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

. JJSE 

Helicc;bacter pylori (also desenbed by the expression K. 
pylori) is a Gram negative bacterium fatnd exclusively na.vadays 
at the surface ct the stanam·mucma in man, and maeparticularly 
aratnd the lesioos of the aaters due to gastric and duodenal ulcers. 
This bacterium ~as initially called Campylobacter p,yloridis 
(Warren et al. (1983) Lancet 1. 1273-1275). 

Like most bacteria, H. pylai is sensitive to a medium ct addic 
pH but can however tolerate addity in the presence ct physidogical 
levels ct urea (Marshall et al. (1990) Gastroenterd. 99: 697-702). By 
hydrolysing urea to ·carbon dioxide and anunmia which are 
released into the miaoenviraunent of the bacteriUtl\ the urease c:J 
H. pylai is assumed to permit the survival c:J the bacterium in the 
acidic enviraunent a the stanadl. Recently, studies oonducted oo 
animal models have provided elements suggesting that tlrease is an 
impcrlant factor in the aionization ct the gastric muca;a (Eaton et.· 

al. (1991) Infect. lmmun 59: 2470-2475). Urease ~s also stispected a 
causing injury either directly a indirectly to the gastric muoosa. 

Helicc;bacter pylori (H. pylai) is presently recognized as the 
etidogical agent c:i antral gastritis, and appears to be one ct the 
cctactors required fa the develqxnent of ulcers. Furthermae it 
seems that the development a gastric cardnanas may be linked to 
the presence a H. pylat. 

All c:i the strains isolated in the dinic from biopsies a gastric 
juice synthesize a very active ur~ which is exposed at the surface 
a the bacterium and is me of the most inununogenic proteins ct K. 
pylori. The urease is suspected a playing a rde in the pathogenic 
process, a fact which has been cxriflrmed by experiments perfamed 
m the pig which sha.v that weakly producing urease strains 
obtained by chemical mutagenesis were incapalie c:J <rlooizing the 
stomach of the pig. These results obtained after chemical · 
mutagenesis do net make it passilie to attribute the diminution a 
urease production with certainty to an inability.to a:iooize the 
stomach, since other genes may be inactivated during generalized 
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mutagenesiS. Hence··these are nd amtrdtable miltations and, 
coosequently, this procedure has no reat value in the aeatim ci 
agents designed to diminish, and even prevent, the harmful effects 
a urease in the case of an infectiat by H. pylai. 

In additiat to this rde. in the cdonization of the stanach, it 
has been shcwri that urease as well as the ammmia released. might 
have a direct c.ytotaxic effect oo epithelial cells and an indirect effect 

·. by inducing an inflanunatay respmse which might be responsible 
fer the gastric lesims. 

.The urease is hence one ci the m;st impcrtant determinants ci 
pathogenidty and the a:nstructiat a isogenic strains ct H. pylori 
specifically inactivated in the genes· responsible fer the expressioo cl 
urease, whether they be structural genes a aa:essay genes, are a 
primary impcrtance fa defining the rde a urease in the 
cdooization .step, and fer use in the a:J'lStructiat cl strains which 
can be used to protect individuals in a vacdnatim process, fer 
example by the mnstrudiat cl atten':lated strains. 

Hitherto the urease genes had been localized on a 34 kb 
fragment ct the H. pylai chranosane and had been associated 
with a 4. 2 kb region present in this fragment. Four genes designated 
by the terms ureA urea ureC and ureD had been associated with 
this regiat a 4.2 kh This regiat led to the prcxtuctioo of a urease­
pantive phenotype when the DNA of 4.2 kb was transferred by the 
intermediaty a a shuttle vecter to Campylobader jejuni. 

HONever, the transfamatiat cf E. mli cells with the DNA cl 
4.2 kb previa.tsly desaibed did not lead to the expressim a urease 
activity in E. crli. 

The inventas have su<xeeded in. defining the elements which, 
both genetically and fran the point cl view cl growth a:nditioos, 
are neassary fa the expressiat in E. mli a a urease activity such as 
that· obtained in H pylai.ln this regard they have established that 
the expressim ct urease in E. ooli was dependent at both the 
adivatioo cf the nitrogen ·regulatcry system ci E. a>li and the 
presence a actesscxy genes to the urease structural genes. They 

· have identified and isdated several genes which wilt scmetimes be 
designated subsequently by the expressioo urease "aca!SSOl)' genes" 
which pennit the functional expressiai cf urease in E. a:li and 
specify the maturation and regulatim cl urease in H p;ylai. 

--- . 
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Hence the inventiat relates to a set cl five na1el determinant 
genes a which are at leca likely to be implicated in the functiatal 
expressiat cl urease in H. pylai and in E. mli. as well as eadl ct 
these genes cmsidered in isdanon and independently ct the other 
genes. It also relates to this set a genes, cptimally modified, in 
canbinatim with the urease structural genes designated by ureA 
ureR ureC and ureD and desaibed in the publicatioo (Labigne et al. 
(1991) J. Bacteria. 173: 1920-1931). 

FurthennaE\ the inventim relates to n~el agents fa the in 
vitro detectioo of an infectiat due to H ;pylai. as well as to 
ampasitiats whidl can be used fa protectioo against infectiat by 
H. pylai. 

Hence the dJject cl the inventim is a nudeotide sequence 
charaderized in that it is a:astituted by. a in that it mu lpl'ises at 
least ate c::I the nucleic add sequences oorrespatding to the genes 
called ureE. ureF. ureG. ureH. YmI and rtpresented by the 
nucleotide sequences presented ·below : 

:-
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1 31 
A CTC TTT l\GC ATT ·r·rc 'f l\G GA 'I"l''l' 'l"l"l1 l\GG AGC l\AC GCT CTT AGA. 'l'CC TTA GT11 TTT AGC 
--leu phe. :m r i .1 e phc l\MB 
61 !H 

I . 

TCT CTG A'r'I' ·r·111r ·rG'l' 1l"l1A 'l'CA Al\A AA'l' 'J'GG GGG C'l"l' 'l''l"r 'l"fG 'l"l"l' 'l"rA TTT '1'1"1' G'rc AAT 
. 

121 151 
TTA C'l'A T'l"l' 'l''l'C TT'r A'l'G A1'11 AGC 'l'CA AGC AAC AAA AGT TAT 'l'CG 'l'AA GGT GCG TTT GTT 

181 SD 211 
GTA AAA A'l"l' 'l"l"l' . G'l"l' 'l'GG AAG Gl\A l\A(; c;c/\ A'l'H C'l'A GGA C'l"l' G'f A 'l"l'G T'J'A 'l'A'I' G'l"J' GGG 

ureI Met· .I.en g.l.y len val .Jeu leu tyr val gJ.y 

241 . 271. 
ATT G'l''l' T'fA A'l'C AGC AA'l' GGG A'J"l' 'l'GC GGG T'l'A ACC AAA G'l'C GAT CCT AAA AGC ACT GCG ~ 

ile va J. .leu j le ser asn g.ly i. l.e cys ~JI y .1.eu thr lys val asp pro_ l.ys ser t:hr al.a 

301 :J31 
GTG A'rG AAC ')''1111' 'l''l"J' G'l'G GG'l' GGG C'l'C 'l'CC A'J"l' A'J"r 'l'G'l' AA'J' G'l'G G'l"l' G'l'C A'l'C ACT TA'l' 

val met asn phe phe va.1 gly gly .le•i sor. lle JI e cys asn va 1 val. val ile thr tyr 

361 391. . 
TCC GC'r C'l'C AAC CC'l' ACl\ GC~ cc·r (j'l'l\ (j/\/\ Gn·r w~·r (;/\l\ GA'I' 1\'l"I' c;c·r CAA Ci'l'I\ 'l'Cl\ CAG 

I 
HC!r hi 9 ser ala loo aun pro thr aln vru v;ll q l 11 ~I I y e1 I a c i I u c.a :;p i IC! ala glu· v;.11 

421 451 
CAT 'l"l'G 1\C'l' l\A'l' 'l"l'C 'l'A'l' GGG CCA GCG 1\C'I' GGG 'l''l'I\ 'l"l'G 'l''l"l' <iG'l' 'l"l'C l\CC 'J'AC '1'1'G TA'r 
his leu thr. asn phe tyr gly pro aJ.<1 Lhr. gly lnu leu phe qty phe thr tyr leu tyr 



481 511 
GCG GCT A'l'C 1\1\C CAC ACT TT'r GG'l' 'l"rG GA'r TGG AGG CCC TAC 'l'C'r TGG TAT AGC ·rTA TTC 

aia ala ile asn his thr phe gly J.eu a!lp trp a qJ pro tyr ser trp tyr ser l eu phe 

541 571 
GTA GCG ATC AAC ACG A'l'T CC'l' GC'r GCG 1\'I"r ·r'l'A ·rec CAC TAT AGC GAT -ATG CTT . GAT GAC 

val ala ile asn thr ile pro ala ala ile leu ser l1is tyr ser asp met leu asp asp 

601 631 
CAC AAA G'l'G 'l"l'A GGC A'l'C l\C'l' Gl\l\ GGC Gl\'l' 1'GG 'l'BG GCG A'l'C l\'1"1' 'l'GG 'l'TG GC'l' 'l'GG GG'r 

his lys val leu gly. i. le thr glu ~Jl y asp trp t rp ala lle i le trp leu al.a trp gly 

661 691. 

GTT 'l''l'G TGG c·rT ACC GC'l' T1'C A'r·r Gl\l\ l\1\C l\'l'C 'l"l'G AAA A'l'C CC'!' 'l"l'A GGG l\1\A 'J"rC AC'l' 

val leu trp leu thr ala phe ile glu asn ile leu lys il~ pro leu gly lys phe thr 

721 "/!ii 

CCA 'l'GG C'l"l' GC'r A'l'C 1\'J''l' GAG GGC l\'1"1' 'J"J'l\ l\CC GC'l' 'J'GG l\'l'C CC'l' GC'I' 'l'GG 'l"l'l\ C'l'C T'l"l' 

E_r~trp ..!_e~la J.le jJ~~g.1.y llo .l~thr al.a~r_p lle pro a.I.a trp leu leu phe 

781 
ATC CAA CAC TGG GTG TGA GAT GA'r CAT 

ile ~11 n hli s t: rp val OPA 

782 

811 

u 1.2 

TCC AAC AC'r GGG 'l'G'l' Gl\G A'l'G A'l'C A'l'A GAG CG'J' 'l"l'A A'l'A GGC l\l\'I' c·rA AGG Gl\'I' TTA AAC 

ureE Met ile Lle g .l u arg J.eu ile gly asn J.eu arg asp leu asn 

·"') 

/ 

t: 

"· 
(11 



--.......... ---.. 

~) 

•' 

r 
842 811 
CCC TTG GA'l' T'rC AGC G'fG GA'l' '1'1\'J' G'l'G Gl\'l' 'J"fG Gl\A TGG TTT Gl\l\ ACG AGG AAA AAA ATC 
pro Jeu asp phe ser va.I a:1p tyr: val ;wp leu ~1lu t:rp phe ql.u thr arg lys lys ile · 

902 932 
GCT CGC TT'J' l\l\A ACC AGG CAI\ GGC AAA Gl\C I\ Tl\ GCC G1'A CGC CTT AAA GAC GCT CCC AAG 
ala arg phe lys thr arg gln gly lys asp ile ala val arg leu lys asp ala pro lys 

962 992 .. 

TTG GG'r 'l'TC 'l'CT CAA GGA GA'l' A'l"l' 'l"l'A 'l"l"r AAA GAA GAG AAG GAA A'fT ATC GCC GTT AAT 
leu gly phe ser gln g.l y asp ile I.en phe lys gl u glu lys glu ile ile ala val asn 

1022 1052 
ATC TTG GAT TCT GAA GTC ATT CAC ATC CAA GCT Al\G AGC GTG GCA GAA GTA GCG AAA ATA C1> 

ile leu as1> ser glu val i.le hi.s :i. le gl 11 ala l ys ser val al a glu val al.a l.ys ile .. 
1082 1112 
TGC 'fA'l' GAA 1\'J'A GGA AAC CGC Cl\'l' GCG GC'l' 'J"J'l\ 'J'l\C 'J'A'r GGC GAG 'l'C'l' CAA 'l"l"l' GAA TTT 
cys tyr gl\1 ile gly asn arg his ala ala leu tyr tyr gly glu ser gln phe glu phe 
- .. . . I 

1142 1172 
AAA ACA CCA TTT GAA AAG CCC ACG CTA GCG 'l'TA C'l'A GAA AAG CTA GGG GTT CAA AAT CGT 
l.ys thr pro phe ~Jl u 1 ys pro I h •~ ·1 ma a I a I cu 1 tm -~J l n 1 ya · I ou ~JI y va 1 ~I 1 u cHJn. ar~J 

1202 1232 
GTT 'fTA AG'l' 'l'CA AAA 'l"rG GA'J' 'J'CC 1\1\1\ Gl\I\ CGC 'l"l'l\ ACC G'l'G 1\GC 1\'rG CCC Cl\'l' AG'r GAG 
val leu ser ser lys J.eu asp ser l y!J ~J 111 arg l en thr val ser met pro his ser glu 
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1262 1292 SD 
CCT AAT TT'f AAG GTC 'l'CA CTG GCG AGC GA'l' TTT Al\A .GTG G'fC A'fG AAA TA~ AAA AAC AA 
pro asn.phe lys val ser l.en ala ser asp phe l.ys val val met lys AMB 

1321 1351 
CAA ATG GAT AAA GGA AAA AGC GTG AAA AGC ATT Gl\A AAA AGC GTG GGT ATG CTC CCA AAA 
F Met asp lys gly lys ser val lys ser ile glu lys ser val gly met leu pro lys 

1381 1411 
ACT CCA AAG ACA GAC AGC AA'r GC'r CA'l' G'l'G GAT AA'r GAA TT'l' CTG" A'rT CTG CAA GTC AAT 
thr pro lys thr asp ser asn .ala his val asp asn glu phe leu ile leu gln val asn 

1441 1471 
GAT GCG GTG TTC CCC ATT GGA TC'r TAC ACG CA'f 'fCT TTT GGG C'l'T 'J"l'G GCT AGA AAC ·TTA 
asp ala val phe pro J.le gly ser tyr thr. hJ.s ser phe gly leu Jeu ala arg asn leu 

....: 

1501 1531 
CAT CCA GC1\ 1\1\l\ l\l\G G'l"I' l\C'I' l\l\'I' 1\1\1\ Cjl\l\ l\GC GC'l' 'l"J'A Al\l\ 'J'l\'I' 'l"l'l\ l\l\1\ GCC 1\1\'f C'l'C 
his pro aJa lys Jys va.J. thr. asn J.yn qlu ser al.a leu lys t:yr .lcu lys ala asn leu 

1561 1591 
TCT AGC CAG TTC CTT TAC ACG GAA ATG. C'fG AGC •r'l'G AAA c·rc ACC TAT GAl\ AGC GCT CTC 

I 

1011 lys leu I.hr tyr gJ.11 sur. ala leu ser ser gln phe leu ~:yr_ thr ~J1 n mot 1011 uor 

1621 1651 
CAA CAA Gl\'l' TTA AAA AGG A'fC ']"fl\ GGC1 G'l"l' Gl\1\ Gl\1\ A'l'C l\'f'l' l\CG c·rn ·rec l\CA 1\GC CCC 
gln gln asp l.eu lys arg ile Jen gly val glu glu ile ile thr leu ser thr ser pro 
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1681 1711 
ATG GAA ·r·rr, CGA TTA GCC l\l\'1' CAA l\AG C'l'i\ GGC l\1\'l' CG'r T'rC A'rT AAA ACC TTA CAA GCC 
met g.1 u .I eu arg J cu a I.a asn qi n ·1 yH I 011 ql y a:sn a17g phe .i I c 1 ya thr l en gln ala 

1741 1771 
ATG AAC GAA 1'TA GAC AT'r GGC GCA TT'l' 'fT'r AAC GCT TAC GCT CAA CAA ACC GAA GAC CCC 
met asn glu leu asp ile gly ala pl1e phe asn ala tyr ala gln 9ln thr glu asp pro 

1801 1831 
Ace· CAT GCC l\C1' AGC ·rnh' GGC G'r·r 'l"l"l' GCG GcGI l\G'I' 'l"l'G GGn l\'J"l' GAA 'fTG AAA AAG GCT 
thr hJ.s ala thr ser tyr gl.y val phe ala ala ser leu gly Ile glu leu Jys lys al.a 

1861 1891 
TTA AGG CA'l' TA'l' CT'r· 'l'l\'f GCA CAA AC'J' ·rc·r AAC A'l'G GTA A'l"f AAC 'l'GC GT'l' AAA AGC GTC 
leu arg hls tyr leu t.yr ala gln thr ser asn met val J le asn cys val .1.ys ser val 

a> 

1921 l.951 
CCA C'J'A 'J'C'f' CAA AAC Gl\'I' GGG CAA l\l\l\ l\'l'C 'l"rl\ 'J"rG l\GC 'l"J'G Cl\l\ l\GC CC1' 'l"t'J' AAC CAG 
pro leu ser glu asn asp gly gln Jys lJe leu leu ser leu gln ser pro phe asn gln 

1981 2011 
CTC ATA GAA AAA ACC CTA GAA CTA GAC GAA AGC CAC TTG TGC GCG GCA AGC G'fT CAA AAC 
l.eu jJe ~Jl;u .lys thr .lcu qlu 1011 ~mp ~1111 unr. hi:J lcu cyn illH nla scr val ~1ln asn 

2041 20·11 
GAC l\'J"f AAG GCG ATG CAG CA'r GAG AG'f 'l"J'A TAC 'l'CG CGC C'l"l' '.1'1\'f l\TG TC'r 'l'GA ATT TTA 
asp ile l.ys ala met gln his glu ser leu tyr ser arg leu tyr .met ser OPl\ 
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2102 SD 2132 
TCT CAA A1"r GAA AGG AA'r 'l''l"f 1\'J'G G'l'l\ 1\1\1\ A'l"r GGA G'J"r TG'r GGT CCT GTA GGl\ AGC GGT 

ureG MC!t val I yo .llo ~1.ly val cys gly pro val. gly ser gly 
' --------..-..--2162 2192 

AAA ACC GCC TTG ATT GAA GC't TTA ACG CGC CAC 1\TG TCA AAA GAT TAT GAC ATG GCG GTC 
lys~~ ala leu ile glu ala leu thr arg.his met ser lys asp tyr asp met ala val 

2222 2252 
ATC ACT AA'r· GAT ATT. TAC ACG AAA GAA Gl\C GCA GAA :'TTT ATG 'fGT AAA AAT TCG GTG ATG . . 

ile thr asn asp ile tyr thr lys glu asp al.a glu pile met cys lys asn ser val met 

2282 231.2 
CCA CGA GAG AGG ATC A'l'T GGC G'fA Gl\A ACA GGA GGC 'fGT CCG Cl\C ACG GCT A'r'r AGA GAA 

CD ' pro arg glu arg ile ile gly val glu thr gly gly.cys pro his thr.ala fle arg glu· 

2342 23·12 
GAC GCT TC'l' A'fG AAT 'f'fA GAA GCC GTA GAA GAA · A'fG CAT GGC CG'l' 'l"fC CC'l' AA'r TTG GAA 
asp ala ser met asn l eu glu ala val <J 111 glu met· Ills gly ar9 phe pro asn leu glu 

•· 
·~ 

2402 2432 
TTG CTT TTG AT'r GAA AGC GGA GGC AGT l\AC CTT ·rcA GCG ACT ·r·r.c AAC CCA GAG CTA GCG 
leu leu le" lle glu ser 9ly g1y ser asn .leu sor ala thr phe asn pro qln leu ala 

! 

2462 2'192 
GAC TT'r ACG A'l'C T'rT G'l'G 1\'1"1' GA'l' G'l'G GC'l' GAG GGC GA'l' AAA A'l'C CCC AGA 1\1\1\ GGC GGG 
asp phe thr ile phe val i.le asp val al a gl.u ~Jl y asp l ys i le pro arg lys gly gly 
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2522 2552 
CCA GGA ATC ACG CGT TCA GAC TTG C'l"l' G'l'C ATC 1\AT AAG ATT Gl\T T'l'A GCC CCC TAT GTG 
pro gly i le thr arg ser asp J.eu l en vn I. i. le asn l ys i.le asp leu ala pro tyr val ' 

2582 2612 
. GGA. GCC. GAC 1"rG AAA GTC A'fG GAA AGG Gl\'l' TCT AAA AAA ATC GCG GCG AAA l\GC CCT TTA 
gly ala asp leu lys val met glu arg asp ser lys lys ile ala ala lys ser pro leu 

2642 2672 
TTT T'fA CCG 1\A'r ATC CGC GC'I' AAA GAA GG'r 1'TA GAC Gl\'f GTG 1\'l'C GCT TGG ATC AAG CGC 
phe leu.pro asn ile arg ala l.ys glu gly l.eu asp asp val J.le ala trp i.le lys arg 

2702 

i AAC GCT TTA" 'l'TG GAA GA'r 1'GA 'J'GA ACA c·r·r 
b I 

asn ala leu leu gl.u asp OPA 

2701 SD 2731 
CAA CGC T'l"l' ATT GGA AGA T'l'G A'fG l\l\C AC'l' 'rAC GCT CAA GAA 'l'CC AAG CTC AGG TTA AAA 

ureH Met asn thr tyr ala gln glu ser lys leu arg leu lys 

2761 2791 
ACC AAA ATA .· GGG GCT GAC GGG CGG TGC G'l'G ATT . GAA GAC AAT TTT TTC ACG CCC CCC TTT 

I 

thr lys JI~ gly ala asp gly arg cyu val .i.lo ~J 1 u aup asn pho phc thr pro pro phe 

2821 . 2851 
AAG CTC ATG GCG CCC '1''1"1' 'l'AC cc·r AAA GAC GA'l' '1"1'1\ GCG GAA A'l'C A'l'G c•r1· 'J"l'A GCG GTA 
lys leu met ala pro phe tyr pro lys asp asp leu ala glu ile met leu leu ala val 



'\ 

2881 2911 
AGC CCT GGC TTA ATG AAA GGC GAT GCA Cl\l\ GAT GTG CAA TTG l\l\C ATC GGT CCA Al\T TGC 
ser pro gly leu met lys g.ly asp a.la qln asp val gln Jen asn i.le gly pro asn cys 

2941 29'11 
AAG T1'A AGG A'rC AC'r 'J'CG Cl\l\ 'l'CC 'l''l"l' Gl\l\ AAA l\'l'C Cl\'r AAC l\C1' GAA Gl\C GGG T'l'T GCT 
lys leu arg Jle thr ser gln ser phe glu lys Jle hJs asn thr glu asp gly phe ala 

3001 3031 
AGC AGA GAG ATG CA'f ATC GTT GTG GGG Gl\l\ l\AC GC'r TTT 'J'TA GAC T'fC GCG CCC TTC CCG . 
aer ar.<J asp mot his i In Vil I val ~1 I y c.11 u asn a I a. phe .1 cu cUJp phe ala pro phe pro 

3061 3091 
TTA A'fC CCC 1'TT GAA AAC GCG CA'r 'l"f'r Al\G GGC AAT ACC ACG AT1' 1'CT TTG CGC TCT .AGC 
leu i le pro phe gl.n asn a 1 a h:l s pho .1 ys gly asn thr thr i .1 e ser leu arg ser ser 

3121 JJ 51 
TCC CAA 'J"f('j C'l'C 'J'A'f AG'I' Gl\A A'J'C A'J"I' G'l'C GCA GGG CGA G'l'G GCG CGC AA'J' GAG 'J"fG TT'!' 
ser gln le11 leu tyr ser glu Jle ile val ala gly arg val ala arg.asn glu leu phe 

3181 . 3211 ;.. 

AAA TTC AAC CGC TTG CAC ACC AAA A'J'C TC.'I' AT'r ·r·rl\ CAA GAT GAG AAA CCC ATC TAT TAT I . . 

lys phe i1sh arg Jen hi9 t:h1· ·1y:1 i In :HiT i In lou ~1.ln anp .calu ly:1 pro i lo tyr tyr 

3241 32'11 
GAC Al\C ACG A1'T 'f1'A GA'l' CCC AAA l\CC l\C:C Gl\C 'J"l'A l\l\'l' l\l\C l\'l'G 'l'GC ATG 'l"l"I' Gl\T GGC 
asp asn thr lle leu asp pro lys thr t:hr asp leu asn asu met c:ys met phe asp gly 

'~-) 

·~} 

.... .... 
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3301 3331 
TAT ACG CA1' 'J'A'r 'lTG AA'J' 'l"l'G G'l'G C'J'G G'J'C AA'l' 'l'GC CCC A'l'A GAG C'l'G TCT GGC G1'G CGA I tyr thr his tyr leu asn leu val leu val asn cys pro ile glu leu ser gly val arg 

3361 3391 
GGA TTG ATT GAA GAG AGC GAA GGA G'l'G GA'r GGA GCC G'l'G AGT GAA ATC GC'l' AGT TCT CAT gly leu ile glu glu ser glu gly val asp gly ala val ser glu ile ala ser ser his 
3421 3451 
TTA TGC CTG AAA GCT TTA GCG AAA GGC TCA GAA CCC TTG TTG CAT TTA AGA GAA AAA ATC leu cys le~ lys ala leu ala lys gly ser glu pro leu leu his 1eu .. arg g~~ lys ile 

I.: 
..... 3481 3511' I\) 

41111 GCT CGC ·r·rT A'l'C ACG CAA ACG A'J"r ACG CCA AAG G'l"r 'l'AA AAA ACA C'rT TAA AAA AGA TTA .. ala arg phe ile thr gln thr i..1.e thr pro l.ys va 1. OCll 

'3541 
TAC CCT T'l'A GTC TTT TTT AA 
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. . 

a any part cl at least me of these nucleic add sequences. 
A nudeotide sequence aa:x:rding to the invention is 

caistituted either by DNA er by RNA 
The inventioo also relates to a nucleotide sequence mcxiified 

with respect to the nucl~de sequence desaibed above by 
deletioo, addition, sul:stitutien or inversion cl me er mere 
nuclectides such that the functimal properties cl the pdypeptides 
encoded in these genes are· either cmserved a attenuated, er even 
deleted, in compariscn with the pfopei lies ci the pdypeptides 
UreE, UreF, UreG, UreH ~ Urel stich as expressed by a: pylai, _or 
such that this sequence does net expre5s a pdypeptide in H. pylai. 

Accading to a particular embodiment ci the inventicn and in 
the cootext a the preceding definitioo, a nudectide sequence is 
characterized in that it is caistituted by a in that it oorupi ises : 

a) the set cl nudeotide sequences <Xll'respmding to the genes 
called ureE, ureF, ureG. ureH. 1GI and represented by the 
nudectide sequences shown in Flgure 4 or, 

. b) the set fonned by the (variant) nudectide sequences 
caresponding to these genes mcxtified independently cl each 
ether such that the set cl these variants axies fa pdypeptides 
having a functional hanology with the pdypeptides UreE, 
UReF, UreG, UreH cr Urel such as ecpressed by H. pylai er, 
oo the ether hand, axies fa modified peptides which 
attenuate or even suppress the functicnal prcpei ties cJ the 
pdypeptides Ure~ UreF, UreG, UreH a Urel such as 
expressed by H. p.ylai. 
Fragments (nucleotide sequences) cl the above nudeotide 

sequences are cl interest fa different reasons and as ecamptes it is 
passitfeto define: 

- fragments cl the above-mentiooed sequences whid\ have 
caiserved the capacity to axie for pdypeptides having a 
functiooal homdogy With the pdypeptides such as obtained 
by expres&on of a-gene selected fran ureE. ~ ureG, ureH, 
l1W in H. pylai: 
- fragments axing fa any part ci the above pdypeptides 
such as produced in H. pylai, and in particular cOding fa 

. peptides. er parts ct pdypeptides recognized by antibodies 

.. 
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directed against H. pylai a capable c1 behaving as haptens a 
immunogens; 
- fragments Of the above-mentioned sequences lacking the 
capadty to cxxie fer the pdypeptides ct H. pylai such as 
expressed by ~he genes ureE. ~ ureG. ureH. YD:!; 
- fragments axiing fa polypeptides a peptides having _ 
properties attenuated a even deleted in ccmparism with the 
prcperties of the pdypeptides enaxied in the genes ureE. 
yrgf ureG. ureH urel ct H pylai. 
Such fragments have advantageously at least 15 nudedides, 

and preferal:iy at least 20 nudectides. 
The genes ureE. ~ ureG. ureH YmI are present at a Ha. 

pylori chranosan~ these genes are so-called acx:essay genes with 
respect to the urease stntctural genes (ureA ureBl. In amtrast to the 
structural genes, the a~ genes are not n~ary fa the 
famatiat ct the enzyme ur~e On the ether hand, they are 
·implicated in the functimal expressiat ct urease as expressed in .a 
pylori by means ct regulatay and/ a maturatim agents affecting 
the urease famed. The urease is in fact expressed in the fam c:1 an 
inactive apoenzyme befae undergang a maturatiat step within a 
pylori. a step which cmfers m it its functional enzymatic fam 

· Furthennat\ the inventas have cb;erved that the· presence ct 
these five accessory genes is essential to the expressim of functimal 
urease in E. ooli cells previcusly transfamed by the structural genes 
ureA ureR ureC and ureD. 

Consequently, the identification c:1 these genes ·and their 
nudectide sequences makes it possilie to cmtemplate agents fa 
modulating the urea5e activity in H ;pylai strains, in particular fa 
preparing attenuated strains. 

Aaxrding to a first embodiment a the inventiai, interesting 
nudectide sequences cxxie·fcr polypeptides which have a functional 
handogy with the natural pdypeptides UreE, UreF, UreG, UreH 
and Urel This handogy between polypeptides is· estimated in 
tenns ct the capadty c1 these pdypeptides to functim within H. 

. pylori like the natural polypeptides UreE, UreF, UreG, UreH and 
Urel and, consequently, to cmtribute to the fcrmatim of the 
functional urease .fran the apoenzyme 
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This functimal hanology can be detected by implementing 
the follONing test : 1()9 baderia are rSispended in 1 ml of urea­
indde medium and inwbated at 37°C The hydrdysis of the urea 
leads to the release cl anunalia which, by raising the pH, leads to a 
cdour change fran aange to fudlsia 

On the ether hand, in cmtext cl the inventiai it is pc&glie to 
make use cl nucled:ide sequences cxrrespmding to the set d the 
nucleotide sequences arrespmding to the genes ureE ~ ureG. 
ureH. m:d, these sequences being modified so that·the 
pdypeptides for which they code no lmger possess the capacity a 
the natural pdypeptides to give rise to the productiai d a 
fundimal urease in H. pylai er, optionally, in and:her species. In 
this case an attempt is made to attenuate a suppress the functimal 
propei ties-cl the natural pdypeptides. as expressed by H .. pylori. It 
is cmsidered that the functimal properties are attenuated when the 
strain in which the nuclectide sequences aa:ording to the inventim 
are inserted produce a nm-pathogenic urease for example in the 
fam d an apoenzyme This pathogenidty can be evaluated by 
making use cJ the fdlONing test : · 

The implantatim d the recombinant strain is assayed in the 
stomach d an animal, preferal:iy the germ-free piglet, by using the 
procedure desaibed by Eatm et al. (1991 Infect. Immun. 52.: 2470-
2475). 

Aa:ading to a first embodiment of the inventim; a nucleotide 
sequence such as previously defined may be a:lllbined With the 
nuclectides sequences <XJI'l'esponding to the structural genes ureA 
and ureB which code for the urease sublnits in H p,ylai. 

Acarding to another embodiment a the invention, this 
nucleotide sequence is a:mbined with the genes ureA. ureR ureC 
and/ a ureD whidl oode fa urease iri H. pylm. 

In this case the different genes may be localized m distinct 
replicms. 

The inventim also relates to the nudeotide sequences 
included in the caned cl the preceding definitim and represented 
by me d the axiing nudedide sequences cxrrespcnding to the 
genes ureE. m:gE ureG, ureH. m:gl . In this camectioo the invention 
relates in particular· to the fdlowtng sequences : 

. -- ... 
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· . - the YmE sequence arrespmding to the nudectides 800 to 
1309 of the sequence shown in Figure 4, a any fragment c:A this 
sequence provided that it hybidizes under stringent a:mditiais, i.e. 
at 68°C in 6 x SSC Denhardt medium or at 37°C in 5 x SSC 50" 
famamide with the YmB sequence a with the sequence 
canptementary to this sequen~ 

- the w:gE sequence m 1espmding to the nudedides 1324 to 
2091 of the sequence shown in Figure 4, er any .fragment c1 this 
sequence provided that it hybidizes under stringent conditims, i.e. 
at 68°C in 6 x SSC Denhardt medium or at 37°C in 5 x SSC 5trlt 
fcrmamide with the w:l.E sequence or with the sequence 
canptementary to this sequm~ 

- the ureG sequence m 1espatding to the nudectides 2123 to 
2719 of th_e sequence shown in Figure 4, er any fragment ct this 
sequence provided that it hybidizes under stringent oonditims, i.e. 
at 68°C in 6 x SSC Denhardt medium or at 37°C in 5 x SSC 50" 
fcrmamide with the ureG sequence or with the sequence. 
canptementary to this seq.lei\~ 

- the ureH sequence arrespmding to the nudeatdes 2722 to 
. 3516 of the sequence shown in Figure 4, a any fragment a this 

sequence provided that it .hybidizes under stringent cenditims, i.e. 
at 68°C in 6 x SSC Denhardt medium or at 37°C in 5 x SSC 50% 
fcrmamide with the ureH sequence a with the sequence 
canptementary to this sec.pen~ 

- the. mm sequence COJTespatding to the nucleotides 211 to 795 
a ~he sequence shown in Figure 4, a any fragment c1 this 
sequence provided that it hybidizes under stringent conditiatS, i.e. 
at 68°C in 6 x SSC Denhardt medium or at 37°C in 5 x SSC 50% 

. famamide with the ureH sequence a with the sequence 
canplementary to this sequence 

Reverse and a:mplanentmy DNA sequences are called here 
•canptementary sequences". The term. •reversff takes into acxount 
the restoration c1 the S'-3' onentatiat cl the nudeic add, -··· 
canplementary by the nature of the nudectides and with respect to 
a given sequence. 

The inventim also relates to a·particular nudectide sequence 
arresponding to the fdla.ving sequence : 

GCG AAA ATA TGC TAT GAA ATA GGA AAC CGC CAT 
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The inventtoo also relates to any DNA sequence which 
canprises this nudeCtide sequence. 

The nudecXide sequences aaxrding to the inventiat which 
·satisfy the preceding spedficatiats may be induded in the 
catstitution cl probes when they are labelled for example at their s· 
and/er 3' atd by a substance which can be detected. As markers, 
mention may be made a radicactive isctcpes, enzymes, chemical er 
chemolurninescent labels, fluorodlromes, haptms er antibcxiies, 
base analogues a even physical markers. These markers may 
optimally be bamd to a solid supPat, fer example a particulate or 
memlrane suppcrt, such as magnetic beads. 

As a prefer1ed marker mentim may be made a radioactive 
phasphcrus (32 P) inmrpcrated at the 5' end cl the sequence used as 
probe. - . 

· Adv~tageously a nu~eotide probe aaxrding to the invmticn 
amprises any fragment cl the genes desaibed, fer example 
fragments of about 45 nudedides. 

Preferred prcbes aaxrding to the inventim are tnlstituted by 
fragments derived fran the ureH gene er preferaHy fran the yrgI 

. . 

gene 
Starting fran.the nuclectide sequence5 acccrding to the 

inventim, it is. also po5Sble to define primers which can be used fer · 
the in vitro detectiat a an infecttm due to H. pylai. A primer is 
characterized in that it coo1prises a nudectide fragment such as that 
derived fran a sequertce previously desaibed, ampising. from 
alntt 18 to about 30 and preferably fran about- 25 to about 30 
nucleotides. Such a primer can. be used in gene amplificatiat 
reactiatS, fer example aaxrding to the polymerase chain reacticn.· 

Fer use in an amplificatim procedure primers .a the inventiat 
are taken in pairwise canti_natiens so as to hyl:ridize under specific 
catditions With the respective s· and 3' atds ct the nudectide 
fragment to be amplified. 

If the PCR procedure is used, the required catditiat$._fcr the 
. specific hybridizatim cl the primers with the DNA to be detected 

are the mnditioos desaibed in the applications BP 200363, 201184, 
229701 and the temperature is calculated acoording to the famula : 

T (0 0 = (4 (C + G) + 2 (A+ T) -10} 
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in whi~ A, T, · C, G represent respectively the number of A, T, C, G 
nuclectides in the primers used. 

The ampliflcatim procedures which can be used in the 
framework cl the inventim include the PCR (polymerase chain 
readiat) procedure desaibed in the European patent applicaticns 
cl Cetus (Na 200363, 201184 and 229701) a also the "Q beta 
replicase" procedure desaibed in Biotechndogy (Vd. §, October 
1988) 

Other nucleotide sec.p~ces acarding to the inventioo are 
sequences which hybidize under stringent oonditions such as those 
defined above with a sequence defined in the preceding pages er a 
sequence canplementasy ·to these sequences. 

The nudeotide sequences and the vectcrs cl the inventiat may 
. also be u~ fa the ~on cl ether genes a sequences c:l li. 
pylori a cl other strains in H pylai a in other hosts such as E. coli. 
the adenovirus. 

In additioo, the inventiat relates to a polypeptide 
charaderized in that it ca1espoods to ate cl the pdypeptides UreE, 
UreF, UReG, UreH er Urel shown in Figure 4, to any part cl at least 
me cl these pdyptptides. The inventiat relates in particular to any . 

. mcx.iifled pdypeptide proVidedthat it exhil'its a functiatal 
handogy with the aiginal pdypEptide UreE, UreF, UreG, UreH a 
Urel such as expressed by H pylai a, on the cxntrary, modified by 
detetiai, additiat, substitutjat er inversiai cl me a more amino 
adds in crder to attenuate a even abolish its functiatal properties 
as regards the urease activity as expressed bJ H. pylai .. 

The polypeptides UreE, UreF, UreG, UreH cr Urel are 
impicated partia.tlarly in the regulati<'.fl and the maturation cl the 
urease in H. pylai. . 

Another pdypeptide according to the invention is that which 
is represented by the following sequence ct 11 amino adds : 

Ala Lys Ile Cys 'fyr Glu Ile Gly Asn Arg His 
The polypeptides cl the inventiat and in particular the 

pdypeptide whose sequence is given alnfe can be used fc;J" the 
productim of mmoclaiat a pdydmal antibodies , a for the 
detedioo of antibodies in a 1:.idogical sample infected bj H. pylai. 
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~oclai.at antibodies can be prepared by the hylridana 
procedure a by kncwn procedures fa the preparatiat ct human 

· antibodies. 
These antibodies can also be prepared acarding to the 

procedure desaibed by r.Aarks et at. (J. Mot. Biol. 1991 22.2, 581-597). 
The inventiat also relates to anti-idiciypic antibodies. 

. Antibodies against the sequence c1 the a~e _11 amino adds 
might be used in the ccntext ct a reactiai. 1:ioddng the maturatiai. a 
urease. 

In addition, the invention relates to the use a the matodatal 
er potydonat antibcxiies in canpositiats to treat a H. ~ytO[i 
infediat. 

The oqect a the inventiat is also recanblnant vectas 
characteri~ in that they cmtain a DNA sequence a the 
invention.Such recantinant vectcrs may be fer example camids er 
plasmids. 

A partia.tlarty advantageous vecta fa carrying out the 
inventim is characterized in that.it is. the plasmid pILL753 
cootained in E. coli HB101 depanted with the CNCM (Cdlectioo 
Natiatale de Cultures de Miaocrganismes, Paris France) on 3 
October 1991 under the number .1-1148. 

Another partiatlarly advantagews recanbinant vectcr is 
characterized in that it is the plasmid. pILL763 antained in E. coli 
HB101 deposited with the CNCM m 3 October 1991 under the 
number 1-1149. 

The oqect a the inventim is also a recc:mtinant ail hast (er 
recanl:inant cell strain), characterized in that it is transfcrmed by a 
nuclectide sequence satisfying the spedficatims previously given. 
This cell hart thus transfamed must allow the expressim of the 
nuclectide sequence cl the accessay genes d urease, optimally 
modified in ccnfamity with the preceding spedficatiats. 

· A recanbinant cell hmt is preferably a strain a H. wJ.ai 
modified by me a the nudectide sequ~ces previously sp~fied, 
~d advantageously modified such that the products d the 
modified accessay genes whidt_ it eXpresses contribute to the . 
attenuatim of the effects of urease, in partiwlar its pathogenic 
effects. 
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Fa- example, such a rea:ntinant strain may be d:Jtained by 
mutaticn d the N6 strain d R pylm depa;ited With the NCIMB 
(Naticnal Cdlectims d Industrial and Marine Bacteria Ltd) in 
Great Britain, m 26 June 1992 under the number NCMB 40512, the 
mutatim being made in at least ooe a the genes ure£ ureF. ureG. 
ureH. YmI,. and/ er in one er mae a the structural genes, fer 
example ureA er YmB. 

It will be preferal:ie to aeate in the framewak c1 the 
inventioo reoombinant strains and in partia.tlar recanl:inant H.. 
pylori strains wha;e urease adiVity is attenuated in oonfonnity with 
the aiteria previously specified. 

Thus, particularly useful recanbinairt N6 strains are t}la;e 
which give rise to a urease-negative phenctype and cxmprise a 
. mutant f~ d at least cl m~ ct the genes ureE.. ureR ureG. ureH, 
crYllll. 

An inadivatim a the mm gene fa example makes it possil:ie 
to prepare urease-negative H. pytm strains. Similarly, certain 
mutattms within gml give rise to a urease-negative phenotype in a 
pylori. whereas the ureA and YmD gene products are expressed. For 
example it is mutation Na8 desaibed in the examples. 

Another particularly useful mutatim, especially fa the 
preparatim ct vaccinating strains and in partia.tlar vaccinating a 
pylori strains is a mutation in the ureG gene. A recoml:inant H.. 
pylai strain in which the ureG gene is mutated exhi1:its the 
folla.ving prcperties: 

- the strain thus mutated .crnserves its capacity to trigger an 
immune respoose ; 

- the strain thus mutated lacks urease actiVity. 
. However, it is pamble to transfam other strains with the 

sequences c1 the inventim. In partiadar, reoourse will be had to 
E.coli in crder to aeate mutatims ·in the genes ureB. ureE ureG. 

· ureR a wJU, after their pri<r insertiat into this strain, fa example 
thratgh the intermediary ct a plasmid The genes thus ml!Yrted can 
then be introduced into another ha;t cell, for example in H. pylai in 
ader to make posSl:ie an allelic replacement and aeate a mutation. 

It is to be noted that the deletim in the YmI gene in a 
recon1binant E. ooJi cell aaxrding to the inventim does not alter the 



urea5e phenc:type provided that the other <:alditioos fer the 
expressiat a this phenc:type are fulfilled. 

Maeover, the recombinant E. ooli strain can be used to 
produce the pdypeptides UreE, UreF, UreG, UreH or Urel and 
purify them ·by means of standard procedures. 

The reccml:inant strai~s cl H pylai with attenuated urease 
activity can also be used fer the transpcrt and ecpres.goo ·a 
heterologws genes,· for example chdera or salmooella genes. 

Different p-ocedures can be used to generate reccmanant 
strains. For example, rea:iurse will be had to the electrcpcratim 
procedure such as desaibed in the examples ci this application. 

This electropcratioo procedure may qltimally be modified by 
eliminating the step which CXl'isists ci giVing an electric shock to the 
cells to be transfamed. -

The inventim suggests agents fa protectim against an 
infectioo due to H p,ylai. in partiatlar by the administratim of 
immunogenic oon1pa;itioos cmtaining a recanbinant cell strain 

. characterized by an attenuated urease actiVity. Such immunogenic 
ampa;itioo can be used in human medidne. 

An immunogenicronapasitiat may a:ntain strains such as li 
pylori cells wha;e urease activity is attenuated by insertioo in the 
strain a a nuclectide sequence aaxniing to the inventtm bearing at 
least one sequence a:11espmding to the genes ureE. ureE ureG, 
ureH a w:W, q:>timally medified to diminish the urease adiVity. 

Generally, it may be any hem tapable of produdng an 
attenuated ur~ for example~ mutatim c:1 the nudectide 
sequences cl me a mere ci the genes ureA ureR ureC ureO ureE. 
ure.E ureG. ureH al!W or by expres&ai of a truncated fam cl a 
pdypeptide implicated in the structure. maturatim or regulatim cl 
the utease. 

The cbject ci the inventim is also a kit fer the in Vitro 
diagnosis a a H. pylai infectim in a given bidogical sample. 
characterized in that it cmtains : 

- at least me pair r.1 nudectide primers meeting the above 
criteria, capable cl hyl:ridizing with the 5' and 3' ends a a· 
specific nucleotide fragment ci at least one nucleotide 
sequence oorrespooding to a gene selected fran ureR ureF. 
ureG. ureH, a Yml, 
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- reagents necessary for the ectracticn a the nudeic acids fran 
the treated samplt\ 
- reagents fer carrying wt the pdymerizatim a.the said 
nudedide fragment starting fran·the nudedide primers, ill 
partiwlar pdymerases, in suffidmt quantity to cany out the 
amplificatim of the fragment w~ich it is desired to amplify, 
. - at least ooe nudeotide sequence which can be used as probe 
and whim is capalie c:i hylridizingwith the amplifi~ DNA 
fragment under defined a:nditicns, 
-·optionally, agents to reveal the hybridization. 
~ing to a partia.tlar embodiment a the inventiai, it is 

also pa;sible to include in the kit : 
- an internal oontrol a the amplificatim reactiat fer example 
cmstituted by a nudeic adt\ optionally plasmid-bornt\ the 
said nudeic add being easily capalie a detectim by 
hybidizatim, for example by the fact that it amains a gme 
fer resistance to an antitidic a owing to the fact that it is 
ccnstituted by the N6 chranasanal DNA, the said fragment 
being additimally provided at these two ends with at least 
me amplificaticn primer, these primers being selected or not 
fran the primers a the inventim, and 
- a probe capable of hybidizing with the nudeic add 
ccntained in the internal a:ntrol, 
- cptionally, a reverse transaiptase to produce the cDNA fran 
the RNA possibly present in the· sample tested. 
The p-esmce a an internal a:ntrd added to the sample makes 

it pa;sible to detect the presence of "false negatives" among the 
samples. In fact, when the specific probe fa the internal ccntrd 
does net detect an amplification produd, the sample ccncemed 
probably oontains an inhititcr ct the Taq pdymera;e, an inhititer 
which hinders the amplificatim c1 the DNA er cDNA cl H. pylai. 
In this case different dilutims c1 the tested sample can make 

. pcmilie the detectim a. the presence of H pylai nudeic ~d 
When the internal a:ntrd shows a positive reactim, a 

negative reactim by the test sample leads to the deductim that Ii. 
~ylai is indeed ab;mt. 



23 

It is noted that the primers inarpcratecl into the internal 

cartrd are not necessarily these ci the inventicn However, the 

choice a other primers may lead to reduced sensitivity. 
As an example of a bidogical sample fa the detecttoo a a 

H .. wtm infectim in man, samples should be used such as tiopsies, 

gastric juice a posmbly saliva· a stools. 
This kit may also be used fa the aratrd a water pollutiat a 

focxistuffs contrd. 
The inventiat also relates to a procedure fa. the in vitro 

diagnmis of an infectim due to H. pylai in a defined bidogical 

sampl~ characterized in that it mnprises the steps a : 
a) pladng the nudEic add a the sample likely to aratain lL... 

·pylori. under conditims rendering it acmssit:ie in thefam a 
single stranded DNA or RNA, in ccntact with at least me pair 

a nudectide primers aca:rding to the inventicn, the said 
primers being capal:ie a hyl:ridizing with the nudeic add of 

H. p,ylai if it is present, and a initiating the synthesis of the 

etmgaticn prcxiucts a the said primers, eadt strand a the 

nucleotide sequence a R wiat servtng as matrix when it is 
matched with the primers; · 
b) separatim a the strands a nucleic adds synthesized fran 
their matrix; 
c) repetitiat a the synthesis a the elmgation product starting 

fran each strand a nudeic add. present· at the end of step b) 

and capat:ie cl hybidizing with the primers until 
amplificaticn of. the desired nudeic add in sufficient quantity 

to be detected is obtained, 
d) placing a the product a step·c) in cartact with a nucleotide 

probe under araditicns allONing the detectim a the presence 

a the desired amplified nucleic acid; 
e) detection a the hybridizatiat products poSsit:iy famed. 
Aaxrding to a preferred emlxxiiment a the procedure for in. 
vitro diagncsis defined abole, the placing in mnt~.~· the t~ 

sample is preceded by treatment a the sample so a; to extract 
the nudeic add fran it. · 

Aaxrding to another preferred embodiment the procedure . 
canprises a step pria to the placing in a:ntact with the primers 

ccnsisting of the treatment a the nucleic add of the sample with a 
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reverse transaiptase to lead to the synthesis d cDNA from the 
RNA pcssiliy present in the test ·sample. 

The inventioo also relates toa kit fa the in vitro diagnosis d a · 
H. p;ylai infectioo charaderized in that it CCl'\tains : 

· - a defined quantity c:I prciles accxrding to the preceding 
specification, . 
- a suitable medium fer carrying wt a hybidizatim reactioo 
between the H. pylai nudeic add and the probe, 
- reagents fa the detectiat of the hybids pm.gbly famed 
A procedure fa the use c:I this kit and fa the.in Vitt;o 

diagnosis c:I a H. pylai infectioo starting fran a 1:i dogical sample is 
characterized in that it an lprises : 

- the pladng in CCl'\tad a the sample to be tested wha;e DNA 
and/-cr RNA has been ·previwsly made acx;essitie, with a 
previwsty specified probe unda- ccnditioos allowing the 
hybidization d the nudeic add with the prd:>e. 
- the detection ·c:1 a pa;sible hybridizatim reactioo between the 
nucleic add and the probe. · 
The nucleotide sequences c:I the inventioo can be obtained 

either by extracticn of the nudeic add fran H P.)llai and digestim 
with seleded endonucleases and purificatim, a also by chemical . 
synthesis. . . . 

As an example the phosphotriester method 5uch as desaibed 
by Narang, S.A et at. in Meth a Enzymot., 68, 90 (1979).may be 
mentioned for the synthesis a such fragments a nudeic adds. 
Ancther methcxt which can be used fa the preparatioo of 
nuclectide fragments is the pha;photriesta- method as desaibed by 
Brown E. L et al., in Meth. c1 Enzymd., 9, 109 (1979). 

This preparatim can also be carried wt by an autanatett 
process fer ecampte by making use_ a diethylpha;phcramidites as 
starting a:mpooents and in this case the synthesis can be carried wt 
acarding to the desaiptim d Beaucage et al., Tetrahedrcn Letters 
(1981), 22. 1859-1862. 

Other advantages and properties d the inventicn will becane 
apparent in the Examples whid\ fdlaw and in the Figures. 
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FIGURES 

FiiUre 1 : Sulxlming and transpa;at mutagenesis cf pILL753. 
I 

A : linear restrictim map a the plLLSSS hybid CXlSl11id and the 
pILL590 plasmid (Labigne et al. - 1991). The grey IDces represent the 
DNA fragment required for the expressim ci the urease in C jejuni. 
B : Randan insertim of the transpason MiniTn3-I<m. The numbers 
(1 to 24) and the drdes oorrespond to the insertim site a the 
transposm in pILL753; the (+) signs indicate that the transposat has 
nd: inactivated the ecpa esslm ci the urease whereas the (-) signs 
indicate that the expressim cl urease has been abdished. 
.C..: Linear restrictim map a the hybid plasmids pILL763 and 
pILL768 generated by deletim ( A ) within pILL753. The localization 
cf the genes (ureA to ureID is indicated by rectangles. The length a 
the rectangles oorresponds to the length of the DNA required to 
express the pdypeptides. The atTONS refer to the aientaticn a 

. transaipticn. The number ci baces at the bottan cl the figure 
indicates the size in kilobases a the restricttm fragments. The 
numbers in lrackets arrespcnd to the size a the H. pylai DNA 
fragments inserted in cne ci the dating vectas (plLL575, pILLSSO 
a pILL.570). B, l3imlH~ E, ,EgJRJ;_ P, fa~ H, Hindll~ C. Ca~ Sm, 
Snml The letters between parentheses indicate that the restriction 
sites belmg to the vecta. 

Fi~re 2: Urease activity expressed by E. ooli HB101 harlxuring 
pILL753, as a fundim of time. 

Plates prepared with Either.an L-agar medium (ML} a a minimal 
M9 medium supplemented with 10 mM L-arginine (MM) were each 
inoculated with a 100 u1 aliqud: ci culture suspended 
(108 bacteria/ml) in 0.85 " sterile Naa. The plates were incubated 

. aeroacally a miaoaerol:icatly at (A) 30°C a CB) 37°C and__the 
activity measurements wa-e made at the apprq>riate times. The 
asterisks indicate that no urease activity was detected. 
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Fi~re 3: DNA sequence cl the accessay genes of H. pylai urease 

A : Strategy fer the sequendng .cl the aa:essory genes cl the urease 
regicn a the hybid plasmid pILL753. The atTQ!IS arrespond to the 
sizes a the sequenced DNA fragment~ The arrowheads of 

. represent the oligmudeotides used to cany wt and anfinn the 
digmudeotide determinatioo. . 
B : Schematic representatim of the five cpen reading frames (ORFs) 
deduced fran the nudeotide sequence analysis and the number a 
nudedides. ATG oorrespmds to the initiatim cxx.im relative to 
each gene. 
C : The sizes and calatlated mdecular masses cl the fi~ additimal 
pdypeptides cl H. pylcrt ureast! are indicated. 

B ~re 4 : Nucleotide sequence of the accesscry genes cl H. pylai 
urease. 

Th~ numbers above the sequence indicate the positim of the 
nucledides. The predicted amino add sequences, erdered 
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 pctential ribosome-binding sequences (Shine-Dalgamq 
SD sites) are underlined. The boxed-in sequences arrespond to the 
sequences a the pranoter-like type ( a 54) and the arro.vs above 
the sequence indicate the loop structures with the elements cl a rho­
independent end-cl-transaiptim signal (Rosenberg et. al. (1979) · 
Annu. Rev. Genet. 13 .: 319-359). The dated lines under the 
amino add sequence carespmd to the DNA (YJJU)- or ATP (ureG> -
tinding danain cl theprd:ein (Higgins et al. (1985)-EMBO J. 4: 
1033-1040 and Pabo et al. (1984) Ann. Rev. Biochem. 53.: 293-321). 

FiiUfe 5 : Genetic erganization cl the urease operm 

The relative plsitions cl the genes ax.ting fer pdypeptides 
assodated with the urease operm a P. miralJUs (Jones et al. (1989) 
J. Bacterial. 1Z1 : 6414-6422) , . I<. aerQ&enes (Mulrooney et at. -
1990)and H. ;pylai are shown. The percentages refer to the 

---
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• 
propcrtion d identical amino adds between two related genes. The 

white boxes repre5ent the genes whidt are unicp.te to the q?erat. 

Bi'lres 6 and 7 : Analysis r:I the parental and mutant strains 

figure 8 : Restrictiat prailes after enzymatic digestiat ct the td:al 

DNAs a the 85P, .. N6 and mutant N6 (urease-) strains. 

Bgures 9 and.10 : Genomic organizatiat a the 4 gm genes in the 
·genanes c:1 the 85P and N6 strains. The specific 
DNA fragments were amplified starting fran the 
chranosanal DNA extracted fran the 85P and N6 
isolates of H. pylgi by using 8 pairs a primers in 
anfamity with Figure 10.. The amplificatioo 
products were separated by electrq?haesis at 
1.4% agara;e gel. The values at each side a the gel 
cxrrespatd to the dimensiats (in kilobases) oo the 
1 kb ladder used as Standard. 

Figure 11 : lmmunoliotting using antibodies 

Bi'Jre 12: Mutagenesis by tranSposal: schematic representatiat d 
four necessary CDlsecutive steps fa the cmstructioo of 
mutants in a H. · pylai .bacterium. 

Coojugatim 1 : the transferaHe plasmid pOX38 a the lncF grwp 

harbouring the transpcson MniTn3-Km is introduced into E. cdi 

HB 101 CDltaining 1) the plasmid_ pTCA which expr~ 
cmstitu.tively the transpa;ase Tn3 (ThpA) and is immune to Tn3 
owing to the presence c:1 the sequence Tn3-38bp and 2) the suicide 

catjugatim vector oontaining the dmed fragment c:l H. pyia; to be . 

mutagenized. The kanamydn HB101 transmnjugants are grown ·fer 

48 hwrs at 30°C and the bad:eria are <Dtjugated with E. mli DH1 
(Nat). 
Cmjugatim 2 : the mntegrates resulting from the transparitim a 
MiniTn3-I<m in the plasmid derived fran pILL570 in the absence of 
resdvase are selected as a:njugative kanamydn mntegrates in the 
DH1 cells. 
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Caijugatim 3 : the aintegrates are introduced into the strain 
NS2114 (Rif) harbouring the g:g gene capable c:1 produdng a 
resduticn by sped.fie recanl:inatim of the a:integrate into two .. 

· repliocns, me a:nsisting c:I the aiginal dona c:I the transpa;on 
(pOX38-?vB~iTn3-I<m) and the other ansisting c:I the hybrid 
plasmid derived fran plLI570 in which MiniTn3-I<m has been . 
inserted. The positive selectim c:I the resdved tams d the 
ccintegrates was obtained by selectim c:I the N2114 transccnjugants 
with kanamycin on a medium antaining 300 11g/ml c:I kanamydn 
as well as 300 11g/m1 c:I specttnanycin. The last step a:nsisting ci 
the introductim c:I the mutant DNA in H. · JlYlai may be carried wt 
by electroporating H.pylm with the plasmid DNA extracted fran 
E. ooli NS2114 (reference strain) Obtained in step 3~ 

FiiUre 13: Restrictim map a MniTn3 acmr"ding to Seifert et al~ 
(1986 PNAS, USA. Ba: 735-739). . 

The asterisk indicate5 in the plasmid pILL570 the restriction sites 
.which were mcx.iified during the anStructim of the vector. 

I IDENTIFICATION OF THE GENES 

MATERIALS AND METHODS. 

Bacterial strains. plasmids and cultitre oonditims 

H. ;pylai SSP was isdated fran a patient suffering mm gastritis, 
and arrespmds to the strain desaibed in Latigne et al. (J. 
Bacterid. 173: 1920-1931 (1991)). E. mti MC061 (Maniatis et al. 
(1983), Molecular da\ing : A lalxratory manual. Cdd Spring 
Harbor Labcratay, Cdd Spring Harbor N. Y.) was used as hast in 
the doning experiments and E. crli HB101 CHsdRhsdM mA supE44 
lacZ4 LeuB6 proA2lbi-1Sm> (Boyer et al. (1969) J. :Md. Biol. il: 
459-472) was used as host fa the quantitative analysis of the 
expressiai Of ureasa The vectas and hybids used in this study are 
shown in Tal:ie 1. The E. mU strains were grown in L 1roth without 
gtuca;e (10 g a tryptme, S g c1 yeast ectract and 5 g ci Naa per 
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liter, pH·= 7.0) er m L gelose plates (amtaining 1.53 gela;e) at 
37°C The antil:ictic cmcentratioos fer the selectim cl the · 

. transfamants were the fdlowiilg (in milligrams per liter) : 
kanamydn : 20, tetracydine : 2, ampidtlin : 100, spectinanydn : 100, 
carbenidllin: 100. Fer the ecpreSsion cl urease activity, the E. cdi 

bacteria were grown on ·a medium limiting the cmcentraticn cl the 

nitrogen source Ccllstituted cl a gelase-cmtaining minimal M9 
medium without ammooium ioos (pH= 7.4) cxntaining 0.4o/o D- · 
gluoose as carbcn source and, unless_ otherwise indicated, 0.23 
(wt/ v) ci L-gtutamine sterilized by fit tratim and freshly prepared 
(Pahet et at.(1982) J. Bacterid. 150 : 202-213) as nitrogen so.tree. 

. Mdecular doning and DNA analyses 

The digestions with a restridioo endcnud~ the fitting ci the 
ends and the ether standard operations amcerning DNA were 
eertcrmed aaxrding to the standard procedures ci Maniatis et at. 
(Maniatis et at.(1983), Mdecular dating : A labcratay·manuat. 
Cold Spring Harber Labcratay, Cold Spring Harber N.Y.). The 
partial digestioos with Si!\3A were perfamed at 20°C so as to 
retard enzYmatic activity. The restridicn endonudeases, the large 
fragment cl DNA pdymerase ~ T4 DNA pdymerase (used to create 
tiunt fragment ends) and T4 DNA ligase were supplied by 

. Amersham Ccrp. Calf intestinal alkaline pho5phatase was supplied 
.by Pharmacia The DNA fragments were separated by 
electrophcresis en haizmal gel slabs cxntaining 1 or 1.4o/o agara;e 
and treated with· Tris-acetate er Tris-phosphate hlffers (:Maniatis. et 
al.(1983), Mdecular dating: Alaboratay manual. Cdd Spring 
Harbor Labcratay, Cold Spring Harbor N.Y.). A scale cl 1 kb 
(Bethesda Research Laborataies) was used as molecular weight 
standard. Electroeluticn ci ·the DNA fragments fran the agara;e 
gels cmtaining ethidium lranide (0.4 J.Lg/ml) was perfcrroed as 
previously described (J. Baderid. 173 : 1920-1931 (1991), Lal:igne et 

al.). 
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Urease actiyity 

Urease activity was detected by re5uspensiat cl 1o9 bacteria in 1 ml 
cl urea-indole medium (Ilagnastic Pasteur) and incubatim at 37°C 
fa- variable times. The release a ammooia due to urease activity 
raised the pH causing a aiour change fran aange to red 

The urease activity was measured aaxrding to the Berthela 
readim aaxnting to a mcxiificatiai cl the procedure previcusly 
desaibed (Ferrero et al. (1991) Mach Ea>l. lnth. Dis. i: 121-134). 
Briefly, the bacterl;l were harvested from the gelcse plates in 2.0 ml 
cl sterile 0.853 Nao and centrifuged at 12000 revs/min:fa 10 
minutes at 4 •c. The pellets were waShed twice with 0.853 NaO and 
resuspended in 100 mM sodium pha;phate buffer (pH 7.4) 
cmtaining 10 mM EDTA (PEB). In ader to prepare sa'licated 
extracts, the cells were lysed by four 30 s impulses fran a Bransa'l 
Salifier :Mxiel 450 set at 30W, 50% duty cycle. The cell debis were 
removed before the urease detenninatims were made. _The freshly 
prepared samples (10-50 p.1) were added to 200 J1) cl urea sduticn 
suh;trate (50 mM urea prepared in PEB) and allowed to react at 
roan ta11perature for 30 minuteS. The reactims were stopped by 
the additim cl. 400 p.1 a phend-nitrop usSide reagent and 400 p.1 cf 
alkaline hypochlaite reagent. The reactioo mixture was incubated 
at so•c Banks in which urease activity was inactivated by baling 
fa 5 minutes before the additim of the substrate were treated 
similarly. The quantity cf anunmia released was determined using 
a calil:ratioo curve establishing the relationship between A625 and 
the ammooium icn cm.centration (fran NH4 Q). It was assumed 
that the release cl 2 p.mol cl ammmia is equivalent to the hydrdysis 
cl 1 J.UllOl cl urea Urease activity was expressed in umd cl urea 
hydrdysed/min/mg cl bacterial prctein. 

Prctein determinations . 

··The protein <Dtcentratims were determined acarding to the 
Bradfad assay (Sigma Chemicals). In ader to sdualize the 
proteins in the whde ceU extrads, the cell suspensioos prepared in 
TPE were CBltrifuged and the pellets were resuspended in a 

. ---
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solutiar a octyl-beta-D-gtuoopyrancsi.de incrder to establish a final 
detergent <Dlcentratiat (in the staining reagent). a 0.1-0.2% (wt/ V). 

Iransposm mutapnesis and CPOstructiat ct mutants 

The :tvfiniin3-I<m delivery system was used to prcxiuce mutatioos 
by randan insertim in the DNA fragment cloned in pILL570. 

The Mniin3 system desaibed by Seifert et at. (1986 PNAS USA .83. : 
735-739) making use of the plasmid pOX38 as dater a the 
transpcsabte element and the trans-acting plasmid pTCAand 
supplying the enzyme transpcsase Tn3 (Seifert et al. 1985 Genetic 
Engineering Prindples and Methcxis Vol. 8: p.123-134 Setlow, J. and 
Hdlaeinder, A, Editas, Plenum Press New-Yak) and the strain 
NS2114 harbouring them gene axting fa the recrmbinase Pt 
specific fa the~ site were used fa the mutagenesis of DNA 
fragments With the following mcxiificatims : 

i) the MniTh3 was mcxiified by removing the Bgll-EcoRI 
fragment ct the gene roding fa the beta-lad:amase in the 
plasmid pin (Seifert et al. 1986, already dted) and by 
repladng it with the .c;Jal--C jejuni kanamydn cassette (1.4 kb 
laig desaibed by Labigne-Rousset et.al (1988 J. Bacterial. 1ZD: 
1704-1708)). This n~el insertim agent MniTn3-Km was 

· transpcsed into the transferalie plasmid pOX38 as desaibed 
by Seifert et al. (1986 already mentimed) which leads to the 
production ofthe plasmid pILL553; 

ii) the <Dljugative spedinomydn suidde vecta plLLS70 
already desa'ibed by Labigne et al. (1991 J. Bacterid~ m: 
1920-1931) was used fa the dating ct the fragment used fa 
mutagenesis. This suicide vector was derived fran pILLS60 
(Labigne-Roussel et al. 1988 J. Bactaid. llD: 1704-1798) 
whose DNA sequences respmsitie fa immunity to Tn3 have 
been deleted; 

iii) the plasmid IncP, pRI<212.1 a the "a:mplementing 
plasmid" (Figurski et al. 1979 PNAS USA~ : 1648-1652) was 
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introduced by coojugatton into the E. mu strain NS2114 and a 
spmtaneous rifampidn mutant ct NS2114 harbouring the m 
gene was attained and used fa the seledicn C'1 the 
trans<XJljugants harbouring the cdntegrat~ 

iv) the effective resdutiat of the cdntegrates (produds C'1 co­
integraticra) was positively selected owing to the large number 
·a a:pies C'1 the plasmid daived fran pILL570 by depositing 
m plates the third mixture obtained m a medium a:ntaining 
500 µg a kanamydn and 300 µg d. spectinanydn 

DNA sequencing 

Suitable DNA fragments were dated in M13mpt9 and M13mpt8 
(Messing et al. (1982) Gene 19 : 269-276) in order to read the two 
canplementary strands independently. The d.ooes antaining the 
insertim fragments were identified with the aid ct X-Gal (5'."lrano-
4-chloro-3-inddyl-beta-D-galactopyranaside) and isoprq:>yl-beta-D­
thiogatactopyranmde. The single strands a the reccmbined 

. plasmids M13mp18 and M13mp19 were obtained by the . 
pdyethylene glyool method (Sanger et al. (1980) J. Md. Bid. 143 : 
161-178). The sequendng was perfamed aa:ording to the dlain 
terminatim method using dideacynudedides (Sanger et al. (1971) 
Proc. Natl. Acati Sd. USA Zi: 5463-5467) with the aid of the 
necessary Sequenase (United· States Biochemical Cap.). The 
sequencing C'1 the dooHe-stranded DNA was also carried out by the 
chain terminatioo methcxi using dideacynuded:ides with the 
necessary Sequenase by use C'1 plasmid DNA purified m a cesium 
chlaide gradient (Zhang et al. (1988) Nudeic Adds ·Research ~ : . 
1220). 'J'.hree ~aogram samples of DNA were first denatured With 
a 1 M NaOH sclutim (total volume 20 pl), then neutralized with 
2 µ1 d 2M anunonium acetate (pH 4.6). The DNA was precipitated 
after additim ct 60 pl cl trld 10~ ethand, incubatiat at .:io0c for 
10 minutes and centrifugatim at 4°C for 20 minutes. After washing 
with 60 µ.I cdd 80% ethand, the pellet was resuspended in 10 µ1 a 
sequencing buffer cootaining 0.5 pmol c1 primer and incubated fa 3 
minutes at 65°C. After inaibation fa- 30 minutes at rcan 
temperature the sequencing was carried out · 



RESULTS 

· Detectim ct uxease actiyity in a E. cdi hast strain harbouring the 
reambinant OOSJDid pILLS85 

E.Cdi transfamants barba.tring the tr611lid pILL585 were_ spread m 
gluoose-cootaining m1nimal M9 medium supplemented with 0.23 
ci L-glutamine (as sole nitrogen srurce) a L medium and inatbated 
at 37°C fer 48 hours. The transfamants were then sa-eenE\d fer 
urease activity by means a· a quantitative a;>laimetric assay carried 
out in a urea-indole medium The activity was mly observed in the 
transfamants d E. c.di HB101 which had undergme several 
passages (mae than 5 pa55ages) m the minimal medium at 37°C 
under aei'cilc oonditicns. These are thus the cnnditims which were 
used fer the qualitative determinatim d the expression ct urease in 
the· E. gji. dooes. No urease activity was detected in the 
transfamants grown on a medium rich in nitrogen. 

The transfcrmatioo cl the E. CPU strain HB101 with the plasmid 
plLL590 <XJ'ltaining a fragment a 4.2 kb identified as the minimal 
regiat necessary fer the expressim a urease in C jejuni (La~gne et 

. al. (1991)}. Bacterid. l.Za: 1920-1931) in E. CPU cells even after 
atlture and passage in a medium in which the coocentratiat of 
nitrogen source is limiting. This implies that the genes present oo 
the ca;mid b.tt absent fran the plasmid pILL590 are necessary fer 
the expressloo a urease in E. roli. 

Subdating ct the genes necessary ta the urease actiyity in an E. 
. . 

coli strain 

In the absence d detectable urease activity in the E. CPU strain 
harba.tring the rea:mbinant plasmid pILLS90, the 34 kb insertim 
fragment c:I the camid pILLSSS was suJ.1ected to partial digestioo 
with the endmudease Sim3A in crder to produce fragments 
induded between 7 and 12 kh They were treated with alkaline 
phosphatase to prevent any rearrangement c:I the initial genane 
and ligated to the linearized plasmid plLL570 with llmDHl After 

...... ~ ~-: ..... ~ . .-... · ............................. . 
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transfcrmation in E. ooli HB101, each transfamant resistant to 
spectinanydn was suqected to a subsa]uent assay a its capadty to 
hydrolyse urea under inductim CCl'\ditions. One dme echiated a 
urease-positive phenctype. _It harboured a recananant plasmid 
called pILL753. This plasmid <Dntained an insertim fragment of 
11.2 kb. The reoognitiat sites .BmnHI and Htndlll were mapped 
relative to the unique ~RI and fgl rest1 ictim sites a the vector 
pILLS70 (Figure 1). The amparisoo c:J the restridim map a the 
plasmid plLL753 with that. of the recanbinant .plasmid previo\isly 
desaibed showed that the insa1iat fragment a pll.L753 had an 

. additional DNA fragment c:J 4.6 kb situated downstream from the 
four genes fa urease previwsly identified in the plasmid pILLS90 
(i.e. ureA ureR ureC and ureDl. 

Optirnizatim cl urease activity in E. cD1i HB101 

In order to define the growth conditiCJlS which ensure the cpimal 
expressiat c1 the urease genes c:J H. pytm in E. ooli. the activity of 
the clones harbooring pILL753 was assessed quantitatively after 
culture on minimal medium supplemented with various nitrogen 
sources. In all cases, a said minimal basic medium was used since 
studies have shown that the urease activity was very low in wltures 
grcMrn in a liquid medium 
The relative activities cl the alltures on media sup}llemented With 
L"'.arginin~ L-gtutamin~ L-glutamate, NH4a and urea (each at a 
final coocentratim a 10 mM) were, respectively: 100'1,, 36%., 27", 
463 and 2~. 

The urease activity was q:>timal in the wltures grown m a medium 
supplemented with L-arginine. Urease adivlty was nd: detected in 
cultures grown at a medium rich in nitrogen. 

Although the presence c:J free Ni2+ ims may have a stimul~cry 
effect ai the urease activity (Mulrocney et al. (1989) J. Gen. 
Mactiol. 135: 1769-1776 and Md:>ley et al. (1989) Miactid. Rev •. 
53: 85-108) this was not sha.vn m theurease activity cl the eels . 
harbouring pILL753 . 

. : •.· .. , ... ·.'":"··:· ..... ·.. . . .. 
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The analysis during the expressim of urei:lse in the E. crli dooe 
carrying pILL753, grown under various cmditiaiS has shewn that · 
maximal urease acttVity was dtained after 3 days a aerobic atlture 
at 37°C on minimal medium supplemented With L-arginine (Rgure 
2). The urease adiVity in the ailtures grown m a medium rich in 
nitrogen was higher after ailture in miaaieroaasis . On the other 
hand, miaoaerol:ic cmditims had a repressive effect m the 
actiVities a the nitrogen-limiting cultures. 

The urease activity a the E. ooli cells harbouring plLL753 in wlture 
under aercbic cmditims fa 3 days at 37°C in a minimal medium 
supplemented with arginine was 0. 9 + /- 0.4 pmo1 c:I urea 
hydrdy~ per minute per mg a prd:ein. ln·oomparison, the R. 
pylori isdate used fa dming the urease genes hydrdysed urea at a 
rate cl 23.2 +/- 2.311md/mn/mg protein 

ldentiflcatim and Jrralisatico c;I the pnes necessary ta urease 
·activity in a R <Xii hg;t strain 

Jn order to define the DNA necessary for the \lrease-positive 
phenotype, derivatives d pILL753 carrying the transposable 
element MiniTn3-Km were first isdated aauding to a procedure 
previously desaibed (see Materials and Methods). E. ooli HB101 
transfamants carrying the transpasms were all saeened with 
regard to urease activity. They were called pILL753 :: x where x 
·designates the insertion site d MiniTn3-I<m as shown m the map in 
Figure 1. Out d the 24 insertims selected fa the analysis, 10 
derivatives had totally last the capacity to hydrdyse. urea (2, 3, 4, 5, 
6, 10, 11, 12, 13 and 14). whereas 14 miserved the urease-positive 
phenaype. These results cmfinn that fHery insertimal mutatioo 
which maps in the ureA and~ genes (mutants 2, 3, 4, 5 and 6) 
abdishes urase activity b.lt show also that a DNAfragmenlof 
2.6 kb situated further daNnstream fran w:eD is necessary fer the 
expressioo d a urease-pa;itive phenaype in E. ooli grown under 
nitrogen-limiting cmditims. On the dher h.and, fran the results 
relating totranspOSal mutagenesis, a DNA fragment a 600 bp 
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situated immediately downstream fran the YmB gene has not been 
shown to be essential fer the expressim cl urease activity in E. ooli. 

. Additimal analyses induding the establishment of deletims in the 
insertim fragment pILL753 have been carried wt in ader to obtain 
a better understanding of the ccnditims necessary ·fer the 
expressim cl an active urease in E. ooli cells. E. ooli subclmes 
carrying the plasmid derivatives have been suqected to the 
quantitative determinatim c:1 urease activity under the nitrogen­
limiting <XJ'lditions defined above. The results are summarized in 
Tal:ie 2. All cl the subclmes were derivatives ct .,the same vectcr 
pILL570 so that the results can be ccnapar~ One cl them, plasmid 
pILL768, was ctiained by autdigatim cl the large EgJRI fragment 
produced _fran the digestiat produd using a restrictiat enzyme of 
the plasmid pILL753::16 (Figure 1). This ccnstructioo led to a 
deletion of 2. 95 kb at the 3' end ci the in~on segment pILL753. 
The cells carrying this plasmid express a mnrparatively lcw_urease 
activity (Table 2). The plasmid pILL763 was ci>tained by doning cl 
the Q.al-£§11 restridicn fr~gment of the plasmid pILL753::1 in the 
linearised vecta pIUS7n This cmstructim in which a DNA 
fragment d 
1. 75 kb mntaining the previously desaibed genes ureC and ureD 
was deleted, ecpressed a u~e activity appracimritety twice as 
high as tha;e ci the cells harbouring plLL753. In no case did 
deletims a insertims lead to oonstitutive uTease activity. 

Analysis ct the sequence ct tbet@sim neces.,aryfq the expressim 
cj urease in E. roli 

In the 11.2 kb fragment nea!SSar)' fa the expressiat ct urease in .E.. 
m1i, a DNA fragment of 3.2 kb localized immediately downstream 
fran the l1m.B gene was identified follONing the strategy d Figure 3. 

f) the 1.2 kb Hindlll fragment and the 1.3 kbllmnHl-HindIII 
fragment were sequenced independently after : a) dating ci 
the previously·mentioned restridicn fragments, b) SpHI~ 
BsmlHI, SllHl-Hjndlll fragments, c) ~Hl-Hindlll fragments 



~the plasmids plLL753::12,pILL753::1~; pILL753::10 in the 
DNA a thephages M13mp18 and M13mp19; 

ii) the 1.2 kb Hindlll, 3.8 kb BmnHI-Pstl and 1.3 kb 13smlHl­
&Y,11 restrictioo fragments derived fran the plasmids · 

· plLL753 and pILI589 (previously desaibed) were dated in . 
the DNAei thephages M13mp18 and M13mp19; 

iii) twelve digmucleotide primers were synthesized to 
cmfinn the reading and to produoo sequences overlapping 
the three sequenced fragments independently. These primers 
were used for sequence analyses cl doulie stranded DNA 

The sequ~ce analysis revealed five cpen reading frames (ORFs) 
called w:§1 ureE. YmE ureG and ureH. These genes are all 
transaibed in the same direction and it is anticipated th.at they rode 
fer peptides c:l 195, 170, 256, 199 and 256 amino adds. An ORF c:i 
appreciable length was net observed· on the reverse cnnplement cl 
the sequence illustrated in Figure ~ The five ORFs ccmmence with 
the characteristic starting cxxim · ATG. Four cl the.five ORFs were 
preceded by sites similar to the E. ooli CCllsensus sequence fer 
ribosane binding (Shine-Datgarno) (Shine et at. (1974) Proc. Natl. 
Acad. Sci. USA Z1.: 1342-1346). 
The regiatS upstream fran each ORF _have been the. suqect of 
research fer the presence a nitrogen regulatioo sites with the 
sequence TGGY AYRN4YYGCZin whim. Y = T er C, R = G cr A and 
Z = A er T (Merett et at. (1989) J. Md. Bid. 2111 : 65-77). Only one 
site was found at 210 bp upstream fran the ureG locus. Its precise 

· position is shown in Agure 4. Consensus sequences ct the E. ·coli 
pranoter type ( a 70) were cbserved upst1 eam fran the genes Y.W 
~andureH ('ITGACA, -35 and TATAAT, -10). 
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TABLE 1 

Hybrid vectors and plasnids uSed in the context of tht3 study 

Plasmid Vector Phenotwic • Size Ortgin of· the insertion 
characteristics (kb) 

plLL550 RepBcRepCj mob ICll 8,3 

pILL570 RapBcmob Sp 5,3 

plLL575 RepBcRepcj mob Ka cos 10 I 

pILL585 pILL575 RepBcRepcj mob Rm cos 44 ~ partial digest . 
of·85i> 

PILL590 PILL590 RepBcRepcj mob RM 1&,4 Sau3A partial digest 

of pILL585 
pILL753 PILL570 RepBcmob Sp 1i,!J ~.partial digest 

of pIIL585 
pILL763 pILL570 Rep8cmob Sp 14,75 Pra911ent c1a1-rat1. . of pILL713111 · 

·pILL761 plLL570 RepBcmob Sp . 15,35 Fragment £coal of 
I plLL75311Ir i 

.... .. ·- -- ..... _ . . ... .. 

* RepEc and RepCj : plasmids capable of replicating in E. coli and c. jejuni respectively 

ioob : · transposable plasmid due to presence of Ori-T 

KM and Sp : resistance to kanan\Ycin and spectinaqycin 

Cos : presence of a cos site 
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- TABLE 2 ; 

M.ltagenesis of the cioned DNA o'f' H. pYldri and effect on the 

urease activity in the E. coli HBlOl clcnes grown under 

nitrogen-limiting caiclitions. 

Plasmid 

pn.t.753 (2) 

pn.t.753::3 

p?IiL753: : 6 

pn.t.753: :a 

pILL753:: 10 

pn.t.753: : 11 

pn.t.753: :13 

pILL753: :16 

pILL763 

pILL768 

Di ffe:ront genotype of • 
E.coliBBJ.01 p?LL753 

-
ureA dtigrad: ed 

ureB 48grad!d 

ureI ctegra~ci 

ureP degramd 

_ureG degra~d 

uren 4'gr&w 

insertion downstream 
from Ed 

urec et ureD deJ.ete«i -

Mean values 
Urease activity 
(unx:>l urea/m:Jl. 

mg). 

0,86 :t 0,39 

·neg (3i 

neg 

1,1 :t 0,23 

neg 

neg 

neg 

o,66 ± 0,11(4) 

2,14 ± 0,16 

dtlltltion at 3 • downstreaJ!l 0,57 ± 0,28 
from E!!l 

tl) Bacteria grown in aerobic mediun for 3 da¥S- on M9 minimal ;;i:.~~: .\.:m 

mediun supplemented with 0.01 ML-arginine at 37°C. 

(2) For carparison, the urease activity of H: wlori _85P, the 

isolate from which the DNA was cloried, was 23 +/- 2.3 pool 

urea/min./mg protein. 

( 3) ~ urease activity was detected. , 

( 4) ReS\Jl t of one particular ·measurement : o. 73 

( s) ReS\Jl t of one particular measurement : 0.10 
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DISCUSSION 

The first case cJ the functimal expressim in E. ooti strains c1 genes 
derived from H. pylai is presented ha-e. 

This has.been possible by growing E. ooli cells harbooring the . 
urease reccmtinant <mmid pILL585 (Labigne et al., mentimed 
above - 1991) m a minimal medium CXDtaining a nitrogen-limiting 
source. The results OOtafned have made it possilie to show that the 
urea5e genes of H. ;pylai are probably under the CXDtrd cJ the 
nitrogen regulatay system (NTR); and that the urease activity in 
the E. ooli cells is dependent en the presence a_ a set c1 genes which 
have been desaibed in thepreceding_pages. This set.of genes has 
been localised immediately downstream fran the four genes ureA 
ureR ureC and ureD desaibed in the puliicatiaa.by Labigne et al., 
1991, mentimed above. These norel genes are situated on a 3.2 kb 
fragment a:mpising five cpen reading frames which are 
designated urel ureE. y,mE ureG an~ ureH. 

The use cJ insa-timal mutations and deletims in the 11.2 kb DNA . 
fragment (plLL753) subdmed fran the aiginal <mmid has made it 
passilie to shON that the genes ureA ureR ureE uteG and ureH are 
necessary fa the expressiat of urease activity in E. ooli. On the 
other hand, insertiatal mutatims within the~ gene do not 
appredaliy 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 wa-e significantly higha- than tha;e 
obtained in the cells carrying the plasmids with the lcx:i intact, · · 
suggesting a regulatay rde c1 this regicn cJ the urease gene clusta­
in H. pylori. 

It seems dear that pILL753 probably does nd: cany the set of 
elements necessary fer the a:naplete expressim cJ urease. _The 
principal prod fa that is that.: aa the me hand, the E.. ooli cells 
harbouring pILL753 had a urease activity appracimately 25 times 
lower than that of the H. pylai isdate used initially fer dming; at 
the ether hand, the deletioo of the region downstream fran ureH . 
(pILL768) led to a oonsideralie diminutim c:J urease activity. It is 
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interesting to note that C jejuni requires the presence cl a smaller 
number a genes fer enzymatic expression cnnpared with the 
results attained in E. ooli. Calsequently, C jejuni mist be capalie 

. . 

c:i canplementing· the functims · c:i the clones genes c:i H pylai. 

The requirement fa aa:essay genes has also been demmstrated for . 
Pmyidenda stuartii ( Mtlrocney et al. (1988) J. Bacterid. lZD. : 2202-

. 2207), a urease-positive E. mli (Collins et al. -1988), I<lebsiella 

. pneummja (Gerlach et al (1988) FE~ Macbid. Lett. 511: 131-135), 
·Prcteus wlgaris (Mfrsdaf et al. (1990) FEMS Miatilid.. Lett.~: 
67-74), Staphylocoa:us saphr~hyttcus (Gatermailn et al. (1989) 
Infect .Inunun. 5Z: 2998-3002), Kleb;ie)la aerogenes (Mulrooney et 
al. - 1990) and Proteus mirabilis (Jones et al. (1989) J. Bad:. 1Z1: 6414-
6422 and Walz et al. (1988) J. Bacterid. 1ZD. : 1027 .. 1033). · 

Figure 5 presents a amparisat of three regims roding fa urease, 
in several species of bacteria and shews the similarities as well as 
the distinctive characteristics. c:i each. The degree cl relatedness in 
terms of genetic aganization and pdypeptides encoded is sti"cnger 
between P. mirabilis and I<. aerogenes than fa each a the ethers in 
canparisoo with H. ;pylai. Whereas the pdypeptide UreG of li. 
pylai exhil:ited a strmg similarity With that cl K. aer~enes (92% 
cooserved and 59% identical), the degrees cl conservatioo and 
identity between the polypeptides UreE and UreF of H pylai and 
I<. aerogenes were: (33,. and 14,.), (44% and 11.6%), respectively. 
Mulroooey et al. ob;er\led that the I<. aemgenes genes coding fa 
the accesscry proteins U~ Urel and UreG are implicated in the 
activatioo cl the apoenzyme by inoorpaatim cl nickel into the 
urease subunits. Owing to the presence cl series of histidine 
residues at the ·carbacyl terminus a the pdypeptide UreE cl 
Klebsie)la and Prcteus. Mulroooey et al. prqxsed that UreE might 
interact with the nickel in ader ~o transfer it subequently to the 
aopoenzyme. Such a series cl residues has not been fwndin the 
pdypeptide UreE cl H. pylai na in any ether products cl the 
urease genes. 

The search fa similarities between the amino acid sequence 
deduced fran the urease genes c:i H. p;ylai and the coosensus 
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sequences implicated in a DNA anding site (Pabo et al. - 1981) er in 
ATP anding sites (Higgins et al. - 1985) has made posgble the 
identiflcatiat of a DNA anding. site within the product c:i the YnU 
gene (Figure 4). Furthermcre, a well-CD'lServed ATP binding site 
(-GVCGSGKT-)ecists at the NH2-terminus c:i the product a the 
ureG gene. 
'The urease regim cl H pylai exhi1:its the fdlowing unique 
elements : first the genes ureC urell umI are unique fer 
H.pylori.Then the urease regim cmsists of three bJoclcs cl genes 
which are transaibed in the same directim and pa5ess an 
intergenic regiat a 420 bp between ureD and ureA and 200bp . 
between ~and Yml This suggests a genetic crganization 

. . 

peculiar to H. pylgj. in which the three licx:ks a genes can be 
regulated jndependently. 

It is generally acxepted that the synthesis cl urease by H. }l}'lai is 
emstitutive. The results presented h~e tend to shCJN that the 
expTe$iat a the urease genes cl H. pylai might in fact be under 
the control a a regulatcry system In fact, the ecpression of the . 
urease genes of H. pylai once transferred to E. ooli is ccmpletely 
under the cmtrd of the nitrogen regulatcry system (NTR). It is 
patsilie that the urease genes ct H. pylai are directly dependent oo . 
the synthesis of the products a the ntrA nttB, nb:C genes ct E. coli 
but it can not be ecduded that they are dependent at the expression 
ct me a mere other genes coding fer one a mae regulatcry 
protein(s) similar to the ntr products cl E. ooli. On the basis c:l th~e 
data it may be imagined that physidogical parameters sudl as the 
presence ct a sdid medium or a miaoaercphilic atmosphere-may 
play a rde in the ecpression c1 urease in H. pylai in Vitro er in 
~ 
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11 - PREPARATION OP MUrANT STRAINS 

- Strains used fer the electrqxratioo experiments : several 
strains isdated fran biq>sies were tested for their capacity to 
be electrc:pcrated, induding the strain 85P desaibed in the 
publicatim by Labigne et al.- 1991, mentioned abovE\ fran . 
which the initial dating c1 the urease genes was 
acamplished. A single strain designated N6 deposited with 
.the CNCM under the number 1-1150 m 3 October 1991 gave 
positive results. 

- Creation a mutants in the dmed .fragment cl the 
chranoscme c1 H }.1)'lcri. strain 85P : the mutants are 
prepared by mutagenesis by means d a transpason (MiniTn3-
I<m) which enables the element (transpasitim element) to be 
inserted randanly. The insertim site c1 each of the 
transpa;itim elements was.defined by restridim analysis d 
the derived plasmids 
(cf. Figure 1). 

- Electropcratioo : 1010 cells of H. pylcri were harVested m 
l:icxxi gela;e (103 hcrse blood) washed with glycerc:i/suaa;e 
solution (153 v /v and 93 wt/v) and resuspended in a 
vdume c1 50 111 at 4°C 500 ng c1 plasmid DNA purified on 
esa and dialysed immediately against distilled water were 

. added in a vdume a 1 111 to the cells at 4°C After 1 minute al 

ice the cells and the DNA were transferred to an electro­
pcratim cuvette preccoted to -20°C (BioRad catalogue 
Na: 165-2086, 0.2 an wide), then placed in the Gene pulser 
apparatus - BioRad which was set at the foltowing parameters 
: 25F, 2.SkV and 200 ohms. After delivery of the electrical 
impulse with anstant times .a 4.5 to 5 msec; the bacteria were 
resuspended in 100 J11. a SOC blffer (2% Bacto ttyptme, 0.53 
Bacto yeast extract, 10 mM Naa, 2.5 mM KO, 10 mM Mg02, 
10 mM MgS04, 20 mM glucose), and inoculated m nm­
selective tiood gelose (without kanamydn, but induding 
vanamycin, trimethcprill\ pdymixin, nalidixic add, 
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amphoteridn 8) fa 48 hours at 37°C under a microaerophilic 
atma;phere. The bacteria are then harvested, resuspended in a 
vdume of Brucelta medium (0.5 ml) and 100 JLl c1 the 
suspension are spread oo selective blood gelase plates 
(induded 20 pg/mt c1 kanamycin ·and the antibiotic cocktail 
desaibed above). The growth a the transfamed bacteria 
resistant to kanamydn appears after 4 days' incubation at 37°C 
in a miaaaerophilic atmosphere. 

The ether techniques induding PCR and Southern and Western 
blots are standard procedures. 

RESULTS 

Two mutations generated by insertim c1 lvtiniTn3-I<m into the 
ureB gene present in the plasmid pILL753 were studied in detail. 
They are the mutatioos numbered 3 and 4. The precise position a 
each of the insertims is given in Figure 6. ·The plasmids 
ca-responding to these· insertims were prepared, ·purified and 
cmcentrated. Baderia resistant to kanamydn exhit:iting all of the 
charaderistics of strain N6 cl H. wJai used fa electroporatioo 
were obtained; they are ampletely incapal.ie c1 hydrdysing urea. 

Cattrds have made it possible to verify that the mutant strain 
is an isogenic strain : 

··although "urease negative'' the strains have the.charaderistic 
t:iochemical prq>erties a the blcteria belonging to the specie5 
H pylori ( axidase, catalase, sensitivity to acygen); 

•the parent bacteria (N6) (CNCM Nal-1150) and the isogenic 
baderia.N6::TnI<m-3 and N6::TnKm-4 have the same 
resmctiat profiles after enzymatic digestiat cl the tc:Dl DNAs 
(cf. Figure 8) ; 

• after enzymatic ampliflcatiat with the aid cl primers specific 
fa H. pylai and sequendng c1 the amplified p-oduct the 
same nucler:iide sequences were found whereas independent 
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strains ci H pylai never e>Chil:Jt the same sequence but, 
rather, catsideralie genetic pdymorphism; 

• analysis by Salthem type hybidizatim ci the restrictioo 
prctiles resulting fran JlmnHI and Hindlll ci the DNA of the 
parental and mutant strains proodes evidence ct the 
replacement ct the genes (Figure 7 and its interpretatioo 
Rgure 6). 

One ct the difficulties encountered results fran the fact that 
the transfamed strain (N6) is nd: the ooe fran which the 
elating a the urease genes was perfamed, this latter strain 
being the strain 85P and that the Hindlll and BmnHI 
restrictim sites are nd: a:mserved fran one strain to ancther : 
a prdJe arresponding to the 8.1 kb fragment dB"ived fran 
pILL590 (Figure 1) dearly shows Hindlll restrictim prctiles 
which differ between N6 and 85P ( Rgure 9), in particular the 
absence ct 1.25 kb and 1.15 kb fragments. On the ether hand, 
the Hindlll 4.1 kb fragment. and the.B!mlHI 5.1 kb and 1.3 kb 
fragments are oonserved. Hence it has been ccnfirmed by 
enzymatic amplificatim (PCR) With the aid ci 
digmudectides distrib.tted Oler the entire regim 
ca 1espmding to the genes ureA ureR ureC and ureD that· 
the amplificatim products' 1 to 6 shown in Figure 10 are the 
same in both strains, and that the absence a the Hindill 

·restriction sites ·reflect~ gene pdymcrphism _and not a maja 
rearrangement ct the urease region. Such ccnflrmatim makes 
it possible to ocnfinn unamaguously the gene replacement ct 
the wild-type aUele by the mutant aUele in the two mutants 
aeated. 

•finally, it was anfirmed by immunctiotting With the aid of 
anti-urease or anti- H. wim· antibcxties prepared in-the rabl:it, 
a anti_-H. }l)'lai present in the serum ct patients infected by 
·H. wJai that the mutant strains N6::TnI<m-3 and N6::TnI<m4 
no lmger express the 61 KDaltms pdypeptide encoded in the 
YmD gene and hence that the~ gene of these strains has 
indeed been interrupted (Figure 11). 
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CLAIMS 

1 /. Nudedide sequen~ characterized in that it is anstituted by 
a in that it mnpi ises at least me a the nudeic add sequences 
arrespmding to the genes called ureE. grgE ureG. ureH and urel 
represented by the nudectide sequences shown in Figure 4 a any 
part d at least me of these nudeic add sequenCes. · 
2/. Nudedide sequence aaxrding to Cairn 1, characterized in 
that it is modified by deletim, additim, submtutiat a- inversioo a 
ooe a mae. nudectides so that the functimal prcperties a the 
pdypeptides encoded in ·these modified sequences are either 
cmserved a attenuated,_ even deleted, as a:mpared _with the · 
properties a the pdypeplides UreE, UreF, UreG, UreH a Urel as 
expressed by H. ;pylori a so that this modified sequence does not 
expns a pdypeptide in H pylai. 
3 /. Nudeotide sequence acarding to Cairn 1 or Cairn 2, 
charaderized in that it is a:nstituted by a in that it (X)Jltptises: .. 

a) the set Cl the. nudeic add sequences arrespatding to the ·. 
genes called ureE. m:gE ureG. ureH and w:gl and represented 
by the nudectide secp.iences shown in Figure 4 or, . 
b) the set famed by the (variant) nudeic acid sequences 
ca-responding to these genes modified Independently a eadl 
other such that the set cl these variants axies fa pdypeptides 
haVing a functional hanology with the.pdypeptides UreE, 
UreF, UreG, UReH er Urel such as expressed by H. pylai a 
cmversely rodes fa rncxiified pdypeptides which attenuate · 
a even abdish the functimal prq>erties of the pdypeptides 
UreE, UreF, UreG, UreH a Urel such as expressed by R... 
pylori a is no lmger expressed as polypeptides. 

4/. Nudeotide sequence characterized in that it is a fragment of a 
nudeotide sequence aaxrding to either of the Qaims 1 a 2, the . 
said fragment ccmpising at least 15 nudeotides, it being pamtie to 
select this fragment fran : 

- fragments which have CXJ11served the capacity to axie fa 
pdypeptides having a functimal handogy with the 
pdypeptides as obtained by expressim a a gene selected 

· fran ureR ureF. ureG. ureH and Y1lU in H. pylai; 

- fragments ooding fer any part a the pdypeptides ' 

111111111111111111111111111111 
* C L M S * 
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UreE, UreF, UreG, UreH and Urel such as are produced in .R... 
pylort. and in partiatlar axting fa peptides or parts cl 
pdypeptides recognized bY antibodies directed against R.... 
pylori a capalie ct behaving as haptens or irnmunogens; 
- fragments tacking the capaaty to axle fa the pdypeptides 
ct H. · pylai such as expressed by the genes ureR ureR ureG. . 
ureH and l1nll 
- fragments ax.ting fer pdypeptides er peptides having· 
properties which have been attenuated a abdished as 
ampared with the prcperties ct pdypeptides enooded in the.· 
genes ureE. YmE ureG. ureH and urel ct H pylai. 

5 /. Nudeoode sequence aaxrding to any· me cl the Cairns 1 to 4, 
characterized in that it is associated with nudeic add sequences 
ccrrespooding to the structural genes ureA and YmD which oode.for 
the urease subunits in H. pylai. 
6 /. Nudeotide sequence aaxrding to any me cl the Cairns 1 to 5, 
characterized in that it is associated ~th the genes ureA ureB ureC 
and/ a ureD whidt axie fer the UreaSe in H. wtai. 
7 /. Nudeotide sequence aattding to any me cl the Cairns 1 to 6, 
characterized in that it en 1 espmds to the w:d sequence . 
represented by the nucleotides 800 to 1309 cl the sequence shown in 
Figure 4, a to any part c1 this sequence provided that it hybridizes 
under stringent mtditims with the YmE sequence. a with the 
sequence amplementaty to this sequence 
8/. Nucleotide sequence aaxrding to any ooe cl the Cairns 1 to 6, 
characterized in that it ca 1e:,l'mds to the YmE sequence repreent~ 
by the nudedides 1324 to 2091 of the sequence shewn in Figure 4, 
a to any fragment ct this sequenee provided that it hybidizes 
under stringent CCJ'lditioos with the YmE sequence er with the 
sequence oor1tplementary to this sequence 
9 /. Nucleotide sequence aaxrding to any ooe cl the Cairns 1 to 6, 
characterized in that it. en 1 e:,l'mds to the ureG sequence 
represented by the nucleotides 2123 to 2719 ct the sequen£e shown 
in Figure 4, a to any fragment a this sequence p-ovided that it 
hybidizes under stringent <mditioos with the ureG sequence a 
with the sequence amptementary to thi~ sequence 
10/. Nucleotide sequence aaxrding to any me c1 the Cairns 1 to 6, 
characterized in that it ca 1espoods to the ureH sequence 

111111111111111111111111111111 
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represented by the nudectides 2'722 to 3516 a the sequence shown 
in Figure 4, er to any fragment of this sequence provided that it 
hyl:ridizes under stringent anditims with the ureH sequence or 
with the sequence CD11tplementary to this. sequence. 
11 /. Nudeotide sequence aaxrding to any me a the Cairns 1 to 6, 
characterized in that it arrespmds to the YmI sequence represented 
by thenudectides 211to795 a the sequence shown in Figure 4, er 
to any fragment a this sequence provided that it hyl:ridizes under 
stringent ccnditims with the WJli sequence or with the sequence 
amplementary to this ~ence. · 
12/. Nucledide sequence acxxrdirig to Cairn 7, characterized in 
that it arrespc:nds to the fdl~ng nudectide sequence or in that it 
amprises this sequence : 

GCG AAA ATA TGC TAT.GM ATA GGA AAC CGC CAT 
13/. Nucleotide sequence characterized in that it is <Dlstituted by a 
nudeotide sequence aaxrding to any me of the Cairns 1 to 12, the 
said sequence being labelled. 
14/. Nucleotide primer characterized in that it canpises a 
nucledide fragment such as that derived fran a sequence acccrding 
to any me cl the Cairns 1 to 12 amprising about 18 to about 30, 
and preferably aba.tt 25 to about 30 nudeotides fer use in ~·gene 
amplificatim reaction. · 
15/. Nuclectide sequence characterized in that it hylridizes under 
stringent mnditims with a sequence accxrding to any me a the 
Cairns 1 to 14. 
16/. Use a a primer acccrding to Cairn 14 fer the in Vitro 
detectim c1 an infectim due to H. pylai in a aological sample 
subsequent to gene ampliflcatiat reactions. 
17 /. Use a a prcb according to ~aim 13 fer the in Vitro detedim . 
in a adogical sample a an infection due to H pylai. optionally 
subsequent to gene ampliflcatim reactions. · · 
18/. Pdypeptide characterized in that it OOITespmds to me of the 
pdypeptides UreE, UreF, UreG, UreH cr Urel shown in Figure 4 er . 
to any part of at least me of these pdypeptides fa ecample a 
pdypeptide represented by the sequence : 

Ala Lys De Cys Tyr Glu De Gly hill Arg His. 
· 19 /. Pdypeptide acxxrding to Cairn 18 in a f~ rncxiified by 
addition, sumtitutim, deletim or inversion a me a more amino 

111111111111111111111111111111 
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adds in erder to attenuate or even abdish its prqlerties in the 
regulatim and/ or maturatim cl the urease such as that expressed 

. bf the pdypeptides UreE, UreF, UreG, UreH er Urel in H. pylai. 
20/. Reccmbinant vecter, characterized in that it antains a 
sequence acccrding to any me of the Cairns 1 to 12. 
21 /. Reccmbinant vector aaxniing to Cairn 20, characterized in 
that it is a amnid a a plasmid 
22/. Recanbinant ved:a aaxrding to either cl the Cairns 20 a 21, 
characterized in that it is the plasmid pILL753 cxntained in E. cdi 

. HB101, depa;ited with the CNCM m 3 October 1991 under the 
number 1-1148. 
23/. Reccmbinant ved:er aaxrding to either d .the Cairns 20 er 21, 
characterized in that it is the plasmid pILL763 ~tained in E. mi 
HB101 depa;ited with the CNCM oo 3 October 1991 under the 
number 1-1149. 
24/. Reccmbinant strain d H. pylai dtaracterized in that it 
exhibits a mutatim in at least me of the genes ureR ureE ureG. · 
ureH. uaU, a ureA a Yr§.8 under <X?Jlditims such that the 

. recombinant strain expresses a urease-negative phenotype, or 
exhibits attenuatim of the effects of urease, in partiwlar its 
pathdogicat effed:s. 
25/. Recanbinant strain a H. pylai aaxrding to Cairn 24, 
characterized in that it has a mutatim in the ureG gene. 

. 26/. Reccmbinant strain a H. p;ylai acxxrding to Cairn 24, 
characterized in that it has a mutatim in the ureA gene. 
27 /. Reccmbinant strain a H. pylai aaxrding to Cairn 24, 
characterized in that it has a mutatim in the m:gB gene. 
28/. Recanbin~t strain c:I H. pylai aa:ading to any me ci the 
Cairns 24 to 27, dtaracterized in that it is the mutant strain N6 ·. 
(NCIMB Na 40512). 
29 /. Recanbinant cell hast different fran H pylai. characterized 
in that.it is transfamed-by a sequenceaccording to any me ci the 
Cairns 1 to 12 a 15 under mnditims making passitie its-axpresgm 
in the hast. 
30/. Reccmbinant cett hast accxrding to Qaim 29, characterized in 
that it is a strain d H. pylai which amprises a nudeetide sequence 
aca:rding to any me ci the Cairns 2 to 12 a 15. 

r 
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31 /. Recanbiriant cell hast aaxrding to Cairn 30, such as that 
produced by mutatim a the N6 strain cl H. pylai, deposited with 
the NCIMB m 26 June 1992 under the Na:MB number 40512 in at 
least one a the genes urea ~ ureG. ureH and m:@l. 
32/. Recanbinant cell haSt acarding to any me a the Cairns 29 to 
31, characterized in thatit is an E. ooli strain modified by a 
nudeotide sequence acxxrding to any. me cl the Cairns 1 to 12. 
33 /. Recanbinant cell ha;t acarding to any me a the Cairns 29 to 
31, characterized in that its urease activity is attenuated. 
34/. lmmunogenic ampositioo, characterized in that it cootains a 
recanbinant cell hast aaxrding to any me a the Cairns 24 to 33. 
35/. Kit fa the in vitro diagnosis ct an infection due to H. pylai in 
a defined bidogical sample, characterized iri that it antains : 

- at least me pair ct n~dectide primers acxxrding to Cairn 13, 
capalie of hybridizing with the 5' and 3' ends ct a nudeotide 
fragment specific fer at least me gene selected fran ureE. 
ureR ureG. ureH and gmI, 
-. reagents necessary for the extradim a the nudeic acids fran 
the treated sample, 
- reagents fa canying out the pdymerizatim a the said 
nudeotide fragment, fran nudeQide primers, in particular 
pdymerizatim enzym~ in sufficient quantity to achieve the 
amplificatim of the fragment which it is desired to amplify, 
- at least one nudeotide sequence which can be used as probe 
and is capable of hybridizing under defined anditims with 
the amplified nudeotide fragment, 
- optionally, agents fer revealing the hybidizatien. 

36/. Kit fa the in vitro diagnosis ct an infecliat due to H. pylai, 
characterized in that it ccntains: 

- a defined quantity ct probe aaxrding to Cairn 13, 
- a medium suitable fa carrying wt a hybidizatim reactim 
between the nudeic add ct H pylai to be detected and the 

.probe, · 
- reagents fa the detedim a hybids possitiy famed. 

37 /. Mmoclmal a pdydmal antilxxiy, characterized in that it 
recognizes a pdypeptide aaxrding· to either a the Cairns 18 a 19 
a· a fragment ct this pdypeplide. 
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38/. Ccinposttim fa the treatment a an infectioo due to H.pyta;, 

characterized in that it cmtains an antibody aaxrding to either cl 

the Cairns 18a19. · 


