 ; spectinomycin, 100 ; carbenicillin, 100. '

Preparation of DNA :

Genomic DNA from H. pylori was 'prepared as
previously described. Cosmid and plasmid DNAs were
prepared by an alkaline lysis procedure followed by
‘purification in cesium chloride-ethidium bromide
gradients as previeusly described.

Cosmid cloning :

The construction of the cosmid gene bank of H.
pylori 85P in E. coli HB101l, which was used for the

cloning of the H.'pyleri hspA-B gene cluster, has been
described previocusly.
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The i nveppisanemhiso relates to a kit for the in vitro det eRQT/BP94/0162F

Hel i cobact er infection, characterised in that it conprises - a '
nucl eoti de probe according to the invention, as defined above ; - an
appropriate nediumfor carrying out a hybridisation reaction between the
nucl eic acid of Helicobacter and the probe ; - reagents for the detection

of any hybrids fornmed. The nucl eoti de seque&rces of the invention may al so
serve as prinmers in a nucleic acid anplification reaction. The priners
normal |y conpri @igranalysisgoand cloning mgthodoloqy s

Restriction endonucleases, T4 DNA 1ligase, DNA

polymerase I large (Klenow) fragment, and Tag
polymerase were purchased from Amersham, T4 DNA
polymerase from Biolabs, and calf intestinal
phosphatase from Pharmacia. All enzymes were used
according to the instructions of the manufacturers.
DNA fragments were separated on agarose gels run in
Tris-acetate buffer. The 1-kb ladder from Bethesda
Research Laboratories was used as a fragment size
standard. When necessary, DNA fragments were isélated
by. electroelution from agarose gels as previously
described and recovered from the migration buffer by
means of an Elutip-d minicolumn (Schleicher and
Schuell, Dassel, Germany). Basic DNA manipulations
were performed according to the protocols described by
Sambrook et al.

Hybridization :

Colony blots for screening of the H. pylori
cosmid bank and for identification of subclones were
prepared on nitrocellulose membranes (Schleicher and
Schuell, Dassel, Germany) according to the protocol of
Sambrook et al. (43). Radioactive labelling of PCR-
products was performed by random priming, using as
primers the random hexamers from Pharmacia. Colony
hybridizations were performed under high ‘stringency
conditions (5 x SSC, 0.1 % SDS, 50 % formamide, 42° C)
(1 x SSC ; 150 mM NaCl, 15 mM sodium citrate, pH 7.0).
For Southern blot hybridizations, DNA fragments were
transferred from égarose gels to nitrocellulose sheets
(0.45-um pore size ; Schleicher & Schuell, Inc.), and
hybridized under low stringency conditions (5 x SSC,
0.1 % SDS, 30 or 40 % formamide, at 42° ¢ with 32p-
labeled deoxyribonucleotide probes Hybridization was
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consecu eoti des of the sequences descri bed above an Yy at
| east 15*3$98#@g| | engt hs are This Sheet Has Been Repl aced qtﬁ@ééﬁ&ﬁ%%QOl
PCT/ EP94/ 01625 19 from 25 to 30 and may be as high as 100 or nore

consecutive nucleotides. Such prinmers are used in pairs and are chosen to

hybridize wwth the 5 and 3'- ends of the fragnent to be anplified. Such an-
anplification reaction may be perforned usé_,iang for

revealed by autoradiography using Amersham Hypérfilm-
MP. '

DNA sequencing ¢

Appropriate fragments of plasmid DNA were
subcloned into M13 mp 18/19 vectors. Single stranded
DNA was prepared by phage infection of E. coli strain
JM101.  Sequencing was performed by = the
dideoxynucleotide chain termination method using the
United States Biochemicals Sequenase kit. Both the M13
universal primer and additional specific primers
(Fig.l) were used to séquence' both the coding and -
non-coding DNA strands. Sequencing of doublé-stranded
DNA was performed as previously described. Direct
sequencing of PCR product was carried out following
purification of the amplified, electroeluted PCR
product through an Elutip-d minicolumn (Schleicher &
Schﬁell) ; The classical protocol for sequencing using
the Sequenase kit was then used with the following
modifications : PCR product was denatured by boiling
annealing mixturé containing 200 picomoles of the
oligonucleotide used as primer and DMSO to the final
concentration of 1 % for 3 minutes : the mixture was
then immediatly cool on ice ; the labeling step was
performed in presence of manganese ions (mM).

Electroporation of n.'pylori 2

In the attempt to construct H. pylori mutants,
appropriate plasmid constructions cafrying the
targeted gene disrupted by a cassette containing a

kanamycin resistance - gene ' (aph3'-II1I), were
transformed into_ H. pylori strain N6 by means of
electroporation as previously described. Plasmid

pSUS10 harboring the kanamycin disrupted flaA gene was
used as positive control of electroporation. After

This Sheet Has Been Rep

N i



éxarrpl e 05% 9 PCR technique (European pat ent appli oty LPs01625
EP20036§Y ifé4 and 229701). The Q[err]- replicase technique [err], vol.

6, Oct. 1988) may al so be used in the anplification reaction. The invention
also relates to expression vectors characterised in that they contain any

of the nucleic acid sequences of the invention. Particularly
preferred expression vectors are plasm ds rggLL689 and pl LL205 (CNCM | -1356
and CNCM | - 1355, respectively). The expression vectors will normally

contai n suitabl g EcrEssstatiGh N BalcYer it dveBekgrouenNasn ABA-RI eRitlifle
regul atory signals nece sarg for .efdf|0£ ent ﬁ‘X[]).I‘ e55|don. tThe ijfventlon
further rel ates RYAYDKEPY o Pegrod of 48 n order to allow for the
- expression of the antibiotic resistance and then
transferred onto KkKanamycin-containing plates. The

selective plates were incubated for up to 6 days.

Polymerase chain reaction (PCR) :

PCRs were carried out using a Perkin-Elmer Cetus
thermal cycler using the GeneAmp kit (Perkin-Elmer
Cetus). Classical amplification reaction involved 50
picomoles (pmoles) of each primer and at 1least 5
pmoles of the target DNA. The target DNA was heat
denatured prior 'additidn to the amplification
reaction. Reaction consisted of 25 cycles of the
following three steps : denaturation (94° C for 1
| minute), annealing. (at temperatures ranging between 42
and 55° C, depending on the calculated melting
temperatures of the primers, for 2 min), and extension
(72° € for 2 min). When degenerated oligonucleotides
were used in non strin_gent' conditions, up to 1000
pmoles  of each oligonucleotide were added, 50 cycles
were carried out, and annealing was performed at 42°
C.

" Analysis of p:oteins expressed in minicells :
“Minicells  harboring the appropriate hybrid
plasmid were isolated and labeled with [3*S] methionine
(50 u Ci/ml). Approximately 100,000 cpm of acetone-
precipitable material was subjected to sodium dodecyl
sulfate (SDS) -polyacrylamide gel electrophoresis in a
12.5 % gell_. Standard proteins with molecular weights
ranging from 94,000 to 14,000 (low< molecular-weights
kit from Bio-Rad Laboratories) were run in parallel.
The gel was stained and examined by fluorography,
using En’Hance (New England Nuclear).
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eukar yoti.§ oBRgdp1Cel I s stably transformed by the nucleic aci pcyoewrnies of

the i nvention.
eukaryot es such

As exanpl es of hosts, nention may be nmade of higher

as CHO cells and cell-lines ; yeast, prokaryotes includi

bacteria such as E. coli e.g E. coli HB 101 ; Mcobacterium tubercul os
; viruses including baculovirus and vaccinia. Usually the host cells wll

- be transforned
context of the

by vectors. However, 1if%,gis also possible wthin
invention, to insert the nucleic acid sequences b

honol ogous recomirexid actissity ronventional techniques. By culturing th

stably transfornmed mﬁ¥égég £Q§109¥§nUé§LquaﬂpftatgglU?ﬂﬁﬁéeﬁertﬂEﬁgﬁe

pol ypepti de "’

reaction by using a modification of the procedure
which has already been described. Urease activity was
expressed as micromoles of urea hydrolyzed per minute
per milligram of bacterial protein. '

RESULTS OF PART III EXPERIMENTS :

Identification of a recombinant cosmid harboring the
Helicobacter pvlori GroEL-like heat shock protein
encoding gene 3

Based on the published N-terminai amino segquence
of the purified heat shock protein of H. pylori, two
degenerated oligonucleotides were synthesized to
target the gene of interest in the chromosome of H.

‘pylori strain 85P. The first one.5' -~ G CNA ARG A

RATEAARTTYTCNG - 3' where N stands for
the four hucleotidés,_n =Aand G, Y=T and C, H = T,
C, and A, is derived from for the first 8 amino acids
of the protein (AKEIKFSD) ; the second one 5' - C R T
TNCKNCCNCEKNGGNCCCAT - 3', where K =
G and T, corresponds to the complementary codons
specifying the amino acid from position 29 to position

36 (MGPRGRNV, ref). The expected size for the PCR

product was 108 base pairs (bp). The amplification
reaction was performed under low stringency conditions
as described in the "Materials and Methods" section,
and led to the synthesis of six fragments with size
ranging from 400 bp to 100 bp. The three smallest
fragments were electroeluted from an acrylamide gel,
and purified. Direct sequencing of the PCR products
permitted the identification of a DNA fragment
encoding an amino acid seguence corresﬁonding to the

'published sequence. This fragment was therefore
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mat er i alw@ndresdtner e applicable, the HSP material can be prodEKEPIN01625
reconbi nant neans. The reconbi nant proteinaceous nmaterials are then

collected and purified. Pharmaceutical compositions are prepared by This

Sheet Has Been Re | aced [err] WO 94/ 26901 20 conbi-ni ng the reconbi nant
materials with SU|tabIe excipients, adjuvants and optionally, any
ot her 61 _

labeled and used as probe in colony hybridization to
identify recombinant cosmids exhibiting homology to a
5' segment of the H. pylori GroEL-like encoding gene ;
this gene was further designated hspB. The gene bank
consists of 400 independent kanamycin-resistant E.
coli transductants harboring recombinant cosmids. Of
those one single clone hybridized with the probe, and
harboréd a recombinant plasmid designated pILL684, 46
. kb in size. The low frequency observed when detecting
the hspB gene (1 of 400) was unusual when compared
with that of several cloned genes which were
consistently detected in five to seven recombinant
cosmids. In order to identify the hspB gene, fragments
with sizes of 3 to 4 kb were generated by partial
restriction of the pILL684 cosmid DNA  with
endonuclease Sau3a, éurified,_ and ligated into the
Bglll Site of plasmid vector pILLS570. ©Of 100
subclones, x'weré positive clones, and one wés further
studied (pILL689) ; it contains a 3.15 kb insert,
flanked by two BylII restriction sites, that was
mapped in detail (Fig. 5). Using the PCR 3P labeled
probe,lthe 5' end df the hspB gene was found to map to
the 632 bp HindIII-Sphl central restriction fragment
of pILL6892, indicating that one could expect the
presence of the entire hspB gene in the pILL689
recombinant plasmid. | )

DNA sequence and deduced amino acid sequence of the H.
pylori hspA-B gene cluster : .

The 3200 bp of pILL689 depicted in Fig. 5 were
sequenced by cloning into M13mpl8 and M1l3mpl®9, the
asymetric restriction fragments BglII-SphlI, SphI-
HindIII, HindIII-BglII ; each cloned fragment was
independently  sequenced on both  strands 16
oligonucleotide primers (Fig.1l) were synthesized to

ey
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addi ti e c?gﬁggb 188 stabilizers. The invention al so rel at es tErmEpsn1gs
- pl LL920 ? eposited at CNCM on 20.07.1993, under accession nunber

I-1337) and plLL927 (CNCM I - 1340, deposited on 20.07.1993) constructed as
described in the exanples below. [err] Figure : Transposon nutagenesis and
sequenci ng of plLL205. Linear restriction maps of reconbi nant cosmd

pl LL199 and reconbi nant plasm d plLL205 ( Qd the respective scal e markers)
are presented. Nunbers in parentheses indiCate the sizes of H felis DNA

fragments inserdgiffirm the reading and/or to generate sequences
overlapping the independently sequenced fragments ;
these were used as primers in double-~stranded-DNA
sequencing analyses. _ '

The analysis of the -sequence revealed two
distinct genetic elements. First the presence of two
open reading frames (ORFs), depicted in figure 5,
transcribed in - the same direction, that were
designated hspA and hspB : The nucleotide sequence and
the deduced amino acid sequence of the two ORFs are
presented in Fig. 6. The first codon of hspA begins
323 bp upstream of the leftward HindIII site of
pILL689 (Fig. 5) and is preceded by a Shine-Dalgarno
ribosome-binding site (RBS) (GGAGAA). The hspA ORF
codes for a polypeptide of 118 amino acids. The
initiation <codon for the hspB ORF begins 25
nucléotides downstream the hspA stop codon ; it is
preceded by a RBs'site (AAGGA) . The hspB ORF encodes a
polypeptide of 545 amino acids and is terminated.by a
TAA  codon followed by a palindromic | sequence

" resembling a rho-independent transcription terminator
(free energy, 4G = =19.8 kcal/mol) (Fig. 6). The N-
terminal amino acid sequence of the deduced protein
HspB was identical to the N-terminal sequence 6f the
purified H.pylori heat shock protein previously
published with the exception of 'the N-terminal
methionine, which is absent from the purified protein
and might be posttranslatlonally removed, resultlng in
a mature protein of 544 amino acids.

The deduced amino acid sequences of H. pylori
HspA and HspB were coméared to several amino acid
sequences of HSPs of the GroES and GroEL class (Fig.
7). HspB exhibited high homology at the amino acid
level with <the Leglonella pneumophila HtpB protein
(82. 9 % of 51m11ar1t1es), with the Escherichia coli
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|nto onewgfnhbﬁncl oni ng vectors (plLL575 or plLL570, respectpoEEP401EEE
"plus" and "m nus" signs within circles correspond to the insertion sites

of the Mni Tn3-Km transposon in plLL205 ; "plus" signs indicate that
t he transposon did not inactivate urease expression, whereas. negative signs
i ndicate that urease expression was abolished. The letters refer to mutant
cl ones which were further characterised for.quantitative urease activity
and. for the synthesis of urease gene products. The location of the
structural urea@:mesmf@téinon(mmzos avf rspmeédemtiedelsy ,boxdth t fthe

I engt hs of which hafam)% ogorgt’ég act o] the éi zeérgéhgﬂgtrigsp%%:i vep%q:ne-in
(79.4 % of 51m11ar1t1es), with Clostridium perfringens
Hsp60 protein (80.7 % of similarities), and to a
lesser extent to the  GroEL-like proteins of
Mycobacterium. However, 1like almost all the GroEL
homologs, H. pylori HspB demonstrated the conserved
carboxyl-terminus °  glycine-methionine motif
'(MGGMGGMGGMGGMM) which was recently shown to be
dispensable in the E. coli GroEL chaperonin. The
degree of homology at the amino acid level between the -
H.. pylori HspA protéin and the other GroES-like
protelns is shown in Fig. 7. The alignment shown
features a striking motif at the carboxyl terminus of

" the H. pylori HspA .proteln that other bacterial
GroES-homologs lack. This ﬁnique highly charged motif
consists of 27 additional amino acids capable of
forming a loop between two double cystein residues ;
ot the 27 amino ac1ds, 8 are histidine re51dues highly
reminiscent of a metal binding domain.

The second genetic element revealed by the
sequence'analysis,'was the presence of an insertion
sequence (IS5) 84 bp upstream of the hspA gene. The
nucleotide sequence of this element matched perfectly
that previously described for IS5 in E. coli, with the
presence of a l6 nucleotide = sequence
(CTTGTTCGCACCTTCC) that corresponds to one of the two
inverted repeats which flank the IS5 element. Because
of the perfect match at the DNA level, we suspected
that the IS5 was not initially present in the H.
pylori chromosome, but had rather inserted upstream of
the hspA-HspB gene cluster during the cloning prdcess,
a hypothesis that needed to be confirmed by further
analyses. |
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readi ng WwhaargeeiThe arrows refer to the orientation of t r anspeT/EPSNN625The
scale at the bottomof the figure indicates the sizes (in kilobases) of the

Hondl Il and Pstl restriction fragments. Restriction sites are This
Sheet Has Been Re |aced [err]. WO 94/ 26901 '

PCT/ EP94/ 01625 21 represented as follows : B, BanH ; Pv, Pvull ; Bg, Bgll
, E, EcCORl ; H HindllIl ; C Jdal ; Ps, Pstds '

Tdentification of the upstream sequence of the hspA-B

gene cluster in H. pylorz chromosome :

The presence of the IS5 was examined by gene
amplification using two oligonucleotides, one being
internal to the IS5 element and the other one
downstream of the IS5 element (oligo #1 and #2, Fig.
6), to target a putative Sequence i) in the chromosome
of H. pylori strain 85P, ii) in the initial cosmid
pILL684, and 1iii) in the 100 subclones resulting of
the Sau3a partial restriction of the pILL684
recombinant cosmid. IS5 was absent from the chromosome
of H. pylori, and was present in the very first
subcultures of the E. coli strain 'harboring cosmid
pILL684. Among the 100 pILL68B4 subclone derivatives
which appeared to contain all or part of the IS5
sequence, we then looked for a subclone harboring the -
left end side of the IS5 plus the original upstream
sequence of the hspA-hspB gene cluster. This screening
was made by restriction analysis of the different
Sau3A partial generated subclones. The restriction map
of one (pILL694). of the ,plasmids fulfilling these
criteria is shown in Fig. 5. The left end side of the
IS5 nucleotide sequence was determined ; the presence
of a 4-bp duplication CTAA on both side of the 16-bp
inverted repeats of the IS5 element (Fig. 6) allowed
us to confirm the recent acquisition of <the IS5
element by transposition. A 245-nucleotide sequence
was then determined that mapped immediately upstream
of the IS5 element (shown Fig. 6). This sequence
consists of a non coding region in which the presence
of a putative consensus heat shdck-promoter sequence
was detected ; it shows a perfectly conserved =35
region (TAACTCGCTTGAA) and a less consentaneous =10
region (CTCAATTA). Two oligonucleotides (#3 and #4,
shown on Fig.2) were synthesized which mapped to
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Letters WO 92s9¢1ar ent heses i ndicate that the sites origi nat eBCTEPI/BI63S

cl oni ng vector.

Figure 2 : Western blot analysis of whole-cell extracts

E. coli HBIOL cells harbouring reconbinant plasm ds were reacted wth
rabbit pol yclonal antiserum (diluted 1:1, 1000) raised against H felis

bacteria. A ext
pI LL570 (lane 1) -

racts were of [err] cells harbouring : plasmd vector
; ‘reconbi nant plasmd pILEEDS (I ane 2) ; and pl LL205

d t | ds d ted o "o W
o Vo8 Bt oS ugp See b FSaateq Ot BaEns "SRAPDONE | TP oD BARICRE

plasm d plLL753

PPes@nti ndnt heclte pykebmbinant cosmid ; these two
oligonucleotides should lead to the amplification of a
XXXXbp fragment'when the IS5 sequence is present and a
fragment in the absence of the IS5. The results of the
PCR reaction using as target DNA the pILL684 cosmid,

 the pILL694 plasmid, and the H. pylori 85P chromosome

fit the predictions (results not shown). Moreover,

direct sequencing of the PCR product obtained from the

H. pylori chromosome was performed and confirmed the

upstream hspA-hspB _reconstructed sequence shown in

Fig. 6 (B). To further confirm the genetic

organization of the whole sequenced region, two probes

were prepared by gene amplification of the pILL689

plasmid using oligonucleotides #5 and #6, and #7 and

#8 (Fig. 6). : they were_ﬁsed as probes in Southern.
hybfidization experiments  under low stringency

conditions against'an HindIII digest of the H. pylori

85P chromosme. The results demonstrate that no other
detectable rearrangement had occured during the

cloning process (data not shown). These experiments

allowed us to demonstrate that whereas a single copy
of the hspB gene was present in the chromosome of H.

pylori strain 85, two copies of the hspA gene were

detected by Southern hybridization.

‘Analysis of polypeptides expressed in minicells :

The pILL689 and the pILL692 recombinant plasmids
and ‘the respective cloning vectors pILL570, and

'pAc_‘.Yc17‘7, were .introduced by transformation into E.

coli P678-54, a minicell-producing strain. The pILL689
and pILL692 plasmids (Fig. 5) contain the same 3.15-kb
insert cloned into the two vectors. pILL570 contains

upstream of the poly-cloning site a stop of

transcription and of translation ; the orientation of
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ure A agg 4/sse8 genes ([err]., 1991) (lane 1) ; and pl LL205g€fijFE§,516\ie

pl asm ds disrupted in loci "f", "g", "h", and "i" (lanes 2- e snal

arrow heads indicate pol ypeptides of approximately 30 and 66 kil odal tons

whi ch represent putative Ure A and Ure B gene products of H felis. The

| arge arrow heads in panel B indicate the correspondi ng gene products of H.

pylori which cros-reacted with the anti-H cfelis serum The nunbers

i ndicate the nol ecular weights (in thousands) of the protein standards.

Figure 3 Nucl eothee ivempencénopItiissd, fwds smateudinirshchr @aye e Sthe

Nurrber s above t%%a%%%%% %Aﬂé'ca 5 th%s located upstream of the IS5
fragment and therefore upstream of the hspA and HspB
genes. . Two polypeptides that migrated with
polypeptides having apparent molecular weights of 60

- kDa and 14 kDa were clearly detected in minicell-

. experiments from pILL689 and pILL692 (results not
shown) , whereas they were  absent from the
corresponding vectors ; these results indicated that
the hspA and hspB genes were constitutively expressed
from a promoter located within the IS5 were
constitutively expressed from a promoter located
within the IS5 element. Moreover, whereas the amount
of polypeptides visualized on the SDS gel was in good
agreement with the copy. number of the respective
~vectors, the intensity of the two polypeptidic bands
suggested a polycistronic transcription of the two
genes. '

Attempts to understand the role of the Hspa and nspB
proteins

Two disruptions of genes were achieved'in.E. coli
by inserting the Km cassette previously described
within the hspA or the hspB gene of plasmids pILL686
and pILZGQl. This was done in order to return the
disrupted genes in H. pylori by electroporation, and
to select for allelic replacement. The pILL696
resulting plasmid encoded a truncated form of the HspA
protein, corresponding to the deletion of the cC-
terminal end amino acid sequence ; in that plasmid the
Km cassette Was_inserted in such way that the promoter
of the Km gene could serve as promoter for the hspB
downstream gene. The pILL687 and pILL688 plasmids
resulted from the insertion of the Km cassette in

~either orientation within the hspB gene. None of these

. This Sheet Has Been Rerlaced

AT




nucl eot i ions as well as the am no acid position in _the
6 ,gmg@g pEmulles

two Ure Ure B pol ypeptides. Predicted am no acid ences f or
Ue A (bp 43 to 753) and [err] (766 to 2616) are shown bel ow This Sheet Has
Been Repl aced [err] WD 942/ 26901

PCT/ EP94/ 01625 22 the sequence. The putatlve ri bosome-binding site

( Shi ne- Dal garno sequence, SD) is underli ned6.7 .

conétructs led to the isolation of kanamycin
transformants of H. pylori strain N6, when purified
pILL687, pILL688, pPILL696 plasmids (Table 2, Fig;-S)
were used in electroporation experiments, whereas the
pSUS10 plasmid used as positive control always did.
These results suggest the H. pylori HspA and HspB
protein are essential proteins for the survival of H.

- pylori.

Because of i) the constant description in the
literature of a close association of the HspB protein
with the urease Subunits i =ii) the unigque structure
of the HspA protein with the C-terminal sequence
reminiscent of a nickel binging domain, and iii) of
the absence of viable hspA and/or hspB.mutants of H.
pylori, we attempted to demonstrate a role of the H.
pylori Hsps. proteins in relations with the H. pylori
urease by functional complementation experiments in E.
coli. Plasmids pILL763 or pILL753 (both pILL570
derivatives, Table 5) encoding the urease gene cluster
were ihtroduced_ with the compatible pILL692 plasmid
(PACYC177 derivative) that constitutively expresses
the HspA et HspB polypeptides as visualizéd in
minicells. In both complementétions, the expression of
the HspA and HspB proteins in the same E. coli cell
allows to observe a three fold increase in the urease
activity folldwing induction of the urease genes on
minimum medium supplemented with 10 mM L- Arginine as
limiting nitrogen source. '
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t he H. ase subunlts H f., Helicobacter felis ; r

Proteus mra |f(ﬁ ; Jack bean. Figure 5. Restriction n'é%”’&f’;i?‘ﬁél‘

r econbi nant plasn1ds pILL689, pl LL685, and plLL691. The construction of
these plasmds is described in details in Table 1. Kmw thin triangles
depictes the site "of insertion of the kananycin cassette which led to the
construction of plasm ds plLL687, plLL688 a?g pl LL696 (table 2). Boxes
underneath the maps indicate the position of"the three genetic el enents

deduced from t herguel exiprégsIeftience, prfeigatHon [ e alkpAnd [AbkdnocENIC
' PROPERTIES OF H. PYLORI HSPA AND HSPB :

EXPERIMENTAL PROCEDURE FOR PART IV :

Expression and purification of recombinant fusion
proteins :

- The MalE-HspA,,and'MalE-HspB fusion proteins were
expressed following the cloning of the two genes
within the pMAL-c2 vector as described in the
"Results" section using the following primers
oligo #1'ccggagaattcAAGTTTCAACCATTAGGAGAAAGGGTC
oligo #2 acgttctgcagTTTAGTGTTTTTTGTGATCATGACAGC
oligo #3 ccggagaattcGCAAAAGAAATCAAATTTTCAGATAGC
ollgo #4 acgttctqcagATGATACCAAAAAGCAAGGGGGCTTAC
Two liters of Luria medium containing glucose (30%)
and ampicillin (100 pg/ml) were inoculated with 20 ml
of an overnight culture of strain MC1061 containing
the fusion plasmid and incubated with shaklng at 37°cC.
When the OD600 of the culture reached 0.5, IPTG (at a
final concentration of 10 mM) was added, and the cells
were incubated for a further 4 hours. Cells were
harvested by centrifugation (5000 rpm for 30 min at
4°C), resuspended in 100 ml of ~column buffer
consisting of 10 mM Tris-HCl, 200 mM NaCl, 1 mM EDTA
supplemented with protease inhibitors [ (Leupeptin
(2uM) - Pepstatin (2um) - PMSF (1mM) - Aprotinin
(1:1000 dilution)]), and passed through a French press;
After centrifugation (10,000 rpm for 20 min at 4°C),
the supernatant were recovered and diluted (2-fold)
with column buffer. The lysate was filtered through a
0.2 um nitrocellulose filter prior to loading onto a
preequilibrated ~amylose resin (22 x 2.5 cm). The
fusion proteins were eluted with a 10mM maltose
solution prepared in column buffer, and the fractions
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Fi gure 6wd\bgiedpi i de sequence of the [err] Heat Shock Protei pcggipgsfledst er.
.The first nunber above the sequence indicates the nucleotide positions,
wher eas the second one nunbers t.he am no-acid residue This Sheet Has Been
Repl aced = WD 94/ 26901 :
PCT/ EP94/ 01625 23 position for- each of the [err] protein. The putative
~ribosome-bi ndi ng sequences (Shine- Dal garnosq

containing the fusion proteins were pooled, dialyzed
against distilled water, and 1lyophilized. Fusion
proteins were resuspended .in distilled water at a
final concentration of 2 mng of lyophilized
mate:ial/ml, and stored at =-20°C. Concentration and
purity of the preparations were controlled by the
Bradford protein assay (Sigma Chemicals) and SDS~PAGE

analyses.

Nickel binding properties of recombinant proteins :

E. coli MCl1061 cells, containing either the
PMAL-c2 vector or derivative recombinant plasnmids,
‘were grown in 100 ml-Luria broth in the presence of
carbenicillin (100 #g/ml). The expression of the genes
was induced with IPTG for four hours. The cells were
centrifuged and the pellet was resuspended in 2 ml of
Buffer A (6M guanidine hydrochloride, 0.1 M NaH,PO,,
0.01Tris, pHB8.0). After gentle stirring for one hour
at room temperature, the suspensions were éentrifuged
at 10,000 g for 15 min at 4°C. A 1.6 ml aliquot of
Nickel-Nitrilo-Tri-Acetic resin (Nickel-NTa, QIA
express), previously equilibrated in Buffer A, was
added to the supernatant and this mixture was stirred
at room temperature for one hour prior to loading onto
a column. The column was washed with 20 ml buffer a,
then 30 ml buffer B (8M urea, 0.1M Na-phosphate,
0.01MTris-HC1, PH8.0). The proteins were eluted
successively with the same buffer as buffer B adjusted
to pH 6.3 (Buffer C), pH 5.9 (Buffer D) and pPH 4.5
(Buffer E) and Buffer F (6M guanidine hydrochloride,
'02M acetic acid). Fifty ul of each fraction were mixed
with 50 ul of SDS buffer and loaded on SDS gels.

Human sera :
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[ SD] siweu2890 underlined. Figure 7 : Conparison of the degigg ghp-acid

sequence of [err] (A) or [err] (B) with that of other G oEL- Ilke '?6%

G oES-like (B) proteins. Asteriks mark am no-acids identical wth those in

the [err] or [err] sequences. Figure 8 Expression of the Helicobacter

pylori [err] Heat-Shock proteins in E. coli mnicells. The protein bands

wi th apparent nol ecul ar masses of 58 and 1p)-kDA, corresponding to the [err]
B Heat - Shock Proteins are clearly visible in the |anes

. Serum samples were obtained from 40 individuals,

28 were H. pylori-infected patients as confirmed by a-
positive «culture for H. pylori and histological

examination of the. biopsy, and 12 were uninfected
_patients. The sera were Xkindly provided by R. J.
Adamek (University of Bochum, Germany).

Immunoblotting @

Upon completion of SDS-PAGE runs in a Mini-
PROTEAN II electrophoresis cell, proteins were
transferred to nitrocellulose paper in a Mini Trans-

. Blot transfer cell (Bio-Rad) set at 100 V for 1 h
(with cooling). 1Immunostaining was performed as
- previously described (Ferrero et al., 1992), except.
that the ECL Western blotting detection system
(Amersham) was used to'viéualize reaction products .
Human sera and the rabbit antiserum, raised against é
‘whole-cell extract of H. pylori strain 85P, were
diluted 1:1000 and 1:5000, respectively, in 1%'(w/V)
casein prepared in phosphate-buffered saline (PBS,
pH7.4) . |

. 8erological methods [enzyme-1linked immunosorbent
assay, (ELISA)]

The following quantities of antigens were
absorbed ontc 96-well plates (Falcon 3072) : 2.5 ug of
protein MalE, 5 pg of MalE-HspA, or 2.5 ug of MalE-
HspB. The plates were left overnight at 4°C, then
washed 3 times with ELISA wash solution (EWS) [1% PBS
containing 0.05% (v/v) Tween 20]. Saturation was
achieved by incubating the plates for 90 min at 37°'C
in EWS supplemenﬁed with 1% milk powder. Wells were
again washed 3 times with EWS and then gently agitated
for 90 min at 37°C in the presence of human sera
(diluted 1:500 in EWS with 0.5% milk powder), ' under

————

- This Sheet Has Been R

[T



corres ' o plasmds plLL689 and plLL692 and abse yect or
controlp‘ggdd“%a 70 and pACYCLl77, respectively) Figure 9 : Nuc e’gtp?'gglﬁ

sequence of the Helicobacter felis ure | gene and deduced am no-acid
sequence. Figure 10 Conparison of the am no-acid sequence of the ure |
protei ns deduced fromthe nucl eoti de sequence of the ure | gene of

Hel i cobacter feli's and that of [err] Figur; 11 : Cenetic code.

Chai n-term nating, or "nonsense", 2

agitation. Bound imunoglobulins were detected by
incubation for..90 min at 37°C with biotinylated
secondary antibody (goat anti-human IgG, IgA or IgM
diluted [1:1000] in EWS supplemented with 0.5% milk
powder) in combination with streptavidin—peroxidase
' (1:500) (Kirkegaard and Perry Lab.). Bound peroxidase
was detected by reaction with the citrate substrate
and hydrogen peroxide. Plates were incubated in the
dark, at room temperature, and the optical density at
492 nm was read at intervals of 5, 15 and 30 min in an
ELISA plate reader. After 30 min, the reaction was
stopped' by the addition of hydrochloric acid to a
final concentration of 0.5M.

RESULTS OF PART IV EXPERIMENTS :

Construction of recombinant plasmids producing
inducible Malﬁ-nspa,'and HspB fusion proteins :

The oligonucleotides #1 and #2 (hspA) and #3 and
#4 (hspB) were used to amplify by PCR the entire hspA
and the hspB genes, respectively. The PCR products
were electroeluted, purified and restricted with EcoRI
and PstI. The restricted fragments'(360 bp and 1600 bp
in size, respectively) were then 1ligated into the
EcoRI-PstI restricted pMAL-c2 Qector to generate
plasmids designated pILL933 and pILL934, respectively.
Following induction with IPTG, and purification of the
soluble protein on amYlose columns, fusion proteins of
the expected size (55 kDa for pILL933 [figure 17], and
100 kDa for pILL9334) were visualized on SDS-PAGE
gels. Each of these corresponded to the fusion of the
MalE protein (42.7 kDa) with the second amino-eeid of
each of the Hsp polypeptides. The yield of the
expression of the fusion proteins was 100 mg for

e
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MalE-HspA and 20 mg for MalE-HspB when prepared from 2
liters of broth culture.

Study of the antigenicity of the HspA and HspB fusion
proteins, and of the immunogenicity of HspA and HspB

1n patients znfected thh H. pylorz H

In order to determine whether the fusion protelns
were still antigenic, each was analyzed by Western
blot with rabbit antiserum raised against the MalEk
protein and a whole-cell extract of H. pylori strain
85P. Both fusion proteins were immunoreactive ‘with
antibody to MalE (not shown) and with the anti-H.
pylori antiserum. The anti-H. pylori antiserum did not
recognize the purified MalE protein (figure 18). These
results demonstrated that the fusion proteins retained
their antigenic properties ; in addition, whereas the
'HspB protein was known to be immunogenic, this is the
first demonstration that HspA per se is immunogenic in
rabbits. |

In the same way, in order to determine whether
the HspA and HspB polypeptides were immunogenic in
“humans, the humoral immune response against HspaA
and/or HspB in patients infected with H. pvlori was
analyzed and compared to that of uninfected persons
usihg Western immunoblotting assays and enzyme-linked
immunosorbent assays (ELISA). None of the 12 sera of
the H. pyvlori-negative persons gave a positive
immunoblot signal with MalE, MalE-HspA, or MalE-HspB
proteins (figure 18). In contrast, of 28 sera from
H. pylori~-positive patients, 12 (42.8%) reacted with
the HspA protein whilst 20 (71.4%) recognized the HspB
protein. All of the sera that recognized HspA also
reacted with the HspB protein. No association was
observed between the immune response and the clinical
presentation of the H. pylori infection although such
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"anbi guqy?'_'gdzggo#t hat - it codes both methionine. Figure 1%:rrposnies
cation o

Signifi the one-letter .and. three-letter am no-ac
abbreviations. Figure 13 : Purification of [err] UreA- MBP reconbi nant
protein using the pMAL expression vector system Extracts from the

vari ous stages of protein purification were mgrated on a 10 %
resol vi ng SDS- pol yacryl am de gel . Follomﬁgq el ectrophoresis, the gel was
stai ned with Coonassie blue. The extracts were 2) non-induced cells ; 3)

| PTG i nduced celd scondluEi8AChight be premature because of the small
' number of strains analyzed.

Nickel binding properties of the fused MalE-HspA
protein : | |
| -MBP—HspA_recombinant protein expressed following
induction with IPTG, was purified from a whole cell
extract by one step purification on nickel affinity
column whereas the MBP alone, nor MBP-HspB exhibited
this property. Figure 18 illustrates the one step
purification of the MBP-HspA protein that was eluted
as a monomer at pH6.3, and as a honomer at pH4.5. The
unique band seen in panel 7 and the two bands seen in
panel 5 were both specifically recognized with anti-
HspA "rabbit sera. This suggested that <the nickel
_bindihg property of the fused MBP-HspA pfotein might
be attributed to the C-terminél sequence os HspA which

is rich in Histidine and Cysteine residues.
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press | I nduced cell extract ; 5) eluate fromanylo ' el umm
Ao TS

6) elu Lnion exchange colum (first passage) 7),elu fom ani on
exchange col um (second passage); 1) SDS-PAGE standard marker proteins.
Figure 14 Recognition of UreA reconbinant fusion. proteins by polyclonal
rabbit anti-[err] sera. Protein extracts of maltose-binding protein (BP,
lane 1), H J[err] UeA MBP.. (lane 2), and75[err]~UreA-NBP (lane 3) were

- Western Blotted wusing rabbit pol ycl onal antisera (diluted 1 : 5000)
rai sed agai nst wple¢keeneles extracts of [err] and [err] . The
“purified
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15 whaove 9esgoacts of [err] (lane 1) and [err] (lane 2) ‘;‘?l,%ﬁ% &
reacted with polyclonal rabbit antisera raised against purifie err] UreB
and [err] [err] UeB MBP-fused proteins (sera diluted 1 :  5000). The
difference in gel nobility of the respective non- 20 reconbi nant UreB
sub-uni'ts of [err]- and [err] can be seen. The nunbers on the left
refer to t he nol ecul ar wei ghts of standard marker proteins. Figure 17 25
Serum |.gG responses to MBP (bottom, NBﬂﬁ%xﬂ\(top) and MBP- HspB
(mddle) of 28 [ fec patients ares, t 12 un| f e
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the ELI Sfyqoggpeflescri bed in Experinmental procedures 30 read at 492
nm after a 30 mm incubation. The sizes of the synbols a?g ﬂ%?ﬂ@ﬂ@ Sonal
to the nunber of sera giving the sanme optical density val ue. Fi gure
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colum (lanes 2 and 3) or fromthe N -NTA colum following elution wth
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| anes 4 gpyl pr buffer C (pH 6.3), lanes 6 and 7. Nhteria
froma Iysate 09 MCLO61 (PILL933) 5 (lanes 2, 3, 5 and 7)bCT“%§¥&§§érlal

eluted froma lysate of MC1061 (PMAL-c2) (Ianes 4 and 6). Lane 3
contains the sane material as in lane 2 except that it was resuspended in
buffer E, thus denonstrating that buffer E is responsible for diner
formation of the 10 MBP- HspA subunit, as seen in lanes 3 .and 5. [err] 15
EXPERI MENTAL PROCEDURES FOR PART | : [err] 8@ [err] (ATCC 49179)
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base no. éiéﬁg d) suppl emented wwth 5 % (v/v) |lysed horse bl ood

(Bi oMeri %% nd an antibiotic suppl enent consisting of 10PCT/ERg4/06as ],
vancomycin (Lederle Laboratories), 2.5 [err] polynyxin B (Pfizer) , 5
[err] 25 [err] trinmethoprim (Sigm Chemical Co.) and 2.5 [err]
anphotericin B. (E.'R Squi bb and Sons, Inc.). Bacteria were cultured on
freshly prepared agar plates and incubated, lid upper nost, under
m croaerobic conditions at [err] for 2-3 dagg. [err] strains HB101l 30
(Boyer and Roul | and-Dussoix,  1969) and MC1061 (Maniatis et al.
983), used in TUrbg&t, €ioM-ng BRPeriFent BOrnger cRgr 0@ANG oMeenel§- i A

Luria broth w thout (algyzgsepagded cakion Lahda iFact®di #8tiondtof the
urease enzymes ©of Helicobacter species from
humans and animals. Infect Immun 60: 5259-5266.
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[err]. rown under nitrogen-limting WO 94/ 26901
PCT/ E94/ A 62{§iﬁgepcondi tions were passaged on a nitrogen-lim Fcngips?émll i

medi um consi sting of anmoniumfree M0 m ni mal - nedi um (pH 7.4) suppl enent ed
with 0.4 % (wv) D glucose and 10 mM L-arginine (Cussac et al., 1992).
[err] Al standard "DNA mani pul ations and anal yses :

SEQUENCE LISTING

(1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NaME: INSTITUT PASTEUR
(B) STREET: 25-28 rue du Dr Roux
(C) CITY:. PARIS CEDEX 15
(E) COUNTRY: FRANCE
(F) POSTAL CODE (ZIP): 75724
(G) TELEPHONE: 45.68.80.94
(H) TELEFAX: 40.61.30.17

(A) NAME: INSTITUT NATIONAL DE LA SANTE ET DE LA
RECHERCHE MEDICALE

(B) STREET: 101 rue de Tolbiac

(C) CITY: PARIS CEDEX 13

(E) COUNTRY: FRANCE

(F) POSTAL CODE (ZIP): 75654

(G) TELEPHONE: 44.23.60.00

(H) TELEFAX: 45.85.07.66

(ii) TITLE OF INVENTION: IMMUNOGENIC COMPOSITIONS AGAINST
HELICOBACTER INFECTION, POLYPEPTIDES FOR USE IN THE
COMPOSITIONS AND NUCLEIC ACID SEQUENCES ENCODING SAID
POLYPEPTIDES.

(iii) NUMBER OF SEQUENCES: 8

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Versiom #1.25 (EPO)

(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER: EP 93401309.5

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2619 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

———

(ii) MOLECULE TYPE: DNA (genomic) TthhaxPhsBmm

- : T

(A) NAME/KEY: misc_feature
(B) LOCATION: 31..36

(D) OTHER INFORMATION: /standard_name= "Shine-Dalgarno
sequence”



unl ess RERokogRY ot herwi se, were perforned according to the RIOEPSNIESS

descri bed by Maniatis et al.
genom ¢ DNA was extracted by an sarkosyl -

[err] et al.,

wi t hout catal yst, "for

resuspended

1988) .

(D) OTHER INFORMATION: /standard_name= "Shine-Dalgarno

(1983).

| sol ati on of H.

Twel ve bl ood agar plates inoculated with H
I ncubated in an anaerobic jar (BBL) with an anagy obi ¢ gaspak (BBL 70304)
The pl at e3$ were harvested in 50 m
of a 15 %(V/\(lx9|ﬁéﬁ?ﬁ@é: - 9 % (wv) sucrose solution and centrifuged at
5,000 rpm (in a Sorjal harEoREY ! fdge)feal@Fe 30 Min at [err].
in 0.2pyl L&AATIDA D7gELCE®E in 25 nM Tris-10 nmM EDTA (pH

sequence”

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 43..753
(D) OTHER INFORMATION: /standard_name= "URE A"

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 766..2475

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

(D) OTHER INFORMATION: /standard_name= “URE B"

1-2 days at [err]

TGATAGCTTG GCTACCAATA GAAATTCAAT AAGGAGTTTA

CCT

Pro

GAA
Glu

GCG

AGC
Ser

Asn

GCT
Ala
85

GAG
Glu

- GAC

Asp

GAA
Glu

T
w4

a Leu

GTG
Val

GTG
Val
70

AAC
Asn

GAT
Asp

ATT
Ile

GAA
Glu

cGC
Arg

ATT
Ile

GCG
Ala
55

ATG

Met

TTC
Phe

AAT
Asn

ACT
Thr

CTA
Leu

TTG
Leu

AGC
Ser
40

GAT
Asp

GAC
Asp

ccc
Pro

GGC
Gly

ATT
Ile
120

GAC
Asp

GCG
Ala
25

GGG
Gly

TG
Leu

GGC

Gly

GAT
Asp

Lys
105

AAC
Asn

AAG
Lys
10

CGT
Arg

CGT
Arg

ATG
Met

GTA
Val

GGA
Gly
90

TTA

Leu

elels
Ala

TTA
Leu

GGT
Gly

GTG
Val

CAA
Gln

Gca
Ala
75

ACC
Thr

GCC
Ala

GGC
Gly

ATG
Met

GTG
Val

ATG
Met

GAA
Glu
60

AGC
Ser

AAG
Lys

CcCC
Pro

Lys

cTC
Leu

GAA
Glu
45

GGC
Gly

ATG
Met

CTT
Leu

GGC
Gly

GAA
Glu
125

This Sheet Has Beén Replaced
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CAT
His

CTC
Leu

30

AAG
Lys

AGG
Arg

ATT
Ile

GTA
Val

GAG
Glu
110

GCC
Ala

TAT
Tyr
15

AAT
Asn

GCG
Ala

ACT
Thr

CAT

His

ACT
Thr
95

GTC
Val

ATT
Ile

felis DNA Tot al
protei nase K lysis procedure

felis were

The pellet was

GG ATG AAA CTA ACG
Met Lys Leu Thr

1

GCG GGC AGA TIG

Ala

TAC
Tyr

CGT
Arg

TGG
Trp

GAA
Glu
80

ATC
Ile

TTC
Phe

AGC
Ser

Gly

ACC
Thr

GAT
Asp

CTT
Leu
65

GTG
Val

CAC
His

TTA
Leu

TTG
Leu

Arg

GAA
Glu

GGT
Gly
50

AAA
Lys

GGG
Gly

ACT
Thr

Lys

Lys
130

Leu

GCG
Ala
35

AAT
Asn

Lys

ATT
Ile

CCG
Pro

AAT
Asn
115

GTG
Val

GCA
Ala
20

GTC
Val

Lys

GAA
Glu

GAA
Glu

GTA
Val
100

GAG
Glu

Lys

54

- 102
150
;98
246
294
342
390

438



8.0) contwd Ban@oi

qui ck sea

t ube.

[—e—rr_]

.2

5M sodlun1perchlorate we
adding 0.65 m of 0.5ME
t he suspension cIe
was conpleted wwth a CsO solution consisting (per

m aprotini Rer A2R ¢dc EEB degf E€r cB0cAtVGTE icka DcAMAEDTr: ckO rid Ma€l (pH 4ge
Lysat gsn Wk

unti |

7.5).

DNA  was
EDTA) ,

col | éct

at [err].

GAA
Glu

- CGC
Arg
165

GAA
Glu

GGC
Gly

CTC
Leu

leas
VL

- Gly

ATT
Ile

CGT
Arg
20

TGC

Cys

CGT
Arg

" TTG
Leu

GCC.

Ala

GGC
Gly
100

GTG
Val
150

CTA
Leu

TTT
Phe

GGC

Gly

-

TGT
Cvs

230

TCA
Ser

GTT
Val

ACC
Thr

GAT
Asp

GTG
Vql

GAC
Asp
85

AAT
Asn

ﬁ%ﬁ‘ﬂ&ﬁl rggﬁfi» a1 410001 rqay séOHid5PHeS Hils aBhe] @hE] -
and di al ysed 1@gai nst TE bufferss10 nM Tri s,

AAT
Asn

GAC
Asp

AGT
Ser

AAT
Asn

TTA
Leu
215

GAaA
Glu

CGA
Arg

AGA
Arg

ACT
Thr

GGG
Glv

-

CTC
Leu
70

ATT
Ile

AAG
Lys

AAG
Lys

ATT
Ile

GTG
val

TCT
Ser
200

AAA
Lvs

-

GCG
Ala

Lys

CTC
Leu

TAT
Tyr

ATG
Met
55

ACT
Thr

GGG
Gly

GAC
ASp

VIR

tely 5'ni%%

CTC
Leu

GCA
Ala

GAA
Glu
185

TTG
Leu

CGC
Arg

ACT
Thr

GAA

€lu

GGC
Gly

GGT
Gly
40

AGT
Ser

AAC
Asn

ATT
Ile

ATG
Met

TTG

Leu

TCT
Ser
170

CTC
Leu

GTG
Val

GCT
Ala

Lys

TAT
Tyr

GAC
Asp
25

GAA
Glu

CAA
Gln

GCC
Ala

CAA
Gln
105

GAC
Asp
155

GGA
Gly

ATT
Ile

GAT
Asp

AAA
Lys

GAT
Asp
235

GTT
Val

10

ACT
Thr

GAG
Glu

ACC
Thr

CTC
Leu

GAC
Asp
90

GAT
Asp

TTC
Phe

ACA

Thr

GAC
Asp

CGC
Arg

GAA
Glu
220

Lys

TCT
Ser

GAT
Asp

ATC
Ile

AAT
Asn

ATT
Ile
75

GGC
Gly

GGC
Cly

GAT
Asp

GCG

Ala

ATC
Ile

CAA
Gln
205

Lys

CaA
Gln

ATG
Met

TTG
Leu

Lys

AGC

Ser
60

GTG
Val

AAG
Lys

GTA
Val

suspen5|on

Sar kosyl ,

CGC
Arg

GTG
Val

GGC
Gly
190

GCC
Ala

GGT
Gly

GCA
Ala

CGC
Arg
175

GGG
Gly

GAT
Asp

TTT
Phe

AAA
Lys
160

TIT
Phe

AAT
Asn

GCC
Ala

GGG
Gly

Tysozyme and transferred to a VTi Grmebesakesme
—mlsih@gti.ﬂisgg@nﬁglam [err] proteinase K and 0.02 m of

Cells were |ysed by
and incubated at [err]

The vol ume of the tube

100 m) of 126 g Csd,

AGC TTT TGC AAA

Ser

GAA
Glu

AAG
Lys

GAT
Asp

TCT
Ser
225

Phe

cccC
Prq

CGC
Arg

GGT
Gly
210

GTA

Val

Cys

GGG
Gly

ATC
Ile

195

AAA
Lys

AAC
Asn

Lvs

GAG
Glu
180

TAT
Tyr

AAA
Lys

TGC
Cys

TAAGGAAAAA CC ATG AAA AAG
Met Lys Lys

TAT
Tyr

ATC
Ile

TTT
Phe
45

CCT

Pro

GAC
Asp

ATT
Ile

GAT
Asp

GGT
Gly

TTA
Leu
30

GGG
Gly

AGC
Ser

TAT
Tyr

GCA
Ala

AAT
Asn
110

ccC
Pro
15

GAA
Glu

GGC
Gly

TCT
Ser

ACG
Thr

GGC
Gly
95

AAT
Asn

ACT
Thr

GTG
Val

GGT

Gly.

TAT
Tyr

GGC
Gly
80

ATT
Ile

CTT
Leu

1
ACC
Thr

GAG
Glu

Lys

GAA
Glu
65

ATT
Ile

GGC
Gly

TGC
Cys

GGG
Gly

CAT
His

" ACT

Thr
50

TTA
Leu

TAC
Tyr

AAG
Lys

GTA
Val

GAT
Asp

GAT"

Asp
35

ATC
Ile

GAT
Asp

Lys

GCa
Ala

GGT
Gly
115

Tot al
1 M

534

582

630

678

726

774

822

870

918

966

1014

1062

1110

1



Thi s Sheg§o bifrzeoeen Repl aced |
PCT/ EP94/ 01625 28 [ err ] THis'ShesH5@¥ad Rephids
pl LL575,

cosmd
Briefly,

vect or

DNA fragnments a

sized on a (10 to 40 %

CCT
Pro

GGC
Gly

P

GCT
Ala

GCG
Ala

Lys
180

TTG

Leu

GAA
Glu

CCT
Pro

CAA
Gln

GAC
Asp
260

GAA
Glu

GaA
Glu

Lys

TTG
Leu

GCT
Ala

ATC
Ile

TTT
Phe

GAT
Asp
165

AGT
Ser

GCT
Ala

GCA
Ala

GCAa
Ala

GTG
Val
245

ACC
Thr

GGG
Gly

Phe

AAC
Asn

GAT
Asp
325

ACA
Thr

GAT
Asp

GCC
Ala
150

GGC
Gly

ATG
Met

AAG
Lys

GGG
Gly

GCT
Ala
230

GCT
Ala

CTA
Leu

GCT
Ala

AAC
Asn

ACT

Thr
310

Lys

GAG
Glu

ACG
Thr
135

AGC
Ser

ACG
Thr

TTG
Leu

GGG
Gly

GCG
Ala
215

ATT
Ile

ATC
Ile

GAG
Glu

GGG
Gly

ATT

Ile

295.

GAA
Glu

AGT
Ser

GCT
Ala
- 120

CAT
His

GGG
Gly

AAT
Asn

CGT
Arg

AAT
Asn
200

ATT
Ile

CAaC
His

CAC
His

GCG
Ala

GGT
Gly
280

CTA
Leu

GCC
Ala

ATC
Ile

WO 94/ 26901
df rom H.

[

BanHl - di gest ed and dephosphoryl ated pl LL575 DNA

TTG GCA GCT GAG GGC
Leu Ala Ala Glu Gly

ATT
Ile

GTT
Val

GCG
Ala

GCA
Ala
185

GTG
Val

GGT
Gly

CAC
His

ACC
Thr

ATT
1le
265

GGA
Gly

CcCC
Pro

GAG
Glu

AAG
Lys

CAC
His

ACA
Thr

ACC
Thr
170

GCC
Ala

TCT
Ser

TIT
Phe

TGC
Cys

GAT
Asp
250

GCC
Ala

CAC
His

GCC
Ala

CAC
His

GAA
Glu
330

TTT
Phe

ACC
Thr
155

ACC
Thr

GAA
Glu

TAC
Tyr

Lys

CTC
Leu
235

ACC
Thr

GGG
Gly

GCT
Ala

TCT
Ser

ATG
Met
315

GAT
Asp

ATC
Ile
140

ATG
Met

ATC
Ile

GAA
Glu

GAA
Glu

ATC
Ile
220

AAT

Asn

CIT
Leu

CGC
Arg

cca

Pro

ACT
Thr
300

GAC
Asp

GIG
Val

125

TCT
Ser

ATT
Ile

ACT
Thr

TAC
Tyr

ccC
Pro
205

CAC

His

GTC
Val

AAC
Asn

ACC
Thr

GAT
Asp
285

AAC

Asn

ATG
Met

CAG
Gln

PCT/EP94/01625
felis was cloned into

sy described ([err],
artial
gr adi ent

1991).
di gesti on with Sau3A were

?nd then ligated into a

TIG ATT GTA ACC

Leu

cCC
Pro

GGA
Gly

CcCC
Pro

GCC
Ala
190

ICT

Ser

GAA
Glu

GCC
Ala

GAG
Glu

ATC
Ile
270

GTT
Val

CCG
Pro

TTA
Leu

Phe

Ile

CAA
GCln

GGA
Gly

GGA
Gly
175

ATG
Met

TTA
Leu

GAC
Asp

GAT
Asp

GCG
Ala
255

CAT
His

ATC
Ile

ACC
Thr

ATG
Met

GCC
Ala
335

Val

CAA
Gln

GGC
Gly
160

CGC
Arg

AAT
Asn

CcGC
Arg

TGG
Trp

GAA
Glu

1240

GGC
Gly

.ACC

Thr

Lys

ATT
Ile

GTG
Val
320

GAT
Asp

Thr

ATC
Ile
}45

ACA
Thr

GCT
Ala

CTa
Leu

GAT
Asp

GGA
Gly
225

TAC
Tyr

TGT
Cys

TTC
Phe

ATG
Met

CCT
Pro
305

TGC
Cys

TCG
Ser

GCT
Ala
130

CCT
Pro

GGA
Gly

AAT
Asn

GGC
Gly

CAG
Gln
210

AGC
Ser

GAT
Asp

GTA
Val

CAC
His

GCA
Ala
290

TTC
Phe

CAC
His

AGG
Arg

GGT
Gly

ACT
Thr

CCT
Pro

CTA
Leu

TTT
Phe .
195

ATT
Ile

ACA
Thr

GTG
Val

GAA
Glu

ACT
Thr
275

GGG
Gly

ACC
Thr

cac
His

ATT
Ile

1158

1206

1254

1302

1350

1398

1446

1494

1542

1590

1638

1686

1734

1782



pr epar at {y@yo4/269¢N1 ds wer e packaged—int-e—phage | anbda parti cl peTEMEHRHAM
I'n Vitro packaging kit) fﬂﬂ% %g d to infect E. coli HB10l1. To screen for

urease expression, kana ° cedt r ansductants were replica-plated
n‘r e above) containing (20 [err])
i ndi vidugly wells of mcrotitre

onto solid nitrogen-mm

kananmyci n that had been d

pl ates (Becton Dickinson). The mictrotitre plates were incubated

aer obi cal | ggc atc[@ar ACT ATC26CA ST heao GaC aaddi 0T @AT GAC wreaaas AEAgent 1830
([err]., 128/PrbaieaChr dfllet hka Weh| Glu Bspdlysieu Wis Akt detelywiIldhin 5-6 h at
37 C by a ®ad our change in B4 reagent. SeveB3 urease-positigd cosmd :
cl ones were restriction .mapped

TTT TCT ATC ACC AGC TCC GAC TCT CAG GCT ATG GGA CGC GTA GGC GAG 1878
Phe Ser Ile Thr Ser Ser Asp Ser Gln Ala Met Gly Arg Val Gly Glu
360 365 370
GTG ATC ACA CGC ACT TGG CAG ACA GCA GAC AAA AAC AAA AAA GAG TIT 1926
Val Ile Thr Arg Thr Trp Gln Thr Ala Asp Lys Asn Lys Lys Glu Phe
375 380 385
GGG CGC TTG AAA GAG GAA AAA GGC GAT AAC GAC AAC TTC CGC ATC AAA 1974
Glv Arg Leu Lys Glu Glu Lys Gly Asp Asn Asp Asn Phe Arg Ile Lys
390 _ 395 400
CGC TAC ATC TCT AAA TAC ACC ATC AAC CCC GGG ATC GCG CAT GGG ATT 2022
Arg Tyr Ile Ser Lys Tyr Thr Ile Asn Pro Gly Ile Ala His Gly Ile
405 410 415
TCT GAC TAT GIG GGC TCT GTG GAA GTIG GGC AAA TAC GCC GAC CTC GIG 2070
Ser Asp Tyr Val Gly Ser Val Glu Val Gly Lys Tyr Ala Asp Leu Val
420 425 430 435
CTT TGG AGT CCG GCT TTC TTIT GGC ATT AAG CCC AAT ATG ATT ATT AAG 2118
Leu Trp Ser Pro Ala Phe Phe Gly Ile Lys Pro Asn Met Ile Ile Lys
440 445 450
GGC GGA TTT ATT GCG CTC TCT CAA ATG GGC GAT GCC AAT GCG TCT ATT 2166
ly Gly Phe Ile Ala Leu Ser Gln Met Gly Asp Ala Asn Ala Ser Ile
455 460 465
CCC ACC CCT CAG CCC GTC TAT TAC CGT GAA ATG TTT GGA CAC CAT GGG 2214
Pro Thr Pro Gln Pro Val Tyr Tyr Arg Glu Met Phe Gly His His Gly
470 ' 475 - 480
AAA AAC AAA TTC GAC ACC AAT ATC ACT TTC GTG TCC CAA GCG GCT TAC 2262
Lys Asn Lys Phe Asp Thr Asn Ile Thr Phe Val Ser Gln Ala Ala Tyr
485 490 - 495
AAG GCA.GGG ATC AAA GAA GAA CTA GGG CTA GAT CGC GCG GCA CCG CCa 2310
Lys Ala Gly Ile Lys Glu Glu Leu Gly Leu Asp Arg Ala Ala Pro Pro
500 505 . 510 515
GTG AAA AAC TGT CGC AAT ATC ACT AAA AAG GAC CTC AAA TTC AAC GAT 2358
‘Val Lys Asn Cys Arg Asn Ile Thr Lys Lys Asp Leu Lys Phe Asn Asp
520 525 530
GTG ACC GCA CAT ATT GAT GTC AAC CCT GAA ACC TAT AAG GTG AAA GTG 2406
Val Thr Ala His Ile Asp Val Asn Pro Glu Thr Tyr Lys Val Lys Val
535 540 545
GAT GGC AAA GAG GTA ACC TCT AAA GCA GCA GAT GAA TTG AGC CTA GCGC 2454

Asp Gly Lys Glu Val Thr Ser Lys Ala Ala Asp Glu Leu Ser Leu Ala
550 555 560



and one
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TTATTTAGAG GGGAGTCATT GATTTACCTT TGCTAGTTTA TAATGGATTT AAGAGAGGTT

TTTTTTCGTG TTTTATACCG CGTTGAAACC CTCAAATCTT TACCAAAAGG ATGCTAA

(2) INFORMATION FOR SEQ ID NO: 2:

Asp

Leu

65

Val

His

Leu

Leu

Phe

145

Ser

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 237 amino acids
(B) TYPE: amino acid

(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Helicobacter felis

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Lys Leu Thr Pro Lys Glu Leu Asp Lys Leu

y Arg

Glu
Gly

50
Lys
Gly
Thr
Lys
Lys
130

His

Phe

Leu
Ala

35
Asn
Lys
Ile
Pro
Asn
115
Val

Phe

Cys

Ala

20
Val
Lys
Glu
Glu
Val
100
Glu

Lys

Phe

5

Glu

Ala

Ser

Asn

Ala
85

Glu-

Asp

Asn

Glu

Arg
165

Glu

Leu

Val

Val

70

Asn

Asp

Ile

Lys

Val
150

Arg

Ile
Ala

55
Met
Phe
Asn
Thr
Gly
135

Asn

Asp

Leu

Ser

40

Asp

Asp

Pro

Gly'

Ile
120
Asp

Lys

Ile

Ala

25
Gly
Leu
Gly
Asp
Lys
105
Asn
Arg

Leu

Ala

10

Arg
Arg
Met
Val
Gly

90
Leu
A;a
Pro

Leu

sar
170

Gly

Val

Gln

Ala

75

Thr

Ala

Gly

Val

Asp

155

Gly

Met

Val

Met

‘Glu

60

Ser

Lys

_Pro

Lys
Gln
140

Phe

Thr

Léu

Glu

45
Gly
Met
Leu
Gly
Glu
125
Val

Asp

Ala

His

Leu

30

Lys

Arg

Ile

Val

Glu

110

Ala
Gly
Arg

Val

Tyr
15

Asn'

Ala

Thr

His

Thr

95

Val

Ile

Ser

Ala

Arg
175

Ala

Arg
Trp
Glu

80
Ile
Phe
Ser
His
Lys

160

Phe

| .asm

48 di gest ed Sau3A. DNA%FQ&@M’?QE? -
and purified :
owi ng precipitation in cold ethanol,
0 Bg/lll-digested plasmd plLL570 '
1991) and the reconbi nant plasmi ds used8fo transform conpetent E.

coli MC106
screened f%fA

SR R D A
It ons. 570

ds3pd

2562

2619



Thi s Sheﬁgldggémgeen Repl aced [err] WO 9;1/ 26901

PCT/ EP94/ 9 Quanti t.ﬁ.qsls\qgetuis%&ﬁ{eamedw ty : Cultures gr%cv%mg%"r/% 6| cally
for 2.5 days at 37 C were I shedtvvlceln085 % (wWv) Nad .

- Pellets were resuspended |Eu Bmmﬁﬂ -1 M sodi um phosphate buffer (pH
7.4) containing 0.01 M EDT. n soni cat ed by four 30-sec bursts using

a Branson

Glu Pro Gly Glu Glu Lys Ser Val Glu Leu Ile Asp Ile Gly Gly Asn
180 185 190

Lys Arg Ile Tyr Gly Phe Asn Ser Leu Val Asp Arg Gln Ala Asp Ala
195 200 205

Asp Gly Lys Lys Leu Gly Leu Lys Arg Ala Lys Glu Lys Gly Phe Gly
210 215 220

Ser Val Asn Cys Gly Cys Glu Ala Thr Lys Asp Lys Gln
225 230 : 235

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 569 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE :
(A) ORGANISM: Helicobacter felis
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Met Lys Lvs Ile Ser Arg Lys Glu Tyr Val Ser Met Tyr Gly Pro Thr
1 5 10 ' 15

Thr Gly Asp Arg Val Arg Leu Gly Asp Thr Asp lLeu Ile Leu Glu Val
20 25 30 -

Glu His Asp Cys Thr Thr Tyr Gly Glu Glu Ile Lys Phe Gly Gly Gly

P -

35 40 45

Lvs Thr Ile Arg Asp Gly Met Ser Gln Thr Asn Ser Pro Ser Ser Tyr
30 55 - 60

Glu Leu Asp Leu Val Leu Thr Asn Ala Leu Ile Val Asp Tyr Thr Gly
65 70 75 80

Ile Tyr Lys Ala Asp Ile Gly Ile Lys Asp Gly Lys Ile Ala Gly Ile
. 85 90 95

Gly Lys Ala Gly Asn Lys Asp Met Gln Asp Gly Val Asp Asn Asn Leu
100 105 110

Cvs Val Gly Pro Ala Thr Glu Ala Leu Ala Ala Glu Gly Leu Ile Val
115 120 125

Thr Ala Gly Gly lle Asp Thr His Ile His Phe Ile Ser Pro Gln Gln
130 135 . 140

Ile Pro Thr Ala Phe Ala Ser Gly Val Thr Thr Met Ile Gly Gly Gly
145 T 150 155 160



Soni fier 50 set at 30 W 50 % cycle. Cell debris

from tvﬁg%ﬁsﬁoﬁl cat es qpifRyecemBmetdReglateion. Urease activities o’fEP?'ﬁHR
soni cates were neasured a solution prepared in PEB by a
nodi fication of the M\E&m mﬁ‘ |on (Cussac et al., 1992). Urease
activity was expressed a urea [err] bactqflal protein. Protein
determ nation : Protein concentrations were estlﬁated Wi th a commerci al

ver si on th ¢ pdof RYS Qisgl cRAPIRY AdnSWORBrHEhERE GakSthr [pebrd1Rapgom

i nsertional nut at I ons wAare gener at ed 170 175

Ala Asn Leu Lys Ser Met Leu Arg Ala Ala Glu Glu Tyr Ala Met Asn
180 185 190

Leu Gly Phe Leu Ala Lys Gly Asn Val Ser Tyr Glu Pro Ser Leu Arg
195 200 205

Asp Gln Ile Glu Ala Gly Ala Ile Gly Phe Lys Ile His Glu Asp Trp
210 215 220

Gly Ser Thr Pro Ala Ala Ile His His Cys Leu Asn Val Ala Asp Glu
225 230 235 240

Tyr Asp Val Gln Val ala Ile His Thr Asp Thr Leu Asn Glu Ala Gly
245 250 255

Cvs Val Glu Asp Thr Leu Glu Ala Ile Ala Gly Arg Thr Ile His Thr
260 265 270

Phe His Thr Glu Gly Ala Gly Gly Gly His Ala Pro Asp Val Ile Lys
275 280 285

Met Ala Gly Glu Phe Asn Ile Leu Pro Ala Ser Thr Asn Pro Thr Ile
290 295 300

Pro Phe Thr Lys Asn Thr Glu Ala Glu.His Met Asp Met Leu Met Val
305 310 315 320

Cvys His His Leu Asp Lys Ser Ile Lys Glu Asp Val Gln Phe Ala Asp
325 330 335

Ser Arg Ile Arg Pro Gln Thr Ile Ala Ala Glu Asp Gln Leu His Asp
340 345 350

Met Gly Ile Phe Ser Ile Thr Ser Ser Asp Ser Gln Ala Met Gly Arg
355 360 365

Val Gly Glu Val Ile Thr Arg Thr Trp Gln Thr Ala Asp Lys Asn Lys
370 375 _ 380

Lys Glu Phe Gly Arg Leu Lys Glu Glu Lys Gly Asp Asn Asp Asn Phe
385 390 395 400

Arg Ile Lys Arg Tyr Ile Ser Lys Tyr Thr Ile Asn Pro Gly Ile Ala
405 410 415

His Gly Ile Ser Asp Tyr Val Gly Ser Val Glu Val Gly Lys Tyr Ala
420 425 430

Asp Leu Val Leu Trp Ser Pro Ala Phe Phe Gly Ile Lys Pro Asn Met
435 : - 440 445

Ile Ile Lys Cly_Gly Phe Ile Ala Leu Ser Gln Met Gly Aép Ala Asn
450 455 460



pl asmid pTCA were trans
felis DNA Transp03|t|oniu“ﬁ
derivative plasm ds was

were then sel ected for resol ved st P
%Pécb{'n (P'i—Qovlle‘r(rl-)'nﬁ-“Qr

at S were anal'yseg,son
m de stacklng gel and

coi nt egrat es

~high concentr t| ng
[err] SO|L§%| ?se e {o

4.5 % acry

His

Ala

Ala

Km el ement
nj ugati on.

ARty

i thin
\im992|). ‘&bgﬂﬁg?m E. coI I-SlﬁJeOﬁas%Ldl&ﬁe&at ai ning the transposa

into the plLL570
The resulting

His Gly Lys Asn Lys Phe Asp Thr Asn Ile Thr Phe Val Ser Gln

485 490

495

Ala Tyr Lys.Ala Gly Ile Lys Glu Glu Leu Gly Leu Asp Arg Ala

500 505

510

Pro Pro Val Lys Asn'Cys Arg Asn lle Thr Lys Lys Asp Leu Lys

515 _ 520

525

Asn Asp Val Thr Ala His Ile Asp Val Asn Pro Glu Thr Tyr Lys

530 535

550
Leu Ala Gln Leu Tyr Asn Leu Phe
565
INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 2284 base pairs -

(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/REY: CDS
(B) LOCATION: 124..477

555

540

1 Lys Val Asp Gly Lys Glu Val Thr Ser Lys Ala Ala Asp Glu Leu

560

&Bnld pl LL570 contai ni ng cl oned H.
0

ctures in the presence of

SRR Wy e g

300 [err]).
rising a

(D) OTHER INFORMATION: /standard_name= "H. pylcr1 - Hsp A"

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 506..2143

(D) OTHER INFORMATION: /standard_name= "H. pylori - Hsp B"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

ACAAACATGA TCTCATATCA GGGACTTGTT CGCACCTTCC CTAAAAATGC GCTATAGTTG 60
TGTCGCTTAA GAATACTAAG CGCTAAATTT CTATTTTATT TATCAAAACT TAGGAGAACT 120
GAA ATG AAG TIT CAA CCA TTA GGA GAA AGG GTC TTA GTA GAA AGA CTT 168
Met Lys Phe Gln Pro Leu Gly Glu Arg Val Leu Val Glu Arg Leu
1 5 10 15
GAA GAA GAG AAC AAA ACC AGT TCA GGC ATC ATC ATC CCT GAT AAC GCT 216

Glu Glu Glu Asn Lys Thr Ser Ser Gly Ile Ile Ile Pro Asp Asn Ala

20

30



12.5 %resol ving gel, according to the procedure of This Sheet Ha}zs 1Iéee
Repl ac 4094226901 Vo) 94idOHad: Has Been Replaced PCT/EPS4/0

PCT/ EP94/ 01625 30 Laenmmi i El ect rophoresis was perforned at
200V on a mni-slab gel %BHE"‘H Illﬁ Rad) Proteins were transferred to
nitrocel | ul ose paper (To

cell (Bio-Rad) set at 100 V for 1 h (with cool i%g) .

79) in a Mni Trans-Blot transfer
AAA GAA AAG CCT TTA ATG GGC GTA GTC AAA GCG GTT AGC CAT AAA ATC 264

Lvs Glu Lys Pro Leu Met Gly Val Val Lys Ala Val Ser His Lys Ile
T 35 : 40 45
AGT GAG GGT TGC AAA TGC GTT AAA GAA GGC GAT GTG ATC GCT TTT GGC. 312
Ser Glu Gly Cys Lys Cys Val Lys Glu Gly Asp Val Ile Ala Phe Gly
50 55 60
AAA TAC AAA GGC GCA GAA ATC GTT TTA GAT GGC GTT GAA TAC ATG GTG 360
Lys Tyr Lys Gly Ala Glu Ile Val Leu Asp Gly Val Glu Tyr Met Val
65 70 75
CTA GAA CTA GAA GAC ATT CTA GGT ATT GTG GGC TCA GGC TCT TGC TGT 408
Leu Glu Leu Glu Asp Ile Leu Gly Ile Val Gly Ser Gly Ser Cys Cys
80 85 90 95
CAT ACA GGT AAT CAT GAT CAT AAA CAT GCT AAA GAG CAT GAA GCT TGC 456
His Thr Gly Asn His Asp His Lys His Ala Lys Glu His Glu Ala Cys
100 105 110
TGT CAT GAT CAC AAA AAA CAC TAAAAAACAT TATTATTAAG GATACAAA ATG 508
Cys His Asp His Lys Lys His Met
115 1
GCA AAA GAA ATC AAA TTT TCA GAT AGC GCA AGA AAC CTT TTA TTT GAA 556
Ala Lys Glu Ile Lys Phe Ser Asp Ser Ala Arg Asn Leu Leu Phe Glu
5 _ 10 15
GGC GTA AGA CAA CTC CAT GAC GCT GTC AAA GTA ACC ATG GGG CCA AGA 604
Gly Val Arg Gln Leu His Asp Ala Val Lys Val Thr Met Gly Pro Arg
20 25 30
GGC AGG AAC GTG TTG ATC CAA AAA AGC TAT GGC GCT CCA AGC ATC ACC 652
Gly Arg Asn Val Leu Ile Gln Lys Ser Tyr Gly Ala Pro Ser Ile Thr
35 : 40 45
AAA GAC GGC GTG AGC GTG GCT AAA GAG ATT GAA TTA AGT TGC CCC GTG 700
Lys Asp Gly Val Ser Val Ala Lys Glu Ile Glu Leu Ser Cys Pro Val
50 55 60 65
GCT AAC ATG GGC GCT CAG CTC GTT AAA GAA GAT GCG AGC AAA ACC GCT 748
Ala Asn Met Gly Ala Gln Leu Val Lys Glu Asp Ala Ser Lys Thr Ala
70 ’ 75 80
GAT GCC GCC GGC GAT GGC ACG ACC ACA GCG ACC GTG CTIG GCT TAT AGC 796
Asp Ala Ala Gly Asp Gly Thr Thr Thr Ala Thr Val Leu Ala Tyr Ser
85 : 90 95
ATT TTT AAA GAG GGC TTG AGG AAT ATC ACG GCT GGG GCT AAC CCT ATT 844
Ile Phe Lys Glu Gly Leu Arg Asn Ile Thr Ala Gly Ala Asn Pro Ile
100 105 110
GAA GTG AAA CGA GGC ATG GAT AAA GCG CCT GAA GCG ATC ATT AAT GAG 892

Glu Val Lys Arg Gly Met Asp Lys Ala Pro Glu Ala Ile Ile Asn Glu
115 120 125



Nitrocebjﬁgltggégpl?ﬁr?nbranes wer e bl ocked wi—t-h 5 % (wWv) p“”“%ﬁé@?{d]&isﬁm)

i n phos er ed  s@ji §iRet (HRBSeen Rgladedd) at room tenperat ure,

(Ferrero et al., 1992). Nt reacted at [err] overnight with
antisera diluted in 1 % ( epared in PBS. |nmunoreactants were
then detected using a bi : econdary antibody (Kirkegaard and Perry

Lab.) in conbination wth avidin-peroxidase (KPE¥. A substrate solution

conposed @ 40s 34% oo acEVHAR aaf-cTeNESE Qrr- DAPBhRAL ARE Qidcadla Was  giged
to visualjige:$£aGhi Rk BePOUGT Sys [VA £1 Py Lpoweat@L Q1dernsegienced were
cl oned i ntgg 135 140 145

GTA GCG ACC ATT TCT GCA AAC TCC GAT CAC AAT ATC GGG AAA CTC ATC 988
Val Ala Thr Ile Ser Ala Asn Ser Asp His Asn Ile Gly Lys Leu Ile
150 ' : 155 160

GCT GAC GCT ATG GAA AAA GTG GGT AAA GAC GGC GTG ATC ACC GTT GAA 1036
Ala Asp Ala Met Glu Lys Val Gly Lys Asp Gly Val Ile Thr Val Glu
165 170 175

GAA GCT AAG GGC ATT GAA GAT GAA TTA GAT GTC GTA GAA GGC ATG CAA 1084
Glu Ala Lys Gly Ile Glu Asp Glu Leu Asp Val Val Glu Gly Met Gin
180 "~ 185 190

TTIT GAT AGA GGC TAC CTC TCC CCT TAC TTT GTA ACC AAC GCT GAG AAA 1132
Phe Asp Arg Gly Tyr Leu Ser Pro Tyr Phe Val Thr Asn Ala Glu Lys

195 200 205

ATG ACC GCT CAA TTG GAT AAC GCT TAC ATC CTT TTA ACG GAT AAA AAA 1180
Met Thr Ala Gln Leu Asp Asn Ala Tyr Ile Leu Leu Thr Asp Lys Lys
210 215 220 225

ATC TCT AGC ATG AAA GAC ATT CTC CCG CTA CTA GAA AAA ACC ATG AAA 1228
Ile Ser Ser Met Lys Asp Ile Leu Pro Leu Leu Glu Lys Thr Met Lys
230 235 240

GAG GGC AAA CCG CTT TTA ATC ATC GCT GAA GAC ATT GAG GGC GAA GCT 1276
Glu Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Ile Glu Gly Glu Ala
245 250 255

TTA ACG ACT CTA GIG GTG AAT AAA TTA AGA GGC GTG TTG AAT ATC GCa 1324
Leu Thr Thr Leu Val Val Asn Lys Leu Arg Gly Val Leu Asn Ile Ala
260 265 270

GCG GTT AAA GCT CCA GGC TTT GGG GAC AGG AGA AAA GAA ATG CTC AAA 1372
Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Glu Met Leu Lys
275 280 : 285

GAC ATC GCT GTT TTA ACC GGC GGT CAA GTC ATT AGC GAA GAA TTG GGC 1420
Asp Ile Ala Val Leu Thr Gly Gly Gln Val Ile Ser Glu Glu Leu Gly
290 ' 295 300 305

TTG AGT CTA GAA AAC GCT GAA GTG GAG TTT TTA GGC AAA GCG AAG ATT 1468
Leu Ser Leu Glu Asn Ala Glu Val Glu Phe Leu Gly Lys Ala Lys Ile
310 315 _ 320

- GTG ATT GAC AAA GAC AAC ACC ACG ATC GTA GAT GGC AAA GGC CAT AGC 1516
Val Ile Asp Lys Asp Asn Thr Thr lle Val Asp Gly Lys Gly His Ser
325 330 335

CAT GAC GTC AAA GAC AGA GTC GCG CAA ATC AAA ACC CAA ATT GCA AGC 1564
His Asp Val Lys Asp Arg Val Ala Gln Ile Lys Thr Gln Ile Ala Ser
340 345 . 350



ML3npl 8 3nmpl 9 (Meissing and Vieira, 1982) bactery olé8Et Or S
wo pECP 168

(Pharmaci a). npetent E. coli JMLO1l cells were transfected with
reconbi nant phage DNA and plated on media containing X-gal (5-brono-4-
[err] and [err]. ‘Plaques arising frombacteria infected with

reconbi nant phage DNA were sel ected for the preparation of single-stranded
DNA tenpl ates by pol yet hyl ene gl ycol treatnent err] , 1977).

Si ngl e- st rged adaDMA SATIURICCEAC AAROGAH A@ATTGH bes diadesty MIC| &ext iade chai D612
termnati Ommlaosiewamgry& Begluseashi iyt LdunGled1St atpdeBi srhayscal Corp.).
[err] 355 . 360 365

CTC TCT GGC GGT GTG GCT GTG ATT AAA GTG GGC GCT GCG AGT GAA GTG 1660
Leu Ser Gly Gly Val Ala Val Ile Lys Val Gly Ala Ala Ser Glu Val
370 375 380 ' 385

GAA ATG AAA GAG AAA AAA GAC CGG GTG GAT GAC GCG TTG AGC GCG ACT 1708
Glu Met Lys Glu Lys Lys Asp Arg Val Asp Asp Ala Leu Ser Ala Thr
390 ' 395 400

AAA GCG GCG GIT GAA GAA GGC ATT GTG ATT GGG GGC GGT GCG GCC CTC 1756
Lys Ala Ala Val Glu Glu Gly Ile Val Ile Gly Gly Gly Ala Ala Leu
405 410 ' 415

ATT CGC GCG GCC CAA AAA GTG CAT TTG AAT TTA CAC GAT GAT GAA AAA 1804
Ile Arg Ala Ala Gln Lys Val His Leu Asn Leu His Asp Asp Glu Lys
420 425 430

GTG GGC TAT GAA ATC ATC ATG CGC GCC ATT AAA GCC CCA TTA GCT CAA 1852
Val Gly Tyr Glu Ile Ile Met Arg Ala Ile Lys Ala Pro Leu Ala Gln
435 440 _ . 445

ATC GCT ATC AAT GCC GGT TAT GAT GGC GGT GTG GTC GTG AAT GAA GTA 1900
Ile Ala Ile Asn Ala Gly Tyr Asp Gly Gly Val Val Val Asn Glu Val
450 455 ' 460 465

GAA AAA CAC GAA GGG CAT TTT GGT TTT AAC GCT AGC AAT GGC AAG TAT 1948
Glu Lys His Glu Gly His Phe Gly Phe Asn Ala Ser Asn Gly Lys Tyr
' 470 : 475 . 480

GTG GAC ATG TTT AAA GAA GGC ATT ATT GAC CCC TTA AAA GTA GAA AGG 1996
Val Asp Met Phe Lys Glu Gly Ile Ile Asp Pro leu Lys Val Glu Arg
' 485 490 495

ATC GCT TTA CAA AAT GCG GTIT TCG GTIT TCA AGC CTG CTT TTA ACC ACa 2044
Ile Ala Leu Gln Asn Ala Val Ser Val Ser Ser Leu Leu Leu Thr Thr
500 . ' 505 510 )

GAA GCC ACC GTG CAT GAA ATC AAA GAA GAA AAA GCG GCC CCA GCA ATG 2092
Glu Ala Thr Val His Glu Ile Lys Glu Glu Lys Ala Ala Pro Ala Met
515 _ 520 525

CCT GAT ATG GGT GGC ATG GGC GGA ATG GGA GGC ATG GGC GGC ATG ATG 2140
Pro Asp Met Gly Gly Met Gly Gly Met Gly Gly Met Gly Gly Met Met
530 535 : 540 545

TAAGCCCCCT TGCTTTTIGG TATCATCTGC TTTTAAAATC CATCTTCTAG AATCCCCCCT 2200
TCTAAAATCC CTTTTTIGGG GGGTGCTTTT GGTTTGATAA AACCGCTCGC TTTTAAAAAC 2260

GCGCAACAAA AAACTCTGTT AAGC SRS _ 2284

————

——— 7

eet Has Been Reraced
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The nucwdgkgo Accessionm nunber |s X69080 (EMBL Data Li brar g¢yeboigredbeet
ac

Has Bee ed [er
XPERI MENTS [err] Cl oni ng of
| ‘ 45 kb in srze) of H felis chronosonal
94

PCT/ EP94/ 01625 31 RES
partially di gested frag
(2) INFORMATION FOR SEQ ID NO: S:

DNA'i nto the

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 545 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM : H. pylori

(xi) SEQUENCE DﬁSCRIPTIQN: SEQ ID NO: 5:

Met Ala Lys Glu Ile Lys Phe Ser Asp Ser Ala Arg Asn Leu Leu Phe
1 5 10 15

Glu Gly Val Arg Gln Leu His Asp Ala Val Lys Val Thr Met Gly Pro
20 25 30

Arg Gly Arg Asn Val Leu Ile Gln Lys Ser Tyr Gly Ala Pro Ser Ile
35 40 45

Thr Lvs Asp Gly Val Ser Val Ala Lys Glu Ile Glu Leu Ser Cys Pro
50 ' 55 60

Val Ala Asn Met Gly Ala Gln Leu Val Lys Glu Asp Ala Ser Lys Thr
65 700 75 80

Ala Asp Ala Ala Gly Asp Gly Thr Thr Thr Ala Thr Val Leu Ala Tyr
85 90 95

Ser Ile Phe Lys Glu Gly Leu Arg Asn.Ile Thr Ala Gly Ala Asn Pro
100 105 _ 110 '

Ile Glu Val Lys Arg Gly Met Asp Lys Ala Pro Glu Ala Ile Ile Asn
115 : 120 125

Glu Leu Lys Lys Ala Ser Lys Lys Val Gly Gly Lys Glu Glu Ile Thr
130 135 140

Gln Val Ala Thr Ile Ser Ala Asn Ser Asp His Asn Ile Gly Lys Leu
145 150 155 160

Ile Ala Asp Ala Met Glu Lys Val Gly Lys Asp Gly Val Ile Thr Val
165 170 175

Glu Glu Ala Lys Gly Ile Glu Asp Glu Leu Asp Val Val Glu Gly Met
: 180 185 _ 190

Gln Phe Asp Arg Gly Tyr Leu Ser Pro Tyr Phe Val Thr Asn Ala Glﬁ
© 195 200 205

Lys Met Thr Ala Gln Leu Asp Asn Ala Tyr lle Leu Leu Thr Asp Lys
210 215 220 :



cosm d veef il Lo75 Tesulted in the isolation of approxi mapelryEpedfathas
cosmd clones. ™ The 55%Q%§Has‘ﬁ%£n§2e§l%@m tured on nitrogen-limting nedium

in order to induce urea (Cussac et al., 1992). Six of these
were identified as bei nEﬂImE m&m‘l ve after 5-6 h incubation (as
described in the Experi res sectiorn). No other urease-positive

cosmd clones were identified, even after a furttfer overnight incubation.
Restricti ofy, £A4Y N ARRE WS LPf adpClanesuhgrdousime the nysensewarcodi ng
cosm ds reygaled a conmon 283kd BNA fragnment 234 cosni d (desi gmaped pl LLI 99)
contai ning DNA regions at both extremties of the common fragnment was
sel ected fprs $40CEBNI1LHE - Pro Leu Leu Ile Ile Ala Glu Asp Ile Glu Gly Glu

245 250 ' 255

Ala Leu Thr Thr Leu Val Val Asn Lys Leu Arg Gly Val Leu Asn Ile
260 265 270

Ala Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Glu Met Leu
275 280 _ 285

Lys Asp Ile Ala Val Leu Thr Gly Gly Gln Val Ile Ser Glu Glu Leu
290 295 300 '

'Gly Leu Ser Leu Glu Asn Ala Glu Val Glu Phe Leu Gly Lys Ala Lys
305 310 31s 320

Ile Val Ile Asp Lys Asp Asn Thr Thr Ile Val Asp Gly Lys Gly His
325 330 335

Ser His Asp Val Lys Asp Arg Val Ala Gln Ile Lys Thr Gln Ile Ala
340 345 - 350

Ser Thr Thr Ser Asp Tyr Asp Lys Glu Lys Leu Gln Glu Arg Leu Ala
355 ' 360 365

Lys Leu Ser Gly Gly Val Ala Val Ile Lys Val Gly Ala Ala Ser Glu
370 ' - 375 : 380

Val Glu Met Lys Glu Lys Lys Asp Arg Val Asp Asp Ala Leu Ser Ala
385 390 395 400

Thr Lys Ala Ala Val Glu Glu Gly Ile Val Ile Gly Gly Gly Ala Ala
405 410 415

Leu Ile Arg Ala Ala Gln Lys Val His Leu Asn Leu His Asp Asp Glu
© 620 425 . 430

Lys Val Gly Tyr Glu Ile Ile Met Arg Ala Ile Lys Ala Pro Leu Ala
435 440 445

Gln Ile Ala Ile Asn Ala Gly Tyr Asp Gly Gly Val Val Val Asn Glu
450 455 460

Val Glu Lys His Glu Gly His Phe Gly Phe Asn Ala Ser Asn Gly Lys
465 470 475 ' 480

Tyr Val Asp Met Phe Lys Glu Gly Ile Ile Asp Pro Leu Lys Val Glu
485 490 495

Arg Ile Ala Leu Gln Asn Ala Val Ser Val Ser Ser Leu Leu Leu Thr
500 505 510

Thr Glu Ala Thr Val His Glu Ile Lys Glu Glu Lys Ala Ala Pro Ala
515 520 525



e
e

[err] the mn n| mum DNA regi on ecessary for ureasepgypPRFHiQR I N
E. col |a'(9eﬁd69ﬁ[ he ureaSﬁsSheﬂ Re‘P m d plLLI99 was partially digested
wi th Sau3A and the frag H oned into plasm d plLL570. The

transformants were sub trogen-rich and nitrogen-limting
medi a and screened for an urease positive phenojgype. Five transfornants
expressed urease ‘activity when grown under nitrogen- limting conditions,
wher eas NReAGirbVAdy MeRScIJeteMpd EDF lcawi mer Glpvaly Hec rdlyr onenteri ch medi um
Restriction ngppi ng anal yses ismdi cated that thesalr ease- encodi ng pl asmi ds
contained inserts of between 7 and 11 kb. The

Met

545

(2) INFORMATION FOR SEQ ID NO: 6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 118 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

{(vi) ORIGINAL SOURCE:
(A) ORGANISM : H. pylori

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Met Lys Phe Gln Pro Leu le Glu Arg Val Leu Val Glu Arg Leu Glu
1 5 10 15

Glu Glu Asn Lvs Thr Ser Ser Gly Ile Ile Ile Pro Asp Asn Ala Lys
20 25 30

Glu Lvs Pro Leu Met Gly Val Val Lys Ala Val Ser His Lys Ile Ser
35 40 45

Glu Gly Cys Lys Cys Val L&s Glu Glj Asp Val Ile Ala Phe Glv Lys
50 : 55 ' 60

Tvr Lvs Gly Ala Glu Ile Val Leu Asp Gly Val Glu Tyr Met Val Leu
65 70 75 80

Glu Leu Glu Asp Ile Leu Gly Ile Val Gly Ser Gly Ser Cys ‘Cys His
85 90 95

Thr Gly Asn His Asp His Lys His Ala Lys Glu His Glu Ala Cys Cys
100 105 110

His Asp His Lys Lys His
115

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 591 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



Thi s Shee een Replaéed [err] W94/ 26901 e
PCT) EPOQHAR05S pl asni dyis gReiGBBEARRELL205 was  chosen T TG > furt her

st udi es. Random nut agenesi
I nvestigate putative regio l

to |l ocalise the region of

rr] DNA was performed to _
or urease expression in E. coli and
t contagped the structural

(vi) ORIGINAL SOURCE:
(A) ORGANISM : H. felis

(ix) FEATURE: ‘
(A) NAME/KEY: CDS
(B) LOCATION: 1..591
(D) OTHER INFORMATION: /standard_name~ "URE 1"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:.

ATG TTA GGT CTT GTG TTA TTG TAT GTT GCG GTC GTG CTG ATC AGC AAC 48
Met Leu Gly Leu Val Leu Leu Tyr Val Ala Val Val Leu Ile Ser Asn

1 5 10 15
GGA GTT AGT GGG CTT GCA AAT GTG GAT GCC AAA AGC AAA GCC ATC ATG 96
Gly Val Ser Gly Leu Ala Asn Val Asp Ala Lys Ser Lys Ala Ile Met

20 25 30
AAC TAC TTT GTG GGG GGG GAC TCT CCA TTG TGT GTA ATG TGG TCG CTa 144
Asn Tyr Phe Val Gly Gly Asp Ser Pro Leu Cys Val Met Trp Ser Leu
35 40 45
TCA TCT TAT TCC ACT TTC CAC CCC ACC CCC CCT GCA ACT GGT CCA Gaa 192
Ser Ser Tyr Ser Thr Phe His Pro Thr Pro Pro Ala Thr Gly Pro Glu
50 55 ' 60

GAT GTC GCG CAG GTG TCT CAA CAC CTC ATT AAC TTC TAT GGT CCA GCG 240
Asp Val Ala Gln Val Ser Gln His Leu Ile Asn Phe Tyr Gly Pro Ala

65 70 75 ' 80
ACT GGT CTA TTG TTT GGT TTT ACC TAC TTG TAT GCT GCC ATC AAC AAC 288
Thr Gly Leu Leu Phe Gly Phe Thr Tyr Leu Tyr Ala Ala Ile Asn Asn

: 85 90 95
ACT TTC AAT CTC GAT TGG AAA CCC TAT GGC TGG TAT TGC TTG TTT GTA 336
Thr Phe Asn Leu Asp Trp Lys Pro Tyr Gly Trp Tyr Cys Leu Phe Val
i 100 105 . 110
ACC ATC AAC ACT ATC CCA GCG GCC ATT CTT TCT CAC TAT TCC GAT GCG - 384
Thr Ile Asn Thr Ile Pro Ala Ala Ile Leu Ser His Tyr Ser asp Ala
115 120 125

CTT GAT GAT CAC CGC CTC TTA GGA ATC ACT GAG GGC GAT TGG TGG GCT 432

Leu Asp Asp His Arg Leu Leu Gly Ile Thr Glu Gly Asp Trp Trp Ala
130 135 140

TTC ATT TGG CTT GCT TGG GGT GTT TTG TGG CTC ACT GGT TGG ATT GAA 480
Phe Ile Trp Leu Ala Trp Gly Val Leu Trp Leu Thr Gly Trp Ile Glu

145 150 _ 155 160

TGC GCA CTT GGT AAG AGT CTA GGT AAA TTT GTT CCA TGG CTT GCC ATC 528

Cys Ala Leu Gly Lys Ser Leu Gly Lys Phe Val Pro Trp Leu Ala Ile
165 170 175



urease ggRRe991RANdoOmM |nsert|on ‘mutants of the pr ot ot y g1k Psi1625

pl LL205 were thus gener at tlfh Btehae;Mcéu Tn3-Km el enent [err], 1992) The
site of insertion was rest for each of the mutated copi es of
pl LL205 and cel l's harbouri ds wer e assessed qualitatively for
urease activity (figure 1)y. A sel ectlon of E 9 oli HB101 cel |l s harbouring
t he nutated derivatives of plLL205 (designated "a" to "i") were then used
both for geRNGAC AGCVETA BTESAAGET VIGGYATEICEr NECATEONTA 65C aiTl ams for tshe
detecti on wfl Ghe qiyt wdl I@euTHAAARa SIthuDLd PrbyaldeSEprieubled tFhegilelhe urease
activity of E. coli HBIO1l.cells 185 190

CAA CAC TGG TCT TGA
591 _ _
Gln His Trp Ser
195
(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 199 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM : H. felis

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Lys Gly Trp Met Leu Gly Leu Val Leu Leu Tyr Val Ala Val Val Leu
1 -5 o 10 15

Ile Ser Asn Gly Val Ser Gly Leu Ala Asn Val Asp Ala Lvs Ser Lys
20 25 30

Ala Ile Met Asn Tyr Phe Val Gly Gly Asp Ser Pro Leu Cys Val Met
35 _ 40 45

Trp Ser Leu Ser Ser Tyr Ser Thr Phe His Pro Thr Pro Pro Ala Thr
50 55 60

Gly Pro Glu Asp Val Ala Gln Val Ser Gln His .Leu Ile Asn Phe Tyr
Gly Pro Ala Thr Gly Leu Leu Phe Gly Phe Thr Tyr Leu Tyr Ala Ala
. 85 90 95

Ile Asn Asn Thr Phe Asn Leu Asp Trp Lys Pro Tyf Gly Trp'Iyr Cys
100 105 110

Leu Phe Val Thr Ile Asn Thr Ile Pro Ala Ala Ile Leu Ser His Tyr
115 120 125

Ser Asp Ala Leu Asp Asp His Arg Leu Leu Gly Ile Thr Glu Gly Asp
130 135 140

Trp Trp Ala Phe Ile Trp Leu Ala Trp Gly Val Leu Trp Leu Thr Gly
145 150 155 160

<)

Trp ‘Ile Glu Cys Ala Leu Gly Lys Ser Leu Gly Lys Phe Val Pro Trp

165 170 175



har bour i w /6805 was 1.2 0.5 [err] urea [err] bacterial pporEmipiabl e
1), which is approximately a fifth that of the parent H felis strain used

for the cloning. Insertion of the transposon at sites "a", "c", "d", "f"
and "g" resulted in . a negative phenotype, whilst nutations at sites
"b", "e", "h" and "i" had no significant effect oea the urease activities of

cl ones harbouri ng these nmut at ed copi es of m{}l LL205 (table 1). Thus
nut agenesi s of AU RARBSIF Yﬁl tHe ‘Mbhl"?hsul‘% BT drdentrn ddat Pa adatTrrededonai ns
as being required for [ert$9urease gene exé?%ssmn in.E [elf? cells. [err]

Leu Phe Ile Gln His Trp Ser
195
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West ern gl ysis of extracts of E coli cells harbouri g
|nd|catégbthe presence of two This Sheet Has Been Replacedlytﬁﬁ?%%H33901

PCT/ EP94/ 01625 33 pol ypeptides of approximately 30 and 66 kDa which

cross-reacted W th pol ycl onal H. felis ”'bblt antiserum (Figure
2A). These proteins were not produced by bact ! ector
(pl LL570). Native H felis urease has been report d”m“awm“m“ ﬁl“
100 R A R T
CLAIMS

1. Immunogenic composition, capable of inducing
antibodies against Helicobacter infection,
characterised 'in that it compriées :

i) at least one sub-unit of a urease structural
polypeptide from Helicobacter pylori, or a fragment

thereof, said fragment being recognised by antibodies
reacting with Helicobacter felis urease, and/or at

least one sub-unit of a urease structural polypeptide
from Helicobacter felis, or a fragment thereof, said
fragment being recognised by antibodies reacting with
Helicobacter pylori urease ;

ii) and/or, a Heat Shock protein (HSP), or
chaperonin, from Helicobacter , or a fragment of said
protein.

2. Immunogenic composition according to claim 1
capable of inducing protective antibodies.

3. Immunogenic composition according to claim 1
characterised in that it includes component (i), which
comprises or consists of the Helicobacter felis urease
structural polypeptide(s) encoded by the ure A and/or
ure B genes of plasmid pILL205 (CNCM 1I-1355), a
polypeptide exhibiting at least 90 % homology with the
said polypeptide(s), or a fragment thereof having at
least 6 amino-acids and being recognised by antibodies
reacting with Helicobacter pylori urease.

4. Immunogenic composition ‘according to claim 1,
characterised in that it includes component ii) which
is a HSP from Helicobacter pylori, or a fragment
thereof. ' |

5. Immunogenic composition according to any of
preceding claims characterised in that the HSP is HSP
A and/or HSP B encoded by the hsp A and/or hsp B genes
respectively, of plasmid pILL689- (CNCM I-1356), or a

P .
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MR Ill




conposedyo 9Qf25961repeati ng rmhorreWt h cal cupetEdonwees Ul ar
wei ghts of 30 and 69 kDa (Turbetft 1992). Thus the 30 and 66 kDa

protei ns were thought to corresponj aﬂ \&“II“GE ure B gene products,
respectively. Interestingly an ext rm ‘“‘“ | I's harbouring the
reconbi nant plasmd plLL763 (CUssa 19925 contalnlng t he

Hel i cobacter pylori ure A and. ure , expressed two

pol ypepti des wi th approxi mate. nol ecul ar S|zes of 30 and 62 kDa which

cross-reacted wi tgolypeptide Fextitbitsingt asedaashti Qb & 2)molbgy Ghedt thHes
Been Repl aced said HSP's, or a fragment of either or both of these
proteins having at least 6 amino-acids.

6. Pharmaceutical composition for use as a
vaccine in protecting against Helicobacter infection,
particularly against Helicobacter pylori and
Helicobacter felis, characterised in that it comprises

' the immunogenic composition of any of claims 1-5, in
combination = with physiolegically acceptable
excipient(s) and possibly adjuvants.

7. Proteinaceous material characterised in that
it comprises at least one of the Helicobacter felis
polypeptides encoded by the urease gene cluster of the
plasmid pILL205 (CNCM I-1355), including the
structural and accessory urease polypeptides, or a
polypeptide having at least 90 % homology with said
polypeptides, or a fragment thereof.

8. Proteinaceous material according to claim 7,
characterised in that it consists of or comprises the
gene product of ure A and/or ure B as illustrated in
figure 3, or a fragment having at least 6 amino-acids,
or a variant of these gene products having at 1least
90 % homology, said fragment and said variant being
recognised by antibodies reacting with Helicobacter
pylori urease. '

9. Proteinaceous material according to claim 7
characterised in that it consists of or comprises. the
gene product of ure I, as illustrated in figure 9, or
a fragment thereof having at least 6 amino-acids, or a
variant of the gene product having at least 75 %
homology, said fragment and said variant having the
capacity to activate the ure A and ure B gene products

in the presence of the remaining urease "accessory"
gene products. ' |

—
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34 Table 1. Mt agene5| s of E coI mm“Lect on urease activity.
[err] Ur eas “\“ m(““ﬁ [err] protein) plLL205
a b

[err] plLL205 :: _ ¥ nég 8 pl LL205::
0.74 0.32 plLL205:: ¢ . neg pILL205:: d
neg plLL205 :: e . 0.54020. 15

10. Nucleic acid sequence characterised in that
it comprises :

(1) at least one segquence coding for the
proteinaceous material of any one of claims 6-9 ;
or (1i) a sequence complementary to sequence (i) :
or (iii) a sequence capable of hybridising to
sequences (i) or (ii) under stringent conditions ;

iv) a fragment of any of sequences (i), (ii) or
(iii) comprising at least 10 consecutive nucleotides.

11. Nucleic acid segquence according to claim 9
characterised in that it comprises the sequence of
plasmid pILL205 (CNCM I-1355), for example the
sequence of Figure 3, in particular that coding for
the gene product of ure A and for ure B or the
sequence of Figure 9 (Ure I), or a seguence capable of
hybridising to these séquences under stringent
conditions, or a sequence complementary to these
sequences, ©or a fragment comprising at 1least 10
consecutive nucleotides of these sequences.

' 12. Expression vector characterised in that it
contains a nucleic acid sequence according to claim 10
or 1ll. _

13. Plasmid pILL205 (CNCM I-1355).
\ 14. Oligonucleotide suitable for use as a primer
‘ in a nucleic acid amplification reaction,
characterised in that it comprises from 10 to 100
consecutive nucleotides of the sequence of claim 10 or
11. |
15. Nucleotide probe characterised in that it
comprises a sequence according to any one of claims 9
or 10, with an appropriate labelling means.
16. Prokaryotic or eukaryotic host cell stably
transformed by an expression vector according to claim
12 or 13.
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pl LL205: wof 94726901 T 7TNég prLL2osy; - PCT/EP94/01625

8e83p| I6| :23g5a: | Eh coli cells han b{)“llmmm#@ lg’(zfl Flsuag(r)?vajt ives

©constructed by transposon -nmut agenesi s s-correspond to the
insertion sites of the MniTn3-transposon on prLL205. b Activities of
bacteria grown aerobically for 3 days at 3; 0§ on solid M@ minimal medi um
suppl enented with 10 nM L-argi nine. The values represent the neans
st andard devi ati ons tal c BHrdtesidaceous hma¢eddiadr nchataotericed)r éasethat
activity was appfox f I e_as at ks g 1.d-: tvpe
strain (ATCC 491% g) &Sﬁé%geg 3§f 1%%%]3‘5}%8% [tté’:é] Qéa? F’%gc‘k Pidekidd
(HSP), or chaperonins, of Hellcobacter pylori, or a

fragment thereof.

18. Proteinaceous material according to claim 17,
characterised in that it comprises or consists' of
HSP A and/or HSP B, having the amino-acid sequence
illustrated in Figure 6, or a polypeptide having at
least 75 %, and preferably at least 80 3 homology with
said polypeptide, or a fragment thereof, comprising at
least 6 amino-acids.

19. Proteinaceous material according to claim 18
characterised in that it comprises or consists of the
HSP A C~-terminal sequence : |
GSCCHTGHNHDHEXKHAKEHEACCHDHI KIKH
or a fragment comprising at least 6 consecutive
amino-acids of this sequence.

20. Nucleic acid sequence characterised in that
it comprises :

i) a sequence coding for the proteinaceous
material of any one of claims 17 to 19 or of any one
of the proteinaceous materials of claims 7 to 9 ;
or ii) a sequence complementary to sequence (i) ;
y o or iii) a sequence capable of hybridizing to

sequence (i) or (ii) under stringent conditions ;
or iv) a fragment of any of sequences (i); (ii) or
(1ii) comprising at least 10 nucleotides.

21. Nucleic acid sequence according to claim 20
characterised in that it comprises all or part of the
sequence of plasmid pILL689 (CNCM I-1356), for example
the sequence of figure 6, in particular that coding
for HSP A and/or HSP B, or a sequence complementary to
this sequence, or a sequence capable of hybridiéing to
this sequence under stringent conditions, or a
fragment thereof.
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(Ferrerowgnsh/deosy, 1991). d No actiwvity detected{Himt of deperiopofror@as < 1
nmol urea [err] of bacterial protein). This Sheet Has Been Repl aced [err]

WD 94/ 26901 I“l"“uuuwm |Ull1 PCT/ EP94/ 01625 35
Cl ones harbouring the mut at ed derl ¥! 05, in all but one case,

expressed the ure A and ure B gene products ( |gures 2A, B). G ven that

22. Expression vector characterised in that it
contains a nucleic acid sequence according to claim 20
or 21. | '

23. Plasmid pILL689 (CNCM I-1356).

24. Oligonucleotide suitable for use as a primer
in a nucleic acid @ amplification reaction,
characterised in that it comprises from 10 to 100
consecutive nucleotides of the sequence of claim 20 or
21.

25. Nucleotide probe, characterised in that it
comprises a sequence according to any one of claims 20
or 21 with an appropriate labelling means.

26. Microorganism, stably transformed by an
expressibn vector according to claim 22 or 23.

27. Monoclonal or ©polyclonal antibodies or
fragments thereof, to the proteinaceous material of
any one of claims 8 to 10, characterised in that they
are either specific for the Helicobacter felis
material, or alternatively, cross-react with the gene
products of the urease gene cluster of Helicobacter
pylori. ‘

28. Monoclonal or polyclonal antibodies according
to claim 27 characterised in that they recognise both

\ the Helicobacter felis ure A and/or ure B gene

product, and the Helicobacter pylori ure A and/or ure

B gene'product.

29, Monoclonal or ©polyclonal antibodies or
fragments thereof, to the proteinaceous material of
claims 17 or 18, characterised in that they are either
specific for the Helicobacter pylori material or,

alternatively, cross-react with GroEL-like proteins or
GroES-like .pfoteins from bacteria other than
Helicobacter. '

. This Sheet Has Been Replaced
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several @ % gjutants (i.e. mutants , T " "gY)  spaERpaRd/cggsk t he
urease su unlts yet did not pr zyne, it is possible to

specul ate that accessory functi melm I‘Im}rl urease activity may have
been dlsrupted by transposon in n-eontrast, the nutant designated
pl LL205::a did not produce the ure B product and was urease-negative. Thus

the site of transposon insertion was preSugg to be located in the [err]
gene, Sequence anal yses of the DNA region Fresponding to insertion site

"a" were undertaken tfgelMshdal8nR2t 07 ipdlyiind Padhbibbaases adtediing t he
structural polypeptlde of H felis urease
to clalm 29 characterised in that they recognise
specifically the HSP A C-terminal sequence.

' 31. Use of the immunogenic composition of claim 1
for the preparation of a vaccine suitable for use in
man and animals against Helicobacter infection,
particularly against Helicobacter pylori and
Helicobacter felis.

32. Use of the antibodies of claims 27 to 30 in a

therapeutic composition for treating infection by
Helicobacter, in particular Helicobacter pvlori,
Helicobacter heilmannii and Helicobacter felis in man
or animals.

'33. Method for the production of a pharmaceutical
composition according to claim 6, characterised by
culturing a transformed micro-organism according to
claim 16, and optionally, also a micro-organism
according to claim 26, collecting and purifying the
Helicobacter urease polypeptide material and where
applicable, also the HSP material, and combining these
materials with suitable excipients, adjuvants and,
optibnally, other additives.

34. Use of nucleotide sequences of any claim 15

) or 25 for the in vitro detection in a biological

' sample, of an infection by Helicobacter, optionally
following a gene amplification reaction.

3s. Kit for the in_ _vitro detection of
Helicobacter infection, characterised in that it
comprises :

- a nucleotide probe according to claim 15 or
25 ;

- an appropriate medium for carrying out a
hybridisation reaction between the .nucléic acid of
Helicobacter and the probe ;

H
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[err] Seqwén@42e§0iof a 2.4 kb region of H fells DNA adj acent ptp/EPOSORRHSON

insertion site "a" resulted in thellmmmlﬂ\mnulltulu two open readi ng
frames (ORFs) designated ure A and ranscribed in the sane

direction (figure 3). The transposon was torffirfmed to be | ocated at 240
bp upstreamfromthe end of ure B. Both ORFs commenced with an ATG start

codon and were preceded by a site simlar tg ghe E. coli consensus
ri bozome- bi ndi ng sequence (Shine and [err], ? 74) . The intergenic space for
the H felis structurat geeagentssi foed thet hdetectdomns W Clanier yprid@se

with the adj acentsQpPREgr eadi ng frames. This

-36. Proteinaceous material characterised in that
it comprises a fusion or mixed protein including at
least one sub-unit of a urease structural polypeptide
from Helicobacter pylori or fragment thereof, or from
Helicobacter felis or fragment thereof as defined in
claims 1 to 3, 5, 7 to 9, and or a heat shock proteins
(HSP) from Helicobacter or fragment thereof, as
defined in claims 17 to 20.

37. Purified antibodies or serum obtained by
immunisation o©of an animal with the immunogenic
composition according to claims 1 to 5, or with the
proteinaceous material or fraément of claims 7 to 9 or
17 to 19, or with the fusion or mixed protein of
claims 36.

38. Kit comprising at least the purified
antibodies or serum according to claim 37, and
optionally, appropriate media or excipients for
administration of the antibodies, or labelling or
detection means for the antibodies.

i



suggests that, as has already been observed to be the cas for [err]
[err], 1991), a single nutation in the stop codon of the ure A gene This
Sheet Has Been Repl aced [err] WO 94/ 26901 -

PCT/ EP94/ 01625 36 would theoretically result in a fused single
pol ypeptide. The H felis ure A and ypg B genes encode

ABSTRACT

IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION,
POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND NUCLEIC ACID
SEQUENCES ENCODING SAID POLYPEPTIDES

The invention relates to an immunogenic composition, capable of inducing
protective antibodies against Helicobacter infection, characterised in that it
comprises: i} at least one sub-unit of a urease structural polypeptide from
Helicobacter pylori, or a fragment thereof, said fragment being recognised by
antibodies reacting with Helicobacter felis urease, and/or at least one sub-unit of
a urease structural polypeptide from Helicobacter felis, or a fragment thereof,
said fragment being recognised by antibodies reacting with Helicobacter pylori
urease; ii) and/or, a Heat Shock protein (HSP), or chaperonin, from Helicobacter,
or a fragment of said protein. The invention also reiates to the preparation, by
recombinant means, of such immunogenic compositions.
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pol ypept i wpsogwisbgl cal cul ated nol ecul ar wei ghts of 26 074 kA and 61 663
Da, respectively, which are highly honol ogous at the am nmﬁ%’éﬂ%nce
| evel to the ure A and ure B gene prodygfes of [err]. The levels of identity
bet ween the corresponding ure A and ure B gene products of the two [err]
was cal culated to be 73.5 % and 88.2 %respectively. Fromthe am no-acid
sequence information, the predicted nol ecul ar weights of the ure A and ure
B pol ypeptides fromH felis and perr], 1991) are very simlar.

“Neverthel ess the [err] product of 8=felis hag a |lower fIOPNl ity than the
correspondi ng gene product from[&r]}when suljj ected tof,
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‘VOS%?G . .
SDS- pol yacryl am emBeI el ectrophoresis (figure 2B) [err] The ains of the
study were to devel op reconbi nant antigens derived fromthe ur eager unlts
and to assess the |nnunoprotect|ve efflcaC|é§ gfo162s

genes encodi ng

Each éf%fhe structural
felis was i ndependent |y

The resul ting

of [err] and H felis,
these antigens in [err]/nouse node
the respective urease subunits fron1[err] and H
cloned and over-expressed in Escherichia coli.
reconbi nant urease antigens (which were fused to a 42 kDa mal t ose- bi ndi ng

protein of E. coli) were purified in |arge quantities fromE. col
cul tures and were i mmunogenic, yet -

I

Sonrwwn—e 9704
—~g S 66.2
— 21.5
— 14.4
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FIGURE 2 A
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enzymatically inactive.

Repl acwe dareedl WO 94/ 26901
PCT/ EP94/ 01625 37 feasibility of developing a
agai nst [err]

2 (Oxoid)
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correspo%g é’? am no acid residue nunber 219 of the UreB subunit and
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bp fragnent fromthe N-termnal portion of the ureB gene (excluding the ATG
codon), that al so overl apped the beginning of the insert in plasmd

pl LL219. The PCR anplified material was purified and digested with [err],
and then cloned into pIVAL (pl LL221, figure 14). A 1350 bp [err] fragnent
encodi ng t he
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figure 14).

om

pl LL221 (pl LL222,

e control

198

remai ni gﬁ&ﬁpn of the UreB gene product was subsequently
%o B pE RS

pl LL219 and cloned into a This Sheet Has Been Re | aced [err

PCT/ EP94/ 01625 40 linearised preparation
[err] The expression vector pMAL is unde
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of an i nvgcddmdegopr onoter [err] and contains an open- reading frane (ORF)

t hat encodes the production of Ml E (Mltose-binding protei nPCREPP4/01625
Sequences cloned in-phase with the lattéer3/8RF resulted in the synthesis of
MBP- f used proteins which were easily purified on anylose resin. O the two.
versions of pMAL that are commercially available, the version not encoding
a signal sequence (ie. pMAL-c2) synthesized greater anounts of reconbi nant
proteins and was thus used throughout. E. coli clones harbouring

reconbi nant plasm ds were screened for the production of fusion proteins,
pri or to per form ng Iargf-scale purification
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experi meRbSseksyi’] Fresh 500 nL vol unes of Luria broth, conmggww

carbenicillin (100 [err] and 2% (w/vol) glucose, were inoc
overnight cultures (5 nmL) of E. <coli clones. The cultures were incubated at
[err] C and shaken at 250 rpm until t2hé&q9err] = 0.5. Prior to adding 1

mmol /L (final concentration) isopropyl-[err]-D thiogal actopyranoside
(IPTG to cultures, a 1.0 nL sanple was taken (non-induced cells). Cultures
were incubated for a further 4 h at which tine another 1.0 nL sanple

(i nduced cells) was taken. The non-induced and induced cell sanples were

| at er anal ysed by SDS-

171

titttﬁ_ltitktttcttthQEGLV*ttﬁ*FI*titttvnﬁttiﬁ* 169

- FIGURE 4 (v) -
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POHEPP4I0A62Dr 20
gged. Pellets were resuspended in

mmol /L EDTA in 10 nmol /L

containing the follow ng protease inhibitors (supplied by

Mannhei m Ger many)

WO 94/ 26901
18
1"7‘

2 [err]

C and the supernatant di

at [err]

PCT/ EP94/ 01625 41 | PTG i nduced cultures were centrifuged at

m n,
50 nL colum buffer (200 nmol /L Nad ,

TrisHO ,pH 7.4),
Boehri nger,

PACGE. Thwp falged; Has Been Repl aced
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| eupept i [err] pepstatin and 1 mol / L phenyl onyl
fluorid W?ﬁw@ﬁ?“ Intact cells were | ysed by passage through "a @Eé&@ﬂ .Pb
Pressure cell (16 000 [err]. Cell debris was renoved by
centrifugation and |ysates were diluted i A€ urm buffer to give a final
concentration of 2.5 ng protein/nL, prior to chromatography on a 2.6 cm x
20 cm columm of anylose resin (New Engl and Bi ol abs). The resin was washed
with colum buffer at 0.5 nL/mn until the [err] returned | evel s.
~ The MBP- f used reconbi nant proteins were eluted fromthe colum by washing
Wi th colum buffer containing 10 nmol/L 1- naltose.
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Fractions containing the reconbi nant proteins were pool ed and then dial ysed
several WOS4R6M [err] C against a |low salt buffer (contai niRQF/ER4ron6ds/ L
NaCl in 20 mmol /L TrisHd, pH 8.0). The pooled fractions were then | oaded
at a flowrate of 0.5 nL/min onto a 1.6 x131P5e¢m ani on exchange col um

(HP- Sephar ose , Pharnmaci a, Sweden) connect ed to a Hi - Load
chromat ography system (Pharmacia). Proteins were eluted fromthe
colum using a salt gradient (25 nmmol/L to 500 nmmol /L NaCl). Fractions

gi ving hi-gh absorbance readi ngs at A280 were exhaustively dial ysed agai nst
distilled water-at [err] C and anal ysed by SDS- PAGE.
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felis

r econbi nant

WO 94/ 26901
felis urease subunits

rabbit antisera was prepared agdQISEPI4mieds

strain 85P (Labigne et al

rabbi t

1991) and H.

antisera jgsq@gainst

Thi s Sheet Has Been Repl aced [err]
and H.

%92‘3}3@9& Pol ycl onal
extracts of H pylori
Pol ycl ona
protein preparations of [err]

PCT/ EP94
( ATCC49179) .
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was produced by imunizing rabbits with 100 [err] of purified_reconbi nant
prot ei n WA % d's conpl ete adjuvant (Signa). Four weeks | aXerEPPURHSE <
wer e booster-imunized with 100 [err] protein in Freund' s inconplete

adj uvant. On week 6, the animals were terniifdPfy bled and the sera kept at
-20 C. [err] Solubilized cell extracts were analyzed on slab gels,
conprising a 4.5% acryl am de stacking gel and a 10% resol vi ng gel

according to the procedure of Laemmli. El ectrophoresis was perforned at 200

V on a mni-slab gel apparatus (Bio-Rad, USA). Proteins were transferred to
nitrocel | ul ose paper :
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in a M !iWI ot transfer cell (Bio-Rad) set at 100 V for 1 h, with
cool i ng. IQ | ul ose nenbranes were bl ocked with 5% (w/ vBCT/BPageiams
(BDH, England) in phosphate-buffered saline (PBS, pH 7.4) wth gentle
shaking at roomtenperature, for 2 h. olbrfagranes were reacted at [err] C
overnight with antisera diluted in 1% casein prepared in PBS. _
| mmunor eactants were detected using specific biotinylated seondary

anti bodi es and streptavidi n-peroxi dase conj ugat e (kirkegaard and Parry
Lab., Gaithersburg, USA). Reaction products were visualized on
aut or adi ogr aphi c film (Hyperfilm Anmersham France) using a
chem | um nescence techni que (ECL system Anersham.
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i nocul a, bactera were reisolated fromH felis- infected nouse stomachs
(see Mat W0 %2%nd net hods). The bacteria were passaged a mi REREROHOMBE, of
times in vitro. Stock cultures prepared fromthese bacteria, and stored at
-80 C, were used to prepare fresh inocula §pfs.other nouse protection
‘studies. This procedure ensured that the |nocula used in successive
experiments were reproducible. [err] Mce that had been i munized for three
weeks with the given antigen preparations were divided into tw |ots and
one half of these were challenged two weeks later. with an H fellis
I'nocul um containing [err]

- FIGURE 7 B (ii) -
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NGDVRA-——* XXX kYL A*x*xxGATAV*xY*x *K*[,V*MRED
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Comparison of the GroES-like proteins from various bacteria
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bact eri a/ mLWQPH260Dup of animals that had been i munized with reconbi nant
H felis UeA were also challenged but, unlike the other aninal re not
week 19. a) Protection at week 5 : Ei ghty-fiveﬁ’;r 4/01625
stomach biopsy sanples fromthe control group of mce imunized with H
felis sonicate preparations wer e ur easesnegative and therefore
appeared to have been protected from H felis infection (table 4).
This conpared to 20% of those fromthe other control group of aninals given
The proportion of urease-negative stomachs for those groups of

sacrificed until

MBP al one.
m ce given the reconbi nant urease
N
S & & T
~ el = '
- ~— N o/
= Pt [ -
=N [ ™ E.

€ 58 kDa (Hsup)

W LR

€13 kDa (Hspay

FIGURE g
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subunits varied from70% (for [err] UeB) to 20% (for [err] S
Sheet I;(g? Bogge; Repl aced [err] WO 94/ 26901 P&'&@‘mly}

PCT/ EP94 31625 48 The levels of bacterial colonisation by H felis was al so
assessed from coded histol ogical slides prep@¥d from gastric tissue. Due
to the striking helical norphology of H felis bacteria, the organi sns

9 (i) -

'ATG TTA GGT CTT GTG TTA TTG TAT GTT GCG
Met leu gly leu val leu leu tyr val ala
GTC GTG CTG ATC AGC AAC GGA GTT AGT GGG
val val leu ile ser asn gly val ser gly

1/1
31/11
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coul d be | seen on the nucosal surfaces of both gastri o 45

gl andul ar Tegions of the stomach. Hi stol ogi cal evidence |nd|cate t at the
| evel s of protection in mce was |ower than that observed by the biopsy
urease test : 25% and 20% of. gastric tissyue from mce I muni zed W th
H. felis soni cate preparations of [er??’@reB respectively, were free
of [err] bacteria. Anongst certain groups “of these nice the
preponderance of urease-negative biopsies, as well as |ower histological
scores for bacterial colonisation (unpublished data), suggested that an

| munopr ot ective response had been elicited in the animals. This

AAR GCC

- FICURE 9 (il) -

leu ala asn val asp ala lys ser lys ala
ATC ATG AAC TAC TTT GTG GGG GGG GAC TCT
ile met asn tyr phe val gly gly asp ser

CTT GCA AAT GTG GAT GCC AAA AGC

61/21
91/31

e
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ot Has Been Rept laced

\\i\\\\\\\\\\\ -



response, however, may have been insufficient to protectpagapdsbicebe

I noc  ni stered during the challenge procedure. b) Protection at week
17 e remaining mce, fromeach group of animals, were boosted on week
15. These m ce were chall enged at week38/56 with an H felis inoculum
contai ning approximately 100-fold | ess bacteria than that used previously.
Two weeks later all stomach biopsies fromthe MBP-immuni zed mce were
urease-positive (table 4). In contrast, urease activity for gastric

bi opsies fromm ce i muni zed with the reconbi nant urease subunits varied
from50%for [err] UeA to 100% for H.
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felis UreBﬁv?ﬁgafﬂFter was conparable to the | evel of protection observed
for the group of animals inmunized with H felis sonicated p@% e
Hi st ol ogi cal evidence denpnstrated that the UreB subunits of H. T’?ggéﬁhﬁﬁ
Has Been Repl aced [err] WO 94/ 26901 19756 .

4d%60% and 25% of i muni zed

PCT/ EP94/ 01625 49 felis and H pylori protect
ani mal s, respectively. This conpared with a | evel of
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85% protwgt;ugagd‘lor mce imunized with H felis sonicated extracts.
with reconbinant [err] UreA did rRGET/BRYUEERS t he

| nmuni zati on of m ce
animals. Simlarly, the stomachs of all H felis U eA-imunized mce, that
felis

had been chal |l enged at week 5, were heay/sy col onised with H
bacteria at week 19 (table 4). The urease gastric biopsy test, when

conpared to histological analysis of gastric tissue sections, gave
sensitivity and specificity values of 63% and 95% respectively. Thus

hi stol ogy proved to be the nore accurate predictor of H felis infection in
the nouse. [err]

AAT CTC
asn leu

ACT GGT CTA TTG TTT GGT TTT ACC TAC TTG
thr gly leu leu phe gly phe thr tyr leu
= FIGURE 9 (v) -

241/81
TAT GCT GCC ATC AAC AAC ACT TTC

tyr ala ala ile asn asn thr phe

271/91

e
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In addition to the histol ogical assessnment .of H felis colonisation, nouse
gastri cMq @280%%as al so scored (fromO to 3) for the presenPETEHPIZO01625
mononucl ear cell response. In mce i munized with MBP alone, a mld chronic
gastritis was seen with small nunbers of nononuclear cells restricted to
the muscul aris nucosa and to the subnucosa4df54 he gastric epithelium In
contrast, t here wer e consi der abl e nunber s of nononucl ear cells
present in the gastric nucosae fromanimals i mmunized with either the
reconbi nant urease pol ypeptides, or with H felis sonicate preparations.
These inflammatory cells coal esced to formeither | oose aggregates, in the
subrnucosal regions of the '

TTT GTA ACC ATC AAC ACT ATC CCA GCG GCC
phe val thr ile asn thr ile pro ala ala
- FIGURE 9 (vi) -

331/111

GAT TGG AAA CCC TAT GGC TGG TAT TGC TTG
‘asp trp lys pro tyr gly trp tyr cys leu

301/101
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ti ssue,

felis
WO 94/ 26901

50 heavily

WO 94726901

epi theli a.

colonized wth

- 361/121

or -nodul ar structures that extended into the nucosal
The nononucl ear cell response did not ﬁ_pplﬁ% to
1635

that were Th&s/sgheet Has Been

H

felis
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bacteri a,

cont ai ned

(I

i

This Sheet Has Been RTiliced '

regi ons of

Repl aced [err]

the gastric
be related to the presence of bacteria as the gastric nucosae from
Ur eA-i mmuni zed - m ce,
PCT/ EP94/ 01625

9 lvii) -
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littl e ogomvangsionucl ear cells. This Sheet Has Been Re Iaceg&l/e,g%
M) o

94126901 PCT/ E
The oligorneric priners used in PCR-based anplification of urease-encoding
nucl eoti de sequences. Priner set Nucl eoti de sequence (5 ->
3) #1 forw [err] #2 forw 3 forw “3/5 [err]

- FIGURE 9 (viii) -

451/151 |
GGT GTT TTG TGG CTC ACT GGT TGG ATT GAA

gly val leu trp leu thr gly trp ile glu

GAT TGG TGG GCT TTC ATT TGG CTT GCT TGG
‘asp trp trp ala phe ile trp leu ala trp

121/141
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rev [err] De enerated nucl eotides in which all possible pernutations of
t he geneWOD4ES§ %B were included (A, T, G Q. GC T The giverPGLEPI6EES

were degenerated with the specific-base(s) shown. [err] Restriction sites
i ntroduced in the anplified fragnents.’ Thihsaétgeet Has Been Repl aced [err]
WD 94/ 26901 ,

PCT/ EP94/ 01625 52°

- FIGURE 9 (ix) -

511/171

GTT CCA TGG CTT GCC ATC GTC GAG GGC GTG
val pro trp leu ala ile val glu gly val

TGC GCA CTT GGT AAG AGT CTA GGT AAA TTT
Cys ala leu gly lys ser leu gly lys phe

481/161
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Tabl e Pl asm ds used Plasm d Vect or Rel evant phenoHé e 0
char actV¥p 94726%4f er ence pl LL763 pl LL570 9.5 kb fragmentCy E%ﬁ‘s‘blﬁ%mrt i al

di gest Cussac ct of H pylori chronosone) [err] al ., 1991 plLL199
pl LL575 35 kb fragnent (Sau3A parti al qugst Ferrero & of H felis

chr onosone) Labi gne, 93; plL .pl LL570 11 kb fragment
(Sau3A parti al dlgest This study of plLL199) plLL919 pMAL-C2 0.8 kb
[err] insert containing This study a nucl eotide fragnent encoding H felis
ureA gene (ApR) plLL920 pPMAL-C2 0.8 kb [err] insert containing This
study PCR product encoding H pulori ureA

ATC ACC GCT TGG ATT CCT GCT TGG CTA CTC
ile thr ala trp ile pro ala trp leu leu
- FIGURE 9 (x) -

TTT ATC CAA CAC TGG TCT TGA
phe ile gln his trp ser OPA

541/181
-‘571/191
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WD 94/ 26901
PCT/ EP94 9%’15@ Table -
ur eas éo ef&ﬁs. Ant i gen

Hi st ol ogy MBP

(4/8)
H pylori

60 (5/7)

The Genedc Code

(0/10) UreA H. iclis b  12.5

" (5/8)

Pr ot ecti on

o3 . PCT/EPS4/01625
of m ce by inmunization wth reconbi nant

otection (% a Urease
0% (0/10) w1788

% (0/10) UeA H pylori 50

(1/8) 0 (0/10) UreB
25 (2/8) UWeB H felis 100 (7/7)

First Position (5' End)

Second Position

U C A G

uuu ucu UAU UGU U
ouc ™ vee | |uacd™ | wecd & |c

UUA UC‘A > - IUAA' Stop | UGA® Stop |A
UUG] beu - UCG- UAG® Sitop | UGG Trp |G
CUU - CCU - | CAU:]His CGU - U ié
cuc cce CAC CGC cl ¢
CUA Leu cea Pro cAa cca Arg ) §
CUG - ccG- cmj ) cosd o z:;_‘_:
ATD ACU-T ' AAU] Asn AGU]Se: v 3'.-.%
AUC | Qe ACC AAC acc- " |c -
AUA - ACA Th:_ AAA] Lys AGA - Arg A

AUG" Met ACG- AAG™ - ACG™ C

GUU - GCU - c;,m] aep GGU - U

cuc || 6|, | cac Goo | |

GUA GCaA GA.A] Gl GGA T 1A

GUG' - GCG - GAG GGG - c

SheetFias Been Replaced
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H feli
was [er

@, &é? 100. (8/8) 85

ria / nouse Mce were challenged on week 5 (

(7/8) a Challenge

R

bacteria) and were sacrificed on week 19. This Sheet Has Been Repl aced

[err]

WO 94/ 26901

PCT/ EP94/ 01625 54 [err] -

48/56

 Abbreviations for amino acds

One-letter

| Three-letter
Amino acid abbreviation svmbol
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic add Asp D
Asparagine or aspartic add Asx B
Cysteine Cys C
Glutamine Gln Q
- Glutamic add Glu E
Glutamine or glutamic add Glx Z
Givdne Gly G
Histidine His H
Isolendne Ie I
Leudne Leu L
Lysine Lvs K
Methionine Met M
Phenylaianine - Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tvrosine Tyr Y
Vaiine Val \'/

Sheet Has Been Replaced
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A honol g e heat shock proteins (HSPs) of the G oEL class re orted to
be closg&§8Q§%€5|ated with the urease of Helicobacter pylor P

nmet al | oenzyne), has recently been purified fromH. pylori ceIIs by EUnn et
al, and Evans et al. (Infect. Immun. 6§%1946, 1992, 1946 and 2125,
respectively). Based on the reported N-term nal am no acid sequence of

this I mmunodom nant protein, degener ated ol i gonucl eoti des were
synthesized in order to target the gene (hspB) encoding the G oEL-1ike
protein in the chronosome of H pylori straing§5P. Follow ng gene
anplification, a 108-base pair (bp)-fragnment emcoding the 36 first am no

acids of the HspB protein was = s gq
v o o U o
v < ~ & . N
s ! — - - -
~ (:D o e oy ES
: z >.\ .FO-\ * puuf
= E'p_-: v £ = g
= - ~  « © ©

~J

FIGURE 13
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purifi edworgatbehgyed a probe to |dent|fy in the H pylori genom c bank a
reconbi nant cosm d harboring the entire HspB encodi ng gene. REEERS$BIENe
was nmapped to a 3.15 kil obases (kb) Bglll restriction fragment of the

pl LL684 cosm d. The nucl eoti de sequence,og{that fragnent subcl oned into the
pl LL570 plasm d vector (plLL689) reveal ed-t'he presence of two open reading
frames (OFRs) desi gnat ed hspA and hspB, t he organi zati on of

whi ch was very simlar to be groESL bicistronic operons of other bacterial
speci es. hspA and hspB encode pol ypeptides of 118 and 545 ami no aci ds
respectlvely, corresponding to ¢adl&8Eatéd ol ecul ar nasses of 13.0
and 58.2 kil odaltons (kDa), '

1 2 3 1 2 17
)
66 - - =

30

anti-H. pylori anti-H. felis

This Sheet Has Been Reilaced
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respectiwé‘S no aci d sequence conparison studies revealed i) that the
H pylori p’%\ and HspB protein were highly simlar to their BRCIVEPSI0ak2s

honol ogs; ii) that the HspA H pylori protein features a striking notif at

t he carboxyl term nus that other bacter |Ca}I ';hls Sheet Has Been Repl aced
WD 94/ 26901 PCT/ EP94101625 55

Gr oEs- hormol ogs | ack ; this unique motif consists of a series of eight
hi sti di ne residues resenbling netal .

FIGURE 15

L
A
46  omme - *
31 - - ‘
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anti-UreB anti-UreB
H. pylori - H. felis
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bi ndi ng dOITB.I r?mﬁ?éh a nickel binding. Surprisingly, imedi ately upstream
of the gene cluster an IS5 insertion elenent was found that wa ent in
the H pylori genonme, and was positively selectionned during the 04625
cloning process. The- 1S5 was found to be.i,nyolved in the expression of the
hspA and hspB genes 'in plLL689. The expreSsron of the HspA and HspB
proteins fromthe plLL689 plasm d was anal yzed in mnicell-producing
strain. Both polypeptides were shown to be constitutively expressed in
the E. coli cells. Wien the plLL689 re pﬂ}q nt .plasm d was introduced
together with the H pylori urease gene ¢ %into an E. coli host
strain, an increase of

97
68

46

31 .

3;1(-:’-UreB ‘anti-UreB
EL pylori H. felis

| - This Sheet Has Been Reilaced
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urease actWoOisR6Mas observed suggesting a close interaction between the
heat shock proteins and the urease enzyne. Supporting the congggie
specific function for the HspA chaperone, was the fact that Mhergégﬁﬁs
single hspB copy was .found in the H pylori genone, two copies of the hspA
were found in the genone, one linked to the hspB gene and one unlinked to
the hspB gene. Attenpts to construct isogenic nutants of H pylori in the
hspA and the hspB gene were unsucessef ul §U§6esting that these genes are
essential for the survival of the bacteria. EXPER MENTAL PROCEDURES FOR
PART |11l : Bacterial strains, plasmds, and culture conditions

e
H.P.-ve sera
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The cl ogj eriments were performed wth genom c DNA prepared from
H. pylorgk29V§$ﬁP

85P. H pylori strain N6 was used as the re®PCPpERI4/08825ai n

for the electroporation exper.iiments because of its favorable
transformability.

E. coli strain HBI A or ﬁnbgbsheet Has Been Repl aced
lerr] wo 94/ 26901 '
PCT/ EP94/ 01625 56 strain MC1061 were used as a host for cosmd cloning
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and subchapbarggegxperi nents, respectively. E. coli P678-54 was used for
preparation of mnicells. Vect ors and reconbi nant pl asm ds uPET/ERP4(0n62S
study are listed in Table 1. H pylori strains were grown on horse bl ood
agar plates, supplenmented with vanconycin (10 ng/1l), polynyxin B (2,500
Ul), trimethoprim(5 ng/1l), and anphotericin B (4 ng/1l). Plates were

i ncubated at 37 C under m croaerobic condig{;i gs in an anaerobic jar with a
carbon di oxi de generator envel ope (BBL 70 A{)Q’ . coli strains were
grown in L-broth wi t hout glucose (10 g of tryptone, 5 g of yeast
extract, and 5 g of NaCl per liter ; pH 7.0) or on L-agar plates (1.5 %
agar) at [err]. For neasurenent of urease activity,
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i i o S8

mting nmedium used

final concentrati on of 10 MM

sel ecti on of

kananycin, 20 ;

from H pylori

purification

in

GURE 18

b4
&

F

specti nonycin, 100 ;

consi sted

of a”anﬂEF
medi um  (pH7.4) containing 0.4 % D-glucose as
source, and freshly prepared filter-sterilized L-arginine added to the
564mti bi oti c concentrations for the
reconbi nant clones were as follows (in mlligrans per
carbenicillin,

100.

[err] Genom c

was prepared as previously described. Cosm d and
pl asm d DNAs were prepareéed by an al kaline |ysis procedure followed by
cesium chloride-ethidium brom de
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gradients as previously described. Cosmd cloning
cosm d gene bank of H pylori '85P in E. col [F5] . '
cI oni ng of the H

The constructi-on-—of
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IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER
INFECTION, POLY?EPTIDES. FOR USE IN THE COMPOSITIONS
AND NUCLEIC ACID SEQUENCES ENCODING SAID POLYPEPTIDES

N

The present invention relates +to immunogenic
compositions for inducing Qprotective antibodies
against Helicobacter spp. infection. It also relates
to proteinaceous material derived :ifrom Helicobacter,

and to nucleic acid sequences encoding then.
Antibodies to these proteinaceous materials are also
included in the invention.

H. pylori is a microorganism which infects human
gastric mucosa and is associated with active chronic
.gastritis. It has been shown to be an aetxologlcal
agent in gastroduodenal ulceration (Peterson, 1991)
and two recent studles have reported that persons
infected with H. pylori had a higher risk of
developing gastric éancer (Nomura et al’, 1991 :
Parsonnet et al, 1991). | '

In__vivo studies of the bacterium and,
. consequently, work on the development of appropriate
preventive or therapeutic agents has been severely
hindered by the fact that Helicobacter pvlori only
associates with gastric-type epithelium from very few
. animal hosts, none of which are suitable for use as
'1aboratofy models. |

‘ A mouse model of gastric colonisation has been
developed using a helical bacterium isolated from cat
gastric mucus (Lee et al, 1988, 1990) and identified
as a member of the genus Helicobacter. It has been
" named H. felis (Paster et al,' 1990).

To date, only limited information concerning H.
felis and the extent of its similarities and
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reliability of the mouse model for the development of
treatments for H. pylori infection 1is therefore

uncertain. Recently, it was shown that H. bpvlori

urease is a protective antigen in the H. felis / mouse
model (Davin et al, 1993 ; Corthesy-Theulaz et al,
1993).

It is therefore an aim of the present invention
to provide therapeutic and preventive compositions for
use in Helicobacter infection, whfch furthermore can
be tested in laboratory animals.

It is known that H. bpylori expresses urease
activity and that urease plays an important role in
bacterial colonisation and mediation of certain
pathogenic processes (Ferrero and Lee, 1991 ; Hazel et
al, 1991). - Fy

The genes codipg for the urease structural
polypeptides of H. pylori (URE_A, URE_B) have been
cloned and sequenced (Labigne et al, 1991 ; and French
Patent Application Fi 8813135), as have the genes
coding the T"accessory" polypeptides necessary for

urease activity in H. pylori (International patent
application WO $3/07273).

Attempts have been made <to use - nucleic acid
sequences from the H. pylori urease gene cluster as
probes to identify urease sequences in H. felis.
However, none of these attempts have been successful.
Furthermore, the establishment and maintenance of H.
felis cultures in vitro is extremely difficult, and
the large guantities of nucleases present in the
"bacteria complicates the extraction of DNA.

The present inventors have however, succeeded in
cloning and sequencing the genes of the urease
structural polypeptides of K. felis, and of the
accessory polypeptides. This has enabled, in the
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means of an Elutip-d m nicolum (Schleicher and Schuelds-Bagsel, Germany).
Basi ¢ DNA mani pul ati ons were perforned acc H‘ﬁﬁfto the protipocol s descri bed
by Sambrook ‘et al. Hybridization : Colony {blofs..for screehing of the
H  pylorl cosmd bank and for identificatiloq of subgcl.gees re prepared on
nitrocel | ul ose nenbranes (Schleicher and Sdhdel 22 ;@?f many)
according to the protocol of Sanbrook et al (43). ' tilve | abelling
of PCR- products was perforned by randon1£r Mg, using as_prinmers the
random hexaners from Pharmaci a. Col ony hylri di i re perforned

under high stid}3@3@Y of the invention, the comparison of the
amino-acid sequence data for the H. felis ure gene

products with that for Helicobacter pylori, and a high

degree of conservation between the urease sub-units
has been found. An immunological relationship between
the 2 ureases exists, and protective antibodies to
Helicobacter infection can be induced using the urease
sub-units or fragments thereof as immunogens.

Indeed, to elucidate the efficiency of individual
urease subunits to act as mucosal immunogens, the

genes encoding the respective urease subunits (Urea
and. UreB) of Helicobacter pvlori and Helicobacter

felis have been cloned in an expression vector (pMAL),
and expressed in Escherichia coli Cells as
translational fusion proteins. Thé recombinant Urea
and UreB proteins have been purified by affiﬁity and
anion exchange chromatography techniques, and have
predicted molecular weights of approximately 68 and
103 kDa, respectively. - Western ‘blotting studies
indicated that the uféase components of the fusion:
proteins are strongly immunogenic and are specifically
recognized by polyclonal rabbit anti-Helicobacter
sera. Orogastric immunization of mice with 50 pg of

recombinant H.  felis UreB,  administered in
i . . .

combination with a mucesal adjuvant (cholera toxin),

protected " 60 ¥ (n =7 ; p < 0.005) of mice from

gastric colonization by H. felis bacteria at over 4
months. This compared with a value of 25 % (n = 8 ;

[4

p > 0.05) for the heteroclogous H. pylori UreB antigen.
For the first time, a recombinant subunit antigen has
been shown to induce an immunoprotective response
against gastric Helicobacter infection.

The inventors have "also identified, in the
context of the invention, new Heat Shock Proteins or
Chaperonins, in Helicobacter, which have an enhancing




conditions (5 x SSC, 0.1 % SDS, 50 % formam de, [err] C (1 x SSC; 150 nM
NaCl, 15 mM sodiumcitrate, pH 7.0). For Southern blot hybridizations,
fragnents were transferred fromagarose gels to nitrocellul ose sheets [err]

pore size ;

stringency conditions (5 x SSC, 0.1 % SDS, 30 or 40 % f or mam de,

with [err]

Schl ei cher & Schuell, Inc.), and hybridized under | ow
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effect on urease activity. Use of the chaperonins in
an immunogenic composition may induce therefore an
enhancement of protection.

Indeed, the genes encoding each of the HspA and
HspB polypeptides of Helicobacter pylori have been
cloned, expressed independently as fused proteins to
the Maltose-Binding-Protein (MBP), and purified on a

large scale. These proteins have been used as
recombinant antigens to immunize rabbits, and in
Western immunoblotting assays as well as ELISA to
determine their immunogenicity in patients infected
with HP (HP+). The MBP-HspA and MBP-HspB fusion
proteins have been shown to retain their antigenic
properties. Comparison of the humoral immune response
against HspA and/or HspB in (HP+) patient sera
demonstrated that not only HspB but also 'ﬁEpA was
recognized by (HP+) patient sera (29/38 and 15/38,
respectively). None of the 14 uninfected patients had
antibodies reacting with the Hsps.

" The present invention concerns an immunogenic
composition capable of inducing antibodies against
Helicobacter infection characterised in that it
comprises

i} at least one sub-unit of a urease structural
polypeptide from Helicobacter pylori, or a fragment
thereof, said fragment being recognised by antibodies
reacting with Helicobacter felis urease, and/or at

least one sub-unit of a urease structural polypeptide

from Helicobacter felis, or a fragment thereof, said

fragment being recognised by antibodies reacting with
Helicobacter pylori urease ;

ii) and/or a Heat Shock protein (HSP), or
chaperonin, from Helicobacter, or a fragment of said
protein.
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reveal ed -by- aut or adi ogr aphy usi ng Anershan1FNperﬁEﬂﬁWEwﬁNTﬁéﬁﬁ Appropriate
fragnents of plasmd DNA were subcl oned ifnjo ML3 np 18/ 19 vectors.
Singl e stranded DNA was prepared by phage i”fGCtiOQ%Qfﬁﬁﬁ 99 i {strain
JMLO1. Sequenci ng was perfor nmed by the di deoxyngycl|eotide
chain term nation nethod using the United Statgs ‘Brochemcals—Sefluenase
kit. Both the ML3 universal primer and additional specific prinmefs (Fig.l)
were used to sequence both the codi ng and
Preferably, the immunogenic composition is

capable of inducing protective antibodies.
According to a preferred embodiment, the
. immunogenic composition of the invention contains, as
the major active ingredient, at least one sub-unit of
a urease structural polypeptide from Helicobacter
pylori and/or Helicobacter felis. The expression
"urease structural polypeptide" signifies, in the
context of the present invention, the enzyme of
Helicobacter pylori or Helicobacter felis probably a
major surface antigen composed of two repeating
monomeric sub-units, a major sub-unit (product of the
ure B gene) and a minor sub-unit, product of the ure A
gene and which, when complemented by the ﬁresence of
the products of the accessory geneé of the urease gene
cluster, are responsible for urease activit?iﬁ.e. the
hydrolysis of urea to liberate NH,” in the two
Helicobacter species. It is to be understood that in
the absence of the accessory gene products, the urease
structural polypeptiées fﬂo not exhibit enzymatic
activity, but are recoénised. by antibodies reacting
with H. felis or E. pylori urease.

The term "immunogenic composition" signifies, in
the context of the invention, a composition comprising
a major active ingredient as defined above, together
with any. necessary ingredients to ensure or <to
optimise an immunogenic response, for example
adjuvants, such as mucosal adjuvant, etc...

The Helicobacter pylori urease structural
polypeptide has been described and sequenced by
Labigne et al, 1991. The polypeptide described in this
paper is particularly appropriate for use in the
composition 'of the present invention. However,
variants showing functional homology with this
publ;shed sequence may be used, which comprise amino-




non-codi ng DNA strands. Sequencing of doubl e- st randed-DNA-was—per{ or ned as
previously described. Direct sequencing of PCR drﬁﬁﬂhﬂﬁwﬁﬁTdﬁﬁﬁﬁej.put

following purification of the anplified, electrdelprted—PCR DT t hr ough
an Elutip-d mnicolum (Schleicher & Schuell)

ct

; {The i pgotocol for
sequenci ng using the Sequenase kit was then useo atﬁbﬁﬁéﬂgﬁ§lo I g
nodi fi cations : PCR product was denatured by boijl iing..anneal-iag-# Xt ure
-containing 200 piconoles of the oligonug eotide jused as priner and DVSO to
the final concentration of 1 %for 3 mnutes ; the-mxture-wasthen
i medi at |y ceidomubssitibiohabeldelpsiens was pénsertddnsn provéded of
manganese iqggaénﬁathe

—

jmmunological characteristics of the
polypeptide in so far as its cross-reactivity with
anti-Helicobacter felis urease antibodies is

concerned, are maintained.. Generally speaking, the
polypeptide variant will show a homology of at least
75% and preferably about 90% with the included
sequence.

A fragment of the Helicobacter pylori urease
structural polypeptide may also Ebe used in the
immunogenic composition of the invention, provided
that the fragments are recognised by antibodies
reacting with Helicobacter felis wurease. Such a
fragment will generally be comprised of at' least 6
amino-acids, for example, from 6 to 100 aminp-—acids,
preferably about 20-25. Advantageously, the £ragment
carries epitopes unigue to Helicobacter.

Nucleic acid and amino~acid sequences may be
interpreted in the context .of the present invention by
reference to figures 1{ and 12, showing the genetic
code and amino-acid abbreviations respectively.

The Helicobacter felis urease structural
polypeptide suitable for use in the present invention
is preferably that encoded by part of the plasmid
pILL205 (deposited at the CNCM on 25th August 1993,
under number : CNCM I-1355), and whose amino-acid
sequence is shown in figure 3 (subunits A and B).
Again, a variant of this polypeptide comprising
amino-acid substitutions, deletions or insertions with

respect to the figure 3 sequence may be used provided
that the immunological cross-relationship with
Helicobacter pvylori urease is maintained. Such

a
variant normally exhibits at least 90 ¥ homology or

identity with the figure 3 seguence. An example of

such variants are the urease A and B sub-units fronm
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Helicobacter heilmannii (Solnick et al, 1994), shown
to have 80 % and 92 % identity with the H. felis
urease A and B sub~units, respectively.

Fragments of this urease or variants may be used
in the immunogenic composition provided that the
fragments are recognised by antibodies reacting with
Helicobacter pylori urease. Again, the length of such
a fragment is usually at least 6 amino-acids, for
example from 6 to 100, preferably about 20 to 25.

Preferably, the fragment carries epitopes unique to
Helicobacter.

If wvariants or fragments of the native urease
sequences are employed in the immunogenic composition
of ‘the invention, their cross-reactivity with
antibodies reacting with® urease * from - the other
Helicobacter species can be tested by contaé%ing the
fragment or the variant with antibodies, preferably
polyclonal raised to either the native or the
recombinant urease or, - alternatively, to whole
Helicobacter. Preferabfy, the variants‘and fragments
give rise to antibodies which are also capable of
reacting with H. heilmannii urease. Cross protection

to infection by K. heilmannii is therefore also

obtained by the immunogenic composition of the
invention.

The use of fragments of the urease structural
genes is particularly preferred since the
immunological properties of the whole polypeptide may
be conserved whilst minimizing risk of toxicity.

The active component of the immunogenic
composition of the invention may be comprised of one
sub-unit only of the urease structural polypeptide,
that is either sub-unit A or sub-unit B products of
the ure A and ure B genes respectively. Compositions
comprising only the urease sub-unit Ure B, of either
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el ectroporation, bacteria were grown on non- s,elket:“t'r‘Ve'pI at es {f
of 48 hin order to allow for the expression
and then transferred onto kanamyci n-containin
were incubated for up to 6 days. [err] PCRs
Per ki n- El mer Cetus thermal cycler using the
Cetus). Cassical anplification reaction igvol
each priner and at least 5 ) ]
pylori or H. felis, or variants and fragments as

deflned above, are particularly advantageous. Most

r a period
i 499@t iic |r esi st ance
g‘tez 9‘%,The sell ective plates
' usy ng a
neAnp kit (PerkintEl nmer
pr conol es (pnol es) of

preferred are homologous systems wherein the urease
sub-unit particularly sub-unit B, is derived from the
organism against which protection is sought, e.g. H.
felis sub-unit B against H. felis infection. However,
the composition may contain both A and B sub-units,
which are normally present as distinct polypeptides.
However, it 1is possible, when the polypeptide is
produced by recombinant means, to use a fusion protein
comprising the entire sequences of ‘the A and B gene
products by the suppression. of the stop~-codon
separating the two adjacent coding sequences.

The urease component of the immunogenic
composition, whether sub-unit A or rsub-unit B, may be
used in the form of translational fusion proteins, for
example with the Maltose-Binding-Protein (MBP). Other
suitable fusions are exemplified in International
Patent Application WO 90/11360. Another example of a
suitable fusion protein is the "QIAexpress" systenm
commercialised by QIAGEN, USA, which allows the 6xHis
tag sequence to be placed at the 5' or 3' end of the
protein coding sequence. The use of the active
ingredients in the form of fusion proteins is however,
entirely optional.

According to a further preferred embodiment, the
immunogenic composition of the invention may comprise
in addition to or instead of the urease structural
polypeptide defined above, a Heat Shock Protein also
known as a "chaperonin" from Helicobacter. These
chaperonins have been elucidated by the inventors in
the context of the present invention. Preferably, the
chaperonin is from' Helicobacter pylori. Such an HSP
may be the urease-~associated HSP A or HSP B or a

mixture of the two, having the amino-acid sequence



pnol es of the target DNA. The target DNA wap RERALESERE SHbET pri or
addi tion to t he anplification reactiof. actrion consj st ed of 25

cycles of the following three steps : denatu Cfor 1 mnute),
anneal ing (at tenperatures rangi ng between 42 a?dfw %Z depending on

the calculated nelting tenperatures of th¢ pri-nerseter—2 njn), and
extension (72 C for 2 mn). \Wen degenerated oligonucl eotidesiwere used in

non stringent conditions, up to 1000 pnoj es~of—eactrorigonucl eoti de were
added, 50 cycles were carried out, and annealing was perforned at 42 C
[err] illustrated in figure 6. These polypeptides are

encoded by the plasmid pILL689 (deposited at CNCM on
25th August 1993, under number : CNCM I-1356).

Particularly preferred is the H. pylori HSP-A protein,
either alone or in combination with Hsp-B.

It is also possible to use, as HSP component,
according to the invéntioﬁ, a polypeptide variant in
which amino-acids of the figure 6 sequence have been
replaced, inserted or deleted, . the said wvariant
normally exhibiting at least 75 %, and preferably at
least 85 % homology with the native HSP. The variants
preferably exhibit at least 75 %, for example at least
85 % identity with the native Hsp.

The variants may further exhibit ' functional
homology with the nativerpolypeptide. In the case of
the HSP conmponents, "functional homology".iéans the
capacity to enhance urease activity in a micro-
organism capable of expressing active urease, and/or
the capacity to block:‘ infection by Helicobacter,
particularly H. felis‘and H. pylori. The property of
enhancing urease activity may be tested using the
quantitative urease activity assay described below in
the examples. Fragments of either or both of the HSP A
and HSP B polypeptides preferably having at least 6
amino-acids, may be used in the composition. The
fragments- or variants of the HSP component used in the
immunogenic composition of the invention are
preferably capable of generating antibodies which
block the urease enhancing effect normally exhibited
by the HSPs. This property is also tested using the
quantitative 'assay described in the examples. The
presence of the chaperonins in ‘the composition
enhances the protection against
and felis.

Helicobacter pylori



M nicells harboring the appropriate hyb |¢EQU&§W&@?W§ﬁQT|POIated
and | abeled with [err] nethionine (50 [err] G/ )p~Approxrrmaretyi 100, 000

cpm of acetone- precipitable material was subje tédnég éggw =cy|
sul fate (SDS) -polyacrylam de gel el ectrophoresiis i { Standard
proteins with nol ecul ar wei ghts ranging from 94,{000..1.0.-14..000 g oW
ol ecul ar - wei ghts kit from Bi o- Rad Laboratories)| were run in paraIIeI. The
gel was stained and exam ned by fl uorogrggphy,
.Nucl ear). This Sheet Has Been Repl aced [err]
The Hsp component of the immunogenic composition,

whether HspA or HspB can be used in the form of a
translational fusion protein, for example with the
Maltose~Binding-Protein (MBP). As for the urease
component, other suitable fusion partners are
described in International Patent Application WO
90/11360. The "QIAexpress" system of QIAGEN, USA, may
also be used. Again, the use of the proteins in the
form of fusion proteins is entirely optional.
According to the invention therefore the
immunogenic composition may comprise either a urease
structural polypeptide as defined above, or a
Helicobacter Hsp, particularly HspA or a combination

of these immunogens. :

According to a  preferred: embodiment, the
immunogenic composition comprises, as ¥ urease
component, both the A and B sub-units of both
Helicobacter felis (i.e. without H. pvlori urease)
together with the HSP A and HSP B of Helicobacter
pylori. Alternativelyf the A and B sub-units of the
Helicobacter felis urease may be used together with
those of H. pylori, but without chaperonin component.

The immunological cross-reactivity between the
ureases of the two different Helicobacter species
enables the use of one urease only in the composition,
preferably that of Helicobacter felis. The protective
antibodies induced by the common epitopes will however
be active against both Helicobacter pylori and
Helicobacter felis. It is also possible that the
composition induce protective antibodies to other
species of Helicobacter, if the urease polypeptide or
fragment carries epitopes occuring also on those other
species.

The composition of the  invention is

advantageously used as an immunogenic composition or a
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Urease activity : Urease activity was quant t%m@ﬂ‘ﬁy”the rthelot reaction
by using a nodification of the procedure mh as already b n descri bed.
Urease activity was expressed as m cronol es Ezggg&w' per mnute
A

per mlligramof bacterial protein: RESULTS (PER MENTS : [err]
Based on the published N-term nal am no seqye <:]
11

vaccine, together with physiologicaly acceptable
excipients and carriers and, optionally, with
adjuvants, haptens, carriers, stabilizers, etc.
Suitable adjuvants include muranmyl dipeptide (MDP),
complete and incomplete Freund's adjuvants (CFA and
IFA) and alum. The vaccine compositions are normally
formulated for oral administration.

The vaccines are preferably for use in man, but
may also be administered in non-human animals, for
example for vetinary purposes, ‘or for use in
laboratory animals such as mice, cats and dogs.

The immunogenic compositions injected into
animals raises the synthesis in wvivo of specific
antibodies, which <can be used for therapeutic
purposes, for example in passive imﬁunity. )

The invention also relates to the protéinacecus
materials used in the immunogenic composition and to
proteinaceous material encoded by the urease gene
clusters other than the A and B urease structural
sub-units."“Proteinaceéus material" means any molecule
comprised of chains of amino-acids, eg. peptides,
polypeptides or proteins, fusion or mixed proteins
(i.e. an association of 2 or more proteihaceous
materials, all or some of which may have immunogenic
or immunomodulation properties), either purified or in
a mixture with other profeinaceous or non-
proteinaceous material. "PolYpeptide" signifies a
chain of amino~acids whatever its length and englobes
the term "peptide"”. The term "“fragment" means any
amino-acid sequence shorter by at least one amino-acid
than the parent sequence and comprising a length of
amino-acids e.g. at least 6 residues, consecutive in
the parent sequence.

The peptide sequences of the invention, may for
exanple, be obtained by chemical synthesis, using a



of the purified heat shock protein of H pyl

ol i gonucl eotides were synthesized to targe Bﬁﬁﬁ@&MéﬁbEﬁﬁmﬁ rest in the
chronmosone of H pylori strain 85P. The first oW“”““ﬂ?“**%&

AARGAR
AT AARTTYTCNG- 3 where N stand

! uql eoti des, R
=Aand G Y=Tand C H=T, C, andA,isdr gp’%nﬁ%rtefirstB

am no acids of the protein (AKEIKFSD) ; the s ceﬁd~9ne_5__**ﬁ: TTNCKN
CCNCKNGGNCCCATS- 3, where K= and T, corresonds to

the conplenentary codons speC|fy|ng t he am no acid—frompessti on 9to

position 36 (tdsRRGRNVe i=afch FRe Shpect¥erzifdeldor ?ﬁ%hP@HPSrodﬂﬁi was
108 base pm'w%fﬁﬁﬁesgggraan'ftﬁét'QQpe commercialised by Applied

Biosystems.

In particular, the invention relates to
proteinaceocus material characterised. in that it
comprises at least one of the Helicobacter felis
polypeptides encoded by the urease gene cluster of the
plasmid  pILL205 (CNCM  I-1355), including the
structural and accessory urease polypeptides, or a
polypeptide having at least 90 % homology with said
polypeptides, or a fragment thereof. Of particular
interest are the gene products of the ure A and ure B
genes, as 1illustrated in figure 3, or a variant
thereof having at least 90 % homology or a fragment
having at least 6 amino~-acids. The fragments and the
variants are recognised by antibodies reacting with
Helicobacter pylori urease.

Amongst the polypeptides encoded by the accessory
genes of the urease gene.cluster, is the gene product
of ure I, as illustrated in figure 9, which alsoc forms
part of the invention. Also included is a variant of
the ure I product having at least 75 % homology,
preferably at least 85 %, or a fragment of the gene
product or of the variant having at least 6 amino-
acids. The variant preferably has the capacity to
activate .the ure A and ure B gene products in the

presence of the remaining urease accessory gene
products. This functional homology can be detected by
using the following test : 10° bacteria containing the
ure I gene product variant are suspended in 1 ml of
urea—-indole medium and incubated at 37° C. The
hydrolysis of the urea 1leads to the release of
ammonium, which increases pH and induces a colour
change from orange to fuscia-red. The observation of
such a colour change demonstrates that the variant of

FX o



reaction was performed under |ow stringency conditions as described in the
"Materials and Met hods" section, and | ed tofleSWBipes icss six fragnents
with size ranging from400 bp to 100 bp. Th §ﬂ2§gg5§fF§%§Tfragnents wer e
el ectroeluted froman acrylam de gel, and pdrified. Direct sepguenci ng of
the PCR products pernitted the identificatidn22MABINA fragnent
encodi ng an am no aci d sequence correspondi fgito the publishefl sequence.
This fragnment was therefore This Sheety4Hds Béén Replaced [érr]

the ure I gene product under test is capable of
activating the ure A and B gene products.

It is also possible that a fragment of the ure I
gene product, if it has a length of, for example, at
least 70 or 100 amino-acids, may also exhibit this
functional homology with the entire polypeptide.

The fragments of ure I polypeptide or of the
variant preferably are capable of inducing the
formation of antibodies which block the urease
maturation process. In other words,;the fragments bear
epitopes which play a decisive role in the interaction
between the ure I and ure A / ure B gene products.

The invention also relates to the proteinaceous
material comprising at least one of the Heat Shock
Proteins or chaperonins of Helicobacter pylori or a
fragment thereof. Particularly preferred are the HSP A
and HSP B polypeptides as illustrated in figure 6 or a
pelypeptide having at least 75 %, and preferably at
least 80 or 90 %, homology or identity with the said
polypeptide. A particﬁlarly preferred fragment of the

Helicobacter pylori HSP A polypeptide is the C-
terminal sequence :

GSCCHTGNHDHEIKHAKEHEACCHDHI KIKH

or a sub-fragment of this sequence having at least 6
consecutive amino-acids. This C-terminal sequence is
thought to act as a metal binding domain allowing
binding of, for example, nickel.

_ The proteinaceous material of the invention may
also comprise or consist of a fusion or mixed protein
including at least one of the sub-units of the urease
structural polypeptide of H. pylori and/or of H.
felis, or fragments or variants thereof as defined
above. Particularly preferred fusion proteins are the
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| abel ed and used as probe in colony hybridizatji gﬂa&ﬁ@ﬁmt ggé r.£combi nant

cosmi ds exhi biting honology to a 5 segnent of DEL- | i ke
encodi ng gene ; this gene was further designatled hspB. The e} bank

consi sts of 400 independent kanamyci n-resi start E52 oMAYt s urtants

har bori ng reconbi nant cosm ds. O those one siindl e cl one hybriidized with

t he probe, and harbored a reconbi nant pl §pid de5|gnated pl LL684, 46 kb in

size. The | ow frequency observed when detecti ng.the.hspB gene (1 of 400)
was unusual wWhe EMERILibn proteins and QIAexpress system fusion

proteins (QIAGEN, USA) as detailed above. The fusion.

or mixed protein may include, either instead of in
addition to the urease sub-unit, a Heat Shock Protein,
or fragment or variant thereof, as defined above.

The invention also relates to monoclonal or
pelyclonal antibodies to the proteinaceous materials
described above. More particularly, <the invention
relates to antibodies or fragments thereof to any one
of the Helicobacter felis polypeptfdes encoded by the
urease gene cluster of the plasmid pILL205 (CNCM
I-1355) including the structural and accessory urease
polypeptides that is, structural genes ure A and ure B
and the accessory genes known as ure C, ure:D, ure E,
ure F, ure G, ure H and ure I. The %ntibodies may also
be directed to a polypeptide having at ledst 90 %
homology with any of the above urease polypeptides or
to a fragment thereof preferably having at 1least 6
amino-acids. The antibodies of the invention may
specifically recognise’Helicobacter felis polypeptides
expressed by the urease gene cluster. In this case,
the epitopes recognised by the antibodies are unique
to Helicobacter felis. Alternatively, the antibodies
may include or consist of antibodies . directed to
epitopes common to Helicobacter felis urease
polypeptides and to Helicobacter pyvlori urease
polypeptides. If the antibodies recognise the
accessory gene products, it is particularly
advantageous that they cross~react with the
Helicobacter pylori accessory gene product. In this
way, the antibodies may be used in therapeutic
treatment of Helicobacter pylori infection in man, by
blocking the urease maturation process.

Particularly - preferred antibodiés of the
invention recognise the' Helicobacter felis ure A




with that of several cloned genes which mggﬁ’ Hy detected
in five to seven reconbi nant cosm ds. |In order ‘h$pB gene,
fragnents with sizes of 3 to 4 kb were generated by partial regtfiction

of the plLL684 cosmid DNA with endoniclie 5%‘(13997 pur|fied, and
ligated into the Bglll site of plasnmd vecfol__pllLL570. O {100

subcl ones, x were positive clones, and one was{further studied [plLL689)

, it contains a 3.15 kb insert, flankedygby t#we—Bglll restrjiktion
sites, that was mapped in detall (Fig. 5) Usi ng the PCR 32p | abel ed
probe, the 5' agydyoaf ﬁﬂ&emapﬁngepeodasttoumman)x&mthe Ahanf@33B hrease

Hindi11-Sphl central.restriclion ILA0BIY,  these antibodies also
cross-react with the Helicobacter pvylori a4 and B

urease sub-units, but do not cross-react with other
ureolytic bacteria. Such antibodies may be prepared
against' epitopes unique to Helicobacter (see figure
4), or alternatively, against the whole polypeptides
followed by screening out of any antibodies reacting
with other ureolytic bacteria.

The invention also concerns monoclonal or
polyclonal antibodies to the HSPs or fragments
thereof, particularly toc the HSP A and/or HSP B
protein illustrated in figure 6. Polypeptides having
at least 75 %, and preferably at least 80 %, or 90 %
homology with the HSPs may also be used to induce
antibody formation. These antibodies may be'ipecific
for the  Helicobacter pylori chaperonins or,
alternatively, they may cross—-react with GroEl-like
proteins or GroES-like proteins from bacteria other
than Helicobacter, ﬁepending upon the epitopes
recogniéed. Figure 7 shows the homologous regions of
HSP A and HSP B with GroES-like proteins and GroEL-
like proteins respectively from various bacteria.
Particularly preferred antibodies are those specific
for either the HSP A or HSP B chaperonins or those
specifically recognising the HSP A C-terminal segquence
having the metal binding function. Again, use of
specific fragments for the induction of the antibodies

ensures production of Helicobacter-specific anti-
bodies.

The antibodies of the invention may be prepared
using classical techniques. For example monoclonal
antibodies may be produced by the hybridoma technique
or by known techniques for the preparation of human
antibodies, or by the technique described by Marks et



of plLL689, indicating that one could expect the BEME@&&B]‘SW’"E‘E ntire
hspB gene in the plLL689 reconbi nant plasmd. [er e~3200 f plLL689

]
depicted in Fig. 5 were sequenced by cloning info Mg%mw npl 9, the
asynetric restriction fragments Bglll-Sphl, {Sphl- |%dﬁ9?, '

Hndlll1-Bglll ; each cloned fragnent was infepententdyp-—=sequenced on
both  strands 16 oligonucleotide primers (Fifg.1l) were synthesijzed to
This Sheet Has Been Re | aced 16 '

p 581-597).
The invention also includes fragments of any of

1 (Journal of Molecular Biology, 1991, 222,

the above antibodies produced by enzyme digestion. 0Of
particular interest are the Fab and F(ab'), fragments.
Also of interest are the Facb fragments.

The invention also relates to purified antibodies
or serum ocbtained by immunisation of an animal, e.g. a
mammal, with the immunogenic composition, the
proteinaceous material or fragment,' or the fusion or
mixed protein of the invention, followed by
purification of the antibodies or serum. Also
concerned is a reagent for the in vitro detection of
H. opvlori infection, containing at least these
antibodies or serum, optionally Wwith reagents for
labelling the antibodies e.g. anti-antibodies ‘etc.

The invention further relates to nucleic acid
sequences coding for any of the above proteinacecus
materials including peptides. In particular, the
invention relates to a nucleic acid sequence
characterised in that it comprises :

i) a sequence coding for the Helicobacter felis
urease and accessory polypeptides as defined above,

and a sequence coding for the HSP of H. pylori as
defined above ; '

—

or ii) a sequence complementary to sequence (i) ;
or iii) a sequence capable of hybridizing to
sequence (i) or (ii) under stringént conditions :
or 1iv) a fragment of any of sequences (i), (ii) or
(iii) comprising at least 10 nucleotides.

Preferred nucleic acid sequences are those
comprising all or part of the sequence of plasmid
pIL205 (CNCM 1I-~1355), for example the sequence of
Figure 3, in particular that coding for the gene

product of ure A and for ure B or the segquence of
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confirmthe reading and/or to generate sequen eﬁﬁngﬁﬁ§§IEﬁ¥_

i ndeperident |y sequenced fragments ; these werle {"used as

doubl e- st randed- DNA sequenci ng anal yses. The {anal 39 gAYOR97t 1

ri

rs in

sequence
revealed two distinct genetic elenents. Firstjthe presence ofi tjwo open
.reading franes (ORFs), depicted in figure =tTaNSCr | be in the
same di rection, that were designategd-hspAjand hspB ; | eoti de

sequence and t he deduced ami no acid sequence of  the two ORFs are

Figure 9 (Ure I), or a sequence capable of hybridising
with these sequences under stringent conditions, or a
sequence complementary to these sequences, or a
fragment comprising at least 10 consecutive
nucleotides of these seguences.

Other preferred sequences are those comprising
all or part of the sequence of plasmid pILL689 (CNCM
I-1356), for example the sequence of figure 6, in
particular that coding for HSP A and/or HSP B, or a
sequence complementary to this sequence, or a sequence
capable of hybridizing to this sequence under
stringent conditions, or a fragment thereof.

High stringency hybridization conditions in the
context of the invention are the following :°

- 5 x S8sC ; : ¢

- 50 % formamide at 37°C ; : ‘it
or :

6 x SSC ; _
Denhard medium at 68°C.

The sequences of the invention also include those
hybridizing to any of sequences (i), (ii) and (iii)
defined above under non-stringent conditions, that
is :

- 5 x SS8C ;

- 0.1 % 8DS ;

- 30 or 40 % formamide at 42°C, preferably 30 %.

The term "complementary sequences" in the context
of the invention signifies ‘"complementary" and
"reverse" or "inverse" sequences.

The nucleic acid sequences may be DNA or RNA.

The sequences of the invention may be used as
nucleotide procbes in association with appropriate
labelling means. Such means include radio-active
isotopes, enzymes, chemical or chemico-luminescent
markers, fluoro-chromes, haptens, or antibodies. The



presented in Fig. 6. The first codon of hspA m‘i_ﬁf&%@@@%é%%tream of the
| eftward H ndl-1l site of plLL689 (Fig. 5) and}i §preceded by p

Shi ne- Dal’'garno ri bosome-binding site (RBS) (GRAG WA ORF codes for
a pol ypeptide of 118 ami no acids. The |n|t|at|or;)%?c%cg;{'-’!\"e for ithe hspB

ORF begins 25 nucleotides downstreamthe hspAistep—eedon— i1 is
preceded by a RBS site (AAGGA). The hspB ORF gncodes a pol ypept§de of 545
am no acids and is termnated by a TAA cpglon fortTowed by a

pal i ndromi c sequence resenbling a rho-independent transcription
term nator (frggreaesdmay eopkionallyd bealfixeld toFiy. sofi)id Tswppert,

termi nal am no,aci d, segvence Qlutlidlehicsth ALLLFLL.
As a preferred marker, radio-active phosporous
(3%P) is incorporated at the 5'-end of the probe
sequence. The probes of the invention comprise any
fragment of the described nucleic acid sequences and
may have a 1length for example of at least 45
nucleotides, for example 60, 80 or 100 nucleotides or
more. Preferred probes are those derived from the ure
A, uré B, ure I, HSP A and HSP B geﬁes.
The probes of the invention may be used in the in
iy vitro detection of Helicobacter infection in a
biological sarple, optionally after a gene
amplification reaction. Most advantageously, the
probes are used to detect Helicobacter felis or
Helicobacter pylori, or both, depending on whéther the
sequence chosen as the probe is specific to one or the
other, or whether it can hybridise to both. Generally,
the hybridisation conditions are stringent in carrying
out such a detection.’

The invention also relates to a kit for the in

vitro detection of Helicobacter infection,
characterised in that it comprises :

o - a nucleotide probe according to the invention,
as defined above ;

~ an appropriate medium for carrying out a

hybridisation reaction between the nucleic acid of
Helicobacter and the probe ;

e

- reagents for the detection of any hybrids
formed.

The nucleotide sequences of the invention may
also serve as primers in a nucleic acid amplification
reaction. The primers normally comprise at least 10
consecutive nucleotides of the sequences described
above and preferably at least 18. Typical lengths are



HspB was identical to the N-term nal sequence O The rfed . pyl ori
heat shock protein previously published mﬁtﬁEbUngﬁ@;c@ﬂﬁﬂow' of the
N-term nal nethionine, which is absent fromtHe jpurified protei p and m ght

be posttranslationally renoved, resulting in 38 rat;ygeMmqgga;n ol 544 am no
acids. The deduced am no acid sequences of H. pylorl FBpA and|{H$pB were
conpared to several am no acid sequences of H%Pa of-the—G&oES' apd G oEL
class (Fig. 7). HspB exhibited high honD dt the amno acid fevel with
the Legionella pneunophila HpB protel% (82 9 %of simlarrtres), with

t he Escherlchlﬁ.ogpl bsThts JtrehndasmBgerbéeplsaichdgh as 100 or more

consecutive nucleotides. Such primers are used in
pairs and are chosen to hybridize with the 5' and 3'-
ends of the fragment to be amplified. Such an
amplification reaction may be performed using for
example the PCR technique (European patent
applications EP200363, 201184 and 22970l1). The Q-g-
replicase technique (Biotechnology, vol. 6, Oct. 1988)
may also be used in the amplification reaction.

The invention also relates tosexpression vectors
characterised in that they contain any of the nucleic

3 acid sequences of the invention. Particularly
preferred expression vectors are plasmids pILL689 and
pILL205 (CNCM I-1356 and CNCM I-1355, respectively).
The expression vectors will normally contain suitable
promoters, terminators and marker genes, andéiﬂy other
regulatory signals necessary for efficient expression.

The invention further relates to prokaryotic or
eukaryotic host cel%§ ‘stably transformed by the
nucleic acid sequences of the invention. As examples
of hosts, mention may be made of higher eukaryotes
such as CHO cells and cell-lines ; yeast, prokaryotes
inéluding bacteria such as E. coli e.g E. coli HB 101

: 1 | ; Mycobacterium tuberculosum ; _viruses including
baculovirus and vaccinia. Usually the host cells will
be transformed by vectors. However, it is also
possible within the context of the invention, to
insert the nucleic acid sequences by homologous
recombination, using conventional techniques.

By culturing the stably transformed hosts of the
invention, the Helicobacter urease polypeptide
material and, where apblicable, the HSP material can
be produced by recombinant means. The recombinant
proteinaceous materials are then collected and
purified. Pharmaceutical compositions are prepared by




[err] WO 94/ 26901 { PCT/ EP94/ 01625
63 G oEL -protein (81.0 %of  simlaritigs) Hﬁ{ f:h anydi a
psittaci or C' trachomatis HypB protein (79. es), with
Clostridium perfringens Hsp6O protein (80}7 %of simlarijies), and to

a | esser ext ent to the G OoEL- i ke Lupretetfs—ot—ptobact eri um

However, |ike alnost all the G oEL honol ogs, H pylori HspB denonstrated
t he conserved 20

combining the recombinant materials with suitable
excipients, adjuvants and optionally, any other
additives such as stabilizers.

The invention also relates to plasmids pILL920
(deposited at CNCM on 20.07.1993, under accession
number I-1337) and pILLS27 (CNCM I-1340, deposited on
20.07.1953) constructed as described in the examples
below.

Different aspects of the invention are illustrated in
the figqures :

rigufe 1

Transposon mutagenesié and sequencing of pILL205.
Linear restriction maps of recombinant cosmi‘d pILL1SYS
and recombinant plasmid ﬁILLzos (arnd the respective
scale markers) are presented. Numbers in par;htheses
indicate the sizes of H.felis DNA fragments inserted
into one of the cloning vectors (pILL575 or pILLS70,
respectively). The "p].us'* and "minus" signs within
circles correspond to the insertion sites of the
MiniTn3-Km trarisposon in pILL205 ; *“plus" signs
indicate that the 'transposon did not inactivate urease
expression, whereas negative signs indicate that
A urease expression was abolished. The letters refer to
mutant clones which were further characterised for
quantitative urease activity and for the synthesis of
urease gene products. The location of the structural
urease genes (ure A and ure B) on pILL205 are
represénted by boxes, the lengths of which are
proportional to the sizes of the respective open-
reading frames. The arrows refer to the orientation of
transcription. The scale at the bottom of the figure
indicates the sizes (in kilobases) of the HindIII and
Pstl restriction fragments. Restriction sites are



car boxyl -t erm nus gl yci ne- net hi oni ne motif (

which was recently shown to be dispensable in the E. ‘coli GOoEL
chaperonin. The degree of honology at the amino acid | evel between the H.
pylori HspA protein and the other G oES-1ike proteins is shown in Fig. 7.
The alignnment shown features a striking notif at the carboxyl term nus of
the H pylori HspA protein that other bacterial G oES-honol ogs |ack. This
uni que highly charged notif consists of 34 additional am no acids capable
of formng a | oop between two double cystein residues ; ot the 27 am no
acids, 8 are lrepriedientedsaducoliows y :r &y nBawlidt of Py ,nePwhIBi ndiBg,

domai n. BglII ; E, EcoRI ; H, HindIII ; C, Clal ; Ps, PstI.
letters within parentheses indicate that the sites
originated from the cloning vector.

Figure 2 :

Western blot analysis of whole-cell extracts of
E. coli HB10l cells harbouring recombinant plasmids
were reacted with rabbit polyclonal antiserum (diluted
1:1, 1000) raised against H. felis bacteria. Aa)
extracts were of E. coli cells harbouring : plasmid
vector pILL570 (lane 1) ; recombinant plasmid pILL205
(la{ne 2) ; and pILL205 derivative plasmids disrupted
in loci ®a", mnpw, mwgm, mgw  ang nem (lanes 3-7). B)
Extracts were of E. coli cells harbouring :
recombinant plasmid pILL753 containing the H.: pylori
ure A and ure B genes (Labigne et al., 1991) -(lane 1)
; and pILL205 derivative plasmids disrupted in 1loci
wgw, "g", “h", and "i" (lanes 2-5). The small .arrow
heads indicate polypeptides of approximately 30 and 66
kilodaltons which represent putative Ure A and Ure B
gene products of H. felis. The large arrow heads in
panel B indicate the corresponding gene products of H.
pylori which cros-reacted with the anti-H. felis
serum. The numbers indicate the molecular weights (in
thousands) of the protein standards.

Figure 3 :

Nucleotide sequence of the H. felis structural
urease genes. Numbers above the seguence indicate the
nucleotide positions as well as the amino acid
position in each of the two Ure A and Ure B
polypeptides. Predicted amino acid sequences for Ure A
(bp 43 to 753) and Ure B (766 to 2616) are shown below
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The second genetic el enent reveal ed by the seque :é%EEhMEWEimg; MEs the
presence of an insertion sequence (1S5) 84 bp updtrfee —hshAfgene.

dm
The nucl eotide sequence of this el enment matched err1cé I . pteyiously
described for 1S5 in E. coli, with the presence ?é %A%%T

nucl eoti de sequence (CTTGITCGCACCTTCC) tha ie-mes"p s _tojohe of the
two inverted repeats which flank the 1S5 el enent}] Because of the pgrfect
match at the DNA | evel, we suspected thatg2 he | SSTWas— ot ir‘.‘i&l___LJy pr esent

in the H pylori chronosone, but had rather inserted upstreamof the
hspA- HspB genethd ussequencieng tFhe cl BUEA§iNLoCc &BPOSPRETRIREANG ¢ Fdteeeded

to be confirmegbydUpd\§hrno sequence, SD) is underlined.

Figure 4 :
Comparison of sequences for the structural urease
genes of H. felis to : a) the sequence of the two
subunits of H. pylori urease (Labigne et 2l., 1991) ;
b) the sequence of the three subunits of Proteus
mirabilis urease (Jones and Mobley, 198%9) ; c¢) the
sequence of the single subunit of: jack bean urease.
Gaps (shown by dashes) have been introduced to ensure

the best alignment. *, amino acids identical to those

- of the H. felis seguence ; =, amino-acids shared by
the various ureases ; °, amino-acids uniqpe to <the
Helicobacter ureases. The percentages relate to the
number of amino acids that are identical to: those of
the H. felis urease subunits. H.f., Helicobacter
felis ; HKE.p., Helicobacter pylori ; P.m., Proteus
mirabilis ; J.b., Jack be_an.

4

Figure 5 : .

Restriction map of the recombinant plasmids
pILL689, pILL685, and pILL691., The construction of
these plasmids is described in details in Table 1. Knm

3 within triangles depictes the site .of insertion of the
kanamycin cassette which led to the construction of
plasmids pILL687, pILL688 and pILL696 (table 2). Boxes
underneath the maps indicate the position of the three
genetic elements deduced from the nucleotide sequence,
namely IS5, Hsp A and Hsp B.

Figure 6 :

Nucleotide sequence of the Helicobacter pylori
Heat Shock Protein gene cluster. The first number
above the sequence indicates the nucleoctide positions,
whereas the second one numbers the amino-acid residue



anal yses.

el enent
#2, Fig.

-y
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position for each of the Hsp A and Hsp B protein. The
putative ribosome-binding sequences (Shine- Dalgarno
[SD] sites) are underlined.

Pigure 7 :

Comparison of the deduced amino-acid sequence of
Helicobacter pylori Hsp A (A) or Hsp B (B) with that
of other GroEL~like (A) or GroES-like (B) proteins.
Asteriks mark amino-acids identical with those. in the
Helicobacter pylori Hsp A or Hsp B sequences.

FPigure 8 :

Expression of the Helicobacter pylori Hsp A
Heat-Shock proteins in E. coli minicells. The protein
bands with apparent molecular masses of 58 and 13 kDA,
corresponding to the Helicobacter pylori Hsp A and Hsp
B Heat-Shock Proteins are clearly visible in the lanes
corresponding to plasmids pILL689 and pILL692 and

absent in the vector controls (pILL570 and pACYC177,
respectively)

Pigure 9 :

Nucleotide sequence of the Helicobacter felis ure
I gene and deduced amino-acid sedquence.

Figure 10 :

Comparison of the amino-acid sequence of the ure
I proteins deduced from the nuclectide segquence of the
ure I gene of Helicobacter felis and that of
Helicobacter pylori.

Pigure 11 :

Genetic code. Chain-terminating, or "nonsense",

codons. Also used to specify the initiator formyl-

Met-tRNA®t,, The Val triplet GUG is <therefore

g2§$@?ggpb%o}?gotgi and

| S5



6), to target a putative sequence i) in the chronmosone of H pylori strain
85P, ii) inthe initial cosmd plLL684, and iii) 1in the 100 SUbQLLLL
resulting of the Sau3A parti al restriction of

reconbi nant cosmd. 1S5 was absent fromthe chronosonq
was present in the very first subcultures of the E.
cosm d plLL684. Anong the 100 plLL684 subcl one deri vajlves=#h appear ed
to contain all or part of the IS5 sequen@d, we then | ooked for a subcl one

harboring the |left end sjde.of t ori I m ence
of the hspA- h&a@bieeus Justérin Tﬁ%‘#‘scr’éem ég\%gs rr}géc’i%ﬁby res{rr?‘?ct I%?){n&j
analysis of ipfehi@riifmsent

Figure 12 :
Signification of the one-letter and three-letter
amino-acid abbreviations.

Figure 13 :

Purification of H. pylori UreA-MBP recombinant
protein using the PpMAL expression vector systen.
Extracts from the various stéges of protein
pufification were migrated on a 10 % resolvving SDS-

) polyacrylamide gel. Following electrophoresis, the gel
was stained with Coomassie blue. The extracts were :
1) non-induced cells ; 2) IPTG-induced cells ; French
press lysate of induced cell extract ; 5) eluate from
amylose resin column ; 6) eluate from anion’ :@éxchange
column (first passage) :; 7) eluate from anion exchange

column (second passage) :; 8) SDS-PAGE standard marker
proteins.

Figure 14 :
Recognition of UreA recombinant fusion proteins

by polyclonal rabbit anti-Helicocbacter sera. Protein
extracts of maltose-binding protein (MBP, lane 1), H.

- felis UreA-MBP (lane 2), and H. pylori UreA-MBP (lane
3) were . Western Blotted using rabbit polyclonal
antisera (diluted 1 : 5000) raised against whole-cell
extracts of H. 'Exlori and H. felis. The purified
fusion proteins are indicated by an arrow. Putative

degradation products of the proteins are shown by an
asterisk.

Figure 15 :

Recognition of UreB recomblnant fusion proteins
by rabbit antisera raised against purified homologous
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Sau3A partlal generated subcl ones. The restriction map of one (plLL694)

sty fulfilling these criteria is shown in Fig. 5. The |eft
HEEhd 1S5 nucl eot i de sequence was determ ned ; the presence of a
'cat op CTAA on both side of the 16-bp inver | S5

np05| tion. A 245-nucl eoti de sequence S thd?Em&BDn ned
g di ately upstream of the I2§5 el ement (SMOWT FT g0 —FFS>

seqenc con3|sts ° qr’:JoCOd}I}fggrr;t seq nceé;ivb/aéshgeltog %%%%l%f ows a

perfectly Con&e&n\b&dne% were blotted with the followlng extracts :
1) standard protein markers ; 2) H. felis UreA-MBP ;
3) MBP ; 4) H. pylori UreA~MBP. The membranes were
reacted with polyclonal rabbit antisera (diluted 1 :
5000) raised against MBP-fused H. pylori and H. felis
Ure B sub-units, respectively. The molecular weights
of standard proteins are presented on the left-hand
side of the blots.

Pigure 16 :

Western blot analysis of H. pylori and H. felis
whole-cell extracts with antisera raised against
purified UreB MBP-fused recombinant proteins. SDS-PAGE
whole extracts of H. Felis (lane 1) and 'H. pylori
(lane 2) cells were reacted wlth polyclonal rabbit
antisera raised against purified H. pylori UreB and H.
felis UreB MBP~fused proteins (sera diluted 1 : 5000).
The difference in gel mobility of the respective non-
recombinant UreB sub-ynits of H. felis and H. pylori
can be seen. The numbers on the left refer to the
molecular weights of standard marker proteins.

Figure 17 :

) SDS-PAGE analysis of material eluted from the
amylose column (lanes 2 and 3) or from the Ni-NTA
column foéllowing elution : with buffer E (pH 4.5),
lanes 4 and 5 ; or buffer C (pH 6.3), lanes 6 and 7.
Material eluted from a 1lysate of MC1061 (PILL933)
(lanes 2, 3, 5 and 7) and material eluted from a
lysate of MCl1061 (PMAL-c2) (lanes 4 and 6). Lane 3
contains the same material as in lane 2 except that it
was resuspended in buffer E, thus demonstrating that
buffer E is responsible for dimer formation of the
MBP-HspA subunit, as seen in lanes 3 and 5.

Sheet Has Been. Reﬁaced
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regi on (TAACTCGCTTGAA) and a | ess consentaneous -10 region (CTCAATTA).

ol_i gonucl eot.i des{#3-and #4,
to This Sheet Has Been Repl aced [err] WO 94/ 26901
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a%eéquences | ocated on both side of t
‘ |‘2t cosmd ; these two oligonuclg
f a

he |
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Pigure 18 :

Serum IgG responses to MBP (bottom), MBP-HsSpA

(top) and MBP-HspB (middle) of 28 H. pvylori infected
patients (squares, left) and 12 uninfected patients
(circles, right). The optical density of each serum in
the ELISA assay described in Experimental procedures
was read at 492 nm, after a 30 mn incubation. The
sizes of the symbols are proportional to the number of
sera giving the same optical density value.

EXAMPLES

I - CLONING, EXPRESSION AND SEQUENCING OF ‘H. FELIS
UREASE GENE : : i

L

EXPERIMENTAL PROCEDURES FOR PART I :

Bacterial strains and culture conditions :

H. felis (A'I‘CC 4g179) was grown on blood agar
base no. 2 (Oxoid) supplemented with 5 % (v/v) lysed
horse blocod (BioMerieux) and an antibiotic supplenment
consisting of 10 ng ml"' vancomycin (Lederle
Laboratories), 2.5 pg ml™' polymyxin B (Pfizer), 5ug
ml"! trimethoprim (Sigma Chemical Co.) and 2.5 pg mi™!
amphotericin B (E.R Squibb and Sons, Inc.). Bacteria
were cultured on freshly prepared agar plates and
incubated, liad uppermost, under microaerobic
conditions at 37°C for 2-3 days. E. coli strains HB101l
(Boyer and Roulland-Dussoix, 1969) and MC1061
(Maniatis et al., 1983), wused in <the cloning
experiments, were dgrown routinely in Luria broth
without glucose added or on Luria agar medium, at
37°C. Bacteria grown under nitrogen-limiting
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shown on Fig.2) were synthesized which mapped




XXXXbp fragment when the IS5 sequence is present and a fragnent in the
absence of the 1S5. The results of the PCR reaction using as target DNA the
pl LL684 cosm d, the plLL694 plasmid, and the H pylori 85P chronosone fit
the predictions (results not shown). Moreover, direct sequencing of the PCR
product obtained fromthe H pylori chronosone was performed and confirned

t he upstream hspA-hspB reconstructed sequence shown in Fig. 6 (B). To
further confirm the genetic organi z&7 on of the mhole sequenced
region, two probes were prepared b Ilflcatlon LLG89

pl asmi'd usi ngcom&gdriRNeoVeEes Pas %?r%”ilé’na d ’?ﬁtza‘?ﬁ)e% “‘%) salidey

were used as RY/A3Rfn | Bon8HERINY of ammonium-free M9 m;nlmal medium
(pE 7.4) supplemented with 0.4 % (w/v) D-glucose and
10 mM L-arginine
(Cussac et al., 1992).

DNA manipulations :
All standard DNA manipulations and analyses,

unless mentioned otherwise, were performed according
to the procedures described by Maniatis et al. (1983).

Isolation of H. felis DNA :
) " Total genomic DNA was extracted by an sarkosyl-
proteinase K lysis procedure (Labigne-Roussel et al.,
1988). Twelve blood agar plates inoculated with H.
felis were incubated in an anaerobit jar (BBL) with an
anaercbic gaspak (BBL 70304) without catalyst # for 1-2
days at 37°C. The plates were harvested in 50 ml of a
15 § (v/Vv) glycercl - 9 % (w/v) sucrose solution and
centrifuged at 5,000 rpm (in a Sorvall centrifuge),
for 30 nin at 4°C. ‘The pellet was resuspended in
0.2 ml 50 mM D-glucose in 25 mM Tris-10 mM EDTA (pH
8.0) containing 5 mg ml"' lysozyme and transferred to a
VTié5 polyallomer quick seal tube. A 0.2 ml aliquot of
oy 20 mg ml"' proteinase K and 0.02 ml of 5M sodium
perchlorate were added to the suspension. Cells were
lysed by adding 0.65 ml of O0.5M EDTA =10 % (w/V)
Sarkosyl, and incubated at 65°C until the suspension
cleared (approximately 5 min). The volume of the tube
was completed with a CsCl solution consisting (per 100
ml) of 126 g CsCl, 1 ml aprotinine, 99 ml TES buffer
(30 mM Tris, 5 mM EDTA, 50 mM NaCl (pH 7.5). Lysates
were centrifuged at 45 000 rpm, for 15-18 h at 18°C.
Total DNA was collected and di
buffer (10 mM Tris, 1 mM EDTA), at ¢

inst TE
g&mm&m SHEET




hybri di zati on experinments under |l ow stringency conditions against
an Hindl Il digest of the H pylori 85P chronosne. The results denonstrate
that no other detectable rearrangement had occured during the cloning
process (data not shown). These experinents allowed us to denonstrate that
whereas a single copy of the hspB gene was present in the chronosone of H.
pylori strain 85, two copies of the hspA gene were detected by Southern
hybri di zation. [err] The plLL689 and the LL692 reconbi nant plasm ds and

the respectiv cl onj yectors plLL570  and pACYCl77, were introduced
by transformtmw—' ‘ )
Chromoscmal DNA from H. felis was cloned into

cosmid vector PpILL575, as previoulsy described
(Labigne et al, 1991). Briefly, DNA fragments arising
from a partial digestion with Sau3d were sized on a
(10 to 40 %) sucrose density gradient and then ligated
into a BamHI-digested and dephosphorylated pILLS575 DNA
preparation. Cosmids were packaged into phage lambda
particles (Amersham, In Vitro packaging kit) and used
to infect E. co0li HKB1l0l. To screen for urease
expression, kanamycin-resistant transductants were

“y replica-plated onto solid nitrogen-mimiting medium
(see above) containing (20 pug nl™') kanamycin that had
been dispensed into individual wells of ;nicrotitre
plates (Becton Dickinson).‘ The mictrotitre plates were
incubated aerobically, at 37°C for 2 "days,d__ before
adding 0.1 ml urease reagent (Hazell et al., 1987) to
each of the wells. Ureolysis was detected within 5-6 h
at 37°C by a colour change in the reagent. Several
urease~positive cosmid clones were ‘restriction mapped
and one was selected for subcloning.

subcloning of H. felis DNA :
A large-scale CsCl plasmid preparation of cosmid
A\ DNA was partially digested Sau3A. DNA fragments (7 -
11 Xkb) were electroeluted from an agarose gel and
purified ) using phencl-chloroform extractions.
Following precipitation in cold ethanol, the fragments
were ligated into Bg/III-digested plasmid pILLS70
(Labigne et al., 1991) and the recombinant plasmids
used to transform competent E. coli MC1061 cells.
Spectinomycin-resistant transformants were selected
and screened for urease expression under nitrogen~-rich
(Luria agar) and nitrogen-limiting conditions.
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coli P678-54, a mnicell-producing strain. The plLL689 and plLL692 pl asm ds
(Fig. 5) contain the same 3.15-kb insert cloned inte—the—twr veciqr

pl LL570 contains upstream of the poly-cloning Sm&gLNEﬁmgTbgﬁéé% '
transcription and of translation ;.the orientationt of Thi s Sheet g Been
Repl aced [err] WO 94/ 26901 MAY 1997

PCT/ EP94/ 01625 66 the insert in pILL689,£gﬁ;nade ntsgg% way t hatji tlhe

Quantitative urease activity :

L S

Cultures grown aerobically for 2.5 days at 37°C
were harvested and washed twice in 0.85 % (w/v) NacCl.
Pellets were resuspended in PEB buffer (0.1 M sodium
phosphate buffer (pH 7.4) containing 0.01 M EDTA) and
then sonicated by four 30-sec bursts using a Branson
Sonifier model 450 set at 30 W, 50 % cycle. Cell
debris was removed from the sonicates by
centrifugation. Urease activities of <the sonicates
were measured in a 0.05 M urea solution prepared in
PEBE by a modification of the Berthelot reaction

M (Cussac et al., 1992). Urease actiﬁity was expressed
as pmol urea min 'mg™' bacterial protein.

Protein determination : _ ‘

. i

Protein concentrations were estimated with a
commercial version of the bradford asséf’ (Sigma
Chemicals).

Transpeson mutagenesis :

Random insertional mutations were generated
within cloned H. felis via a MiniTn3-Km delivery
system (Labigne et al., 1992). In brief, E. coli HB101
cells containing the transposase-encoding plasmid pTCA

™ were transformed with plasmid pILL570 containing
' cloned H. felis DNA. Transposition of the MiniTn3-Km
element -into the pILL570 derivative plasmids was
effected via conjugation. The resulting cointegrates
were then selected for resolved structures in the

presence of high concentrations of Xanamycin (500
mgl-1l) and spectinomycin (300 mgil-1).

8DS-PACE and Western blotting :

Solubilised cell extracts were analysed on slab
gels, comprising a 4.5 % acrylamide stacking gel and
12.5 % resolving gel, according to the procedure of



transcriptinnal stop was | ocated upstreamof the 1S5 fragnent and therefore
upstream of the hspA and HspB genes. Two pol ypepti des t hat m gr at ed
wi t h pol ypepti des havi ng apparent nol ecul ar wei ghts of 60 kDa and 14 kDa
were clearly detected in mnicell- experinents from plLL689 and

pl LL692 (results not shown), wher eas they were absent from

the correspondi ng vectors ; these result§°indicated that the hspA and hspB
genes were constitutively expressed from>“a pronoter |ocated wthin the

1S5 were Con&géﬂliv%vewaéﬁﬂ%ﬁsqdvbﬁQmmﬁwmréﬁgtﬁss%hmm | S5
el enent. Moreover, ereas the ampunt of pol ypeptides visualized on the SDS
gel was in go®F 200V on a mini-slab gel apparatus (Bio-Rad).

Proteins were transferred to nitrocellulose paper
(Towbin et al., 1979) in a Mini Trans-Blot transfer
cell (Bio-Rad) set at 100 V for 1 h (with cooling).
Nitrocellulose membranes were blocked with 5 % (w/v)
purified casein (BDH) in phosphate~buffered saline
(PBS, pH 7.4) at room temperature, for 2 h (Ferrero et
al., 1992). Membranes were reacted at 4°C overnight
with antisera diluted in 1 % (w/v) casein prepared in
PBS. Immunoreactants were then detected using a
biotinylated secondary antibody (Kirkegaard and Perry
Lab.) in conbination with avidin-peroxidase (KPL). A
substrate solution composed of 0.3 % ﬂ(w/v) 4=
chloro-l-naphthol (Bio-rad) was used to visualise’
reaction products.

DNA Sequencing @

DNA fragments to be seguenced were cloned into
M13mpl8 and Mi13mpl9 , (Meissing and Vieira, 1982)
bacteriophage vectors (Pharmacia). Competent E. coli
JM101 cells were transfected with recombinant phage
DNA and plated on media containing X-gal (5-bromo-4-
chloro-3-indolyl-g-D-galactopyranoside) and

'e:\ isopropyl-g-D-thicgalactopyranoside. Plagques arising
from bacteria infected with recombinant phage DNA were
selected for the preparation of single-stranded DNA
templates by polyethylene glycocl treatment (Sanger et
al., 1977). Single-stranted DNA sequenced according to
the dideoxynucleotide chain termination method using a
Sequenase kit (United States Biochemical Corp.).

Nucleotide segquence accession number

The nucleotide accession number is X69080 (EMBL
Data Library).
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agreenent with the copy nunber. of the respective vectors,

the intensity of

the two pol ypeptidic bands suggested a p0|yCISLL“Q££MIL3n8€$+ﬁﬂI0n of the
two genes. [err] Two disruptions of genes werg fQMKQMﬁﬁﬂ'BdET ol i by

inserting the Km cassette previously deskrgs
hspB gene of plasmds plLL686 and plLL691. Thi$
return the disrupted genes in H pylori by el ¢ctr
for allelic replacenent. The plLL69631esulitilng

e lhspA or the
N prder to
andlto sel ect
eRtofled a

truncated form of the HspA protein, corres onclng to the deletl pn of the C

RESULTS OF PART I EXPERIMENT

Bxpression of urease activity Dby H. felis cosmid

clones

Cloning of partially digested fragments (30 to
45 kb in size) of H. felis chromosomal DNA into the
cosmid vector pILLS575 resulted in the isolation of
approximately 700 cosmid clones. The clones were
subcultured on nitrogen-limiting medium in order to
induce urease expression (Cussac et al., 1992). Six of
these were identified as being urease-positive after

5-6 h incubation (as described in the Experimental
procedures section). No other urease-positive cosmid

clones were identified, even after a further,overnight
incubation. Restriction enzyme analysis of 3 clones
harbouring the urease-encoding cosmids revealed a

common 28 kd DNA fragment. A cosmid

(des;gnated

pILL199) containing DNA regions at both extremities of
the common fragment was selected for subcloning.

¢

Identification of H. felis genes required for urease

expression when cloned in E. coli cells :

To define the minimum DNA region necessary for

urease expression in E. coli cells, the urease-

) encoding cosmid pILL199 was partially digested with
Sau3a and the fragments were subcloned into plasmid

-

pILL570. The transformants were subcultured on
nitrogen-rich and nitrogen~-limiting media and screened
for an urease-positive phenotype. Five transformants
expressed urease activity when grown under nitrogen-
limiting conditions, whereas no activity was detected

following growth on nitrogen~rich medium.

Restriction

mapping analyses indicated that the urease-encoding
plasmids contained inserts of between 7 and 11 kb. The



term nal end anmino acid sequence ; in that plas @@hkﬁ%@a&gﬁgﬁ
I nserted in such way that the pronoter of the Knig ser

pronoter for the hspB downstream gene. The plLL687 WLG' 8
plasm ds resulted fromthe insertion of the Kmcas etzgri'%{eithe

orientation wthin the hspB gene. None of these Thi e S B
Repl aced WO 94/ 26901

PCT/ EP94/ 01625 67 constructs led to tRe i SO ' of “Rdhénycin
plasmid designated pILL205 was chosen for further
studies.

Random mutagenesis of cloned H. felis DNA was
performed to investigate putative regions essential
for urease expression in E. coli and to localise the
region of cloned DNA that contained the structural
urease genes. Random insertion mutants of the
prototype plasmid pILL205 were thus generated using
the MiniTn3-Km element (Labigne et al, 1992). The site
of insertion was restriction mapped for each of the
mutated copies of pILL205 and cells harbouring these

plasmids were assessed qualitatively for urease

W activity (figure 1). A selection of E. coli HB10l
cells harbouring the mutated derivatives of pILL205
(designated "a" to "i") were then used both for
quantitative urease actix;ity determinations » as well
as for the detection of the putative urease i{'éubunits
by Western blotting.

The urease activity of E. coli HB101 cells
harbouring pILL205 was 1.2 % 0.5 gmol urea min''‘mg’!
bacterial protein (table 1), which is approximately a
fifth that of the parent H. felis strain used for the
cloning. Insertion of the transposon at sites "a%,
wew, mngn, nfn  and "g" resulted in S a negative

) phenotype, whilst mutations at sites Wpu, uen whn ang
"i* had no significant effect on the urease activities
of clones harbouring these mutated cdpies of pILL205
(table 1). Thus mutagenesis of pILL205 with the
MiniTn3~Km element identified three domains as being

required for H. felis urease gene expression in E.
coli cells.

Localisation of thé H. felis urease structural genes :

Western blot analysis of extracts of E. coli
cells harbouring pILL205 indicated the presence of two




transformants of H pylori strain N6, when purified plLL687, plLL688,

pl LL696 plasm ds (Table 2, Fig. 5 were used in el ectroporation
_experinments, whereas the pSUSI O pl asm d used as positive control always
did. These results suggest the H pylori HspA and HspB protein are
essential proteins for the survival of H pylori. Because of i) the
constant description in the literature of a close association of the HspB
protein with the urease subunits ; -ii) tf#e unique structure of the HspA
protein with the Cterm nal sequence rem niscent of a nickel binging

domai n, and i ipol ypleptiicleshsant e appproaihateipA and/ andhsgB mbantwhith H.
cross-reacted with  polyclonal H. felis rabbit
antiserum (Figure 2A). These proteins were not
produced by bacteria carrying the vector (pILL570).
Native H. felis wurease has been reported to be
composed of repeating  monomeric subunits with
calculated molecular weights of 30 and 69 kDa (Turbett
et al, 1992). Thus the 30 and 66 kDa proteins were
thought to correspond to the ure A and ure B gene
products, respectively. Interestlngly an extract of E.
coli cells harbouring the recombinant plasmid pILL763
(Cussac et al, 1992) containing the Helicobacter
pviori ure A and ure B genes, expressed two
polypeptides with approximate molecular sizes of 30
and 62 kDa which cross-reacted with’ the anti-H. felis
antisera (figure 2B). F et
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pylori, we attenpted to denonstrate a role of the H pylori Hsps proteins
inrelations with the H pylori urease by functional conplenentation
experinments in E. coli. Plasmds plLL763 or plLL753 (both plLL570
derivatives, Table 5) encoding the urease gene cluster were introduced with
the conpatible plLL692 plasm d (pACYC 77 derivative) that constitutively
expresses the HspA et HspB pol ypeptides as visualized in mnicells. In both
conpl enent ations, the expression of the ¥spA and HspB proteins in the same
E. coli cell allows to observe a three fold increase in the urease activity

foll owi ng induction of the urease genes on nm ni mrum nmedi um suppl enented with
10 MM L- Arginine as

Table 1. Mutagenesis of E. coli clones and effect on urease activity.

plasmids 2 Urease activity ©
(umol urea min-! mg-! protein)
pILL205 12+046°€

pILL205: 2 : neg®
pILI205:b- 0.74£0.32
pILLZOS e neg
pILL205:d neg
pILL205: e 0.54%£0.15 |
pIL1205:f ; neg
pILL205:g neg .
pIL1205: h 1.05£0.25

- pILL205 =i 0.23+0.35

1]

E. coli ceils harboured pILL205 and its derivatives constructed by
transposbn mutagenesis. The letters correspond to the insertion sites
of the MiniTnS3-transposon on pILL205.

Activities of bacteria grown aerobically for 3 days at 37 °C on solid M9
minimal medium supplemented with 10 mM L-arginine. The values
represent the means + standard deviations calculated from three
determinations.

Urease activity was approximately a fifth as large as that of H. felis wild-
type strain (ATCC 49179) i.e. 5.7 % 0.1 pmol urea min-! mg-1 protein
(Ferrero and Lee, 1991).

No activity detected (limit of detection was < 1 nmol urea min! mg-!
of bacterial protein).
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Clones ' harbouring the mutated derivatives of
pILL205, in all but one case, expressed the ure A and
ure B gene products (Figures 2A, B). Given that
several of the mutants (i.e. mutants "c", "d", "f" and
ng") synthesised the urease subunits yet d&id not
produce an active enzyme, it is possible to speculate
that accessory'functions essential for urease activity
may have been disrupted by transposon insertion. 1In
contrast, the mutant designated pILL205::a did not
produce the ure B product and was urease-negative.
Thus the site of transposon insertion was presumed to
be located in the ure B gene. Sequence analyses of the
DNA region corresponding to insertion site "a" were
undertaken to elucidate potential open reading frames

encoding the structural  polypeptides of H. felis
urease. :

T

Sequence analyses of H. felis structural urease

genes : - :

Sequencing of a~“2.4 kb region of H. felis DNA
adjacent to transposon insertion site "a" resulted in
the identification of two open reading frames (ORFs)
designated ure A and ure B which are transcribed in
the same direction (figure 3). The transposon was
confirmed to be located at 240 bp upstream from the
end of ure B. Both ORFs commenced with an ATG start
codon and were preceded by a site similar to the E.
coli consensus ribozome-binding sequence (Shine and
Dalgarno, 1974). The intergenic space for the H. felis
structural genes consisted of three codons which were
in phase with the adjacent open-reading frames. This
suggests that, as has already been observed to be the

. cas for Helicobacter pylori (Labigne et al, 1991), a
single mutation in the stop codon of the ure A gene




VD 94/ 26901 REPLACEMRARPOM#EY1425 69 1V -
EXPRESSI ON, PUR FI CATION  AND | MVUNOGENI [E-PREPERF H PYLOR

HSPA AND HSPB EXPERI MENTAL PROCEDURE FOR PART |l V :%gkﬁées | onjand
purification of reconbinant fusion proteins : [The I ¥§é§2 ng Mal E- HspB
fusi on proteins were expressed follow ng the ¢l daing of the tyo]genes
within the pMAL-c2 vector as described in the{"Results" sectionjusing the
following prinmers oligo #1 [err] oligo #2[erri

would ‘theoretically result in a fused single
polypeptide.

The H. felis ure A and ure B genes encode
polypeptides with calculated molecular weights of
26 074 XA and 61 663 Da, respectively, which are

highly homologous at the amino-acid sequence level to
the ure A and ure B gene products of H. pylori. The
levels of identity between the corresponding ure A and
ure B gene products of the two Helicobacter spp. was
calculated to be 73.5 % and 88.2 % Trespectively. From
the amino-acid sequence information, the predicted
molecular weights of the ure A and ure B polypeptides

from H. felis and H. pylori (Labigne et al, 1991) are
very similar. Nevertheless the ure B product of H.
felis had a lower mobility than the‘corresponding gene
product from Helicobacter pylori when subjected to
sDS-polyacrylamide gel electrophoresis (figure 2B)

II - EXPRESSION OF RECQMBiNANT UREASE SUBUNIT PROTEINS
FROM H. PYIORI AND H. FELIS : ASSESSMENT OF THESE

PROTEINS AS POTENTIAL MUCOSAL IMMUNOGENS IN A
MOUSE MODEL :

The aims of the study were to develop recombinant
antigens derived from the urease subunits of H. pylori
and H. felis, and to assess the immunoprotective
efficacies of these antigens in the H. felis/mouse
model. Each of the structural. genes encoding the
respective urease subunits from H. pylori and H. felis
was independently cloned and over-expressed in
Escherichia coli. The resulting recombinant urease
antigens (which were fused to a 42 kDa maltose-binding
protein of E. coli) were purified in large quantities
from E. coli cultures and were immunogenic, vyet
enzymatically inactive. The findings demonstrated the




oligo #3 [err] oligo #4 [err] Two liters of Luria nmedium containing glucose
(309 and anpicillin (100 [err] were inoculated with 20 mM of an overni ght
culture of strain MCL061 containing the fusion plasm d and i ncubated with
shaking at [err]. Wen the OD600 of the culture reached 0.5, |IPTG (at a
final concentration of 10 mMV) was added, and the cells were incubated for a
further 4 hours. Cells were harvested by centrifugation (5000 rpmfor 30
mn at [err], resuspended in 100 m +46f colum buffer consisting of
10 MM Tris-HCO, 200 nM NaCl, 1 nM EDTA supplenented wth protease
inhibitors [ (feaigigyiliity of developing a recombinant vaccine

against H. pylori infection.

EXPERIMENTAL PROCEDURES FOR PART II

Bacterial strains, plasmids and growth conditions @

H. felis (ATCC 49179) was grown on a blood agar
medium containing blood agar base no. 2 (Oxoid)
supplemented with 10% lysed horse blood (BioMérieux)
and an antibiotic supplement consiéting of vancomycin
(10 upg/mL), polymyxin B (25 ng/mL), trimethoprim (5
pg/mL) and amphotericin B (2.5 pg/mL). Bacteria were
cultured under microaerobic conditions at 37° C for 2
days, as described previously. E. coli strains MC1061
and JM101, used in cloning and expression .experiments,
were grown routinely at 37° C in Luria mediumi® with or
without agar added. The antibiotics carbenicillin (100

pg/mL) and spectinomycin (100 pg/mL) were added as

required.
¢

DNA manipulations and analysis @

All DNA manipulations and analyses, unless
mentioned otherwise, were performed according to
standard procedures. Restriction and modification
enzymes were purchased from Amersham (France). DNA
fragments to be cloned were electroeluted from agarose
gels and then purified by passage on Elutip mini-
columns (Schleicher and Schull, Germany). Single-
stranded DNA sequencing was performed using M13mpl8
and Ml3mpl9 bacteriophage vectors (Pharmacia, France).
Single-stranded DNA templates were prepared from
recombinant phage DNA by polyethylene glycol
treatment. Sequencing of the templates was achieved
according to the dideoxynucleotide chain termination
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[err] - Pepstatin [err] - PMSF (1nmM - AprotlmmfmééE& Ldrtution) ],
and passed through a French press. After centrifyg Ny

mn at [err] the supernatant were recovered and
col um buffer. i

col um buffer

R gy,

and the fractions This Shesd Has BEE

method using a Sequenase kit (United States
Biochemical Corp., U.S.A.).

Preparation of inserts for cloning using the

polymerase chain reaction (PCR) :

To clone the ureA genes of H. pylori and H.

felis, degenerated 36-mer primers were conceived from
the published urease sequences (Labigne et al., 1991 ;
Ferrero and Labigne, 1993) (primer set #1 ; refer to
table 2). Purified DNA from E. coli clones harbouring
plasmids pILL763 and pILL207 (table 3), that encoded
the structural genes of H. pylori and H. felis
ureases, were used as template material in PCR
reactions. Reaction samples contained : 10 - 50 ng of
denatured DNA ; PCR buffer (50 mmol/L KCl in 10 mmol/L
Tris-HCl (pH 8.3)]) ; dATP, dGTP, dCTP and dITP (each
at a final concentration of 1.25 mmol/L) 2:5 mmol/L

MgCl, ; 25 pmol of each primer and 0.5 gL Tag
polymerase. The samples were subjected to 30 cycles of
the following programme : 2 min at 94° C, 1 min at 40°
C.

The amplification products were cloned into the

~cohesive ends of the pAMP vector (figure 1) according

to the protocol <described by the manufacturer
("CloneAmp System", Gibco BRL + Cergy Pontoise,
France). Briefly, 60 ng of amplification product was
directly mixed in a buffer (consisting of 50 mmol/L
KCl, 1.5 mmol/L MgCl,, 0.1 % (wt/vol) gelatine in 10
mmol/L Tris-HCl, pH 8.3) with 50 ng of the paMP 1
vector DNA and 1 unit of wuracil DNA glycolsylase.
Ligation was performed for 30 min at 37° C. Competent
cells (200 ulL) of E. coli MC1061 were transformed with
20 uL of the 1ligation mixture. 1Inserts were
subsequentiy excised from the polylinker of the paMP
vector by double digestion with BamHl and Pstl, and



WD 94/ 26901

containing the fusion proteins were pool ed, dialyze

[P s vt 2 .

1 PCI/ EP94AT 01625770
(Cherdvsiil led

wat er, and |yophilized. Fusion proteins were regusipended in digtiflled

water at a final concentration of 2 ny
and stored at [err] Concentration and
preparations were controlled by the Bradford protdin

Cheni cal s) and SDS-PAGE anal yses. [err] [ess] MClI96l-cells —caontaihing

material/m,

ei ther the

P

f 22 M&YHOPT zed
urity of the
assay (Sigma

then subcloned into the expression vector pMAL (New
England Biolabs Inc., Beverly, USA) chosen for the
production of recombinant antigens (pILL919 and
pILL920, respectively, figure 13), as well as in Ml3mp
bacteriophage for segquencing.

Amplification of a product containing the ureB
gene of H. pylori was obtained by PCR using a couple
of 35-mer primers (set #2, table 2). The PCR reaction
mixtures were first denatured for 3 min at 94°* C, then
subjected to 30 cycles of the folfowing programme : 1
min at 94* ¢, 1 min at 55°* C and 2 min at 72°* C. The
purified amplification product (1850 bp was digested
with EcoRI and Pstl and then <cloned into PpMAL
(pILLS27, figure 2). Competent cells of E. coli MC1061
were transformed with the ligation‘reaction.

H. felis ureB was cloned in a two-step ‘procedure,
that allowed the production of both complete and
truncated versions of the UreB subunit. Plasmid
pILL213 (table 3) was digested with the enzymes Dral,
corresponding to amino acid residue number. 219 of the
UreB subunit and HindIII. The resulting 1350 bp
fragment was purified and cloned into pMAL that had
been digested with XmnlI and HindIII (pILL219, figure
2). In order to produce a <clone capable of
synthesizing a complete UreB protein, PCR primers were
developed (set #3, table 2) that amplified a 685 bp
fragment from the N-terminal portion of the ureB géne
(excluding the ATG codon), that also overlapped the
beginning ©f the insert in plasmid pILL219. The PCR
amplified material was purified and digested with
bamHI and HindIII, and then cloned into pMAL (pILL221,
figure 14). A 1350 bp PstI-Pstl fragment encoding the
remaining portion of the UreB gene product was
subsequently excised from pILL219 and cloned into a




pMAL-c2 vector or derivative reconbi nant plasm ds, were grown in 100
m-Luria broth in the presence of carbenicillin (100 [err]. The expression
of the genes was induced with I PTG for four hours. The cells were
centrifuged and the pellet was resuspended in 2 m of Buffer A (6M
guani di ne hydrochloride, 0.1 MJ[err], OQTris, pH8.0). After gentle
stirring for one hour at roomtenperature, the suspensions were centrifuged
at 10,000 g for 15 mn at [err]. A 1 6 n149|iquot of

Ni ckel -Nitrilo-Tri-Agetic resin [ ess revi ousl
equil i brated i AiB§PFESER \H&?pﬁﬁ?etd" °h€ &%@r%’c anfpgﬁﬁzgﬂr)s FEQPEFe vva)s/

stirred at roomutenperature for one hour prior to | oading onto

Expression of recombinant urease polypeptides in the
vector pMAL

The expression vector pMAL is under the control
of an inducible promoter (Pl.c) and contains an open-
reading frame (ORF) that encodes the production of
MalE (Maltose-binding protein, MBP). Sequences cloned
in-phase with the latter ORF resulted in the synthesis
of MBP-fused proteins which were éasily purified on
amylose resin. Of the two versions of pMAL that are
commercially available, the version not encoding a
signal sequence (ie. pMAL-c2) synthesized greater
amounts of recombinant proteins and was )thus used
throughout. | ‘ .

E. coli clones harbouring recombinantfiilasmids
were screened for the production of fusion proteins,
prior to performing large-scale purification
experiments. ¢ :

Purification of recombinant urease polypeptides :

. Fresh 500 mL volumes of Luria broth, containing
carbenicillin (100 ug/mL and 2% (wt/vol) glucose, were
inoculated with overnight cultures (5 mL) of E. coli
clones. The cultures were incubated at 37° ¢ and
shaken at 250 rpm, until the Aaﬁ = 0.5. Prior to
adding 1 mmol/L (final concentration) isopropyl-g-D-
thiogalactopyranoside (IPTG) to cultures, a 1.0 mnL
sample was taken (non-induced cells). Cultures were
incubated for a further 4 h at which time another 1.0
mL sample (induced cells) was taken. The non-induced

and induced cell samples were later analysed by SDS-
PAGE.
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(8Murea, O 1M Na-phosphate, 0.d MIris-HC, pH8} Ohgpg_ggﬁgg\”pg\p%w hs  were
el uted successively with the same buffer as buff¢r tsi-ed pH 6.3
(Buffer C, pH 5.9 (Buffer D) and pH 4.5 (Buffer {E d Buf fer. F}j (M
guani di ne hydrochl ori de, 02M acetic acid). Fifty [ér%f fragtion
were mxed with 50 [err] of SDS buffer and | oaded @n_SPS gels. [erf] This
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IPTG-induced cultures were centrifuged at 7000
rpm for 20 min, at 4° C and the supernatant discarded.
Pellets were resuspended in 50 mL column buffer (200
mmol/L NaCl, 1 mmol/L EDTA in 10 mmol/L TrisHCl,pH
7.4), containing the following protease inhibitofs
(supplied by Boehringer, Mannheim, Germany) : 2 gmol/L
leupeptin, 2 umol/L  pepstatin and 1 mmol/L
phenylmethylsulphonyl fluoride (PMSF). Intact cells
were lysed by passage through a French Pressure cell
(16 000 1lb/in?). Cell debris : was removed by
centrifugation and lysates were diluted in column
buffer to give a final concentration of 2.5 mg
protein/mL, prior to chromatography on a 2.6 cm x 20
cm column of amylose resin (New England Bialabs). The
resin was washed with column buffer at 0.5 mL/min
until the A,y returned 1levels. The *MBP-fused
recombinant proteins were eluted from the column by
washing with column buffer containing 10 mmol/L 1-
maltose. .

Fractions containing the recombinant proteins
were pooled and then dialysed several times at 4°* ¢
against a low salt buffer (containing 25 mmol/L NacCl
in 20 mmol/L TrisHCl, pH 8.0). The poocled fractions
were then loaded at a flow rate of 0.5 mL/min onto a
1.6 x 10 cm anion exchange column (HP-Sepharose ’
Pharmacia, Sweden) connected to a Hi-Loag
chromatography system (Pharmacia). Proteins were
eluted from the column using a salt gradient (25
mmol/L to 500 mmol/L NaCl). Fractions giving high
absorbance readings at A,, were exhaustively dialysed

against distilled water at 4° C and analysed by SDS-
PAGE.

Rabbit antisera :
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Serum sanpl es were obtained from 40 i ndi vi dual
confirmed by a positive culture for [err] and

t he bi opsy,

provided by R J. Adanek (University of Bochu
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and 12 were uninfected patients.

n [ferlr] Upon
conpl etion of SDS-PAGE runs in a M ni- PROTEA ggFgﬁgbﬁéngoresis
cell, pr ot ei ns were transferred to nitpocell 3 4 M ni
Trans-

Polyclonal rabbit antiser gainst
total cell extracts of H. pvlori strain 85P (Labigne

et al., 1991) and H. felis (ATCC49179). Polyclonal

rabbit antisera against recombinant protein
preparations of H. pylori and H. felis urease subunits

was produced by immunizing rabbits with 100 pg of
purified recombinant protein in Freund's complete
adjuvant (Sigma). = Four weeks later, rabbits were
booster-immunized with 100 pg protein in Freund's
incomplete adjuvant. On week 6§, ‘the animals were
terminally bled and the sera kept at -20° C.

Protein analyzes by SDS-PAGE and western blotting :

Solubilized cell extracts were analyzgd on slab
gels, comprising a 4.5% acrylamide stacking gel and a
10% resolving gel, accdrding to the proqggure of
Laemmii. Electrophoresis was performed at 205'V on a
mini-slab gel apparatus (Bio-Rad, USA).

Proteins were transferred to nitrocellulose paper
in a Mini Trans-Blot« transfer cell (Bio-Rad) set at
100 V for 1 h, with cooling. Nitrocellulose membranes
were blocked with 5% (wt/veol) casein (BDH, England) in
phosphate-buffered saline (PBS, pH 7.4) with gentle
shaking at room temperature, for 2 h. Membranes were
reacted at 4° C overnight with antisera diluted in 1%
casein prepared in PBS. Immunoreactants were detected
using specific biotinylated seondary antibodies and
streptavidin-peroxidase conjugate (kirkégaard and
Parry Lab., Gaithersburg, USA). Reaction products were
visuvalized on autoradiographic £film  (Hyperfilm,
Amersham, France) using a chemiluminescence technique
(ECL system, Amersham).

Protein concentrations were determined by the
Bradford assay (Sigma Chemicals corp., St Louis, USA).



Blot transfer cell (Bio-Rad) set at 100 V for 1 h (wth cooling).

| mmunostaining was perforned as previously described (Ferrero et al.,
1992), except that the ECL Western blotting detection system (Arersham was
used to visualize reaction products Hunman sera and the rabbit antiserum

rai sed agai nst a whole-cell extract of [err] strain 85P, were diluted

1: 1000 and '1: 5000, respectively, in 1% (wyv) casein prepared in

.phosphat e-buffered saline (PBS, pH7.4). [43r] The fol |l owi ng guantities

of antigens wer e absor bed ont%.96-mell pl ates (Falcon 3072) : 2.5 [err]
of Animal experimentation :

Six week o0ld female Swiss Specific Pathogen-Free
(SPF) mice were obtained (Centre d'Elevage R. Janvier,
Le~Genest-St-Isle, France) and maintained on a
commercial pellet diet with water ad_ libitum. The

intestines of the animals were screened for the
absence of Helicobacter muridarum. For all orogastric

administrations, 100 pL aliquots were delivered to
mice using 1.0 wmlL disposable syringes, to which
polyethylene catheters (Biotrol, Paris, France) were
attached.

Preparation of sonicated extracts and inocula from H.
felis cultures :

H. felis bacteria were harvested iﬁ PBS and
centrifuged at 5000 rpm, for 10 mih in a ‘sorvall RC-5
centrifuge (Sorvall, USA) at 4° C..The peifits were
washed twice and resuspended in PBS. Bacterial
suspensions were sonicated as previously described and
were subjected to at least one freeze-thaw cycle.
Protein determinations were carried out on the
sonicates. _

To ensure a virulent culture of H. felis for
protection studies, H. felis bacteria were maintained
in vivo until required. Briefly,_mice were inoculated
three times (with 10" bacteria/mL), over a period of 5
days. The bacteria were reisolated from stomach
biopsies on blood agar medium (4 - 7 days' incubation
in a microaerobic atmosphere at 37° C). Bacteria grown
for two days on blood agar plates were harvested
directly in peptone water (Difco, USA). Bacterial
viability and motility was assessed by phase
microscopy prior to administration to animals.

Mouse protection studies : iREBUMEmEWW'ﬁﬁﬁW
C o bor b g 1y 3] H i
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protein MalE, 5 [err] of Ml E-HspA, or 2.5 [err]
were left overnight at [err], then washed 3 tinegq S
(EWS) [1% PBS containing 0.05% (v/v) Tween 20]. S :
i ncubating the plates for 90 mn at [err] in EWs s ment ed mntk 1% m | k
powder. Wells were again washed 3 tines with EWS a d-- gift at ed
for 90 mn at [err] in the presence of human sera (diluted 1:500 in jEW
with 0.5% m |k powder), under This Sheet HKds Been tYaced [ err]
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Fifty pg of recombinant antigen and 10 pg cholera
holotoxin (Sigma Chemical Corp.), both resuspended in
HCO;, were administrated orogastrically to mice on
weeks 0, 1, 2 and 3. Mice immunized with sonicated H.
felis extracts (containing 400 - 800 pg of total
protein) were also given 10 pg of cholera toxin. On
week 5, half of the mice from each group were
challenged with an inoculum of virulent H. felis. The
remainder of the mice received an additional "boost"
immunization on week 15. On week 17 the latter were
challenged with a culture of H. felis.

Assessment of H. felis colonisation of the mouse @

Two weeks after receiving the challenge dose (ie.
weeks 7 and 19, respectlvely) mlce were SacrlfLCEd by
spinal dislocation. The Stomachs were washeq twice in
sterile 0.8% NaCl and a portion of the gastrlc antrum
from each stomach was placed on the surfaces of 12 cm
x 12 cm agar plates containing a urea indicator medium
(2% urea, 120 mg NaZHPO,,:, 80 mg KH,PO,, 1.2 mg phenol
red, 1.5 g agar prepared in 100 mL). The remainder of
each stomach was placed in formal-saline and stored
until processed for histology. Longitudinal sections
(4um) of the stomachs were cut and routinely stained
by the Giemsa technique. When necessary,'sections wvere
additionglly stained by the Haematoxylin-Eosin and
Warthin-sStarry sil?er stain techniques;

The presence of H. felis bacteria in mouse
gastric mucosa was assessed by the detection of urease
activity (for up to 24 h) on the indicator medium, as

well as by the screening of Giemsa-stained gastric

sections that had been coded so as to eliminate
observer bias. The numbers of bacteria in gastric
sections were semi-quantitatively scored according to

the following scheme : 0, no bacteria seen throughout
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agitation. Bound inunoglobulins were detectgépl‘%mkﬁtﬁ%ﬁ#m for 90
mn at [err] wth biotinylated secondary 4gntji body (goat ahtif-human |IgG
IgA or IgMdiluted [1:1000] in EWS suppl ement 4d [wi2 3 MABY97 | k powder) in
conbi nation with streptavidin-peroxidase (1:5Q0)] (Kirkegaard angl Perry
Lab.). Bound peroxi dase was detected by reactijon ate substrate
and hydrogen peroxide. Plates were incubatgég ifn_the dark, at roem
tenperature, and the optical density at 492 nmwas read at intervals of 5,
15 and 30 nmin iseabions ; 1, few bacteria (< 20) seen throughout : 2,

occasional high power (H.P.) field with low numbers (<
20) of bacteria ; 3, occasional H.P. field with low to
moderate numbers (< 50) of bacteria ; and 4, numerous
(> 5) H.P. fields with high numbers of bacteria (>
50). Mononuclear cell 1infiltrates were scored as
follows : 0, no significant infiltration ; 1,
infiltration of 1low numbers of mononuclear cells
limited to the submucosa and mnuscularis mnucosa ; 2,
infiltration of moderate numbers of mononuclear cells
to the submucosa and muscularis mnmucosa, sometimes
forming loose aggregates ; and 3, infiltration of
large numbers of mononuclear cells and featuring
nodular agglomerations of cells.

RESULTS OF PART II EXPERIMENTS :

Expression of Helicobacter urease polypeptides in
B. coli :

Fragments containing the sequences encoding the
respective UreA gene products of H. felis and H.
pylori were amplified by PCR and cloned in-phase with
an ORF encoding the 42 kDa MBP, present on the

expression vector pMAL. Sequencing of the PCR products
revealed minor nucleotidic changes that did not,

however; alter the deduced amino acid sequences of the
respective gene products. E. coli MC1061 cells
transformed with these recombinant plasmids (pILL919
and pILL920, respectively) expressed fusion proteins
with predicted molecular weights of approximately 68
kDa. Following chromatography on affinity (amylose
resin) and anion exchange gel media (Q-Sepharose),
these proteins were purified to high degrees of purity
(figure 1). The yield from 2-L cultures of recombinant
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ELI SA plate reader. After 30 min, the reaction Wﬁ%ﬁé*o“‘ 0% lEe addi tion
of hydrochloric acid to a final concentration off GESHHT: SUL 1 PART |V
EXPERI MENTS : [err] The oligonucl eotides #1 and ﬁ [err] and #3tafd #4
[err] were used to anplify by PCR the entire [erf]| ap@® Mt 987r]} denes,
respectively. The PCR products were el ectroeluted,} purified andijrgstricted
with EcoRI and Pstl. The restricted fragnments (3p0=Hi=and I600 bp {i n si ze,
respectively) were then ligated into the ggeoRI -Ppt | restricted pMil -c2
vector to generate plasm ds designated plLL933 and pl LL934, respectively.
E. coli cells was approximately 40 mg of purified

e

antigen.

Similarly, the large UreB subunits of H. pylori
and H. felis ureases were expressed in E. coli
(plasmids pILL927 and pILL222, respectively) and
produced fusion  proteins with predicted molecular
weights of 103 kDa. The yield in these cases was
appreciably lower than for the UreA preparations
(approximately 20 mg was recovered from 2-L of
bacterial culture). Moreover, probléms associated with
the cleavage of the UreB polypeptides from the MBP
portion of the fusion proteins were encountered. These
difficulties were attributed to the large sizes of the
recombinant UreB polypeptides. :

t
T

Analysis 6f the recombinant urease;polygepfides :

Western blot analyses of the antigen preﬁérations
with rabbit polyclonal antisera raised to whole-
extracts of H. pylori and H. felis |Dbacteria
demonstrated that the:anfigens retained immunogenicity
toc the homologous as well as heterologous antisera
(figures 14 and 15). The antisera did not recognize
the MBP component alone. Cross-~-reactivity between the
urease polypeptides of H. pylori and H. felis was
consistent with the high degrees of identity between
the amino acid sequences of these proteins.

Rabbit polyclonal antisera raised against
purified recombinant UreA and UreB proteins prepared
from H. pylori and H. felis strongly reacted with the
urease polypeptides present in whole-cell extracts of
the bacteria (figure 16). As we had already observed,
the UreB subunit of H. felis urease migrated slightly

higher on SDS-PAGE gels than did that of H. pylori
(figure 16). '



Fol l ow ng induction with | PTG and purificati ¢grm=gf | : rotein on
anyl ose colums, fusion proteins of the expec e%zﬁ# @gﬁ?@g SE'%fo br pl LL933
[figure 17], and 100 kDa for plLL9334) were viis@al i zed on SDS} PAGE gel s.
Each of these corresponded to the fusion of the I\/ngmgpqqgm 4p. 7 kDa)
with the second am no-acid of each of the Hspipo¢l ypepti des. The}lyield of

t he expression of the fusion proteins was 100 for-Thrs—Sheet { Has Been
Repl aced [err] 47

Preparation of H. felis inocula used in

immunoprotection studies @

To ensure the virulence of H. felis bacterial
inocula, bactera were reisolated from H. felis-
infected mouse stomachs (see Materials and methods).
The bacteria were passaged a nminimum number of times
in vitro. Stock cultures prepared from these bacteria,
and stored at -80° C, were used to prepare fresh
inocula for other mouse protection studies. This
procedure ensured that the inocula‘used in successive
experiments were reproducible.

Immunization of mice against gastric H. felis
infection :

Mice that had been immunized for three weeks with
the given antigen preparations were divided%gntd two
lots and one half of these were challenged éwo weeks
later with an H. fellis inoculum containing 107
bacteria/mL. One group. of animals that had been
immunized with recombinant H. felis UreA were also
challenged but, unlike the other animals, were not
sacrificed until week 19.

a) Protection at week 5 :

Eighty-five % of stomach biopsy samples from the
control group of mice immunized with H. felis sonicate
preparat{ons ‘were urease-negative and  therefore
appeared to have been protected from H. felis
infection (table 4). This compared to 20% of those
from the other control group of animals given MBP
alone. The proportion of urease-negative stomachs for
those groups of mice given the recombinant urease
subunits varied from 70% (for H. pvylori UreB) to 20%
(for H. pylori UreA).



WO 94/ 26901 REL ACEREFPSHEORORS 73
Mal E- HspA and 20 ng for Mal E- HspB when preparedjf Fom-2—ttit-ers.. roth

culture. [err] In order to determ ne whether thé tusjon protein re stil
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was also assessed from coded histological slides
prepared from gastric tissue. Due to the striking
helical morphology of H. felis bacteria, the organisms
could be readily seen on the mucosal surfaces of both
gastric pit and glandular regions of the stomach.
Histological evidence indicated that the levels of
protection in mice was lower than that observed by the
biopsy urease test : 25% and 20% of gastric tissue
from mice immunized with H.: felis sonicate
preparations of H. pylori UreB, respectively, were
free of H. felis bacteria.

Amongst <certain groups of these mice the
preponderance of urease-negative biopsies, as well as
lower histological scores for bacterial colonisation
(unpublished data), suggested that an immunoprotective
response had been elicited in the animals. This
response, however, may have been insufficient to
protect against the inoculum administered Aduring the
challenge procedure. ° '

b) Protection at week 17':

The remaining mice, from each group of animals,
were boosted on week 15. These mice were challenged at
week 17 with an H. felis inoculum containing
approximately 100-fold less bacteria than that used
previousi&. Two weeks later all stomach biopsies from
the MBP-immunized mice were urease-positive (table 4).
In contrast, urease activity for gastric biopsies from
mice immunized with the recombinant urease subunits
varied from 50% for H. pylori UreA to 100% for H.
felis UreB. The latter was comparable to the level of
protection observed for the group of animals immunized
with H. felis sonicated extracts. Histological
evidence demonstrated that the UreB subunits of H.



results denonstrated that the fusion proteins refaRERRACEMENT SHREY gzeni c
properties ; in addition, whereas the HspB protefn{®Was Known to Fe;

i mmunogenic, this is the first denonstration tha [ y75 | nfrunogeni c
in rabbits. In the sanme way, in order to determin &ﬁ%#ﬁ%ﬁh?%e HspA and
HspB pol ypepti des were i nmunogeni ¢ i n humans, the hunoral-+pArune response
agai nst HspA and/or HspB in patients infected witth H pylori was apalyzed
and conpared to that of uninfected persond9usi ng ‘WWest'ern i ifiminobl ot ti ng
assays and enzyne-|inked i nmunosorbent assays LI SA) . ne_of the.12 sera
of the H. pyEﬂ&Eﬁné@%ﬂB&aE&k&EbhEr°§§955éa5% oﬁﬁg\%£¥)°f immunized

animals, respectively. This compared with a level of

85% protection for mice immunized with H. felis
sonicated extracts. Imnmunization of mice with
recombinant H. pvlori UreA did not protect the
animals. Similarly, the stomachs of all H. felis

UreA-immunized mice, that had been challenged at week
5, were heavily colonised with H. felis bacteria at
week 19 (table 4).

The urease gastric biopsy test, when compared to
histological analysis of gastric tissue sections, gave
sensitivity and specificity values of 63% and 95%,
respectively. Thus histology proved to be the more
accurate predictor of H. felis infection in;the mouse.

Cellular immune response in immunized stomachs @

D3

In addition to the histological assessment of H.
felis colonisation, mouse gastric tissue was also
scored (from 0 to 3) for the presence of a mononuclear
cell response. In mjce immunized with MBP alone, a
mild chronic gastritis was seen with small numbers of
mononuclear cells restricted to the muscularis mucosa
and to the submucosa of the gastric epithelium. In
contrast, there were considerable numbers of
mononuclear cells present in the gastric mucosae from
animals immunized with either the recombinant urease
polypeptides, or with H. felis sonicate preparations.
These inflammatory cells coalesced to form either
loose aggregates, in the submucosal regions of the
tissue, or nodular structures that extended into the
mucosal regions of the gastric epithelia. The
mononuclear cell response did not appear to be related
to the presence of bacteria as the gastric nucosae
from the H. felis UreA-immunized mice, that were
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i mmunobl ot signal with Mal E, Mal E-HspA, or MalE-HspB proteins (figure 18).
In contrast, of 28 sera.fromH pylori-positive patients, 12 (42.8%
reacted with the HspA protein whilst 20 (71.4% recognized the HspB
protein. Al of the sera that recogni zed HspA al so reacted with the HspB
protein. No association was observed between the i mMmune response and the
clinical presentation of the H pylori infection although such This Sheet
Has Been Repl aced L’%rar]. 50
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Table: The oligomeric primers used in PCR-based amplification of

urease-encoding nucleotide sequences.

Primer set Nucleotide sequence (5" -> 3)

1
[

3 22 forw| CC GGA GAA TIC ATT AGC AGA AAA GAA TAT GTT TCT ATG
' EcoRI® i
rev AC GTT CTG_CAG CTT ACG AAT AAC TTT TGT TGC TTG AGC
£3  forw GGA TCC AAA AAG ATT TCA CG
: BonHI*
rev GGA AGC TT ¢ TGC AGG TGT GCT TCC CCA GTC

HndID¥ Pstl¥

forw .CAU CCT" AAAC GAACS TCTA" GATC AAAC TCTA™ ATG

rev T<7C €TTT A'CG A'cC A'GCAT AGTAT CTTT C'57 CAT CUA..

genetic code were included (A, T, G, C).

- CCT

shown.

Degenerated nucleotides in which all possible permutations of the
The given nucleotides were degenerated with the specific base(s)

Restriction sites introduced in the amplified fragments.



panel 5 were both specifically recognized with anti- HspA rabbit sera. This
suggested that the nickel binding property of the fused MBP- HspA protein

m ght be attributed to the C-term nal sequegee s TR 8 1h is richin
Hi stidine and Cysteine residues. This Sheet efilaged [err]
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Table 3 Plasmids used
Plasmid Vector Relevant phenotype or character Reference
pILL763 pILL570 9.5 kb fragment (Sau3a partial digest Cussac ¢!
of H. pylori chromosome) (Sp®) al., 1991
pILL199 pILL575 35 kb fragment (Sau3A partial digest. Ferrero &
of H. felis chromosome) Labigne,'93
pILL207 pILL570 11 kb fragment (Sau3A partial digest This study
3 of pILL199)
.
pILL919 pMAL-C2 0.8 kb BamHI-Pstl ? inserticontaining This studv
a nucleotide fragment encoding H. felis urea
gene (ApR)
pILL920 pMAL-C2 0.8 kb BamHI-PstI® insert containing This study
PCR product encoding H. pvlori ureA
gene
pILL927 pMAL-C2 1.8 kb EcoRI-PstI? PCR fragment This studv
encoding H. pylori ureB gene
pILL213 pUC19. 2 kb fragment resulting from Sau3A This study
J : partial digest of pILL207 (Ap®)
pIL1219  pMAL-C2 1.4 kb Dral-HindIlIP insert containing This study
H. felis ureB (bases 657 - 1707)
plLL221  pMAL-C2 0.7 kb BamHI-Pst]l PCR fragment This study
encoding H. felis ureB (bases 4 - 667)
pILL222 pMAL-C2 1.35 kb Pstl-PstI€ fragment encoding This study

H. felis ureB (bases 667 - 1707) from
pILL219 cloned into linerized pILL221
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Table . Protection of mice by immunization

with recombinant urease proteins.

Antigen Protection (%) 2
Urease Histology
MBP 0% (0/10) 0%(0/10)

UreA H. pulori | 30 (4/8) 0 (0/10)
UreA H.felis ® | 125 (1/8) 0 (0/10)
UreB H. pviori | 65 (5/8): 5 (2/8)
UreB H. felis 100 (7/7) 60 (3/7)

H. felis sonicate | 100 (8/8) 85 (7/8)

ut

Challenge inoculum dose was 10°
bacteria/mouse
Mice were challenged on week 5 (with 107

pacteria) and were sacritficed on week 19.

., vol.
Cover,

56, p 64 (Mth
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III- HELICOBACTER _PYILORI hspA-B HEAT  SHOCK _GENE

CLUSTER : NUCLEOTIDE SEQUENCE, EXPRESSION AND
FUNCTION :

SUGERENDIBHTE nHluced by
3240 -s c, V.,

A homolog of the heat shock proteins (HSPs) of
the GroEL class, reported to be closely associated
with the urease of Helicobacter pylori (a nickel
metalloenzyme), has recently been purified from H.
pylori cells by Dunn et al, and Evans et al. (Infect.
Immun. 60:1946, 1992, 1946 and 2125, respectively).
Based on the reported N-terminal amino acid sequence
of this immunodominant protein, degenerated
oligonucleotides were synthesized in order to target
the gene (hspB) encoding the GroEL-like progein in the
chromosome of H. pylori strain 85P. Following gene
amplification, a 108-basé pair (bp)-fragmentﬂencoding
the 36 first amino acids of the HspB pré%ein was
purified, and used a probe to identify in the H.
pylori genomic bank a recombinant cosmid harboring the
entire HspB encoding gene. The hspB gene was mapped to
a 3.15 kilobases (kb) BglII restriction fragment of
the pILL684 cosmid. The nucleotide sequence of that
fragment subcloned into the pILL570 plasmid vector
(pILLE8Y9) revealed the presence of two open reading
frames {OFRs) designated hspA and hspB, the
organization of which was very similar to be groESL
bicistronic operons of other bacterial species. hspa
and hspB encode polypeptides of 118 and 545 amino
acids respectively, corresponding to calculated
molecular masses of 13.0 and 58.2 kilodaltons (kba) ,
respectively. Amino acid segquence comparison studies
revealed i) that the H. pylori HspA and HspB protein
were highly similar to their bacterial homologs; ii)
that the HspA H. pylori protein features a striking
motif at the carboxyl terminus that other bacterial
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binding domain, such a nickel binding. Surprisingly,
immediately upstream of the gene cluster an IS5
insertion element was found that was absent in the H.
pylori genome, and was positively selectionned during
the cosnid cloning process. The IS5 was found to be
involved in the expression of the hspA and hspB genes
in pILL689. The expression of the HspA and HspB
proteins from the pILL689 plasmié was analyzed in
minicell-producing strain. Both polypeptides were
shown to be constitutively expressed in the E. coli
cells. When the pILL689 recombinant plasmid was
introduced together with the H. pylori utrease gene
cluster into an E. coli ‘host strain, an increase of
urease activity was observed suggestinglih close
interaction between the heat shock proteins and the
urease enzyme. Supporting the concept of a specific
function for the HspA chaperone, was the fact that
whereas a single hspB'copy was found in the H. pylori
genome, two copies of the hspA were found in the
genome, one linked to the hspB gene and one unlinked
to the hspB gene. Attempts to construct isogenic
mutants of H. pylori in the hspA and the hspB gene
were unsucesseful suggesting that these génes afe
essentiak for the survival of the bacteria.

EXPERIMENTAL PROCEDURES FOR PART III :

Bacterial strains, plasmids, and culture conditions :

The cloning experiments were performed with
genomic DNA prepared from H. pylori strain 85P. H.
pylori strain N6é was used as the recipient strain for
the electroporation experiments because of its
favorable transformability. E. coli strain HB101 or
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strain MC1061 were used as a host for cosmid cloning
and subcloning experiments, respectively. E. coli
P678-54 was used for preparation of minicells. Vectors
and recombinant plasmids used in this study are listed
in Table 1. H. pylori strains were grown on horse
blood agar plates, supplemented with vancomycin (10
mg/1l), polymyxin B (2,500 U/I), trimethoprim (5 mg/l),
and amphotericin B (4 mg/l). Plates were incubated at
37°C under microaerocbic conditions in an anaerobic jar
with a carbon dioxide generator envelope (BBL 70304).
E. coli strains were grown in L-broth without
glucose (10 g of tryptone, 5 g of yeast extract, and 5
g of NaCI per liter ; pH 7.0) or on L-agar plates (1.5
% agar) at 37°C. For measurement of urease activity,
the nitrogen-limiting medium used consisted of
ammonium-free M9 nminimal agar medium:i?(pH7.4)
containing 0.4 % D-glucose as the carbon source, and
freshly prepared filter-sterilized L-arginine added to
the final —concentration of 10 mM. Antibiotic
concentrations for the selection of recombinant clones
were as follows (in milligrams per‘liter) : kanamycin,
20 ; spectinomycin, 100 ; carbenicillin, 100.

Preparation of DNA :

Genomic DNA from H. pylori was ‘prepared as
previously described. Cosmid and plasmid DNAs were
prepared-by an alkaline 1lysis procedure followed by
purification in <cesium:- chloride-ethidium bromide
gradients as previously described.

Cosmid cloning :

The construction of the cosmid gene bank of H.
pylori 85P in E. coli HB10l1l, which was used for the

cloning of the H. pylori hspA-B gene cluster, has been
described previously.
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Restriction endonucleases, T4 DNA 1ligase, DNa
polymerase I large (Klenow) fragment, and Tagq
polymerase were purchased from Amersham, Té DNA
polymerase from Biolabs, and calf intestinal
phosphatase from Pharmacia. All enzymes were used
according to the instructions of the manufacturers.
DNA fragments were separated on agarose gels run in
Tris-acetate buffer. The 1-kb ladder from Bethesda
Research Laboratories was used as a fragment size
standard. When necessary, DNA fragments were isolated
by. electroelution from agarose gels as previously
described and recovered from the migration buffer by
means of an Elutip-d minicolumn (Schleicher and
Schuell, Dassel, Germany). Basic DNA manipulations

were performed according to the protocols described by
Sambrook et al.

Hybridization :

Colony blots for 'screening of the H. pylori
cosmid bank and for identification of subclones were
prepared on nitrocellulose membranes (Schleicher and
Schuell, Dassel, Germany) according to the protocol of
Sambrook et al. (43). Radioactive labelling of PCR-
products was performed by random priming, using as
primers the random hexamers from Pharmacia. Colony
hybridizétions were performed under high stringency
conditions (5 x SsSC, 0.1 % SDS, 50 % formamide, 42°* C)
(1 x §SC ; 150 mM NacCl, 15 mM sodium citrate, pH 7.0).
For Southern blot hybridizations, DNA fragments were
transferred from agarose gels to nitrocellulose sheets
(0.45-pm pore size ; Schleicher & Schuell, Inc.), and
hybridized under low stringency conditions (5 x Ssc,
0.1 % SDS, 30 or 40 % formamide, at 42° C with 32p-
labeled deoxyribonucleotide .probes Hybridization.*was
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revealed by autoradiography using Amersham Hyperfilm-
MP.

DNA sequencing ¢

Appropriate fragments of plasmid DNA were
subcloned into M13 mp 18/19 vectors. Single stranded
DNA was prepared by phage infection of E. coli strain
JM101. Sequencing = was performed by the
dideoxynucleotide chain termination method using the
United States Biochemicals Sequenasefkit. Both the Mi13
universal primer and additional specific primers
(Fig.1l) were used to sequence both the coding and
non-coding DNA strands. Sequencing of double-stranded
DNA was performed as previously described. Direct
sequencing of PCR product was carried out following
purification of the amplified, electréeluggd 'PCR
product through an Elutip-d minicolumn (Schleicher &
Schuell) ; The classical protocol for segquencing using
the Seguenase kit was then used with the following
modifications : PCR pfoduct was denatured by boiling
annealing mixture containing 200 picomoles of the
oligonucleotide used as primer and DMSO to the final
concentration of 1 % for 3 minutes ; the mixture was
then immediatly cool on ice ; the labeling step was
performed in presence of manganese ions (mM).

Electroporation of H. pyvlori :

In the attempt to construct H. pylori mutants,
appropriate  plasmid constructions carrying the
targeted gene disrupted by a cassette containing a
kanamycin resistance gene (aph3'-III), were
transformed into H. pylori strain N6 by means of
electroporation as previously described. Plasmid
pSUS10 harboring the kanamycin disrupted flaA gene was
used as positive control of electroporation. After
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electroporation, bacteria were grown on non-selective
plates for a period of 48 h in order to allow for the
expression of the antibiotic resistance and then
transferred onto kanamycin-containing plates. The
selective plates were incubated for up to € days.

Polymerase chain reaction (PCR) :

PCRs were carried out using a Perkin~Elmer Cetus
thermal cycler using the GeneAmp kit (Perkin-Elmer
Cetus). Classical amplification reaction involved 50
picomoles (pmoles) of each primer and at least 5
pmecles of the target DNA. The target DNA was heat
denatured prior addition to the amplification
reaction. Reaction consisted of 25 cycles of the
following three steps : denaturation (94° C for 1
minute), annealing (at témperatures ranging between 42
and 55° C, depending on the calcu;ated“ melting
temperatures of the primers, for 2 min), and extension
(72° ¢ for 2 min). When degenerated oligonucleotides
were used in non stringent conditions, up to 1000
pmoles of each oligonucleotide were added, 50 cycles

were carried out, and annealing was performed at 42°
C. '

Analysis of proteins expressed in minicells

Minicells harboring the appropriate hybrid
plasmid were isolated and labeled with [®S] methionine
(50 p Ci/ml). Approximately 100,000 cpm of acetone-
precipitable material was subjected to sodium dodecyl
sulfate (SDS) -polyacrylamide gel electrophoreéis in a
12.5 % gel. Standard proteins with molecular weights
ranging from 94,000 to 14,000 (low< molecular-weights
kit from Bio-Rad Laboratories) were run in parallel.
The gel was stained and examined by fluorography,
using En’Hance (New England Nuclear).
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Urease activity :

Urease activity was quantitated by the Berthelot
reaction by using a modification of the procedure
which has already been described. Urease activity was
expressed as micromoles of urea hydrolyzed per minute
per milligram of bacterial protein.

RESULTS OF PART III EXPERIMENTS :

Identification of a recombinant cosmid harboring the
Eelicobacter pylori GroEL-like heat shock protein
encoding gene :

Based on the published N-terminal amino seguence
of the purified heat shock protein of H. pylori, two
degenérated oligonucleotides were synthesized to
target the gene of interest in the chromosone of H.
pylori strain 85P. The first one.5' - GC NA ARG A
RATHAARTTYTOCNG - 3' where N stands for
the four nucleotides, R=A and G, Y =T and C, H = T,
C, and A, is derived %rom for the first 8 amino acids
of the protein (AKEIKFSD) : the second one 5' - CR T
TNCKNCCNCERKNGGNCCCAT - 3', where K =
G and T, corresponds to the complementary codons
specifying the amino acid from position 29 to position
36 (MGPRGRNV, ref). The expected size for the PCR
product «as 108 base pairs (bp). The amplification
reaction was performed under low stringency conditions
as described in the "Materials and Methods" section,
and led to the synthesis of six fragments with size
ranging from 400 bp to 100 bp. The three smallest
fragments were electroeluted from an acrylamide gel,
and purified. Direct sequencing of the PCR products
permitted the identification of a DNA fragment
encoding an amino acid sequence corresponding to the
published sequence. This fragment was therefore
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labeled and used as probe in colony hybridization to
identify recombinant cosmids exhibiting homology to a
5' segment of the H. pylori GroEL-like encoding gene ;
this gene was further designated hspB. The gene bank
consists of 400 independent Xkanamycin-resistant E.
coli transductants harboring recombinant cosmids. Of
those one single clone hybridized with the probe, and
harbored a recombinant plasmid designated pILL684, 46
kb in size. The low frequency observed when detectiné
the hspB gene (1 of 400) was unuéual when compared
with that of several «cloned genes which were
consistently detected in five to seven recombinant
cosmids. In order to identify the hspB gene, fragments
with sizes of 3 to 4 kb were generated by partial
restriction of the pILL684 ‘cosmid K DNA  with
endonuclease Sau3A, purified, and 1ligated “dnto the
BglII site of ©plasmid vector pILL570. Of 100
subclones, X were positive clones, and one was further
studied (pILL689) :; it -contains a 3.15 kb insert,
flanked by two Bglli restriction sites, that was
mapped in detail (Fig. 5). Using the PCR *P labeled
probe, the 5' end of the hspB gene was found to map to
the 632 bp HindIII-SphlI central restriction fragment

. of pILL689, indicating that one could expect the
presence of the entire hspB gene in the pILL689
recombinant plasmid.

DNA sequence and deduced amino acid sequence of the H.
pylori hspA-B gene cluster

The 3200 bp of pILL68S depicted in Fig. 5 wvere
sequenced by <cloning into Mi3mpl8 and M13mpl9, the
asymetric restriction fragments BglII-Sphl, SphI-
HindIII, HindIII-BglII ; each cloned fragment was
independently sequenced on both strands 16
oligonucleotide primers (Fig.l) were synthesized to
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confirm the reading and/or to dgenerate sequences
overlapping the independently sequenced fragments ;
these were used as primers in double-stranded-DNA
sequencing analyses.

The analysis of the sequence revealed two
distinct genetic elements. First the presence of two
open reading frames (ORFs), depicted in figure 5,
transcribed in the same direction, that were
designated hspA and hspB ; The nucleotide sequence and
the deduced amino acid segquence of: the two ORFs are
presented in Fig. 6. The first codon of hspA begins
323 bp upstream of the leftward HindIII site of
pILL689 (Fig. 5) and is preceded by a Shine-Dalgarno
ribosome-binding site (RBS) (GGAGAA). The K hspA ORF
codes for a polypeptide of 118 :amino -'ac__i@s. The
initiation <c¢odon for the hspB ORF béfins 25
nucleotides downstream the hspA stop codon : it is
preceded by a RBS site (AAGGA). The hspB ORF encodes a
polypeptide of 545 amino acids and is terminated by a
' TAA codon followed "by a palindromic sequence
resembling a rho-independent transcription terminator
(free energy, AG = -19.8 kcal/mol) (Fig. 6). The N-
terminal amino acid sequence of the deduced protein
HspB was identical to the N-terminal sequence of the
purified H.pylori heat shock protein previously
published® with the exception of +the N-terminal
methionine, which is absent from the purified protein
and might be posttranslationally removed, resulting in
a mature protein of 544 amino acids.

The deduced amino acid sequences of H. pylori
HspA and HspB were compared to several amino acid
sequences of HSPs of the GroES and GroEL class (Fig.
7). HspB exhibited high homeology at the amino acid
level with the Legionella pneumophila HtpB protein
(82.9 % of similarities), with the Escherichia coli
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(79.4 % of similarities), with Clostridium perfringens
(80.7 % of similarities), and to a
to ‘the GroEL-like proteins of
Mycobacterium. However, 1like almost all the GroEL
H. pylori HspB demonstrated the conserved
carboxyl~-terminus glycine-methionine
(MGGMGGMGGMGGMM) which was to be
in the E. coli GroEL chapercnin. The
degree of homology at the amino acid level between the
H.. HspA protein and the other GroES-like
proteins is shown in Fig. 7. The alignment shown
features a striking motif at the carboxyl terminus of
the H. pylori HspA protein thdt other bacterial
GroES-homologs lack. This unique highly charged motif
of 27 additional amino acids capable of
forming a loop between two double cystein residues ;
ot the 27 amino acids, 8 -are histidine residues highly
reminiscent of a metal binding domain.
The
seguence. analysis,

Hsp60 protein

lesser extent

homologs,

motif
recently shown

dispensable

pylori

consists

second genetic' element revealed by the
was the presence of an insertion
84 bp upstream of the hspA gene. The
nucleotide sequence of this element matched perfectly
that previously described for IS5 in E. coli, with the
presence* 16 nucleotide sequence
(CTTGTTCGCACCTTCC) that corresponds to one of the two
inverted repeats which flank the IS5 element. Because

of the perfect match at the DNA level,

sequence (IS5)

of a

we suspected
that the IS5 was not initially  present in the H.

pylori chromosome, but had rather inserted upstream of
the hspA-HspB gene cluster during the cloning process,

a hypothesis that needed to be confirmed by further
analyses.
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Identification of the upstream sequence of the hspA-B

.gene cluster in H. pylori chromosome :

The presence of the IS5 was examined by gene
amplification using two oligonucleotides, one being
internal <to the IS5 element and the other one
downstream of the IS5 element (oligo #1 and #2, Fig.
6), to target a putative sequence i) in the chromosome
of H. pylori strain 85P, ii) in the initial cosmid
pILL684, and iii) in the 100 subclones resulting of
the Sau3A partial restriction’ of the pILLé684
recombinant cosmid. IS5 was absent from the chromosome
of H. pylori, and was present in the very first
subcultures of the E. coli strain harboring cosmid
pILL684. Among the 100 pILL684 subclone derivatives
which appeared to contain all or part of the IS5
sequence, we then looked for a subclone hafhéring the
left end side of the IS5 plus the original upstream
sequence of the hspA-hspB gene cluster. This screening
was made by restrigtion analysis of the different
Sau3A partial generafed subclones. The restriction map
of one (pILL694) of the plasmids . fulfilling these
criteria is shown in Fig. 5. The left end side of the
IS5 nucleotide sequence was determined ; the presence
of a 4-bp duplication CTAA on both side of the 16-bp
inverted repeats of the IS5 element (Fig. 6) allowed
us to <tonfirm the recent acquisition of the IS5
element by transposition. A 245-nucleotide sequence
was then determined that mapped immediately upstreanm
of the IS5 element (shown Fig. 6). This sequence
consists of a non coding region in which the presence
of a putative consensus heat shock promoter'sequehce
was detected ; it shows a perfectly conserved =35
region (TAACTCGCTTGAA) and a 1less consentaneous -10
region (CTCAATTA). Two oligonucleotides (#3 and #4,
shown on Fig.2) were synthesized which mapped to

99:
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sequences located on both side of the IS5 element
present in the recombinant cosmid ; these two
oligonucleotides should lead to the amplification of a
XXXXbp fragment when the IS5 sequence is present and a
fragment in the absence of the IS5. The results of the
PCR reaction using as target DNA the pILL684 cosmid,
the pILL694 plasmid, and the H. pylori 85P chromosome
fit the predictions (results not shown). Moreover,
direct sequencing of the PCR product obtained from the
H. pylori chromosome was performed and confirmed the
upstream hspA-hspB reconstructed sequence shown in
Fig. 6 (B). To further «confirm the genetic
organization of the whole sequenced region, two probes
were prepared by dgene émplification of the pILL68Y
plasmid using oligonucleotides #5.and #6, and #7 and
#8 (Fig. 6). : they were used as probeé in_.Southern
hybridization experiments under low stringency
conditions'against an HindIII digest of the H. pylori
85P chromosme. The results demonstrate that no other
detectable rearrangement had occured during the
cloning process (data not shown). These experiments
allowed us to demonstrate that whereas a single copy
of the hspB gene was present in the chromosome of H.

pylori strain 85, two copies of the hspA gene were

detected by Southern hybridization.

Analysisgof polypeptides expressed in minicells :
The pILL689 and the pILL692 recombinant plasmids

and 'the respective cloning vectors pILL570, and

pACYC177, were introduced by transformation into E.

coli P678-54, a minicell-producing strain. The pILL689
and pILL692 plasmids (Fig. 5) contain the same 3.15-kb
insert cloned into the two vectors. pILL570 contains
upstream of the poly-cloning site a stop of

transcription and of translation ; the orientation of
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the insert in pILL689, was made in such way that the

transcriptinnal stop was located upstream of the IS5
fragment and therefore upstream of the hspA and HspB
genes. Two polypeptides that migrated with
polypeptides having apparent molecular weights of 60
kDa and 14 kDa were clearly detected in minicell-
experiments from pILL689 and PpILL692 (results not
shown), whereas they were absent from the
corresponding vectors ; these results indicated that
the hspA and hspB genes were constitutively expressed
from a promoter located within the IS5 were
constitutively expressed from a promoter located
within the IS5 element. Moreover, whereas the amount
of polypeptides visualized on the SDS gel was in good
agreement with the copy number :of the respective
vectors, the intensity of the two polypépti@ic bands

suggested a polycistronic transcription of the two
genes.

Attempts to understand the role of the Hspa and HSpPB
proteins :

Two disruptions of genes were achieved in E. coli
by inserting the Km cassette previously described
within the hspA or the hspB gene of plasmids pILL686
and pILL691. This was done in order to return the
disrupted genes in H. pylori by electroporation, and
to select for allelic replacement. The pILL696
resulting plasmid encoded a truncated form of the HspA
protein, corresponding to the deletion of the C-
terminal end amino acid sequence ; in that plasmid the
Km cassette was inserted in such way that the promoter
of the Km gene could serve as promoter for the hspB
downstream gene. The pILL687 and pILL688 plasnmids
resulted from the _insertion of the Knm cassette in
either orientation within the hspB gene. None of these
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constructs led to the isolation of kanamycin
transformants of H. pylori strain N6, when purified
pILL687, pILL688, pILLE96 plasmids (Table 2, Fig. 5)
were used in electroporation experiments, whereas the
pSUS10 plasmid used as positive control always did.
These results suggest the H. pylori HspA and HspB
protein are essential ﬁroteins for the survival of H.
pylori.

Because of 1) the constant description in the

literature of a close association of the HspB protein
with the urease subunits ; =-ii) the unigque structure
of the HspA protein with the C-terminal sequence
reminiscent of a nickel binging domain, apd iii) of
the absence of viable hspA and/or}hspB mutants of H.
pylori, we attempted to demonstrate a role of the H.
pylori Hsps proteins in relations with the H. pylori
urease by functional complementation experiments in E.
coli. Plasmids pILL763 or PpILL753 (both pILLS570
derivatives, Table 5),enéoding the urease gene cluster
were introduced with the compatible pILL692 plasmid
(pACYC177 derivative) that constitutively expresses
the HspA et HspB polypeptides as visualized in
minicells. In both complementations, the expression of
the HspA and HspB proteins in the same E. coli cell
allows to observe a three fold increase in the urease
activity' following induction of the urease genes on

minimum medium supplemented with 10 mM L- Arginine as
limiting nitrogen source.
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IV - EXPRESSION, PURIFICATION AND IMMUNOGENIC

PROPERTIES OF H. PYILORI HSPA AND HSPB :

EXPERIMENTAL PROCEDURE FOR PART IV :

Expression and purification of recombinant fusion
proteins :

The MalE-HspA, and MalE-HspB fusion proteins were
expressed following the cloning of the two genes
within the pMAL-c2 vector as 'described in the
*Results" section using the following primers
oligo #1 ccggagaattcAAGTTTCAACCATTAGGAGAAAGGGTC
oligo #2 acgttctgcagTTTAGTGTTTTTTGTGATCATGACAGC
oligo #3 ccggagaattcGCAAAAGAAATCAAATTTTCAGATAGC
oligo #4 acgttctgcagATGATACCAAAAAGGAAGGGGGCTTAC
Two liters of Luria medium containing glucpse (30%)
and ampicillin (100 ug/ml) were inoculated with 20 ml
of an overnight culture of strain MC1l061 containing
the fusion plasmid and incubated with shaking at 37°C.
When the OD600 of thé culture reached 0.5, IPTG (at a
final concentration of 10 mM) was added, and the cells
were incubated for a further 4 hours. Cells were
harvested by centrifugation (5000 rpm for 30 min at
4°C), resuspended in 100 ml of <column buffer
consisting of 10 mM Tris-HCl, 200 mM NaCl, 1 mM EDTA
supplemented with protease inhibitors [(Leupeptin
(2uM) ~ Pepstatin (2um) - PMSF (lmM) -~ Aprotinin
(1:1000 dilution)], and passed through a French press.
After centrifugation (10,000 rpm for 20 min at 4°C),
the supernatant were recovered and diluted (2-fold)
with column buffer. The lysate was filtered through a
0.2 um nitrocellulose filter prior to loading onto a
preequilibrated amylose resin (22 x 2.5 cm). The
fusion proteins were eluted with a 10mM maltose
solution prepared in column buffer, and the fractions
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containing the fusion proteins were pooled, dialyzed
against distilled water, and lyophilized. Fusion
proteins were resuspended in distilled water at a
final concentration of 2 ng of lyophilized
material/ml, and stored at -20°C. Concentration and
purity of the preparations were controlled by the
Bradford protein assay (Sigma Chemicals) and SDS~PAGE
analyses. '

Nickel binding properties of recombinant proteins :

E. coli MC1l061 cells, containing either the
pMAL~-c2 vector or derivative recombinant plasnids,
were grown in 100 ml-Luria broth in the presence of
carbenicillin (100 pg/ml). The expression of the genes
was induced with IPTG for four hours. The cells were
centrifuged and the pellet was resuspendéd in 2 ml of
Buffer A (6M guanidine hydrochloride, 0.1 M NaH,PQ,,
0.01Tris, pH8.0). After gentle stirring for one hour
at room temperature, the suspensions were centrifuged
at 10,000 g for 15 min at 4°C. A 1.6 ml aliquot of
Nickel-Nitrilo~-Tri-Acetic resin (Nickel-NTA; QIA
express), previously equilibrated in Buffer A, was
added to the supernatant and this mixture was stirred
at room temperature for one hour prior to loading onto
a column. The column was washed with 20 ml buffer A,
then 30 ml buffer B (8M urea, 0.1M Na-phosphate,
0.01MTris-HCl, PpH8.0). The proteins were eluted
successively with the same buffer as buffer B adjusted
to pH 6.3 (Buffer C), pH 5.9 (Buffer D) and pH 4.5
(Buffer E) and Buffer F (6M guanidine hydrochloride,
02M acetic acid). Fifty ul of each fraction were mixed
with 50 gl of SDS buffer and loaded on SDS gels.

Human sera @
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Serum samples were obtained from 40 individuals,
28 were H. pylori-infected patients as confirmed by a
positive culture for H. pylori and histological

examination of <the biopsy, and 12 were uninfected
patients. The sera were Xindly provided by R. J.
Adamek (University of Bochum, Germany).

Immunoblotting @

'Upon completion of SDS-PAGE runs in a Mini-
PROTEAN II  electrophoresis cell, proteins were
transferred to nitrocellulose paper in a Mini Trans-
Blot transfer cell (Bio-Rad) set at 100 V for 1 h
(with cooling). Immunostaining was performed as
previously described (Ferrero et al., 19%2), except
that the ECL Western blotting, detection systenm
(Amersham) was used to v15uallze reaction pxoducts .
Human sera and the rabbit antlserum, raised against a
whole-cell extract of H. pylori strain B85P, were
diluted 1:1000 and 1:5000, respectively, in 1% (w/v)
casein prepared in phosphate-buffered saline (PBS,
pH7.4).

serological methods [enzyme-linked immunosorbent
assay, (ELISA)] :

The following quantities of antigens were
absorbed onto 96-well plates (Falcon 3072) : 2.5 pg of
protein ﬁalE, 5 pg of MalE~-HspA, or 2.5 ug of MalE-
HspB. The plates were left overnight at 4°C, then
washed 3 times with ELISA wash solution (EWS) [1% PBS
containing 0.05% (v/v) Tween 20]. Saturation was
achieved by incubating the plates for 90 min at 37°C
in EWS supplemented with 1% milk powder. Wells were
again washed 3 times with EWS and then gently agitated
for 90 min at 37°C in the presence of human sera
(diluted 1:500 in EWS with 0.5% milk powder), under
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agitation. Bound imunoglobulins were detected by
incubation for 90 min at 37°C with biotinylated
secondary antibody (goat anti~human IgG, IgA or IgM
diluted [1:1000] in EWS supplemented with 0.5% milk
powder) in combination with streptavidin-peroxidase
(1:500) (Kirkegaard and Perry Lab.). Bound peroxidase
was detected by reaction with the citrate substrate

- and hydrogen peroxide. Plates were incubated in the
dark, at room temperature, and the:optical density at
492 nm was read at intervals of 5, 15 and 30 min in an
ELISA plate reader. After 30 min, the reaction was
stopped by the addition of hydrochloric acid to a
final concentration of 0.5M.

RESULTS OF PART IV EXPERIMENTS :

Construction of recombinant plasmids producing
inducible MalE-HspA, and HspB fusion proteins

The oligonucleotides #1 and #2 (hspA) and #3 and
#4 (hspB) were used to amplify by PCR the entire hspA
and the hspB genes, respectively. The PCR products
were electroeluted, purified and restricted with EcoRI
and PstI. The restricted fragments (360 bp and 1600 bp
in size, respectively) were then ligated into the
EcoRI-Pstl restricted pMAL-c2 vector to generate
plasmids designated pILL933 and pILL934, respectively.
Following induction with IPTG, and purification of the
soluble protein on amylose columns, fusion proteins of
the expected size (55 kDa for pILL933 [figure 17), and
100 kDa for pILL9334) were visualized on SDS-PAGE
gels. Each of these corresponded to the fusion of the
MalE protein (42.7 kDa) with the second amino-acid of
each of the Hsp polypeptides. The vyield of the
expression of the fusion proteins was 100 mg for
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MalE-HspA and 20 mg for MalE-HspB when prepared from 2
liters of broth culture.

ERCHE

study of the antigenicity of the HspA and HspB fusion

proteins, and of the immunogenicity of HspA and EspB
in patients infected with H. pylori :

In order to determine whether the fusion protelns
were still antigenic, each was analyzed by Western
blot with rabbit antiserum raised against the MalE
protein and a2 whole-cell extract of H. pvlori strain
g5P. Both fusion proteins were immunoreactive with
antibody to MalE (not shown) and with the anti-H.
pylori antiserum. The anti-H. pylori antiserum did not
recognize the purified MalE protein (figure 18). These
results demonstrated that the fusign proteins retained
their antigenic properties ; in addition, whereas the
HspB protein was Xnown to be immunogenic, ch; is the
first demonstration that HspA per se is immunogenic in
rabbits. .

In the same ways in order to determine whether
the HspA and HspB polypeptides were immunogenic in
humans, the humoral immune response against HspA
and/of HspB in patients infected with H. pvlori was
analyzed and compared to that of uninfected persons
using Western immunoblotting assays and enzyme-linked
immunosorbent assays (ELISA). None of the 12 sera of
the H. pylori-negative persons gave a positive
immunoblot signal with MalE, MalE-HspA, or MalE-HspB
proteins (figure 18). In contrast, of 28 sera from
H. pylori-positive patients, 12 (42.8%) reacted with
the HspA protein whilst 20 (71.4%) recognized the HspB

protein. All of the sera that recognized HspA also
reacted with the HspB protein.

No association was
observed between the immune response and the clinical

presentation of the H. pylori infection although such
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a conclusion might be premature because of the small
number of strains analyzed.

Nickel binding properties of the fused MalE-HspA
protein :

MBP~HspA recombinant protein expressed following
induction with IPTG, was purified from a whole cell

extract by one step purification on nickel affinity
column whereas the MBP alone, nor MBP-HspB exhibited
this property. Figure 18 illustrates the one step
purification of the MBP~HspA protein that was eluted
as a monomer at pH6.3, and as a monomer at pH4.5. The
unique band seen in panel 7 and the two bands seen in
panel 5 were both specifically recognized with anti-
HspA rabbit sera. This suggested that the nickel
binding property of the fused MBP-HspaA ﬁrotg}n might
be attributed to the C~terminal seguence os ngA which
is rich in Histidine and Cysteine residues.
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GAC ATC GGC GGG AAT Hedd ot otiexr TAPYlori infegbichu Llis Sgnovebigtid eu

lle Asp Ile Ay G yd?,% @%% %ﬁm&MrSESSZGOG 2612. 190
195 GGC TTT AAT TCT GCC“GAT GGT _AAA AAA

678 . Salomon, H. (1896) Ueber das Spirillem des

Saugetiermagens und sein Verhalten zu den
Belegzellen. Zentral Bakteriol Parasiten
Infektion 19: 433-442. |

Sanger, F., Nicklen, S., and Coulson, A. R. (1877) DNA
sequencing with chain terminating inhibitors.
Proc Natl Acad Sci USA 74: 5463-5467.

Shine, J., and Dalgarno, L. (197ﬁ) The 3'~terminal
sequence of Escherichia coli 16S ribosomal RNA:

complementarity to nonsense triplets and ribosome
binding sites. Proc Natl Acad Sci Usa 71:
1342~-1346. J]

Sidebotham, R. L., and Baron, J. H. (1990)
Hypothesis : Helicobacter pylori, urease, mucus,
and gastric ulcer. Lancet 335: 193-195.

Smoot, D. T., Mobley, H. L. T., Chippendale, G. R.,
Lewinson, J. F., - and Resau, J. H. (1990)
Helicobacter pylori urease activity is toxic to

human gastric epithelial cells. Infect Immun 58:
1992-1994.

Solnick, J.V., et al, Infec. and Immunity, May 1994,
p 1631-1638.

Towbin, H., Staehelin, T., and Gordon, J. (1979)

Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets:
procedure and some applications. Proc Natl Acad
Sci 76: 4350-4354.

Turbett, G. R., Nandapalan, N., Campbell, I. G.,
Nikoletti, S. M., and Mee, B. J. {1991)
Characterization of the urease from Helicobacter
pylori and comparison with the ureases from
related spiral gastric bacteria. FEMS Microbiol
Immunol 76: 19~-24.




Gly Phe Asn Ser Leu Val Asp Arg A n Ala Asp Ala Asp Ay Lys Lys 200

205 210 CTC GGC TTA AAA CGC CCT AAA GAA AAA GGI TTT GGG
TCT GTA AAC TGC 726 Leu Ay Leu Lys Arg Ala Lys Au Lys @y Phe
dy Ser Val Asn Cys 215 _ 220 225 GGI TGT
GAA GCG ACT AAA GAT AAA CAA TAAGGAAAAA CC ATG AAA AAG 774 Qv
Cys Qu Ala Thr Lys Asp Lys dn Met Lys Lys 230

235 ' 1 ATT TCA CGA AAA GAA TAT GIT TCT ATG TAT GGT
CCC ACT ACC GGG GAT 822 Ile S#LArg Lys Gu Tyr Val Ser Met Tyr

Gy Pro Thr Thr p . GIT
A Ore G CACSRHEERR Beg Bre 9 gak ordiGRE AR arand Mee, Bl "Arg

Val Arg Leu Ay Asp (h992pp Buxificatéon@and/achgractersption of the
urease enzymes of Helicobacter species from
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20 25 30 35 TGC ACC
ACT TAT GGT GAA GAG ATC AAA TTT GGG GGC GGT AAA AAA ATC 918 Cys
Thr Thr Tyr y Gu GQu Lle Lys Phe Gy Ay Ay Lys Thr Ile 40

45 50 CGT GAT GGG ATG AGT CAA ACC AAT ACGC CCT ACC.ICT
TAT GAA TTA GAT 966 Arg Asp G y Met Ser g ;pguﬁmgﬁgﬂ‘_ﬂ?rd Ser
Ser Tyr Qu Leu Asp 55 i 65—+t GIG
CTC ACT AAC GCC CTC ATT CTG GAG TAT ACGCGCAﬁzTACAA{A 414 Leu
Val Leu Thr Asn Ala Leu Ile Val AspsghpendhirStind | e 334: Ry2s MAY 1997

75 80 GCC GAC ATT GGG ATT AAA GAC C AAG ATT GCAIGGEC ATT
GGC AAG GCA 1062 Ala Asp Ile Ay Ile Lys Asp Ay Lys Ile Alja Ay
Ile Gy LkYs GHNERED INFORMATION: 90 95 -

(i) APPLICANT:
(A) NAME: INSTITUT PASTEUR
(B) STREET: 25-28 rue du Dr Roux
(C) CITY: PARIS CEDEX 15
{(E) COUNTRY: FRANCE
(F) POSTAL CODE (ZIP): 75724
(G) TELEPHONE: 45.68.80.94
(B) TELEFAX: 40.61.30.17

(A) NAME: INSTITUT NATIONAL DE LA SANTE :ET DE lA
RECHERCHE MEDICALE
(B) STREET: 101 rue de Tolbiac
(C) CITY: PARIS CEDEX 13
(E) COUNTRY: FRANCE
(F) POSTAL CODE (ZIP): 75654
(G) TELEPHONE: 44.23.60.00
(H) TELEFAX: 45.85.07.66
]
(ii) TITLE OF INVENTION: IMHUNOGENIC COMPOSITIONS AGAINST _
HELICOBACTER INFECTION, POLYPEPTIDES FOR USE IN THE ~

COMPOSITIONS AND NUCLEIC ACID SEQUENCES ENCODING SAID
POLYPEPTIDES.

(iii) NUMBER OF SEQUENCES: 8
(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFIWARE: Patentln Release #1.0, Version ®1.25 (EPO)

(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER: EP 93401309.5

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2619 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{(ix) FEATURE:
(A) NAME/KEY: misc_feature
(B)Y LOCATION: 31..3¢

(D) OTHER INFORMATION: /standard_name=~ “Shine- -Dalgarno
sequence”



GGC AAT AAG GAC ATG CAA GAT GGC GTA GAT AAT AAT CTT TGC GIA GGT
1110 AV Asn Lys Asp Met A n Asp Cy Val Asp Asn Asn Leu Cys Vval _dy

100

105 110 115 l%@%ﬁﬂ Skim
PCT/ EP94/ 01625 This Sheet Has Been Repl aced [err] %‘{

85 CCT GCT ACA GAG GCT TTG GCA GCT GAG GGC TTG ATT
1158 Pro Ala Thr Gu Ala Leu Ala Ala Gu Ay Leu Ille VaZZTMAYAPyGI

125 130 GGC ATC GAT ACG CAT ATT CACITTT ATC TCT
CAA ATC CCT (AT FEATURE: 1206
(A) NAME/KEY: misc_feature

y1120

(B) LOCATION: 756..759 _
(D) OTHER INFORMATION: /standard_name~ "Shine-Dalgarno
sequence”

(ix) FEATURE:
(A) NaME/KEY: CDS
{B) LOCATION: 43..753
(D) OTHER INFORMATION: /standard name= "URE A"

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 766..2475
(D) OTHER INFORMATION: /standard_name= "UR” B"

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

TGATAGCTTG GCTACCAATA GAAATTCAAT AAGGAGTTTA GG ATG AAA CTA ACG
Met Lys Leu Thr
1 )

: X i
CCT AAA GAA CTA GAC AAG TTA ATG CTC CAT TAT GCG GGC AGA TTG GCA

Pro Lys Glu Leu Asp Lys Leu Met Leu His Tyr Ala Gly Arg Leu ala
5 10 15 20

GAA GAA CGC TTG GCG CGT GGT GTG AAA CTC AAT TAC ACC GAA GCG GTC
Glu Glu Arg Leu Ala Arg Gly Val Lys Leu Asn Tyr Thr Glu Ala Val
25 1 30 35

CG CTC ATT AGC GGG CGT GTG ATG GAA AAG GCG CGT GAT GGT AAT AAA
Ala Leu Ile Ser Gly Arg Val Met Glu Lys Ala Arg Asp Gly Asn Lys
40 45 50

AGC GTG GCG GAT TTG ATG CAA GAA GGC AGG ACT TGG CTT AAA AAA GAA
Ser Val Ala Asp Leu Met Gln Glu Gly Arg Thr Trp Leu Lys Lys Glu
55 60 65
AAT GTG ATG GAC GGC GTA GCA AGC ATG ATT CAT GAA GTG GGG ATT GAA
Asn Val Met Asp Gly Val Ala Ser Met Ile His Glu Val Gly Ile Glu
70 75 80

GCT AAC TTC CCC GAT GGA ACC AAG CTT GTA ACT ATC CAC ACT CCG GTa
Ala Asn Phe Pro Asp Gly Thr Lys Leu Val Thr Ile His Thr Pro Val
85 90 95 100

GAG GAT AAT GGC AAA TTA GCC CCC GGC GAG GTC TTC TTA AAA AAT GAG
Glu Asp Asn Gly Lys Leu Ala Pro Gly Glu Val Phe Leu Lys Asn Glu
105 110 115

GAC ATT ACT ATT AAC GCC GGC AAA GAA GCC ATT AGC TTG AAA GTG AAA
Asp Ile Thr Ile Asn Ala Gly Lys Glu Ala Ile Ser Leu Lys Val Lys
120 125 130

54

102

150

198

246

294

342

390

438



Ay Ile Asp Thr
140
GGC ACA GGA CCT

Gy @Ay Thr dy Pro 150
GCC ACG AAT GCG ACC ACC ATC ACT CCC GGA CGC CCT A/
Asp @y Thr Asn Ala Thr Thr tle Thr Pro Gy Argghl

175 AAA AGT ATG TTG CGT GCA

170

Hi s

Ile Hs Phe Ile Ser

Pro Gn
145 GCT- TTT GCC AGC GGG GIT A
1254 Al a Phe Ala Ser Qdy{Val

155

Ne b acEseny

Thr Thr t
22 MAY

AT 1CTA

TIHEEBS
AT

19%0

a Asn Leu 165

I
G
3

A GGA
e Ay
CG GAT
D2 Al a

l‘ ATG

AAT CTA GGG.TTIAA coc GaT cct3&eT bys Gar GhltGGAcTCACETATEC Ak U TELU Tyr #8éa

Met Asn Legs{hysRh® A

195 TTG GCT AAG

1398 Leu Ala Lys Gy Asn Val

GAA GTG
Glu Val
150

CGC CTA
Arg Leu
165

GAA AAA
Glu Lys

GGC TTT
Gly Phe

CTC GGC
Leu Gly

GGT TGT
230

ATT TCA
I1le Ser

CCT GTIT
Arg Val
20

TGC ACC
Cys Thr

CGT GAT
Arg Asp

TTG GIGC
Leu Vql

GCC GAC
Ala Asp
85

GGC AAT
Gly Asn
100

80 arg Pro Val Gln Val Gli§5Ser His Phe His Phe PheO

AAT GIG TCT TAOGAA CCC TCT TTAECC GAT CAG ATT

Ser Tyr

Au Pro Ser

AAT AAG CTC TTG GAC TTC GAT
Asn Lys Leu Leu Asp Phe

GAC
Asp

AGT
Ser

AAT
AsT

TTA
Leu
215

GAA
Glu

CGA
Arg

AGA
Arg

ACT
Thr

GGG
Glv

-

CTIC
Leu
70

ATT
Ile

AAG
Lys

ATT GCa
Ile Ala

GTG GAA
Val Glu
185

TCT TTG

Ser Leu
200

AAA CGC
Lys Arg

GCG ACT
Ala Thr

Lys €lu

CTC GGC
Leu Gly

TAT GGT
Tyr Gly
- 40

ATG AGT

Met Ser
53

ACT AAC

Thr Asn

GGG ATT
Gly Ile

GAC ATG
Asp Met

TCT
Ser
170

CTC
Leu

GTG
Val

GCT
Ala

Lys

TAT
Tyr

GAC
Asp
25

GAA
Glu

CAA
Gln

GCC
Ala

CAA
Gln
105

155

GGA
Gly

ATT
Ile

GAT
Asp

Lys

GAT
Asp
235

GTIT
Val
10

ACT
Thr

GAG
Glu

ACC
Thr

CTC
Leu

GAC
Asp
90

GAT
Asp

ACA
Thr

GAC
Asp

CGC
Arg

GAA
Glu
220

Lvs

-

TCT

Ser’

GAT
Asp

ATC
Ile

AAT
Asn

ATT
Ile
75

GGC
Gly

GGC
Cly

Asp

GCG
Ala

ATC
Ile

CAA
Gln
205

AAA
Lys

CAA
Gln

ATG:

Met

TTG
Leu

AAA
Lys

AGC
Ser
60

GTG
Val

AAG
Lys

GTA
Val

CGC GCA AAA AGC TTT TGC AAA
Lys Ser Phe Cys

Arg

GTG
Val

GGC
Gly
190
GCC
Ala

GGT
Gly

Ala

CGC
Arg
175

GGG
Gly

GAT
Asp

TIT
Phe

160

TTIT GAA
Phe Glu

AAT AAG
Asn Lys

GCC GAT
Ala Asp

GGG. TCT
Gly Ser
1225

CCC
Pro

CGC
Arg

GGT
Gly
210

GTA
Val

GGG
Gly

ATC
Ile
195

AAA
Lys

Aag
Asn

Lys

GAG
Glu
180

TAT
Tyr

AAA
Lys

TGC
Cys

TAAGGAAAAA CC ATG AAA AAG
Met Lys Lys

TAT
Tyr

ATC
Ile

TTT
Phe
45

CCT

Pro

GAC
Asp

ATT
Ile

GAT
Asp

GGT
Gly

TTA
Leu
30

GGG
Gly

AGC
Ser

TAT
Tyx

GCa
Ala

AAT
Asn
110

CCC ACT
Pro Thr
15

GAA GTG
Glu Val

GGC. GGT
Gly Gly

TCT TAT
Ser Tyr

ACG GGC
Thr Gly
80

GGC ATT
Gly Ile
95

AAT CTT
Asn Leu

1
ACC
Thr

GAG
Glu

Lys

GAA
Glu
65

ATT
Ile

GGC
Gly

TGC
Cys

GGG
Gly

CAT
His

" ACT

Thr
50

TTA

Leu

TAC
Tyr

AAG
Lys

GTA
Val

GAT
Asp

GAT
Asp
35

ATC
Ile

GAT
Asp

AAA
Lys

GCA
Ala

GGT
Gly
115

Leu Arg Asp An lle

534

582

630

678

726

774

822

870

918

966

1014 -

1062

1110



200 205 210 GAA
AAA ATC CAC GAA GAC TGG GGA AGC ACA 1446 dju
Phe Lys Ile Hi's Qu Asp Trp Gy Ser Thr 215
225 CCT GCA GCT ATT CAC CAC TGC CTC AAT GIC GCC A
1494 Pro Ala Ala Ile H's H's Cys Leu Asn Val Al a
235 240 CAA GIG GCT ATC CAC AGg
GCC TGI GTA GAA 1542 Adn Val Alalle Hs T -
Ala Ay QT Vet ABAUGABISCT TTG GCA GCT GAG GGZ50TG ATT GTA ACC GCT GG255 GALLYSCC
CTA GAG Q&b ATd TREGOB1eARVETa A2 CAT AGCLAT CLEARIACRr Ala Gly 1590 Asp
Thr Leu Qu Ala Ile Ala2dy Arg Thr Ile X5 Thr Phe Hi s Th30 260
265 270 275

GGC ATC GAT ACG CAT ATT CAC TTT ATC TCT CCC CAA CAA ATC CCT ACT 1206

Gly Ile Asp Thr His Ile His Phe Ile Ser Pro Gln Gln Ile Pro Thr

135 140 145

GCT TIT GCC AGC GGG GTT ACA ACC ATG ATT GGA GGA GGC ACA GGA CCT 1254
Ala Phe Ala Ser Gly Val Thr Thr Met Ile Gly Gly Gly Thr Gly Pro
150 155 160

GCG GAT GGC ACG AAT GCG ACC ACC ATC ACT CCC GGA CGC GCT AAT CTA 1302
Ala Asp Gly Thr Asn Ala Thr Thr Ile Thr Pro Gly Arg Ala Asn Leu
165 170 175 ¢

AAA AGT ATG TTG CGT GCA GCC GAA GAA TAC GCC ATG AAT CTA GGC TTIT 1350
Lys Ser Met Leu Arg Ala Ala Glu Glu Tyr Ala Met Asn Leu Gly Phe
180 185 190 ' 195

TTG GCT AAG GGG AAT GTG TCT TAC GAA CCC TCT TTA CGC GAT CAGIATT 1398
Leu Ala Lys Gly Asn Val Ser Tyr Glu Pro Ser Leu Arg Asp Gln Ile
200 205 ! 210

GAA GCA GGG GCG ATT GGT TTT AAA ATC CAC GAA GAC TGG GGA AGC ;fk 1446
Glu Ala Gly Ala Ile Gly Phe Lys Ile His Glu Asp Trp Gly Ser Thr
215 220 - 225

CCT GCA GCT ATT CAC CAC TGC CTC AAT GTC GCC GAT GAA TAC GAT GTG 1494
Pro Ala Ala Ile His His Cys Leu Asn Val Ala Asp Glu Tyr Asp Val
230 235 240

- CAA GTG GCT ATC CAC ACC GAT ACC CTT AAC GAG GCG GGC TGT GTA GAA 1542
Gln Val Ala Ile His Thr Asp Thr Leu Asn Glu Ala Gly Cys Val Glu
245 250 255

GAC ACC CTA GAG GCG ATT GCC GGG CGC ACC ATC CAT .ACC TTC CAC ACT 1590

Asp Thr Leu Glu Ala Ile Ala Gly Arg Thr Ile His Thr Phe His Thr
260 . 265 270 275

GAA GGG GCT GGG GGT GGA CAC GCT CCA GAT GTT ATC AAA ATG GCA GGG 1638
Glu Gly Ala Gly Gly Gly His Ala Pro Asp Val Ile Lys Met Ala Gly
280 285 290

GAA TTT AAC ATT CTA CCC GCC TCT ACT AAC CCG ACC ATT CCT TTC ACC 1686
Glu Phe Asn Ile Leu Pro Ala Ser Thr Asn Pro Thr Ile Pro Phe Thr
295 300 305

AAA AAC ACT GAA GCC GAG CAC ATG GAC ATG TTA ATG GTG TGC CAC CAC 1734
Lys Asn Thr Glu Ala Glu His Met Asp Met Leu Met Val Cys His His
310 315 320

TTG GAT AAA AGT ATC AAG GAA GAT GTG CAG TTT GCC GAT TCG AGG ATT 1782

Leu Asp Lys Ser Ile Lys Glu Asp Val Gln Phe Ala Asp Ser Arg Ile
325 330. 335



GAA GGG CCT GGG GGT GGA CAC GCT CCA GAT GIT ATC AAAws= A
1638 Qu Ay Ala Gy Ay Ay H's Ala Pro Asp Val
285 290 GM TTT MC ATT CTA CCC GLC{TCT
CCT TTC ACC 1686 A u Phe Asn Ile Leu
Il'e Pro Phe Thr 295 300

GAA GCC GAG CAC ATG GAC ATG TTA ATG GIG TGC CAgg
Thr Gu Ala Gu H's Met Asp Met Leu Met Val Cys

315 CGC CCC CAA ACT28TT BGCEIT AAA RIGT CAT CTAAGTIGEKETRTC GG LG TTT 18GEC
GAT TCG ACE FYblGln Thr 1le/32dalsle Adp AspsGBerleul Hid ywspQer Ay 1&d G n Phe Ala
Asp Ser Aug Ile 325 345 330 350 335353
TTT TCT ATC ACC AGC TCC GAC TCT CAG GCT ATG GGA CGC GTA GGC GAG 1878
Phe Ser Ile Thr Ser Ser Asp Ser Gln Ala Met Gly Arg Val Gly Glu
360 - 365 370
GTG ATC ACA CGC ACT TGG CAG ACA GCA GAC AAA AAC AAA AAA GAG TTT 1926
Val Ile Thr Arg Thr Trp Gln Thr Ala Asp Lys Asn Lys Lys Glu Phe
375 380 - 385
GGG CGC TTG AAA GAG GAA AAA GGC GAT AAC GAC AAC TTC CGC ATC AAA 1974
Gly Arg Leu Lys Glu Glu Lys Gly Asp Asn Asp Asn Phe Arg 1le Lys
390 395 400
CGC TAC ATC TCT AAA TAC ACC ATC AAC CCC GGG ATC GCG CAT GGG ATT 2022
Arg Tyr Ile Ser Lys Tyr Thr Ile Asn Pro Gly Ile Ala His Gly Ile
405 410 415
TCT GAC TAT GIG GGC TCT GTG GAA GTG GGC AAA TAC GCC GAC CIC GTG 2070
Ser Asp Tyr Val Gly Ser Val Glu Val Gly Lys Tyr Ala Asp Leu 'Val
420 425 - 430 : . 435
CTT TGG AGT CCG GCT TTC TTT GGC ATT AAG CCC AAT ATG ATT ATT gﬁé 2118
Leu Trp Ser Pro Ala Phe Phe Gly Ile Lys Pro Asn Met Ile Ile Lys
440 845 450
GGC GGA TTT ATT GCG CTC TCT CAA ATG GGC GAT GCC AAT GCG TCT ATT 2166
Gly Gly Phe Ile Ala Leu Ser Gln Met Gly Asp Ala Asn Ala Ser Ile
455 _ 460 465
CCC ACC CCT CAG CCC GTC TAT TAC CGT GAA ATG TTT GGA CAC CAT GGG 2214
Pro Thr Pro Gln Pro Val Tyr Tyr Arg Glu Met Phe Gly His His Gly
470 475 480
AAA AAC AAA TTC GAC ACC AAT ATC ACT TTC GIG TCC CAA GCC GCT TaC 2262
Lys Asn Lys Phe Asp Thr Asn Ile Thr Phe Val Ser Gln Ala Ala Tyr
485 . 490 495
AAG GCA GGG ATC AAA GAA GAA CTA GGG CTA GAT CGC GCG GCA CCGC CCa 2310
Lys Ala Gly Ile Lys Glu Glu Leu Gly Leu Asp Arg Ala Ala Pro Pro
500 505 510 515
GTG AAA AAC TGT CGC AAT ATC ACT AAA AAG GAC CTC AAA TTC AAC GAT 2358
Val Lys Asn Cys Arg Asn Ile Thr Lys Lys Asp Leu Lys Phe Asn Asp
520 525 530
GTG ACC GCA CAT ATT GAT GTC AAC CCT GAA ACC TAT AAG GTG AAA CTC 2406
Val Thr Ala His Ile Asp Val Asn Pro Glu Thr Tyr Lys Val Lys Val
535 540 545
GAT GGC AAA GAG GTA ACC TCT AAA GCA GCA GAT GAA TTG AGC CTA GCG 2454
Asp Gly Lys Glu Val Thr Ser Lys Ala Ala Asp Glu Leu Ser Leu Ala
550 555 - 560
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PCT/ EP94/ 01625 Thi s

GCT GAA GAC CAA CTC CAT GAC ATG GGG ATC
Ile Ala Ala Gu Asp A n Leu H's Asp.Met Ay Ile 340

350

CGC GTA GEC GAG

Sheet Has Been Replaced [err] CGC CCC CAA ACT ATC GCG

1830 Arg Pro A n Thr

345

355 TTT TCT ATC ACC AGC TCC GAC TCT CAG GCT ATG GEA

Met Ay Arg Val dy Gu 360
2?3 é%i&cé%#%c%&ﬁhdﬁﬁﬁtéﬁﬁi ARndatiect TT
Leu Ty

Al'a Asp Lys Asn Lys Lys du Phe

ATC ACA
1926 Val

ficdi

TTATTTAGAG GGGAGTCATT GATTTACCTT TGCTAGITTA TAATGGATTT AAGAGAGGTT

565

1878 Phe Ser

Il e Thr

Ser Ser Asp Ser

ITTTTTTCGTG TTTTATACCG CGTTGAAACC CTCAAATCTT TACCAAAAGG ATGGTAA

(2) INFORMATION FOR SEQ ID NO: 2:

His

Leu

Leu

Phe

145

Ser

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 237 amino acids

(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Helicobacter felis

{x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Lys Leu Thr Pro Lys Glu Leu Asp Lys Leu

5

Arg Leu Ala Glu Glu Arg Leu
20

Glu Ala Val Ala Leu Ile Ser
35 40

Gly Asn Lys Ser Val Ala Asp
50 55

Lys Lys Glu Asn Val Met Asp
70

Gly Ile Glu-Ala Asn Phe Pro
85

Thr Pro Val Glu Asp Asn Gly
100

Lys Asn Glu Asp Ile Thr Ile
115 120

Lys Val Lys Asn Lys Gly Asp
130 135

His Phe Phe Glu Val Asn Lys
150

Phe Cys Lys Arg Leu Asp Ile
165 -

Ala

10

Arg

25

%ly

Leu

Gly

Asp

Lys
105

-Asn

Arg

Leu

Ala

Arg

Met

Val

Gly

90

Leu

Ala

Pro

Leu

Ser
170

Gly
Val
Gln
Ala

75
Thr
Ala
Gly
Val
Asp

155

Gly
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Met

Val

Met

Glu

60

Ser

Lys

Pro

Lys

Gln

140

Phe

Thr

Leu His Tyre&_a
15 ~

Lys Leu Asn Tyr
30

Glu Lys Ala Arg
45

Gly Arg Thr Trp
Met Ile His Glu
80

Leu Val Thr Ile
95

Gly Glu Val Phe
110

Glu Ala Ile Ser
125

Val Gly Ser His

Asp Arg Ala lys
160

Ala Val Arg Phe
175

dn A a
370 GIG

2502

2562

2619



375

380

AAA GGC GAT AAC GAC AAC TTC CGC ATC AAA
Gu Qu Lys Ay Asp Asn Asp Asn Phe Arg Ile Lys 390

400 CGC TAC ATC TCT AAA TAC ACC ATC AAC CCC GEC ATC GCG CAT GG&G ATT
2022 Arg Tyr

410

GCC GAC CTC GIG
Tyr Al a Asp AreucMalcld2u Lys Ser Val Glu Leuj23e Asp Ile Gly Gly Asn 430

435 CTT TGG AGT CCG8GCT TTC TTT GGC W&FT AAG CCC AAT ABG ATT ATT AAG

2118 Leu Trp Ser Pro Ala Phe Phe Ay Ile Lys Pro Asn Met

445

Asp

Ser
225

(2)

Met

Thr

Glu

Lys

Glu

65

Ile

Gly

Cvs

Ile
145

195

Il e Ser

Lys Tyr Thr

2070 Ser Asp Tyr Val

385 GGG CGC TTG AAA GAG GAA
1974 Gly Arg Leu Lys

395

Ile Asn Pro Ay Ile Ala Hs Ay Ile 405
415 TCT GAC TAT GIG GCC TggT GIG GAA GIG GGC AAA TAC

200

205

Gy Ser Val

d u Val

Ay Lys

Ile Ile Lys 440
Lys Arg 1le Tyr @50Phe Asn Ser Leu Val Asp Arg Gln Ala Asp Ala

Gly Lys Lys Leu Gly Leu Lys Arg Ala Lys Glu Lys Gly Phe Gly

210

Val Asn Cys Gly Cys Glu Ala Thr Lys Asp Lys Gln

230

215

INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 569 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE :
{(A) ORGANISM: Helicobacter fells
(xi) SEQUENCE DESCRIPTION:

Lys Lys Ile Ser Arg

Gly

-

His

Thr
50

Leu

Tyr

Val

Ala
130

Pro

Asp

Ala
Gly
115

Gly

Thr

Arg
20

p Cys

Arg
Leu
Ala
Gly
100
Pro

Cly

Ala

5

Val
Thr
Asp
Y;l
Asp

85
Asn
Ala

Ile

Phe

Arg

Thr

Gly

Leu

70

Ile

Lys

Thr

Asp

Ala
150

235

220

SEQ ID NO: 3:

Lys Glu Tyr Val Ser

Leu

Tyr

Met

55

Thr

Gly

Asp

Glu

Thr

135

Ser

Gly
Gly

40
Ser
Asn
Ile
Met
Ala
120

His

Gly

Asp
25
Glu

Gln

Ala

Gln
105

Leu

Ile

Val

10
Thr
Glu
Thr
Leu
Asp

90
Asp
Ala
His

Thr

Asp

Ile

Asn

Ile

75

Gly

Gly

Ala

Phe

Thr
155

Met

Leu

Lys

Ser

60

Val

Lys

Val

Clu

Ile

140

Met

Tyr
Ile
Phe

45
Pro
Asp
Ile
Asp
Gly
125

Ser

Ile

Gly

Leu

30
Gly
Ser
Tyr
Ala
Asn
110
Leu

Pro

Gly

Pro

15
Glu
Gly
Ser
Thr
Gly

95
Asn
1le

Gln

Gly

Thr

Val

Tyr
Gly

80
Ile
Led
Val

Gln

Cly
160



A EpL AT GCG‘CI CT CAA ATG GGC GAT GCC AAT GOG TCT ATT

elle ajLeu Ser Gn Met Ay Asp Ala Asn Ala Ser |le 455
Aa(19974 51CCC ACC CCT CAG CCC GIC TAT TAC CGI GAA ATG TTT
2214 Pro Thr Pro @ n Pro Val Tyr Tyr Arg Qu Met

L 475 480 AAA MAAC
AAA TTCY\GAC ACC AAT TTC GIG TCC CAA GCG CCT TAC 2262 Lys
Asn Lys r Asn Ile Thr Phe Val Ser dn A% Ala Tyr 485
490 495, &f@%%/ﬁq AA TRRATLGMy FACTRGGTA GAT OGC
CCGT\&:&ly Pro A gﬁ Ala Gy ¢ Lys Gu GQu qusGl Leu Asp
Arg Ala Ala Pro Pro 500 505 510
515 GIG AAAAAG F G085 AL ALE ALT aAMAINAR ARG CHG AR HTC ARG GAT

2358 180 185 190 -

Leu Gly Phe Leu Ala Lys Gly Asn Val Ser Tyr Glu Pro Ser Leu Arg
195 200 205

Asp Gln Ile Glu Ala Gly Ala Ile Gly Phe Lys Ile His Glu Asp Trp
210 215 220

Gly Ser Thr Pro Ala Ala Ile His His Cys Leu Asn Val Ala Asp Glu
225 230 235 240

Tyr Asp Val Gln Val ala Ile His Thr Asp Thr Leu Asn Glu Ala Gly
245 250 ) 255

Cvs Val Glu Asp Thr Leu Glu Ala Ile Ala Giy'Arg Thr Ile His Thr
260 : 265 270

Phe His Thr Glu Gly Ala Gly Gly Gly His Ala Pro Asp Val Ile Lys
275 280 ' 285
Met Ala Gly Glu Phe Asn Ile Leu Pro Ala Ser Thr Asn Pro Thr Ile
290 295 300

Pro Phe Thr Lys Asn Thr Glu Ala Glu His Met Asp Met Leu Met Val
305 310 N 315 320

Cys His His Leu Asp Lys Ser Ile Lys Glu Asp Val Gln Phe Ala Asp
325 330 335

Ser Arg Ile Arg Pro Gln Thr Ile Ala Ala Glu Asp Gln Leu His Asp
340 345 350

Met Gly Ile Phe Ser Ile Thr Ser Ser Asp Ser Gln Ala Met Gly Arg
355 3e0 365

Val Gly Glu Val Ile Thr Arg Thr Trp Gln Thr Ala Asp Lys Asn Lys
370 375 380

Lvs Glu Phe Gly Arg Leu Lys Glu Glu Lys Gly Asp Asn Asp Asn Phe
385 390 395 400

Arg Ile Lys Arg Tyr Ile Ser Lys Tyr Thr Ile Asn Pro Gly Ile Ala
405 410 415

His Gly Ile Ser Asp Tyr Val Gly Ser Val Glu Val Gly Lys Tyr Ala
420 425 430

Asp Leu Val Leu Trp Ser Pro Ala Phe Phe Gly Ile Lys Pro Asn

Met
435 440 445

Ile Ile Lys Gly Gly Phe Ile Ala Leu Ser Gln Met Gly Asp Ala

Aén
450 455 460



Val Lys Asn Cys Arg Asn Ile Thr Lys Lys Asp Leu Lys Phe Asn Asp 520

525 530 GITG ACC GCA CAT ATT GAT GIC AAC CCT GAA ACC TAT
AAG GTG AAA GIG 2406 Val Thr Ala His Ile Asp Val Asn Pro Qu
Thr Tyr Lys Val Lys Val 535 540 545 GAT

CCC AAA GAG GTA ACC TCT AAA GCA GCA CAT GAA TTG AGC CTA GCG -
2454 Asp Gly Lys Au Val Thr Ser Lys Ala Ala Asp Qu Leu Ser Leu Al a 550

5595 1z Ser Ile Pr&Cfhr Pr¥@1HAA26981 Tyr Tyr Arg Glu Mec Phe Gly
PCT/ EP94/ 945525 This Sheet kags Been Repl aceds7s 480

His His Gly Lys Asn Lys Phe Asp Thr Asn Ile Thr Phe Val Ser Gln
485 490 495

ala ala Tyr Lys Ala Gly Ile Lys Glu Glu Leu Gly Leu Asp Arg Ala
500 505 510

Ala Pro Pro Val Lys Asn Cys Arg Asn Ile Thr Lys Lys Asp Leu Lys
515 ' 520 525

Phe Asn Asp Val Thr Ala His Ile Asp Val Asn Pro Glu Thr- Tyr Lys
530 ) 535 540

Val Lvs Val asp Gly Lys Glu Val Thr Ser Lys Ala Ala Asp Glu Leu
545 550 : 555 560

Ser Leu Ala Gln Leu Tyr Asn Leu Phe
565

{2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2284 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gemomic)

(ix) FEATURE:
- (A) NAME/KEY: CDS
! (B) LOCATION: 124&..477

(D) OTHER INFORMATION: /standard name- *H. pylori - Hsp A"

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 506..2143
(D) OTHER INFORMATION: /standard_name=- "H. pylori - Hsp B"

{x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

ACAAACATGA TCTCATATCA GGGACTTGTT CGCACCTTCC CTAAAAATGC GCTATAGTIC 60

TGTCGCTTAA GAATACTAAG CGCTAAATTT CTATTTTATT TATCAAAACT TAGGAGAACT 120
GaA ATG AAG TTT CAA CCA TTA GGA GAA AGG GIC TTA GTA GAA AGA CTT 168
Met Lys Phe Gln Pro Leu Gly Glu Arg Val Leu Val Glu Arg Leu
1 5 10 15

‘GAs GAA GAG AAC AAA ACC AGT TCA GGC ATC ATC ATC CCT GAT AAC GCT
Glu Glu Glu Asn Lys Thr Ser Ser Gly Ile Ile Ile Pro Asp Asn ala
20 25 30

216



8 7 CAA CTT TAT AAT TTG TTC TAGGAGGCTA AGGAGGGGGA
2502 A n Leu Tyr Asn Leu Phe 565

GATTTACCTT TGCTAGITTA TAATGGATTT AAGAGAGGIT 2542

CGTTGAAACC CTCAAATCTT TACCAAAAGG ATGGGTAA
SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LE

-

ORI G NAL SOURCE:

N
TYPE: amno acid (D) TOPOLOGY: linear (ii) MJI4ECUE

N)

LAe-ob.al

—_.

Pt

n
Tt

(

LA A S S o oo S—
5 R PIACERMENA COHERTGBAGTCATT
ITTTTTTCGIG

e Y R0

s PAV4 | mt)

TATACCG
VATl ON FOR
a¢i ds (B)

)

AAA GAA AAG CCT TTA ATG GGC GTA GTIC AAA GCG GTT AGC
Lys Glu Lys Pro Leu Met Gly Val Val Lys Ala Val Ser
35 40

AGT GAG GGT TGC AAA TGC GTT AAA GAA GGC GAT GTG ATC
Ser Glu Gly Cys Lys Cys Val Lys Glu Gly Asp Val Ile
50 35 60

AAA TAC AAA GGC GCA GAA ATC GTIT TTA GAT GGC GTT GAA

Lys Tyr Lys Gly Ala Glu Ile Val Leu Asp Gly Val Glu

65 70 75

CTA GAA CTA GAA GAC ATT CTA GGT ATT GTG GGC TCA GGC
Leu Glu Leu Glu Asp Ile Leu Gly Ile Val Gly Ser Gly
80 85 90 i

CAT ACA GGT AAT CAT GAT CAT AAA CAT GCT AAA GAG CAT
His Thr Gly Asn His Asp His Lys His Ala Lys Glu His
100 105

CAT AARATATC

His

45
GCT
Ala

TAC
Tyr

TCT-
Ser

GAA
Glu

Lys

TIT
Phe

ATG
Met

TGC
Cvs

GCT
Ala
110

Ile

GGC
Gly

GIG
Val

TGT
Cys
95

TGC
Cys

TGT CAT GAT CAC AAA AAA CAC TAAAAAACAT TATTATTAAG GATACAAA ATG
Met

Cys His Asp His Lys Lys His ,
115 . #

GCA AAA GAA ATC AAA TTT TCA GAT AGC GCA AGA AAC CTIT
Ala Lys Glu Ile Lys Phe Ser Asp Ser Ala Arg Asn Leu

GGC GTA AGA CaA CTC CAT GAC GCT GTC AAA GTA ACC ATG
Gly Val Arg Gln Leu His Asp Ala V4l Lys Val Thr Met
20 25 30

GGC AGG AAC GTG TTG ATC CAA AAA AGC TAT GGC GCT cca
Gly Arg Asn Val Leu Ile Gln Lys Ser Tyr Gly Ala Pro
35 40 45

AAA GAC GGC GTG AGC GTG GCT AAA GAG ATT GAA TTA AGT

Lys Asp Gly Val Ser Val Ala Lys Glu Ile Glu Leu Ser
50 - 60

GCT AAC ATG GGC GCT CAG CTC GTT AAA GAA GAT GCG AGC
Ala Asn Met Gly Ala Gln leu Val Lys Glu Asp Ala Ser
70 . 75

GAT GCC GCC 'GGC GAT GGC ACG ACC ACA GCG ACC GIG CTG
Asp Ala Ala Gly Asp Gly Thr Thr Thr Ala Thr Val Leu
85 : 90

ATT TTT AAA GAG GGC TTG AGG AAT ATC ACG GCT GGG GCT
Ile Phe Lys Glu Gly Leu Arg Asn Ile Thr Ala Gly Ala
100 105 110

GAA GTG AAA CGA GGC ATG GAT AAA GCG CCT GAA GCG ATC

Glu Val -Lys Arg Gly Met Asp Lys Ala Pro Glu Ala Ile
115 120 . 125

TTA
Leu

15
GGG
Gly

AGC
Ser

TGC
Cys

Lys

GCT
Ala
95

AAC

Asn

ATT
Ile

TTT
Phe

CCa
Pro

ATC
Ile

CCcC
Pro

ACC
Thr
80

TAT
Tyr

CCT
Pro

AAT
Asn

1

GAK®
Glg

AGA
Arg

ACC
Thr

GTIG
Val
65

GCT
Ala

AGC
Ser

ATT
Ile

GAG
Glu

264

312

360

408

456

508

556

604

652

700

748

796

844

892



(A) ORGANI SM Hel i cobacter felis (xi) SEQUENCE DESWE%—I—B—NO 2:
Met Lys Leu Thr Pro Lys @ u Leu Asp Lys Leu Met Led ENTaSHEET

5 : ' 10 15 dy Arig
Leu Ala Arg Ay Val Lys Leu Asn Tyr 20
30 Thr Gu Ala Val Ala Leu Ile Ser Gy Arg Val Mt

40 45 Asp Gy Asn Lys Ser VaI AIE
Arg Thr Trp 50 55

Leu Ala Qu

22947 199
Gliu Lys
|

G]u Arg
3b

aAr

Asn Val Natr AZP BaYco@lach @asaha e LE€ ddrsaid %AﬁSGAA ATC

75
Val Thr Ii‘ 135 140

eu Lys Lys al8@eYalyCiys v Ay AyarASgi1Ee P oe

GTA GCG ACC ATT TCT GCA AAC TCC GAT CAC AAT ATC GGG AAA
Val Ala Thr Ile Ser Ala Asn Ser Asp His Asn Ile Gly Lys

150 155

GCT GAC GCT ATG GAA AAA GTG GGT AAA GAC GGC GTG ATC ACC

Ala Asp Ala Met Glu Lys Val Gly Lys Asp Gly Val Ile Thr

165 170

175

GAA GCT AAG GGC ATT GAA GAT GAA TTA GAT GTC GTA GAA GGC
Glu Ala Lys Gly Ile Glu Asp Glu Leu Asp Val Val Glu Gly

o«

180 185 190

TTT GAT AGA GGC TAC CTC TCC CCT TAC TTT GTA ACC AAC GCT
Phe Asp Arg Gly Tyr Leu Ser Pro Tyr Phe Val Thr Asn Ala

195 200 205

ATG ACC GCT CAA TTG GAT AAC GCT TAC ATC CTT TTA ACG GAT
Met Thr Ala Gln Leu Asp Asn Ala Tyr Ile Leu Leu ?hr Asp

210 215 220

ATC TCT AGC ATG AAA GAC ATT CTC CCG CTA CTA GAA AAA ACC
Ile Ser Ser Met Lys Asp Ile Leu Pro Leu Leu Glu Lys Thr

230 235

GAG GGC AAA CCG CTT TTA ATC ATC CCT GAA GAC ATT GAG GGC
Glu Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Ile Glu Gly

245 250

255

TTA ACG ACT CTA GTG GTG AAT AAA TTA AGA GGC GTG TTG AAT
Leu Thr Thr Leu Val Val Asn Lys Leu Arg Gly Val Leu Asn
- 260 265 270

GCG GTT AAA GCT CCA GGC TTT GGG GAC AGG AGA AAA CAA ATG
Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Glu Met

275 - 280 285

GAC ATC GCT GTT TTA ACC GGC GGT CAA GTC ATT AGC GAA GAA
Asp Ile Ala Val Leu Thr Gly Gly Gln Val Ile Ser Glu Glu

290 295 300

TTG AGT CTA GAA AAC GCT GAA GTG GAG TTT TTA GGC AAA GCC
Leu Ser Leu Glu Asn Ala Glu Val Glu Phe Leu Gly Lys Ala

310 315

GTG ATT GAC AAA GAC AAC ACC ACG ATC GTA GAT GGC AAA GGC
Val Ile Asp Lys Asp Asn Thr Thr Ile Val Asp Gly Lys Gly

325 330

335

CAT GAC GTC AAA GAC AGA GTC GCG CAA ATC AAA ACC CAA ATT
- His Asp Val Lys Asp Arg Val Ala Gln Ile Lys Thr Gln Ile
340 345 350

145

CTC ATC
Leu Ile
160

GIT GaA
Val Glu

ATG Caa
Met Gln

GAG AaA
Glu Lys

AAA i AAA
Lys Lys
- 225

ATG AAA
Met Lys
240

GAA GCT
Glu Ala

ATC GCA
Ile Ala

CTC AaA
Leu Lys

TIG GGC
Leu Gly
305

AAG ATT
Lys Ile
320

CAT AGC

His Ser

GCA AGC
Ala Ser

Hu dy

60 Leu Lys Lys Gu

%{g gﬁ( Thr L{g Leu

988

1036

1084

1132

1180

1228

1276

1324

1372

1420

1468

1516

1564



85

Ay
110
120
Val

Phe
150
I'le
175

Gy Ser
d u Vval

Ala e
Thr

CTC
Leu
370

GAA
Glu

AAA
Lys

ATT
1le

GTIC
Val

ATC
Ile
450

GAA
Glu

GTG
Val

ATC
Ile

GAA
Glu

CCT
Pro
530

90
Lys Leu Ala Pro Ay G u Val

H's 130

Asn Lys Leu Leu Asp Phe Asp Arg Ala Lys
160 Rer

155

95 Hi e | As
Phe 100 'S I RePLACEMENT SHEET P 7S

Leu Lys Asn Gu Asp Ile Thr Ile Asn Ala Ay Lys
125 Leu Lys Val

Lys Asn Lys
135

2B Yaddeaf AcVehe ALQ BRE ah85rTe caa

Thr Ser Asp Tyr Asp

355

TCT
Ser

ATG
Met

GCG
Ala

CGC
Arg

GGC
Gly
435

CT
Ala

AAA
Lys

GaC
Asp

GCT
Ala

GCC
Ala
515

GAT
Asp

GGC
Gly

AAA
Lys

GCG
Ala

GCG
Ala
420

TAT
Tyr

ATC
Ile

CAC
His

ATG
Met

TTA
Leu
500

ACC
Thr

ATG

GGT
Gly

CGAG
Glu

GTIT
Val
405

GCC
Ala

GAA
Glu

AAT
Asn

GAA
Glu

TIT
Phe
485

CAA
Gln

GTG
Val

GGT

GTG
Val

Lys
390

GAA
Glu

CAA
Gln

ATC
Ile

GCC
Ala

GGG
Gly
470

Lys

AAT
Asn

CAT
His

GGC

GCT
Ala
375

AAA
Lys

GAA
Glu

Lys

ATC
Ile

GGT
Gly
455

CAT
His

GAA

Glu

GCG
Ala

GAA
Glu

ATG

Met Gly Gly Met

535

Lys Glu Lys Leu

360
GTG
Val

GAC
Asp

GGC
Gly

GTG
Val

ATGC
Met
440

TAT
Tyr

TIT

Phe

GGC
Gly

GIT
Val

ATC
Ile
520

GGC
Gly

ATT
Ile

GG
Arg

ATT
Ile

CAT
His
425

cGC
Arg

GAT
Asp

GGT
Gly

ATT
Ile

TCG
Ser
505

AAA
Lys

GGA
Gly

AAA
Lys

GIG
Val

GTIG
Val
410

TTG
Leu

GCC
Ala

GGC
Gly

TTT
Fhe

ATT
Ile
480

GIT
Val

GAA
Glu

ATG
Met

GIG
Val

GAT
Asp
395

ATT
Ile

AAT
Asn

ATT
I;e

GGT
Gly

AAC
Asn
475

GaC
Asp

TCA
Ser

GAA
Glu

GGa
Gly

Gln

GGC
Gly
380

GAC
Asp

GGG
Gly

TTA
Leu

Lys

GTG
Val
460

GCT
Ala

CccC
Pro

AGC
Ser

AAA
Lys

GGC
Gly
540

TAAGCCCCCT TGCTTITTGG TATCATCTGC TTTTAAAATC

TCTAAAATCC CTTTTTITGGCG GGGTGCTTITT GGTTTGATAA

GCGCAACAAA AAACTCTGTT AAGC

H )

Dl

AU Alalle

2 MRo 9970
140 Phe

pri 115
Ma] A n

H s Phe

159

Phe Cys Lys Arg Leu Asp

GAA AGA TTG &¢8 aaa
Glu Arg Leu Ala Llys

365

GCT
Ala

GCG
Ala

GGC
Gly

CAC
His

GCC
Ala
445

GTIC
Val

AGC
Ser

TTA
Leu

CTIG
Leu

GCG
Ala
525

ATG
Met

CATCTTCTAG AATCCCCCCT

AACCGCTCGC TTTTAAAAAC

GCG
Ala

TTG
Leu

GGT
Gly

GAT
Asp
430

CCA
Pro

GTG
Val

AAT
Ast

AAA
Lys

CTT
Leu
510

GCC
Ala

GGC
Gly

AGT
Ser

AGC
Ser

GCG
Ala
415

GAT
Asp

TTA
Leu

AAT
Asn

GGC
Gly

GTA
Val
495

TTA

Leu

CCa
Pro

GGC
Gly

GAA GTG
Glu Val
385

GCG ACT
Ala Thr
400

GCC CTC
Ala Leu

GAA AAA
Glu Lys

GCT 'CAA
Ala'Gln

GAA GTA
Glu val
465

AAG TAT
Lys Tyr
480

GAA AGG
Glu Arg

ACC aCa
Thr Thr

GCA ATG

Ala Met .

ATG ATG
Met Met
545

1612

1660
1708
1756
1804
1852
1900
1948
1996
2044
2092
2140
2200

2260

2284



WD 94/ 26901

PCT/ EP94/ 01625 Thi s Sheet Has Been Replaced [err]l1 Qu Pro Ay Qu Qu Lys
Ser Val Qu Leulle Asp lle Ay Ay Asn 180 185

190 Lys Arg Ile Tyr Gy Phe Asn Ser Leu Val Asp Arg An Ala Asp Ala 195

200 205 Asp Ay Lys Lys Leu Ay Leu Lys Arg Ala Lys G u
Lys Gy Phe Ay 210 215 9 220 Ser Val Asn
Cys Ay Cs Au Ala Thr Lys Asp Lys G n 225 230 '

235 (2) 1 REORMRI Y 166 FoRESd B Wb: 35

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 545 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM : H. pylori

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Met Ala Lys Glu Ile Lys Phe Ser Asp Ser Ala ArgEAsn Leu Leu Phe
1 5 10 15

Glu Gly Val Arg Gln Leu His Asp Ala Val Lys Val Thr Met Gly Pro
20 25 30

Arg Glv Arg Asn Val Leu Ile Gln Lys Ser Tyr Gly Ala Pro Ser Ile
2 40 , 45
Thr Lys Asp Gly Val Ser Val Ala Lys Glu Ile Glu Leu Ser'Cyﬁfgro
50 55 : 60 : )

Val Ala Asn Met Gly Ala Gln Leu Val Lys Glu Asp Ala Ser Lys Thr
65 70 75 : 80

Ala Asp Ala Ala Gly Asp Gly Thr/Thr Thr Ala Thr Val Leu Ala Tyr
85 90 95

Ser I1le Phe Lys Glu Gly Leu Arg Asn Ile Thr Ala Gly Ala Asn Pro
100 1035 _ 110

Ile Glu Val Lys Arg Gly Met Asp Lys Ala Pro Glu Ala Ile Ile Asn
115 120 125

Glu Leu Lys Lys Ala Ser Lys Lys Val Gly Gly Lys Glu Glu Ile Thr
130 - 135 140

Gln Val Ala Thr Ile Ser Ala Asn Ser Asp His Asn Ile Gly Lys Leu
145 150 155 160

Ile Ala Asp Ala Met Glu Lys Val Gly Lys Asp Gly Val Ile Thr Val
165 170 175

Glu Glu Ala Lys Gly Ile Glu Asp Glu Leu Asp Val Val Glu Gly Met
180 185 190

Gln Phe Asp Arg Gly Tyr Leu Ser Pro Tyr Phe Val Thr Asn Ala Glu
195 200 205

Lys Met Thr Ala Gln Leu Asp Asn Ala Tyr Ile Leu Leu Thr Asp Lys
210 _ - 215 220 .



acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein}({

(A) ORGANI SM Hel i cobacter felis (xi) SEQUENCE DESCRI

Met Lys Lys Ile Ser Arg Lys Gu Tyr Val Ser Met Tyr Gy

5 10 15 Thgs Ay

Asp Thr Asp Leu Ile Leu A u Val 20

30 G u Higs Al S¥rs SEhrMeRhiLyFyAspGlye Gey BFq lélil-slel-q}yﬁP
225 230

Lys Glu Gly Lys Pro Leu Leu Ile Ile Ala Glu Asp Ile Glu Gly
245 250 255

Ala Leu Thr Thr Leu Val bal Asn Lys Leu Arg Gly Val Leu Asn

-

260 265 270

Ala Ala Val Lys Ala Pro Gly Phe Gly Asp Arg Arg Lys Glu Met

275 280 285

- Lys asp Ile Ala Val Leu Thr Gly Gly Gln Val Ile Ser Glu Glu
290 : 295 300

Gly Leu Ser Leu Glu Asn Ala Glu Val Glu Phe Leu Gly Lys Ala
305 310 315

Ile Val Ile Asp Lys Asp Asn Thr Thr Ile Val Asp Gly Lys Gly

325 330 335

Ser His Asp Val Lys Asp Arg Val Ala Glm Ile Lys Thr Gln Ile
340 345 350

Ser Thr Thr Ser Asp Tyr Asp Lys Glu iws Leu Gln Glu Arg Leu

355 360 365

Lys Leu Ser Gly Gly Val Ala Val Ile Lys Val Gly Ala Ala Ser
370 375 380

Val Glu Met Lys Glu Lys Lys Asp Arg Val Asp Asp Ala Leu Ser
385 390 395

Thr Lys Ala Ala Val Glu Glu Gly Ile Val Ile Gly Gly Gly Ala
405 410 415

leu Ile Arg Ala Ala Gln Lys Val His Leu Asn Leu His Asp Asp
420 425 430

Lys Val Gly Tyr Glu Ile Ile Met Arg Ala Ile Lys Ala Pro Leu
435 .- 440 445

Gln Ile Ala Ile Asn Ala Gly Tyr Asp Gly Gly Val Val Val Asn
450 455 460

Val Glu Lys His Glu Gly His Phe Gly Phe Asn Ala Ser Asn Gly
465 470 475

Tyr Val Asp Met Phe Lys Glu Gly Ile Ile Asp Pro Leu Lys Val
485 490 495

Arg Ile Ala Leu Gln Asn Ala Val Ser Val Ser Ser Leu Lesu Leu
500 505 510

Thr Glu Ala Thr Val His Glu Ile Lys Glu Glu Lys Ala Ala

Pro
515 520 525

Glu

Ile

Leu

Leu

Lys

320

His

,Ala

Ala

Glu
Ala
400
Ala
Glu
Ala
Glu
Lys
480
Glu

Thr

Ala



35 40 45 Lys Thr Ile Arg Asp Gy Met
Ser An Thr Asn Ser Pro Ser Ser Tyr 50 55 - .

60 G u Leu Asp Leu Val Leu Thr Asn Ala Leu Ile Val Asp Tyr Thr Gy 65
70 75 80 Ile Tyr Lys Ala Asp Ile Gy
Ile Lys Asp Ay Lys Ile Ala Ay Ile 85 90
95 @y Lys Ala @y Asn Lys Asp Met A n Asp Ay Vab Asp Asn Asn Leu 100
105 110 Cvs Val Ga/ Pro Ala Thr u Ala Leu Ala Ala G u
Gy Leu || devaProl agp Met Gly Gly Met Gly 6}hy Met Gly Gly Met Gly 1Ghy ¥pg Al a dy
Gy Ile Asp Th#3tHis Ile H's Phe3fPe Ser Pro @ n &% 130
135 140

Met

545

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 118 amino acids
{(B) TYPE: amino acid
(D) TOPOLOGY: linear

REPLACEMENT SHEET

22 MAY 897

(ii) MOLECULE TYPE: protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM : H. pylori

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Me: Lys Phe Gln Pro Leu Gly Glu Arg Val Leu Val Glu Arg Leu Glu
i 5 .10 t - 15

Glu Glu Asn Lys Thr Ser Ser Gly Ile Ile Ile Pro Asp Asn AiféLys
20 25 30

Glu Lys Pro lLeu Met Gly Val Val Lys Ala Val Ser His Lys Ile Ser
35 40 . 45

Glu Gly Cys Lys Cys Val Lys Glu Gly Asp Val Ile Ala Phe Gly Lys
50 55 60

Tyr Lys Gly Ala Glu Ile Val Leu Asp Gly Val Glu Tyr Met Val Leu

65 70 75 80

Glu Leu Glu Asp Ile Leu Gly Ile Val Gly Ser Gly Ser Cys Cys His
85 90 95

Thr Gly Asn His Asp His Lys His Ala Lys Glu His Glu Ala Cys Cys
100 105 110

His Asp His Lys Lys His
115

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 591 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



Ile Pro
150

d

Thr Gy
170

Tyr Al a
Leu Al a

Thr Ala Phe Ala Ser dy Val

Pro Ala Asp Ay Thr Asn Ala Thr Thr

Met Asn 180

Lys Gy Asn Val

ATG
Mect

GGA
Glv

-

AAC
Asn

TCA
Ser

GAT
Asp
65

ACT
Thr

ACT
Thr

ACC

Thr

CIT
Leu

TTC
Phe
145

TGC
Cys

155

Thr Thr

Met

160

175 Ala Asn Leu Lys Ser
185

Ser Tyr

(vi) ORIGINAL SOURCE:

(A) ORGANISM :

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 1..591

(D) OTHER INFORMATION: /standard name= "URE 1"

Au Pro Ser

H. felis

lle dy Ay Gy 145

WD 94/ 26901
PCT/ EP94/ 01625 Thi s Sheet Has Been Repl aced 89

Ile Thr

Pro Gy Arg 165

Met Leu Arg Ala Ala Gu Qu

97

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

TTA
Leu

GTIT
Val

TAC
Tvr

-

TCT
Ser
50

GTC
Val

GGT
Gly

TIC
Phe

ATC
Ile

GAT
Asp
130

ATT
Ile

GCA
Ala

GGT
Gly

AGT
Ser

e

1l

Phe
35

TAT

Tyr

GCG
Ala

CTA
Leu

AAT
Asn

AAC
Asn
115

GAT
Asp

TGG
Trp

CTT
Leu

CTIT GIG
Leu Val

GGG
Gly

GTG
Val

TCC
Ser

CAG
Gln

TIG
Leu

CIC
Leu
100

ACT
Thr

CaC
His

CTT
Leu

GGT
Gly

5

CIT
Leu

GGG
Gly

ACT
Thr

GIG
Val

TTT
Phe
85

GAT
Asp

ATC
Ile

CGC
Arg

GCT
Ala

AAG
Lys
165

TTA
Leu

GCA
Ala

GGG
Gly

TTC
Phe

TCT
Ser
70

GGT
Gly

TGG
Trp

CCA
Pro

CIC
Leu

TGG
Trp
150

AGT
Ser

TTG

Leu

AAT
Asn

GAC
Asp

CAC
His

55
CAA
Gln

TTT
Phe

Lys

GCG
Ala

TTA
Leu
135

GGT
Gly

CTa
Leu

TAT
Tyr

GIG
Val

TCT
Ser
40

cce
Pro

CAC
His

ACC
Thr

CcCcC
Pro

GCC
Ala
120

-GGA

Gly

GTT
Val

GGT
Gly

GTT
Val

GAT
Asp
25

cca

Pro

ACC
Thr

CTC
leu

GCG
Ala
10

GCC
Ala

TTG
Leu

cce
Pro

ATT
Ile

TIG
Leu
90

AT GGC

ATC
Ile

TTG
Leu

AAA
Lys

e

Gly

CTT
Leu

ACT
Thr

TGG
Trp

TTT
Phe
170

GTC
Val

Lys

TGT
Cys

CCT
Pro

AAC
Asn
75

TAT
Tyr

TGG
Trp

TCT
Ser

GAG
Glu

CTC
Leu
155

GTT
Val

GTG

Val

AGC
Ser

GTA
Val

GCA
Ala
60

TTC
Phe

GCT

Ala

TAT
Tyr

cac

His.

GGC
Gly
140

ACT
Thr

CCa
Pro

Leu Arg

CTG
Leu

Lys

ATG
Met
45

aCT
Thr

TAT
Tyr

GCC
Ala

TGC
Cys

TAT
Tyr
125

CGAT
Asp

GGT
Gly

TGG
Trp

190
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ATC
Ile

GCC
Ala
30

TGG
Trp

GGT
Gly

GGT
Gly

ATC
Ile

TTG
Leu
110

TCC

Ser

TGG
Trp

TGG
Trp

CTT
Leu

AGC
Ser
15

ATC
Ile

TCG
Ser

CCA
Pro

CCaA
Pro

AAC
Asn
95

TTT
Phe

GAT
Asp

TGG
Trp

ATT
Ile

GCC
Ala
175

AAC
Asn

ATG
Met

CTAa
Leu

GAA
Glu

GCG
Ala
80

AAC
Asn

GTA
Val

GCG
Ala

GCT
Ala

GAA
Glu
160

ATC
Ile

48

96

144

192

240

288

336

384

432

480

528

Phe



195 200 205 Asp Gnlle Gu Ala Gy Ala

Ile Ay Phe Lys Ile Hs GQu Asp Trp 210 215

220 Gy Ser Thr Pro Ala Ala Ile His Hs Cys Leu Asn Val Ala Asp Gu 225

230 235 240 Tyr Asp Val A n Val Ala lle
H's Thr Asp Thr Leu Asn Gu Ala Ay 245 98 250

255 Q’ET Vol.c Gt 888 A akBUsEd ol Ayl ber Ak f8d oM T et g s This;260
265 3} Glu Gly Val 11 e Fie Hip nflrp WG ¥rpVeu Gt By ey Hi s '3 Pro
Asp Val l'e Lys 3¢b 185 280 190 285 Met Ala Qy
A u Phe Asn Ile Leu Pro Ala Ser Thr Asn Pro Thr Ile 290
295  (caa €aC TGG TCT TGa300

591

Gln His Trp Ser

195

(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 199 amino acids
(B) TYPE: amino acid

(D)} TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE:
(A) ORGANISM : H. felis

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

i

Lys Gly Trp Met Leu Gly Leu Val Leu Leu Tyr Vdl Ala Val Val Leu
1 5 10 15

Ile Ser Asn Gly Val Ser Gly Leu Ala Asn Val Asp Ala Lys Ser Lys
20 25 30

Ala Ile Met Asn Tyr Phe Val Gly Gly Asp Ser Pro Leu Cys Val Met
35 . b0 45

Trp Ser Leu Ser Ser Tyr Ser Thr Phe His Pro Thr Pro Pro Ala Thr
50 55 60

Gly Pro Glu Asp Val Ala Gln Val Ser Gln His.Leu Ile Asn Phe Tyr
65 70 75 80

Gly Pro Ala Thr Gly Leu Leu Phe Gly Phe Thr Tyr Leu Tyr Ala Ala
. 85 90 95

Ile Asn Asn Thr Phe Asn Leu Asp Trp Lys Pro Tyr Gly Trp Tyr Cys
100 105 110

Leu Phe Val Thr Ile Asn Thr Ile Pro Ala Ala Ile Leu Ser His Tyr
115 120 125

Ser Asp Ala Leu Asp Asp His Arg Leu Leu Gly Ile Thr Glu Gly Asp
130 135 140

Trp Trp Ala Phe Ile Trp Leu Ala Trp Gly Val Leu Trp Leu Thr Gly
145 150 155 160

Trp ile Glu Cys Ala Leu Gly Lyvs Ser Leu Gly Lys Phe Val Pro

Trp
165 170 175



Pro
310
Ile
335
345
Al a
Val
375
Asn
400

Phe Thr

Lys Gu
Ser Arg

Met Ay
Il e Thr

Asp Asn
Arg lle

Lys Asn Thr Qu Ala Gu H's Mt Asp Met Leu Met Val 305
315 320 Cys Hi's H's Leu Asp Lys Ser
Asp Val dn Phe Ala Asp 325 . 330
Ile Arg Pro Gn Thr Ile Ala Ala Gu Asp A n Leu H s Asp 340
350 Met Ay Ile Phe Ser Ile Thr Ser Ser Asp Ser G n
Ar g—355 360 99 365 Val Ay Qu
Ar hgq T ASTT Ty S ~8%6
Lellad I@ﬁol;yyi& @bﬁéldv Ah? AleuTty 916 Prdatalys Gy ASP
Phe 385 390 396
LY S el Bhelhe! &y RED ,J,%ssyr Thr Ile Asn Pro Gy Ille Ala
195




405 : 410 415 Hs Ay Ile Ser Asp Tyr Va
Ay _Sel. Mol Ge-Meat—q y Lys Tyr Al a 420 425
4301 AREPUAGERIVET SHeGT Trp Ser Pro Ala Phe Phe Gy Ile Lys_Pro Asn Met 435

445 Ile lle Lys Ay Gy Phe Ile figy s
[ R

heet has Been Repl aced : :
Ser Ile Pro Thr Prq_o%ln Pro Val Tyr Tyr Arg Gu Mt

P~y

CLAIMS

1. Immunogenic composition, capable of inducing
antibodies against Helicobacter infection,

characterised in that it comprises :

i) at least one sub-unit of a urease structural
polypeptide from Helicobacter pvlori;, or a fragment
thereof, said fragment being recognised by antibodies
reacting with Helicobacter felis urease, and/or at

least one sub-unit of a urease structural polypeptide
from Helicobacter felis, or a fragment thereof, said
fragment being recognised by antibodies reacting with
Helicobacter pylori urease ;

ii) and/or, a Heat Shock protein (HSP), or
chaperonin, from Helicobacter , or:a fragment of said
protein. '

F

2. Immunogenic composition according to claim 1
capable of inducing protective antibodies.

3. Immunogenic composition according to claim 1
characterised in that ‘it includes component (i), which
comprises or consists of the Helicobacter felis urease
structural polypeptide(s) encoded by the ure A and/or
ure B genes of plasmid pILL205 (CNCM 1I-1355), a
polypeptide exhibiting at least 90 % homology with the
said polypeptide(s), or a fragment thereof having at
least 6 amino-acids and being recognised by antibodies
reacting with Hel;cobacter pylori urease.

4. Immunogenic composition according to claim 1,
characterised in that it includes component ii) which

is a HSP from Helicobacter pylori, or a fragment
thereof.

5. Immunogenic composition according to any of
preceding claims characterised in that the HSP is HSP

A and/or HSP B encoded by the hsp A and/or hsp B genes
respectively, of plasmid pILL689 (CNCM I-1356), or a

e
Shect Has Been Re 1aced
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465 470 475 480 . His His
Ay kxgﬂﬁgﬂ,Ly e1Asp Thr Asn Ile Thr Phe Val Ser Q@n 485 o

4 T GHER 495 Ala Ala Tyr Lys Ala Ay 0 Ay
Le 505 no Pro
Va nlle Thr Lys Lys Asp Leu Ly§ :

52 525 Phe Asn Asp Val Thr Al a Hils p Val Asn Pro

a 331 540 Vval Lvs Val
As hr Ser Lys Ala Ala Asp Qu Leu 545

he 565

said HSP's, or a fragment of gither or both of these
proteins having at least 6 amino-acids.

6. Pharmaceutical composition for use as a
vaccine in protecting against Helicobacter infection,
particularly against Helicobacter pylori and
Helicobacter felis, characterised in that it comprises
the immunogenic composition of any of c;aihs 1-5, in
combination with physiologically acceptable
excipient(s) and possibly adjuvants.

7. Proteinaceous material characterised in that
it comprises at least one of the Helicobacter felis
polypeptides encoded by the urease gene cluster of the
plasmid - pILL205 (CNCM  I-1355), including the
structural and accessory urease polypeptides, or a
polypeptide having at least 90 % homology with' said
polypeptides, or a fragment thereof.

8. Proteinaceous material according to claim 7,
characterised in that it consists of or comprises the
gene product of ure A and/or ure B as illustrated in
figure 3, or a fragment having at least 6 amino-acids,
or a variant of these gene products having at least
90 % homology, said fragment and said variant being

recognised by antibodies reacting with Helicobacter
pylori urease.

9. Proteinaceous material according to claim 7
characteriéed in that it consists of or comprises the
gene product of ure I, as illustrated in figure 9, or
a2 fragment thereof having at least 6 amino-acids, or a
variant of the gene product having at least 75 %
homology, said fragment and said variant having the
capacity to activate the ure A and ure B gene products
in the presence of the remaining urease
gene products.

“accessory"

eptideb®exhibiting at least586 Sehdmnildyw EibhlLeheTyr Asn

[

TR

T M



(2) INFORMATION FOR SEQ ID NO 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH
2 (B) TYPE: nucleic acid (C) STRANDEDNESS:. single (D)
rt (ii) MOLECULE TYPE: DNA (genomc) (iXx) FEATURE (A

TEREL T |~§ @S
LOCATI ON: 124..477 (D) OTHER | r dnanme-
H. Qﬁﬁ&fW%" plA" (i.x) FEATURE: (A) NAME/ KEY: IS SHEET HAS BEEN
\“jiﬂw,ﬂ,,—~ ? REPLACED
10. Nucleic acid sequence characterised in that

102
it'comprises :

(i) at least one sequence coding for the
proteinaceous material of any one of claims 6-9 :
or (ii) a seguence complementary to sequence (i) ;
or (iii) a seguence capable of hybridising to
sequences (i) or (ii) under stringent conditions ;

iv) a fragment of any of sequences (i), (ii) or
(iii) comprising at least 10 consecupive.nucleotides.

11. Nucleic acid segquence accérding to claim S
characterised in that it comprises the seguence of
plasmid pILL205 (CNCM I-1355), for example the
sequenée of Figure 3, in particular that coding for
the gene product of ure A and for ure B or the
sequence of Figure 9 (Ure I), or a sequence capable of
hybridising to  these . sequences under §tiingent
conditions, or a séquence complementary to these
sequences, or a fragment comprising at least 10
consecutive nucleotides of .these sequences. _

12. Expression vector characterised in that it
contains a nucleic acid sequence according to claim 10

or 11l.
13. Plasmid pILL205 (CNCM I-1355).
f 14. Oligonucleotide suitable for use as a primer
in a nucleic acid amplification reaction,

characterised in that it comprises from 10 to 100
consecutive nucleotides of the sequence of claim 10 or
11l.

15. Nucleotide probe characterised in that it
comprises a sequence according to any one of claims 9
or 10, with an appropriate labelling means.

16. Prokaryotic or eukaryotic host cell stably

transformed by an expression vector according to claim
12 or 13.

_,._——f—————"""".
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(B) LOCATION: 506..2143 (D) OTHER | NFORVATI ON: /standard name- "H. pylori
i) . JJENCE DESCRI PTION: SEQ ID NGO 4: A

EACGTTCC CTAAAAATGC GCTATAGITG PR PR EEANA
AAATTT CTATTTTATT TATCAAAACT TA ] ésr%EE,,ELACED 120 {[GAA ATG
TA GGA GAA AGG GTC TTA GTA GAA 68 Met

oiLéu Ay Gu Arg Val Leu vVal Qu Arg Leu 1 5
15 GAA GAA GAG AAC A ACC AGT TCA GGC ATC ATC ATC

A g 720 Protz:égngcléo%su Eatgéslal Ye thar.c er:.se{i §d¥ he e
it comprises at least one of the Heat Shock Proteins
(HSP), or chaperonins, of Helicobacter pylori, or a
fragment thereof.

18. Proteinaceous material according to claim 17,
characterised in that it comprises or consists of
HSP A and/or HSP B, having the amino-acid sequence
illustrated in Figure 6, or a polypeptide having at
least 75 %, and preferably at least 80 % homology with
said polypeptide, or a fragment thereof, comprising at
least 6 amino-acids.

19. Proteinaceous material according to claim 18
characterised in that it comprises or consists of the
HSP A C~terminal sequence : p

"GSCCHTGNHDHKHAKEHEACCHDHEKKH
or a fragment comprising at least 6 cagnsecutive
amino-acids of this sequence.

20. Nucleic acid sequence characterised in that
it comprises : )

i) a sequence °* coding for the proteinaceous
material of any one of claims 17 to 19 or of any one
of the proteinaceous materials of claims 7 to 9 ;
or ii) a sequence complementary to sequence (i) ;

) or iii) a sequence capable of hybridizing to
| sequence (i) or (ii) under stringent conditions ;
or iv) a fragment of any of sequences (i), (ii) or
(iii) comprising at least 10 nucleotides.

21. Nucleic acid sequence according to claim 20
characterised in that it comprises all or part of the
sequence of plasmid pILL689 (CNCM I-1356), for example"
the sequence of figure 6, in particular that coding
for HSP A and/or HSP B, or a sequence complementary to
this sequence, or a sequence capable of hybridizing to

this sequence under stringent conditions, or a

fragment thereof. R
__/___4——1
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WO 94/ 26901 Thi s Sheet Has Been Repl aced

“TTy Vhl Val Lys Ala Val Ser His Lys Ile 35

AAA TGC GIT AAA GAA GGEC GAT ATC .
s Lys Cys Val Lys u Gy Asp IIeAIaPheGIySO
60 AAA TAC AAA GGC @0A GAA ATC GIT TTA GAT GGC GIT GAA

- 360 Lys Tyr Lys Ay Ala Gu I]e Val Leu Asp Gy Val
Met Val 65 22. Expression veggfor characterised +4im cthatastcra

GAA éﬁc ATT ClAnER nbTE Fhe1E¥e HA S Zedqtdndéadsbrding to &im 20
or 21. '

23. Plasmid pILL68%9 (CNCM I-1356).

24. Oligonucleotide suitable for use as a primer
in a nucleic acid amplification reaction,
characterised in that it comprises from 10 to 100
consecutive nucleotides of the sequence of claim 20 or
21.

25. Nucleotide probe, characterised in that it
comprises a sequence according to any one of claims 20
or 21 with an appropriate labelling means.

26. Microorganism, stably transformed by an
expression vector according to claim 22 or 23.

27. Monoclonal or. polyclonal antibodies or
fragments thereof, to the proteinaceous mateérial of
any one of claims 8 to 10, characterised in that they
are either specific for the Helicobacter felis
material, or alternatively, cross~react with the gene
products of the ureade gene cluster of Helicobacter
pyleri. .

28. Monoclonal or polyclonal antibodies according
to claim 27 characterised in that they recognise both

\ - the Helicobacter felis ure A and/or ure B gene

product, and the Helicobacter pylori ure A and/or ure
B gene product.

29. Monoclonal or polyclonal antibodies or
fragments thereocf, to the proteinaceous material of
claims 17 or 18, characterised in that they are either
specific for the Helicobacter pylori material or,
alternatively, cross-react with GroEL~like proteins or

GroES~like proteins from bacteria other than
Helicobacter.
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Leu Gu Leu 4 plle Leu dy Ile Val Gy Ser Ay Ser Cys Cys 80
- 90

95 CAT ACA GGT AAT CAT GAT CAT
AT G CAT GAA GCT TGC 456 His Thr Ay Asn His Asp
ys His AlalLys Qu Hs GQu ALa Cys 100 r 105

C AAA AAA CAC TAAAAAACAT TATTATTARGHHA BAGAANRTSEEN
s Hs AspiHis Lys Lys H's REPLACED Met (115
ATCIAAA TTT TCA GAT AGC GCRpAGA AAC

e Lys Phe Ser Asp Ser Ala Arg Asn Leu Leu Phe G ub
30 15M666cGhA2AGH ICAFO 1 BTIDIGNT SACiBoR i6EC 0o @imM\CC

ﬁl]_? ﬁ/ﬁG 809 ér rg-’lalm 804 G ¥rYakedidel NiheUeHat Aty @ palody sl

specxflcally the HSP A C-terminal sequence.

31. Use of the immunogenic composition of claim 1
for the preparation of a vaccine suitable for use in
man and animals against Helicobacter infection,
particularly against Helicobacter bpvlori and
Helicobacter felis.

32. Use of the antibodies of qlaims 27 to 30 in a
therapeutic composition for treating infection by
Helicobacter, in particular Belicobacter ©pvlori,
Helicobacter heilmannii and Helicobacter felis in man
or animals.

33. Method for the production of a pharmaceutical
composition according to claim €, characterised by
culturing a transformed micro-organism accoerding to
claim 16, and optionally, also a micreo-organism
according to claim 26, collecting and purifying the
Helicobacter urease polypeptide material and where
applicable, also the ksp material, and combining these
materials with suitable excipients, adjuvants and,
optionally, other additives.

34. Use of nucleotide sequences of any claim 15
) or 25 for the in_ vitro detection in a biological
sample, of an infection by Helicobacter, optionally

following a gene amplification reaction.

35. Xit for the in' vitro detection of
Helicobacter infection, characterised in that it
comprises :

- a nucleotide probe according to claim 15 or
25 ;

- an appropriate medium for. carrying out a
hybridisation reaction between the nucleic acid of
Helicobacter and the probe ; '

T
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20 25 30 GEC AGG AAC GIG TTG ATC CAA A
AGC TAT GGC GCT CCA AGC ATC ACC 652 Ay Arg Asn Val Leu |Jle d@n

Lys Ser Tyr Ay Ala Pro Ser Ile Thr 35 — el
45 AAA GAC GEC GIG AGC GIG GCT AAA GAG ATT GAA TT Aﬁfbggchms@@N \0
CTC

700 Lys Asp Ay Val Ser Val Ala Lys Gu Ile Gu Lelji Ser RERLABED Val |
55 60 65 GCT

GIT AAA GAA GAT GCG AGC AAA ACC GCT 106 748 Al a Asn Met GyAIaGn
Leu Val Lys Qu Asp Ala Ser Lys Thr Ala 70

80 GAT GCC GOC GGC CATIeRgents Aé@rAth&Gdﬁ@G%F@TCT@%CP%T m@:ﬂds

796 Asp Al a Al goh¥gAsp Ay Thr Thr Thr Ala Thr Val Leu Al a Tyr Ser 85
90

36.5Proteinaceous material characterised in that
it comprises a fusion or mixed protein including at
least one sub-unit of a urease structural polypeptide
from Helicobacter pylori or fragment thereof, or from
Helicobacter felis or fragment thereof as defined in
claims 1 to 3, 5, 7 to 9, and or a heat shock proteins
(HsP) from Helicobacter or fragment thereof, as
defined in claims 17 to 20. :

37. Purified antibodies or serum obtained by
immunisation of an animal with the - immunogenic
composition according to claims 1 to 5, or with the
prbteinaceous material or fragment of claims 7 to 9 or
17 to 19, or with the fusion or mixed protein of
claims 36. "

38. Kit comprising at least the purified
antibodies or serum according to claim 37, and
optionally, appropriate. media or excipients for
administration of tHe antibodies, or 1labelling or
detection means for the antibodies.

—
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ATT TTT AAA GAG GGC TTG AGG AAT ATC ACG CCT GGG GCT AAC CCT ATT

844 |le_Phe. lys -G eu Arg Asn Ile Thr Ala Ay Ala Asn Pro Ile 100
105 AEPLACEMENT SHEEID |GAA GTG AAA CGA GGC ATG GAT AAA GOG CCT GAA (
ATC ATT Fe@AG— 892 Gu Vval Lys Arg Ay Met e
Ala lle 120 L“
94/ 2690 107

PCT/ EP94/ Q.1 ' Has Been Repl aced [err]
92 CTT AAA AAA GCG AGC AAA AAA GTG GGC GGT AAA GAA GAA ATC ACC CAA
940

ABSTRACT

IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION
POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND NUCLEIC ACID
SEQUENCES ENCODING SAID POLYPEPTIDES

The invention relates to an immunogenic composition, capable of inducing
protective antibodies against Helicobacter infection, characterised in that it
comprises: i} at least one sub-unit of a urease structural polypeptide from
Helicobacter pylori, or a fragment thereof, said fragment being recognised by
antibodies reacting with Helicobacter felis urease, and/or at l€ast one sub-unit of
a urease structural polypeptide from Helicobacter felis, or a fragment thereof,
said fragment being recognised by antibodies reacting with Helicobacter pylori
urease; ii) and/or, a Heat Shock protein {HSP), or chaperonin, from Helicobacter,
or a fragment of said protein. The invention also relates to the preparation, by
recombinant means, of such immunogenic compositions.
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Leu Lys Lys Ala Ser Lys Lys Val Ay Ay Lys Gu Gu lle Thr A n 130

135 140 145 GTA GCG ACC ATT TCT GCA AAC
TCC GAT CAC AAT ATC GGG AAA CTC ATC 988 Val Ala Thr Ile Ser Al a
Asn Ser Asp His Asn Ile dy Lys Leu Ile 150 ___ .. NS

160 GCT GAC GCT ATG GAA AAA GIG GGT AAA GAC
1036 Ala Asp Ala Met Qu Lys Val Ay Lys Asp
170 175 GAA GCT AAG GGC ATT

L GCATIENTGREET T GAA
p—t-te-Fr-=\a] G u 165

.. \al
N GAT TA GAT GTC GTA
Ig§2§ M¥H9<3 J Leu Asp Val

GAA GGC ATG CAA 1084 Gu Ala Lys G
Val Gu Gy Met Gn 180 - 185 | 1D0 TTT GAT
AGA GGC TAC CTC TCC CCT TAC TTT GTA ACC AAC 1132 Phe

Asp Arg Ay Tyr Leu Ser Pro Tyr Phe Val Thr
1/56
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195 200 205 ATG ACC GCT CAA TTG GAT AAC
GCT TAC ATC CTT TTA ACG GAT AAA AAA la A n Leu Asp

Asn Ala Tyr Ile Leu Leu Thr Asp Lys Lys 210} R EMENT SHEET 1515

220 225 ATC TCT AGC ATG APA GAC ATT CTC GCG CTA CTA GAA
AAA  ACC ATG AAA 1228 Ile Ser Ser t 2y ARSIyl § Jeu Pro Leu Leu
Gu Lys Thr Met Lys 230 2/56 23p : 240 GAG GCC
AAA CCG CTT TTA ATC ATC GCT GAA GAC ATT GAG ' 1276 G u

Ay Lys Pro Leu Leu Ile Ile Ala Gu Asp IlelAu Ay Qu Al a 345

250 255 TTA ACG ACT CTA GIG GIG AAT AAA TTA AGA GCC GIG
TTG AAT ATC GCA 1324 Leu Thr Thr Leu Val Val Asn Lys Leu Arg Ay
Val Leu Asn Ile Ala 260 265 270
TS, nof
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GCG GIT AAA GCT CCA GEC TTT GGG GAC AGG AGA AAA  GAA ATG CTC AAA

1372 Ala Val Lys Ala Pro Ay Phe Ay Asp Arg Arg Lys G u Met Leu Lys 275
280 285 GAC ATC GCT GIT TTA ACC GGC GGTI' CAA GIC ATT ACGC
GAA GAA TTG GCGC 1420 Asp Ile Ala Val Leu T —lle
Ser Qu Qu Leu Ay 290 . 295
305 TTG AGI CTA GAA AAC CCT GAA GIC GAG TTT TTA
1468 Leu Ser Leu Gu Asn Ala Gu Val du Phe Leu G

310

315 320 GIG ATT GAC AAA/SB\C AAA Al GCC
AAA GCGC CAT AGC 1516 Val Ile Asp Lys Asp Asp
Gy Lys Ay H's Ser 325 _ 330 GAC
GTC AAA GAC AGA GIC GCG CAA ATC AAA ACC CAA ATT GCA AGC ' 564
NI 1
N o LD i 3 .
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 7: ATG TTA
48 Met

"URE I

(A) NAVE/ KEY: CDS (B) LOCATION: 1..591 (D) OTHER | NFORVATI ON:

(i x) FEATURE:
/ st andard nane-

GGT CTT GIG TTA TTG TAT GIT GCG GIC GIG CTG ATC AGC AAC

@
MN
< >
[ e G2
EIE
: mWe
I
he=m
ﬁ %+
N Q
— MMS
c @D
ATy Sk
HW %WAUt
MWG <
—_ Vo <«
— O >
8" &,
b MW
_9 S
SERE
nla. +— (@]
s mwm
[¢] me nrp
< AHWS
s 2°%02
= AN@%
— ms >
2 W%G
wme >
— Q&WG
>S5 n —_
& g3p%
© MaTm
> NﬁP
> mpcw
1 Man
> FE=_ c
o mmmm
3 _p5a3
L_.D_hlu%ool

= (%) voaad -

- a— - - e a—
}—— - =

008 Ty TrvTHeA==¢SyVIANUUN ¥ s ATANAUOU T ¥ s M v y V¥ STVO
6¢SG :~Zm<¢«¢=«UUm>ZO—Jmex¢-«z.&><<m~0<x¢2¢_2m¢0>
.mNm.nOZ«««««««ﬂll««««4>O¢Mc.«.««.«XO«.«.««-!-.Z.»
62S JINTAMNLINUD-—-NIAJAVVUA'IOTIATAN I OVMAVYVOSAILINLAS

-

e - — .t o - om . - = —— — g —
==~ — —x— - ——

OVevTLvAvdviNHv vy vy v v ey ydex JTAUMYANs vy vy xAxdv v Ly x
vV v IOVAvdyvlwyv vy v v Wy Iy v x dVAUANx v vy ¥ TU ¥ ¥ Ax ¥

sVUvswwVuyvvvryyyvywywvvvyuwyvyyvrrvvyyyyoyvrnyyiyvy

ANHOHHDANTYAAADOALA I SUNVUAOWOS IV T ADDHT TWNAM 194

.ns
‘w g
d'H
CFH



35 40
CCC ACC CCC CCT GCA ACT GGT CCA GAA

45 TCA TCT TAT TCC ACT TTC CAC

192 Ser

H's Pro Thr Pro Pro Ala Thr Ay Pro Qu 50
60 GAT GIC GCG CAG GIG TCT CAA CAC CTIC ATT AAC TTC TAT GGT CCA GCG
240 Asp Val Ala A n Val Ser Gdn Hs Leu Ile Asn Phe Tyr Ay Pro Ala 65

70 75
ACC TAC TTG TAT GCT GCC ATC AAC AAC

80 ACT GGT
19/5%38 Thr

Phe Thr Tyr Leu Tyr Ala Ala Ile Asn Asn 85

95 ACT TTC AAT CTC GAT TGG AAA CCC TAT GGC TGG TAT TG(’,‘ 1
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105 110
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ACC ATC AAC ACT ATC CCA GCG GCC ATT CIT TCT CAC TAT TCC GAT GCG _
384 Thr Ile Asn Thr Ile Pro Ala Ala Ile Leu Ser H's Tyr Ser Asp Ala 115
120 125 CTT GAT GAT CAC CGC CTC TTA GGA ATC ACT GAG GGC
GAT TGG TGG GCT 432 Leu Asp Asp Hi s Arg Leu Leu 4 Thr Qu
Gy Asp Trp Trp Ala 130 135  ACEMENT SHEHO TTC ATT
TGG CTT GCT TGG GGI GIT TTG TGG CTC ACT GGT T §§2§.._,——~—- 480 Phe
Ile Trp Leu Ala Trp Ay Val Leu Trp Leu Thr Ay Trp_IIe A u 145
150 155 20/56 160 T A7 AMG\AGT CTA
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RASVASI A 16/71Ch
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1ea A1H dse nay tea a1y nyb ere A1b sAy 143 sdy K16 ayd ere a7y
299 LLL 129 Jl1Y
16/10¢
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Tea 3aw 143 nib
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e e AN [ AREENT, SHEET

Gy @y Asp Ser
Leu Ser

An H s

7.5
Leu Tyr Ala Ala 85

45 Trp Ser
Phe Asn Leu Asp Tr
110 Leu Phe"Val
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[err] infection, particularly against [err] , characterised in that it
conpri ses the immunogeni c conposition of any of clains 1-7, in conbination

wi t h physiol ogically acceptabl e excipient(s) and possibly adjuvants.
Prot ei naceous material characterised in that it CcONpLi.SeS«a4-

[ meess

a—’

the [err] pol ypeptides encoded by the urease gene c
pl LL205 (CNCM 1-1355), including the structural and
pol ypepti des, or a pol ypeptide having at |east 90%
pol ypeptides, or a fragnment thereof having at | east
recogni zed by anti bodies reacting with ierr] urease
essentially free of other Helicobacter
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6
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12. The protei naceous materi al

further conprises the [err]

remai ni ng urease "accessory" gene products.

according to claim 10,

to claim
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HSPA protein having the am no acid sequence illustrated in Figure 6 or a

vari ant or fragnent thereof,
identity with a [err] HspA and is capable of e

m cr oor gani sm expressi ng acti ve urease,

and wherein said fragnent has at
generating anti bodies that block the urease en

exhibited by [err] HspA. 13. The pr
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or a variant or fragment thereof, wherein the variant exhibits at |east 75%
identity with a Helicobacter HspA and is capabl e of enhanci ng urease
activity in a.mcroorgani smexpressing active U ease, or bl ocking
Hel i cobacter infection: and wherein said fragnent has at
acids and is capable of generating anti.bodies that bl
enhanci ng effect normally exhibited by Helicobater
mat erial characterised in that 32{5&conprises a fusio

including at | east one sub-unit of a urease structu aﬁ*k
REPLACEMENT SHEET

1
fal
ol
e
Q
2 3
M %é
)
S p
r~y
' N o a
'~ O 0, -A 5
4O HU N o
004 U~ w
H%Hm = -
oy Q (o] S
o 0w Ko
j ' 'y O e
H R W NO o
SNEQ‘S";’, -
D~ 0O mUE ‘ =
e B B G
QO O NT O o -z
353588 3
-ﬁ-ﬂU§>1§ o <
QO O g o -
mi-?l UOr o 4 c. =
- o-la . 4
a8k 0
B m -
oo oov -
]
L) -1
= K X x €3
2 x X &) o
O x x x )
O x = _* &
= x X =
O x x > 1 )
O=x x OO0« 00 oP 0O dP P o
2= x x x 3| ~ W W D
8** lg* s s & s L )
X X X * NooaD™~N U
= % ®x &£ = x
Sr S8 W woimnin << 0
O x x 0O =x oo c
= X é*E—l* o)
QO % & L RG o~ 0
LU OO0 D o
2 L -1 nox o "
L OO x O §s) 19]
> | x ox o~ Q.
Mx ) x | ¢ =
Havye? o o
03 -« -«
2] & =« MoK H o
[k & X « x x



2 6 J UN 1998 [err] from [err] or fragnent of at |east
6 am no acids thereof, as defined in'clains 1 to 3, 5, 7to 9, and/or a
heat shock protein HSPA or HSPB or HSPA and HSPB, ‘from Hel i cobacter or
fragment thereof, said fragment being recognized by antibodies reacting
with [err] HSPA or HSPB. 15. Nucleic acid sequence characterised in that it
conprises: (i) at |east one sequence coding for the_prateinaceous. oateri al
of any one of clains 9-14; or (ii) a sequence corﬁolmm‘wwngﬁg ence
(i); or (i) a sequence capable of hybridizing tp peguences—ti) (i)
under stringent conditions; iv) a fragment of any of e nc ),V (Jii) or
(ii1) conprising at |east 10 consecut i ve3Hdél eot i de. %Lbe"""gs##
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16. Nucl eic acid sequence according to claim 15 characterised in that
conpri ses the sequence of plasmd pl LL205 (CNCM 1-1355), for exanple the
sequence of Figure 3, in particular that coding for the gene product of
[err] and for ure B or the sequence of Figure 9 (Ue ), or a seguence
capabl e of hybridising to these sequences under stringent conditions, or a
or a fragnent conprising at
| east 10 consecutive nucl eoti des of these sequenceg—FF—EXpressiomyvect or
characterised in that it contains a nucleic acid spdqREAEEME0SHERG it o
claim15 or 16. 18. Plasmd plLL205 (Q¥GN,1-1355). 1;. digonucleqtide
use as a priner in a nucleic acid anmpfifi Bty fgagcti an,

it conprises from10 to 100 ioﬁsg%%??géﬂﬁzclegtides
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of the sequence of claim15 or

.C'u'
o
L
&)
- 8
HEg8 g = 3
B0
> Z**H X >~
S Jibea = 3
& ~N D> x gy S - S
m*h;’ﬁ-xm Q ;
ShtoXxx 5 ! £
O o¥Xm= O S
S P Y x £ %
H;“"‘xhcm e [ oy
E:J-x>>>(f) 3 ‘O
4’***.}5. L"J i
O:'IE-*E‘E-I> g @] .
X X K x [ f~
p?m‘cﬂi‘)ﬂ jan Q. -
£ % x :’:: 23 . X JE =
Cironz S =z
< hq:s;z E;'* = %) -
SarzEs Z &g
a o O O ]
S:*‘:‘*w Py U =
Sk r¥xx <
I O ¥ x ce)) ~
I L Q -
: 2: : ggég 7: %2 X < °
X X
g?%‘“ﬂﬂe Q Wil & S
sFzsEy  giSSrT
§38885 §fiz:
21z HS IS
SELIlg s
-



20. Nucl eotide probe characterised in that it conprises a sequence
according to any one of clains 15 or 16, with an appropriate |abelling

means. 21. Prokaryotic or eukaryotic host cell stably transforned by an
expression vector according to claim17 or 18. [err ]
pol ycl onal antibodies or fragments thereof, to the pro} SFITAARONSITEBHERT g
of any one of clains 9 to 14, characterised in that theyfareerther—

specific for the Helicobacter felis_nmaterial, or alter [ , S-
react with the gene products of t he3%/ Sdse gene cluste fi eﬁfyéﬁgg.

Monocl onal or pol ycl onal antibodi es according to clai
~
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characterised in that they recognise both the Helicobacter felis ure A
and/or [err] gene product, and the[err] ure A and/or ure B gene product.
24. Use of the inmmunogenic conposition of any one of claiml1 to 3 for the
preparation of a vaccine suitable for use in man ape-; lerr]

infection, particularly against [err] and [err] [e }BEHZEEMENEEbEETh
antlbodles of clainms 22 or 23 in a therapeutic conpogitiomfor—treat) ng

i nfection by Helicobacter, in particular [e [etir] ijm] s. 26.
Met hod for the production of a pharnaceutic%.ﬂconp S|t35g%§®péﬁgn ng o
claim8, characterised by culturing a transfornmed i ¢ro=esngani.sm accprdi ng

to claim 21, collecting and purifying the Helicobagter urease pol ypeptide
mat erial and where applicable, also the HSP nateri ar~&f
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conbining these materials with suitable excipients, adjuvants and,
optionally, other additives. 27. Use of nucleotide sequences of any claim
20 for the in vitro detection in a biological sanple, of an infection by
[err], optionally following a gene anplification reaction. 28. Kit for the
invitro detection of [err] infection, characterised..i. L

- a nucl eotide probe according to cIa|n120 - an apdrﬂEPUEEHrﬁédhmmf
carrying out a hybridization reaction between the nuclgtre—acia ol r% ] and

the probe: - reagents for the detection éF’ﬁny hybrildg f LA
SHEET 2 6 JUN 1993 199 "2 Ry BT

- FICURE 9 (it) -

CTT GCA AAT GTG GAT GCC AAA AGC AAA GCC
leu ala asn val asp ala lys ser lys ala
ATC ATG AAC TAC TTT GTG GGG GGG GAC TCT
ile met asn tyr phe val gly gly-asp ser
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Mor . ocl onal or polyclonal antibodies according to claim?29 characterised in
that they recognise specifically the HSP A C-term nal sequence. 31. Use of
t he i mmunogeni c conposition of claim1 for the preparation of a vaccine
suitable for use in man and aninmals against Helicobacter infection,

ticularl i nst d Helicobacter felis. e ————
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32. Use of the antibodies of clains 27 to 30 in a therapeutic conposition
for treating infection by Helicobacter, in particular J[err], [err] and

Hel i cobacter felis in man or animals. 33. Method for the ppaducti.on aof._.a
phar maceuti cal canposition according to claim®6, character S@“hﬁ&EMEW!G%Wﬁ@

a transformed mcro-organi smaccording to claim 16, and [luHally

also a mcro-organismaccording to claim26, collecting @n Eﬂé I%l%%' he
[err] urease pol ypeptide material and whegg,spplicabl e, aliobt
nts...adiuva

and conbining these materials with suitabl e exci
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optionally, other additives. 34. Use of nucl eotide sequences of any claim
15 or 25 for the in vitro detection' in a biological sanple, of an :
infection by [err], optionally followi ng a gene anplification reaction. 35.
Kit for the in vitro detection of Helicobacter infection,
characterised in that it conprises : - a nucleotide probe according to
claim15 or 25 - an appropriate nediumfor carrying out a hybridisation
reaction between the nucleic acid of Joe/rsz] and the ST SHEET

‘\i-'.f

ACT GGT CTA TTG TTT GGT TTT ACC TAC TTG
thr gly leu leu phe gly phe thr tyr leu
- FICHRE 9 (v) -

241/81
tyr ala ala ile asn aan thr phe asn leu

271/91 | | |
TAT GCT GCC ATC AAC AAC ACT TTC AAT CTC



Thi s Sheet Has Been Repl aced [err]
PCT/ EP94/ 01625 [err]
fornmed. 36. Proteinaceous materi al
fusion or m xed protein including at Ieast one sub-unit

structural

pol ypepti de

301/101

GAT TGG AAA CCC TAT GGC TGG TAT TGC TTG

asp trp lys pro tyr gly trp tyr cys leu

WO 94/ 26901

106 - reagents for the detection
characterised im that it conprises a

41/58

331/111

TTT GTA ACC ATC AAC ACT ATC CCA GCG Gcc
phe val thr ile asn thr ile" pro ala ala

of any hybrids
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from[err] or fragnment thereof, or from[err] or fragnment thereof as
defined in clains 1 to 3, 5 7 to 9, and or a heat shock proteins (HSP)
from Helicobacter or fragnent thereof, as defined in clainms 17 to 20.

37. Purified antibodies or serum obtained by imuni 100 w—m mal
with the. i munogenic conposition according to cldi rec&raﬂ,@’tﬁﬁsf%“i @‘Fiw f%h t he
Oi'lc‘:—':"’i:r F19, or th

prot ei naceous material or fragnment of clains 7 to 9
cb lleast
o g&# 'EW and

the fusion or mxed protein of -clains 36. 38. Kit
the purified antibodies or serum aééésding to
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optionally, appropriate nedia or excipients for admnistration of the
anti bodies, or labelling or detection neans for the antibodies. This Sheet
Has Been Repl aced :
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Abbreviations for amino acids
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B

Three-letter One-letter
Amino acid abbreviation svmbol
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic add Asp D
Asparagine or aspartic acid Asx B
Cy_steihe Cys C:
Glutamine Gln Q
Glummmic add Glu E
Glutamine or glutamic add g Glx Z
Glvdne Gly G
Histidine His H
[soleudne e I
Leudne Leu L
Lysine Lys K
Methionine Met M
Phenylaianine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tvrosine Tyr Y
Vaiine Val \'

- FIGURE 12 -
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ABSTRACT

IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION,

POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND NUCLEIC ACID
SEQUENCES ENCODING SAID POLYPEPTIDES

The invention relates to an immunogenic compaosition, capable of inducing
protective antibodies against Helicobacter infection, characterised in that it
comprises: i) at least one sub-unit of a urease structural polypeptide from
Helicobacter pylori, or a fragment thereof, said fragment being recognised by
antibodies reacting with Helicobacter felis urease, and/or at least one sub-unit of
a-urease structural polypeptide from Helicobacter felis, or a fragment thereof,
said fragment being recognised by antibodies reacting with Helicobacter pylori
urease; ii) and/or, a Heat Shock protein (HSP), or chaperonin, from Helicobacter,
or a fragment of said protein. The invention also relates to the preparation, by
recombinant means, of such immunogenic compositions.

Figure 1
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iguous" in that it codes both ¥ -
methionine.
Figure 12 :

Signification of the one-letter and three-letter
amino-acid abbreviations.

Figure 1.3 :

Purification of &_,__gy],g;; UreA-MBP xecombinant
protein using the pMAL expression vector system.
Extracts from the various stages of protein
purification were migrated on a 10 % resolving SDS-
polyacrylamide gel. Following electrophoresis, the gel
was stained with Coomassie blue. The extracts were
2) non-induced cells ; 3) IPIG-induced cells ; 4) French
press lysate of induced cell extract ; 5) eluate from
amylose resin column §6) eluate from anion exc'k.!.ange
column (first passage) 7),eluate from anion exchange

column (second passage) ; 1) SDS-PAGE standard marker
proteins.

Figure 14 _

Recognition of UreA recombinant fusion. proteins
by polyclonal rabbit anti-Helicobacter sera. Protein
extracts of maltose-binding protein (MBP, lane 1), EH.
-felis UreA-MBP.. {lane 2), and H. pvlori UreA-MBP (lane
3) were Western Blotted using rabbit polyclonal -
antisera (diluted 1 : 5000) raised against whole-cell
extracts of H. pylori and H, felis. The purified
fuaion proteins are indicated by an arrow. Putative

degradation products of the proteins are shown by an
asterisk.

Figure 15
Recognition of UreB recombinant fus:.on proteins by

rabbit antisera raised against purified homologous
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and heterologous UreB proteins. Nitrocellulose
membranes were blotted with the following extracts :
1) standard protein markers ; 2) H. felis UreA-MBP ;
3) MBP ; 4) H._pvlori UreA-MBP. The membranes were
reacted with polyclonal rabbit antisera (diluted 1 :
S000) raised against MBP-fused H. pvlori and B. felis
Ure B sub-units, respectively. The molecular weights
of standard proteins are presented on the left-hand
side of the blots.

Figure 16 : .
Western blot analysis of H, pylori and H, felis
whole-cell . = extracts with- antisera raised against

purified UreB MBP-fused recombinant proteins. SDS-PAGE
whole extracts of H. Felis (lane 1) and H. pvlori
{lane 2) cells were reacted with polyclonal rabbit:
antisera raised against purified H, pylori UreB and H.
felis UreB MBP-fused proteins (sera diluted 1 : 5000}.
The difference in gel mobility of the respective non-
recombinant UreB sub-units of H. felis and H, pylori can
be seen. The numbers on the left refexr to the
molecular weights of standard marker proteins.

Figure 17

Serum IgG responses to MBP (bottom), MBP-HspA
(top) and MBP-HepB (middle) of 28 H. pyvlori infected
patients (squares, left) and 12 uninfected patients
(circles, right). The, optical density of each serum in
the ELISA assay described in Experimental procedures
was read at 492 nm, after a 30 mn incubation. The
sizes of the sywbols are proportional to the number of
sera giving the same optical density value.

Figure 18

SDS-PAGE analysis of material eluted from the
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amylose column (lanes 2 and 3) or £from the Ni-NTA
column following elution with buffer E (pH 4.5),
lanes 4 and 5 ; or buffer C (pH 6.3), lanes 6 and 7.
Material eluted from a lysate of MCl061 (PILL933)
(lanes 2, 3, 5 and 7) and material eluted from a
lysate of MCl1061 (PMAL-c2) (lanes 4 and 6). Lane 3
contains the same material as in lane 2 exéept. that it
wag resuspended in buffer E, thus demonstrating that
buffer E is responsible for dimer formation of the
MBP-HspA subunit, as seen in lanes 3 and 5.

EZXPERIMENTAL PROCEDURES FOR PART I :

Bacterial strains and culture conditions :

B._ felig (ATCC 49179) wae grbwn on blocod agar
base no. 2 (Oxoid) supplemented with 5 % (v/v) lysed
horse blood (BioMerieux) and an antibiotic supplement
consisting of 10 ng wl?, vancomycin (Lederle
Laboratories), 2.5 ug ml'!* polymyxin B (Pfizer) , S5 pug
ml? trimethoprim (Sigma Chemical Co.) and 2.5 pg ml-t
amphotericin B- (E.R Squibb and Sons, Inc.). Bacteria
were cultured on freshly prepared agar piates and

incubated, 1lid uppermost, under microaerobic
conditions at 37°C for 2-3 days. E. ¢oli strains HB1l0l
(Boyer and Roulland-Dussoix, 1969) and MC1L081
(Maniatis et al., 983), used in the cloning
experiments, were grown routinely in Luria broth
without glucose added oxr on Luria agar medium, at

37°C. Bacteria grown under nitrogen-limiting
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CLAIMS

1. Immunogenic composition, capable of inducing antibodies against
Helicobacler infection, characlerised in that it comprises at least one sub-unit
of a urease structural polypeptide from Helicobacter felis, or a fragment thereof
having at least 6 amino acids, said fragment being recognised by antibodies

reacting with Helicobacter pylori urease, said composition being essentially
free of other Helicobacter felis proteins,

2. Immunogenic composition according to claim 1 which further
comprises at least one sub-unit of a urease structural polypeptide from
tleiicobacter pylori, of a fragment thereof having at least 6 amino acids, said
fragment being recognised ny antibodies reacting with Hslicobacler felis
urease.

3. Immunogenic composition according to claim 1 or 2 which further
comprises a Heat Shock protein (HSP), or chaperonin, from Helicobacter, or a
fragment having at least 6 amino acids of said protein, said fragment being
capable of generating antibodies that block the urease enhancing effect
normally exhibited by Helicobacler Hsp. |

4, Immunogenic composition according to any one of claims 1 to 3
capable of inducing protective antibodies.

5. Immunogenic composilion according to anyone of claims 1 to 3, which
comprises the Helicobacter felis urease structural pblypeptide(s) encoded by
the ure A or ure B genes or ure A and ure B genes of plasmid piLL205 (CNCM
[-1355), a polypeptide exhibiting at least 90% homology with the said
polypeptide(s), or a fragment thereof having at least 6 amino-acids and being
recognised by antibodies reacting with Helicobacter pylori urease,

6. Immunogenic compaosition according to any of preceding claims
characterised in that the HSP is HSP A or HSP B. or HSP A and HSP B
encoded by the hsp A and/or hso B genes respectively, of plasmid pILL689

REPLACEMENT SHEET]
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(CNCM 1-1356), or a polypeplide exhibiting at least 75% homology with the said
HSP's, or a fragment of either or both of these proteins having at least 6 amino-
acids.

.7. The immunogenic composition according to claim 6, whereln the HSP
protein is Helicobacter HSPA, HSPB, or HSP A and HSPB having amino acid
sequence(s) depicted in Figure 6, or variant or a fragment thereof,

whersin the variant exhibits at least 75% identity with HspA, HspB or
HspA aend HspB and is capable of enhancing urease -activity in a
microorganism expressing aclive urease, or blocking Helicobécggr infection;
and

whereih said fragmenl has at least 6 amino acids and is capable of
generating antibodies that block the ureasé enhancing effect normally exhibited
by Helicobater HSP.

8. Pharmaceutical composition for use as a vaccine in prolecting egainst
Helicobacter infection, particularly against Helicobacter pylori and Helicobacter
felis, characterised in that it comprises the immunogenic composition of any of
claims 1-7, in combination with physiologically acceptable excipient(s) and
possibly adjuvants. '

9. Proleinaceous material characterised in that it comprises at least one

- of the Helicobacter felis polypeptides encoded by the urease gene cluster of
the plasmid pll.L205 (CNCM [-1355}), including_ the structural and accessory
urease polypeptides, or a polypeptide having at least 90% homology with said
polypeptides, or a fragment thereof having at least 6 amino acids and
recognized by antibodies reacting with H. pylori ureasé, said composilion being
essantially free of olher Helicobacter felis proteins.

10. Proteinaceous material according to claim 9, characterised in that it
consists of or.comprises the gene product of ure A or ure B or ure A and ure B
as illustrated in figure 3, or a fragment having at least 6 amino-gcids, or a

variant of these gene products having al least 90 % homology, said fragment
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and said variant being recognised by antibodies reacting with Helicobacter
pylori urease. _

11. Proteinaceous material according o claim S characterised in that it
consists of or comprises the gene product of ure |, as illustrated in figure 9, or a
fragment thereof having at least 6 amino-acids, or a variant of the gene product
having at least 75 % homology, said fragment and said variant having the
capacity to activate the ure A and ure B gene products in the presence of the
remaining urease "accessory" gene products.,

12. The proteinaceous material according to claim 10, wherein the
material further comprisas the Helicobacter HSPA protein having the amino
acid sequence illustrated in Figure 6 or a variant or fragment thereof,

wherein the variant exhibits at least 75% identily with a Helicobacter
HspA and is capable of enhancing urease activily in a microorganism
expressing active urease, or blocking Helicobater infection; and

wherein said fragment has at least 6 amino acids and is capable of
generating antibodies that block the urease enhancing effect normally-exhibited
by Melicobater HspA. _

13. The proleinaceous malerial according to claim 10, wherein the
material further comprises HSPA C-terminal sequence:

.GSCCHTGNHDHKHAKEHEACCHDHKKH

or a variant or fragment thereof, '

wherein the varianl exhibits at least 75% identily with a Helicobacter
HspA and is capable of enhancing urease activity in a microorganism
expressing active urease, aor blocking Helicabacter infection; and .

wherein said fragment has at least 6 amino acids and is capable of
generating antibodies that block the urease enhancing effect normally exhibited
by Helicobsater HspA.

14. Proteinaceous material characterised in that it comprises a fusion or

mixed protein including at least one sub-unit of a urease structural polypeptide
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from Helicobacter felis or fragment of at least 6 amino acids thersof, as defined
in claims 1 to 3, 5 7 to 9, and/or a heat shock protein HSPA or HSPB or HSPA
and HSPB, from Helicobacter or fragment thereof, said fragment being
recognized by antibodies reacting with H. pylori HSPA or HSPB.

15. Nuclsic acid sequence characterised in that it comprises:

(i) at least one sequence coding for the proteinaceous material of any
one of claims 9-14;
or (i) a sequence complementary to sequence (i);
or (i) @ sequence capable of hybridizing to sequences (i) or (ii} under
stringent conditions;

iv) a fragmenl of any of sequences (i), (ii} or (iii) comprising at least 10
consecutive nucleotides.

16. Nucleic acid sequence according to claim 15 characterised in that it
comprises the sequence of plasmid piLL205 (CNCM [-1355), for example the
sequence of Figure 3, in particular that coding for the gene product of ure A
and for ure B or the sequence of Figure S (Ure |), or a sequence capable of
hybridising to these sequences under stringenl conditions, or a sequence:
complementary to these sequences, or a fragment comprising at least 10 -
consecutive nucleotides of these sequences.

17. Expression vector characterised in that it contains a nucleic acid
sequence according to ciaim 15 or 16.

18. Plasmid pILL205 (CNCM [-1355).

19. Oligonucleolide suitable for use as a primer in a nucleic acid
amplification reaction, characterised- in that it comprises from 10 to 100
consecutive nucleotides of the sequence of claim 15 or 16.

20. Nucleotide probe characlerised in that it comprises a sequence
according to any one of claims 15 or 16, with an appropriate labelling means.

21. Prokaryotic or eukaryotic host cell stably transfarmed by an
expression vector accarding ta claim 17 or 18.
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22. Monoclonal or polyclonal antibodies or fragments thereof, to the
proteinaceous malerial of any one of claims 9 to 14, characterised in that they

are either specific for the Helicobacter felis material, or alternatively, cross-
react with the gene products of the urease gene cluster of Helicobacter pylori.

23. Monoclonal or polyclonal antibodies according o claim 22
characterised in that they recognise both the Helicobacter felis ure A and/or ure
B gene product, and the Helicobacter pylori ure A and/or ure B gene product.

24. Use of the imnwunogenic composition of any one of claim 1 to 3 for

the preparation of a vaccine suitable for use in man and animals against
Helicobacter infection, particularly against Hélicobgcter pvlori and Helicobacter
felis.

25, Use of the antibodies of claims 22 or 23 in a therapeutic composition
for trealing infection by Helicobacler, in particular Helicobacter pyloxi,
Helicobacter heilmannii and Helicabacter felis in man or animals,

26. Method for the production of a pharmaceutical composition

according {o claim 8, characterised by culturing a transformed micro-organism
according to claim 21, collecting and purifying the Helicobacter urease
polypeptide material and where applicable, also the HSP material, and
combining these materials with suitable excipients, adjuvants and, optionally,
other additives.

27. Use of nucleotide sequences of any claim 20 for the in vitro detection
in a bioclogical sample, of an infection by Helicobacter, optionally following a
gene ampiification reaction.

28. Kit for the in vitra detection of Helicobacter infection, characterised in
- that it comprises :

- 2 nucleotide probe according to claim 20:; .

- an appropriate medium for carrying oul a hybridization reaction
between the nucleic acid of Helicobacter and the probe;

- reagents for the detection of any hybrids formed.
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ABSTRACT

IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION,
POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND NUCLEIC ACID
SEQUENCES ENCODING SAID POLYPEPTIDES

The invention relates to an immunogenic composition, capable of inducing
protective antibodies against Helicobacter infection, characterised in that it
comprises: i} at least one sub-unit of a urease structural polypeptide from
Helicobacter pylori, or a fragment thereof, said fragment being recognised by
antibodies reacting with Helicobacter felis urease, and/or at least one sub-unit of
a urease structural polypeptide from Helicobacter felis, or a fragment thereof,
said fragment being recognised by antibodies reacting with Helicobacter pylori
urease; ii) and/or, a Heat Shock protein (HSP}, or chaperonin, from Helicobacter,
or a fragment of said protein. The invention aiso relates to the preparation, by
recombinant means, of such immunogenic compositions.
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