GENES:.OF -HEL| COBACTER PYLORI NECESSARY FOR THE REGULATI ON AND MATURAT OF

UREASEMAND THEI R USE Hel i cobacter pyori (al so described by the SBT3 on H

pylori) is a Gamnegative bacterium found exclusively nowadays at the

surface of the stomach nucosa in man, and nore particularly around the

| esions of the craters due to gastric and duodenal ulcers. This bacterium

was initially called Canmpyl obacter pyloridis (Warren et al. (1983) Lancet

1. 1273-1275). Like nost bacteria, H pylori is sensitive to a medi um of

aci dic pH but can however tolerate acidity in the presence of physiol ogical

levels of urea (Marshall et ‘al. (1990) Gastroenterol. 99: 697-702). By

hydrol ysing urea to carbon dioxide and ammmoni a which are released into the

m croenvi ronment of tla bacterium the urease of H pylori is assuned to
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1 : '
aC|dPr envi ronrment of the stomach. Recently, studies conducted on aninal
modelsVhave provi ded el enents suggesting that urease is an inportant factor
[in the colonization of the gastric nmucosa (Eaton et al. (1991) Infect.

I'mmun 59: 2470-2475). Urease is also suspected of causing injury either
directly or indirectly to the gastric nucosa Helicobacter pylori (H.

pylori) is ) HE] ! I S/ th@Rm al
gastritis, ang gp L : r ey L -
devel opne ] ; gastric
car ci nomas be linked to the presence d H pylori. Al of the strains

I solated im e clinic frombiopsies or gastric juice synthesize a very
active urease, which is exposed at-the surface of the bacteriumand is one

0}‘ the most i ”@Mﬂﬁm(aﬁdﬂm ﬁwgsmomlﬁpect ed of
D121 19 2 b0k ls'd e RGBT Tokfid elhlivity rRsgacagal | med
' at the surface of the stamach mucosa in man, and more particularly
“around the lesions of the craters due to gastric and duodenal ulcers.
This bacterium was initially called Camp)d@gg_p)ﬂm_dls |
(Warren et al. (1983) Lancet 1. 1273-1275).

Like most bacteria, _H_gu_r_l_ is sensitiveto a medlum of addic
pH but can however tolerate acidity in the presence of physiological
levels of urea (Marshall et al. (1990) Gastroenterdl. 99: 697-702). By
hydrolysing urea to carbon dioxide and ammonia which are
released into the microenvironment of the bacterium, the urease of

 H._pylori is assumed to permit the survival of the bacterium in the
- acidic environment of the stomach. Recently, studies conducted on
~+ animal models have provided clements suggesting that urease is an
important factor in the colonization of the gastric mucosa (Eaton et
al. (1991) Infect. Immun 59: 2470-2475). Urease is also suspected of
causing injury either directly or indirectly to the gastric mucosa
'~ Helicobacter pylori (H. pylori) is presently recognized as the
etiological agent of antral gastritis, and appears to be one of the
cofactors required for the development of ulcers. Furthermore it
- seems that the development of gastric carcinomas S may be linked to
~ the presence of H. pylori
Al of the strains |solated in the dinic from hopsxes or gastric
juice synthesize a very active urease, which is exposed at the surface
of the bacterium and is one of the most immunogenic proteins of H.
pylori. The urease is suspected of playing a rdle in the pathogenic
- process, a fact which has been confirmed by experiments perfarmed
on the pig which show that weakly producing urease strains
obtained by chemical mutagenesis were incapable of colonizing the
stomach of the pig. These results obtained after chemical
mutagenesis do not make it possible to attribute the diminution d
‘urease production with certainty to an inability to colonize the
stomach, since other genes may be inactivated during generalized



2
on the plg whi ch show t hat weakl y produci ng urease strains obtained by
chenttéal “nut agenesi s were-incapable of colonizing the stomach of the pig.

These results obtained after chem cal mutagenesis do not nmake it possible
~to attribute the dlmn |o ur ease odu&gf Wi th certainty, to an

i nabi ity tRRHABEHESES. ¢ ﬁarﬁ ogn é@ ioRs aRdet i vat ed

du[l?g geneémd tl 2tmst o0 mhﬁsmwﬂevh alweenrtlhta@eaﬁl cﬂuble

mut ati ons an J rocedure has_no,r val ug 4 n

creation ofa&@ e‘é %%%%Mmﬁ@ ﬁqﬁrr%.ll

effects of d'aneasemtthecasemﬁdnanfecﬁmbpMpyl ori. In addition to
this role in thepypitith i thid rdiBIn ¥ Bibnizhtion of the stomach, it
- has been shown that urease as well as the ammonia released might
have a direct cytotoxic effect on epithelial cells and an indirect effect
by inducing an inflammatary respanse which rmght be responsible
for the gastric lesions. |
. The urease is hence one of the most important determinants of
pathogenicity and the construction of isogenic strains of H. pylori
specifically inactivated in the genes responsible for the expression of
urease, whether they be structural genes ar accessory genes, are of
primary importance for defining the role of urease in the -
~ colonization step, and far use in the construction of strains which
~ can be used to protect individuals in a vacdnation pr'ooess, for
example by the construction of attenuated strains. |
Hitherto the urease genes had been localized on a 34 kb
fragment of the H. pylori chromosome and had been assoclated |
~with a 4.2 kb region present in this fragment. Four genes designated
by the terms ureA, ureB, ureC and ureD had been associated with
~ this region of 4.2 kb. This region led to the production of a urease- -
positive phenotype when the DNA of 4.2 kb was transferred by the
intermediary of a shuttle vector to Campylobacter jejuni.
- However, the transformation of E._coli cells with the DNA of
- 4.2 kb previously described did not lead to the eqaressnm of urease
activity in E._cdli. -
The inventars have succeeded in.defining the elements which,
both genetically and from the point of view of growth conditions,
are necessary for the expression in E._coli of a urease activity such as
that: obtained in H_pylori.In this regard they have established that
the expression of urease in E,_mli was dependent on both the
activation of the nitrogen- regulatu'y system of E._coli and the
- presence of accessory genes to the urease structural genes. They
" have identified and isolated several genes which will sometimes be
designated subsequently by the expression urease "accessory genes"
which permit the functional expression of urease in E. cdlj and
specify the maturation and regulation of urease in H. pylori.



has Qeen shown that urease as well as the anmoni a rel eased m ght have a
direct® CytOtOXIC effect on epithelial cells and an indirect effect by
inducing an inflamatcry response which mght be respon5|ble for the .
gastric |esions.,,The urease.is_ henc one of the g¥ inmp rtant deternlnants

of pat hogeni ci t Igh@ethe myention: €8t qa&gsmf _
speci fical | atwei-lwma@laréat%as?ﬁka Q@ﬁ.@él lfcated ﬁh&ei‘%&ﬁ&-@rp“my

mor t ance PSSR of uisese: i EL o anel K splic b rell-as sach ), "onc
f o(r:I usguialnstﬁese U(nsrdmw in isolatiorhantl irdependentlyt of ﬂ'tiétgfllbgn of
.t enuat oo S X AEDHRIAER 1 A6 o @%ﬁ%@%ﬂ&& ABLdNon a 34 kb
fragnent ofcambination with theamweasestructural atedcby\ngm@, 4.2 kb
~region pre M&dm%ﬂ%&%&%%ﬂ ion (Labigne et al.
~ (1991) ]. Bacteridl. 173: 1920-1931). |
Furthermore, the invention relates to novel agents for the in
~ vitro detection of an infection due to H. pylori, as well as to
compositions which can be used for protection against infection by
Hence the object of the invention is a nudeotide sequence
characterized in that it is constituted by or in that it comprises at
least one of the nudleic acid sequences corresponding to the genes

- called ureE, ureF ureG ureH, ure] and represented by the
| nucleohde sequenws presented below




) o > . .
c W mmwwu o PAY aydy eyd Kb ayd neT nuy Kb ayy ere oad Ath 1K3 syd use ayjz uway STY
522 S AL OBL IGO0V 0L 199 LLL OLL VAL 999 1OV 0D VDD 999 IV OLL IUV 1OV OLIL I¥D
DV~ O._coc c . . .
e C oo Coc@n 0T : ISV : 1 ¥4 4
025G Ee= 82 o | -
m.m “H M%ﬂ@%wm r_m.m, agh e oy dse b ev >_..._ nihb jea oad evge ayy oxd use JG— vie ios
P 1 o~ B ' £ P A 5 B AT p W QTS I I AT RN AT IR AV IS NN RO TS IR ST MR VAVI SRRV A RS o F MR 70 1 JR Y76 LT 20 g F T LT4T B4 1 o TR R T3 B0 1o 3
— 0n OO0 ) — o O R - ’ .
— 0 co3Icwo  ._ : l6E . _ 19¢
Fe>5-88, 352, N |

. . ERs S > _ . : o _
M%MWM@M Wm.m W@ Tea 1ea [ea use shd a1 [T a0s nay L16 A16 fea ayd ayd use jaw tea
ST ECTRIE IIE I 019 11O 919 LUV IOL LIV LIV ODF OLO 999 199 919 LI LLL DUV 91V 919
m“mm_navu.mEdeT. ’ . .
S _ SO T O . : _ : _ _
cS o HMmuqm..mu%mb&%Mmh.m oad dse tea sAf ayjy net A(bH _m>n._ o1t A1b use xe9s 971 nay jea BTF
S =T 098 oYU, oMUY LDD IUD DIH YUY DOV VLL 999 D91 LLY 999 IV¥ 09¥ DIV VIL LLO LIV
00 <L OO ismtgm : . e _ E

>0 o En_=S0n Le Ive
T+~QO .__cownc > .— ’
MHaMdr.,uwrnrthSMt : : ) R i . .
ngoo %.mmm Mmmw._u&w M.OH_ nar tea uar Arb nay on . . : Ie®an
55 27998 AL m@.sﬁ? Ohd VLD 1D VDO VL) OV VDS HYV YYD HOUV HA, ._.._.c___.__.._.._. LIV WUV V1D
"o o2 F=E5cT | e as : 181
S8 8 50258, % | | | |
O © = S-o&ld ALK HIPSIOD WYL DOL IVL IOV VUV DUV DOV VDL DOV LIV OIV LLL JLL &Lk VLD VLL
0" w00 T OCO._ . : : 161 S 1Z1
« O O - QO > - O - .
ue.m.JpEmmn.umuum . : . . .
© =< 52V tbah LILSILL VAL LAL OLL LLL LID 59D HOL INV VWV VDL VLL 191 Lil LIV 91D I0L
SoNoNTooccET O 6 ._ | | 19
<0 < 3 “ZacT - . | . - gy oyd arF aos-ayd nof--
5 sMWﬁ@ﬁm& %ﬁmm.maa O0L V9Y 11D 1LD9 DWWV D9V DOV L&Y LLL ¥9 9VL OL4 LIY D9V LIL 01D ¥
eES528z 585085 e - _ -t
e_m ) T o o >
“¥222805,2-5%
h“._,....\. - — m| >0 ©
- C s C S T .- 00—
y:l.me. —— O3> CcCc o0 wm
202>20000— T



ylori -
End

| . gean | ¢ 951
T bxe nyb a1t BY7F um,”a.a OY9 191 999 IOV OUV WNP
. | A1 o1y ne O HVD VUM DIV DIV DD -
= & nato dse bae ney use ‘— O VLY Vil 1D OVD - L
- - V10 A\ 2ig 1 s8I uy
525 o 20 g ) V4o 919 991 D¥D WYD O
-z © _ I : _
0 > == T %.Nlu LY YD L¥O WO | | et
552,553 w0 R
.%u% A W %m D = o 118 . : ﬁln.ﬂlﬂmm.—.. QHU oxa
v,Ww ©rc022 . o — T Ath ngbh arr or¥ LLD 9Ok YOO
md CcCcCc oS- w PUV h . . = — u——ﬂ— ~—0—. ﬂv.—. 3 ¢ LI\ U—‘-‘ h-ow (1} .HNNA
psf2 oElc e oxd o[y d13 eje U Vb LLY D99 9YD L | e
(7] — o e = = - . Q.H\.ﬂ 5— —-VMU UC \ ..... s . . .
© i5d fog not O DAY 9D 10D - :
musm_% t.%wn,f.._. 995 109 100 04N 156 nay di3 nay Tea
=S , Bl BD L » ngb oty ayd eye u..“ 110 991 9LL LL9
V9B EL OO L _ o[ 91T use n ¢ DLL 109 DOV &d 199
w._. oo S 0 . . . mhnﬂ n H . . : c -ﬁ-.%-‘ . .
§.5550F8 ASeAT A16 net o01d oTY ¥ DL DIV DYV WND . o - A
S-= 2 5¢F SfaSe L DD DIV WV . |
Soa, o9 513. NNV 999 VLl 10D D 169 | ‘ot ATB ney tea sA[ sy
O R ' ) S : ‘ ’ BT
58T wuﬁm@ﬁ.tm& . _ | dse A(b ntb ay3 oty 099 YI& LD WY DV¥O
_.m P n.m S em.wwﬂ _ : orf ete di3 dij 9 999 UY9 IOV DLV _ 109
S—E_g Eo- dxy of¢ ’ , 991 N9 09f
g v atm_a. dnygere not LIN DLY 909 DO R ea
a'’s s Wﬁ S5O, S0  OLL 991 Lk 1€ . - use 917 ete T
X o mdL,wQe SR ghID Db . e eye oxd oTT Y3 W DIY 509 VIO
o5ce-S8 i § nay oTT er D0 LIV 9OV OV 1827
©oo 8% st net IV DOV . : : e
285 9068 guas ouw svo aov sus v a0t ws ues oty ere o1
>3.2 S W 2w L1 . | o1 ATb oud aya sty ¥¥ OLY 109 909
g8 5= ¢ .55 oxd bae dx3 dse naf 199 LLL 1DV OWD D | 8y
S DO .- 5= O os xhjy 200 YOV O _
S d nPr—a LOIL DOVl G
wﬂ o t%«& .T.W.H ‘09Y LVI 991 1D. 116 o
mmdw.bw.myMV.m | o
5 35 C « EHl o]
Ny © o0 - - - m_l.m
(oo’ o >p
TS5l ° Wo— =0 .
= - c
-E8>=8555
immedeMa
s8E2-5253



as to conpositions
Hence t he

agents for the in vitro

as wel |-

dinfection by H. pylori

the invention relates to novel
protection agai nst

det écti & of an infection due to H pylori,

whi ch can be used for

Furthernore

i's

= g6 198 s1Y o0ad Jaw 195 TeA I :w~ bae ngh €Ay ass dse naf sdi a9 188 HIT ﬂw>
mﬁ%ﬁ IOV VD D320 94N 29DV 919D DIV VL D90 ViD vYY D04 WD &L YWY YOI 4D¥ VLL 41O
s . S . [AXA! _ o _ coct

]

o

M—%m.:nz uh _m>_>_= nop sAg ngh noyp noj q..__... _:c_._ ayg oad sKt nigh ayd c...um ayy sfig
I

©
=
.
T 2D LUV VYD LLO 999 WLD HUY U9 VLD VLI 909 VLD DIV IDD HYY YV LLL UDD WOV WuY
- _ cLit : . _ R (A AN
..nlb.. = rUI W . . ) . - ' . . ) . R -
Ssau® n1b ayd uth a9s nyb A16 1K3 1£3 nat eye efe syy Hae use A76 o7 nibh 143 s8ko
s m-.m..m.ﬁw. LLL VYD LOL VY D99 INL OUL LG 109 HD9 LUD DIDD DUV VDD WLV WUH IV 291
co,go B ettt | _ 28071
% 0 m = ) . . .
S %Tf sdt ere rea nyb ere (ea i1as sA( ete ub orY s1Y4 1T 1ea nib a9s dse nay a1F
S Wd¥ WYY 90D VIO VYD WO DID DOV DYV 1DD VWO DLV OVD LLV OLO VWD IDL IVD OLL OlV
R . rA+{ /) : o - ceorn
© »n- . .
% % o, w . . . A : - . . . o .
— ugg Tea efe 97T OYF ngb st ngb nb gLy wzqumﬁ_cdﬂ dee A{b uyb z8s ayd A6 ney .
3 mu_%m. L19D 209 OIVY LIV UVH SVYY HUH UVYD WYY LLL VLI LLY IV V99 YWD 104 JLL 199 911
© (@2} : . .
S50 . €66 296
CcC oo . )
» —SAT oad ete dse maﬁ_amﬁ.mum Tea efe ayy dse s&t A1H6 urh bae ayj m>a_wzn bae ete
~ ZOWE 000 109 OWD wuvy BBU 090 VWIOD DID WLV DHUH VYV DD VYYD H9Y DOV vvv [LLL 090 LJ9
5585 2E6 - ¢06
W c .m c _ ' . . :
WW&WM Xy st BHxe ay3 nb ayd day b ne| dsuw jea 143 dse pea a9s ayd dse nap oad
S OJAv WYY YUY DOV HIOV VV¥H LIL 991 VIO OHLL IND OLD LV V9 919 29¥ 1L LYD 9HLL 200
> > . _ _ _ .
va .- a L : . . cr8
£ © o :
o O -
Y 4 )
OSSO C.
— O 0
—_.—cwn
O QL O
LD N S —
—~C T Q
OO0 0O
O O W -

]



[err] [err]

lerr]

oy

[err]

oxd zes
200 D9V
nat ee
2LD 109
naft use
o Ao T ATLY)
naf use
VLI Ovv
use tea

LYY JO1O

ayy
OV

108
OOV

efe
191013

bie
VOV

uih

'3t 7e)

198
DI

ngh
4B

\'A'A

efe
LOD

nat
910

nat
\'A o)

¥,

IV

noy

< —.—.-—.

nag

OLL

ort
LI

aky
AL,

net

—H -.- U

najy

DL

aTTY

LAY

na|
oL

s
wuv

A1b

-ODD

ayd
LLdL

T}

oL

sA
LA

not
<-—..-—.

ayd
LLL

ngb
o

nh ngb
¥V vvo

1691

noy| 108
o4l D9V

1ea
Jul9)

noy.

910

1651

ele 1as

49 DOV

LESTE

uwm_mﬁ:
LOI J¥D)
TLeY

use dse
RA'ATEIRA{3)
191

n|b
AR

ays
o0V

_;mr

w’dno

A1b
999

joum

OLV

Y

L'ATAS

Nl

84
iAo

naf
VI.L

:ﬂa
VA B

use
HRTATE

4198

-.—.U-Hs

eje

4,09

oTY

FONA

aysy
RYe)'s

ayq
LDV

A1b
o9

:nﬁ.
RA'A'{

bae
99v¢

k7
) A1

.—. m>
-—:—.c

aTt
LLY

a8
JOV

sAT

vy

naf

L4O

sh

ouv

oxd
200

dee
-O¥O

naft dse
Vil 1D
ayd ugb
OLL OV¥D
sAr vre
Vv voO
ayd Am>
JLL 9519
u:a_maﬁ_

VOVY ‘DVV

uth ugh
¥Y¥d WYO
129t

1968 1198

09V 101

1961

‘oxd syYy

0D IWD
10ST

Wam dse

909 I¥O

(1741

oxd ayy
VYOO 1OV
18€1

s/t oum.smd Jou aam Tea ax9s sAT nib a7F a9s sy Tea xas sdt A1b mha.amm 19N g

YWY VOO OLD DL¥Y LO9 919 09V WUV VYD LLY DDV VWV HIO o) 4 VYV Y99 WYY IVD DIV WVD

1t

IGET

|34 4 ¢

mzc_mxa Jjaw Tea Am>_m>~ oyd dse 1os eTe nat 19s Tea sAy oyd use oad
¥V DUV YUYV HVYL VYUY HIY I19 91D WU¥ LLL U9 DDV 929D HID VIL Di9 DYV LLL LYY 1LOD
as _ _ _ _ _

¢6C1

‘29zt



[err]

10 [err]

A

s

[err]

VLL

use
oy

uth
OVYD

1ea

019

ere
LIH

oxd

200

efe
239

LLVY

uyb

L4 9]

use
v

a9s
DY

sAt
ouv

dse
ovo

uth
wvo

vdo
\'PA N

Lea

LI

ayd
Ldods

sAT
wvy

sk
vev

nib
Vo

naf
VIL

198

1LOL

2198
b

oxd
LIOO

Tea
-.—- H- w

nay

DLl

ay3
el {

a3

00V

Jowr

AR

vie
09

b g1
20V

w>o
291,

nib
R'A'0)

uih

¥vo

gAYy
v

Ik
J L

e

209

uth
v

use
ouv

211
ARAY

:ﬁm

LA fo

CIRE

L

nag bae
LLD 09D
6AD noy
JOL 9ILL
nat ias
OLL 0OV
BTF Tea
LIV YIO
ALb naf
999 U?B
ete 143
139 DVL

ayd bHae
ALL 19D

nay

198

TTLT

axes ahk3 - ngb syy ugbh

901 OVL VLI IOV 9YD I¥D HYD
1.0¢

sy aoe b dgse nog nih noy

O¥D DOV VVD DVH WID VYD VLD
-110¢ _

nor nay off sAt ugh Ah dse

(SN AR TA W o4V VNV WVD) DDO LW
1s6t

Jjow use 19s 1y ugh epe k3

9LV OVYV 101 JLOVY VYD VOO Iud,
1681

108 efe eje oyd jea A[b 143

.ﬂ.cg—oow Oom.v dnlhde -—.-—-Mv cwmu H*‘-ﬂ.
T€81T . ’

mam_nmm oayd ayd ete A1H6 aTT

LO9 OVY JILJ LLL YOO D99 LIV

- TLLT .
use Kb no) n>~ urh use eje
JANY DOH VLD HOYY V¥D UV DD

J0u
LR AYS

aya
ol

use

oy

no
LD

aos
09Y

dse
oo

nofg
VLL

ete
909

mxe
L 444

:ﬁn
')

ak3
UL

a3

LOV

nat
LI

Bae
D)

sAT
Ovv

.ﬁ—ww

A1)

Jas
._.U-—-

Sy
A 20

mwm
009

nibh

¥vo

nor
Od&LL

91T dse

LIV OVD

1v0¢

a[f not
WLY D10
1861

nat oad
VLD vOO
1261

bae net
DOY Vil

19871

STY ay3y

L0 D0V

1081

use 9w
oWV 91V
TvLl

ngh 8wm

VY9 OIV
1891



A
by

| east one of these nucleic acid sequences.

or any part of at _
eotitde sequence acccording to the invention is constituted either

DNA or by RNA The invention also relates to-a nucleotide sequence nodified
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Fragpents (nudeoti de sequences) of the above nucl eotide sequences are of
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di regt ed agai nst H. pylori or capable of behaving as haptens or immunogens;
- fragnents of the above-nentioned sequences |acking the capacity to code
for the pol ypeptides of H pylori such as expressed by the genes ureE ureF
ureG ureH.  wurel; - fragments coding for pol ypeptides or peptides having
properties attenuated or even deleted in conparison with the properties of
t he pol ypepti des engoded i n gh@ geneyuweE ureg ureG ureH. urel of

H pylori. Such fradfeflts havg @vant'%qg‘usl y | east 15 nudeoti des, and
preferably at 1|east 20 nucl eotides The genes UreE ureF ureG wureH, urel are

ipresent on a H. pylgrﬁ chror 'sgma th e§genes§re so-cal | ed accessory genes
W th respect to thd&dubease sruwcturalkganes (jueA ureB). In contrast to the

structural genes, thesaccessQry, genesuage noty pecessary for the
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: formatlon of the enzyme urease. On the other hand, they are inplicated in

t he functional expression of urease as expressed in H pylori by means of
regul atory and/ or mat urati on agents affecting the urease forned. The urease

“is in fact ex resse {,0rm of nactive enz ef ore under goi ng
a maturati d¥ ppﬁﬁtﬁgﬁ& dtg%? é!ﬁ!“cﬂagﬁm‘xg“ﬁ%m its

functi onal enzyrmtmucl‘whd€ emeramoortlm todiveinvéntiendsser ved t hat t he

presence ofﬁ@giQ: sentlal to the expression of

functi onal t@vétgﬁwm S transforrred by "t he structural

genes ureA ur eB Thednwentiorepl es dota nuderti Qmmmmdlﬁedhese

ESEﬁfsaPSrtmm&??g i e S Sdenes ﬁ&éﬁorl abovEy T ¢

particul ar falioe o M\éersh@ﬂ sng QMRS 1 st
-embodi ment gicldgidey Qﬁbh%at'tﬁeehﬁ‘iétimal properties of the polypeptides

encoded in these genes are either conserved or attenuated, or even
deleted, in comparison with the properties of the palypeptides

UreE, UreF, UreG, UreH or Urel such as expressed by H. pylori, or
such that this sequence does not express a polypeptide in H. pylori.

According to a particular embodiment of the invention and in

~ the context of the preceding definition, a nudectide sequence is
~characterized in that it is constituted by or in that it comprises :

a) the set of nudeotide sequences corresponding to the genes

called ureE, ureE ureG, ureH, urel and represented by the

nucleotide sequences shown in Figure 4 or, |

- b) the set formed by the (variant) nucleotide sequences
corresponding to these genes madified independently of each
other such that the set of these variants codes far polypeptides
having a functional hamology with the polypeptides UreE,

UReF, UreG, UreH or Urel such as expressed by H. pylori or,

on the other hand, codes for modified peptides which

attenuate or even suppress the functional properties of the
polypeptides UreE, UreF, UreG, UreH or Urel such as
expressed by H pylod.

Fragments (nuclectide sequences) of the above nudectide
sequences are of interest for different reasons and as examples itis
possible to define :

- fragments of the above-mentioned sequences wh1d1 have

conserved the capacity to code for palypeptides having a

functional homology with the polypeptides such as obtained

byecpresmmofagmeselectedfranmmmggggﬂ,
urel in H. pylori;

- fragments coding for any part of the above polypeptld&s

such as produced in H. pylori, and in particular coding for

- peptides or parts of palypeptides recognized by antibodies
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nucl ecti de sequences code for pol ypeptides which have a functional honol ogy
with the natural pol ypepti des UreE, UeF, UreG UeH and U el. This honol ogy
bet ween pol ypeptides is estlnated in terms of the capacity of these

“pol ypepti des todéunctl n mnt Ior| | i t tural p |dés
UreE, UreF, Ue s‘ﬁ?ﬁﬁ béﬁm 3’!%}&&\5 e
formati on of thqrhtmehd I urease fronlthe apoenzymne 15 This functional
honol ogy can be d tecte I nent i'n || owin ._109 bacteria
are resuspended 1 E@F %@bpﬁﬁ¥g ﬁ%%ﬁﬂﬂﬂ err] C The
hydrol ysi s of t heapacity keaﬂxﬂemtﬂ@epdypephd&mwn@mdbasral Si g
the pH 1l eads ! oyfressed by the genes ureE ureF ureG, ureH, urel;

- fragments coding for polypeptides or peptides having
properties attenuated or even deleted in comparison with the
properties of the polypeptlcles enooded in the genes u ureE,
ureF, ureG, ureH, urel of H._pylori.

Such fragments have advantageously at least 15 nucleohdes,
and preferably at least 20 nuclectides.

- The genes ureE ureFE ureG, ureH, ure] are present maH.
pylori chromosome; these genes are so-called accessary genes with
respect to the urease structural genes (ureA, ureB). In contrast to the
structural genes, the accessory genes are not necessary for the
formation of the enzyme urease On the other hand, they are
implicated in the functional expression of urease as expressed in H,

- pylori by means of regulatory and/or maturation agents affecting
~ the urease formed. The urease is in fact expressed in the form of an
~ inadtive apoenzyme before undergoing a maturation step within H.
pylgm, a step which confers on it its functional enzymatic form.
Furthermore, the inventors have observed that the presence of
| these five accessory genes is essential to the expression of functional
urease in E._coli cells previously transformed by the structural genes
ureA ureB ureC andureD.

Consequently, the 1den_t1f1mtlon of these genes and their
nuclectide sequences makes it possible to contemplate agents for

- modulating the urease activity in I:L_pglm strains, in particular for
preparing attenuated strains. |

According to a first enbodiment of the mventlcn, mterstmg
nudlectide sequences code for polypeptides which have a functional
homodlogy with the natural pdypeptides UreE, UreF, UreG, UreH
and Urel This homadlogy between polypeptides is estimated in

~ terms of the capacity of these pdypeptides to function within H.
- pylori like the natural polypeptides UreE, UreF, UreG, UreH and
- Urel and, consequently, to contribute to the formation of the
functional urease from the apoenzyme
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. col our -change fromorange to fuchsia On the other hand, in context of the
invehtion it is possible to make use of nucl eotide sequences correspondi ng
_ to the set. of the nucl eoti de sequences corresponding to the genes ureE ureF -

TS, A Yl ol O L
to give risthefol mwmga cherimmemmspen aqfyiirea- or
g'ﬁ Ie(r)IEZ![ Ieyor sup e "%‘?:‘Ps‘?un | ona%apro ertiges g‘”‘?ﬁa&% L pepti des
as expresseleags & él@nﬂmﬁo\é’ .thxtramg ﬂ?ﬂlﬂﬂn Ciﬁ @&ties
are att enuaw@h ﬁtdﬂla- fich&x nucl eot | de sequences accor di ng
R R Formor a6 e i i, senbid o i oURUER R SeRS TR
use of the heakewistiof mudlectide sequences corresponding to the set of the |
- nudleotide sequences carresponding to the genes ureE, ureF ureG,
- ureH, urel, these sequences being modified so that the
pdypeptides for which they code no longer possess the capacity of
the natural polypeptides to give rise to the production of a
functional urease in H. pylari or, optionally, in another spedes. In
 this case an attempt is made to attenuate or suppress the functional
properties. of the natural polypeptides as expressed by H. pylori. It
is considered that the functional properties are attenuated when the
strain in which the nudlectide sequences according to the invention
- are inserted produce a nan-pathogenic urease for example in the |
form of an apoenzyme. This pathogenicity can be evaluated by
- making use of the following test :
- The lmplantatlm of the reoombmant strain is assayed in the
stomach of an animal, preferably the germ-free piglet, by using the
procedure described by Eaton et al. (1991 Infect. Immun. 59: 2470-
2475).

Acca'dmg to a first embodiment of the invention, a nuclectide
sequence such as previously defined may be combined with the
nuclecotides sequences corrspmdmg to the structural genes gr_gA

- and ureB which code for the urease subunits in H. pylori.
| According to another embodiment of the invention, this
nucleotide sequence is combined with the genes ureA, g_tgﬁ, ureC
and/or ureD which code for urease in H. pylord.
| In this case the different genes may be localized on distinct
replicons. :
The invention also relates to the nudeotide sequences
included in the context of the preceding definition and represented
by one of the coding nuclectide sequences corresponding to the
' genes ureE, ureF, ureG, ureH, urel . In this connection the invention
relates in particular to the following sequences: |



The inplantation of the reconbinant strain is assayed in the stomach of an
animal, preferably the germfree piglet, by using the procedure descri bed
by Eaton et al. (1991 Infect. Immn 59: 2470- 2475). According to a first

embod gent of the the resisondig et AlIcRIOLiEY BOBSty )

Sf‘r Lg?urgﬁyagﬁgcoeml nel WI nuc. e i des ﬁuencss CO%ﬁSﬁfC}E‘?I ng to the _

H. pylori. rgpmdadlﬁuatatﬁ) bmlimhﬁdia' slnnambmmuitx ¢legotide -
aﬁ‘ﬁ? fit 8% |

or urease 'S5 Hediath M 2 43T GIR A% S5CH 'oi?u ?223

for urease

on distinct fmp'Iarmnle withetheareE sequence cewithstheosetaenceleot i de
fgg;}gggﬁfehwﬂ&tw t&%gwa{&e pr ecedl ng def inition and

| - the ureF sequence corresponding to the nuclectides 1324 to
2091 of the sequence shown in Figure 4, or any fragment of this
sequence provided that it hybridizes under stringent conditions, i.e
at 68°Cin 6 x SSC Denhardt medium or at 37°Cin 5 x SSC 50%

- formamide with the ureF sequence or wnth the sequence
complementary to this sequence,

- -theureG sequence corresponding to the nucleoudes 2123 to
2719 of the sequence shown in Figure 4, or any fragment of this
sequence provided that it hybridizes under stringent conditions, i.e
at 68°Cin 6 x SSC Denhardt medium or at 37°Cin 5 x SSC50%

~ farmamide with the ureG sequence or with the sequence
complementary to this sequence, | _
- the ureH sequence corresponding to the nuclectides 2722 to
3516 of the sequence shown in Figure 4, or any fragment of this .
~ sequence provided that it hybridizes under stringent conditions, i.e.
~at 68°Cin 6 x SSC Denhardt medium or at 37°C in 5 x SSC 50%
- formamide with the ureH sequence or with the sequence
camplementary to this sequence, |
- - the ure] sequence corresponding to the nuclectides 211 to 795

of the sequence shown in Figure 4, or any fragment of this

- sequence provided that it hybridizes under stringent conditions, i.e

. at 68°Cin 6 x SSC Denhardt medium or at 37°C in 5 x SSC 50%

. formamide with the ureH sequence ar with the secpmce

complementary to this sequence. | -
Reverse and complementary DNA sequencs are called here
“complementary sequences”. The term "reverse” takes into account
~ the restoration of the 5'-3' orientation of the nudleic add, _
complementary by the nature of the nucleotides and with respect to
- a given sequence.
The invention also relates to a partlcular nudectide sequence
corresponding to the following sequence :
GCG AAA ATA TGC TAT GAA ATA GGA AAC CGC CAT
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{1 by one of the .coding nuclectide sequences correspondlng to t he genes ureE
ureF. ureGureH wurel . In this connection the I nvention relates in
particular to the foll owi ng sequences: - the urE sequence correspondlng

' ' Pagnent of thi T8 o B el U TSNS o i 0

condi ti ons, comprises thissnuidecticde seqp@hddnhar dt medium or at 37[err]Cin 5

corpl enent L?L”?B"’T*E. ! ?%ﬂﬁ%%éﬁﬁﬁ%“?r@ m%ﬁ“ﬁ‘@}%@ﬁcﬂwo the

nucl eot i dessatisfy uded in the any fragnent
Of t hi's Squ&ﬂEﬁhﬂiéﬁ' &Bﬂrb&é whefithcy' % 1a8Rd $oF eRaRNbIe" 8t thédross:
and/or 3' end by a substance which can be deted:ed. As markers,
mention may be made of radicactive isotopes, enzymes, chemical or
‘chemoluminescent labels, fluorochromes, haptens or antiboxdies,
base analogues or even physical markers. These markers may
optionally be bound to a solid support, far example a particulate or
‘membrane support, such as magnetic beads.

As a preferred marker mention may be made of radmactxve
phospharus (32P) incorporated at the 5' end of the sequence used as
probe.

Aclvantageously a nudeotide probe according to the invention
comprises any fragment of the genes described, for example .

- fragments of about 45 nudectides.
- . Preferred probes according to the invention are constltuted by
fragments derived frcm the ureH gene or preferably from the urel
gene _
Starting from .the nudectide sequences accu'ding to the
invention, it is also possible to define primers which can be used for -
the in vitro detection of an infection due to H. pylori. A primer is
characterized in that it comprises a nucleotide fragment such as that
derived from a sequence previously described, comprising from
‘about 18 to about 30 and preferably from about 25 to about 30
nucleotides. Such a primer can be used in gene amplification
‘reactions, far example according to the polymerase chain reaction.

For use in an amplification procedure primers of the invention
are taken in pairwise combinations so as to hybridize under specific’
conditions with the respective 5' and 3' ends of the nudectide

- fragment to be amplified.
If the PCR procedure is used, the required conditions for the
 spedific hybridization of the primers with the DNA to be detected
are the conditions described in the applications EP 200363, 201184,
229701 and the temperature is calculated according to the formula :
TCO=(4(C+G)+2(A+T)-10)



at . 68Cin 6 x SSC Denhardt nediumor at 37Cin 5 x SSC50% f or mami de wi th
t he “ureF‘sequence or with the sequence conplenentary to this sequence,
t he ureG sequence corresponding to the nucl-eoti des 2123 to 2719 of the

Stquegcg s higvawhichFAG (T, eCAG pepresent vetytthggm[wtw] Crafe,égr’nvg;sig;i t hat
[ idiz i.e. "a err in 6 x

Denhgr dt rreﬁ\"g%qﬁ"dé Eé%@rw% és%sc Sg;g or rrashnéde W t hﬂ';he ureG .
sequence or wthihe rw cande usednirethe t he ureH
sequence c n e ence
Shown i n FRRISHRKE e%'i* m B seiﬁﬁéﬁ%@%@% ?‘Eﬁt it

hybi di zes mmmm)r in thestunopean [paten lisationshar dt

nmedi um or @ﬂtﬁgr ]N‘Ql m|§353 Sﬁﬁ{g}’ grzwzgmﬂg o gfsdﬂ% u@ﬁe@@quence or
wththe Serqe‘iae ?Sa%egoﬂpoce’&pd‘éed&&&‘% in Botechnclogy (Val. 6, October
1988) _
| Other nucleotide sequences according to the invention are
- sequences which hybridize under stringent conditions such as those
~ defined above with a sequence defined in the preceding pages or a
sequence complementary to these sequences.
The nudectide sequences and the vectors of the invention may
also be used for the expression of other genes or sequences of H.
pylori or of other strains in H. pylori or in other hosts such as E_QQL_
~ the adenovirus.
In addition, the invention relates to a polypept:de
characterized in that it corresponds to one of the pdlypeptides UreE,
- UreF, UReG, UreH or Urel shown in Figure 4, to any part of at least -
one of these paypeptides. The invention relates in particular toany
‘modified polypeptide provided that it exhibits a functional |
‘hamdlogy with the original polypeptide UreE, UreF, UreG, UreH or
Urel such as expressed by H. pylori ar, on the contrary, maodified by
deletion, addition, substitution or inversion of one or more amino
acids in order to attenuate or even abolish its functional properties
as regards the urease adivity as expressed by H. pylori.
_ The polypeptides UreE, UreF, UreG, UreH or Urel are |
implicated particularly in the regulation and the maturation of the
urease in H. pylori. |
Ancther pdypeptide according to the mvention is that which
is represented by the following sequence of 11 amino acids :
Ala Lys lle Cys Tyr Glu lle Gly Asn Arg His
~ The polypeptides of the invention and in particular the
- polypeptide whose sequence is given above can be used for the
- production of monoclonal or padydonal antibodies, or for the
detection of antibodies in a biclogical sample infected by H._pylori.



- the urel sequenée'corresponding to the nucleotides 211 to 795 of the
sequence*shown in Figure 4, or any fragment of this sequence provided that
it hybidizes under stringent conditions, i.e. at 68[err]Cin 6 x SSC

Denhar dt  nedi um Momociofatrantfbodiés W%Wﬁgb @he\lh britdomar eH
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term "reverantibodies. i nt o account the restoration of the 5' 3 orientation
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. particul'ar procedureslesstibedt by-Marksatqali 6 Mol Biok 581115973&9: GCG
AAA ATA TCGC TAT e ifVeritien ASorefates to anti-idiotypic antnbodx&s.
~ Antibodies against the sequenice of the above 11 amino acids
rmght be used in the context of a reaction blodcmg the rnaturatlon of
urease.

In addition, the invention relats to the use of the monodonal
ar polyclonal antibodies in compositions to treat a H pylod
infection.

The object of the invention is also reccmbinmt vectors
characterized in that they contain a DNA sequence of the
invention.Such recombinant vectors may be for example cosmids or
plasmids.

A particularly advantagems vecta' for carrying out the
invention is characterized in that it is the plasmid pILL753

~contained in E_cdli HB101 deposited with the CNCM (Collection
Nationale de Cultures de M(:roa'gamsmes,_ Paris France) on 3
- October 1991 under the number I-1148. |

- Ancther particularly advantageous reoanbmant vector is |
characterized in that it is the plasmid pILL763 contained in E_ooli
HB101 deposited with the CNCM on 3 October 1991 under the
number [-1149. _

The object of the invention is also a recombinant cell host (or
recombinant cell strain), characterized in that it is transfarmed by a
nuclectide sequence satisfying the specifications previously given.
This cell host thus transformed must allow the expression of the
nuclectide sequence of the accessory genes of urease, optianally
modified in confarmity with the preceding spedfications.

- Arecombinant cell host is preferably a strain of H._pylori
muodified by one of the nuclectide sequences previously specified,
and advantageously modified such that the products of the
mochfled accessory genes which it expresses contribute to the
attenuation of the effects of urease, in particular its pathogemc
effects. .



17 The invention also relates to any DNA sequence which conprises this
nucl*eot i tle sequence. The nucl eoti de sequences according to the invention
| which satisfy the precedi ng speC|f|cat|ons may be . included in the
constltutlon of

tfraf

TN igeenitsci e g msa? m
! ﬁbgl o f lﬁ; mfﬁ'ﬁ.@‘?“"wn‘m‘?ﬁdﬁd  Marinte Brteriacktdy ireven ort
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. preferred npmjtatioreibeing madebin atlieastionedf dhetgm ureE ureFE ureG,
- ureH, urel, and/or in one or more of the structural genes, for
example ureA or ureB.

It will be preferable to create in the framewark d the
invention recombinant strains and in particular recombinant H.
pylori strains whose urease activity is attenuated in conformity with
the criteria previously specified

Thus, particularly useful recanbmant N6 strams are those
which give rise to a urease-negative phenotype and comprise a

_mutmtfmndatleastofmedthegmesucgagrgEy_x:gq,ggﬂ.
or urel.
- An inactivation d the gr_gl gene for example makes it possnble
" to prepare urease-negative H. pylori strains. Similarly, certain
 mutations within ure] give rise to a urease-negative phenotype in H.
-pylori, whereas the ureA and ureB gene products are expressed. For
~ example it is mutation No.8 described in the examples. - |

Ancther particularly useful mutation, especially for the
preparation of vaccinating strains and in particular vaccinating H.
pylori strains is a mutation in the ureG gene. A recombinant H.
pylari strain in which the ureG gene is mutated exhibits the
following properties : |

- the strain thus mutated conserves its capacity to trigger an

~ immune response ;
| - the strain thus mutated lacks urease activity.

However, it is possible to transform other strains with the
sequences of the invention. In particular, recourse will be had to
E.cdlj in order to create mutations in the genes ureE, ureE ureG,

- ureH, or urel, after their prior insertion into this strain, for example
through the intermediary of a plasmid. The genes thus mutated can
then be introduced into another host cell, for example in H._pylori in
order to make possible an allelic replacement and create a mutation.

It is to be noted that the deletion in the ure] geneina
recombmant E ool cell acca'dmg tothe invention does not alter the




phosphorus (32P) incorporated at the 5° end of the sequence used as probe
Advant agéously a nudeoti de probe according to the invention conprises any
fragment of the genes described, for exanple fragments of about 45

| nucl eoti des, @ﬁgﬁf’aﬁm fstituted by
. fragnents derlvee'sﬁpro e fure ene or pre eragi'ﬁe#{r‘gir%nthe urel gene. .

Sectm pie 8 aman

;Startlngfr@@fﬁéim cﬂ'ﬂéep Qf tothelnventlon it is
i al so possible toMti'EbW%‘ f@hb@ﬂlSéﬂ‘fb”o
: detection of I nf.ecti due Lac erlzed in
* that it corl éﬁ %MOUE ﬁﬁqreée

sequence pr rmbaﬂs m[osmn mtan 18 to about 30 and

pref erably Cgﬁg it odbaiis &‘ﬂ_ﬁd&%@%&eﬁu‘%ﬁeﬁr&ﬁb be used

i n gene anpllfl
. activity can also be used for the transport and expression of

heterologous genes, for example cholera or salmonella genes.

Different procedures can be used to generate recombinant
strains. For example, recourse will be had to the electroporation
procedure such as described in the examples of this application.
| This electroporation procedure may optionally be modified by

~ eliminating the step which consists of gnvmg an electric shock to the
cells to be transfarmed.
| The invention suggests agents for protechm against an
- infection due to H._pylari, in particular by the administration of
immunogenic compositions containing a recambinant cell strain
- characterized by an attenuated urease activity. Such lmn'mnogemc
‘composition can be used in human medicine.
. - An immunogenic composition may contain strains such as H
- pylori cells whose urease activity is attenuated by insertion in the
“strain of a nuclectide sequence according to the invention bearing at
least one sequence corresponding to the genes ureE ureFE ureG,
ureH, or urel, optionally modified to dimjnish the urease activity.

Generally, it may be any host capable of produding an
attenuated urease, for example by mutation of the nuclectide
sequences of ane ar more of the genes ureA ureB, ureC ureD ureE,
ureF, ureG, ureH, or ure] or by expression of a truncated foom of a -
polypeptide implicated in the structure, maturation or regulation of
‘the urease.

The object of the invention is also akit for the in vitro -
diagnaosis of a H. pylori mfechm in a given bidogical sample
characta'lzed in that it contains :

- - at least one pair of nuclectide primers meeting the above
criteria, capable of hybridizing with the 5' and 3' ends of a
specific nuclectide fragment of at least one nuclectide
sequence corresponding to a gene selected from ureE g_:gE
ureG, ms.li orurel,
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reactjons, for exanple according to the polynerase chain reaction. For use
in an anplification procedure priners of the invention are taken in
pai rwi se conbi nat.ions so as to hybridize under specific conditions with the

{ ﬁng&' \F;reogedﬁp_ceir 3 endfnof t he a‘c‘l ggt | ge f rqﬂrgné_@t 0 bg a;gl i fi ed | f
hybri di zati on oftheg edw hzggg DNAZBO gi d;tzeggid ar et Lge goncejlr ;![ apz. '
S ek oul'at 0 2&%‘&&%&&@ GuTying ok the poiyirierzalien of e T10) - i n
‘which A T, C G\udwm&agmmtaﬁngtfhamWhemudeoﬁdeTprﬁneEs,mﬂect i des
in the primers Béfticular polymerases, in suffidient quantity to carry out the
| ~ amplification of the fragment which it is desired to amplify,
- at least one nuclectide sequence which can be used as probe
and which is capable of hybridizingwith the amplified DNA
fragment under defined conditions,
- optionally, agents to reveal the hybndlzahon.
According to a particular embodiment of the invention, it is
-also possible to include in the kit :
- an internal control of the amplification reaction for example
constituted by a nucleic acid, optionally plasmid-borne, the
said nudleic acid being easily capable of detection by
hybridization, for example by the fact that it contains a gene
for resistance to an antibiotic ar owing to the fact that it is
constituted by the N6 chromosomal DNA, the said fragment
being additionally provided at these two ends with at least
- one amplification primer, these primers being selected or not
- from the primers of the invention, and o
- a probe capable of hytridizing with the nudleic add
- . contained in the internal control, -
- optionally, a reverse transcnptase to produce the cDNA from
the RNA possibly present in the sample tested.
The presence of an internal contral added to the sample makes
it possible to detect the presence of "false negatives” among the
samples. In fact, when the specific probe for the internal control
does not detect an amplification product, the sample concerned
probably contains an inhibitor of the Taq polymerase, an inhibitor
which hinders the amplification of the DNA or cDNA of H. pylori.
In this case different dilutions of the tested sample can make
~ possible the detection of the presence of H. pylori nudeic acid.
When the internal contral shows a positive reaction, a -
~negative reaction by the test sample leads to the deducttm that H.
pxl_g:l is indeed absent. .
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The anpllflcatlon procedures which can be used in the franmework of the
invention include the PCR (pol ynerase chain reacti on) procedure described
in the European patent applications of Cetus (No 200363, 201184 and 229701)

o, Cotover 108 & noket iRk She il ARERErabEh i PREHREANCYY  ona e
- Zgg\‘jzn&ef hw‘g‘edqzm nd:(tjgﬁcﬁsdml y thoseoft thevinvention. H(DWG:?‘{Jthee def i ned
conpl enment ‘ftég‘gr %@WMS@W@%@M ] aﬂde?ﬁg véct ors
of the inventiomMsran example daelm samplefor sheodetaction géd:s or
seoerees 5 Bl et fids a@zef?éhw#h@.hﬁeenﬂon e
pol ypept i dgastric juice or possibly saliva or stools.

This kit may also be used for the contrdl of water pollutlon or
foodstuffs control.

The invention also relates to a prooedure for-the in vitro
“diagnosis of an infection due to H. pylori in a defined bidlogical
sample, characterized in that it comprises the steps of :

a) pladng the nudeic add of the sample likely to contain H._

" pylori, under conditions rendering it accessible in the form of
single stranded DNA or RNA, in contact with at least one pair
of nuclectide primers according to the invention, the said
primers being capable of hybridizing with the nudeic acid of

- H_pylori if it is present, and of initiating the synthesis of the
elongation products of the said primers, each strand of the
nuclectide sequence of ]i,_pglgl servmg as matnx when it is
matched with the primers;

b) separation of the strands of nuclelc acids synthesmecl from

their matrix;
- ©) repetition of the synthesis of the elongation product starting

from each strand of nudleic add present at the end of step b)

‘and capable of hybridizing with the primers until
‘amplification of the desired nucleic add in sufficient quantity
to be detected is obtained, |

~d) placing of the product of step ¢) in contact with a nuclectide
probe under conditions allowing the detection of the presence
of the desired amplified nucleic acid,

e) detection of the hybridization products possibly formed.

Accarding to a preferred embodiment of the procedure for in_

vitrg diagnosis defined above, the placing in contact of the test
sample is preceded by treatment of the sample so as to extract
the nudleic add fraom it.

According to ancther preferred embodlment the procedure
comprises a step prior to the placing in contact with the primers
consisting of the treatment of the nucleic acid of the sample with a



characterized in that it corresponds to one of the pol ypeptides U eE, UreF,
UReG UreH or Urel shown in Figure 4, to any part of at |east one of these
pol ypeptides The invention relatés in particular to any nodified

8?: )éloﬁgf ! gg %@%Pﬁg“%ﬁgé&% gé%%?géﬁlé iﬁ%‘#%g% as exprgtsggd by :
H. pylori or f possibly tpngsg\tnn ééj &tlon addi ti on, substltutlon
or"inversion o Averitich alSd feldfés'fo A kIt R tHEPTE VIO Gfrftisi§ R
2§glre§2eldt Sblil:]!}ﬁk!bfum?ﬂon eqpmrop.er!gdles as@éﬁg the tllﬁ@—‘le utral!lsea CtJlreH )c/)raereI are

i mpl i cated part '-Cwédlﬁedfgﬁ Cptm Mﬁgrwm@ he urease
ptid rding to the~invent nlst at whi ch

in H pylori. Another _
i's represented go {‘E'Evm ng sequence of 11 amno acids: Ala Lys Ile Cys
~Tyr Gu lle Ay Aarsuﬁt@le medium for carrying out a hybridization reaction |

~ between the H. pylori nudleic add and the probe,
- reagents for the detection of the hybrids possibly formed
A procedure for the use of this kit and for thein vitro
diagnosis of a H. pylari infection starting from a bidlogical sample is
characterized in that it comprises:

- the placing in contact of the sample to be tested whose DNA
and/or RNA has been previously made accessible, with a
previously specified probe under conditions allowing the
hybridization of the nudeic acid with the probe. =~
- the detection of a possible hybncllzatlm reaction between the
nucleic add and the probe.

| The nucleotide sequences of the invention can be cbtained
either by extraction of the nucleic acid from H. pylori and digestion
with selected endonucleases and purlﬂcatlm, or also by chemlcal '
~ synthesis.
| As an example the phosphctnater method such as descnbecl
by Narang, SA et al. in Meth. of Enzymol., 68, 90 (1979).may be
mentioned for the synthesis of such fragments of nudeic acids.
Ancther method which can be used for the preparation of
nuclectide fragments is the phosphotriester method as described by
Brown EL et al., in Meth. of Enzymdl., 68, 109 (1979).
i This preparation can also be carried out by an automated
- process for example by making use of diethylphosphoramidites as
starting components and in this case the synthesis can be carried out
according to the description of Beaucage et al,, Tetrahedron Letters
(1981), 22, 1859-1862.
Other advantages and properties of the invention will become
apparent in the Examples which follow and in the Figures. |
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- The pol ypeptides of the invention and in particular the polypeptide whose
sequence i s given above can be used for the production of nonocl onal or
pol ycl onal antibodies, or for the detection of antibodies in a biol ogical
‘'sanpl e infected by H. pylori. Mono ti bodi es can be prepared by _
the hybridoma procedure or by known s for the preparation of human
anti bodi es. These. antibodies can al so be prepared according to the - '

Proen: on Jgieltd SRbtBhis Hhd ot e R LB 201 e
sequence -of the above 11 an1no aci ds might be used in the context of a
‘reaction bl Rek} fifed"FedtPictici hilp ¥ the pILL585 hybrid cosmid and the
| pILL590 plasmid (Labigne et al.- 1991). The grey boxes represent the
DNA fragment required for the expression of the urease in C jejuni.
B: Random insertion of the transposon MiniTn3-Km. The numbers
(1 to 24) and the cirdes correspond to the insertion site of the |
~ transposon in pILL753; the (+) signs indicate that the transposon has
not inactivated the expression of the urease whereas the (-) signs
indicate that the expression of urease has been abdlished. |
' C; Linear restriction map of the hybrid plasmids pILL763 and
pILL768 generated by deletion ( A) within pILL753. The localization
of the genes (ureA toureH) is indicated by rectangles. The length of
~ the rectangles corresponds to the length of the DNA required to
express the paypeptides. The arrows refer to the crientation of
. transcription. The number of boxes at the bottom of the figure
indicates the size in kilobases of the restriction fragments. The
numbers in brackets correspond to the size of the H._pylori DNA
fragments inserted in one of the cloning vectors (pILL575, pILL550
or pILL570). B, BamHI; E, EcoR}; P, Pstf; H, HindlIIf; C Clal Sm,
~ Smal The letters between parentheses indicate that the restriction
sites belong to the vectcr.

Figure2: Urease activity expressed by E._coli HB101 harbouring
pILL753, as a function of time.

* Plates prepared with either an L-agar medium (ML) or a minimal
M9 medium supplemented with 10 mM L-arginine (MM) were each
- inoculated with a 100 ul aliquot of culture suspended
(108 bacteria/ml) in 0.85 % sterile NaCl. The plates were incubated
- -aerobically or microaerobically at (A) 30°C or (B) 37°C and the
activity measurements were made at the appropriate times. The
- asterisks indicate that no urease activity was detected. '
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urease. Ip addition, the invention relates to the use of the .nonoclonal or
pol ycl onal antibodies in conpositions to treat a H pylori infection. The
-object of the invention i-s also reconbi nant vectors char act erized in that

~ they cont ai ence of the, invention. Such re I nant, vectors may
be for exarﬁ@% ﬁﬁeﬂ%\% the geees 8@"!35&‘55 TR28Lor for -

carrying out the invention i-s characterlzed inthat it is the pI asmi d

P15 < Sl S e L

under the megien dituezh yharidt plasmiat pIEL753! Thelarmows corsespanditiothe
vector is Cﬁ%@%&%é&&ﬁ&w&toNA foagiierils? THe P EZa8 & 2 ned i
~ represent the oligonudeotides used to carry out and confirm the
- dligonuclectide determination.
~ B: Schematic representation of the five open readmg frames (ORFs)
“deduced fram the nuclectide sequence analysis and the number of
~ nudeotides. ATG corresponds to the initiation codon relative to
each gene.
C: The sizes and calculated mdemlar masses of the five acldltlcnal
- polypeptldes of H._pylori urease are indicated. |

E,gmg_g Nucleotide sequence of the ao::essa'y genes of H. pylori
| urease.

The numbers above the sequence indicate the position of the
nuclectides. The predicted amino acid sequences, ardered
sequentially,are : Urel (bp 211 to 795), UreE (bp 800 to 1309), UreF
(bp 1324 to 2091), UreG (bp 2123 to 2719) and UreH (bp 2722 to
3516). The potential ribosome-binding sequences (Shine-Dalgarng
SD sites) are underlined. The boxed-in sequences carrespond to the
sequences of the promoter-like type ( o 54) and the arrows above
the sequence indicate the loop structures with the elements of a rho-
independent end-of-transcription signal (Rosenberg et al. (1979)

~ Annu. Rev. Genet. 13.: 319-359). The dotted lines under the
amino acid sequence correspond to the DNA (ureD- or ATP (ureG) -
binding domain of the protein (Higgins et al. (1985) EMBO]J. 4:
1033-1040 and Pabo et al. (1984) Ann. Rev. Biochem 53; 293-321).

qumi Genetlc crgamzahon of the urease q:erm

" The relative posmons of the genes coding for pdypeptides |
associated with the urease operon of P, mirabilis (Jones et al. (1 989)
~ J. Bacteriol. 171 : 6414-6422), K, aerogenes (Mulrooney et al. - |
1990)and H. pylori are shown. The percentages refer to the
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HB101. deppsited with the CNCM on 3 Cctober 1991 under the number I-1149.
The object of the invention is also a reconbinant cell host (or reconbi nant
cell strain), characterized in that it is transformed by a nucl ectide '

;s‘ﬁﬂgetnfgngat i sfyi ng tnhg S e,c(i?i'i cations, Erﬁa\%&uqﬂ;ﬁt\ﬁ' Veéﬁﬁ@rs cel bﬂésgf
the accesswmteeuamwi-ﬁgm thao nes Whidndré umigue @tﬁelt?aa’mmth t he

precedi.ng specificatio A reconmbfnant cell host is preferably a strain of
H pylori nodified by one of the nucl eotide sequences previously specified,

and advantwtma@ﬁs ofidhetparentabancsmuttantestrains i ed

accessory gehes which it expresses contribute to the attenuation of the

ef fects of urease, in particular i ts pathogenic effects.
. Restriction prcfiles after enzymatic digestion of the total

DNAs of the 85P, N6 and mutant N6 (urease’) strains.

ﬁgg;g__agguﬂ Genomic orgamzahon of the 4 gm genes in the
genames of the 85P and N6 strains. The specific
DNA fragments were amplified starting from the
- chromosamal DNA extracted from the 85P and Né
- isolates of H, pylori by using 8 pairs of primers in
- conformity with Figure 10. The amplification
| ~ products were separated by electropharesis on
1.4% agarose gel. The values on each side of the gel
“carrespond to the dimensions (in kﬂobases) on the
1 kb ladder used as standard. -

Figure 11 : Immunchbiotting using antibodies

Eggmj_z_, Mutagenems by transposm schematic reprsentatlcn of
four necessary consecutive steps for the construction of
- mutantsin a H. pylori. bactenum.

Conjugation 1 : the transferable plasmid pOX38 of the IncF group
harbouring the transposon MiniTn3-Km is introduced into E. coli
HB 101 containing 1) the plasmid pTCA which expresses
_ constitutively the transposase Tn3 (ThpA) and is immune to Tn3
owing to the presence of the sequence Tn3-38bp and 2) the suicide
conjugation vectar containing the cloned fragment of H. pylori tobe
mutagenized. The kanamycin HB101 transconjugants are grown for
48 hours at 30°C and the bacteria are cm]ugated with _E,_Q_h DH1
(Na1).
Conjugation 2 : the cointegrates rsultmg from the transposition of
MiniTn3-Km in the plasmid derived from pILL570 in the absence of
resolvase are selected as cm]ugatlve kanamyan cuntegrates in the
DH1 cells. -
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20 For exanple, -such a reconbinant strain may be obtained by nutation of
the N6 strain of H pylori deposited with the NCIMB (National Collections of
I ndustrial and Marine Bacteria Ltd) in G eat Brltal n, on 26 June 1992 under

t he nunber CI[\/B 4051 on bein in at I st one of the
genes ureE :tg n&gra&ﬁﬂﬁseqn 3 MB struct ural

genes, for NS&MI;G(Rif)eﬁam gp q e in the
r cconbi nanfROIHOR, BY SEtig ot Beir B thefily g GBAE i o,
conf or mi t y ngplicorts; ane cmsrstmgﬁdhelmgnmll doadl'ﬁﬂ)ehanspmml y useful
reconbi nant B RERPTA3KMY3fid the other consisting of the hybrid
| plasmu:l derived from pILL570 in which MiniTn3-Km has been
inserted The positive selection of the resalved forms of the
cointegrates was obtained by selection of the N2114 transconjugants
with kanamycin on a medium containing 300 pg/ml of kanamycin
as well as 300 pg/ml of spectinomycin. The last step consisting of
the introduction of the mutant DNA in H. pylori may be carried out
by electroporating H.pylori with the plasmid DNA extracted from
E _ooli NS2114 (refa'ence'strain) obtained in stq) 3;
Figure 13: Restriction map of MiniTn3 according to Safert et al.
| (1986 PNAS, USA, 8_3 735-739) :

 The asterisk indicates in the pl'asn_i_id-pILL570 the restriction sites
-which were modified during the construction of the vector. |

1 - IDENTIFICATION OF THE GENES

jj;_p;dm 85P was isclated from a patient suffering from gastritis,
and corresponds to the strain described in Labigne et al. (J.
Bacterial. 173 : 1920-1931 (1991)). E._coli MC1061 (Maniatis et al.
(1983), Molecular cloning : A laboratory manual. Cdld Spring
Harbor Laboratory, Cold Spring Harbor N.Y.) was used as host in
the doning experiments and E. coli HB101 (HsdR hsdiM reA supE44
lacZ4 LeuB6 proA2 thi-1 Sm) (Boyer et al. (1969) J. Mdl. Biol. 41 :
-459-472) was used as host for the quantitative analysis of the =
~ expression of urease. The vectors and hybrids used in this study are
shown in Table 1. The E_coli strains were grown in L broth without
glucose (10 g of tryptone, 5 g cf.yeast extract and 5 g of NaCl per



which give rise to a urease-negative phenotype and conprise a nutant form
of at” | east of one of the genes ureE, ureF ureGureH or urel. An

i nactivation of the urel gene for exanple-makes it possible to prepare
urease-negative H. pylori strai ns Siml arlj)é certai n rrutatlons W thin urel

gi vg rise titer, pHeasZ0)agaonik gelose taining 1.0%vgelese) ahe ureA and
ureB gene -
9 ?pl @@ﬁingﬁlﬁ&f@ﬁ%n Cﬂé"’f&"ﬂ\é §elei:ﬁ@i'lt3'tﬁé No. 8 descri bed

in the exa es er par

useful tation, |aInyor t he
pr epar at i ofransfosnRamts 8 @F‘ﬂ'&lﬁy S’léﬁoqit-l ng H pylori

strains is k%r@ﬁ'\gbh?” 20) tbﬁ%cﬁbﬁﬁe& €2 cary ﬁﬁ)* memgwm cmt:f&[ll in

whi ch the ure exhlblts th

strain thuﬂbﬁ&@ﬁ“&or@ é!ﬂ?% % ponge
bacteria were grown on a medtum llmttmg the concentration of the

~nitrogen source constituted of a gelose-containing minimal M9

“medium without ammonium ions (pH = 7.4) containing 0.4% D-
glucose as carbon source and, unless otherwise indicated, 0. 2%
(wt/v) of L-glutamine sterilized by filtration and freshly prepared
(Pahel et al.(1982) J. Bacteriol. 150 : 202-213) as nitrogen source.

'-_d-_"" ,

The digestions with a restriction endonuclease, the filling of the
ends and the other standard operations concerning DNA were
- performed according to the standard procedures of Maniatis et al.

- (Maniatis et al.(1983), Mdlecular cloning: A laboratary manual.
Cold Spring Harbor Laboratary, Cold Spring Harbor N.Y.). The
partial digestions with Sau3A were performed at 20°Csoasto
retard enzymatic activity. The restriction endonudieases, the large
fragment of DNA pdymerase ], T4 DNA polymerase (used to create
blunt fragment ends) and T4 DNA ligase were supplied by

'Amersham Corp. Calf intestinal alkaline phosphatase was supphed
by Pharmacia The DNA fragments were separated by |
electrophoresis on harizanal gel slabs containing 1 or 1.4% agarose
and treated with Tris-acetate or Tris-phosphate buffers (Maniatis et
- al.(1983), Mdlecular cloning : A laboratory manual. Cold Spring
Harbor Laboratary, Cold Spring Harbor N.Y.). A scale of 1 kb
(Bethesda Research Laborataries) was used as molecular weight
standard. Electroelution of the DNA fragments from the agarose
- gels containing ethidium btromide (0.4 pg/ml) was performed as
previously described (] Bactenol 173 : 1920-1931 (1991) Labgne et
al.). ’
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: - the strain thus nutated | acks urease activity. However, it is possible to
transform other strains with the sequences of the invention. In particular,
‘recourse will be had to E.coli in order to create nutations in the genes
ureE ureF ureG ureH or urel, after their prior insertion into this strain,
for exanpl e throliygase@divity medi ary of a plasnid. The genes thus nutated
can then be introduced into another host cell, for exanple in Hpylori in
order to meke possi-ble an allelic rg

acenent and crea a mutation. Jt is
to be not edurﬁase@w\dywasdetmgur@sugpﬁgsrmmﬁmm inkol cell
?ﬁC?rSL ng E&iﬁéaliﬂmt_b'l‘i’i&dif a{mh(m bsﬁ_i:Pést?u{) ai@ﬁ?o.mh : ShYRE3PrCVi ded
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raised the pH causing a oolour change from arange to red.

- The urease activity was measured according to the Berthelot
reaction according to a modification of the procedure previously
described (Ferrero et al. (1991) Microb. Ecol. Hith. Dis. 4 : 121-134).
Briefly, the bacteria were harvested from the gelcse plates in 2.0 ml

- of sterile 0.85% NaCl and centrifuged at 12000 revs/min‘for 10
minutes at 4°C. The pellets were washed twice with 0.85% NaCl and

‘resuspended in 100 mM sodium phosphate buffer (pH 7.4)
 containing 10 mM EDTA (PEB). In order to prepare sonicated
extracts, the cells were lysed by four 30 s impulses from a Branson
Sonifier Model 450 set at 30W, 50% duty cycle. The cell debris were
removed before the urease determinations were made. The freshly
prepared samples (10-50 pl) were addexi to 200 pl of urea salution
~ substrate (50 mM urea prepared in PEB) and allowed to react at
room temperature for 30 minutes. The reactions were stapped by
the addition of 400 pl of phend-nitroprusside reagent and 400 pl of
alkaline hypochlarite reagent. The reaction mixture was incubated
at 50°C. Blanks in which urease activity was inactivated by bailing
for 5 minutes before the addition of the substrate were treated
similarly. The quantity of ammonia released was determined using
a calibration curve estatlishing the relationship between Ag25 and
the ammonium ion concentration (from NH4 Q). It was assumed
- that the release of 2 pmol of ammonia is equivalent to the hydrdlysis
of 1 pmol of urea. Urease activity was expressed in umal of urea
hydrdlysed/min/mg of bacterial protein. |

The protein concentrations were determined according to the
Bradford assay (Sigma Chemicals). In order to salubilize the
proteins in the whale céll extracts, the cell suspensions prepared in
TPE were centrifuged and the pellets were resuspended in a -



Mor eqver, ,the reconbi nant E.coli strain é%k be used to produce the

pol ypeptides UreE, UeF, UeG UeHor Wel and purify themby neans of
.standard procedures The reconbi nant strains of H pylori with attenuated
" urease activity can also be used for the transport and expression of

het er ol ogousalétion of actyl-beta-D-glucopyrancsiderinesder te estatblish « final

Pecour se w EECERHE eoncentiifan ch (e %Aﬁ“ﬁ%@%@rg?‘%ﬁf’%bd i

the exanples of .this appllcatlon Thi s electroporatlon procedure may
optionally be nodiranthd - - of giving an
electric shock to ST Or 1T 1 ' tuggest s
agents for protection against an |nfect|on due to H pylori, in particular.

by the adni e MiniTnIKandeliveeyisystenrwas used t@pi-édabéchﬁnthﬁ%ﬁﬁm nant -
cell Str& Ny random insertion in the DNA fragment cloned in pILLS70.

The MiniTn3 system described by Seifert e_t al. (1 986 PNAS USA 83:
735-739) making use of the plasmid pOX38 as donor of the
- transposable element and the trans-acting plasmid pTCA and
- supplying the enzyme transposase Tn3 (Seifert et al. 1985 Genetic
- Engineering Principles and Methads Vol. 8 : p.123-134 Setlow, J. and
Hollaeinder, A, Editors, Plenum Press New-York) and the strain
NS2114 harbouring the cre gene coding far the recombinase P1 -
spedific for the lax site were used for the mutagenesis of DNA
fragments with the fol]owmg modifi catlms

i) the MiniTh3 was modified by removing the BglI-EcoRI
- fragment of the gene coding for the beta-lactamase in the
- plasmid pTn (Seifert et al. 1986, already cited) and by
replacing it with the Clal--C_jejuni kanamydin cassette (1.4 kb
long described by Labigne-Roussel et al (1988 J. Bacteriol. 170 :
~ 1704-1708)). This novel insertion agent MiniTn3-Km was
 transposed into the transferable plasmid pOX38 as described
by Seifert et al. (1986 already mentioned) which leads to the
production of the plasmid pILL553 | '

i) the conjugative spectinomydn suicide vectar pILL570
already described by Labigne et al. (1991 . Bacteridl. 173 :
1920-1931) was used for the doning of the fragment used for
mutagenesis. This suicide vector was derived from pILL560
(Labigne-Roussel et al. 1988 J. Bacteridl. 170 : 1704-1768)

whose DNA sequencs r&spmsﬂ:le for immunity to Tn3 have
been deleted; . . . |

iii) the plasmid IncP, pRK212.1 of the "complementing
plasmid” (Figurski et al. 1979 PNAS USA 76 : 1648-1652) was
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characterized by an attenuated urease activity. Such inmmunogenic
conposi tfon can be used in human nedi ci ne ‘An i nmunogeni c. conposi tion may
contain strains such as H pylori cells whose urease activity is attenuated

by insertion in the gtrai of a, nucleot| enc ccor t he
invention beari ﬁ&tﬁﬁ t r&'@sﬁa@ﬁ R andReE
ureF ureG ureH Mmﬂtﬁhﬁdfmsmmmm thesere

3?22!2”%5?623;&@#%%” ?‘1 el oo F8P B SR g o Tenuat e
of the genes ur ¢ransedhjugasuharbouri theeﬁnt@atqreH or urel or by

expression of a truncate formof a polypeptide inplicated in the
structure, maturation or regulation of the urease. The Obj ect of the:

invention is al 4v)4he effectiveiresolution af thexgointegratesa{progudsiofl edect i on
in a given biol qgkegtatiGAPas positively selected owing to the large number
of copies of the plasmid derived from pILL570 by depositing
- on plates the third mixture obtained on a medium oontammg
500 pg of kanamycm and 300 L of spectmanycm

DN.A_ae_tmmgng

Suitable DNA fragments were claned in M13mp19 and M13mp18
(Messing et al. (1982) Gene 19 : 269-276) in order toread the two
complementary strands independently. The clones containing the

insertion fragments were identified with the aid of X-Gal (5-bromo-
4- chloro-3-mdoly1-beta—D-galactopyrmoslde) and 1sopropyl-beta-D—

~ thiogalactopyrancside. The single strands of the recombined

~ plasmids M13mp18 and M13mp19 were cbtained by the
pdlyethylene glycol method (Sanger et al. (1980) J. Mdl. Biol. 143:
161-178). The sequencing was performed according to the chain
termination method using dideaxynuclectides (Sanger et al. (1977)
‘Proc. Natl. Acad. Sd. USA 74 : 5463-5467) with the aid of the
necessary Sequenase (United States Biochemical Corp.). The
sequencing of the double-stranded DNA was also carried out by the
chain termination method using didecxynuclectides with the
necessary Sequenase by use of plasmid DNA purified on a cesium
chloride gradient (Zhang et al. (1988) Nudleic Acids Research 16 :

~ 1220). Three microgram samples of DNA were first denatured with
a1 M NaOH sdlution (total volume 20 pl), then neutralized with
2 pl of 2M ammonium acetate (pH 4.6). The DNA was precipitated
after addition of 60 pl of cold 100% ethandl, incubation at -70°C for

10 minutes and centrifugation at 4°C for 20 minutes. After washing
with 60 pl cold 80% ethandl, the pellet was resuspended in 10 pl of
sequencing buffer containing 0.5 pmol of primer and incubated for 3
minutes at 65°C. After incubation for 30 minutes at room
temperature the sequencing was carried out.




:] characterized in that it contains: - at |east one pair of nudectide priners
1 neeting:the above criteria, capable of hybidizing wwth the 5 and 3' ends
-4 of a specific .nucleotide fragnent of at |east one nucleotide sequence _
{1 corresponding to a gene sel ected from ur eE, ‘ureF. ureGureH or urel, 22
- reagents for the extraction of the nucleic acids fromthe "
gtreated sanm-%agents for carrying out the polynerization of the said
§ nucl eotide fragnent starting from the nudeotide pr| mers, in partlcul ar
I pdyner ases ,' 9 antis

- Ecdli transformants harbouring the cosmid pILL585 were spread on
glucose-containing minimal M9 medium supplemented with 0.2%
of L-glutamine (as sole nitrogen source) ar L medium and incubated
at 37°C for 48 hours. The transformants were then screened for
urease activity by means of a quantitative colorimetric assay carried
out in a urea-indole medium. The activity was only observed in the

- transformants of E. cdli HB101 which had undergone several
passages (more than 5 passages) on the minimal medium at 37°C
under aerobic conditions. These are thus the conditions which were
used for the qualitative determination of the expression of urease in
the E cali dones. No urease activity was detected in the | -
transfa,'mants grown on a medium rich in nitrogen. -

The trmsfa'mahm of the E. ooli strain HB101 with the plasmid
pILL590 containing a fragment of 4.2 kb identified as the minimal-
region necessary for the expression of urease in C_jejuni (Labigne et

“al. (1991) J. Bacteridl. 173 : 1920-1931) in E. coli cells even after |
culture and passage in a medium in which the concentration of
nitrogen source is limiting. This implies that the genes present on
the cosmid but absent from the plasmid pILL590 are necessary for
the expression of urease in E,_ooli.

In the absence of detectable urease activity in the E._colj strain
harbouring the recombinant plasmid pILL590, the 34 kb insertion
fragment of the cosmid pILL585 was subjected to partial digestion
with the endonuclease Sau3A in order to produce fragments -
included between 7 and 12 kb. They were treated with alkaline
phosphatase to prevent any rearrangement of the initial genome
and ligated to the linearized plasmid pILL570 with BamHL After



qanplification of the fragnent which it is deéired to anplify,

jone nudeoti de sequence which can be used as probe and which

- at |east
i's capabl e of

hybridi zingwith the anplified DNA fragnment under defined conditions

Joptional Iy, teanstarrhationvireE. bl HBI0Ticeh fanshaenasit Tesistant per L1 cul ar
Jenbodi ment of the invention LS 0 po Sible to I nclu i'n_the Kit: '
Jan internal W as Lﬁ?@af ﬁrﬁt CaPRASILY 1) e

qby a nucl ei chyeiol swrwdﬂdapirmmmmm s@né doneaaxhibited] 2ei ng
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dthat it is msamns sonict contained anvinsestioni fragmentof being .
addi K PRRraTaddadt |
Sr. Irr;Lon?hegleP%rl mer's %ie'l n se CH\?I Paﬁa i;ﬁﬁﬂll ériﬂaﬁ:bédt on

relative to the umque and Pst restriction sites of the vector
pILL570 (Figure 1). The comparison of the restriction map of the
~ plasmid pILL753 with that of the recombinant plasmid previously
described showed that the insertion fragment of pILL753 had an
~ additional DNA fragment of 4.6 kb situated downstream from the
four genes for urease previously identified in the plasmld pILL590

(1eg_§A_@EgL§§mdu.r.e.D

In order to define the growth conditions which ensure the optimal

‘expression of the urease genes of H. pylori in E_coli, the

activity of

the clones harbouring pILL753 was assessed quantitatively after
culture on minimal medium supplemented with various nitrogen
sources. In all cases, a solid minimal basic medium was used since

- studies have shown that the urease activnty was very low in cultures

grown in a liquid medium.

The relative activities of the cultures on media supplemented with
L-argining L-glutamine L-glutamate, NH4Cl and urea (each at a

final concentration of 10 mM) were, rspectwely 100%,
46% and 20%.

36%, 27%,

The urease activity was optlmal in the cultures grown on a medium
supplemented with L-arginine. Urease activity was not detected in

cultures grown on a medium rich in nitrogen.

Although the presence of free Ni2+ fcns may have a stimulatu'y
effect on the urease activity (Mulrooney et al. (1989) J. Gen.
Microbiol. 135 : 1769-1776 and Mobley et al. (1989) Microbidl. Rev.
53 : 85-108) this was not shown on the urease activity of the cells

- harbourmg pILL753



fromthe prinmers of the invention, and - a probe capabl e of ‘hybridizing
Wi th the nucleic acid contained in the internal control, - optionally, a
reverse transci ptase to produce the. cDNA fromthe RNA possibly present in
the sanple tested. The presence of an |nternal control added to the sanple
makes it possible to detect the presence of "false negatlves anong t he

sanpl es. | nThecanalysis duringthe @smofmreaseuntm&m_pdm does not
{ detect an a hﬁemgys3o a%}kdwq.pmat ns an
‘inhibitor o an I nhi Dl or |nders :
{ anpl i fi cat | BAaXM rgaaeadwniywas 'qeﬁadays@saemblcemdﬁure
diutions opt Qe ashfinRAE ted chted Wit g%pm riglife
presence of l or1 nucleic, ac |ntern cont ﬁ

posi tive redt M@g@&!‘ﬂgyr‘@aﬂ? eﬁl&ﬁmma ént he

deduction t hm'dgen was higher after culture in microaerobiosis . On the other
hand, microaerobic conditions had a repressive effect on the |
activities d the mtrogen—hrmtmg cultures.

~ The urease activity of the E. ool cells harbo__uring pILL753 in culture
~ under aercbic conditions for 3 days at 37°C in a minimal medium
supplemented with arginine was 0.9 +/- 0.4 pmol of urea
hydrdlysed per minute per mg of protein. In-comparison, the H,
pylori isdate used for doning the urease genes hydrdysed urea at a
rate of 23.2 +I 2.3 p,md/mn/mg protem.

In order to define the DNA necessary for the urease—posmve
phenctype, derivatives of pILL753 carrying the transposable
element MiniTn3-Km were first isolated according to a procedure

~ previously described (see Materials and Methods). E._coli HB101
transformants carrying the transpmms were all screened with
regard to urease activity. They were called pILL753 :: x where x |
designates the insertion site of MiniTn3-Km as shown on the map in

- Figure 1. Out of the 24 insertions selected for the analysis, 10
derivatives had totally lost the capauty to hydrolyseurea (2, 3, 4, 5,
6, 10, 11, 12, 13 and 14). whereas 14 conserved the urease-positive
phenotype. These results confirm that every insertional mutation
which maps in the ureA and ureB genes (mutants 2, 3, 4, 5 and 6)
abolishes urase activity but show also that a DNA fragment of
2.6 kb situated further downstream from ureB is necessary for the
expression of a urease-positive phenotype in E._coli grown under
nitrogen-limiting conditions. On the other hand, from the results

- relating to transposon mutagenesis, a DNA fragment of 600 bp



| pylori i s indeed absent. 23 It is noted that the priners incorporated
jinte the internal control are not necessarily those of the invention.
However, the choice of other prinmers may lead to reduced sensitivity. As an

Ll S Ao o g e 1

sal i va or sshown the expression oft urease-activi
j pollution or foodstuffs contrd. The invention also relates to a procedure

for the in vitro di nosj s of, a |nfeC|ond to H oyii i.n a defined .
1 bi ol ogi cal- Additiona Pana yses including the 1shmmtp& eletions in the

- insertion fragment pILL753 have _been carried out in order to obtain
~ abetter understanding of the conditions necessary for the |
expression of an active urease in E, coli cells. E. coli subclones
carrying the plasmid derivatives have been subjected to the
quantitative determination of urease activity under the nitrogen-
limiting conditions defined above. The results are summarized in
Table 2. All of the subclones were derivatives of the same vector
pILL570 so that the results can be compared One of them, plasmid
'pILL768, was obtained by autdligation of the large EcoRI fragment
produced from the digestion product using a restriction enzyme of
the plasmid pILL753::16 (Figure 1). This construction led to a
deletion of 2.95 kb at the 3' end of the insertion segment pILL753.
The cells carrying this plasmid express a comparatively low urease
~ activity (Table 2). The plasmid pILL763 was obtained by clomng of
the Clal-Pst] restriction fragment of the plasmid pILL753:1 in the
- linearised vector pILL570. This construction in which a DNA
| fragment of
1.75 kb containing the prevxmsly described genes ureC and g_tg_D
was deleted, expressed a urease activity appraximately twice as
* high as those of the cells harbouring pILL753. In no case did
deletions or insertions lead to constitutive urease activity.

I _the 11.2 kb fragment necessary for the expression of urease in E,
coli, a DNA fragment of 3.2 kb localized immediately downstream
from the ureB gene was identified following the strategy of Figure 3.

i) the 1.2 kb HindlIII fragment and the 1.3 kb BamHI-HindIlI
fragment were sequenced independently after : a) cloning of
the previously mentioned restriction fragments, b) SpHI-
BamHI, SpHI-Hindll fragments, ¢) BamHI-HindlI fragments



1 sanpl e characterized in that it conprises the st_éps of : a) pl acing the
4 nucteic ‘acid of the sampl e likely to contain H pylori under conditions
rendering it accessible |n the formof single stranded DNA or RNA in '

j |C(r)1\r/]tef\1tclt o\rllvI t?hgt S&Qhé S ngblggk?ﬁ@ ) IBBVB?Md‘%gQPL?énBa eic
{ acid of H - pyl orﬂﬁf?#r{ﬁ? ﬁ tmg ﬁﬁi# %e synthesis of the

{ el ongat i onferoducts of the said prinmers, each st rand of the nucl eoti SEmer'
| AT A
from each st rgnd ?%L?ﬁglﬁll& Fﬁ@@h&tsly Efes&ﬁ@:e% Wef8 éﬁnéadufapabl e

of hybri di zi ng e prl
- the DNA d the p ages Mi3mp18 and M13mp19

iii) twelve dngonucleohde pnme's were synthesized to

confirm the reading and to produce sequences overlappmg .
the three sequenced fragments independently. These primers

were used for sequence anélyses of double stranded DNA

The sequenoe analysis revealed five open reading frames (ORFs)
calledgrglgj;gE,ngEgLegandmﬂ, These genes are all
transcribed in the same direction and it is anticipated that they code
for peptides of 195, 170, 256, 199 and 256 amino acids. An ORF of
appreciable length was not observed on the reverse complement of
the sequence illustrated in Figure 4. The five ORFs commence with
the characteristic starting codon ATG. Four of the five ORFs were
preceded by sites similar to the E._coli consensus sequence for
- 'ribosome binding (Shine-Dalgarno) (Shine et al. (1974) Proc Natl
~ Acad. Sci. USA 71 : 1342-1346).
The regions upstream from each ORF have been the subject of
research for the presence of nitrogen regulahon sites with the
sequence TGGYAYRNQYYGCZinwhich Y=Ta C R=Goa Aand
Z=Aor T (Morett et al. (1989) J. Mdl. Bidl. 210 : 65-77). Only one
site was found at 210 bp upstream fram the ureG locus. lts precise
- position is shown in Figure 4. Consensus sequences of the E. coli
promoter type (o 70) were observed upstream from the genes ur_g].
“ureF and ureH (TTGACA, -35 and TATAAT, -10).

asmidds:t starti ng :



in contact with

anmpl i fi cMO 8303273 he desired nucleic acid in sufficient quantiRGT/FRIRH921

a nucl eoti de probe under coniditions allowi ng the detection of the presence

-detected is obtained, d) placing of the product of step c)
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24 reverdEYYAMSCriptase to lead to the 3ynthesis of cDNA fromthe RNA
poss$i bl ¥ present in the test sanple The invention also relates to a kit for
the in vitro diagnosis of a H pylori infection characterized  in that it
contains: --a defined quantlty of probes according to the preceding
~specification, - aZBBLE 2hl e nedium for . carrying out a. hybr| di zati on

he. detocti on of t HEcRePBRR of e Bigperoih ol it eufall Aadiasret R B of

this kit and for thredse sactivotyliingtiesiE cdlinHBLQl cheories gfwvei inderst arti ng
from a bi ol ogi cal | e i racte In that it conprises: - the
_ pI acing in cont actn%#%lg éﬂ'ﬁg 8"%“%‘ ted whose DNA _ _

_ _ S -} Mean values
~ pifferent genotype of . Urease activity
Plasmid E.coliHB101 pILL753 (umol unea/:mu;._
.. N . ng -
pILL753 (2) - | o,86% 0,39
pILL753::3 |  ureA dégraded neg (3
PILL753:: ureB dégradd neg
pILL753:: urel dégradd 1,1 % 0,23
pIIL753::10] - ureP dégraded | neg
PpILL753::11|  ureG dégradd | neg
|pIIL?53::23|  ureH dégraded | neg
pILL753::16|  insertion downstream | 0,66 % 0,11(4)
pILL763 | urec et ureD deletefd | 2,14 £ 0,16
pILL768 délétion at 3'domstzeam 0,57 £ 0,28
. from ureR
{1) | Bacteria grown in aerobic medium for 3 days on M9 minimal s aan

medium supplemented with 0.01 M L-arginine at 37°C.
(2) For comparison, the urease activity of H. pylori 8P, the -
~ isolate from which the DNA was cloned, was 23 +/- 2.3 pmol
urea/min /mg protein.
(3) N6 urease activity was detected
(4) Result of one particular measurement : 0.73 -
(5) Result of one particular measurement : 0.10
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and/or RNA has been previously nmade accessible, wth a previously speC|f|ed
probe under conditions allow ng the hybridization of the nucleic acid with
the probe - the detection of a possible hybridization reaction between the

-nucl ei c aci ' E robe. The nucl eotide sequences of -the invention can
be obt ai ned xtraction of the nucleic acid fromH pylori and -
digestion with sel ected endonucl eases and purification, or also by chem cal

| iépgggmg Aﬁ‘&aﬁnﬁx%%%m gm hogr.i ster meIh S .ch as_. de cri bedned

for the syndessied ﬁfmm_l;h_mmmstpreﬁemwlm aci ds. Anot her met hod whi ch
can be used for the preparation of nuclectide fragnents is the
phosphotri est er nmet hod as descrl bed by Brown EL et al., in Meth of
Enzymol ., 68hiphasibeey) possible by growing E. ooli lsharbounngthe

urease recombinant cosmid pILL585 (Labigne et al., mentioned
“above - 1991) on a minimal medium containing a nitrogen-limiting

source. The results obtained have made it possible to show that the
urease genes of H, pylari are probably under the contral of the
nitrogen regulatory system (NTR); and that the urease activity in
the E._ooli cells is dependent on the presence of a set of genes which
have been described in the preceding pages. This set of genes has
been localised immediately downstream from the four genes ureA,

- ureB, ureC and ureD described in the publication by Labigne et al.,
1991, mentioned above. These novel genes are situated on a 3.2 kb
fragment comprising five open reading frames which are

- designated urel ureE ureE ureG and ureH,

The use of insertional mutations and deletions in the 11.2 kb DNA

fragment (pILL753) subcloned from the ariginal cosmid has made it

possible to show thatthegensgr_eA g_ﬂ mlgegandmﬁare'

necessary for the expression of urease adtivity in E. ¢oli. On the

other hand, insertional mutations within the urel gene donot

appreciably affect urease activity in the E._ooli cells. The deletion of
the ureC gene and the ureD) gene (as in the plasmid pILL763)

resulted in activities which were s:gmﬁ-ntly higher than those -

obtained in the cells carrying the plasmids with the lodi intact, .

suggesting a regulatory rde of this regncn of the urease gene cluster

ml:L_pxlm

It seems clear that pILL753 probably does not carry the set of
elements necessary for the complete expression of urease ‘The
principal proof for that is that : on the one hand, the E._ooli cells
harbouring pILL753 had a urease activity approximately 25 times
lower than that of the H. pylori isolate used initially for doning; on
- the cther hand, the deletion of the region downstream from g_r_gH
(PILL768) led to a considerable diminution of urease activity. It is



41
Thi s preparatlon can al so be carried out by an automat ed process for

exanpl e by maki ng use of. diethyl phosphoram dites as starting conponents and
inh this case the synthesis can be carried cut accordlng to the description
of Beaucage et al., Tetrahedron Letters (1981) 1859-1862. O her

advant ages mterqﬂmgtomﬁ requmssnhe)pm aesmallm he

Exanpl es wij e?Fr
Subclonlng a tra& tag S 0O ﬁ} |near res rlctlon map
of the pl Lresylts,obtaingdsin d@l ble - .

1991) ‘The &rwﬂfﬂea‘ieﬁﬁﬁgeﬁ@fuﬁ&ms of the clones genes d H._pxlm

The requirement for accessory genes has also been demaonstrated for
Providencia stuartii (Mulroconey et al. (1988) J. Bacteridl. 170 : 2202-

1 2207), a urease-posntlveE,_Qh(Collms et al. - 1988), Klebsiella Ny

- pneumonia (Gerlach et al (1988) FEMS Microbidl. Lett. 50 : 131-135),
' ggg vulgaris (Marsdorf et al (1990) FEMS Microbial. Lett. 66:
67-74), locoocu icus (Gatermann et al. (1989)
Infect. Immun 57 : 2998-3002), Klebsiella aerogenes (Mulrooney et
al. - 1990) and _Emtgg__rm:ggh;(]ones et al. (1989) J. Bact. 171 : 6414-

- 6422 and Walz et al. (1988) J. Bacteridl. 170 : 1027-1033). -

Figure 5 presents a comparison of three regions coding for urease,

~ in several spedes of bacteria and shows the similarities as well as
the distinctive characteristics of each. The degree of relatedness in
terms of genetic organization and polypeptides encoded is stronger
between P. mirahilis and K._aerogenes than for each of the others in
comparison with H. pylori. Whereas the pdypeptide UreGof H.
pylori exhibited a strong similarity with that of K. _aerogenes (92%
conserved and 59% identical), the degrees of conservation and
identity between the polypeptides UreE and UreF of H._pylari and
K. aerogenes were: (33% and 14%), (44% and 11.6%) , respectively.
Mulrooney et al. observed that the K. aerogenes genes coding for
the accessory proteins UreE, Urel and UreG are implicated in the
activation of the apoenzyme by incorporation of nickel into the
urease subunits. Owing to the presence of series of histidine
residlues at the-carbaxyl terminus of the polypeptide UreE of -
Klebsiella and Proteus, Mulromey et al. proposed that UreE might
interact with the nickel in arder to transfer it subsequently to the
aopoenzyme. Such a series of residues has not been found in the
polypeptide UreE of ﬂ,_pxlm nor in any other products of the
urease genes.

The search for sxrmlantles between the amino acnd sequence
. deduced frcm the urease genes of H._p)dm and the consensus
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DNA fragment required for the expression of the urease in C jejuni. B
Random i nsertion of the transposon M ni Tn3-Km The nunbers (1 to 24) and
the cirdes correspond to the insertion site of - the transposon in plLL753;

th + [ I ndi cat e t the t h t he
' exgres)sigo%% i e tﬁﬁﬁ&sﬁa\rﬁg go ﬁ&lﬂl\: f&&b X gRessi on

'OT Ul’egse PQE‘7 d Hl ﬂ@f@é ;3985‘ { Q‘@I 'Blé thebr dLL753
asim as e e. I .
'FI)'he | ocal |p2 #EE M#ﬁ&ﬂ&%l es.
The length qéne (Pigure dthasthermawmuseHomBa-\VedgAEPohndbmme equi red

E?aﬁégﬁzi on. @? KI?r;o s é(tl);lelgr at gﬁaﬁﬂlom o#}ﬁ? ﬁbﬁﬁgre | nd| cates

t he size i uteG @gen&s of the restriction fragments.. The nunbers in brackets .

correspond bxﬂﬁti"tﬁ&'ﬂl‘o%vi rtigthd N one of the
~ cloning vec rg'ﬁ?as Eg%ewﬁ gr_IareuquE fq'a% |
| | H_g}dgg.’lhen the urease region consists of three blocks of genes
. which are transcribed in the same direction and possess an
intergenic region of 420 bp between ureD and ureA and 200bp .
between ureB and urel This suggests a genetic arganization
peculiar to H. pylori, in which the three blocks of genes can be

regulated independently.

 Lis generally accepted that the synthesis of urease by H. pylori is
~ constitutive. The results presented here tend to show that the

~ expression of the urease genes of H. pylori might in fact be under
the control of a regulatory system. In fadt, the expression of the
-urease genes of H,_pylori once transferred to E._coli is ccmp]etely
under the contrd of the nitrogen regulatory system (NTR). tis
possible that the urease genes of H. pylari are directly dependent on
~ the synthesis of the products of the nirA nirB ntrC genes of E. cdli
‘but it can not be excluded that they are dependent on the expression
of one or mare other genes coding for one or more regulatory -
protein(s) similar to the ntr products of E. coli. On the basis of these
data it may be imagined that physiclogical parameters such as the
presence of a solid medium or a microaerophilic atmosphere may
play a rde in the expression of urease in H, pylori in vitroorin
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or plLL570). B, BanH; E, EcoRl; P, Pdtl; H Hndlll; C dal; Sm Smal.
The letters between par ent heses indicate that the restriction sites bel ong
to the vector. Figure 2: Urease activity expressed by E. coli HB101

har bouri ng L m pared with either an
2 ed with 10 niM

L-agar nedi Bn(¥ SERARA
L-argi nine (M) were each I nocul ated with a 100 ul aliquot of culture

suspended (10[err] bacteria/m) in 0.85 %sterile NaC. The plates were
I ncubat ed -aerobically or mcroaerobically at (A) 30C or (B) 37[err]C and

the activity measStrainstused:for theleledtroperation axperimentseseverel ast er i sks
'ndicate that nouARRSfsiatdd Hom'Biophies W tested for their capacity to
. be electroporated, including the strain 85P described in the
publication by Labigne et al.- 1991, mentioned above from
“which the initial cloning of the urease genes was
accomplished. A single strain designated N6 deposited with
the CNCM under the number I-1150 on 3 October 1991 gave
~ positive results. .

- Creation of mutants in the doned fragment of the
chromosome of H. pylori, strain 85P : the mutants are
prepared by mutagenesis by means of a transposon (MiniTn3-
Km) which enables the element (transposition element) to be
inserted randomly. The insertion site of each of the |

~ transposition elements was defmed by restriction ana1y515 of
the derived plasmids

| (cf Figure 1). |

- Electroporation : 1010 cells of H_px]gl were harvested on
‘blood gelose (10% horse blood) washed with glycerd /sucrose
solution (15% v/v and 9% wt/v) and resuspendedina
volume of 50 pl at 4°C. 500 ng of plasmid DNA purified on
CsQ and dialysed immediately against distilled water were
 added in a volume of 1 pl to the cells at 4°C. After 1 minute on
ice the cells and the DNA were transferred to an electro-
poration cuvette precooled to -20°C (BioRad catalogue
No : 165-2086, 0.2 cm wide), then placed in the Gene pulser
apparatus - BioRad which was set at the following parameters
: 25F, 2.5kV and 200 ohms. After delivery of the electrical
impulse with constant times of 4.5 to 5 mseg, the bacteria were

resuspended in 100 pl of SOC buffer (2% Bacto tryptone, 0.5%
Bacto yeast extract, 10 mM NaCl, 2.5 mM KQ, 10 mM MgCla,

10 mM MgSO4, 20 mM glucose), and inoculated on non-
selective blood gelose (without kanamydin, but induding
vancomycin, trimethoprim, palymixin, nalidixic acid,
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26 Figure 3: DNA sequence of the accessory genes of H pylori urease A
Strategy for the sequencing of the accessory genes of the urease region of
the hybrid plasm d plLL753. The arrows correspond to the si zes of the

equenced DNA fra rowheads he .ol i gonu otldes :

3523 to carry o@gﬁb"%ﬁ eﬁf?ﬂé%e‘bqﬂ B??pge H?Frgﬁ Mhemat i ¢
regresegt ation catmbsphiere. 'i'herb?etailmaréthmﬁ dmxﬁdedunm .
nudeot i de seque corresponds
to the initi gt [ %&%ﬂ&%@g ‘?@‘@Qgﬁ?@ﬁé‘wgﬁ@rﬁéﬁﬁfﬁ d.cal cul at ed
mol ecul ar nassessuspension are sprieadl omselettivey gdose plates | urease are
'upggggt ed Fi gur &ificli¥ed 2 hﬁ?ﬁf%%&dﬂ%ﬁé%ﬁﬂ@éﬂtﬁi pylori

described above). The growth of the transformed bacteria

resistant to kanamyan appears after 4 days' incubation at 37°C

in a microaerophilic atmcsphere.

The other techmqus incuding PCR and Southern and Westem
blots are standard procedures.

E.SLE;LS

Two mutations generated by insertion of MiniTn3-Km into the

- ureB gene present in the plasmid pILL753 were studied in detail.
.. They are the mutations numbered 3 and 4. The precise position of
each of the insertions is guven in Figure 6. The plasmids o

- carresponding to these insertions were prepared, purified and

- concentrated. Bacteria resistant to kanamycin exhibiting all of the

 characteristics of strain Né of H._pylori used for electroporation
w_ere obtamed, they are o:mpletely incapable of hydrdysmg urea

Cmtrds have made it possnble to venfy that the mutant stram
is an isogenic stram . .

* although “urease negative" the strains have the characteristic
biochemical properties of the bacteria belonging to the species
H. pylori (oddase, catalase. sensitivity to xygen);

* the parent bacteria (N6) (CNCM No.I1 150) and thei Isogemc
bacteria N6:TnKm-3 and Né: TnKm-4 have the same

restriction profiles after enzymatlc digestion of the total DNAs
(ct. Flgure 8);

* after enzymatlc. ampliﬁcatim with the aid of primers specific
for H. pylori and sequencing of the amplified product the |
- same nuclectide sequences were found whereas independent
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The nunbers above the sequence indicate the position of the nucleotides.

The predicted am no acid sequences, ordered sequentially,are: Uel (bp 211
to 795), UreE (bp 800 to 1309), UreF (bp 1324 to 2091), UreG (bp 2123 to .
2719) and UreH (bp 2722 to 3516) The potential ribosone-bindi ng sequences
( Shi ne- Dal gar no Sipains %ﬁapﬂm emhh&hamemqumm cor r espond

to the sequence hg¢ Pjg& drveticy }"Tﬁ‘ﬁ:‘ﬂi ) and the arrows above
t he sequence |n %&FE Pﬁﬂg 00 Fr%cture?ij esélq:ements of a.rho-

i ndependent end- of - transcrlptlon si gnal (Rosenberg et al. (1979) "Annu. Rev.

Genet . 13d flgtﬁﬁ g tridizaﬁgﬁtmf théetestrictione t o
(Figgins et al. a&ém@% &q:ggﬁ %é%ﬁil%ﬂgefﬁa DAt "

Rev. Bi ochem 53paf@itaband mutankstrai: provides ewidence of the t he urease
operon The rel at +éi§la88ﬁﬁéﬂt°&5 b gé?ﬁs%agaré%qa &gsnfaﬁaeaaaqes
Flgure 6).

- One of the dlfficultles enoountered results fra'n the fact that
the transfarmed strain (N6) is not the one from which the
cloning of the urease genes was performed, this latter strain
being the strain 85P and that the HindIll and BamHI

 restriction sites are not conserved from one strain to ancther :
a probe corresponding to the 8.1 kb fragment derived from
pILL590 (Figure 1) dearly shows HindIII restriction profiles
which differ between N6 and 85P (Figure 9), in particular the

~ absence of 1.25 kb and 1.15 kb fragments. On the cther hand,
the HindIII 41 kb fragment and the BamHI 5.1 kband 1.3 kb .
fragments are conserved. Hence it has been cmﬁrmed by
enzymatic amplification (PCR) with the aid of
dligonuciectides distributed over the entire region
carresponding to the genes ureA, ureB ureC and ureD that

- the amplification producs 1 to 6 shown in Figure 10 are the
same in both strains, and that the absence of the HindIII '
restriction sites reflects gene polymorphism and not a major
rearrangement of the urease region. Such confirmation makes
it possible to confirm unambiguously the gene replacement of
the wild-type allele by the mutant allele in the two mutants

created. o - -

* finally, it was confirmed by immunoblotting with the aid of
anti-urease or anti- H. pylori antibodies prepared in_the rabbit,
or anti-H,_pylori present in the serum of patients infected by
H._pvlari that the mutant strains N6::TnKm-3 and N6:: ThKm4
no longer express the 61 KDaltons pdlypeptide encoded in the
- ureB gene and hence that the ureB gene of these strains has
‘indeed been mterrupted (ﬁgure 11)
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associated with the urease operon of P.mrabilis(Jores—et—al—(1989) ]

Bacteriol. 171: 6414-6422), K aerogenes (Nhlrooney et al. - 1990)and H.
pyl ori are shown. The percentages refer to the - 27Tb I&w@nmdklmxd
i dentical am no acids between two rel ated genes. The resent
the genes which are unique to the opdChAINM{Boures 6 a of t he

parental and nmutant strains Figure 8: Restriction profiles after enzynatlc
digestion of the total DNAs of the 85P, N6 and nmutant N6 (urease) strains.
Fi gures 9 ahf. 10Nugtectide mmwtdwa&denMg&nsmshMe@&pms of

from the  of in¥hat if torripfisel o 'lbast Bhe o HERRfeil dcta WBRjuén &l start! ng
| ~ corresponding to the genes called ureE, ureE ureG, ureH and urel
represented by the nudeotide sequences shown in Figure 4 or any
part of at least one of these nucleic acid sequences.
2/. Nucledtide sequence according to Claim 1, charactenzed in
that it is modified by deletion, addition, substitution or inversion of
one or more nuclectides so that the functional properhes of the
~ polypeptides encoded in these modified sequences are either
conserved or attenuated, even deleted, as compared with the |
properties of the polypeptides UreE, UreF, UreG, UreH or Urel as
expressed by H. pylori or so that this modified sequence cloes not
express a polypeptide in H. pylori.
3/. Nucleotide sequence according to Claim 1 or Claim 2,
~ characterized in that it is constituted by or in that it comprises :
a) the set of the nudleic acid sequences caresponding to the
genes called ureE, ureE ureG, ureH and urel and represented
by the nuclectide sequences shown in Figure 4 or, |
b) the set formed by the (variant) nucleic acid sequences
~ corresponding to these genes modified independently of each
other such that the set of these variants codes for polypeptides
having a functional homology with the polypeptides UreE,
UreF, UreG, UReH or Urel such as expressed by H. pylori or
‘conversely codes for madified polypeptides which attenuate
or even abdlish the functional properties of the pdypeptides
UreE, UreF, UreG, UreH or Urel such as expressed by H..
~ pylori or is no longer expressed as polypeptides.
4/. Nucleotide sequence characterized in that itis a fragment of a
nucleotide sequence according to either of the Qlaims 1 or 2, the
said fragment comprising at least 15 nudeoctides, it bemg poamble to
select this fragment fram: -- |
- fragments which have conserved the capacnty to code for
polypeptides having a functional homalogy with the _
polypeptides as obtained by expression of a gene selected
- from ureE ureF, ureG, ureH and urelin H. pylori;
- fragments coding for any part of the polypeptides o

||II|II| I IIIlI || |II|




8 pairs of primers in conformty with Figure 10. The anplifi
wer e separ at ed by electrophore5|s on- 1. 4% agar ose gel. The
side of the gel corre ond to the dinmensions (in kilobases) on the 1 kb

| adder used as. ﬁmﬂa 4ineG, 1WUrebhanddUtel sudhy assarejprodiuced s Hii gure
consecut | ve st Zéﬂ%aﬁé?@%ﬁ@?ﬁ Pkﬁ?ﬁ*a&% R | oot o | urn
Conj ugation 1: ypeptides necegnizeshby edragaivsp Har bour i ng
;r:sm“;#%szgm T qa ety Ty o m@f' o oo
i's imune to Tn3 entslackmgt e cap t)yto e for esp
' dﬂ_gdmsumasecpressedbymegmsgggg@yre_c,
ureHandurel =
- fragments coding for pdypephds ar pephdes having
. properties which have been attenuated or abalished as
compared with the properties of palypeptides encoded in the -
. genes ureE, ureF, ureG ureH and urel of H. pylori.
5/. Nudleotide sequence according to any ane of the Claims 1 to4,
characterized in that it is associated with nucleic acid sequences
carresponding to the structural genes ureA and ureB which code for
the urease subunits in H. pylori.
6/. Nuclectide sequence according to any one of the Claims 1 to 5,
characterized in that it is associated with the genes ureA m'_B, ureC
andlcr g@whtch oode for the urease in H. pylori. '
7/. Nucleotide sequence amdmg to any one of the Claims 1to6,
- characterized in that it carresponds to the ureE sequence :
represented by the nuclectides 800 to 1309 of the sequence shown in
Figure 4, or to any part of this sequence provided that it hybridizes
under stringent conditions with the ureE sequence or w:th the
sequence complementary to this sequence
8/. Nucleotide sequence according to any one of the Gatms 1toé,
characterized in that it corresponds to the ureF sequence repreented
by the nudlectides 1324 to 2091 of the sequence shown in Figure 4,
“or to any fragment of this sequence provided that it hybridizes
under stringent conditions with the ureF sequence or with the
- sequence complementary to this sequence
9/. Nucleotide sequence accarding to any one of the Clalms 1to§,
- characterized in that it corresponds to the ureG sequence
represented by the nudeotides 2123 to 2719 of the sequence shown
in Figure 4, or to any fragment of this sequence provided that it
_hybridizes under stringent conditions with the ureG sequence or
with the sequence complementary to this sequence | |
10/. Nucdleotide sequence according to any one of the Claims 1 to6,
- characterized in that it ca'respcnds to the m:g_H sequence

' 47 is S
chrormsomal DNA extract ed fromthe 85P and N6 isol ates of i[lh 'ﬂﬁ'm E ﬁ E}’
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owing to the presence of the sequence Tn3-38bp and 2) the aSBeenR
conj ugation vector containing the cloned fragment of H py “ HHJ‘
mut ageni zed. The kanamyci n HB101 transconj ugants are grovvn

30C and the bacterla are conjugated with E coli DHL (Nal). Oonj ugatlon 2:

t Ihe cohnée o Tml(gedld%rmaptﬂ 3516rcfothe/saqneacﬁ ownge
. plasm er fé)m #?é@i that fct e as
T S R
cre gene Capii the'selfufditd Gemiplementary to this. sequence. -
11/. Nucleotide sequence according to any one of the Qlaims 1 to 6,
characterized in that it corrésponds to the urel sequence represented
by the nudectides 211 to 795 of the sequence shown in Figure 4, or
to any fragment of this sequence provided that it hytridizes under -
~ stringent conditions with the urel sequenee or thh the sequence
complementary to this sequence
12/. Nuclectide sequence according to Claim 7, charactenzed in
that it carresponds to the following nuclectide sequence or in that it
comprises this sequence :
- GCG AAA ATA TGC TAT GAA ATA GGA AAC CGC CAT
13/. Nuclectide sequence characterized in that it is constituted by a
nucleotide sequence according to any one of the Claims 1 to 12, the
said sequence being labelled. :
14/. Nucdleotide primer characterized in that it eanpnses a |
nuclectide fragment such as that derived from a sequence aoecrdmg |
- to any one of the Claims 11012 comprising about 18 to about 30,
and preferably about 25 to about 30 nucleotldes for use in a gene
~amplification reaction. -
15/. Nuclectide sequence characterized i in that it hyh'lchzes under
‘stringent conditions with a sequenoe acccrdmg to any one of the
Claims 1 to 14.
16/. Use of a primer according to Claim 14 for the jn vitro
detection of an infection due to H. pylori in a biclogical sample
subsequent to gene amplification reactions.
17/. Use of a probe according to Claim 13 for the in_vitro detectlm
in a bidlogical sample of an infection due to H. pylori, optionally
- subsequent to gene amphﬁcation reactions.
18/. Pdlypeptide characterized in that it oorrespmds to one of the
pdypeptides UreE, UreF, UreG, UreH or Urel shown in Figure4 or -
- toany part of at least one of these pdypeptides for ecample a
polypeptide represented by the sequence :
- AlaLysIleCys'IyrGlulleGlyAmArgHts.
'19/. Pdlypeptide accarding to Claim 18 in a farm modified by
add:tlon substitution, deletion or inversion of one or more amino

* c L M S *
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resol ution by specific reconbination of the cointegrate i mmmumﬁ m,",
one conS|st|ng of the original donor of the transposon (p
and the other consisting of the hybrid plasnid derived from pfLL570" it
whi ch M ni Tn3- has been i nserted.. The p05|t|ve sel ection of the resol ved

forms of thad m cedler do attenuate.or even abalish preperhesm

transconju a W Wtﬁé‘lﬁ%é'ﬂﬁdﬂ
e e Luies INA a5 O & U
_carried out20y, cRectenbihaht \eedtony d:lQaracteﬁheﬂfih thatsit @bﬂ&i’nsﬁ racted from
Restrict .Nifﬁ%ééef APrE, i&ér%y ecdl e (el 812 Y00 prns, usa, as:
735-.739) . sz/.asReumbmamm@rlawﬂmg sorClaim 205 charaeterized int | on
sites whi chynarse j8odbLS A hrﬁ*ﬂﬁ‘fonst ruction of the vector.
- 22/. Recombinant vector according to either of the Claims 20 or 21,
characterized in that it is the plasmid pILL753 contained in E. cdli
- HB101, deposxted with the CNCM on 3 October 1991 under the
number 1-1148. ' |
23/. Recu'nbmant vector amdmg to either d the Claims 20 or 21,
characterized in that it is the plasmid pILL763 contained in E. coli
HB101 deposited with the CNCM on 3 October 1991 under the
number [-1149. |
24/. Recombinant strain of H,_p;dgu charadterized in that it
exhibits a mutation in at least one of the genes ureE ureF ureG,
~ ureH, urel orureA or ureB under conditions such that the
. recombinant strain expresses a urease-negat:ve phenotype, ar
exhibits attenuation of the effects of urease, in partlcular its
pathdlogical effects. |
25/. Recombinant strain of H._py_g:; aocu'dmg to Claim 24,
characterized in that it has a mutation in the ureG gene.
- 26/. Recombinant strain of H. pylari according to Claim 24,
characterized in that it has a mutation in the ureA gene.
27/. Recombinant strain of H. pylori according to Claim 24,
characterized in that it has a mutation in the ureB gene.
28/. Recombinant strain of H. pylori according to any one of the
Claims 24 to 27, characterized in that it is the mutant strain N6
(NCIMB No. 40512). |
- 29/. Recombinant cell host dlfferent from H,_pg]gl characterized
in that it is transfarmed by a sequence according to any one of the |
‘Claims 1 to 12 or 15 under conditions making possnble its-expression
in the host. :
30/. Recombinant cell host according to Claim 29, charactenzed in
that it is a strain of H. pylori which comprises a nuclectide sequence
according toany one of the Claims 2to12or15.
et Has Been Replaced -

B ]
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I - l,DENTI FI CATI ON OF THE GENES MATERI ALS AND NETH(I)iJmﬂHﬂI"E“IIum ﬁl
pl asm ds and culture-conditions H .pylori 85P was isolate H Ir
suffering fromgastritis, and corresponds to the strain described i*n S

(Lﬁ/gln?gte. . egi'A;( con: %ralv&%éﬁﬂlgzo rdling %ﬁlﬁ%‘bﬁ& C%Irafa 1gf?:éld
SIDri ng Har bﬁmﬂ?rﬂmﬁﬁbﬁ &)theiwﬁ*m? W éﬁo&ﬁeﬂow:thn the .
S hozal Subap RGN Eéﬁﬁmeiﬁaﬁuﬁﬁ%g%ﬁ RENBET 40512 8472) vas

used as- hosleafstronmef(th urek andrareel on of urease The
Strains wor3dlr W@W@M ﬁ@’@%‘ gt %%Q‘éﬂﬁ@%
yeast extra81, charactgriizeshin that it is an strain modified by

nucleoctide sequence according to any one of the Clalms 1 to 12,
33/. Recombinant cell host according to any one of the Claims 29 to
~ 31, characterized in that its urease activity is attenuated.
34/. Immunogenic composition, characterized in that it contains a
recombinant cell host according to any one of the Claims 24 to 33.
35/. Kit for the in vitro diagnosis of an infection due to H. pylori in
a defined biclogical sample, characterized i in that it contains :
- at least one pair of nuclectide primers according to Claim 13,
capable of hybridizing with the 5' and 3' ends of a nudectide
fragment specific for at least one gene selected from mgg
ureE, ureG, urel] and urel
- reagents necessary for the extractlm of the nudelc acids frc'm
- the treated sample, '

- - reagents for carrying out the polymenzahm of the said |
nuclectide fragment, from nuclectide primers, in particular
polymerization enzymes in sufficient quantity to achieve the
amplification of the fragment which it is desired to amplify,

- at least one nudeoctide sequence which can be used as probe
and is capable of hybridizing under defined conditions with
the amplified nuclectide fragment,
- - optionally, agents far revealing the hytndlzat:m
~ 36/. Kit for the in vitro diagnosis of an mfectlon due to H. pylori,
characterized in that it contains :
- a defined quantity of probe according to Claim 13,
- - a medium suitable for carrying out a hybridization reaction
between the nucleic acid of i_p;dgl to be detected and the
.probe, - -
- reagents for the detection of hybrids possibly farmed.
37/. Monoclonal or palydonal antibody, characterized in that it
recognizes a polypeptide according to either of the Claims 18 or 19
o a fragment of this polypeptide.

This Sheet Has Been Reﬂlaced




29 I|ter . pH = 7. 0) or on L gel ose plateg (containing 1. 5
37] err] C The anti biotic concentrations-for the selection ﬂﬂ'mﬂﬂ"m ,mﬂ‘",
transfornmants were the following (in mlligrans per liter):* kadnanrycsn:s
tetracyctine: 2, anpicillin: 100, spectinonycin: 100, carben|C|II|n 100.
FO;I theI eXp%s pSi tm«the\tréatmehbcfatpinféchmeduew ]gn a .
medi um | i m tin nce c of a
gel ose- cont hevasterZERET Shaf It SRins &, BntERRE, ARG 3 %&'

cont ai ni ng thet@aitnsd8iaw49.as carbon source and, unless ot hervvl se .
indicated, 0.2% (w/v) of L- glutanlne sterilized by filtration and freshly

pr epar ed (Pahel et al.(1982) J. Bacteriol. 150: 202-213) as nitrogen source
Mol ecul ar cl oni ng and DNA anal yses N ' :

heet Has Been Rel laced
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The digesfions wth a restriction endonucl ease, the filling of the ends and
t he ot her standard operations concerning DNA were perforned according to '
the standard procedures d Maniatis et al. (Maniatis et al.(1983), Mlecul ar
cloning: A laboratary manual. Cold Spring Harbor. Laboratory, Cold Spring
Harbor N.Y.). The partial digestions with Sau3A were performed at 20C so as
to retard enzymatic activity. The restriction endonudeases, the | arge

fragnment of DNA polynerase |, T4 DNA pol ynerase (used to create bl unt
fragment ends) and T4 DNAligase were supplied by Amersham Corp. Calf
i ntestinal al kaline phosphatase wa ied by Pharmacia. The DNA
fragnents were separated by el ectr 6Pt s an horizonal gel slabs

containing 1 or ‘1.4% agarose and treated with Tris-acetate or
'.Tris-phosphate buffers (Maniatis et al.(1983), Ml ecular cloning: A

| abor at or y MRS or Rk dcoBALTER BRLORI NEHAGARY $O% THIOREGUHATION Ay Dor N. Y. ).
A scale of 1 - MATURATION OF UREASE AND THEIR USE -_ -

Nucleotide sequence, characterized in that it consists of or comprises at least

- one nucleic sequence corresponding to the genes known as ureE, ureF, ureH,
urel or any part of at least one of these nucleic sequences. The application of
these sequences in methods and hits for the detection of H. pylori is also
-disclosed. '
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described. (Ferrero et al. (1991) Mcrob. Ecol. Hth. Dis 4 &ﬁ'}%;é 21
Bri e‘ft\;OQMﬂéZHacterl a were harvested fromthe gel ose pl at eg of -
sterile 0.85% NaC and centrifuged at 1229 revs/nmin for 10 m.nutes at 4C
“The pellets were washed twice with 0.85% NaCl and resuspended in 100 nM
sodi um phosphat e buffer (pH 7.4) containing 10 nmM EDTA (PEB). In order to
prepare sonicated extracts, the cells were |ysed by four 30 s inpulses from
a Branson Sonifier Mdel 450 set ‘at 30W 50% duty cycle. The cell debris
were renoved before the urease determinations were made. The freshly
prepared sanpl es (10 50 [err]I) ver e added to 200 [err]I of urea solution
substrate (50 nM ur ed - at room
tenperature for 30 mingles. The reactlons wer e stopped byt he addition of
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for § minutes before the addition of the Iyhgtrate were treated simlarly.
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addi ti pngl DNA fragment of 4.6 kb S|tuat ed downstream fromthe four genes
for urw&%ﬂﬂé\ﬂousl y identified in the plasm d plLL590 (i.dCR/ERI082Ur eC
and ureD). Optim zation of urease activigayzon E.coli HB101 In order to
define the growth conditions which ensure the optinal expression of the
- urease genes of H pylori in E coli, the activity of the cl aRRShdAtRRUMLIRL

pl LL753 was assessed quanhtati vgl ygafter ggupt ure m ni mal M]‘ﬂ ,

aced
suppl emented with vari cms shitrogeh=8our ceds «n al | EBases

basi ¢ medi um was used $Pn& studRsShave dtn t hat®t he ur eas

very lowin cultures grg\/\mlnay id me umThe &l ative activities of.
“the cultures on nedia enent ith L nin ,EL gl utam.ne,

L- gl ut amat e NH[err]C d urea (8ach at a |naI cancentration of 10 m\/l
were, respectivel y: 10% 286% 23/0H46% arﬁl 20% -
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The yrease act|V|ty was opti nal in the &/res grown on a nedium

suppl enMQ 8HOWIh L-argi nine. Urease activity was not detect BET/FRIM0PN1cs
grown on a nmediumrich in nitrogen. Although the presence of free N[err]
ions may have a stinulatory effect on the urease activity (Milrooney et al.
(1989) J. Gen Mcrobiol. 135: 1769-1776 and Mobley et 3 (1989) M crbi d.
Rev. 53 : 85-108) this was not shown on the urease actijvi@y of the cells
harbouring plLL753. =~ 35 The analysis during the expaqgslgon of urease in
the E.coli clone carrying plLL753, grown under vario cf®di ti ons has shown
that maxi mal urease activity was obtained after 3 days jof aerobic culture
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at 37[err] C on m ni mal nedi um suppl enented with L-arginine (Figure 2). The
ur ease act|¥h% in the cultures grown oq mediumrich in nitrogen was

hi gher WO934 lture in nicroaerobiosid the ot her hand PGERBHO09Y; ¢
conditions had a repressive effect on the activities of the
nitrogen-limting cultures. The urease activity of the E.coli cells
harbouri-ng plLL753 in culture under aerobic conditions for 3 days at -
37[err]Cin a nminiml medium suppl enented with arginine was 0.9 +/- 0.4
[err]mol of urea hydrol ysed per. minute per ng of protein. In conparison,
the H pylori isolate used for cloning the urease genes hydrolysed urea at
arate of 23.2 +/- 2.3 [err]mol/m/ng protein. Identification and

| ocal i sation of the genes necessary for urease activity in a E.coli host
strain. In order to define the DNA necessary for the urease-positive
phenot ype derivatives of plLL753 carrying the transposable :

 N&TnKm-4
N&TnKm-3

ﬂﬁ& e
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el ement M ni Tn3-Kmwere first isolated according to a procedure’ preV|oust

deseri bed &ﬁﬁ Material s and Methods). ¥sgeli HB101 transf MGRERI2O892Yi ng
the t ™R 2 vere all screened with regard to urease act|V|ty They were
call ed plLL753 X where X desi gnates the insertion site—of—MmrTn3-Kmas
shown on the ndFFF gure 1. Qut of the 24 insertions selec ed f ﬁkla

anal ysis, 10 derivajiles had totally lost the capacity to

3, 4, 5 6, 10, 11,}1p, 13 and 14). whereas 14 conserved t

urease-positive phBhofype. These results confirmthat ever
mut ati on which maps|ip the ureA and ureB genes (nutants 2, 3, 4 5and 6)
abol i shes urase ty but show al so that a DNA fragrrentof 2. 6 kb - =
situated further doyn$tream fromureB is necessary for the expression of a
urease-positive phefdtype in E. coli grown under nitrogen-limting
t
1

conditions. On the qtler hand, fromthe resul—ts relating to transposon
mut agenesi s, a DNA f grrent of 600 bp '

~

e

FIGURE 7

UreA UreD

TuKms 18 kb 3

i 36 (1.5541.3540.747)
" j 36 (1541350740 B

- pILL753
| i 26(135 4135407 47)

N6t :TnKm-4

Chromosome

Chromosome
N6
Clmmmme
N6: :TnKm-3
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36 S|tgated |nned|ately downstream from the ureB gene has not been shomn to
be es Pr the expression of urease activity in E coh éﬁ¥¥ .
analy?ﬁ@ rncFudlng t he establishment of deletions in the i §E4 ﬂ&F& gnent
pl LL753 have been carried out in order é obtain a better understanding of |
the conditions necessary for the expreé of an active urease in E. coli
cells. E coli subclones carrying the plasmd derivativesS fhave—been___
subjected to the quantitative determ nation of urease aCﬂJVIt under the
nitrogen- limting conditions defined above. The results ﬁ 7
"

Tahle 2. Al of the subclones were derivatives of the sa
so that the results can be conpared. One of them plasm

N6:TnKm

FIGURE 8
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pILL76§, Jvas obtained by autoligation of the | arge EcoRl fragnment produced

fromt 39313 on product using a restriction enzyne of t
: pILL7§gR’gG (Figure 1). This construction led to a deletloﬂﬁcff§§g§ﬁ?3‘at
the 3' end of the insertion segment plLL753. The cells carrying this .

pl asm d. express a conparatlvely |OM/UF€3?? gctivity (Table 2). The plasn1d
pl LL763 was obtai ned by cl oning of the % Pstl restrrction ||agnenL of

the plasmd plLL753::1 in the linearised vector plLL570,.T. |s C u tlon -

genes ureC and ureD was del eted, expressed a urease act lely
twi ce as high as those of the ceIIs har bouring pl LL753

del etions or insertions lead to constitutive urease act|V|ty AnaIyS|s of
t he sequence of the region necessary for t he expreSS|on of urease in E.
coli _ : _

in which a DNA fragment of 1.75 kb contai ning the prevfg$
|

- :
s3onpoxd 4Ny
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In the«d1;2 kb fragnent necessary for the expression of urease in E coli,

a DNA fyy 29f 3.2 kb localized i nmmedi ately downstream fromthe ureB
gene' was identified following the strategy of Figure 3. i) PRA/ER92/00921

H ndlIl fragnment and the 1.3 kb BanHl - |11 fragnment were sequenced

I ndependently after: a) cloning of thelik BViously nentioned restriction ——
fragments b) SpHI - BanHl, SpH -H ndl Il fragnments, c) BanHI ridisnet ks g laced
fragnents of the plasmds plLL753::12,plLL753::11; plLL7

DNA of the phages ML3npl8 -and ML3npl9; ||) the 1.2 kb Hi ndlﬂm H' Hﬂﬂ
BanHl - Pstl and 1.3 kb, BanmH - Pvull restriction fragnments d

pl asm ds plLL753 and pl LL589 (previously described) were cloned in.

T ® 7 31 |
2 £ sz 3 £ § &
' Fii 0 mmmm— 97
3] ..,5
—— St
31 e —
3 11,000 i 11,600

. FIGURE 11
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the DNA of the phages ML3npl8 and. ML3npf§y24ii) twelve dlgonucleotlde

pri rrerswm!yomat hesized to confirmthe reading and to produPCTARRI2¢0092%
overl appi ng the three sequenced fragnents i ndependently. These priners were

used for sequence anal yses of double stranded DNA The sequence ahalysts
reveal ed five open reading frames (ORFE E 6 ureL ureE ureF ureG and
ureH. These genes are all transcribed directiommaﬁﬁmﬂksBstwmed

anticipated that they code for peptides of 195, 170 256, 1
acids. An ORF of appreciable | epgth was not observed on the
conpl enment nce illustrated Fi 4. The five S connence
"with the chﬁchiBl @l‘lﬁ)startuﬁcodonnﬁl c&ﬁi of the five ORFs were '
preceded g to the E. cgtT guence for ribosone

i g Shi ne et at|. Acad. Sci. USA

HBlOI (Srn)

NS2114 (Rif)

®=) ;

- NS2114Rif) = H. Pylor

4X
,_Extrattion - l
".md.'.\m Lr l
Electroporation
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The regi ans 711@ tream from each ORF have been t he subj ect Ofpm%
the pr nitrogen regulation sites wth the sequence cCz
in WhICh Y=Tor C R=Gor Aand Z —26/20 T (Mcrett et al. (1989) J.
Mol . Bid. 210: 65-77). Only one site was found at 210 bp upstream fromthe
ureG locus. Its precise position is shown in Figure 4. Consensus sequence

of the E.coli pronoter type ( [err] 70) were observed upstreamfromthe
genes urel. ureF and ureH (TTGACA -35 and TATAA, -10). 38 Lerr
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TABLE 1 :

rid vectors and plasmids used in the context of this study .

Plasmid | Vector Phenotypic . * | Size | origin of the insertion Référances
characteristics (kb) :
pILLS50 |RepEcRepCj mob Km 8,3 _ Fw»azm-xmcuuop
at a

pILLS70 - |RepBcmob Sp 5,3 Labigne A. et al

pILLST7S ﬁouwmzuv&_ mob Km Cos 10 * * Labigne A, et al
pPILLSES pILL575 |RepEcRepC] wmob Km Cos{ - 44 Suu3A partial digest . Labigne A. et al

‘ of 859
. . of m;HH.Hgm . :
pILL7S) | pILL570 [RepEcmob Ep 16,5 | 5au3A partial digest described here
of pILLS585
pILL763 pILLS70 |RepEomob Sp 14,75] Fragment Clal~pstl described here
’ of pILL7531tl :
pILL763 pILLS70 ]RepEcmob 8p 15,35| Fragment mmwn_. of described :2..@
. pILL7531316

* RepEc and RepCj : plasmids capable of replicating in
mob ; transposable plasmid due to presence of Ori-T

s ar— omapt— e~ S

E. coli and C. jejuni respectively

KM and Sp : resistance to kanamycin and spectinomycin
Cos : presence of a cos site
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pLL753:%11 ureG degr aded ' neg plLL753::13 ur eH

degraded: neg plLL753::16 i nsertion downstream 0, 66
0,11(4) fromureH plLL763 ureC et ureD del eted 2,14 0,16
. pl LL768 del etion at 3 downstream 0,57 0,28 fromureH (1) Bacteria

grown in aerobic mediumfor 3 days on MP m ni mal medi um medi um suppl enent ed
with 0.01-ML-arginine at 37[err]C. (2) For conparison, the urease activity
of - H™ pylori 85P, the isolate fromwhich the DNA was cl oned, was 23 +/- 2.3
ferr]nol urea/mn. /mg protein. (3) No urease activi[¥ wWag teteet-ed.(4)
Result of one particular neasurenent: 0.73 (5) Resul tmlf’ B*ﬁ'%Tphﬂ-SiREENa

measur ement : 0.10 ABSTRACT __ REPLACED

-

GENES OF HELICOBACTER PYLORI NECESSARY FOR THE REGULATION AND
MATURATION OF UREASE AND THEIR USE

Nucleotide sequence, characterized in that it consists of or comprises at least
one nucleic sequence corresponding to the genes known as ureE, ureF, ureH,
urel or any part of at least one of these nucleic sequences. The application of
these sequences in methods and hits for the detection of H. pylori is also
disclosed. P

Figure 3
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40 DI' S |ON The first case of the functional expression in E.coli strains
of yenés derived fromH pylori is presented here This has been possible by
/q%omﬁng E. coli cells harbouring thé urease reconbinant cosm d plLL585
MLabigne et al., nmentioned above - 1991) on a m ninmal nedium containing a
nitrogen-limting source The results obtained have nmade it possible to show
that the urease genes of H pylori are probably under the control of the
nitrogen regulatory system (NTR); and that the urease activity in the

E.coli cells is dependent on the presence of a set of genes which have been
described in the preceding pages. This set of Jenes has
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been~% ocal i sed imredi ately downstream fromthe four genes ureA ureB ureC
rand _ur’'eD described in the publication by Labigne et al., 1991, nentioned
above These novel genes aré situated on a 3.2 kb fragment conprising five
open reading frames which are designated urel ureE ureF ureG and ureH The
use of insertional mutations and deletions in the 11.2 kb DNA fragnent-

(pl LL753) subcloned fromthe original cosmd has nade it possible to show
that the genes ureA ureB ureF ureG and ureH are necessary for the

. expression of urease activity in E.coli On the other hand, insertional
nmutations within the urel gene do not appregygply affect urease activity in
the E. coli cells. The deletion of the ureC gene and the ureD gene (as in
the plasmid plLL763) resulted in activities which were significantly higher
than those obtained in the cells carrying the plasmds with the loci -

i ntact, suggesting a regulatory role of this region of the urease gene
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in*H *pytori It seems clear that plLL753 probably does not carry the set of
et’'eneht's necessary for the conpl ete expression of urease. The principal
proof for that is that: on the one hand, the E.coli cells harbouring

pl LL753 had a urease activity approximately 25 tines |ower than that of the
H pylori islate used initially for cloning;, on the other hand, the

del etion of the region downstream from ureH¥ 428/ LL768) led to a considerable

di.m nution of urease activity. It is 41 interesting to note that C
jejuni requires the presence of a smaller nunber of genes for enzymatic
expression conpared with the results obtained in E. coli. Consequently, C
jejuni nust be capable A & :
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of corrpl»errentl ng the functions of.the clones genes of H pylori. The
rreqdi renent for accessory genes has al so been denonstrated for Providencia
stuartii (Milrooney et al. (1988) J. Bacteriol. 170: 2202- 2207), a
urease-positive E. coli (Collins et al. - 1988), Klebsiella pneunonia
(CGerlach et al (1988) FEMS Mcrobiol. Lett. 50: 131-135), Proteus vulgaris
(Morsdorf et at. (1990) FEMS M crobi ol . Le#}z 66: 67-74), Staphyl ococcus
saphrophyticus (Gatermann et al. (1989) Infeéect. Inmmun. 57: 2998-3002),

Kl ebsi el | a aerogenes (Mul rooney et al. - 1990) and Proteus mrabilis (Jones
et al. (1989) J. ct. 171: 6414- 642$2band Wal z et al. (1988) J. Bacteriol.
170: 1027-1033). guregd prepents @ gpnpar @ won ofath,ree rggions cqding
for urease, in seferal §3e0| es of b%tﬂerl a ghsho e si Qngl-grlth- gs
well as the distifkctive,charagteristias of each. Th egree‘f)f—rel at“édﬁess
in terms of genet orggnl zat gON an gol ypeStﬁdes e@:@ed [ sgrongg 2
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conmparison with H pylori. Wereas the polypeptide UeG of H pylori
exhi bited a strong simlarity with that of K aerogenes (92% conserved and
59% i dentical), the degrees of conservation and identity between the

pol ypeptides UreE and UeF of H pylori and K aerogenes were: (33% and 149%,
(44% and 11.69%, respectively. Miulrooney et al. observed that the K _
aer ogenes genes.<coding-for the accessory 5 eins UekE Uel and UeG are
inplicated in the activation of the apoen {;:are by incorporation of nickel
into the urease subunits. OMng to the presence of series of histidine

resi dues at the carboxyl term nus of the polypeptide U eE of Klebsiella and
Proteus Milrooney @ gl . preppgsed tghag, UrebBunjght igtgract with the hiegckel
in order to transf?r;z_t su??uentlg 30 thel'J oenz% . Such a sem%ﬁof
resi dues has not béen foun t he 'gdzlpeptl Ur eE f“'H pyl ori nor any
ot her products of tﬁl@urea enes .
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The sear-ch for simlarities between the am no acid sequence deduced from

42 sequences inplicated
in ATP binding sites (Higgins

1985) has made possible the identification of a DNA binding site

and t he consensus

t hesurease genes of H. pylori

1981) or

in a DNA binding site (Pabo et al.

et al.

exhibits the
are uni que for

Furthernore a
n of -H. pyl ori
ureD urel

0
eC,

0
Then the urease region consists of three bl ocks of genes

i

gene (Figure 4).

The urease r
first the genes

wel | -conserved ATP binding site (-GVCGSCKT-)exists at the NH2-term nus of

Wi thin the product of the urel
t he product of the ureG gene.
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in fact be under the control

results presented here tend to show that the expression of the urease genes
m ght

regiton of 420 bp between ureD and ureA and 200kp between ureB and urel.
of H. pylori

Thi s suggests a genetic organi zation peculiar to H pylori,
t hree bl ocks of genes can be regul ated i ndependently.

whi ch are transcribed in the sanme direction and possess an intergenic
accepted that the synthesis of urease by H pylori
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On the basis of these
paraneters such as the presence
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protein(s) simlar to the ntr products of E.coli.
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strain 85P

the nmutants are prepared by nutagenesis by neans of a transposon (Mi Tn3-

Creation of
Km) which enables the elenent (transposition element) to be inserted

1991 gave positive results.

acconpl.i shed. A single strain designated N6 deposited with the CNCM under
| -1150 on 3 Cctober

t he nunber
randomy. The insertion site of each of the transposition el enents was

defined by restriction analysis of the d®2Pved pl asnids (of.

mutants in the cloned fragnent of the chronosone of H pylori

Figure 1).
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1 mnute on ice the cells and
poration cuvette precooled to -20C
t hen placed.in the Gene

0.2 cmw de),

CsC and dialysed i medi ately against distilled water were added in a vdune
to the cells at 4[err]C. After

of .1 [err]l

the DNA were transferred to an el ectro-

(Bi oRad cat al ogue No: 165-2086,
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They are the nutations nunbered 3 and 4. The precise position of each of
the: insértions is given in Figure 6. The plasm ds corresponding to these

i nsertions were prepared, purified and concentrated Bacteria resistant to
kananmycin exhibiting all of the characteristics of strain N6 of H. pylori
used for electroporation were obtained; they are conpletely incapable of
hydrol ysing urea Controls have nade it possible to verify that the nutant
strain is an isogenic strain: * although 12/28ase negative" the strains have
t he characteristic biochem cal properties of the bacteria belonging to the
speci es H. pylori (oxidase, tal ase, gensitév&',ty t Q. 0Xygen); the parent
bacteria (N6) (CNCM No. | 1§%‘ and ghg i sogenrdc badgkeria N6:: TnKm 3 and
N6: : TnKm 4 have the sane r&st®icti & Brofi [®staft e enzymatic di gestion of
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* after..enzymatic anplification with the aid of primers specific for H
pyl.ori and sequencing of the anplified product the same nucl eotide
sequences were found whereas i ndependent 45 strains of H pylori never
exhi bit the sanme sequence but, rather, congygerable genetic pol ynorphism
anal ysis by Southern type hybridization of the restriction profiles
resulting fromBanmH and Hi ndlIl of the DNA of the parental and nutant
strains provides evidence of the replacenent .of the genes (Figure 7 and its
interpretation Figure 6). One of the difficulties encoyatered results from

the fact that
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the transfornmed strain (N6) is not the one fromwhich the cloning of the
urease genes was performed, this latter strain being the strain 85P and
that the Hndlll and BamH restriction sites are not conserved from one
strain to another: a probe corresponding to the 8.1 kb fragnent derived
frompl LL590 (Figure 1) clearly shows H ndlll restriction profiles which
differ between N6 and 85P (Figure 9), in particular the absence of 1.25 kb
and 1.15 kb fragments. On the other hand, ¥M® HindlIl 4.1 kb fragnent and
the BanH 5.1 kb and 1.3 kb fragnents are conserved. Hence it has been
confirmed by enzymatic anplification (PCR) with the aid of oligonuclectides
distributed over the entire regi-on corresponding to the. genes ureA ureB,
ureC and ureD that the anplification products 1 to 6 shown in Figure 10 are
the sane in both strains, and that the absence of the Hindlll

.01 LLLLI
$222 ¢ §§§ g 258
A
g «'ﬂ - 4]
19 - . 155
3 T i
065 - - 07
Primer A B
6. L
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restriction sites reflects gene pol ynorphi smand not a maj or rearrangenent
of the urease region. Such confirmation nakes it possible to confirm
unanbi guously the gene replacenent of the wild-type allele by the mutant
allele in the two nmutants created. * fi.nally, it was confirnmed by

| mmunobl otting with the aid of anti-ureaselghmanti- H. pyl ori anti bodi es
prepared in the rabbit, or anti-H pylori present in the serumof patients
i nfected by H pylori the nutant strains N6::TnKm 3 and N6:: TnKn¥ no
| onger express the 61 KDalltjons pdypepti de encoded in the ureB gene and
hence that the ureB gene @ff these strains has indeed been interrupted
(Figure 11). -
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46 CLAILMS 1. Nucl eotide sequence, characterized in that it 1is
constituted by or in that it conprises at |east one of the nucleic acid
sequences corresponding to the genes called ureE, ureF, ureG ureH and urel
represented by the nucl eoti de sequences shown in Figure 4 or any part of at
| east one of these nucleic acid sequences, with the exception of the
portion of the nucleic acid sequence of the urel gene corresponding to the
nucl eoti des 209-282 of the nucl eotide sequences shown in Figure 4 or any
fragnent of this portion of the urel geneza¢rdpe said part being such that
the functional properties of the polypeptide which it encodes are ei-ther
conserved, or attenuated, or even abolished as conpared wth the
properties of the '

§ l N6:Tnkm

FIGURE 8
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pol ypept.ides UreE, UreF, UeG UeHor Uel as expressed by H pylori, or- :
such that this nodified sequence does not express a polypeptide in H .
pylori. 2. Nucleotide!® sequence accordi ng to Claim 1, v
characterized in that it is nodified by deletion, addition, substitution or

I nversion of one or nore nucleotides so that the functional regul atory

and/ or maturation properties of the pol ypepti des encoded by these nodified
sequences on the functional urease expréssion of the urease structural

genes ureA and ureB are either conserved or attenuated, even deleted, as
conpared with the properties of the natlédé28l pol ypepti des UreE, UreF,

UeG UeHor WUel. as expressed by H pylori- or so that this nodified

sequence does not express a pol ypeptide in H pylori
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46A 3. s Nucl eoti-de sequence according to Claiml1l or Claim2, characterized 5
in.that it is constituteé by or in that it conprises: a) t he set of
t he nucl ei ¢ acid sequences corresponding to the genes call ed ureE,
ureF, ureG ureH and urel represented by the nucl eotide sequences shown in

Figure 4 or, b) the set formed by the (variant) nucleic acid
sequences correspondi ng to t hese enes nodi fi ed i ndependent|y
addi ti od8/2ubstitution, or inversion of

of each other by deletion,
‘one or nore nucl eotides, such

[,:]
' ~
- = =
2 2 £ & £

-
i)
Y
MM
31 e g

Anti-urease -dtluted "’ Humman anti-serum diluted
1:1,000

FIGIRE 11
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that the set of these variants codes for pol ypeptides having a functional .3

honol ogy" with the pol ypeptides. UeE, WeF, WeG WeH or Uel such as
expressed by H pylori or” conversely codes for nodified pol ypeptides which
attenuate or even abolish the functional rggylatory and/or maturation
properties on the functional urease expres% /&8 of the urease structural
genes ureA and ureB of the natural polypeptides,. UeE, U eF, "OreG ™ U EH or
Urel such as expressed by  H pylori or is no |onger expressed as

pol ypept i des. 47 4. Nucl eotide secpgge.jgharacterized in that it
is a I
1

HB101 (Sm) X DHI1 (Nal)

([©..%9) —

00X38=Tn3-Km

Y
| HB101 (Sm)
Cointegration
I X2
NS2114 (Rif) , DH1 (Nal) LDHl (Nal)
Acre :
©=): (&)
L | 1
NS211 (Rit) d H. Pylori
‘l'm-
e * &
]_Ext_'.raction . B '
:-;Plﬂﬂ'li@..m wl
Electroporation
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fragment of a nucl eoti de sequence according to eithe}'of the Cains 1 6?:2,“jf

t he :sai o fragnent conprising at
sequence according to any one .of the Clains 1 to 4,
it is conmbined with nucleic acid sequences .corresponding to the structural

| east 15 nucl eoti des. 5.

Nucl eoti de
characterized in that

genes ureA and ureB which code for the urease subunits in H pylori. 6.
Nucl eoti de sequence according to any one of the Clains 1 to 5,

characterized in that it

and/ or ureD which code for the urease in H pylori. 7.
sequence according to any one of the Clains 1 to 6,

is conbined with 200genes ureA, ureB and ureC

Nucl eot i de
characterized in that

it corresponds to the ureE sequence represented Ry the nucl eotides 800 to

1309 of the sequence shown in Figure 4, ghegh0 an
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pre/\ﬂded that it hybridizes under stringent conditions with the ureMeesrq s
segQuence or with the sequence conplenentary to this sequence. 8.

Nucl eoti de sequence according to any one of the Clainms .1 to 6,

characterized in that it corresponds to the ureF sequence represented by
the nucl eotides 1324 to 2091 of the sequence shown in Figure 4, or to any
fragment of this sequence provided. that it hybridizes under stringent
conditions with the ureF sequence or_w,th the sequence conplenentary to

thi s sequence. 48 9/. Nucl eoti de sequence according to any one of the

Clains 1 to 6,
ABSTRACT

GENES OF HELICOBACTER PYLOR!I NECESSARY FOR THE REGULATION AND
MATURATION OF UREASE AND THEIR USE

Nucleotide sequence, characterized in that it consists of or comprises at least
one nucleic sequence corresponding to the genes known as ureE, ureF, ureH,
urel or any part of at least one of these nucleic sequences. The application of
these sequences in methods and hits for the detection of H. pylori is also

disclosed.

EPLACEMELT 53
Fi. re 3 v peep »
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Uy

char act pri-zed—i-A—that—it—cor ndsmt 0 the ur eGl seqa%b&hﬂﬁbﬁsﬁiﬁﬁfs by $G

t he nuc| ect |R(fé°§%2% SEBE9 ofS&he dequence shownlii BegErigtioe: dagedr...1 @ papyd ...
f r agnentlIdPesctiptionseppgethce. .o puieded.-tHat i t hybri ¢i ®eSizim@pr spaded ghni gaged AL
conditi :{Hsf‘lwntfkb t hepage& G%s equegrdefior.. wih the se UENCEwE05p) ¢ ga,[,ymtgayer«
this sellieheeidkQy). : pdged eot.itdeapeaquende accordi ng|to apyene ( B‘?....Q'o%r‘?

to 6, ciarasieel zetdged L.hato bigeaol.L.eSEQNAFMSP the UreH sequence represe

by the ygkeCobagscaa2, Lo 3516 of f e Sequence Shaye.
any fl’agnr;lu of dl?%?b DCHUéII\;C”}JI"L;\'I.: ded that it h’h& '}7 g ;w&ﬁﬂpffrrnﬁf

tcﬁlngl tseglrJanﬂen " 3;:& Nucl e%t L 3ee§tem3??ea‘g:§§§g?§$?§c§mﬁ one of the al ne
éne e N1 Ehess

;Le;[o(r)egentcgg toithesgenés mlliﬂ@ﬁtME@l@m@WG iureli gure
€700 AR GUGRE 3 il P Be S it 1 FEFe d &

part of at least one of these nudlcic acid sequences, with the
exception of the portion of the nudeic add sequence of the urel
gene corresponding to the nudectides 209-282 of the nuclectide
sequences shown in Figure 4 o any fragment of this portion of the
ure] gene, the said part being such that the fundional properties of
the pdypeptide which it encodes are either conserved, or
attenuated, or even abolishexi as compared with the properties of
the polypeptides UreE, UreF, UreG, Uretl or Urel as expressed by
H. pylod, or such that this madified sequence does not express a
polypeptide in H. pylori..

2/. Nucledtide sequence according to Claim 1, characterized in
that it is modified by deletion, addition, substitution or inversion of
ane or more nucleotides so that the functional properties of the
pdypeptides encoded in these modified sequences are either
conserved or attenuated, even delcted, as compared with the
properties of the pdypeptides UreE, UreF, UreG, UreH or Urel as
expressed by H. pylord or so that this modified sequence does not
express a pdypeptide in H. pylori.

3/. Nudeotide sequence accarding to Claim 1 or Claim 2,
characterized in that it is constituted by or in that it comprises :

a) the sct of the nucleic acid sequences corresponding to the
This Sheet Has Been Replace S€N€S ¢alled ureE, ureF, ureG, ureH and urel represented
T S sy et

b) the sct formed by the (variant) nucleic acid sequences
' corresponding to these genes modified independently of each
cther such that the set of these variants codes for pdlypeptides
having a functional homology with the pdypeptides -UreE,
UreF, UreG, UReH or Urel such as expressed by H. pylori or
conversely codes for madified palypeptides which attenuate
cr even abdlish the functional properties of the pdypeptides
UreE, UreF, UreG, UreH or Urel such as expressed by H..
pylori or is no longer expressed as polypeptides.

—_— This is the replacement sheet
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stringent conditions with the urel sequence or with tRe GeAHARGE

conplenentary to this sequence. 12/. Nudectide sequenc Hﬁ' 3y lace& aim
7, characterized in that it correspondg to the foll O%&E’M& Mﬁn
seqaence or in that it conprises this sequence: GCG GAA ATA
GGA AA'C CGC CAT 13/. Nucl eoti _de' sequence characterized in that it is
To't2. he Aff g NUCIRHACEAREIE RaRaRerZd Mt (S lgrkBht Sra™ 1
character i zmdaoﬁ%@tsequma% 138&91@&‘%@“?‘&9&&“1?%8&' theat
corpr 1 5 L5°?e?ﬁ??ggﬁf%ﬁa%%wﬁ%ﬁ%ﬁ%mm%%mém@&w
nudeot i des ﬁ@f this fragment émi:f i cation reaction. 15/. Nucl eotide
sequence char act erfrageheritstwhiich haweeonserveduhtecapacity to code for
pdypeptides having a functional homadlogy with the
pdypeptides as obtained by expression of a gene sclected
from ureE, ureF, ureG, ureH and urelin H. pylori;
- fragments coding for any part of the palypeptides
UreE, UreF, UreG, UreH and Urel such as are produced in H.
pylori, and in particular coxding for peptides or parts of
palypeptides recognized by antibodies directed against H.
pylori or capable of behaving as haptens or immunogens;
- fragments lacking the capacity to code for the polypeptides
of H. pvlori such as expressed by the gencs ureE ureF, ureG,
uref] and ure]
- fragments coding far polypeptides or peptides having
properties which have been attenuated or abdlished as
compared with the properties of paypeptides encoded in the
genes ureE, ureF, ureG, ureH and urel of H. pylori.
5/. Nucdleotide sequence according to any one of the Claims 1 to 4, -
characterized in that it is associated with nucleic acid sequences
corresponding to the structural genes ureA and ureB which code for
the urease subunits in H. pylodi, .
6/. Nucleotide sequence accarding to any one of the Claims 1 to 5,
characterized in that it is associated with the genes ureA, ureB ureC
and/or yreD which code for the urease in H. pylori.
7/. Nucleotide sequence accarding to any one of the Claims 1 to 6,
characterized in that it corresponds to the ureE sequence
represented by the nuclectides 800 to 1309 of the sequence shown in
Figure 4, or to any part of this scquence provided that it hybridizes
under stringent conditions with the ureE sequence or with the
sequence complementary to this sequence. --
8/. Nucleotide sequence according to any one of the Claims 1 to §,
characterized in that it corresponds to the ureF sequence repreented
by the nuclectides 1324 to 2091 of the sequence shown in Figure 4,
-or to any fragment of this sequence provided that it hybridizes -
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stringent conditions with a sequence according to any o[ﬁ(g sfdet fidd BednlRRp1AGRA 1
to 14. 16/. Use of a prinmer according to Claim1l14 for t

detection of an infection due to H pylori in a biologica M‘&mnlﬂmguent
to gene anplification reactions. 1748 Use of a probe

13 for the in vitro detection in a bi ol ogi cal sanple of an I nfection due to
H pylori, opfd fge#l # 18/ .

Pol ypept i de%%mg&%wa at | I(':‘orre ¢k gﬂgﬁe %lﬁeﬁpol ypepti des
UreE, UreF, SSAUENCey %WG‘?‘@M or to any part of at |east

one of thesgm dyw&x Qjﬁaﬁ a&iﬁ%ﬂh Qﬁytdi?ewrth'eomﬁhwé Heto 6,

pol ypepti decgre a'fzecfm tﬂ Qéa nucl ei c them;e__ sequence
represented by the nuclectides 2123 t0 2719 of the sequence shown
in Fgure 4, or to any fragment of this sequence provided that it
hybridizes under stringent conditions with the ureG sequence o
with the sequence complementary to this sequence
10/. Nucdleotide sequence according to any ane of the Claims 1 to §,
characterized in that it carresponds to the ureH sequence
represented by the nudectides 2722 to 3516 of the sequence shown
in Figure 4, or to any fragment of this sequience provided that it
hybridizes under stringent conditions with the ureH sequence or
with the sequence complementary to this sequence
11/. Nuclectide sequence accarding to any one of the Claims 1 to §,
characterized in that it carresponds to the urel sequence represented
by the nudectides 211 to 795 of the sequence shown in Figure 4, or
to any fragment of this sequence provided that it hybriclizes under
stringent conditions with the urel sequence or with the sequence
complementary to this sequence.
12/. Nudecdtide sequence according to (aim 7, characterized in
that it corresponds to the fdlowing nudeohde sequence or in that it
comprises this sequence :

GCG AAA ATA TGC TAT GAA ATA GGA AAC CGC CAT

13/. Nucdleotide sequence characterized in that it is constituted by a
nucleotide sequence according to any one of the Claims 1 to 12, the
said sequence being labelied.
14/. Nuclectide primer characterized in that it comprises a .
nuclectide fragment such as that derived from a sequence according
to any one of the Claims 1 to 12 comprising about 18 to about 30,
and preferably about 25 to about 30 nuclectides far use in a gene
amplification reaction.
15/. Nucleatide sequence characterized in that it hybridizes under
stringent conditions with a sequence according to any one of the
Claims 1 to 14,
16/. Use of a primer acoording to Claim 14 for the in vitro

detection of an infection due to H, pvlari in a biological sample
subscquent to gene amplification reactions. .
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sequence corresponding to the nucl' eoti des 209-282 of t_hi n

ondi | . S 1801 kR
sequences shown in Figure 4 or any fragnent of this Eg]l ﬁﬁ ﬁm m él part
bei ng such that the properties of the said pol ypeptid _ H lat i on
and/ - or maturation of the urease as expri¥ssed by the ml ek,
UeF, UeG UeHand Uel inH pylori are attenuated, even abolished, the
fﬁ'edsESLéﬁiﬁf’ﬂfﬁﬁé?;ﬂ?%%@?ﬁ?&“ﬁﬁ'ﬁéﬁﬁi‘lﬂ%ﬁ%iﬁt ”
vect or ot hedntadiolQg mﬂmaaﬁnfwimdluemrﬁggyjmmtmaﬁy it
Reconbi nant W“@%‘JW’W& Raciohs, *' 1. characi er ) zed in
that it is d&os ‘B‘W‘S‘Fﬁwad%nﬂﬁ?o&l&&hﬁt i Aerrespondsate ene of the
either of tipolgipeptides Ure,WreRalreG;rlUrsH v Uredishowhsint Pguiterq txd
PILLTS3 " to any part of at least one of these polypeptides, with the exception
of the portion of the pdypeptide Urel encoded in the nudeic acid
sequence corresponding to the nudleotides 209-282 of the nuclectide
sequences shown in Figure 4 or any fragment of this portion, the
said part being such that the properties of the said polypeptide in
the regulation and/or maturation of the urease as expressed by the
.pdypeptides UreE, UreF, UreG, UreH and Urel in H. pylori are
attenuated, even abdlished, the said polypeptide carresponding, for
example to a pdypeptide represented by the sequence :
Ala Lys lle Cys Tyr Glu lle Gly Asn Arg His.
19/. Pdlypeptide according to Claim 18 in a form maodified by
addition, substitution, deletion or inversion of one or more amino
acids in order to attenuate or even abdlish its properties in the
regulation and/or maturation of the urease such as that expressed
by the polypeptides UreE, UreF, UreG, UreH or Urel in H._pylori.
20/. Recombinant vector, characterized in that it contains a
sequence according to any one of the Claims 1 to 12,
21/. Recambinant vector according to Claim 20, characterized in
that it is a cosmid or a plasmid
22/. Recombinant vector according to either of the Claims 20 or 21,
characterized in that it is the plasmid pILL753 contained in E cdli
HB101, deposited with the CNCM on 3 October 1991 under the
number [-1148, ' .
23/. Recombinant vector according to either of the Claims 20 or 21
characterized in that it is the plasmid pILL763 contained in E. cdli
HB101 deposited with the CNCM on 3 October 1991 under the
number 1-1149. |
24/. Recombinant strain of H. pylori characterized in that-it
exhibits a mutation in at least one of the genes ureF, ureF, ureG,
ureH, urel shown in Figure 4, or ureA cr ureB under conditions
such that the recombinant strain expresses a urease-negative
phenatype, or exhibits attenuation of the effects of urease, in
particular its pathdogical effects,

’
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containmed in E. coli HBlOl deposi t ed W|th t he CNCM on ﬁns@ﬁéeahame&ﬁ& aceder
t he nunmber '1-1148. 22. Reconbi nant vector according to e al n
19 or 20, characterized in that it is the plasm d plLL76

col i~ HB101 deposited with the CNCM on38 Cctober 1991 und

| -1149. 23. Reconbinant strain of H pylori characterized |n t hat |t

exhibits a nmtlnecommmmamaimef%swm rgFto Clafm 242G ureH,
talon

"east one or HAtactBRzeRlist BRACR"5Es 4 Jeh&{erﬁsﬁia?%%% Sant st rain
expresses a B6¢asRecombinantsteain oh &, 3 telainpdof the
i&%ﬂ%cﬂeﬁﬁ

effects of UpR3PScter2elfirl thit f'hid & M Cgéne.
27/. Recombinant strain of H._pylori according to Claim 24,
characterized in that it has a mutation in the ureB gene.
28/. Recombinant strain of H. pylari according to any ane of the
Claims 24 to 27, characterized in that it is the mutant strain N6
(NCIMB No. 40512).
29/. Recombinant cell host different from H. pylori, characterized
in that it is transfarmed by a sequence acoording to any one of the
Claims 1 to 12 or 15 under conditions making possitle its expression
in the host.
30/. Recombinant cell host aocordmg to Claim 29, characterized in
that it is a strain of . pylor] which comprises a nudlectide sequence
according to any one of the Claims 2 to 12 or 15.
31/. Recombinant ceil host acoarding to Claim 30, such as that
producect by mutation of the N6 strain of H. pylori, deposited with
the NCIMB on 26 June 1992 under the NCIMB number 40512 in at
least one of the genes ureE ureF, ureG, ureH and urel.
32/. Recombinant cell host according to any one of the Claims 29
characterized in that it is an E._ooli strain modiified by a nudcotide
sequence according to any one of the Claims 1 to 12,
33/. Recombinant cell host accarding to any one of the Claims 29 to
31, characterized in that its urease activity is attenuated.
34/. Immunogenic composition, characterized in that it contains a
recombinant cell host accarding to any one of the Claims 24 to 33.
35/. Kit for the in vitra diagnosis of an infection due to H. pylori in
a defined bidlogical sample, characterized in that it contains :
- at least one pair of nucledtide primers according to Claim 14,
capable of hybridizing with the 5' and 3' ends of a nudectide
fragment spedific far at least one gene selected from ureF,
ureF, ureG, ureH and ure] - -
- reagents necessary for the extraction of the nudeic acids from
the treated sample, |
- reagents far carrying out the paymerization of the said
nuclectide fragment, from nuclectide primers, in particular

T e
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50 24. Reconbi nant strain of H pylori according to Caim23, characterized
inthat it has a mutation in the ureG gene 25. Recombinant strain of H

pyl ori -according to Claim 23, characterized in that it has a nutation in
t he ureA gene 26. Reconbi nant strainsef H pylori according to O aim 23,
characterized |n that it has a nutation in the ureB gene 27 . Reconbl nant

strai'n of H py/paymacdzationgenzymes tsufficient cﬂmtw%acmev

éﬁcﬁﬂﬁfﬁétnf“céf‘?“ s&ﬁ*ﬂgéﬁéwoﬁ %15 el IS bty |, 0,

transfor med by ~&ts meas sequmwmchmmm td)ez or 15
~under conditio
Reconbi nant ce@{gﬁ{cﬁl ear dﬁiﬁgﬁ"?%ﬁ@ erl zeﬁh-‘r"‘i'

- optionally, agents for revealing the hybridization.
36/. Kit for the in vitrg diagnosis of an infection due to H._pylori,
- characicrized in that it contains
- a defined quantity of probe according to Claim 13,
- a medium suitable for carrying out a hybridization reaction
between the nucleic acid of H. pvlari to be detected and the
probe,
~ -reagents for the detechon of hybrids possibly formed.
37/. Mondcddonal or pdydonal antibody, characterized in that it
recognizes a paypeptide according to either of the Claims 18 or 19
or a fragment of this paypeptide
38/. Composition for the treatment of an infection due to H.pylor,

characterized in that it contains an antibody according to either of
the Claim 37
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. REPLACEMENT
Thtishﬁttetﬂislie& ‘Eeliaua of _H_pylori which conprises a mdgﬁtbde ,se;qhencre,

y GHEEBTHASGERN @i ms 2 to 12 or 15. @@ysiRegonbiagmi*ded l-past... |

ai MREALACEPCh asjthat pr uced by imt ati.0n-0f . LhedNd. S8 raps ... |

or|. depos NCI I\/B 26 June 1992 @..‘,;er Z}heej\lg_h@ aeed e |

nunber 40512 |n at | east one of the genes ureE u‘reF ureG uréH and urel . / ]
31. Reconbiq rao?‘t ; e 266 ‘18 E
characteri ze %b{ o3¢ BEerdifl l%@lhin?ﬂs it ed-h a‘% {‘dfljc"xr‘}ﬁ‘“" --------- j

1's,an tra| n
sequence ad Bo?(h @]la%m(ﬁﬁ ofran Héé nant cel |

host accor emyt@ éfat*n ﬁfaaﬁcmsrml characterlzed in that its
urease acti

that it cor& 7P b %sv%%@?@eﬁ%ﬁ‘%‘ﬁ%%&ﬁ?@?%ﬁé’ G ai m

23 to 32, des {UreE, ek, rUreGabeH a'dffrastrshmﬂmm biguneed ar H.
pylori in f'w' y%%ﬂpwa%e'a@mﬁaecﬁwd@%m {HPbxédptiaRt ai ns:
of the portion of the pdypeptide Urel encoded in the nudeic acid
sequence corresponding to the nudeotides 209-282 of the nuclectide
sequences shown in Figure 4 or any fragment of this portion, the
said part being such that the properties of the said polypeptide in
the regulation and/ ar maturation of the urease as expressed by the
pdypeptides UreE, UreF, UreG, UreH and Urel in H. pylori are
{ attenuated, even abdished, the said polypeptide caresponding, for
example to a pdypeptide represented by the sequence :
Ala Lys Ile Cys Tyr Glu lle Gly Asn Arg His.
19/. Pdlypeptide according to Claim 18 in a form maxdified by
adldition, substitution, deletion or inversion of one or more amina
acids in order to attenuate or even abdish its properties in the
regulatiocn and/or maturation of the urease such as that expressed
by the pdlypeptides UreE, UreF, UreG, UreH or Urel in H. pvlori.
20. Recombinant vector other than cosmids pILL585 and pILL90, characterized
in that it contains a sequence according to any one of the Claims 1 to 12.
21/. Recombinant vector according to Qlaim 20, characterized in
that it is a cosmid or a plasmid
22/. Recambinant vector according to elther of the Claxms 20 or 21,
L. characterized in that it is the plasmid pILL753 contained in E. cdli
: HB101, deposited with the CNCM on 3 October 1991 under the
number I-1148,

23/. Recombinant vector according to either of the Claims 20 or 21,
characterized in that it is the plasmid pILL763 contained in E. cdli

HB101 deposited with the CNCM on 3 October 1991 under the
number 1-1149.

24. Recombinant strain of H.pylori characterized in that it exhibits a mutation in
at least one of the genes urek, uref, ureG, ureH, urel, or at least one of the
genes ureE, ureF, ureG, ureH, urel and at least one of ureA or ureB under
conditions such that the recombinant strain expresses a urease-negative
phenotype, or exhibits attenuation of the effects of urease, in particular its

pathological effects. This is the replacement sheet
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- at | east one |Sgeep[ﬁasrmumlkml94€éle pr| mers accor di ng to Claim14, capable of

. hybridi zi ng vmt gﬁ“ml ends of *a nudectlﬁ_ﬂ nAS ﬁgg ijfic for at

" | ast- one gene s eE ureF ureG ure jnts

necessary for th tron of the ngdeic acids iro ED eate sanmpl e, -
reagents for carrying cut the polynerization of the said nucleotide '

fragment, frO][nf byl Zhitice | ereyimes inpasfficlen togquantiby té%ﬁve&m; on
cneymes, 0 5ot LBl 8 A8 gnBSE G e Bdgt oe
can be used as pabdeast one nuclectide sequence which can be used as probe
and is capable of hybridizing under defined conditions with
the amplified nuclectide fragment,
- optionally, agents for revealing the hybridization.
36/. Kit for the in vitro diagnosis of an infection due to H._pylor,
characterized in that it contains:
- a defined quantity of probe according to Claim 13,
- a medium suitable for carrying out a hybridization reaction
between the nucleic acid of H, pylori to be detected and the
probe,
- reagents for the detection of hybrids possibly formed.
37/. Mmdclonal or pdydaonal antibody, characterized in that it
recognizes a pdypeptide according to either of the Claims 18 or 19
or a fragment of this polypeptide.

This is the replacement sheet
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and i s :capabl e of hybridizing under defined conditi.ons. with. the_ anpl e 7
nucl eotide fragment. - optionally, agents for reyeal¥ g..--.%aheﬁﬁwﬁr%}ehzmlomc
35. Kit for the in vitro diagnosis of an i nf ecti onlidumctipidd pydeodi.. d
characterized in that it contains: - a deined quarﬁﬁ (k) pro;laeeﬂﬁ’é‘d’bﬁg 29d .
to claim13, - a mediumsuitable for carjging out i __-h)&bﬂ:,liﬁdi)z’ai’i?@@,‘_I’,,GL@CxB 208....
between the nucleic acid of Hpylori to be det ect ed ang.the p{g@@l ~to paged
reagents fdrHAHES det ection of hybrids possi ny fprmed 36. Moncl onal or
pol ycl onal anti body, characterized in that it rebogmﬂ;es a??gpj_yﬁepw,_m
according to either of the lains 18 or 19 or a f»-r»agngntnmf s R TS

pol ypeptider. Nucleotide sequence, characterized in that it is
| constituted by or in that it comprises at least one of the
nucleic acid sequences corresponding to the genes called
urgE, ureF, ureG, ureH and urel represented by the
nucleotide sequences shown in Figure 4 or any part of at
least one of these nucleic acid sequences, with the
exception of the portion of the nucleic acid sequence of
the urel gene cérresponding to the nucleotides 209-282 of
the nucleotide sequeﬁces-shown in Figure 4 or any fragment
of this portion of the urel géne, the said part béing such
that the functional properties of the polypeptide which it
encodes are either conservéd, or attenuated, or even
ébolished aé compared with the properties of the
polypeptides UreE, UreF, UreG, UreH or Urel as expressed by
H. pylori, or such that this modified sequénce does not
express a polypeptide in

H. pylori.

2. Nucleotide Sequenée - according to Claim 1,
characterized in that it is modified by deletion, addition,
substitution or inversion of one or more nuciéotides so
that the fuhctional regulatory and/or maturation properties
of the polypeptides encoded by these modified sequences on
the functional urease expression of the urease structural
genes ureA and ureB are either conserved or attenuated,
even deleted, as compared. with the properties of the -
natural polypeptides UreE, UreF, UreG, UreH or Urel. as
expressed by H. pylori or so that this modified sequence

does not express a polypeptide in H. pvlori.
—_—

’ I"I"! mlﬂ m"” ”,!' ” I"I . This is the replacement sheet
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3. Nucleotide sequence according to Claim 1 or Claim 2,
characterized in that it is constituted by or in that it

comprises:

a) the set of the nucleic  acid sequences
corresponding to the genes called ureE, ureF, ureG, ureH
and urel represented by the nucleotide sequences . shown in

Figure 4 or,

b) the set formed by the (variant) nucleic acid
sequences corresponding . to these genes modified
independently of each other by deletion, addition,
substitution, or inversion of one or more nucleotides, such
that the set of these Variants codes for polypeptides
having a functional homology with the polypeptides UreE,
UreF, Ureé,_UréH or Urel such as expiessed by H. pylori or
coﬁversely codes for modified polypeptides which attenuate
or even abolish the fﬁnctional regulatory and/or maturation
properties oﬁ' the functional urease expression of the
urease structural 'genes. ureA and ureB of the. natural
polypeptides UreE, UreF, UreG, UreH or UreI such as

expressed by H. pylori or is no 1longer expressed as
polypeptides. '

MR R R O This s the replacemens sheet
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4. Nucleotide sequence characterized in that it 1is a
fragment of a nucleotide sequence according to either of
the Claims 1 or 2, the sald fragment compr1s1ng at least 15

nucleotides.

5. Nucleotide sequence according to any one of the Claims
1 to 4, characterized in that it is cowmbined with .nucleic
acid sequences corresponding to the structural genes ured

and ureB which code for the urease subunits in H. pvlori.

6. Nucleotide sequence according to any one of the Claims
1 to 5, characterized in that it is combined with the genes
ured, ureB and ureC and/or ureD which code for the urease
in H. pylori.

7. Nucleotide sequence according to any one of the Claims
1 to 6, characterized in that it corresponds to the ureE
sequence represented by the nucleotides 800 to 1309 of the
sequence shown in Figure 4, or to any part of this sequence
provided that it hybridizes under stringent conditions with
the ureE sequence or with the sequence complementary to

this sequence.

8. Nucleotide sequence according to any one of the Claims
1 to 6, characterized in that it corresponds to the urekl
sequence represented by the nucleotldes 1324 to 2091 of the
sequence shown in Figure 4, or to any fragment of this
sequence provided that it hybridizes: under stringent

conditions with the ureF sequence or with the sequence

complementary to this sequence.u

This is the replacement sheet
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9/. Nudeotide sequence according to any ane of the (laims 1 to 6,
characterized in that it corresponds to the ureG sequence
represented by the nuclectides 2123 {0 2719 of the sequence shown
in Figure 4, or to any fragment of this sequence provided that it
hybridizes under stringent conditions with the yreG sequence or
with the sequenice complementary to this sequence

10/. Nudectide sequence according to any ane of the Claims 1 to 6

characterized in that it carresponds to the ureH sequence

represented by the nuclectides 2722 to 3516 of the sequence shown
in Figure 4, or to any fragment of this sequence provided that it
hytridizes under stringent conditions with the ureH sequence or
with the sequence complementary to this sequence,

11/. Nucleotide sequence according to any ane of the Qlaims 1 to 6,

characterized in that it corresponds to the ure] sequence represented

by the nudectides 211 to 795 of the sequence shown in Figure §, or
to any fragment of this sequence provided that it hybridizes under
stringent conditions with the urel sequence or with the sequence
cemplementary to this sequence.

-12/. Nudectide sequence according to Claim 7, characterized in
that it corresponds to the fallowing nuclectide sequence or in that it
comprises this sequence :

GCG AAA ATA TGC TAT GAA ATA GGA AAC CGC CAT
13/. Nudeotide sequence characterized in that it is constituted by a
nucleotide sequence according to any one of the Claims 1 to12, the
said sequence being labelled.
14/. Nudleotide primer characterized in that it ccmpnses a
nuclectide fragment such as that derived from a sequence according
to any one of the Claims 1 to 12 comprising about 18 to about 30,
and preferably about 25 to about 30 nuclectides far use in a gene
amplification reaction. - |
15/. Nudectide sequence characterized in that it hybridizes under
stringent conditions with a sequenoe acccrding to any cne of the

‘Claims 1to 14
16/. Use cf a primer accordmg to Claim 14 for the in_vitro
detection of an infection due to H,_pylori in a tiologjcal sample
subscquent to gene amplification reactions. _

This is the repiacement sheet

(e s - FEB 188




& R | [T

17/. Use of a probe according to Claim 13 for the in_vitra detection
in a biclogical sample of an'infection due to H. pylor, opticnally
subsequent to gene amplification reactions.
18/. Pdypeptide characterized in that it corresponds to one of the
pdypeptides UreE, UreF, UreG, UreH o Urel shown in Figure 4 or
to any part of at least cne of these palypeptides, with the exception
of the portion of the pdypeptide Urel encoded in the nudeic add
sequence corresponding ta the nudeotides 209-282 of the nudectide
sequences shown in Figure 4 or any fragment of this portion, the
said part being such that the properties of the said polypeptide in
the regulaticn and/ar maturation of the urease as expressed by the
polypeptides UreE, UreF, UreG, UreH and Urel in H. pylar are
attenuated, even abdlished, the said polypeptide carresponding, for
example to a paypeptide represented by the sequence :

Ala Lys Ile Cys Tyr Glu le Gly Asn Arg His.
19. Recombinant vector other than cosmids pILL585 and

" pILL90, characterized in that it contains a sequence

according to any one of the Claims 1 to 12.

20. Recombinant vector acéording_ to '_ Claim '19,

characterized in that it is a cosmid or a plasmid.

21. Recombinant vector according to either of the Claims
19 or 20, characterized in that it is the plasmid pILL753

contained in E. coli HB10l, deposited with the CNCM on 3
October 1991 under the number I-1148.

22. Recombinant vector according to either or the Claims
19 or 20, characterized in that it is the plasmid pILL763
 contained in E. coli HB101 '.deposited with the CNCM on 3
October 1991 under the number I-1149. |

23 . Recombinant strain of H.pylor characterized in fhat it exhibits. a mutation in
at least one of the genes ureE, ureF, ureG, ureH, uLe_l or at least one of the
genes ureE, ureF, ureG, ureH, urel and at least one of ureA or yreB under
conditions such that the recombinant strain  expresses a 'urea'se-negative
phenotype, or exhibits attenﬁation of the effects of urease, 'in particular its
pathological effects. | This is the replacement sheet
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24. Recombinant strain of H. pylari according to Gaim 23, -
characterized in that it has a mutation in the ureG gene.

25. Recombinant strain of H, pylori according to Claim 23,
characterized in that it has a mutation in the ureA gene.

26. Recombinant strain of H. pylor according to Qlaim 23,
characterized in that it has 2 mutation in the ureB gene.

27. Recombinant strain of H._pylar according to any ane of the
Claims 23 to 26, characterized in that it is the mutant strain N6
(NCIMB Na. 40512).

* Recombinant cell host different from ﬂ_py!_q: characterized
in that it is transfarmed by a sequence according to any one of the
Qaims 1 to 12 or 15 under condxhcns making possitle its apressxon
m the host.

9.. Recombinant cell host accarding to Claim 28 characterized in -
that it is a strain of H,_pylori which comprises a nuclectide sequence
according to any one of the Claims 2 to 12 or 15,

:30. Recombinant cell host according to Claim 29 such as that
- produced by mutation of the N6 strain of H, pylor, depacsited with
" the NCIMB on 26 June 1992 under the NCIMB number 40512 in at
least one of the genes ureE ureE ureG, ureH and urel

31. Recombinant cell host according to any one of the Qaims 28
characterized in that it is an E_coli strain modified by a nudedtide
sequence accarding to any one of the Jaims 1 to 12,

- Recombinant cell host according to any one of the Qaimsis to
31 characteri zed in that its urease activity is attenuated.

33. Immunogenic composition, characterized in that it contains a
recombinant cell host acoording to any one of the Caims 23 to 32,
34. Kit for the jn vitro diagnosis of an infection dueto H pylodin
a defined bidlogical sample, characterized in that it contains : :

- at least one pair of nuclectide primers according to Claim 14,

capable of hybridizing with the 5' and 3' ends of a nudectide

fragment specific for at least one gene selected from gr_e_E,
~ureF, ureG, ureH and yrel ;

- reagents necessary for the extraction of the nud_exc acids from

the treated sample, -

- reagents far carrying cut the palymerization of the said

nudclectide fragment, from nuclectide primers, in particular

ey . '. t.aoeéném shest
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pclymerization enzymes in suffident quantity to achieve the
amplification of the fragment which it is desired to amplity,
- at least one nuclectide sequence which can be used as probe
and is capable of hybridizing under defined conditions thh
the amplified nuclectide fragment,

- optionally, agents for revealing the hybridization.
Kit for the n vitrg d1agnosxs of an mfechcn due to H._pylor,
characterized in that it contains:

- a defined quantity of probe acccrdmg to Claimn 13,

- 2 medium suitable for carrying out a hybridization reaction
between the nudleic acid of H,_gy_m to be detected and the
probe,
- reagents for the detection of hybrids pcss:bly farmed.
36. Monodonal ar pdydanal antibedy, characterized in that it
recognizes a palypeptide according to either of the Clatms 18ar19
or a fragment of this pdypeptide

35.
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