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THE t agA Grdbe/fighy VETHODS FOR DETECTI NG PREDI SPOSI TI ONpEorRREET;
ULCERATI ON AND GASTRI C CARCI NOVA 5 BACKGR ﬁﬁﬁ J&%THE
| NVENTI ON ' Hel i cobacter pylori is now recognized as an

i nportant pat hogen of humans in that the chronic gastritis 10 it causes is

arisk factor for the dggel deNe’ ARBPMESHODS 'Pb,ﬁebﬁ‘kéﬁi‘ﬁé- There is

al so increasing evidence tha persistent infection wth Helicobacter
pylori is ari - far o[ ot ..ga ' d [ cinoma
(1, 2), especi %I&PWS&% Pg?gﬁgcﬁkgggﬁgthS%ﬁﬁﬁcgﬂggﬁgg%i nly
from epi dem ol ogi ¢ i nvestigations (6-9), including nested case-control
studies (£ 5,10), and nol ecul ar and pat hol ogi cal studi es support its

bi ol ogi cal - pl ausi bi lityB@ ROUND- OF THE| INNENWIONsentially all

i nfected persons devel op gastritis, clinical consequences 20 of H. pylori

I nfection are recognized in only a mnority - of persons. Also, while H
pylori infection is hi g cobad¥ed’ Byairs 1ePche PetolnizedPall bp cancer,
nost H. pylori- i nfected per son?}ﬁevélr ggvel op thyge r?eop%ash?r!s (12).

Thus, it is iimpoxtant paticgen of dumansf dnt chatt the chrenik gascir&eﬁ.;l
determ ne yisk anong H., pylor,i-infected persons. H. pylori
strains ar I"Fitgfﬁ%)"%sv S& (rf{?-kl%f)acépr f%.ratﬁ’@néﬁ"’@]-PmPF Bt PepSac

P ¢ (o BLAGE i, Ahere 14 ld1gBONRRLAL:nB! LARRAR k0 V! dua) o

can be infected 30 wth nore than one strain , It IS T nportant
to isol ate ppersidtantchafectdons With teldcobdcwer Pylainisis a rikat ni ght
affect risk o astric cancer devel opnent. WO 96/ 10639
PCT/ US95/ 1266% or for the development of gastric adenocarcinoma
(1,2), especially of the distal stomach (3-5). The
15 evidence comes mainly from epidemiologic investigations
{6-9), including nested case-control studies (4,5,10), and
molecular and pathological studies support its biological
- plausibility (11). However, although essentially all
infected persons develop gastritis, clinical consequences
20 of H. pylori infection are recognized in only a minority
of persons. Also, while H. pylori infection is highly
prevalent in patients with gastric cancer, most H. pylori-
infected persons never develop these neoplasms (12).

Thus, it is important to identify other factors that more

25 precisely determine risk among H. pylori-infected persons.

H. pylori strains are highly diverse (13-15) at

.a genetic level, but most phenotypic characteristics are
well-conserved. Furthermore, individuals can be infected

30 with more than one .'strain (4,15). Thus, it is important
to isolate particular characteristics of H. pylori strains

that _might affect risk of gastric <_:émcer developm'ent.-



2 Two exceptions to the phenotypic hormpgeneity are

currentlymbwm zed. First, about 50% 60% of H. pylori BCTAISAY12669Dduce
a vacuol ating cytotoxin in vitro (20, 39), and toxin production is
associated with peptic ulceration 5 (40). Second, there is heterogeneity
I n whet her an antigenic protein mgrating at approximately 120-128

kil odal ton (kDa) on reducing sodi um dodecyl sulfate- polyacrylanide gel
el ectrophoresi s [SD&‘rde\%icéﬁt%ﬁsussdthe bRhotWy: HELEYT SPEN! S of
this protein (referred 10 to I nterchangably as TagA or gﬁs ave yi el ded

nmol ecul ar curnemithiy recsodmijheds 1RArkba. ahbmtoﬁ@l%-t&n& ofdi vpyJord
nmedi ated by an 87 kDa protein $23 41; toxin product] itself is
associ at ed HHEHAHPTRWEH R BRCHRLA ﬁPBgENtPtOXln12@1fﬁBtﬁTn‘%90¥%?n (20).

Previ ous sty L8y h W tes
express the'ﬂaze&) epég&agalpro%% %gf ggg%:)eﬁol'{ﬁ?%% &pli(gs%%:éer%??ba
anti bodises (40) t o Sdword@)- tR8r&Dispheterdgeneditiyhein &&teuh@r ancosal
secretions is associated with the presence of peptic ul ceration

(18,20). =Amtigenic proteinynigrakidng Att ap@r\na@mmw aRt12Be

associ atio o] duction._ul cer rci noma and
the 120- 123"13&%‘?’&; ﬁkﬂarﬁ'én gegiising prgium G%Sfeevlﬁﬁumﬁ eTity to
further chyicagjaityrahide @eilaﬁe&e%opaér@aﬂsggzsﬁimer Siéprofhiced

vi sual i zat i on. In previous studies, the 120-128 kDa antigen

was vial i zedoby esent nmbasumengnuwtofvluhmlngommt beeferred
characterization was erfo med (20). In contrast to the 8 ease mnth whi ch

this a4 g&P HRE Rg2pLyi ?édTB?A or Gagle ‘fﬁéf’t?}@e tReleouiars kpa
band has nqje i €4S h¥gh as 140 kDa. Although toxic activity is

mediatéd by an 87 kDa prbtein (23,41), toxin production
itself is associated with thé présence of the antigenic
120-128 kDa protein (20). Previous studies have found
15 that about 60-80% of H. pylori isolates express the 120-
128 kDa protein (20,42). Notably, prééence Of-antibodies
to the 120-128 kDa protein in either serum or mucosal
secretions is associated with the presence of peptic
ulceration (18,20).
20
Until now, little was known about the
association between toxin producﬁion, ulcers or gastric
carcinoma and the 120-128 kDa antigen. This is due to the
| previous inability to further characterizé the 120-128 kDa’

25 antigen after its initial visualization.

In previous studies, the 120-128 kDa antigen was
visualized by Western blotting, but virtually no other
characterization was performed (20). In contrast to the

30 ease with which this antigen has been visualized by

Western blotting, the 120-128 kDa band has not been easily

¢
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currently recogni zed. First, about 50% 60% of H. pylori

produce a vacuol ating cytotOX|n in V|tro (20, 39) , and t oxi
is associated with peptic ulceration 5 2(40). Second, there j
het erogeneity in whether an antigenic ot ein mgrating
approxi mat el y 120- 1D@o exgepbagnsoﬁO( kbe) 8105‘!929 Hateaye

sul f at e- cryl am de ectroph [ oduced
(20). Nbﬁ?qﬁgﬁgﬁy %Sﬁ?%ﬁﬁ%ﬁs O%lfﬁlg 6%8@%’%0 Ia?’err ﬁhapfiFrl

i nter changalla e JAgduee &29AtuBaueiv S r@Riec ular {$ops high
as 140 kbDa. AItho%—gh t oxi gaact:lw tyll sbew'Q med |late X térhd\ggmkDﬁng'r otein
(23, 41), mmdrthrmuproductlon|usehsspcla$sdbma¢¢d Ftiic helgexakien of the

antigenic 120-128 rotein Previ qus studies have found 15 that
about 60- d3R)of HETINDr | e §6Fat’-§s“§§ﬁnré’§§ neky: 3@/ whethels by protein

(20,2), oy  S26062cChygesi 8% avprlh i) B 100 Potel) L

ei ther seru cretions i s

peptic killodd B¢ 68N (kD8) 2on2@educing sodium ecylowulfdtée was known
about the associ ation: _between toxin proguction, ulcers or_gastric

car ci nona pkyacey lanidesgribaedectyophoremis Eﬁnﬁn?ﬁﬁﬁhfkﬁ progiiesdous

|nab|I|ty furt er characEer ze Lhe 1%9 ;} 5£%E§E% gﬁ%%gﬁé%&1£gskoa

initial Bﬁ recen measureme

ant'QQQ‘MEb 1nte¥bﬁ§ﬂ§hﬁ§9 b Wﬁ@h@b& @d@ﬂﬂ'Hbvémﬁlé&dédﬁﬂélbéﬁﬂﬂiher
chracterization was perforfred (20). ~In ¢ontrast to the 30 ease with

whi ch t hi snarghmnabahlgheasvﬂ.&@allmaed Wthougkés:tq;tlm Bativity ise 120-12
kDa band Qﬁg {§§e3653 ggsh%ykba proteln (23,41), toxin productlon
itself is assoc1§ted w;th/the presence of the antigenic
120-128 kDa proteih (26) . Previous studles have found
15 that abouc 60f80§ of H, pyiorl 1solates express the 120-
128 kDa protein }26,4 ). Notably, presence of antibodies
to the 120-128 kDa . otein in either serum.or mucosal
secretions is as?c iated with the presence of peptic
ulceration (18,2 | |
20
rUht' now,_little was known about the
assoc1atlon etween toxin. productlon, ulcers or gastrlc
carcinoma d the 120 128 kDa antlgen This is due to the
previous ‘nabllrty;to_further characterize the 120-128 kDa

25 antigen After its initial visualization.

In previous studies, the 120-128 kDa antigen was
visyalized by Western blotting,.but virtually no_o;her
c racterization was performed (20).. Ih.contrast to the
ase with which, thls antlgen has been visualized by

Western blottlng. the 120-128 kDa band has not been easily
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3 Vi sﬁ?ﬂgf%y ot her net hods such as silver staining i’%?&%aﬂ}zng I n
Cover et al., 1990 (20)). The. explanation for thi's phenonenon is that
this antigen is present only in mnute quantities, relative to other H

pylori 5 proteins. Recently, Gerstenecker et al. (43) have reported
the isolation of an approximtely 120 kDa protein, fromH  pylori which
reacts wit hviesiadibzed, vaetdian methods swichnagionkleer SFaimdM¥y no
characterizatj.on (suych as, N\ terqmn q ci nQ) ' i gen has
been perfor?i?d‘.gur_%olé m_ Tover e.t ﬁﬂe's'pialllg fht%&)l)lff [ c%ﬁ%yé’g#fﬁﬁgﬁl&gat I on,
the Pr €3N i Hiy PHriindH Y | e SR 'tﬂiﬁ"éﬂ:f@&a%ﬁl%ﬁé@eﬁi bhRy .
gene and deduced am no acid sequence encodi ng the 120-1 -kDa protein.

Thi s data wdn otimitecdusitidids erralative tetdhet ody pPydordi d not require
purification of the 120Q- 128 kDa antigen. The_in egf)i on al so provides
n

di agnost iPc, Proteififr o RARINE 1von FrrARI KLY @t Ahosi$2 bnB3%Rd et hods.

I bl ot ' it : ' i t Tai
have. i gher TREGRERG (R Sed 1 ISP 1y | Mebfoktnacd1 ) 12p REA| BEDEpSH S 10
than do per f¥vm H. pyloritwiidiod£cts witRiposieiee bhamanhsebatedl(18).

Per sons Infected with tag_A[err{ H. pylori strains have enhanced
expressi on @fexyum.]| doWevey, |Vigrtyallndne | ciaracgesizatienopspeb ag N-

conpared to uninfected persons,, an atients.infected wth. tagA[err]
ctraine (10t Smnt e UF | Blarrafiafn a8 kb errsrriBiage ny
be involpyed in the pathogenesis of gastric cancer (1). Thus, there is

a need to exam ne the i nportance of tagA expressing H pylori strains
in this 30 context. Despite the difficulty of purification, the

present invention provides the cloning and sequence of the
gene and deduced amino acid sequence encoding the 120-128
kDa proteiri. This data was obtained using alternate

15 methodology that did not require purification of the 120-
128 kDa antigen. The invention also provides diagnostic,

therapeutic, and prophylactic compositions and methods.

Inimunoblot studies suggest that persons infected
20 with tagA* strains have higher degrees of gastri_c
inflammatio-n and epithelial cell damage than do persons
from whom taga- strains have been isolated (18). Persons
infected with tagA*' H. pylori strains have enhanced
expression of IL-la, IL-1B, and IL-8 in gastric biopsies
25 compared to uni.nfected persons, and patients infected with
tagA- strains (19). Both intensity of inflammation and
epithelial damage may be involved in the pathogenesis of
gastrié ‘cancer (1). Thus, there is a need to examine the
importance of tagA expressing H. pylori strains in this

30 context.
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4 We's6i10639 The invention neets these needs by provi dPAGUS9S1266%,¢\y
serologlc assay based on a reconbi nant fragment of tagA, and a net hod
of determ ning predisposition to gastric cancer. 5

SUMVARY OF THE | NVENTI ON "~ 4 The present i nventi on pr.ovi des an
i sol ated nucl ei c acid encoding an approxi mately 120-128 kil odal ton 10
anti gen -of Hel i cobacthe mnmtmn meetstihese méeds ey tprovidingeaf,

~wherein the anti s, associ at.ed th peptlc ul ceratlon and gastric
car ci nona. SS%@QQ% 3?‘? VA rReRmkiRantkt Fgment dqefect i ng the -

presence of I 1r" £ 0-128 15

ki | odal t on taa’r?ﬁ gearll'!#[nd a subje ﬁg)dcé(}rnépﬁ@'sr{%gél :ﬁloéélfﬁé%{gﬁ t;'L%ont acting an

ant i body- cgaB&nmauyannqﬁeafronlthe subj ect -with a detectabl e anount of

the TagA antigen or fragment t hereof of the present invention and

detectiﬁg t he - reaction of the fragment -and the anti body. 20 -

BRI EF DESCRI PTI ON OF THE FIqJ;”& Lgure 1 shows physi cal
maps of plasm ds pMd, P g&“ar r ow beneath pMC3

~represents 25 the Iocatlon of . the t agA gene and the direction of

transcription as determned by del etion nutations and i nmunobl ot ti ng.

The smal | arrows repﬂb@emraaenbﬂmnuahtmuh provadesntamnfiddPatsediuenced from

exonuclease I I-der|1§a fragnments. Restriction endonucl ease cl eavage
sites: B, B3 A€ Q§99%nd Bn Brgmoximatglyy 320-128 Neflodaltanc) |

?D 96/1963§nt1gen of Héllcobacter‘pylorz, or an JxEQJ£§*¥]f¥ngent

thereof ' _whe_re:.n: the iantlgen is associated with peptic .

ulceration and-gastric carcinoma. The present invention
‘also provideS'methods of detecting the presence of a
Helicobacter pylbri strain poséesﬁing_the 120-128
15 kilodalton antigen in a-subject} cemprising the steps -of

contactlng an antlbody-contalnlng sample from the subject
with a detectable amount. of the TagA antigen or fragment
thereof of the present invention and detecting the
reaction of the.fragment and the antibody;.'

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 ehows physical maps of plasmids pMC1,
pMC2, -and pMC3. The.largefarrow beneath.pMC3 represents
25 the location of the tagA Qene and the direction of
transcription as determined by deletion mutations and
immunoblotting. The small arrows represent the strand and
-extent of DNA sequenced from exonuclease III-derived
fragments. Restriction endonuclease cleavage sites: B,

30 BglII; Ba, BamHI; E, EcoRI; H, HindIII; N, Ndel; S, SacI.



Figure 2 wﬁ‘ﬂﬁmﬁﬁ estriction mip of | pMC3: km used I n CO”M&S@%‘;Q“ H.

pylori nutant. e km cassette from pl LL600 was |igate e Ndel
site of pMC3 to create - -:pMC3:km The arrows represent open reading
franmes 5 including the truncated 2577 Qf t agA open reading frane.
Restriction sites are E, EcoRl; B, Bglll;°H, Hndlll; Ba, BanHl ; N,
Ndel; S, Sacl; Sm Smal. pMC4 represents the 2.9 kb EcoRl to Sacl
fragnment of pMc3. 1(Figure 2 shows gyreestxiehiophyabcaf pMEs:&m pbedni ds

pMC3, . Jhe:lar rrow beneath pUT2 represents the

| ocation of %I\;ﬁgc c?{a%ﬁq'g%n o1 t%’eg@(f%ﬁi%‘htﬁt' 'Ph?rléﬂsg?ﬁﬁFFBﬁ %§°m

det er ni ned RIItEod iviis MESLEQDSLE the NESTUHLOL 0bE 1 Placs Rest Eiehian
endonucl easteiﬂcl eavage si tegzé: 15 JB Bgl Iel; Ba, BanH ; E,ﬂchoRI; t\/‘rEl ECORV;
H, Hindll|; BMC3:km. Nddhe SB;r@eg|yepresént .open reading framésgure 4 shows

hysi cal as af the fragnents_fromtagA which were used to nake
gvgr | appi~ng ’i’(?q"(j%‘rf@ %}?‘? o"'rirs".mcal"?ga??%?/\sb? chReA cPPer heeafingt fsamet
transcripti i f rpdugt, s, igdi . eaf,_boxed
areas repr eg!eénstt t %o%e&gr%'a%é\%%%eﬁbe%%Oﬁf' gt hé?iggs B sHlﬂgég{[edﬁa'

nucl eoti de IBagiHIYS MNNAET £1s hasecI; SmpeshatietgMod NEeptOsEPECEle 2.9
| munogeni ¢ _epitopes of this 25 protein. DETAI LED

DESCRI PTI ONK&F- EgqRT NvENSa eI Eragmenyy co®ipM@Ri ds 30 The present
i nvention provides an isol ated nucl ei ¢ acid encodi ng an approxi matel'y
120- 128 kDa antigen '

10 Figure 3 shows physical maps of plasmids pMC3,
pYB2 and pUT2. The largé arrow beneath pUT2 represents the
location of the tagA gene énd the direction of
transcription as determined by deletion mutations and
immunoblotting. Restriction endonuclease cleavage sites:

15 B, Bglll; Ba, BamHI; E, EcoRI; EV, EcoRV; H, HindIII; N,
Ndel; S, Sacl, X; Xbal.

Figure 4 shows physical mpas of the DNA
fragments from tagaA which were used to méke'overlapping
20 gene fusiong. The arrows représent the direction'df
transcription. The size of each product is indicated.
The clear boxed areas represent those areas of ;he.gene
that possess répeated nucleotide regions and which have
been determined to express immunogenic epitopes of this

25' protein.

Nucleic Acids
30 ' The present invention provides an isolated

nucleic acid encoding an approximately 120-128 kDa antigen
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6 or 936%§ﬁt of H pylori, associated with peptic u cggg??%n
(TagA). By "isolated" is nmeant sufficiently separated from ot her
nucl ei ¢ acids, - proteins and ot her cellular conponents found in the
natural |y occurring 5 organismto be usful in a clinical diagnostic or
ot her scientific protocol. The nucleic acid encoding the 120- 128

kDa anti genc¥afragment fAftHvePvdgAigenssomhRERd with pepsdicfic for strains
of H pylori.expressing,the 120-128. (antigen. By '-specific”" is neant
an isolateduéﬁﬁgiﬁ% nlgTﬁﬂﬁéh dg s*ﬁﬁ?lﬁggaidF?e%FBnﬁ %PS%EFF@EﬁﬁYHegree
above ,baééﬁé@#ﬂédwffamngsE-herCnaeleicf E%EHH-, pYbekinst GadNSthasd do

not express the antigen. n exanpl e of such an isol ated

nucl ei ¢ acicellular eumppn@ntsaﬂbugdfianehefnaﬁdﬁah&yebpahrxiugnprising
‘nucl eoti des 1072, t hrough 4614 cintained I n,a 4821 base |, pair _insert (SEQ
ID NO 3)3 reanisyite Benvachihgln 2 clppicalddpragnrgtife OFuPthe&ngt h t agA

gene i s depgsi : YAk ; Ang{.LC s faU Jdectian.h230 -
Par kI awn Ex?%%éﬁgbﬁiggﬁg?F?égﬁb gg§é2ﬁﬁﬁné§§ %#EE_%@gggékgnEhg.lg 273. This
i sol ated H 1pg|kDa-apeigénCcanCb@i Ehachdti®a kagAsgeéne) whicHefect H.

pylori expressing the 120-128 kDa antigen in met hods such as pol ynerase
chai n react$peciPiR) fori gerains ofnhHi npydarii expuREskngr thez a20oA 28s

further d | bed 25 _bel gw. . The, , id fr, ts th f b
in o CCORERRRE ESERoccPE " GREELPLER LA Beant an, { ERTSERY, eTuBRGeCl 0"

t he ful Iq%ﬁ Tagfs 1 thgr od i i 30 _

An exaﬁ%ﬁe 0 gbhuc eP%agg?gbgﬁg%géhgsaﬁ Eiﬁﬁ%g??agﬁigeg?ggngﬁ?vgf t he ‘l
120- 128 kDebackgpeund swith: nudle6/ 46688 from H. pylori strains that

PCT/ US95/ 12669 ﬁ , 7 truncat ed open
readi ng frai® RPt 22¥Rreagcthai ABLEGRBri si ng - nucl eotides 1072 through
3648 contained in a 3648 base pair insert (SEQID NO1). This specific
nucl ei ¢ acid can be used to detect H pylori possessing the 120-.128

kDa An ex@mple of such an isolated nucleic acid is

15 an open readingéframe pf 3543 base pairs comprising
nucleotides 1072 through 4614 contained in a 4821 base.
pair insert (SEQ ID NO:3). A cell line containing a
plasmid having the;fuli length tagA gene is deposited with
the American Type Culture Collection (1230 Parklawn Drive,

20 Rockville MD 20852) under ATCC Accession No. 69273. This
isolated H. pylori-specific nucleic acid can be used to
detect H. pylori expressiné_the 120-128 kDa antigen in
methods such as;polymerase-chain reaction (PCR), ligase
chain reaction and hybridization as further described

25 below. The nucleic acid or fragments thereof can be iﬁ a
suitable expression vector and host, and utilized to
produce the full length TagA protein as further described

herein.

30 An example of a nucleic acid encoding an

antigenic fragment of the 120-128 kDa antigen is a



5 anti genygyyg ds such as polynerase chain reaction, P ' G&pai n
reaction and hybridization. Aternatively, t he 3648 base pair sequence
.can be in a vector in a ..suitable host and utilized to produce an

anti genic fragment of TagA. 10 : - Anot her exanple of a
~nucl eic acid encoding an antigenic fﬁbgnent of the 120-128 kDa anti gen

s a reconbi nany fragnent (orv220) of the tagA gene conprising,
~ nucl eoti des quﬁ%@?%m%ﬁn%ﬂa}@ & : 25 FhPase pai ¥R a@PrRT 48ingThi s

speci fi ¢ nuc), £iG Asi s | ori rains ,
expressing t %l%é%&f%g%gbaﬁ an_#lge:;n%an %%%%%%u@% %séffg%yﬁ@fﬁse chain
reaction, —paid iigRSAtCNEED rEAMNO ) AnAriwdréghdati@Mmudlé£enatidebin
“the nucleic acid can be in a vector in a suitable host and 20 wutilized to
produce an &% iufad ¢J dsfegh Bf makgvi possessing the IR@+E2& kDads

“encodi ng .ot her_.anti aeni c f.r agment TagA can be obtai ned by the

SKilled &t POEi4RY %@" methqdy (qYRh A 8¢ 'CRA TR T eRBERPN of

experi ment atyis I | 4 : | be | bt ai ni ng
p tiiQAsd cHalld Qa4 erﬁgmﬁ%ﬁﬁﬁ qA%'@éPﬁQt.fLQéiLg

t he exenpl ary "nucl ei ¢ aci ds. al nin nuclefc acid

fragnents ofthe |36aen basE gt mepwimcaiaddh be in saiched®Sorebihracti on

di gests, can be applied to the |arger codi ng sequence to obtain
nucl ei ¢ aci FHI&GRRI® NP And 3k ikizehdin Praduce amtaneigenite nucl eic
acids so ob 'Qﬁﬂ 6/ 10639 . '

ACT! sty  oeagutient of THIR! | 8 can be routinely
screenedqof or antigenicity, specificity, etc., according to the exanples
her ei n.

Another example of a nucleic acid encoding an

antigenic fragment of the 120-128 kDa antigen is a
recombinant fragment (orv220) of the tagA gene comprising
nucleotides 1921 through 3648 of SEQ ID Nos:1 and 3

15 (Example 4). This specific nucleic acid can be used to
detect H. pylori strains expressing the 120-128 kDa
antigen in methods such as polymerase chain reaction,
ligase chain reaction and hybridization. Alternatively,
the nucleic acid can be in a vector in a suitable host and

20 utilized to produce an antigenic fragment of TagA.

Nucleic acids encoding other antigenic fragments
of TagA can be obtained by the skilled artisan using
routine methods and a routine amount of éxperimentation

25 following the procedures described herein for obtaining
the e#emplary nucleic acids. Other methods for obtaining
nucleic acid fragments of a known isolated nucleic acid,
such as restriction digests, can be applied to the larger

| coding sequence to obtain nucleic acids encoding other

30 fragments of the antigen. The nucleic acids so obtained



Changes I Wo ﬁogggcl eoti de sequence of the 5 exenplary n%ﬂ,@sﬁnggs
encodi ng Tadg. antigenic fragnments thereof are al so contenplated as
| ong as the antigenicity of the pol ypeptide encoded by the nucleic
‘acids is maintained. Likew se, nucleic acids used as primers or
probes can have substitutions so | ong assenough 10 conplenmentary bases
exist for selective or specific ybridi zation (44).

Anot her exaﬁﬁPeberPHElﬁﬁéyeFErQGFGdeﬁ95d?ﬁ§189§1°1 Yia§ResiEigdsvis an
alternative ggdlngcéggggﬂge BOEhEhgxa legnh =r I obt ai ned based on the
S ~ Tcode. Vi ng p

degener acy Bret he®Gene rOV|ded one am no acid
sequence of the TagA antigen (SEQ ID NO 3), the skilled artisan can
det erm ne t he nucl eoti de sequence that encodes the antigen or a

fragment of the antig€hanges danthensngileothidensequencecod tk@ using the

t t echn | at | d that
gé:Zc{P8% v mgfﬂﬁgrFBF%@%CMFFﬁd?hSnﬁﬁéhggcgﬁggdgggﬂgkgggﬁécnuc?eot|des

1072 throug@r egnegggsgg_ aaahsleggksakeﬂgﬁaeaaeage fig afeipped in the

Sequenci ng LI sTing as 3 un ner ase c reac Fon

condi tions antﬁ@en1¢bﬂ?eoplnhedpolyp§b61der5n deﬂcbyvehﬁ"nﬁaluied herein
.refers to a nucleic acid that will hybridize under PCR conditions with
t he r ef 3¢ @8 elBuRRENEAARRE - at LakpwWise, dngs:lﬁgeu aﬁaéseuseérrasso

ol oct o otREHERRI B BkbRE”GehoBayd bufBEaPrf otk "so 58y, 78cpotan
PCT/ US9%¢ 1266fplementary bases exist for selective9or specific
hybridization (44).

Another example of the nucleic acid encoding the
TagA antigen is an alternative codihg sequence for the
15 antigen, obtained based on the degeneracy of the genetic.
code. Having provided one amino acid sequence of the TagA
antigen (SEQ ID NO:3), the skilled artisan can determine
the nucleotide sequence that encodesfthe antigen or a
frégment of the;antigen, and can generate the nucleic acid

20 using the existing techniques.

An isolated nucleic acid that selectively
hybridizes with the nucleic acid éomprising nucleotides
1072.through 4614-contained.in_the ngcledtide sequence

25 defined in the Sequencing Listing as SEQ ID NO:3 under
polymerase chain reaction conditions is also contemplated.
‘The term "selectively" as used herein refers to a nucleic -
acid that will hybridize under PCR conditions with the
reference nucleic acid at a level distinguishable from

30 background or random hybridization, but may also hybridize

with selected other nucleic acids at a level clearly



dlstanUI?Rﬁﬁﬁ gedver background or random hybridi zation.

sel ective lbr| di zi ng nucleic acid can be conpl enent a??’pg&’(lﬁgs above
nucl ei c aC|d The degree of . sequence identity and | ength of the
hybri di zi ng sequences 5 can be sel ected based on the intended use of the
particul ar sequence. |f used as priners, % he invention provi des
conpositiong,ingluding at |east two_nucleic acids whi ch sel ectively
hybridize‘mﬁ?ﬁtanPéF Ablecgvexs baskground q&anﬁnﬁqm3hxbnk§ﬁzann¢mg|on

Exenpl ary PGR.C r.Qvi ded r.ein, e well known in the
art, and are agg%Ew(}glgr %% Sﬁ'&}PgePé’ g‘F CP@ ?eand appar at us.
An i sol at edcempllemendairy tbathepa®ichieC Aol | diges nucl ei ¢
acid conprising nucl eoir?des 15 1072 througer}c4€}1a}la(’:ont al ne##%éf @

nucl eot i de §equen§e identdsti mad ilengith Sdqtdvec ihydpdiiditding ase@ilghdds NO 3

under th r|n gnc ditions-of 68[err]C for 16 hours in buffer
cont ai ni %g %?(n g §§dgﬁﬁ1eéoﬁ°éc§-lhes&med5%se of tdithardt' s

sol uti on, vvpabtwaﬁh!hwséyugﬁbef.r] T Bl hergriinaA) W0 SRRIELACSI

(Exanpl e 1," sout hern hybridizatio

.condi ti ons previfies compvsitdesds $ﬁﬁQhﬁhﬁghﬁQrw@é§¥'ﬂNb<HHEléié”Ebf&§|Ude
nucl eic acids that hybridize with nucleic acids other than

ref erence ndeiehcsadrativeiy, hyhridizei Mnlzil'mgllrfLﬁelmm: Yegicins (sm dre
all, of th above nuclegic acid, or it

| f
o have sobs el BVOR dbas el rgion, | Bremplarde iR CORIAM IS (dre
hybri di z@s pPovidedPhey&ih,! hrb' Nl Rebkg & Qpaery Aat ggﬂiw'aﬁeo agqugﬂ‘

nucl ei ¢ acids. The sequences to which the nuc eic acid

can be sel ebyethéaprdviderbeofiuPCRoOredgent s awamaypatanme t he ut|I|ty of
the particul ar sequence. For WO 96/ 10639 _
PCT/ US95/ 12669 '

An isolated nucleic acid that specifically
hybridizes with the nucleic acid comprising nucleotides
15 1072 through 4614 contained in the nucleotide sequence
defined in the Sequencihg Listing as SEQ ID NO:3 under the
stringency conditions of 68°C for 16 hours in buffer
containing 6X SSC, 0.5% sodium dodecyl sulfate, 5X
- Denhardt's solution, with washing at 60°C in 0.5X SSC is
20 also contemplated (Exaﬁple 1, southern hybridization).
Other examples of hybridization conditions are also
provided. Specific hybridization conditions exclude
nucleic acids that hybrldlze with nucleic acids other than
the reference nucleic ac1d Thus, the hybrldlzlng nucleic
25 acid can be complementary to a segment of or all of the.
above nucleic acid, or it can have sufficient
complementarity with the segment to which it hybridizes to
prevent it from binding to other naturally occurring |
nucleic acids. The eequences to which the nucleic acid
30 will hybridize can be selected based on the nucleotide

sequence and the utility of the particular sequence. For



10 QeYERbese t he specifically hybridizing nucleic aCi%&dﬁﬁ? used
h%gt t hat 5@%‘% :

as probes for ecting the presence of an organism a
nucleic acid to which it hybridizes. Al ternatively, the -hybridi zing
nucl ei ¢ acids can encode 5 the fragngﬂ%s of TagA provided herein.

Al so provided is an isolated nucleic a t hat hybridi zes wth the

nucl ei ¢ acid encoding the H, pylqri TagA ,under stringent_conditions and -
has at | eabKamBee. 1 5P ARG HECaiL, hubi PSS 1 PCHIS R DR he

n%
nucl ei c Cl - _ el ' el capa] .
hybri di zi n‘g‘sﬁ%%i %Eé’?:é s‘@%&eﬁx}e ftroi"r?l ?a‘ng%é{\?g-??s an Q’qige""a’é’ts“}0% 80%
85% 90% 8h3tr HaY the'mardeli?mcid ecowhddintiar iHybniidikdde segnment and

strand of the 15 exenpl ary sequence to which it hybridizes. The nucleic
aci ds can Aihgrnptiwedy. &het hydbridiziog musiledc @sidancan eragdg h. Thus,

t he nucleig, aci.d_can_encode, TagA_from anqt her tagAlerr] strain, or can
be usedgasgaepﬁﬁﬁgmﬁpgﬁrP%EFag% PESViget. BEY S N he presence of tagA[err] H
pylori. 20 The invention provides exanples of these nucleic

acids of H pylori, so that the degree of conplenentarity required to

di stingui sh specificalsy pyovided ig fnomsolatednumedidiiccaldid yHat di zi ng
nucl ei ¢ acjds under specific 25 conditions can be clearly determned for
each nucl eh¥bridizgsg; with,Eheyausleiscagdd. gropdimgusihe H+ Pidaror singl e

X

primer/pro respectiv

speci figal bympYbeficarigy wik®i ¢haCisdgient a3 BRrandidrditiR Wididiue! eic
aci ds encoding unrelated pr ot ei ns.
acid of SEQ ID NO:3 to which it hybridizes. The '

hybridizing nucleic acids of the invention can have at
least 70%, 80%, 85%, 90%, 95%, 97%, 98% and 99%
complementarity with the segment and strand of the

15 exemplary.séquenpe to which it hybridizes. The nucleic
acids can range from at least 18 to 4000 nucleotides in .
length. Thus, the nucleic acid can encode TagA from
another tagA* strain, or can be used as a probe or primer
for deteéting the presence of tagA* H pylori..

20 ' '

The invention provides examples of these nucleic
acids of H. pylori, so that the degree of comp;ementarity
required to distinguish specifically hybridizing from
nonspecifically hybridizing nucleic acids-under specific

25 conditions can be clearly detérmined for éach nucleic
acid. 'The nucleié acids can be double stranded or single
stranded depending on the intended.use (e.g. as a coding
sequence or a primer/probe, respectively). It should also
be clear that a specifically hybridizing nucleic acid will

30 not hybridize with nucleic acids encoding unrelated

proteins.
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One skil |§3)9|6H0f:ﬁe art can readily obtain the nucl ei ¢ aci ds (S)%sntzf'fg
present invention using routine met hods to synthesize a full gene as
wel | as shorter 5 nucleotide fragnents. For exanple, techniques for
obt ai ni ng nuclei ¢ acids such as those prdYided in the Sequence Listing
are specifically provided in the application. Furthernore, additional
met hods are provi ded in the art that can be utilized wi thout significant

10 nodification. Ferrefti -\ S 4 nd. \\sni N 6) .. Show
routine nethods to sy%efﬁéf'&%'ae%éﬁ%)t&}% %ﬁ%car?kre?e%:.ﬁi%c%pt lgeg'hg.
speci fi cal | yudleielEdidd o tHePeddit inveWidiesising Sodfhde base pair

synt heti ¢ bovi ne rhodopsin géne from synthetic oligonucl eotides. The
synt hesi zed meShgdise twasyrdihdeide tao fidildl lgeven amehkeag f$harteent ence,

page 603), demgnstrafi the reliability of this t hod of gene

synt hesi S. Mg’l‘iﬁo&ﬁq &%mﬂtﬁc etFf _ey:f%]e,[ h"een&ms?‘%ﬁﬁe%?:g of a maize
gl ut at hi oney 1. [ Lef fi lﬁige one- p .
anneal i ng/ | Pté’g%q'glnﬁ{&agﬁloc(cl%ﬁp 28 iﬁl & ée%h%q%gb% s%f%r 0 u%eic:iﬁaéfé%rrpl ete
synthetic g@eguencenilibtiodreldpdoif WH Ty derewvnbdédt s the routine

nat ur e of this protocol. Antigen 25 Purified antigenic

pol ypept i deapmldsdsd asy. t FRurthexrmorei additiondl imetheds carei pyevided are
al so contenpl ated. ,As .used herein,..purifjed" neans tpe antigen is
sufficient | % FR¢ &F cﬁﬂ%ﬁ%g‘? Gt i ged with 'bn%’rﬁ%"gﬂ'?ﬂns\hich the
antigenl@orm@dﬂfmggﬁy to [yt 4 igh t NdhdSRodh PRkt OE SPNtam nants
or. corrponentsl. T L?S% tkﬁ%%% ;%%Iaén?l gte]"ri::ls)f:l po ypept?de igs WO
96/ 10639 {76) show routine methods to synthed#i{Fé Uv99¢ri€669 known

12 sufficiently seEarated fromcontam nants, so that it can be

used in a cISSIUEACH a ispenifncrlly afprreryl et abrokereh. thene

puri 11 20 aP LS Yoo 20-070 ed Yt eyndiBOLE BOLAE=RBHoABELOSM ©

gene from synthetic oligonucleotides. The synthesized

15 gene was faithful to the known sequence (first sentence,
page 603), demonstrating the feliability of this method of
gene synthesis. Additionally, Wosnick et al. teach the
synthesis of a maize glutathione-transferase (GST) gene
using an efficient, one-step.annealing/ligation protocol.

20 This technique also produced a complete synthetic gene |
with 100% fidelity,'which-demonstrates the routine nature

of this protocol.

Antigen |

25 - - Purified antigenic polypeptides encoded by the
nucleic acids of the'présent invention are also '
contemplated. As used herein, "purified" means the
antigen is sufficiently free of contaminants or cell
components with which the antigen normally occurs to

30 distinguish the antigen from the contaminants or

components. Thus, the purified antigenic polypeptide is



5- 1 nventy also referred to herein as "the antigen,” ok JagA
. Wbﬁﬁ 9 i . 2. PCT/US9 6
antigen" or ' tﬂ% cagA antigen." Specifically, an hss

approximately 130 kDa full . | engt h TagA anti geni ¢ pol ypeptide (SEQ I D
‘NO 4) is encoded 10 by an open readingﬁérane of 3543 base pairs within
t he 4821 base pair cloned insert, c Isting essentially of t he

am no aci ds. epcoded by nucl eotides_1072 t hrough 4614 contained in the
nucl eot i de %%ggéﬁ%%nHiYiﬁﬁaaFﬁt? efrom cgptaminaptsy g &BaScdt| SaRO 3. 15

An 2PPr ox1 1Bk hedS4kCR 20140801 Cal sEABERE cOLy. ocnel 9Rnbesgasgded bY an

open reading frane o ase arrs™w n asé“pair cloned

insert, consrétos@l. Thespepiffedyapprokeémately 8g0ds28nkodedudy -
nucl eotides 1072 * 20 through 3648 contained in the nucleotide sequence
def i ned lepgthhansigennapd| antiggnic Seagmente of the present
Anot her antjgenic.fragnentqof TagA.is.encoded b ,an _open.reading frame
(orv220)§'c 7R §§eﬂ}?3l?9gﬁfre§5got 8r§ﬁ¥n83aégg§ gﬁ&&ﬁ&&’ﬂy _
nucl eot i deswdi92 Iri bA OGP EAB or "tRENEZGACERE fgbREnnuC eoti de sequence
defined in the 5‘ Seque%%g Li gti ng asagEQ 1I'ID %IO 1. : An
antigenic fragnment of the antigen can be 30 selected by applying the
routine technique of epitope . .- mapping to the TagA protein to_determ ne
the regions of VI?B%?&BB%@llY, an. approximately 130 kDa full
PCT/USQS/l%ﬁQ? ' fhat
0

contain epi ﬁ%%hr%%.%i%%tﬁﬁ?ﬁi%é?ﬂ%Ypept%%?iBgﬁgégnoyoégggggggégbe I'citing
an | NMug sy R Sepéf read%ng.frame of 3543 base pairs within the - !
4821 base pair é_loped insert, consisting essentially of .
the amino acids%encpded by nucleotides 1072 through 4614
‘contained in thé nucleotide.sequénce defined in the
Sequence Listing as SEQ ID NO:3.
15 , _ | : , :
An approximately 96 kDa antigenic fragment of
TagA is encoded;by an open reading frame of 2577 base
paixs within,th¢.3648 base pair cloned insert, consisting
essentially of the amino écids encoded by nucleotides 1072
20 through 3648 contained in the nucleotide sequence defined

in the Sequénce;Listing as SEQ ID NO:1.

Another antigenic fragment of TagA is encoded by
an open reading frame (orv220), consisting essentially of
~ 25 the amino acids.encoded by nucleotides 1921 through 3648
contained in the nucieotide sequence defined in the

Sequence'Listing as SEQ ID NO:1l.

An antigenic fragment of the antigen can be
30 selected by applying the routine'tgchnique of epitope

mapping to the TagA protein to determine the regions of



an ani mal w(ﬁ#%‘gghe epitope is selected, an antigenic WHIQ%IB%
€ or produce

cont ai ni ng epi t ope can. be synthesi zed 5 directly,

reconbi nantly by cloning nucieic aci ds encodi.ng the pol ypeptide in an
expressi on system according to the standard nethods. Alternatively,
an antigenic fragment of the antigenl%an be isolated fromthe

whol e antigen or a larger fragnment, by chem cal or 10 nmechani cal

di srupti on. thBePFOELAN: Fhata SARtad D [pRitopes. HRaGtiste WHtheeB¥ed to
determ ne thQeirt ._genici_ ifdcjt ht
herein. An gﬁ ﬁ%j'g%?% o fcrsé&%g%t %% e?@%%réﬁﬁaéhaﬁx"éﬁr#}%or%%y sseéqﬁ}égce of

at least an abawald CONYRChe'epifdpe aF Feldidadd 4 ahdiwerdei gen 15
am no acid sequence that is reactive with (binds) an ant | body.

Once t he anpPedypept ideqeomntaisinchdwentepjdiope can hwsyuthestozed provi ded,
~antigeni ¢ pql,ypepti des can be 20 designed that correspond to amno acid
sequence oal¥ﬁ€%&Y' °Héﬂnﬂ9Q5€agfﬁﬁ°ﬁ§ﬁnﬁﬂq R S TEID MG Re form of
substituti ogg. gien ' R 0 j ; t ] ;L d

resi dues inaﬁﬁg%d%bgégﬁﬁé%gﬁg%?ggi fHeE¥H aﬁng réBith s sc ude

e nmodiT1catiomns can in
attachi ng t hecotdigen tico tirg i riEadistid 0 Argrmat teeIp, aone
addi tional property, such as solubility. The nodifications can include

ot her ami no3aatigenigaif ragmentoniy e ranisigemdan ikmalspragrd tfromuyeheas to
renmove/ add am no aci.ds _capabl e jof  disulfide hondin to I ncrease
bi o1 ongevi PPoL BHEHSIRE < thrder G adenty d8 "Sapfiat ox: [ ons with
gastriciaci gelchanlitaAnyi tildi, The RRAAI HledUStadifiSdes Seiud! oactive
property, such as WO 96/°10639
PCT/ US95/ 126B%ained can be tested to determine their antigenicity and
specificity by the methods taught herein. An ahtigenic
fragment is defined as an amino acid sequence of at least
about 5 consecutive amino acids derived from the antigen
15 amino acid sequence that is reactive with (binds) an

antibody.

Once the amino acid sequence of the aﬁtigenic

polypeptide is provided, antigenic polypeptides can be

20 designed that correspond to amino acid sequences of the
native antiéen, but with modifications in the form of
substitutions, inclusions or deletions of particular amino
acid residues in the derived sequences. The modifications
can include attaching the antigen-to-sequénces designed to

25 provide for some additional property, such as solubility.
The modifications can include other amino acids that
provide for some additional property, such as to
remove/add amino acids capable of disulfide bonding, to
increase bio-longevity, alter enzymatic activity, or alter

30 interactions with gastric acidity. In any case, the

peptide must possess a biocactive property, such as



14 antigenicity, immnogenicity, specificity etc. The
pol ypept iﬁ’@s"%élﬁ“:’aesi gned can be tested for antigenicity, FCT/USIS12669
i mmunogeni city and specificity by the nethods used and descri bed
herein. These pol ypepti des can then be 5 synthesized, using standard
pepti de synthesis techni ques. Thus,14&ynthesis or purification of an
extrenely | arge nunber of pol ypeptides derived fromthe exenplary
sequence antbfenheitggAiamunggenicipyssispecificiky Batcer niTheng -
| mmunogeni ci t ) + The purified antigenic pol ypeptides can be
tested to dEPXYHPHElgﬁﬁiFoiﬁﬁﬁﬁaﬁéﬁiE?Pybﬁn& } g Aptigeniqif |y,
“various conge LORS, . 9_Rputati i) | eni I - | fi c, fragnent
are prepar e%ma ﬁégééﬁggﬁ?'%i gfl Qr l-esgretc é'%é'r? l&#i %&Iu@gl%d e%?"l%ﬁ%%%ogal%dal _
response  destfiBed hB2eRhQduUThege blyiki?adieds cah ¢3dn WA at ed
i munity) of an animal to each concentration is determ ned. The
anount s bf ayntbeaizedi nusiogedtavgdand peptidet isonthigisdst teshpiqudsunan or
a gui nea pi t he conditi,on 20 of e sybject, the size. E_EEF subj ect,

g

. .Lh
etc. Thereaf PBP, SYRtORSIF| p¥| PUSiEiGation. @1 A ey be
d hggb Lum: o <dater o cCine. effect
exposed t0 pumhel Sfrgggggtbﬁﬂ}ﬁgs Qb4 Fele £iin ‘é"ﬁ%g'e&%n@fflraa s@q&éifcebe

specific antigenic specificity of t ment™ can
ascertai nedopythe@srTagp afntdgeat her pbeesittide25 or |ynphocytes fromthe
i nocul ated animal for cross- reactivity with other closely rel ated
bacteri a. Vectors and Hosts = - -~ A vector conprising the

s, of t resent ention is also provided. The vectors of

nucleiclgpi H 3 Nt .inyent I'so provided. °

t he [ nggﬁ?mﬁ gﬁﬂ' LT °g°ﬂ‘8‘§'?' <ui t abl e for expressing the WO '

96/ 10639 . The purified antigenic polyPepedde2?@% be
tested to determine their imﬁunogenicity and specificity.
Briefly, varioué concentrations of: a putative
immunogenically;specific-fragment are prepared and

15 administered toéan animal and the immunological response
(e.g., the production of antibodies or cell mediated
immunity) of an animal to each concentration is
determined. The amounts of antigeniadminis;ered depend on
the subject, e.g; a human or a guinea pig, the condition

20 of the subject, the size of the subject, etc. Thereafter
an animal-éo'inoculated with the antigen can be exposed to

- the bacterium to determine the vaccine-effeét of the

specific antigenic fragment. The specificity of the
fragment can be ascertained by testing sera,-othei fluids

25 or lymphocytes from the inoculated animal for cross

reactivity with other closely related bacteria.

Vectors and Hosts

A vector comprising the nucleic acids of the
30 present invention is also provided. The vectors of the

invention can be in a host suitable for expressing the



15 p%égﬁ,g‘;'ges encoded by the nucleic acid. Specific Pgﬁﬁ@gm‘%of

vectors an Sts are provided below in the Exanpl es.

There are nunerous E. coli.-expression vectors -known to one of ordinary
skill in the art useful for the expression of the antigen. O her

m crobi al hosts suitable for use incli®de bacilli, such as Bacillus

subtilus, and ot her Entergbacteri aceae, such as Salnonella, Serratia, 10
and vari ousPPkypepkbAas epeeded. bynthaeBuchedrapfddi-c SPeciddiS one can

al so make ex Lon.Vv [ I3C L L galal fain ression
control seq %@é@écgﬁpgg%g?gs £Qdmﬁ?%£?hgrﬁo§%¥§éﬁ?d(ﬁ?}g@ §H'5$ﬁgin of
replicati ongxahples. addition, any nunber of a variety of well-known
pronoters 15 will be present, such as the | actose pronoter system a
tryptophan (Trp) pronoter system a beta-|actamase pronoter system or
a pronoter systen1fronkghage'Ianbda. The gnonnters will typically
control ®xpression, <IReYHiRERaPPPCHPER En GRraLEPTEEFIORCYE $have

ri bosone 20, pigdi pg h&eoﬁegygﬁﬁﬁﬁzf gfciﬁaﬂ%l Ehel Qrt! Uisklrdll T A Mhe
conpl eting transcripfion and transfafi on. y an am no

necessar
term nal ne¢RppesstofiaBfbeher axtigenhy OBhekt madrebial hosihi sigdeibl® and
in-frame with the antigen. Al so, the carboxy-term nal extension of the

anti gen canfer wsfpirglundeubagilidansuch abi Hogidlas isubtadugyeddd s

pr ocedur es. Addi ti_onal | eas} .expression, can be used.
There are. sBLBPE| BAACERPAGLE LA TaRs: SUk: B0 ra ooy Sertatiay
evi dencgg exaﬁasvab%ﬁﬂr @E@h%mghgguﬁﬁgcggs@ é?@xsrth%%es SR YotSist ens

exhi bit correct disulfide pairing. cond, post-transl ati‘onal

gl ycosyl at i bosts ehéi caanalpo make BRp¥EsEA6RIvectors, which will
PCT/ US95/ 12669 , . . 16 carried Qut by
yeast secrcb¥P#C3LiVeRENLIAB SEPERESIRPcEONLTOL Eeaupnges compatible

P br o ol tchaEh nbgRIgks oGl (UROURIY or sl 1 Ene) |

routinely use rec Secre ~fromyeast | eader
regi on of pagdRtfon,SadkPhambest 0F aoRhietyd oF $dll -kewvrlprtibtters’

_ pro-segment
15 will be present, such as the lactose promoter system, a

tryptophan (Trp) promoter system, a beta-lactamase

promoter system, or a promoter system from phage lambda.

The promoters will typically control expression,

optionally with an operator sequence, and have ribosome

20 binding site sequences for example, for initiating and

| completing transcription and translation. If necessary an
amino terminal methionine can be provided by insertion of -
a Met codon 5' and in-frame with the antigen. Also, the

carboxy-terminal extension of the antigen can be removed

25 using standard oligonucleotide mutagenesis procedures.

Additionélly, yeast expression can be used.
There are several advantages to yeast expression systems.
First, eﬁidence exists that proteins produced in a yeast

30 secretion systems exhibit correct disulfide pairing.

Seéond, post-translational glycosylation is efficiently



whi ch includes a recognition sequence for a yeast protease ncoded by
PEPRSHZR

t he KExz%‘é?ﬁél."‘-"% his enzyne cl eaves the precursor pro

carboxyl side of a Lys-Arg di pepti de cl eavage-si gnal sequence. The
antigen coding 10 sequence can be fused in-frame to the

pre- pro-al pha-factor | eader region.1&his construct is then put under
t he control of a strong transcription pronoter, such as the

al cohol dekpardgdnays bypveaste sesretapty atstems pr (e efacchardmecest i gen
codi ng sequence i s, followed by a.translatiqn 1 term natjon cod which is
Fol | oned b SEEIASH ARG Bro-A1BHA ERIUAF SR SF4% nlFHGRASH B

antigen codiag - N she, 1f -q%ggp i n codi ng
sequence, gg%hMgg Slj %%q%? ?%rsr i - gél}%c]i%ﬁgs},&%e to FFlJ:&Eﬁfrgci litate
purificati seceketibban fusm yeasy €i4s)hy atd Nlidadeld rexfilonradH Prpipro- The

i nsertion of Erotease cl eavage sites to separate_the conponents of the
f usi on Profdphai-factor gentadas & tsuanddsRaRrtidle and foPryqRegRs®h in

yeast . W ml i an celd s permt the expressian of 25
roreins | NRARRAPCAMNRNE ERCFIFAR HRAISAEA Trn i Veash BHateheg g
nodi fi cati gieoddan b3s thel KEXP Jahety SN enzymePdNdebs adeh tion of
compl ex carbohydraté structures, and secretion of active protein.
Vect or s uspkekukrsort peroteinegm ¢hel aanidoxyit isjete iof rearbwd-Aargcel |l s are
characteriéed -3 by .insertion of _the antigen:%ﬁgng sequence_between a

Q Ll
strong vi r 3 PEPEABEF1ERYagSS1FRRN ReUSHTS g afdgen RN 10639
PCT/ US95/ 1 1y . . - - I & Halh-
95 ggg%enc can.beaﬁ sed in-frame to the ﬁygnﬁﬁﬁnéigéﬁlfﬁeSIStance

contai n gen conferring either gentamcin or ‘l
for use asleabe¢t debdomAr kakis consbiracntisggaheingputmundeeagtia ve fragnment

codi ng seguence can be introduced into a Chinese hanster ovary cel
i ne control of a strong transcription promoter, such as the
alcohol dehydrogﬁnase I promoter or a glycolytic promoter.
The antigen coding sequence is followed by a translation
15 termination codon-which is followed by transcription
termination~sigmals. Alternatively, the antigen coding
sequences can be:fused to a second prétéin coding . |
sequence, such as Sj26 or P-galactosidase, used to
facilitéte puriﬁication of the fusion protein by affinity
20 chromatography. - The insertion of protease cleavage sites

to separate the components of the fusion protein is

- applicable to constructs used for expression in yeast.

MammaLian célls permit the expréssion of
25 'proteins in an énvironment that favors important post- '
translational modifications such aé folding and cysteiné
pairing, addition of complex carbohydrate structures, and
éecretion of active protein. Vectors useful for the
expression of antigen in mammalian cells are characterized
30 by insertion of the antigen coding sequence between a -

strong viral promoter and a polyadenylation signal. The



5 using a weldgabéexate resi stance-encodi ng vector. Presence PCT/USRR/12469€

vector DNA in transformed cells can be confirnmed by Sout hern anal ysi s
and production of an RNA correspondi ng to the antigen codi ng sequence
can be confirned by Nort hern anal ysis,., A nunber of other suitable host
cell 10 lines capable of secreting intact human proteins have been

devel oped | % € gt and _ipcl.ude e CHO_cell. lines, HelLa cells
nyel oma cel | n%g Sﬁ?kangaﬁpsgeEFé cE?ﬁFE§§P§neltheﬁééﬁ%?%”?%ﬁlqsH&ée
celI's can i ngétH8t PERALESLEBi6LRAER! for uséegﬁeggqgctﬁﬁﬁg z%ﬂ?ﬂi'g'n of

replication, a pronoter, 15 an enhancer necessary 1 nformation

_processing sThesantlgensand ammunbpeace ivendiragmentecodRiNg siguendd t es,
pol yadenyl ati on sites ad transcriptional term nator sequences.
Preferred ex%?%s??ohntﬁﬂ FSPdséHEEnéeghéﬂése hapsﬁﬁﬁt@warwem Yimem

I rmunogl obul ngs d Bovi ne .Pa ma Virus, etc. The
vectorg % ﬁ%% a?n?% égre%%ﬁ sgégéﬁF§§8F eﬂF@?&Eﬁpggﬁ%ﬁg tréﬁ?ﬁﬁ?FEﬂ
into the hosdf cehé bdcwsi-l pkaoYA tehhedsrmeli €B118" ¥an be %ﬂ%fl%& @y, the
type of cellular host. For exanple, calciumchloride transfection”is

comonl y ut|$¢%@he¥nra251n5DSaaydtprodabtspnmbéraasRNalc
treat nent or C Lon may be used for other cellul ar hosts.

Al ternative 9%0%%?53?5$égﬁ0°8éngs§F epfe canghe; GeRfirmesmb i an cel | s,
h | | t
those sim Q@of@héPﬁS§n§9¥gf¥e oRefBEx! BE ?F@%?ighggﬁg tun%%Eaéfﬁﬁ'V|||

gama-i nterferon sue plasm nogen ac

WO 96/ 10689 lines capable of secreting intact humBﬁTbHSQE&h%ﬁﬁ%ve been
18 hepat i tls B virus surface antigen, protease Nexinl, and

eosi nophi | Aiis %E§¢clﬁr6h%|ﬂrtcaﬂnéeléﬁ%ud§e§heFGH9hgeJ1 lines, HelLa

cells, myeloma cell lines, Jurkat cells, etc. Expression
vectors for these cells can include expression control
sequences, such as an origin of replication, a promotér,

15 an enhancer, and necessary information processing sites,
such as ribosome binding sites, RNA splice sites,
polyadenylation sites, and transcriptional terminator
sequences. Preferred expression control sequences are
promoters derived from immunoglobulin genes, SV40,

20 Adenovirus, Bovine'Papilloma Virus, etc. The vectors
containing-the DNA segments of interest can be transferred
into the host cell by well-known methods, which vary |
depending on the type of-cellular host. For example,
calcium chloride transfection is commonly utilized for

25 prokaryotic cells, whereas calcium phosphate treatment or

électfoporation may be used for other cellular hosts.

Alternative vectors for the expression of
antigen in mammalian cells, those similar to those
30 developed for the expression of human gamma-interferon,

tissue plasminogen activator, clotting Factor VIII,



t he vect iLncl ude CW pronoter sequences and a I on

si gnal a\%l Paglfﬁgpfor expr essi on of 5 inserted DNAs in mg%ﬁfg&ﬂﬁg@f

(such as COs7). The DNA sequences can be expressed in hosts
after the sequences have been operably linked to, i.e., positioned to

ensure the functioning of, an expressmﬁ8 10 control sequence. These

expressi on_vectaors, are typlcall replicable in the host organi sns
either as &SPSSdisH B Jirus. sQﬁfﬁQﬁ(ﬁﬁ%ﬂgﬁﬂwtpﬁﬁtQ#ﬂ?rﬂﬁ%l@hroﬂﬁéonal DNA.

Commonl vy, S r el ect i rk

tetracycli SO8IRER! lgn?ea%yﬁb%#oﬁﬁ:%er :?%{h?% fci%e”‘gm ﬁ#‘ﬂfﬁ%‘?gu i on
and/ or " sel e eactior hase wrllime mtﬁﬁiﬁﬁﬂ%dﬁér{béé‘%&&%red DNA
sequences (see, e.g., U.S. Patent 4,704, 362)

PolynucleopD@Madanxiauqymiamgnainawaﬂkqhmﬁ|ﬁhr:HkpngssrmdumE sequences

that facilitate tr nscrlptlon Jﬁéfx ressi on sequences) and transl ation
of the Codim§ert maER e & nSBty ﬁﬁﬂ%ﬁﬁiﬁide product is

produced. Construction of such polynucl eotides is well .~ known in the

art. For exanple, such polynucleotldes can 25 include a pronoter, a

transcription term natieoDNA tsequendd® s By ldiprassdd i mestkgr yoti c
expression hosts), a ri bosone binding site, and, optionally, an

enhancer f@fter thessequenses havie heen epsmablndiinkethdo.optional |y,

Do enoes BREgRitned Yo 'Y Alnct iy o, 3%n exprefzion 0°%°

10 control sequencq.. These expression vectors are typically
replicable in tHe host organisms either as episomes or as ‘I
an integral part of the host chfomosomal DNA. Commonly,
expression vectdrs can contain selection markers, e.g.,
tetracycline resistance or hygromycin resistance, to

15 permit detection and/or selection of those cells
transformed with the desired DNA sequences (see, e.g., -

U.S. Patent 4,704,362).

Polynucleotides encoding a variant polypeptide
20 may include sequences that facilitate transcription
(eXpression'sequences).and'translation'of the coding
sequences such that . the encoded polypeptide'product is
produced. Construction of such pqunucleotides-is well
known in the art. For example, such polyﬁucleotides can
25 include a promoter, .a transcription termination site
(polyadenylation site in eukaryotic expression hosts), a
ribosome binding site, and, optionally, an enhancer for
use in eukaryotic expression hosts, and, optionally,
sequences necessary for replication of a vector.

30



Purified 'Wbi9936163g5 ‘A purified nonocl onal antﬂ%s}l&%
i

specifically nds the TagA antigen or antigenic fragnent 1S alSo
provi ded. The anti body can ‘specifically bind a uni.que 5 epitope of the
antigen it can al so bind epitopes of other organi sns. The term "bi nd"
means the wel | understood antigen/aﬁpibody bi ndi ng as well as ot her
nonr andom ssocjation with an antigen. "Specifically bind" as used
her ei n descrg"l')"é'?iseg Hnt 1% other |igand that-does not 10 cross react

ubstanti al l ith ' t h . ifi , _i.Q.thi
chse. “the Taga anti gor T PEDe® 6hot 180a "Tnc nag? EndB CBRERI LI °
Exampl s (Sasirils chd ATAGH antigeAdoraghc(dbhic Braghkie BYT ped antigen

can be injected into an animal in an anount and in intervals

sufficient tRrasided; ciThermnthoodyreapospecifpoajtiyobahdaat uhddues can be

purified directl or.spleen cells fromthe_aniyal _can, be fused with an
i mor t al sgelqplﬁ“%/%e A SRE ARRigeR 1t caRyalEP Rind 8PibeRe S PENSK.

Thus, nonmﬂgﬁyéﬁﬁgﬁégggth%ft?ﬁ@ti@ﬂgaesmégﬁé ?ﬁ%ﬁ&éiiahhﬁeggggoﬁhe 2ntigen

are within present 1nven

| i gand that aapeiddntaitjbddydsitdingnas owsllsas othRegoneavhadpmat ed. The
| i gand can be a fragnent of an anti body or a smaller nol ecule designed
to bind an SAIWPATPBHIVitR FRgEnkigenen. "Shecifiicadly binf'gasdused be

bound t S ..or |labeled.with a detectable e or, both

bound andI:hégéﬁﬁ)%éégéh§%§t%5I%PﬁbF%éYe rc%ﬁﬁ%ﬁp&é?@ﬂ tLXthPﬁstHQt

© conposi tin dﬁogmeréa@@eéubqsme@iapgya&ftﬁhgﬁ antibﬂﬁt 8thee eWah"thie

description of the diagnostic nmethods, 30 including uorescent, enzymatic

and radi oactdne speddfied, in tMis0644€638he TagA antigen. Antibodies

PCT/ US95/ 12669 . . . 20

can be made as described in the Examples (see also, Harlow
and Lane (46)). Briefly, purified antigen can be injected
into an animal in an amount and in intervals sufficient to

15 elicit an immune response. Polyclonal antibodies can be
purified directly, or spleen cells from the animal can be
fused with an immortal cell line and screened for
monoclonal antibody secretion. Thus, nonhuman polyclonal
antibodies that specifically bind the antigen are within

20 the scope of the present invention.

A ligand that specifically binds the antigen is
also contemplated. The ligand can be a fragment of an
antibody or a smaller molecule designed ﬁo bind an epitope

25 of the TagA antigen. The antibody or ligand can be boﬁnd
to a Substrate or labeled with a detectable moiety or both
bound and labeled. The detectable moieties contemplated
with the composition of the present invention are those
listed below in the description of the diagnostic methods,

30 including fluorescent, enzymatic and radioactive markers.



Anti gen Substrate A purified TagA | und to
a subst r??ég?/y}sgg al so provided. The antigen can al so bg%@gﬁﬂu? a
purified antibody or ligand. The antibody can be a -5 npnoclonal antibody

obt ai ned by standard met hods and as descri bed ‘herein. Ser ol ogi cal
Det ection (Di agnosis) Methods 10 20pet ecting Antibody with Antigen
The present_invention provides a method of detecting the presence of a

H. pylori Antigem@ound te Substhete20- 128 kDa antigen in a subject,

conprising the steps on ting ant i contaln Ie from
Che 15 "aubj ect it th PUEHERTS Hfech RihiStr BRUIGCER 5 SuhgRzatt fs
antigenic fg wadde prsseied t 8% a the binding
reaction of the a%A or fragment a%yﬁr&é&rh%tg%o%gﬁpro uc%d by the

subj ect; t hpmhifikd @ntnibodyiow ligand he mesmmfb@dytde@ntbél & H pylori
strain or previqus 20 infection with the toxic 5 ylori strain. There are
nuner ou® r RANRELIHHLRNGHIY Qktrired hy atan iir seetheds andhaspresent

detection n net hods. Exanples are provi ded bel ow. 25
- Detecting %{rﬁ%ég%lﬁgévﬂfﬁg&é#fbody/ Li gand One exanpl e of the

met hod of detecting H pylprl possessing the antigen is -perfornmed by
contacting a fluid or ' tissue sanple fromthe subject with an anount of
a pur iSexalogidaio Betgatidn ctDiagnasis) Methods t he antigen, 30 and
detecting the binding of the antibody with the antigen. It is

contenpl ated that the antigen will be on WD 96/ 10639 g

PCT/US%§{12669 Detecting Antibody with Antigen
' - The. present 1nvent10n provides a method of ‘l
-detecting the: p#esence of a H. pylori strain possessing
the 1205128_kDajantigen in aésubject, comprising the steps

of contacting aﬁ antibody-containing saﬁple from the -

15 subject with a 4etéctablé amount of the TagA or TagA
antigenic fragmént'cf3the present invention and detecting
the binding reaqfion of the TagA or fragment and the
antibody producéd by the subject, the'binding indicating
the p;esence_df;the toxic H. pylori strain or previous

20 infection with the toxic H. pylori strain. There are
numerous roﬁtine immunological assays that can be used in
the present detection and predispoéition methods.

Examples are prdvided below.

25 - - Detecting Antigen with Antibody/Ligand

| One exaﬁple-of the method of detecting H. pylori
possessing the éhtigen_is performed by contacting a fluid
or tissue samplé from the subject with an amount of a
purified antibody specifically reactive with the antigen,

30 and detecting the binding of the antibody with the

antigen. It is .contemplated that the antigen will be on



21 . 1 {iosiogl | s containing the antigen, or will be fra ?9 of

the antigen. As contenplated herein, the antibody i nclu es any I gand
whi ch binds the antigen, for exanple, an intact antibody, a fragnment of
an anti body or another 5 reagent that reactivity with the antigen. The
fluid sanple of this nmethod can confprise any body fluid which

woul d contain th antigen or a cell ntalnl the anti gen, such as

‘bl ood, pl ashit® S ﬁ#igaFP9§a&H&n§rF anti epﬁuﬂiﬁ Ih?(ﬁ%ﬁﬁﬂ%ﬁ?%f body
fluids |nclgget§eugﬂgh &8 . MIGYS ¢S J

ELI SA %ﬁunoassa?% gubwrité&‘ﬂé dorggcence 595

(1 FA), enzymncludésdanmﬂtlgandb@hhcms Sdysis( EhleSAhtdlfénl5 fdm:mﬁﬁﬁ ting
can be readily, adapted to_acconplish the detection of the antlgen An

ELI SA nethoﬂneiFEéFFvénFéPOdYr atﬁﬁaG@@@@tpéham:aﬂh;hgﬁyg9¥1annthéxw

Canrce T herBBaRa a5 EboBUE, FEREs Ryt W B Bt B B 7 e

antigen; (3gampDeact thesahPe¥foW tAnd compriBeca ga tehAdy vhﬁ( to a
d a

detectable noiety (e.g., hor ser adi sh perOX| zyne or i ne
phosphatasewould eqzyaap the) antigent orhe zlkdle contaimimeswimirate for the
enzyne,; contact the abovg wi th a_color reagent; (6) 25 observe col or
change. TheaQBbgﬁnne?HSH 88&n B@°ﬁea&#?§ma' SREYT| e liyadanskturineg body as

wel | " as ant v |
Anot her inn%ﬂ%?gg gsfég ﬁlaﬁe ggg% %gns §9B§ePEF%3&%Eiaﬁ%a%ﬁﬁ%ﬁﬂﬂon Qf H.

pyl ori EXpressusg gagfriot put¢eound theH11Rk|0rl infection utilizes
nonocl onal anti bodi es ( MAbs)

ELISA

Immunoassays such as immunofluorescence assays

(IFA), enzyme linked immunosorbent assays (ELISA) and

15 immunoblotting can be readily'adapted to accomplish the
detection of the antigen. An ELISA method effective for
the detection of the antigen can, for example, be as
follows: (1) bind the antibody to a substrate; (2)
contact the bound antibody with a fluid or tissue sample

20 containing Fhe antigen; (3) contact the above with a
secondary antibody bound to a detectable moiety (e.g.,
horseradish peroxidase enzyme or alkaline phosphatase
enzyme); (4) contact the above with the substrate for the
enzyme; (5) contact the above with a color reagent; (6)

25 observe color change. The above method can be readily

modified to detect antibody as weIl'as antigen.

Competitive Inhibition Assay
Another immunologic technique that can be useful
30 in the detection of H. pylori expressing tagA or previous

'H. pylori infection utilizes monoclonal antibodies (MAbS)
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22 %‘r%gg{%%t I on of antibodies specifically reactive \%A%'?@gwu“gTagA
antigen. Briefly, sera or other body fluids fromthe . subject is

reacted with the antigen bound to a subgjirate (e.g. an ELI SA 96-wel | -

pl ate). Excess sera is thoroughly 5 shed away. A | abel ed :
(enzynme-1linked, fluorescent, . r.adi oactive, etc.) nonoclonal antibody is -

t henI react €@% dete\ﬁtt"'-l?:‘t P& @l"é‘\ﬁhﬁ‘i’s‘lef SRRIEL GA i g SrRAR AR atbody
Fonbured rSAGA TRtlel.  BESREAC U0 OHA AR ilige £roh RO 'S

degree of gaBgekendls aelaidtedy with itHY RidtiQfer bounreb Wanivatriwst for a

particular ~ wvariety or strain since it is based on nonoclonal antibody
bi ndi ng spdei-Bi.c ey ELifiS8s d6xiwedils sk alsed Exstessetaasna oe thoxppygllyy in

cells by IFA 5 : r or | utinat,iqn Assay A

ni cro- aégl UPPH‘&%}T F¥est Ac&r?‘%zﬁifg Q%%{W’%n%eésoé&%eﬁwtm esence of

t he TagA-p ' - RElON : I Ny by e ! | at ex
beads (or ?gcaig%?gg v?d @(%E)‘I)syogfglc%(%a?'egldvﬁbh%%?f%ﬁeégnfﬁ%ﬁ/en? xed with a
sanpl e withothehprevijonsly seartdd amnigdmderun radthidbddysue or

body fluids that are specifically reactive with the . antigen crosslink
with the aﬁPF‘Qéﬁ’,x'-caﬁ'ﬂen@“'ﬁg’@%ﬂfndtmltlon e meRAGkInRE antibody

anti gen-ang c § X ecl Vi S| i t he naked -
eye or by Lagag;%‘gcgrgg;ﬁét%&g&%?eiarﬁgren%r(ﬂ % ?mlofaﬁgaa %&\/ﬁe@t est,

anti bodpes sep@f Bintdblody)eactihee didried RE MBrctNorEdN diftibody bound to the

-beads and antigen in the tissue or body fluid t hereby detected. 30
inhibition is a very specific test for a particular
variety or straip since it is based on monoclonal antibody
binding-specificity; MAbs can also be used for detection
directly in cells by IFA.

15

Micro-Agglutination Assay
A micro-agglutination test can also be used to
detect the presence of the.TagAepossessing H. pylori
strain in a subject. Briefly, latex beads (or red blood

20 cells) are.coated with the antigen and mixed with a sample.
from the subject,.such that antibodies in the tissue or-
body fluids that are specifically reactive with_the
antigen crosslink with the antigen, causing agglutination.
The.agglutinated antigenfantibody-complexés form a

25 precipitate, visible with the naked eye or by
spectrophotémeter. In a modification of the above test,
antibodies specifically reactive with the antigen can be
bound to the beads and antigen in the tissue or body fluid
thereby detected.

30
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23 andw ch Assay/FIow Cytonetry/ I mmunopreci pitation

In addition, as in a typical sandwi ch assay, the: ~ antibody can be bound
to a substrate and reacted with the tigen. Thereafter, a secondary

| abel ed antibody is 5 bound to epitope ot recogni zed by the first

anti body and tibody is detected Si t resent

i nventi on prOV|d§§n$H§ &Aga ORI/ TIPSO Eﬁitrk#é)pylori or

previous H pylori ink cg A3t bger ser sgg&ﬂg

cytonetry and 10 |nnun§prgb?p?tatlgg égh a?@ggbe use asq%Etectlon nethods
I n the di agansibedyechadbet boghld fter @ Bubsittrate and gwactad witlowheto a
substrate and contacted by a fluid sanple _such as serum _urjine, saliva

or gastric aESlFGPee Thﬁ?§a§§ﬁ§beacéﬁc§@dﬁawedahﬂiﬁﬁI%thhﬂﬁthﬁpatlent
Ln thi b
o 2 B by R PR A SO v, £ S0 O PR

the bound aEhIeQQEcondar}_h%hQ@Hﬁ&n i3 FMeRGYY, Ayl RO Pk dént OF

| abel ed 20 with, a detecCtable norety can be added to enhance the

detection oinVBatppnnpmpvadebdﬂgA.GNMmgdﬂ)ﬁonluhe deQannmnnuqfammxbedy or
ot her 1igand mhlﬁh .S reactive, ei_t her specifical wth a different
epi t ope of HheP¥Y °IlaﬁF‘QEFVBF”ﬁbﬁEpéﬁdFFHaH §59¥?qrﬂgh%ﬁand or reacted

25, ant1 body gedbhboiealehetitls Yacki QA1 byuitay gfdh - miltiple

sites on the primary ant nol ecul es of
t he secmodattmmanbphedzttpd&rauon da@ﬁ@lls&! Ye eardd pid raﬁuececnmioadethmt ng

the pri mary anti body nore detectable
In the diagnostic methods taught herein, the

antigen can be bound to a substrate and contacted by a
fluid sample such as serum, urine, saliva or gastric

15 3juice. This sample can be taken directly from the patient
or in a partially purified form. 1In this manner,
antibodies specific for the antigen (the primary antibody)
will specifically react with the bouhd antigen.
Thereafter, a secondary antibody bound to, or labeled

20 with, a detectable moiety can be added to enhance the
detection of the primary antibody. Generally, the
secondary antibody or other ligand which is reactive,
either specifically with a different epltope of the
antigen or nonspecifically w1th the llgand or reacted

25 antibody, will be selected for its ability to react with
multiple sites on the primary antibody. Thus, for
example, several molecules of the secondary antiquy can
react with each primary antibody, making the primary
antibody more detectable.

30
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24 WO 96/H968% .t abl e Mbi eti es ‘The det ect Eﬁé’gﬁf Wi I I

al | ow vi sual detection of a precipitate or a color change, visual
detection by mcroscopy, or automated detection by 5 spectronetry,

radi onmetric neasurenment or the |ike. 24 Exanpl es of detectable noieties
I ncl ude fl uorescein and rhodam ne (for fluorescence m croscopy),

horseradi sh = Detmabahies Mqfetiedther |ight or el ectron microscopy and

bi ochem cal detection), bjotin-streptavidin (for Jjght or 1 el ectron

m croscopy), - -al kal m«i%di?ﬁﬁﬁ@? fRpLety "b’rbcr%ﬁ‘g“él‘”d%‘ﬂ tion by col or
change) an Qi S0t QD = {. -adl w ) et i met hods and
noi eti es (aert%g:le oégrﬁ?spe ee% e%atfr%?éag%np e%rf? o%??%’e ?és?ggbove or _

ot her suit deltectiad/as ticideccyyp dar dutdiigted depddéeon Byt o such
sel ections (46). Detecting D sease or Predisposition to D sease
Peptic Bl cepgdtaemetry, radiometpeie meagurensnt e dkhighil®ti gen provi ded

20 herein s _associ ated, W ptic ulceration thepresent . ‘Lnvention
56 provi FRETPIRR k) antarkiilR modrcitd Iitiudd S RieReRetn apd”

ul cerati onynddanive Gor El%orescéf?éé‘%&%bé&pﬂc.c%ééfﬂi%cor ding to
t he nmet hods set ~forth above for the detecti'on of H 'pylori expressing
the 25 Taperaxtidzse olfdmreitthenclight or ¢ lertrdndibsrepecpy i and to

t he TagA ant,igen or for_ the detection o_fn sgaeci fic anti bodjes to the

TagA anti gg;.ocmlﬁaés%qglqme Wl treptavidin (for light or
10 electron microscdopy), alkaline phosphatase (for
biochemical deteéction by color change) and radioisotopes .
(fqr radiog.raphyi) . The- detection methods and moieties
used can be seleict__:ed; for example, from the list above or
other suitable efx‘amples by the standard criteria applied

15 to such selectidns (46) .

" Detecting Disease or Prédispbsitidn to Disease
Peptic Ulceration
Because the purified TagA antigen brOVided
20 herein is associated with peptic ulceration, the present
invention also provides'a method of determining
predisposition to peptic ulceration in a subject. The
method can be accomplished according to the methods set
forth above for the detection of H. pylofi'expressing-the
25 TagA antigen or for the detection of antibodies specific
to the TagA antigen or for the detection of specific
antibodies to the TagA antigen. The presence of the TagA
antigen or TagA specific antibodies indicates a
predisposition of the subject to pepticiulceration. The
30 methods described below for detecting nucleic acids

specific for tagA* strains can also be used.



‘antigen peci fic antibodies indicates a predis It d t he
o peRd e

subj ect t C ulceration. The 30 nethods descri bed below ecting
nucl ei ¢ aci ds speci fic for tagAlerr] strains¥can al so be used. WO
96/ 10639 PCT/ US95/ 12669

25 Gastric Carcinoma 25 Because the purified TagA
protein provided herein is associated with gastric cancer, the present

i nvention al so pPagstute Gareine®aof deternining 5 predisposition to

gastric carcinoma in g_subject, The_ ... hod can _be accomld shed
according to the nethgagagéF the PBF?ﬁlﬁgg&gggbPrfﬁglﬁbﬁﬁéﬂ%§$%; tagA[err]
H opylori spépeis 96 assobfhtblCwieheghseriel caRlceRQdicdR Prfddntc to the
TagA antigen or for the detection of specific antibodiés to the 10
TagA ant i gemmveiihtopr aisacprovitdes Fagathotd géndetetagsiing specific

~anti bodi es indicates,a,gredispositLon of the ., Subject to gastric
car ci nond.. PXSAPpPROALIPLBY Hesgastrig pazrinpgandfad egtet aFanpl e of

a specific ratac LGiaN LS4 d
descri bed b%?%ﬁ??o?égegéc%?égahgg%ggé gg% g®§§§i? |g5;gﬁmﬁ§ﬁﬂﬂfgb err]
strains canfértR AbBovécfor the détedtivn! ofbitag® H. pylori strailt beds of

treating peptic ulcers in a subject 20 using the conpositions of the
present invEaribheadetectipnopfdantibodiesaspesifiic & theciTagh hod an

T e BRI BB e B RS R L
1 i carcondPh SRChgens THE  pragenteul etle AN anciGUP 6 Mg ub) ot S
' specific antibodies indicates a predisposition of the
subject to gastric carcinoma. Example 4 provides
supporting human data and an example of a specific
protocol for practicing this method. The méthods
15 described below for detecting nucleic acids specific for

tagA* strains can also be used.

Treatment Methods
| Methods of treating peptic ulcers in a subject
20 using the cpmpositions of the present invention are
provided. For example, in one such method an amount of
ligand (e.gqg., antiquy or antibody fragment) specifically
reactive with the approximately 120-128 kDa antigen of H.
pylori sufficient to bind thg'antigen in'ﬁhe subject and
25 improve the subject's clinical condition is administered
to the.subject. Such improvement results from the ligand
interfering with the antigen's normal function in inducing
inflammation and'qellular damage. The ligand can be a
purified monoclonal antibody specifically reactive with |
30 the antigén,'a purified polyclonal antibody derived from a

nonhuman animal, or other reagent having specific



- include ad@dg;g
S

to the subject. Such inprovenent results fromthe |igand Interfering
with the ¥OP¥Y83 s normal function in inducing i nf | anBETUS

cellul ar danage. The ligand can be a purified nonocl onal anti body
specifically reactive with 30 the antigen, a purified polyclonal antibody
derived froma nonhuman ani mal , or26t her reagent having specific

WD 96/ 10639 _ PCT/ US95/ 12669

26 r easdat itvd ty tWi thechlntangeigen\ddiAdditzidnal Lyt otypottoxic noieties
can be conjugated to the |igand/ antibody h ., Standard net hods. Exanpl es
of cyt ot oxMOYRHi®S &an ke mjuga??‘i:i"rgﬁl{%alﬁﬁa (AREERPAY 1 BYi n and

radi oact | V%tia%(ﬁaciqgﬁne%od . .-Examp]ae's %Pt oEB’xﬂ? qhé’:{eé%éét%ﬂgwﬁgt I C
ulcers in a Subj ect conpri'ses aam ni’'stering to the subJect an anrount

of a |i gang/iaiilrgoritedin Ord SRl £t d:0in tdied Wdiadctdve isoespegen of H
pylori sufficient to react wth the receptor 10 and prevent the binding
of the B20-128 kDa antigen:to the: receptor. An antagonist for the
receptor is thus cont enpl at.ed e result is an inprovenent_in the
subject's cIinicm (xﬁﬂﬁ€h%ﬁLmékH?9rﬂ£} 3&1?9m?eptl?réi&ﬁ%ﬁtlﬂe?hod can
& 1 U2 418 SRR dOind G o105 &6 2R SddEnel 2 TagA

receptor to. réesult iIn conpetitive binding of the TagA antigen, thus
i nhi bitingof a Hiighmdyaritadenilsty/amnta geecepeor sfor | the yp20 + 228 pkDa.
The receptor is localized on cells_present in the ast r oduodenal

micosa, sudRtdgemiahdii Brieri sutficient HAeAGE Jith the ¥RAEPHEF al

associ Hea % PSS MY FEMTHAT s 100K At £08 o e

gastric carcrn above tTeatnment net hods are ‘

appl i cabl e dexdtaort I et fFori Y efdr AhdfreddpaBtis Crings ci nona.
Mut ant Organi sm "~ The present invention also provides a nutant

H. py laoritemplatiedh. t HBhe agpsukth el pranivinprerenert irnthke ed

subject's clinical condition. Alternatively, the _
treatment method can include administering to the subject
15 an amount of an analogue of a TagA receptor to result in
competitive binding of the TagA antigen, thus inhibiting
binding of the TagA antigen to its wild type receptor.
The receptor is localized on cells present in: the
gastroduodenal ﬁucosa, such as epithelial cells, |

20 inflammatory cells, or endothelial cells.

Because the expression of TagA is shown to be
associated withfgastriC'carcinoma, the above treatment
methods are applicable to the treatment or prevention of

25 gastric carcinoma.

"Mutant Organism|
- The present invention also provides a mutant H.
pylori in which the tagA gene product has been rendered
30 nonfunctional. The mutant can either not express tagA or

express a non-functioning TagA antigen. 1In one example,



30 nonf uncyy lh.aqTh€ Mutant can either not express tagA or SS a
non-functi oni ng“ﬁzggA antigen. In one exanpl e, WO 96/ 10%%3“5%%‘5
PCT/ US95/ 12669 e ' ' 27 t he mutant H.
pylori strain is obtained by nmaking a substitution nutation in the
codi ng sequence for the TagA antigeﬁr%s described in Exanple 2. Since
t he present I nvention provides the nucleic acid encoding the antigen,

5 ot her met hBB® BREABEaH: nEYEREic 8§FAdNs dsuohtaisred lhy makingnta gen can be

used to obt a] 1 g a Lapng._a cont enpl at ed rein.. exanpl e
of the nut an%ﬂlb-g{:gg?grg}dh \%_tggtlggi ﬁino?'hfahgoﬁl_ e FEFIRAGT iSGF itg’edégar%at ed
84-183: M22 ant fg€ni 8sdaB8eiriBEAWi hh EkBRpARER, Caki hRe 1 ididuddtl | ection
10 (1230 Parklawn Drive, Rockville, MD 20852) under ATCC Accessi on
Nunber 55359invention providegdihei ongleisogeriidc ematoaling tie e tpirgErs, ed,

for exanple. by ipserting a nucleic acid in the tagA gene or 15 deleting
a pQrtiongofthﬁrtQﬁgﬁagﬁeogomHEaF&nEéﬁ r CORANT seguencey o & i onal or

produced. in §H€5g€ﬁ“b§ﬁoﬂgtﬁsEBan obEQnggﬂﬁgEsQEk%nEpgﬁ4%¥H§ia S:

Furthernore, by providi ng t he nucleo e sequence f e nucleic acid

encodi ng t hecontemplgead hbeefheseAh eRumplieodfPehd utadm® MKigia ¥ 20
speci fic point nutations having the desired effect. The del eti on,
i nsertion orS8Ydini et tBe BueEensninventienmige designatied $drd &SodRehce in

either the r | af o . in reqion.to event,  transcrjntion or to
render the gﬂ?r%%s§¥P§éaE§angEP ﬁBﬁf3W@FP8ﬁ§F. cultre déile°t¥ﬂb
such appreachi29o! barkQawh' BEAVE) RbckvilledeM®l 20B52) WiRR:! iA¥EdUtant is

via the Donnenberg net hod
' Accession Number 55359.

Additional isogenic mutants can be prepared, for
example, by inserting a nucleic acid in the tagd gene or
15 deleting a portion of the tagA gene so as to render the
gene non-functional or produced in such low amounts that
the organism is non-infectious. Furthermore, by.providing
the nucleotide sequence for the nucleic acid encoding the
antigen, the present invention permits the making of
20 - -specific point mutations having the desired effect. The
deletion, insertion or substitution mutations can be made
in the gene sequence in either the regulatory or coding
region to prevent transcription or to render the
transcribed product nonfunctional..
25
One such approach to the construction of a
deletion or insertion mutant is via the Donnenberg method
(47). A deletion in tagA is created by deleting a 0.2 kb
BamH1-Ndel fragment and religating the tagA clone. This
30 mutant is cloned into suicide vector pILL570. The sacB

gene of Bacillus subtilis is also cloned into the suicide



(47). A in tagAis created by deleting a 0.2 kb el
fragrrent%%h:”g:{}l gating the tagA clone. This 30 nutant i s g’@%}_%‘ﬁld

sui ci de vector plLL570. The sacB gene of Bacillus subtilis is also

-~ cloned into the suicide . WO 96/10639
PCT/ US95/ 12669 28 vector to provide
a conditionally | ethal phenotype. ThIS construct is transforned into :

H pylori ¥§ctor t@|EE@Véésratp@ndlgnenaAAwsﬂsthaAtphs@bswmed byhis
specti nony t anc Qi g str ich 5 contains the

sui ci de ve%?%?Egﬁﬁétﬁg ﬁﬁ? r@g s?gh g.tﬁg Wg?égA gene are exposed to
sucrose tOeﬂeéeféb&réehSﬁ saa trans?&gﬁﬁhigssEﬁ@EtQﬂV%y“ndergone a second.

reconbi nati on, resul tlng in the loss of the vector” These and ot her
wel | kpeqmnemhomls vésiakangenut Theomerodipheidpstiradnt ewhilah 10
nucl ei c_aci ds rOV|ded herein to obtain qQther desired nmut at i ons.

Non- i soyenfeRrhatlf: Ehe, guifFd emY?ﬁFﬂrtﬂEdSEBEeNUtatGﬂ veEsiore @t §he For
exanpl e, atebﬁh%éﬁeegyétSQpEEe&5top¥h8£bsehég Hi QBEQYA %agg%err mut ant

according tot present ntron, 1S recAlerr]

mut ant st retrgantsms thaﬁnB&vuChﬁder@éﬁeeaaﬁébéndbfebbﬁﬁﬁheﬁﬂoﬁytatlOn of
bot h the tagA and recA genes, according to the nethods taught

herein andr¢%nbh¥ngnlnlEheSbﬁsaIOﬁothe8VQ¢§Q828 Thesecand 2thex well
tagAlerr]vacAlerr ant _str i s copstructed,,for exanple, b

i nsertion M %? %tguéﬁo?ﬁ 74 1?ggﬁpﬁﬁ 1998 cgBnke, appilgBCEBr&¥ﬁg to t he
”Ethodfotaﬂﬁaieﬂérﬁbﬂdé?%ré@ﬂ&eénﬂekéln to bb@alﬁp8Eh8§t38Q1§§H'al

08/ 215, 928, whi ch descr he generatlon of vacA mutant. A .I'
recAl err] trgfeiohsacAl err] nut ant : :

Non- 1segen1c mutants are also within the ‘scope
of the invention, For example, a llve attenuated H
15 pylori that is also a tagA" mutant according to the present
invention, is pre,vided.- A tagA-recA  mutant strain is.
constructed, for example, by insertion mutation of -both
the tagA and recA genes, according to the methods taught
herein and taught in U.S. serial no. 08/215,928 for recA.
20 A tagA‘v)acA‘ mutant strain is constructed, for example, by .
insertion mﬁtation.of_both the tagA and vacA genes,
according to the methods taught herein for tagA and in
U.S. Application Serial No. 08/215,928, which describes
the generation of a vacA mutant. A recaA- f:agA‘vac_A' mutant
25 strain is constructed, for example, by insertion mutation -
of the recA, tagA and vacA genes, according to the methods‘
taught herein for recA and vacA, and taught in U.S.
 serial no. 08/215,928. Any of the well known methods of
mutating a gene can be used'in the present. invention to'
30 'generate H. pylori mutant strains. The strains can be

tested as provided for immunogenicity.



4
25 strain y ructed, for exanple, by insertion nutatio e

r ecA, taggwgﬁgegggA genes, according to the nethods tkaﬁRU%ﬁﬁa%E for
recA and vacA, and taught in U S serial no. 08/:215,928. Any of the
vwel | known net hods of mutating a gene can be used in the present
invention to 30 generate H. pylori nut &% strains. The strains can be
tested as provided for inmunogenicity. WO 96/ 10639
PCT/ US95/ 1266R¢cines ST - vacci nes

29 _
The antigen, antigeni a r nt_H. | ori__of this ipvention
can be uged in thg coﬁg %ugﬂﬁgﬁeﬂ, gﬁéiggnagcérﬁg%§aﬁpprswﬁﬁagﬁ Hmunogeni ¢
anount of theylorandf 0ERier iAVéAR oh. cBY! BEl ugBd FnPRAETREAYEHLEL SN

acceptabl e carrier. The vaccine can be the entire antigen, the antigen
on an i nt actoi.a pyaeeine Fcowprising an immhmogeniai amolihe wéctiee can then

b sed | fhod of revent L ng .peptic ul ceration or _other
cgrr;isscaﬁ]og%nr%fgﬁ? 9% fﬁ%%ﬁlg ﬁnf@«‘fh?gﬁ ?Bﬁcﬁu&hﬁﬁméf:ﬁb}ﬁﬁpélg}afst ritis and

- mal i gnant nQQﬂ&éﬁE?bI@ &5@r§é9?ﬁcfﬂe.vacg%ne can B?ogégggggg% ' ¢ amounts of

t he antigen can determ ned usin andar res- " Briefly,

various 15 amnigen; athenanvigénpohaahVveénsaeti Hi CpyTBbHQr gacidolg or

epi tope are prepared, admnistered to an animal and the I mmunol ogi cal

response (e.FBeX REF¥RBAuct Thd warccineganpbhensbeonsed ani aamethodadf
harmaceutical |y

i Qu. . ined. 20 . The, phar,
acceprable dreventing (RSt EfeefBeion gy phoex coRRIiRRESREREdpr | se
saline a0 pyldei swféebidn CALALLEAIAG8AtroPnad] HYBRL1E38 ghJo be a

malignant neoplasms of the stomach) .

Immunogenic amounts of the antigen can be
determined using standard procedures. Briefly, various
15 concentrations of a putative specific immunoreactive
epitope are prepared, édministered to an animal and the
immunological response (e.g., the production of
antibodies) of an animal to-each concentration is
determined.
20
The pharmaceutically acceptable carrier in the
vaccine of the instant invention can comprise saline or
other suitable carriers (48). An adjuvant can also be a
part of the carrier of the vaccine, in which case it can
25 be selected by standard criteria based on the antigen.
dsed,'the mode of -administration and the subject (48).
Methods of administration can be by oral or sublingual
means, or by injection,.dépending on the particular
vaccine used and the subject to whom it is administered.
30



part of t@ﬁp@@ﬁ‘ er of the vacci ne, in which case it can Zﬁﬁﬁysﬁﬁlz‘iﬁ ed by

st andard based on the antigen used, the node

adm ni stration and the subject (48). Met hods of admi nistration can be
by oral or sublingual nmeans, or by injection, depending on the
particul ar vacci ne used and the subpP@ct to whomit is admnistered. 30
WD 96/ 10639 PCT/ US95/ 12669

30 | t Eﬁuﬁaﬁebﬁuﬂﬁﬂ#@@tﬁm¢doﬁeretbQoabOYhathahethe vacci ne

b d hyl act t Th th
Fﬁ\r/]entel lcj)?lep i ]S'é%r‘?‘%y % %?Cdor S? eR,JECER ga%?l?rgﬁt?‘ngi“?FXB?PB?'gsl nf egt ion °

and the 5Reacid) ed FihieasSeste bfn@é’ﬁ%{%ﬁ@fé@ﬂdéé‘%«!@ﬁ&&&%fo a
subj ect . Nuclei ¢ Acid Detection (Di agnosis) Methods - The

presence ofprdwentagly oot i gesating HI. pyybori ifNfegbisesandgthée TagA antigen

- can al so be determ ned, b detectlng t he presence of a, nucleic acid
speci fi & f @S8qpiated eﬂ&%éﬁﬁ? quﬁﬁ$?%¥%990$h?h%%%céﬁﬂuﬁﬂcés for the
anti gen cag&gi; erm ned by conducting a conputerized conparison with
known sequences,. catal ogued in GEnBank, a 15 conmputerized database, using
t he conputer progranms Wrd. Search or FASTA of the Cenetics Conputer
G oup (Madison, -~ W), ‘Wwhi ch search the cat al ogued nucl eoti de sequences
for ' sNMdkgiQiAnichetnpgﬁnme(Eﬁ:gngsiqﬁnnetn@ds N The nucleic

. acid specific for th anti;ewgcmu1 etected utilizing a nEchip acid
anp!lflcatlon technlam? @ﬁEﬁP ¥ﬁn§ﬂ%§a§%t%$%¥n aRdfr i BKI8FL| i gase
TR G VA g e ceriiansy
detecting the presence of a nucleic acid specific for the
antigen. The séécificity of these sequences for the
antigen can be determined by conducting a computerized
comparison withéknown sequences, catalogued in GenBank, a
15 computerized database, using the computer programs Word
Search or FASTA :.of the Genetics Computer Group (Madison,
WI), which search the catalogued nucleotide sequences for

similarities to the gene in gquestion.

20 . The nucleic acid specific for the antigen can be
detected utilizing a.nucleic acid amplification technique,
such as polymerase chain reaction or ligase chain.
reaction. Alternatively, the nucleic acid is detected
utilizing direct hybridization or-by_utilizing a

25 restriction fragment length polymorphism. For example,
the present invéntion provides a method of detecting the
presence of H. pylori, possessing the TagA antigen,
comprising_ascertaining.the.presence of a nucleotide
‘sequence associated with a restriction endonuclease

30 cleavage site. In addition, PCR primers which hybridize

only with nucleic acids specific for the antigen can be



25 restrwgmgigr agnent | ength pol ynorphism . For exanpl e, pepsésiBedy €sent
I nventi on provi pyf '

eés a nmethod of detecting the presence of H. ori,
possessi ng the TagA antigen, - . -conprising ascertaining the presence of a
nucl eoti de- sequence associated with a restriction endonucl ease 30
cleavage site. In addition, PCR prinersihhich hybridize only with
nucl ei ¢ acids specific for the antigen can be WO 96/10639

PCT/ US95/ 128841lized. The presence of amplificatipn indigateshe The

presence of Lificatd @n i ndi s t Qgﬁr f ntigen. In
anot her emggg?ngﬁcea%tf %_%rees rth' ion ??‘a&r%’rﬁe{eg a ﬁ(ﬁ"%éaﬁr%l% can be
sequenced re@itkeetiionU Fragmen?d oIXJAMINA R Ve ssspesee@ or 7- 5
deaza- 2' - deoxyguanosi ne 5'-tri phosphate and Taq pol ynerase and conpared

to the knowdigeicly sedmancdoro edampdie  HSangemyddiTp sequencingerr 7-
enbodinegt, t he pr

t | ti i.d t h f detecti t h
pr esence>of IEAFA™ 2" g@&%t%\é\%lrﬁlﬁo:?g'r']’ﬁ Sﬁy'l%trﬁ%}gbéfﬁstg%tgecet"ﬂ% %ﬁ)lg‘?fﬁ,‘ﬁég%ﬁe b§
the 10 et BaES clRpalred ¢cARMN kiidim) tn il g g Hetbet H, PYIOFi

can be detected by directly hybridizing the unigue sequence wth a tagA
speci fi c nuphydicriaci dpeolfarther fembddiments, tHee predent | Hevertgience coul d
be anplified . prior to hybridization by the methods described above. 15
Once speci f PEOYAAeS fe Meddash @fs dateafiigish the mresenge | 6888~ with peptic

ul ceration, the_met.hods,tq tec t hese se £s_are ndard in the
art. Detect !cgﬁﬁ‘.gﬁ.nln% g'ldi ﬂﬁ%ﬁelahyor‘?s?lcﬁc V_rq ﬁ&?ﬁﬁﬁﬁ%ﬁﬁl %edi rect
Probing130 metRodds deédritediabdvelonus] qRlt dhdt e SentbbEineRy RS

pylori can be detected by directly hybridizing the unique

sequence with a tagA specific nucleic acid probe.
Furthermore, the nucleotide sequence could be amplified
prior to hybridization by the methods described above.
15 |
Once specific variable sequences are shown to be
associated with peptic ulceration, the methods to detect
- these sequences are standard in the art. Detection of
point mutations or variable sequences using direct probing
20 involves the use of oligonucleotide probes which may be |
prepared, fér example, synthetically or by nick
trahslation.- The probes may be suitably labeled using,
for example, a radio label, enzyme label, fluorescent
label, biotin-avidin label and the like for subsequent
25 visualization in the example of Southern blot
hybridization procedure. The labeled probe is reacted
with a bound sample DNA, e.g., to a nitrocellulose sheet
under conditions such that only fully COﬁplementéry'
sequences hybridize; The areas that carry DNA sequences
30 complementary to the labeled DNA probe become labeled

themselves as a consequence of the reannealing reaction.



prepar ed,y npl e, synthetically or by nick transl pr obes
may be sw{)gf)lfy flabel ed using, for exanple, a radio Igggmggsél—r%gggne

| abel , fluorescent | abel , biotin-avidin |abel and the |ike for
subsequent 25 visualization in the exang%e of Sout hern bl ot
hybri di zati on procedure. The | abeled probe is reacted wi th a bound

" sanple DNA,_.e.g., to nitro el l ul ose sheet,. . under conditions such that
only fully t% é&ﬁkr@&t fﬁ?g?lrlﬁﬁ ‘%}he{%}?%i;’sﬂg H8Y carry DNA

sequences PERLA t éﬁk el

thenselves%ggﬁgq%%nseqﬁgsagék t e Tearmeal i g reactlon ﬁp VE?B%/lOGSQ

PCT/ US95/ 12Gift1ed probe ig reacted with a DNA sampie boundhgoarges of the
filter that exhibit such Iabelln may then be visuali ed, for exanple,
by aut or ad.eef@rrmw wocellt@memrﬁi%@q@x@meoswh rharemkynpl e

bound t NLiToc | | ul ose qgf COﬂﬂJthﬂ such that only
ful I% (f'%:}ll nﬁﬂilﬁe%m ‘ﬁﬁrfc?ﬁlﬁ’f’r ?B’ Sg? ingency of

hybr | di zat i3 ingettiplde IMFIdiGhl gy idQisially 54 Melidw RHY Spidl e

mel ting tenperature™of the hybrid formed between the probe and its

t ar get seqd@h@e)lrfmvetﬁsa.@e/eueltmg diemipetaEmgte. oﬂ:drhe(hmmsa.d hEormed
reconnende&@ brldliﬁtlon 10 tenperature is about 58[err] The washi ng

-t enper at ur SIRERRS 139 HE & SfRIREe IRANSDGSN 97 g'-'é?? SH¥®R need to

be opti d feHqtdech ?%H bi ng

t echni ques, clﬂsug% 95 gase'C?ir Chal nthreealz: ?O&mﬂ%‘ﬁﬁ%%%%ﬁeguse of
m smat glp plt@&@‘érature i, abwuﬂoaml CITher walshliny tempedaiirdiay drd h t he
target except at the point of the mutation. The ta&get seqguence

i s then al vaviape Gohyihie dequense uader cinvgatiigasioniand needittebare

fully conpl erttﬁrr]nt:.azre% afno:IC réaavc% ol |x%_omtcl eoti des

Alterqative_probing techniques, such as 1igase
15 chain reaction (LCR), involve the use of mismatch probes, -
i.e., probes which are fully_complementary with the target
except at the peint of the mutation. The target sequence
is then allowed to hybridize both with oligonucleotides
which are fully complementary and have oligonucleotides
20 containing a miematch,.under conditions which will
distinguish between the twoc. By manipulating the reaction
conditions, it is possible to obtain.hybridization only
where there is ﬁull complementarity. If a mismatch is
present there is significantly reduced hybridization,-
25
The polymerase chain reaction (PCR) is a
technique that ampllfles specxflc DNA sequences w1th
remarkable-eff;qlency. Repeated cycles of denaturation,
primer annealing and extension carried out with
36 polymerase, e.g., a heat stable enzyme Taq polymerase,

leads to exponential increases in the concentration of



20 cont a'Wb@@/l@ssm smat ch, under conditions which wl| o ?al,ﬁ;g)lf%&p

bet ween the two By mani puI ating the reaction condi tions

possible to obt ai n hybri di zati on only ~where there is full
conplenentarity. If am srratch IS present there is significantly
reduced hybri di zat I on. 3Fhe pol ynerase chain reaction

(PCR) is a uethat anplifies specific_ DNA sequences with
remar kabl e eqqﬁ’c'ﬁ' c?}\%* ?%%‘é%?%ﬂscycq;egeﬁfadléﬂ@%@égﬁoﬁ the priner

anneal ing a SO t e.g., a heat
stabl e enzy%% po‘?éymrr%%gﬁéﬁgg QHI e\é\%‘ép?té%%&p ﬁgﬁgﬁs 1Fncreases in the
concentr at i alifonucleot¥add/d&W3Pe prepared which are complementDﬁX

PCT/ US95/ 12669 33 desired

sequences. G Frquenca® cdgiclhiflamk thenDNAcofi iiptergatnceEatha nut ati on,

synt het| oI| ucl eoti des can. be ared which_are conplenentary
to sequences 19?0#1 ‘i)?‘uel?)l\ﬁf’wl?'ﬁ? F%EY teaeRe 8foFhgokWel eotide s

conpl ement argk fh e ofhé r‘!(jm; % The Qgﬁ, yred at

hi gh tenperatures w%%?err]%:ﬁgﬁg§?ﬂe neagmggrggp%% presence
of a I afegegnplﬁ‘cexcam‘s uiferolremméalm iffesthd KSresence of a
oligonucleotjdes, oriented with their 3' ends pointing 10 tomards each

ot her, hybr|¥ﬁ§&?tWP%ﬁﬁxﬁ#@%ﬁ%t¢%ﬂ@%1@@n¥©be°tlde$arg@hesequence and prine

crEVTEt© LAY AL orionfUS! 6Ly hdrL SIP! Bsal Bl preoence o

17, s Ao oMy S oA B, BB

nore than orf@nget isemience camd prime emijymaeic éhEensSdhthmgnENﬂhaay then

be dlreCtlynucleic acid template in the presence of the four

deoxyribonucleotide triphosphates. The end product is

then denatured again for another cycle. After this three-

15 step cycle has been repeated several times, ampiification
of a DNA segment by more than one million-fold can be
achieved. The resulting DNA may then be directly
sequenced in order to locate any genetic alteration.
AlternatiVely, it may be possible to prepare

20 oligonucleotides that will only bind to altered DNA, so
that PCR wiil oniy result in multiplication of the DNA if
a mutation is present. Following PCR,'direct
visualization or allele-specific oligohucleotide
hybridization méy be used to detect disease associated

25 -with a point mutation. Alternatively, an adaptation of
PCR cailed-amplification of specific alleles (PASA) can be
employed; this uses differential amplification for rapid
and reliable distinction between alleles that differ at a
single base pair. Other techniques, such as 3SR, which

30 utilize RNA polymerase to achieve high copy numbef, can

also be used where appropriate.



sequenced_in order to |ocate any genetic alteration. Alternatively, it

may be p&??ﬂl%‘:’?o prepare 20 oligonucl eotides that w !l oﬁﬂ;mﬁ?*ﬂﬁﬁf%

altered DNA, so that PCRwill only result in rmultiplication of the DNA
i f a mutation is present. Follow ng PCR, direct vi sual i zation or

al I el e-specific oligonucleotide hybB#di zati on- may be used to detect

di sease associated 25 wth a point nutation. Alternatively, an adaptation
of PCR cal | ed anj iyéttanatther ngidhuid, cPCR Imdysb¢ PRS)owed by

enpl oyed; this uses, differential arrp‘#jfica,tion faor rapid . and reliable
i St i ot | o SO | ARnYGLRasH digeshion wich Fulbseawent pair. O her

t echni ques,an%g_%giass gég%%ghf&#ﬁfﬁw pq\'hi’%’%é@éfdéo achi eve high

copy nunber, - be use re appropria WO 96/ 10639

PCT/ USO5/ 12¢ulfstitutions can ‘result in the gain ow¥4loss of specificln yet

anot her net hod, PCR may be: followed by restriction endonucl ease

di gesti &n westrigisiapuandonucleans wite of The gabuienntoss coficas.

Nucl eoti de suhstitutions can result in the gain or | pss of specific 5

restricti of S8 &#&O&seé“%m"‘bc&eﬁ?ee graqﬁ?%lqlt%%g%’ftea facgf’r'e%’f'?? ctRn

endonucl eagR teREAWH IdOR K B Jeifdd MRS 4t murHei&SEtudingf the disease
' I

associ ated nutation using . restriction fragnent [ ength pol ynorphism

(RFLP) anaesitsictiorrf tagmisite ctengt o fpalymgrpisiesn e(RELBbsamakysfsa 10
pol ynor phic restrjction endonucl ease site in a PCR product - that spans
the sequen®¥ &Y dat&Gison of the presence my Fhsenes A5 As, DNA i s

obt ai ngd, L1 /mPHi% restriction endonuclease site in a PCR product

that spans the é;equence of interest.

For,RﬁLE'analysis,-DNA is obtained, for eﬁample
from the blood,égastric specimen, séliVa,.dental plaque,
15 other bodily fl&ids or stool of the subject suspected of
containing tagA{posSeséing H. pylori, or H. pylori
isolated from subject, and from a subject infected with
nontéxic H. pylori, is digested with a resﬁriction
endonuclease, and subsequently separated on_fhe basis of
20 size by agarose.gel electrophoresié. The Southern blot
technique can then be uséd to detect, by hybridization
with lébeled_prdbes, the products of endonucleage-
 digestion. The patterns obtained from the Southern blot
can then be compared. Using such an'apprbach, tagA DNA is
25 detected by determining the.humber'of bands detected aﬁd
comparing this number to the DNA from H. pylori strains
‘that are not associated with severe disease. Restriction
endonucleases can also be utilized éffectively to detect
mutations in the tagA gene.

30



. ke e i
fromthe Wd‘ﬂ‘i‘ﬂosﬂaﬂ ric specinen, ‘saliva, dental plaque, 1pcpieyabedi!y
fluids or stool of the subject suspected of cont ai ni ng tagA- possessi ng

H pylori, or 'H pylori “‘isolated from subject;, -and from a subj ect
infected with ~nontoxic H pylori, is_digested with a restriction
endonucl ease, and subsequently separated35n the basis of 20 size by agarose
gel el ectrophoresis. The Southern bl ot t echni que can then be used to
detect, by hybri di zat ig®ilar cyeatienoepdibpianal jeeskpigeiconopites

endonucl eas%é,o nucq.iegﬁ:sit | orkubT&ei itoqw,s lgg%lﬁé; n?a%éi%é It}gut?%giggr n bl ot

can then be npared. I'ng” such an appa} etected by

det er ni ni ng giltes WP b rdwtidsy i RAITt &by reféPelasi €8 £hes number to
the DNA fromH pylori strains that are not associated with severe

di sease. Regenefiiimrode arshdonkic e sk snuclkect tde eequéntcesdrecbgnicedl y to

det ect nut ations .i.n the {agA gene. 30 WO 96/ 10639
PCT/ USQSF:I.ZMQ restlrlct:l.on enao cleases. 35 Simlar

creation of additional restriction sites by nucl eotide substitutions at
t he di scl osed nutation sites can be readily calculated by reference to

t he genetic code argimgle sSt¥dndusdiebdimies bosatnagslyeisgnssen) S5 by
restriction endonucl eases. . Siqggs strand conformati onal
anal ysi s (SSEfers a giglativeke qick yethed iedebechingcseguengesequence

changes whi chh _nmay be.approprigte in at |least song 19 instances.
I n general, %ﬁ’}%er% "fk&&b 4 Lﬁ?ﬁ?%rh%aﬁ%tl ty at Peble" 865€

10 instances.

In general, primers for PCR and LCR are usually

about 20 bp'in length and the preferable range is from 15-
25 bp. Better amplification is obtained when both primers

15 are the same length and with roughly the same nucleotide
composiﬁion. PCR conditions can include denaturation of
strands usually takes place at 94°C and extension from the
primers is usually at 72°C. The annealing temperature
varies according to the sequence under investigation.

20 Examples of reaction times are: 20 mins denaﬁuring; 35

| .cycles of é min, 1 min, 1 min for annealing, extehsion and

~denaturation; and finally a 5 min extension step.

PCR amplification of specific alleles (PASA) is
25 a’'rapid method of detecting singlé-base mutations or
polymorphisms. PASA (also known as allele specific
amplification) involves amplification with two
oligonucleotide primers such that one is allele-specific.
The desired allele is efficiently amplified, while the
30 other allele(s) is poorly amplified because it mismatches

with a base at or near the 3' end of the allele-specific



about 20 _bp in length and the preferable range is from 15- p.
Better aﬁﬂf?‘ﬂoﬁ?t lon i s obtained when both prinmers 15 are ¥ﬁﬂ“§9£ﬁg‘$engt h
and with roughly the sane nucl eoti de conposition. PCR conditions can

i ncl ude denaturation of strands usual ly takes place at 94[err]C and
extension fromthe primers is usualfy at 72[err]C. The annealing

t enperat ure vari es according to the sequence under investigation. 20
Exanpl es cprimasti oRhusrePASRcor2thei welases: methgd ¥ PAMSA/®mas kg 2 nin,

0 L bR ) S A Al L ALY,
(PASN) s sR9eAcian.d WEEBAIsBbnIghaiiigatitn Gshavmem il Oy Rirs
(al'so I o

pol ynor phi sns. A nown ‘as el e specifi anplifi"cati on)

i nvol ves afipbllatest bensamplleeWwobtained gwomc lamotindd viduadr,s isucarn hat one
Is allele-specific. The desired allele is efficiently anplified, while
the 30 Bt hEETHP| apepsetBogopt| fespptinge $hecPresence ki hes with
a base at gor ggggnghe 3" end of the allele-specific WO 96/ 10639

PCT/ US95/ 1985 : 36 primer. Thus, PASA
or the related nethod of PAMSA may be -  used to specifically amplify the
mut ati on sequences of the : i nvention. Wiere such anplification is done
on H pylori i soRst mensiopedpaboveht ai medthiodoknown aé liigage it can 5
serve as a nethod of detecting the presence of the H?tkfns'

As nent i onef2aBoteackipp HHFRUnGAR B8 MBgLsso successfully detect a

10 single-base substitution. LCR probes may be combined or
multiplexed for simultaneously screening for.multiple ‘
different mutatipns. Thus, LCR can be particularly useful
where, as here, hultiple-mutations are predictive of the
same disease.

15 |

" Antigen-Detecting Kit
The present-ihvention provides a kit for the
diagnosis of infection by strains of H. pylori possessing
the TagA antigeﬁ. Particularly,'the kit can detect the

20 presence of'TégE antigen specifically reactive with an
antibody or.an immunoreactive fragment therebf. The kit
can include an antibody bound to a substrate, a secondary
antibody reactive with the antigen and a reagent for
detecting binding of the secondary antibody*to the

25 antigen. Such a kit can be an ELISA kit and can comprise
the substrate, primary and secondary antibodies when
appropriate, and any other necessary reagents such as
detectable moieties, enzyme substrates and color reagents
as described abgve. The diagnostic kit can,

30 alternatively, be én-immunqblot kit generally comprising

the compohents and reagents described herein.



chai n reagfld CR) can be used to successfully detect a ' ase
fo Kol PErtisdiiz8es’

substitutio probes may be conbined or - nultiplexed
si mul t aneously screening for ‘multiple “different mutations. Thus, LCR can
be particularly useful where, as here, nmultiple nutations are predictive
of the same di sease. 15 Antigen-De?@cting Ki t The

" present invention provides a kit for the di agnosi s of infection by

strains of AntiReay-DakeqkdngKit (he TagA antigen. Particularly, the kit
can detect the 20 pregsence of T apiige ecifi ly. & i with an
énti body or an imno?@%é;tf*/aegq(?%ﬁfl% ﬂ%fe e %%Q%L? ln&gﬁé%ﬁgi ﬁ_@ ude an
antibody boyd de@ IRMESEE t e PFOIEEY of a PRinmdPPyanespbaye W th the
antigen and a reagent for detecting binding of the secondary anti body
to the 25 ampegaEfiikly ardactivesn witlaTagA Iy kan amtligemicofipageent t he

substrate, primary_ and secondary antipodi es when | apprgpriate, and any
ot her nec?esé'é"refer%%'gerﬁl%e Jtkh %%n inc e@%b?%th%‘?’ét]?‘g‘éngeHQyﬁe

substrat es r i o Tbe di g i 4 it

can. 50 ai t SbekiYe " FORLndary MnESGEY "L BPONE, wilh ChEDARILEAY |

conponent s FpbdiEBOedl By desdct Desl WEER the TagAaRPidéA38nd a reagent

. PCT/ US95/ 12669 ' _ 37 Ant i body- Det ecti ng
Ki t for detrctingrbtndingof othe eepordary antihedpntoabhe bpe

used to detect, the presgnce of rimary._antihbody ifically reactive
W th Tagh oBSHISIN (RO ngrtnth' & ke toe Betan EEEEE ki f orndecrRe
ant i gen Rputbrigir fhe theWiRbitSre 3 SFCOGEA! VpAlhhPPlinacaebbHaapyt h ( he
ant i body sgiiﬁ?ica 'y read%?%e ﬁffﬁ t he qggA a t?ﬁen ang aa?gégent
for detectiranthiboiies cithémeapproprbaye andndosyyt othee necepsapyry
anti body. Such a kit can be an ELI SA kit and. can _
reagents such as detectable moieties, enzyme substrates
and color reagents as described above. The diagnostic kit
can, alternatively, be an immunoblot kit generally

15 comprising the components and reagents described herein.

Nucleic Acid Detection (Diagnostic) Kits
| Once the nucleotide sequence of the TagA antigen
is determined, the diagnostic kit of the present invention
20 can alternatively be constructed to detect nucleotide
sequences'specific for the Antigen comprising the standard
kit components such as the substrate and reagents for the
- detection of nucleic acids. Because H. pylori infection
can be diagnosed by detecting nucleic acids specific for
25 the antigen in gastric or duodenal tissue and body fluids
such és'gastric juice, urine, stool, and saliva, it will
be apparent to an artisan that a kit can be constructed
- that utilizes the nucleic acid detection methods, such as
specific nucleic acid probes, pfimers or restriction
30 fragment length polymorphisms in analyées. It is
contemplated that the diagnostic kits will further



10 conpri t he substrate, antigen, primary and secondary | hodi es
when appr@%r%‘g'ﬁ@?’ and any ot her necessary reagents suct‘}’cgéu%gl?%{g abl e

noi eties, enzyme substrates and col or reagents as described above. The
di agnostic kit can, alternatively, be an i munoblot kit generally 15
conprising the components and reagents d&cribed herein. Nucleic Acid
Detection (D agnostic) Kits Once the nucl eoti de sequence of

t he TagA ancogpnise aj pogdtiévei apd, negatdvegeontireolkitessf. t he present
invention 20 can alternatively be constructed to detect nucleotide
'sequences specific for the: antigen conprising the standard Kit
conponents such as thepaubatate1aRd reageaRks ahe' oth@r ,omgwea;y on of
nucl ei ¢ acids. Because H “pylori i1nfectron - can be di agnosed by

det ecti ng ninttudedcidsthpedifgnobtic Ritshefamnhiegpresentadinvientdorduodenal
ti ssue and body fluids . such as gastric juice, urine, stool, and
saliva, Pt @pRp|be selgetggpfirem: thesgnayadilakde: da thecprtcdn gecord

poci 11c. nusiBRcEhE; hebaE" dupoRep Tl s Bpu el RS iy A R et
bol yror phi sichikagsl ¥aasbel skl to det@BtewBeabadiaal ikheidsuaasd ¢ Kits

PCT/ US95/ 12859id samples from a subject. . .- 38 - conprise a
positive and negative control test. - The particul ar reagents
and ot her conponents  -included-in the diragnostic kits of the present

VR0, S orn b BRkcebTilang Msapalaplabfebhdbiecy | (1 apeord
be used to drlestrabe, abutyadti bimigsuehendnventlivnd swiiles theymaze
subj ect. typical of thosé that might be used, other procedures
known to those skilled in the art may be_alternatively
employed. |
.15
EXAMPLE 1

Cloning and Exp:essibn of TagA Antigen

20 Bac-_t_erial_ -gtrains and growth conditions. .
ﬁ; pylori strain 84-183 (ATCC 53726). was used to

clone the gene for the TagA antigen. Thirty-two clinical
H. pylori isolates from humans, including strains that had
been previously shown to possess the_antigen,*were-used to

25 assess conservation of the gene and correlétion with
cytotoxin producﬁion (Table 1) . Stock cul;ures were
maintained at -70°C in Brucella broth (BBL Microbiology
Systems, Cockeysville, MD) supplémented-with 15% glycerol.
H. pylori strains were cultured in Brucella-broth

30 supplemented with 5% fetal bovine serum in a microaerocbic

atmosphere (generated by CampyPak-Plus (BBL) at 37°C for



10 fol | owi ng exanpl es are intended to i | ut
not lim t?"‘f%‘é‘ Imvention. Wile they are - typical of thog?@%ﬁlﬁﬁ?%ht be

used, other procedures known to those skilled in the art may be
alternatively enpl oyed. 15 EXAMPLE 1

d oni ng and Expression of TagA Antigen 320 Bacterial strains and growth
condi tions. H pylori strain 84-183 (ATCC 53726) was_used to
cl one the géfehogirs:.he PRigAransigemation @apd Rrelein ¥pressipnpyEor |

i sol ates fraomshumans,..Jn di. strai.ns that had e r eyl |y shown
t 0 possess ﬁ?&la%?'lr%éﬁl,s %g';ié' d {%?%a%e?%eds?aéo%os]é]r%hte%g' ggé?ﬁg gene
and correl atipacVztitos) , QHP RS @%B‘éqé}{é,(-ﬁ?é)hﬁ:ﬁa, ERFkyspbt Ur €s

wer e mai ntained at -70[err]C in Brucella broth (BBL M crobi ol ogy

Syst ens, Cockdysmied en WRrisuReroodit e(LB) thedifs gritdersthaking &k pyl ori
strains were _cqultured in Brucella broth 30 supplengnted wi,th 5%  f et al

bovi ne s& ud’i f-a APer SdBRIpCONCentraLiong. of ﬁ&ﬁiﬁéik&?lﬁPQ§i -Pl us

(BBL) at 37ggfgﬂ{edia w3 ol QR 39 48 hours. For

PCT/ US95/ 12
transformation and protein expression, E coli strains XL1-Blue
(Stratagene, La Jolla, CA), HB101 (ATCC 33694), and DH5[err]

(St rat agene Chiemirsliey angh)engymes. cultured in Luria-Bertoli (LB) medium
1o media was 100 [or  HoREOPYL- KRy GRS (P daollle °( 1bhd) "D CdeC
'Cf]gﬁ].r gglbi'o-cgfiﬂ §t1%é|§§uf%% %%@dﬁ@ai I&J 0 (ses Lé@iQHrﬁaﬁssﬂdf {88%Si gna

at 57 ug/ml, and S5-bromo-4-chloro-3-indolyl-f-D-

galactoside (X-GAL; final concentration 40 ug/ml) was from

Boehringer-Mannheim (Indianapolis, IN). Restriction

enzymes, T4 DNA ligase, E. coli bNA polymerase large:

15 (Klenow) fragment and Se’quer.zase“'M were from Promega and
United States Biéchemiéals (Cleveland, OH). [x-32P] JATP

(650 Ci/mmol) was from ICN Radiochemicals (Irvine, CAa).

Genetic techniques and nucleotide sequence analysis.

20 To obtain chromosomal DNA from H. pylori 84-183,
the strain was cultured for 48 h in Brucella broth |
containing's% fetal bovine serum, the cells peileted, and
resuspended in 100 mM Tris-HC1l (pH 7.2) containing 100mM
NaCl. Cells were lysed using 1% SDS in 150 mM Tris-HC1l

25 (pH 8.8). After chloroform-phenol extractions, the
dhromoéomal DNA was precipitated with 100% ethanol.
Plasmids were isolated by the rapid alkaline extraction
procedure of Birnboim and Doly (49) and purification was
completed by precipitation in the presence of 800 mM NaCl

30 and 6.5% polyethylene glycol. All other standard

molecular genetic techniques, including sequential ordered



at 57 [eg and 5-brono-4-chloro-3-indolyl-[err]-D ﬁg%pside
( X- GAL; ?*%géﬂ%g%centration 40 [err]g/m) was from Bo%ﬁPP%%%r- nnhei m

(I ndianapolis, IN. Restriction enzymes, T4 DNA ligase, B. coli DNA

-polynerase large 15 (Klenow) fragnent and Sequenase[err] were from
Pronmega and United States Biocheni%@ls (Ceveland, OH). [[err]- [err]P]
dATP (650 CGi/mol ) was from | CN Radi ochemicals (Irvine, CA)

Genetic t eSidiefdOnsandere: REFhQIEEh: Afefes %@%.@0) 20 The -

ot el N RURSERR At ARdL R e it wnannd %ﬁéefie%ﬁ?oslﬁ:' LE{FS
pel leted, afdands =T RRIMINAG gt ARMI<EHIDNA cdifightds Ard «t ai ni ng 100mM

Nadl . Cells were lysed using 1% SDS in 100 nM Tris-HCL 25 (pH 8.8).
After chl odddeoxyplohadin dermigtEtuon procedure aw clasariddedNA was

preci pi tated wi,th 100% et hangl Pl asmi ds were isol ated he ra I d

B Kal | né cPEEXIORSIY (5 >pr(9§éaﬂf§1q}fe°§%3§oa%w O (W0 i

purlflcat| r r of 800 mv
30 a%& g?%%p &Q:Lﬂ ene glycﬁﬁpmﬁ QH}%‘ Es# Ttrlp 1'?sc):"el{grml ecul ar -

genet i ¢ teslilddgen 'ﬁsmi mmgsy&ﬁﬂie@ﬁza& Aigigicthe matd R chedd s
PCT/ US95/ 12669 40 del eti ons, were

perfornmed RFofesedi. be@ltn(c;@otmaa sequensgemwere onpdded and analyzedd

unanblguousl on,bhoth a doubl e-s tenplates and
e 940 ks LT e TSR e SR i 1

10 Madison, WI),_pqtat;ve promoter and Shine-Dalgarno ‘._
sequences were ﬁdentified,by compariéon with consensus '

sequences (52).

Construction of a genomic library £rom H. pylori.

i5 . ‘Strain 84-183 chromosomal DNA was sheared by
‘sonication and the resulting fragments were
electrophoresed on a 0.7% low melting temperature agarose
gel. Fragments in the 2-10 kb size range wére excised,
treated with T4;DNA polymerase to produce blunt ends, and

20 - ligated to phosghorylated EcoR1 octamer linkers (New
England Bioiabs,_Beﬁerly, MA). The DNA was digested with
'EcoRI and ligated to the_EcoRI arms of,the-hzépII vector,
according to the manufacturér's.protocol. The ligation
mixtures were added to the Gigapack IIa péckaging mix

25 (Stratagene) and titered on XLl-blue cells (lambda ZapII)
or Y1088 (lambda gtll) cells. The amplified phage
libraries were screened with adsorbed sera from an H.

pylori-infected person or by plaque hybridization.

30



5 pfevi o] . Aigonucl 'eot i de primers were synthesi zedp 8¢
Vander bi | t Uﬁéversity DNA Core Facility usinga = Mlligen ;E%%MBKA
synt hesi zer, using the manufacturer's’ protocol’. Nucl eoti de sequences

were conpil ed and anal yzed with the ai_d of the DNA-Star program ( DNA
Star, Inc., 10 Madison, W); putative ﬁ#onnter and Shi ne- Dal gar no
sequences were jdentified by conparison wth consensus sequences (52).
Const r uct i FeRing REM; cPYierirgpecdiic ggpe8ri . ~'15 Strain

84- 183 chr onosomnal Et$%%§§ogggﬁrgg Hynpgisigagﬁﬁggggpﬁggr%%% %%§Qting

fragments were oresed o oW e g tenperature

agarose  st@engly FFégognigesNth8e1201028bkbhzantigee Walse aREOrIRE
treated with T4 pol ynerase to produce blunt ends, and 20 ligated to
phosphor yl awith HHoRpyderinstrainkd6s3lBiewwhichEdgesnaoBi pradiiceBdhe |y,

MA) . The igested with LEcoRl ang .l'i ed to the EcoRl arns of
the' [orrg 2obtd- 228 B2 Band, dndqrabh -« A0 LinBLE: bPoreststotdtor  The
i gation s 14 S ] : s I C ' I X 25
02 el LG ot EngE L HUEREGTRN okl SrpA kAR & 20
(l anbda gt ldgreehl a. bartkeofingéhésefrphaghe amplliified NZapld plwgyecened with
adsorbed sera froman H. pylori-infected person or by plaque
hybridizatibﬁbrargo(SB).V[Ebg/éggggcontalned approximately 4x10*
PCT/ US95/ 12669 . _ e . 41 . daoning pof H
oyl or i - spectAPerGhARE:  The amplifiedsphager MARFATY ARy MSHESHRE Mk
_person jifatallowing approximately 10° plaques to grow on XLl Blue
cells for 2.5 h at 42°C, overlaying with a nitrocellulose
filter previously impregnated with 10 mM IPTG, and
incubating for 2 h at 37°C. The filters were then
screened with the adsorbed serum to detect 9 reactive
15 clones. Positive plagues were then plaque purified, and
lysates were prepared from these infected E. coli cells.
The lysates were immunoblotted with the adsorbed serum and
clones expressing recombinant proteins were saved. By
immunoblotting with the adsorbed human serum, each of the
20 XL1-Blue lysates showed a strongly immunoreactive band
‘migrating at either approximately 75, 85, or 96 kDa,
corresponding to plasmids pMCl, pMC2, or pMCB(

respectively.

25 ‘ - From the three representative.clones, the
pﬁiuescript plasmids containing the cloned DNA inserts
were excised by co-infection with helper phage, as
detailed (54), and fresh XLl1-Blue cells transformed. After
plasmid purification, restriction enzyme cleavage maps

30 were generated and the plasmids used for further |

characterization. In a parallel study, four clones were
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coli cells to reduce the. - likelihood of nonspecific reactivity and then
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were then plague purifi ed, ysates weré prepared fromthese
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adsor bed serum and cl ones expressi ng reconbi nant. protejins were saved.
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PCT/ US95/ 12a6890on protein, cell lysate prepared from AYB1l was
eubjected to immunoblot analysis using B-galactosidase
epecifio antiserum. The cross-reactivity shown indicates
that the,recombipentfclone AYB1l contains a fusion of the

15 Agtll B-galactosidase large (116 kDa) fragment and an H.

pylori open reading frame. We cloned the AYB1l insert into
pUC19, but the recombinant (pYBl) did not express any

protein.

20 _ :
Gel eleotroéhoresis and immunoblot analysis.

Lysates from E. coli carrying recombinant lambda
gtll, AZapll or pBluescript were analyzed by SDS-PAGE and
immunoblotting with adsorbed human serum.' Discontinuous

25 sodium dodecyl sulfate (SDS)-poly-acrylamide gel
electrophoresis (PAGE) was performed as described_
previously (55) by using a 4.5% stacking gel and a 7.0%
separating gel. Samples containing 3 ug of protein were
applied to each.gel lane. After electrophoresis, gels

30 were fixed and proteins were resolved.by the modified -

silver stain method of Oakley et al. (56). Concentrated



42 [ roma [err]gtll library of H pylori 84-183 DNA b
t he sane ﬁbﬁ%@@is(g)gy, and the DNA insert fromone of four PW@#’%

cl ones was anplified by polynmerase chain reaction::- (PCR) using priners
based on the known flanking [err]gtll 5 sequences. Reconbinant phage
DNA from four positive pl agues was p#A3 fied, and each contained a 0.6
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of the 15 [eirégtll [err]-gal actosidase |arge (116 kDa) fragnent .and an H.
pyl ori open $tREFREPRPEAE1ISYPEPERABSE WeTRetXRMBEerMEd Lo Nt O pUC19,

but th | ' . t el 20 Ge
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Di scont i nuoupapes wasdi incubdtedl asurbame tefib8rapakre- £oryhati ¢dtdell:100
reviously (55) by

electrophorigi éPAGE) gas erfornmed as descri bed :
using a 4.59 %f%.k?ﬂﬁ 9 |sa§3ma5¢me%ﬁs- Adkaddnenghgsphata®el es cont ai ni ng
3 [err] f | r o d ke e g | ane. After
eIectrogh%ré§§é§&%§F§§3§f %8?% ?ﬁ%%dﬂghgnpﬁggéiﬁ?aﬂgrelpgsdlved by the
modified  Buslingame}acalfEthpdiaf aCakharieh 8k 1(:26booCresenisRiESs

the second antibody.

Southern hybridization.

15 H. pylori or C. jejuni dhromosomal DNA was
digested with either HindIII or EcoRI and BamHI and the
resulting fragments were electrophoresed on a 0.7% agarose
gel in 0.04 M Tris-acetate -2 mM EDTA buffer (pH 8.2).

All hYbridization conditions and procedures were exactly

20 as deScribgd (50) . Probes were radiolabeled by primer
extension using réndom hexamers (§7) . Hybridization was
carried out at 68°C for 16h in buffer containing 6X SSC
(1X SSC is 0.15M NacCl, 0.015M sodium citrate), 0.5% sodium

- dodecyl sulfate (SDS), 5X Denhardt's solﬁtion (1X

25 Deénhardt's golution is 0.02% Ficoll, 0.02%
ﬁolyvinylpyrrolidone, 0.02% bovine serum albumin), and 100
pg/ml salmon sperm DNA. - The blots were washed at 60°C in
0.5X SSC and exposed to XAR-2 X-ray film (Eastman Kodak,
Rochester, NY).
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WD 96/ 10 _ PCT/ US95/ -
Sﬁﬁ??fﬂo@ Supernatants containing protein were dil ut éﬁ&%’mmg sanpl e

buffer and were | ayered onto the surface of a pol yacryl am de gel in a
M ni - PROTEAN || sl ab cell (BIO Rad Laboratories, R chnond, Calif.).
Following 5 electrophoresis, proteins ##re transferred to

nitrocel |l ul ose paper by electro blotting for 1 h at 1 anp. Af ter
nonspeci f | Eodiony hybridigatdan: the ni trocel | ul ose paper was

i ncubated at roomte erat re. %%: h,with 1:100 | utions of serum
sanpl es. Al kal i ne-ph r&fﬁ%dﬁ%% %‘f°"66a‘?n a‘f‘mtﬁ’a‘ﬁ% S 3?%’ (Tago,

I nc. '@%ﬂﬁp, n | used as

t he secondbgﬁ{dldbo y pl%égSo()uBtBhﬂe)r rﬁsbfr%%]f% %%ﬁlé’soé)@ thése H pylori
or C jejucolomiemwermd thdhsferred talimiestareliulose tfititéfradl | Each EcoR

and BanHl and the resultlng fragnents were el ectrophoresed, on a 0. 7%
agarose® Ligden Wag @iagert i & dth{hatman napet praterated wish 0.2 p

hybe i di zat oaeadl PRRANT HARSIY SRAYIR KERILY w0 esatepciibed (50)-

Probes were ra I"abe primer extension using ran exaners
(57). Hybritd aatdnpmnman papy it titedd wikh foraM Ghrig-ouf {gm contai ning
6X SSC (I X SSCis 0.15MNaCl, 0.015M sodiumcitrate), 5@6sod|um
dodecyl sul#:. ét)d%lﬁ@c for Dem,dtarsi ddien itom. XJQ_)S% mr@rmns sBhetion is
0. 02@6F|coll vin oI| onhe, 02@6bovrne eru al bum n),
and 100 %’li tsdfllta&?y é@%ﬁp He (7 SFACHER © 68t8rriCc

in 19 5§t8§6 gngnaxﬁ?ﬁ%ﬁd&%eéAai%hXr%@ﬁd@éﬂ@ﬁ&?iﬁﬁﬁpé@“&ﬂ%crlbed

Rochester
(50)

Cytotoxin'produdtion.
H. pylori broth culture supernatants were

15 concentrated 30-fold by ultrafiltration, passaged throught
a 0.2 pM filter, and incubated with HeLa.cells,..Briefly,
H. pylori strains were cultured at 37°C_in.bruce;1a broth
(BBL, Microbiology Systems, Cockeysville, MD.) containing
5% defined fetal bovine serum (Hyclone, Logen, Utah),

20 supplemented with 10 mM ammonium chloride to potentiate
cytotoxin aétivity.. Broth cultures Qere_incpbated in a
microaerobic atmosphere on a gyratory shaker at 100 rpm
for 72 h. Cult@reS-were.centrifuged.at 3,060 x g for 15
min, and the cell-free supernatants were.stored at -70°C.

25 After thawing, supernatants were concentrated 30-fold by
using a 30-kDa @ltrafiltration membrane, and retentates
were sterilized by passage through a 0.22-um-pore-size
filter. These concentrated culture supernatants (CCS,)
were incubated with Hela cells (obtained from Allison

30 O'Brien, Uniformed Services University of the Health

Sciences, Bethesda, Md.) in twofold dilutions from 1:10 to
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44 0039?835//1?]63%” di zati on. o . H pylori st ra%ﬁ’ézﬁ?om

on trypticase soy bl ood. agar plates (BBL) and:replica copies of these

colonies were transferred to nitrocellulose filters. Each 5 filter was
pl aced on 3 mm What man paper saturated wi%h 0.2 M NaOH/ 1. 5M Nadl .

After 3 mnthgfluervmsgmmﬁewed to 3 nm Wiat man paper saturated

with 0.4M Tr’rs %9 ?EHdescr? 851/ Exesseuﬁw 438 n, exeePthéhato toxisdty or 3

-mn. The y vacu en fqr 90 min 10
at 80C and hy ?zgg* P%k Ingﬁﬁgé H@?c?%ngg% éf'
Cyt ot oxi n pr@dubtmﬂarotlter 1ates (Hal@hshorBeEEeth%hctﬁ&% fe%tants
were 15 concentrated 30-fold by ul'trafiltration, passage throug
0.2 [err] M flineelnaRarkncNbdt&d with HeLa cells. Briefly, H pylori
strains re cultured at 37[err]C in brucella broth (BBL, M crobi ol ogy
SystenB,W%bckeysville MD.) containing 5% defined fetal bovine serum

otent it O™ eyt or bu SRGLREEBIBE ERA TR0 VAN BERELRIEN Bt

potenti ate cytotoxin activit Bro

n1croaerob|caamewSpabreednuptakéahééayshahe&eﬂlyloﬁ EBBck soflRtibh Ibf
Cultures were centrifuged at 3,000 x g for 15 mn, and the cell-free

supernatants°v@ﬁép%¥bﬁbﬁda9ra¢€[éﬁﬁ}Eﬁl red AStigmat Fhemigals@oerndtant s
vete concentiairs, el Pl dapropatianina iy Bt fhb, e EiLeRba S
0.22- [erxdrnwmaﬁmanﬁo. 1 filter pater. Staining solutions were
| prepared before each experiment by diluting the stock
solution 1:10 in Eagle medium containing 10% fetal bovine
serum. After incubation with test samples for 24 h the
| medium overlaying HeLa cells was removed and replaced with
15 100 pl of staining solution per well for 4 min. The cells
were washed twice with 150 pl of 0.9% saline per well, and
the neutral red was extracted from cells by the addition
of 100 ul of acidified alcohol per well (58). The optiéal
density (OD) at 540 nm of wells was determined by using an
20 MR700 enzyme-linked immunosorbent assay reader (Dynatech,
Alexandria, VA.). All assays were performed in
triplicate. .In all experiments, the mean OD of wells
containing cells incubated with medium alone was less than
0.130 (mean, 0.101 + 0.007); this backgrdund OD was - |
25 subtracted from the OD of experimental wells to_yield a
net OD. Of the 32 H. pylori strains tested{ 15 produced
the vacuolating cytotoxin, as determined in this assay
(Table 3). -
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filter. _Th oncentrated culture supernatants (CCS[err] e
yﬁﬁ"ﬁ%m cells (obtained fromAllison 30 O Br i’gﬁl’us?%wg med

I ncubat e ! _
Services University of the Health Sci ences, Bethesda, Ml.) in twofold
dilutions from1:10 to WD 96/ 10639 . ' :
PCT/ US95/ 12669 46 45 1: 320 as

descri bed previously (39), except that toxicity - assays were perforned

in a total Mappimg dthel @Blussdript) geerts. well microtiter plates (Fal con;
Bect on Di cki nson and Li.ncol n_P

Vacuol ati on of HelLa 3\%01'135 \ﬂ#sgecﬁ]:é‘rﬂrf t"ﬁ%&%&% )plasrgiq‘%@lllj%}, Bt ake
assay. Bri ‘aadel-prg:OBS'x&?t% SfHdeL% cgonl\}:ba%n-(bﬁ/"ﬂi’ééf&@dqﬁr ade neutral red

(Sigma Chem ca oul s, was prepared in 0.9% saline and
filtered wappbrbXkiWsietan NG, 12 i1, taard @iérkb Strespect seelyi ons were
prepared before each experinent by diluting the stock solution 1:10 in
Eagl e m5di dmadyia e gesppiction prdonuclease Sxpatmente of nel®ation with

test sanples for .24 h the . .. negdi verl ayj ] I s renoved and
repl aced WP '@ﬁﬁﬁm::'bqs ﬁ%?%%%l%t%%%&mc‘fé%&4 mn. The
cells Y MR SN e MhddineBO rerdll ©rdl 0 sphreciper xell, and
the neutral red was éxtracted fromcells by the addition of 100 [err]l
of acidifi ech,cdhotthesr amididsSgjonntgited apn pMC3 dewkiely (OD) at 540 nm
of wells was deternjned bf’ using an 20 MR700 enzg/ms-l ' nfed. | nmunosor bent
assay read&entginabdhe largess Anfert. vAnalygr a%%a‘ér% performed in

tripligate I doT=ToF N =Ty t rﬁ?ﬁﬂe {Sesti&@ntaining cells
i ncuba’?‘é%d vw\ﬁj'{%t%eéd}sﬁ;g aH)ne' vvzosylées}?os t anggé Ohf\ea gestiot, o
identified . the orientation and approximate location of the

open reading frame (ORF) (Figure 1, large arrow).

Sequence analysis-of'pMCS and p!Bi.

15 To determine the sequence of the 3.6 kb insert
in pMC3, a series of nested ordered deletions of the
plasmid'using exonuclease III (Figure 1) was performed, as
described (50).. In total, the sequence for the entire
pMC3 insert representing 3648 bp was determined on both

20 strands (SEQ ID NO:1). The nucleotides are numbered on
the right dfaeaeh line. The nucleotides encoding the
glycine at residue number 859 of SEQ ID NQ:l are an
artifact of the cloning process and are not a part of the
tagA gene. SEQ:ID-NO:z provides the dedﬁced amino acid

25 sequence of the nucleic acid shown in SEQ ID NO:1.

A long open reading frame commencing at
nucleotide 1072 continues to the termination of the
insert. Two other open reading frames in the opposite

30 ‘orientation begin at 645 bp and 264 bp. The deduced amino

acids are shown beneath the nucleotides. Potential



0. 130 (rmewo.96dogs9l [err] 0.007); this background OD was 25 perndosagéeed from

the OD of experinental wells to yield a net OD. O the 32 H pylori
strains tested, 15 produced the vacuol ati ng cytotoxin, as determ ned
in this assay (Tabl e 3). 30 Vg}96/10639

PCT/ US95/ 12669 thping t he

P phD. wgg{’ﬁ%lpﬁt?%ﬁfes%&&ﬁﬁ%i’l&&?’%ﬁﬂﬁ%& ZHEO R L
appr oxi mat eyt at Bve2promdidr3elelBntEePast and %10 %eﬁﬁﬂﬁﬁéé%‘gre

restriction endonucl ease treatmnment of the reconbi nant pl asm ds
identified andmnaéeded On2ykk singflienORF edicgesiingn 00adrases iwasal | t hree
(Figure 1). such, further studies cqoncentrgted on pMC3, which

cont ai ned tﬁ@uFQrééanVhQ r eAﬁ&Fy§P§séP1GeF@Fﬁ&ﬁgﬂéqﬁmﬁﬁ|(M%Pﬁﬁcﬁﬁﬁed by

I d
ocat | ondof STRedesI8 Talh antiof®P BSS dnlact ATty YIRS O ™ ©

Sequence anprgdisted pNG&eaﬁdwﬁfﬁla mblecular welgﬁz(aﬁeyenamzthe sequence
of the 3.6 kb insert a series of nested ordered del eti ons of

the  pl 48FRAIBsNAg éﬁenuE aéereptlpnngﬁr@rgpsnr;n&aqnndﬂduceé _
ceoct 1 bec ( 80k kbR 4 31345 b T K SRR 7
nucleotldespééelgug§§r59 Qﬁe use of the deletion mutants. However,
10 there is no translatlon termination signal, indicating
that the ORF in pMC3 is truncated. The truncated fragment
is rich in basic amino acids (Table 2) and the predicted
isoelectric point is 8.0. A potentiai ribosomal binding
site (AGGAG) ends 6 bp upstream of the ORF. The sequence
15 112 bp upstream of the translationellstart site exhibits
the promoter sequence TATAGT (SEQ ID NO: 1) which
resembles the Pribnow consensus promoter sequence TATNATN
(Hawley and McClure). This putative -10 region, which is
similar to a sigma-70 promoter, is associated with a -35
20 region, ATGCCA, which shares 4 of 6 bases w1th the
corresponding consensus sequence, TTGACA (52). The
deduced amino acid composition of the truncated

polypeptlde is shown in Table 2.

25 : Two smaller ORFs, each proceeding in the
opposite direction, also were identified (SEQ ID NO: 1).
The first, encoding a polypeptide of 79 amino acids,
commences at bp 645 and is.not proceeded by an obvious
Shine Delgarno or putative promoter sequence. The second

30 ORF. commences at bp 264 and encodes 88 amino acids before

the end of the insert. This truncated ORF is preceded by



the right of each line. The nucl eot i des encodi ng t he gl yci ne at

resi due 9 of SEQID NGO 1 are an artifact of |
G Rl0dss BFSSHRL |

process an re not a part of the tagA gene. SEQ I D NO 2 provi
deduced am no acid 25 sequence of the nucleic acid shown in SEQ ID NO 1.
A |l ong open reading frame comenci ng at nucl eoti de 1072 continues to
the termnation of the insert. Two 4# her open reading franes in the

opposite 30 _orientation begin at 645 bp.and 264 bp. The deduced amni no
aci ds are shofRiBenPalgarne ReENescrdeandpshensieguence RETGHNTI B83PP

PCT/ US95/ 12 i v N ' 47 __ rihoso
binding-sitgggfgﬁﬁﬁe95eﬁggﬁ35a§8&55388?185f§r§n5¥%§-ﬁﬁﬁﬁmﬁlﬁ?;Ehﬁnﬁ%ﬂ

el enents (-86na8fsudlpeAbeBEEsLital,€followld B4t e Qelghichcy MWEERF
exceedi ng 300 bases was - :i-found in any. of thé six possible reading
franes. ThiwhibRf sbareacbdof & Pagésamithethef -850 comsensas dequemeli ng a
predicted protein with a nolecul ar weight of 96,022 @ (SEQID NO 2). The
directi on ofsgfanscription“deduced . ~fromthis ORF is also in agreenent
with that determ ned previously by the use of the del etion nutants.
However, 10 there is no translation termnation signal, indicating

that the ORF in pMC3 Thet DugChbelinsére LhUpTRLEWak' dedehced usikigth i n
basic am no acids (Table 2) and the predicted I'soelectric point is 8.0.
A pot ent i al betBoferuardi andngeversei prineesACE Shesksowp dgtiddeam of the

ORF. The Seﬁf&ﬂﬁfng sequen@gs along with_édditiqnal primers based on .

10 experimen;éllyféerived insert sequences. The first 464 . "
bases of ;he'GZQ-bp PYB1l sequence overlapped with the end
of pMC3, but-thé ORF still continued.

Serologic recog#itiqn of the truncated recombinant TagA
15 antigen. '
In_adéitiqn to the_iﬂdéxlcase, sera.from_H.
pyiori-infec;ed;persons that re¢ogﬁizé the.TégA anﬁigen
| from.H, pylori étrain 54-183 recognize the tecombinanﬁ
20 polypeptide. Fbr this.analysis, we studiedlserum from 6
persons nét infécted with H..pylori, aﬁd.from 14‘infected
persons (7 did ?nd 7 did not recognize the 120-128“kDa
antigen from strain 84-183) . Using.lysates_of E. coli XLl-
Blue transformed with pMC3 and immunoblétting, there ié
25 c;ear recognitqu of the'gs kDa antigeh_by.humah serum
IgG. In total, 4 of 7 sera that recognize the native 120-
128 kDa bandjaléo strongly_recoghize.thé :ecombinaﬁt
protein versus none of thé 13 éera téétéd'that do not
recognize the l?q—lza_kba band (p=d.obv, Fisher's exact
30 test, 2etailed); If weak reactions to thé.pMCB band are
considered, ﬁhg@ all 7 sefa that recogn;ze the 120f128 kDa

band, and 3 of 13 of the non-recognizing sera react to the



15 112 bp upstreamof the translational start site exhibits t he

pronot er EeIvQivesy TATAGT (SEQ I D NO 1) which resenbl es plchrisBEén 3589 W
consensus pronoter sequence TATNATN - (Haw ey and McClure). This

putative -10 region, whichis simlar to a sigma-70 pronoter, is
associated wwth a -35 20 region, ATGCCAq Which shares 4 of 6 bases with
t he correspondi ng consensus sequencé, TTGACA (52). The deduced

am no acid ¢o |4 of __t.he.truncat . _polypeptide js sho in Tabl e
am no 2ci d GURSIAR. WrddEA HOSE Bl | i ROLYBCRILLE, 3a10MD 10 T20
direction, alsngre i kg ERBMDAR Botein plbBubbashy giesding a
pol ypeptide of 79 am no acids, commences at bp ®45 and i s not '

proceeded byam bhuised for sSrokodit mesaysrtopudetése gnobbbdiesegoence.
The second 3Q ORF commences at_ bp 264 and encodes 88 ami no acids before

the end of e iFrsdX1onhi2Q11R R} arigenpreceded by WO 96/ 10639
PCT/ US95/512669 48 - a Shine Dal garno
sequence, and the sequence TTTGAT 90 bp upstream of the transl ati onal

start site rraEddvcidi® ofl che tag®hg@ells pronoter site, followed by the

sequence TTGICA, whi ch shares 5 of 6 bases with the -35 consensus

sequence. 5 (52). To determine wWhetldes dtheénsH: tpyhop¥Bstrasnsequenced
everse of the known errLgtII

T anki ng soRRARGAS itk ghaqA [ESRRI T QPTG P9 oSoauehCat, 192 strains

R e i R R s

stirll catin(@able 3). A positive signal was obtained from 19 (59.3%)
of these strains. SDS-PAGE and immunoblotting of whole
cells of these strains indicated that 19 (59.3%) of the 32
strains expressed a band at 120-128 kDa. The immunoblot
and colony hybridization findings correlated completely;

15 all 19 H. pylori strains expressing the protein possessed

a gene homolog, in comparison to none of the 13 strains
not expressing the protein (p<0.001, Fisher's exact test,
one-tailed). In addition, all 15 strains producing the
vacuolating cytotoxin showed both pMC3 hybridization and

20 presence of-the 120-128 kDa band (Table 3).-

To_gain.information on the restrictiop fragment
polymorphism of the tagA gene and whether there are
mqltiple homologous genes in each bacterial genome, _

25 genomic DNA from 4 H. pylori strains was prepared and
Southern hybridization performed using pMC3 as the probe.
Two strains expressing ﬁhe 120-128 kDa protein and with
positive colony hybridization now showed strong
hybridizatioﬂ to a HindIII restriction fragment migréting

30 at approximately 1.2 kb, and weaker bands at 3.0 and 3.3
kb. For a third strain that showed the phenotype and had



Serol ogi c recognition of the truncated reconbi nant TagA 15 antigen.

In addit} e index case, sera fromH. pylori-infe LSQNs that
recogni zw%"téﬁ?%%A anti gen fromH pylori strain 84- 18?3&?@8%51%?62% t he
reconmbi nant 20 polypeptide. For this analysis, we studied serumfrom®6

persons not infected with H pylori, and from 14 infected persons (7
did and 7 did not recognize the 120- 1285RDa antigen fromstrain
84-183). Using lysates of E: coli, XL1- . Blue transformed with pMC3 and

i munobl ot & Rpsitisre qalony hykeidizabien ithe prebe hybxridiaedi gen by

b | . " ! .
158 Koo bamsssi i, b ' Siltnedh a1 igld (0% RARRUE“Sotll 170 10 00
“none of .t hgbl3 mehediest Shddintwdle "Sen, X S5O dEgideidgOad 28ekPa band

(p=0. 007, Fisher's exact 30 test, 2-tailed). If weak reactions to the
pPMC3 band &han 0. disitlatedyhiidized wealcly with the gppobe was 120- 128 :
k Da band, and 3 of. 13 of the non-reco;%{]i zin era react to the WO
96/ 10639 Present in all 'thee strains. H. érququm that

49 re%g?y' t-6§ 1 -qﬂ%) | SNET arSg LB t, 2= .. _tailed).
Thus, the reco ma‘tinltq{c,;;rl?[q]ei]g\ﬁ_p;ro g?exc}&lby pl\i%d ca1§1£ eaulgeé t1—':'c')‘rre
serol ogi ¢ ety trybicidiciawivn bel afelD as a thejélupy| SttrairOuded kDa
anti gen. 5 Conservation of the tagA gene. . ) To determ ne
whet her. ot & aHcqnAxal, showed lack mf idizatipn gimethe Sowbheyous
Zeglrjggges, a%%lsi}srias' .ns-Hybx\":\?c{ieza%tJ{Jodrlx S bﬁiﬂ&? ltocp ycl'p:lygnrtclasdclm%a ' BV UPr SR PM:3 as
10 strains 84-183 and 60190 digested with EcoRI and BamHI : ‘
also showed poly%u_iorphiém, confirming the heterogeneity
observed with th:,e other restriction enzyme. These studies
indicate that aIthough. homologs of TagA exist in other H.
pylori strains, fthere is heterogeneity in either

15 intragenic or flanking sequences.

Thé pﬁesent example provides a cloned fragment
of H. pylori gernomic DNA that includes the majority of a
gene that encodés an importaht H. pylori antigen. The
20 evidence that pMC3 contains the gene encoding the TagA
antigen may be summarized as follows: (i) neither the
protein nor the .gene are present in all H. pylori strains;
(ii) ‘only strains expressing the 120-128 kDa protein
hybridize with pMC3 and strains that do not express the
25 gfotein do not hybridize; (iii) sera from H. pylori-
infected persons that recognize the 120-128 kDa antigen
recognize the pfodUct of recombinant tagA significantly

more frequently than do control sera.

30 - The pa%\rtial..seque_nc_es_of tagA and the two other

ORFs have no -ide;ntity- with the N-terminus or 3 internal



10 (Table 3). A positive signal was obtained from19 (59.3% of
these str yd'¢e10838S- PAGE and i mmunobl otting of whole cepberRbsiidese
strains indicated that 19 (59.3% of the 32 s8trains expressed a band
at 120-128 kDa. The i nmmunobl ot and col ony hybridi zation findings
correlated conpletely; 15 all 19 H pylgéi strains expressing the protein
possessed a gene honol og, in conpari'son to none of the 13 strains

t th 0 Fi sh tailed
o ot F o Sl i BL o (RO e e RS o G e bl 8 ki nayng, 38 2 L)
both pMC3 hykui g zadhon, egﬁﬁéfswggwétwﬁs1€ﬂaé2§h50§zbag%a(() }@ghg 3).

To gain information on t restriction fragnent ynor ph

t agA gene euuhd%&ﬂfknatﬁmmEeﬁms are amtigehfchbhplﬁgﬁaiagedei4um each
bacterial genone, 25 genomc DNA from4 H. pylori strains was prepared and
Sout hern hy FFQRRE: FOm %’ér@éﬁ neuReaked peduasdt genpr pseduct reyvggled ains

expr essi 0- ein an gsitive col ony _
hybri di zati o if%éé% éé%%§%x§$%§% g¥ W1ﬂ9ﬁ$?ﬂv9aPF8ﬁefﬁsa H ndlll restriction
fragment mgrating 30 at approximately 1.2 kb, and weaker bands at 3.0

and 3.3 ~kb. For a third strain that showed t he phenotype and had
WO 96/ 10639 - The tagA gene or homologousP@ghe§oBiré2pgesent in

50 : | o h hybri di : I
n the Sout ARRTORHISLFLY 608 Bhridhel HabBufort1 1so1aFes AEoALaRcPuands.
were seen.  dhd@idl FRGhatnd%ehetsTS A 1hQPlaled KY EHE! ﬁB gzed weakly

with the pr present tn all ree s rarns: or| strain

t hat 1@X ru:&slsm@p tRérd 28s képigentei ﬁoﬁnﬁebbﬂﬁ.ch&dnafl&agﬁfem:e
col ony hybridization, as well as a C. jejuni strain used as a control,
showed | ack RRL¥Me¥Plisnt even| whencosbyt acemall number of strains are

examined. Absence of a homolog correlated exactly with
lack of expression of an antigenic band at 120-128 kDa.
Thus, the phenotype lacking this band is not due to

15 deficiencies related to transcriptioﬁ or expression but

rather to the absence of the implicated gene.

- The presence of genomic DNA containing at least
the truncated tagA gene is highly associated with
20 cytotoxin production. A minority of strains that possess
the tagA gene do not produce detectable levels of
cytotoxin. This phenomenon may reflect suboptimal
sensitivity in the cell culture assay'tq-detect toxin, or
may indicate that factors other than the TagA antigen are

25 associated with toxin activity.

As shown by the immunoblot studies, the pMC3
products are excellent diagnostic reagents for detection
of human serum antibodies to the.TagA antigen. Use of

30 this reéombinant protein can readily supply sufficient

antigen to aid in development of immunoassays to determine'



anal ysis. Hybridization of pMZ3 to chronosomal DNA from 10 strains 84-183

and 6019%8%%5(1 with EcoRl and BanHl al so showed polpyiRIsPHIE
confirm ng e heterogeneity observed with the other restriction

enzyne. These studies i ndi cate that although honol ogs of TagA exist in
other H pylori strains, there is heterogeneity in either 15 intragenic °
or flanking sequences. o present exanpl e provides a .

cl oned fragnent of H. 'ylori enqni ¢ that includes the majority of

o ene SWRAEhoReEaEES AP IBEEERBOrMAED Br PRICEICAEERADE00 vl dency
that pMC3 c j h eng¢ odi,RQg e g sant Lgan dgag@arized
as foIIoms:S?%ghggPéthgtﬂgtgog g?gté?g ﬁ%? ?EStSéﬁé ggg S%gégﬁﬁ'in all H
pylori strajpgibodiebi rhisBhly aghinkls theppMesi genehprdddct2&anDdbepr ot ei n
hybridize with pMZ3 and strains that do not express the 25 protein do not
hybri di ze; @sed)teedaterming whichr ptrains; produse shesTagh Ratigedogni ze

“the 120-128 kDa.,antige ; ogni ze _the product of r.econbi nant tagA
significéntﬁ?oWleaﬁﬁrﬁgfFgﬁuéﬁﬁlgegﬁgﬂcﬁoogo ﬂﬁglpggpéis Egﬁ' The
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Phe. Nt er i SolERugtibAI0e 5d iBRuLHSSEI0RG for GBES aBANgbEA didatiic

PCT/ US95/ 12668bes or for primers for PCR. Such t&thniqueeqaaecedsio omthe

87 kDa cytotoxin. This finding is consi_stent wi_th earlier oRservations
that the 12@sedgfpparapridndeseckanypst drfeckionafiegta Gastyadty &’:ﬁ"ed

(4D o OB L8 el qbrupoaked eedutednobreaRigdich npvasked o I1ttle

pr _ gene or
honol ogoys &fEB3edr e1REEEaREohNof theProdel Bt ehistGenel privdudt @yldr i q
i sol ates studi ed but absent fromthe others. As indicated by the

Sout her n. 10prevatiesi bothhsherapeukiige reagrot s andr veccdner cagdddates.

pol ynor phi sm even,when only a.smal | _nunber of strains, ar 1 hed.
Absence of SUfB F6§n93FFEIEF&gggfaéPﬁymHFﬁﬁts 3 sc e&FI§§f¥5§§%%%Lof an
antigeni c band at 120-128 kDa. Thus, the phenotype lacking this band is

not due to 15 deficiencies related to transcription or expression but
rather to the absence of the inplicated gene.: ' - a



The presence of genom c DNA containing at |east the truncated tagA gene
i's highl ywasigaessdt ed with 20 cytotoxin production. A mnori msggii@g ns

t hat possess t he tagA gene do not produce detectable |evels of
cytotoxin. This phenonenon nmay reflect suboptinmal- senS|t|V|ty_|n t he
cell culture assay to detect toxin, or -53 may indicate that factors other
than the TagA antigen are 25 associated with toxin activity.

As shown by the inmunobl ot studies, thgayId3 products are excell ent

di agnosti c reagents for detection of human serum anti bodies to the TagA
antigen. Use of 3(Helicobacbtebhi puborpretvasnsansedadnl rhispmitpdyuf fici ent
antigen to aid in devel opnent of |nnunoassa s to .determ ne WD 96/ 10639
PCT/ US95/ 12669 - essipn of  h BXRRSSHRD £
infected with $trsymor| stréﬁﬁ%atlonproducﬂﬁg‘ﬂﬁé &S ve 120VBR¥Q&R$1HQ
protein, andesibgeabiogous __laggilbodies raisatigen®nst t '
pr oduct can be =~ used to deternlne whi ch strains produce the TagA

anti gen. Krdredge of theTBMASsequence of pMC3 pernits the -
constructlon gonucl eot i or use as hybridization probes or

for prinmers f%é g%% Such te? HI%UES are al so ¢ used for rapid ¥
detection of goiggtion due toEagithdin With tshe i nplicated genot ype.
Creation of deletion mutants 10 enables elucidation of the role of-this
gene product &hd22 provi deSoBerRdcher apeutic reagents and vaccine +

candi dat es. 86-3 gch dlagnosElionethods and mutants are detailed herein.
WD 96/ 10639 PCT/ US95/ 12669
' .87-199 Colorado + +
86-385 Colorado - -
87-33 Colorado + +
87-81 Colorado + +
87-91 Colorado + +
87-90 Colorado - -
87-226 Colorado + -
87-225 " colorado - - -
87-230 Colorado - -
87-75 Colorado - | -
87-203 ' Colorado - -
87-6 Colorado + -
'86-338 Colorado - -
86-63 New York + : -
86-86 New York + - +
-86-332 Minnesota + +
92-18 Tennessee + +
92-19 Tennessee + +
92-20 . Tennessee - -
92-21 ' Tennessee + +
92-22 Tennessee ' + -
92-23 Tennessee - -

SUBSTITUTE SHEET (RULE 26)



53 _Table 1 Hel i cobacter pyl or

strains_used in this study ' rososrissss i on of
Expresspghmﬁwﬁw Strain | sol ati on 120- 128 kggT

vacuol ati ng : designation |ocale antigenf[err] cytotoxin
activity[err] Tx30a Tepaas - 84-183 Texas

+ + 60190 - Engl and +

+ 87-29 Col or ado o + +

86- 313 Col or ado 87-199 Col or ado +

+ - 86-385 _ Col or ado - 87-33 Col or ado

+ 87-81" Col or ado + +

87-91 . Col or ado : ' + ' + 87-90
Col orado——87=226—"" """ Colorado————" F 87-225

Col or ado 87-230 - Col or ado -87-75 .. -Col orado
87-203 Col orado . 87-6 Col or ado +

86- 338 Col or ado 86- 63 - New York ' +

86- 86 New Yor k + o + 86- 332
M nnesot a + B




92-18 Tennessee + 92-19

Tennessegg ¢/ + ' + 92- 20 essee
92-21 9 m‘i:”gTennessee + : PCTNE&&@%Q
Tennessee + 92-23 - Tennessee-
SUBSTI TUTE SHEET (RULE 26) _ 55
PCT/ US95/ 12669 WO 96/ 10639 54
Y0 96/10639 | - Expres;on P6§/E>L(JS95énlﬁﬁégsmn of
) . pr essiPn k pre
Srain o PSRN TURAEOR e g TR
| ocal e . n[errTJ£“3%¥%0tOX|n'?m§Q%+$%TEWT]
Tennessee. 92- 25 ' Tennessee + +
92- 26 92-2%ennessee  Tennesseer - + 92- 27
Tennessee + + 92-28 Tennessee
a Recogni ppopsof 120-128 kignrdedgkd N cell | ysates by human +
serum as detected by i munobl ot (20).
92-26 Tennessee + +
92-27 Tennessee S +
92-28 ' Tennessee - -
2 Recognition of 120-128 kDa band in cell lysates by human

serum as detected by immunoblot (20).

b Production of vacuolating cytotoxin as detected in Hela
cell culture (59).

SUBSTITUTE SHEET (RULE 26)



b Production of vacuol ating cytotoxin as detected in HelLa cel |l

culture
: PCT/US95/12669
SUBSTI TU@&!@& (RULE 26) VO 96/ 10639
PCT/ US95/ 12669 S 56
Table 2 Am no acid conpositionsgf truncated 859 am no acid TagA

pol ypepti de as deduced from pMC3
Table 2

Amino acid compoéitidn of truncated 859 amino acid TagA
polypeptide as deduced from pMC3

Percent of

_ Number of 859 amino
~Amino acid regidues = | —acids
Ala 60 7.0
cys BEERIE I8 0.2
Asp 62 7.2
Asn 82 9.5
Glu o 59 © 6.9
Gln | 48 5.6
Phe 44 5.1
cly - 54 6.3
His 12 1.4
Ile : 50 5.8
Lyg 101 11.8
Leu 67 7.8
Met 12 1.4
Pro 24 2.8
Arg 22 2.6
Ser . 63 7.3
Thr | 30 3.5
Val ' 47 5.5
Trp - 4 0.4
Tyr 16 1.9



Per cent of Nunmber of 859 ani no

Am No aci v 96/10639 resi dues aci dspet/usesi2669

60 7.0 Cys 2

0.2 Asp 62 7.2 "Asn
82 9.5 Agq 59-

6.9 Adn 48 5.6 Phe
44 5.1 54

6.3 His | "Gaﬂ1°3 1.4 lle
50 "~ 5.8 Lys 101

11.8 Carnelation between presengs of 120-128 kDa hand by immpunoblofst
12 hybridization with pMC3 o and cytotoxin productidn

2.8 Arg by 32 H. pyldzi isolates from humans 2.6 Ser

63 ' 7.3 Thr 30

3.5 Val _ Y4 9.0 Irp
4 . 0.4 Tyr . . : 16 -

1.9 —__V@@WW
PCT/ US95/ 12669°

Presence of Hybridization Cytotoxin
120-128 kDa of pMC3 to production _
band on H. pylori in cell Number
. - immunoblot? colony® culture of
' : assay® strains
+ + . 15
- - - 13
+ + - 4
- - + 0
- + - 0
+ - - 0
+ - + 0
- + + -0
a Recognition of 120-128 kDa band in cell lysates by

human serum as detected by immunoblot (20).

b Hybrldlzatlon of pMC3 to lysed H. pylorl cells in
- gcolony blot (50).

¢ Production of vacuolating cytotoxin as detected in
HeLa cell culture (59).



57 : _ Table 3 Correl ation betmeen presence
of 120';5§85§§”gfpd by i nmunobl ot’, hybri di zati on ik, g0 and

cyt ot oxi i on by 32 H pylori |solates fro umans
Strain characteristics - -.Presence aof . Hybridization
Cyt ot oxi n 120- 128 kDa of p to - production band
on H pylori : inc Number i nmunobl ot a
col ony[ err] culture of
assayjerr] strains EXAMPLE 2 . +
+ .15 _ :
13 ' +Construction and characterization of a tagA-negative 4
S . 0 | strain of Hblicobacter‘pylari 0. +-
5 | ' 0
+ a' Recognltlon of 120-128 kDa

band in cell serym as det ect i_mmunobl ot (20).

b Fybr|cﬁi%.?5 aif’%ﬁtﬁ“?o 14 gﬁ =ﬁ§|8FPVg§|F8 ﬁﬂtQXn col ony bl ot
(50). ¢ Productgo 9§o¥€[§8¥?3h”949159tQﬁf@caSBdQE?Chgédi&n

HeLa cell culture (59).

- PCT/ US95/ 126ifs study was from the culture collection of the

10 Vanderbllt Unlvér51ty Campylobacter/Hellcobacter _
Laboratory and was chosen because it has been extensively
characterlzed Stock cultures were ﬁéintained at -70°C in _‘l
Brucella broth (BBL Microbiology Systems, Cockeysville,
MD) supplemented with 15% glycerol. H. pylori strains were

15 grown in Brucelia broth supplemented with 5% fetal bovine
serum or on blood agar plates supplemented with nalidixic
acid (50 mg/liter), vancomycin (10 mg/liter), polymyxin B
(5000 U/liter), and trimethoprim (5 mg/liter) under
microaerobic cohditions at 37°C for 48 hours. E. coli

20 strain DHS5a (Stratagene, La Jolla, CA) used for
transformation, was grown in LB mediﬁm. As described
above, pMC3 contalns the truncated tagA gene on a 3.5 kb
insert in pBluescrlpt Plasmld pILL600 (60) was used as a
source of a C. coli kanamycin (km) resistance gene.

25 : _ oL
Chemicals and enzymes. _ _
_ " Final concentratlons of amp1c1111n (100 ug/ml)
and kanamycin (50 pg/ml) were used whenever necessary..
Restriction enzymes, T4 bNA ligase; E;féoii DNA polymerase

30 large (Klenow) fragment were from Promega and United
States Biochemicals (Cleveland, OH). «-*P-dATP (650

Ci/mmol) was from ICN Radiochemicals (Irvine, CA).



58 EXAVPLE 2 Constructi on and

character @3%&?1539f a tagA-negative ' strai

Hel i cobact er ori Bacteri al’ strains vectors and gro cong%?lons
H pylori strain 84- 183 (ATCC 53726) used in this study was fromthe
culture collection of the 10 Vanderbilt University
Canpylobacterlkblicobacter Labor at or yYnd was chosen because it has
been exten5| Z cterized. Stock cultures ' were naintained at
-70[err]Cin tig te ngqBPBth (BBL M crobiology Syst ens, Cbckeysville

VD I ted with

BrLcZIulog grg'? hesu\pl)mpl enéﬁfggbggﬁé%am ef"g¥ g%ﬂ’%%egl a3 %ﬁﬁr ag?mogvc?d'nagar
pl at es suppl phashids webenabblhtea b?' thaCpsotaluil/ bt BmbeARe aRei n (10
ng/liter), polynyxin B (5000 Uliter), and trinmethoprim (5 nmg/liter)

under . nPe baéﬁ%brc bbhdpthgnssaanéarérmp&ebuﬂa¢89hmamac E. coli 20

t [ Strat eq. f t f t

or own i n 5 TERHTRUAS "HEEE; paBgotned, a5, HesRRibedn 50 ns BRA 11 uncatod
tagA gene 0”f9a§m§n5§ used'9§eﬁ}obasp5596 ?BE?Enf§E§%§?% é?%ﬂé%x&?o) vas

used as a source of a C. ‘col1l kananyc resi stance gene.

Chem cal s arderezgedspurified. Fi nal concentrations of anp|C|II|n
(100 [err]g/m) and kananycin (50 [err]g/m) were used whenever
necessary. Restriction enzymes, T4 DNA |igase, E. coli DNA pol ynerase

R e L 1 i L
| N Radipgheni cal s (I rahng. 681i kanamycin-resistance gene was

inserted into the unique NdeI site of pMC3 to create
PMC3:km (Figure 2). This construct was introduced
directly into H. pylori strain 84-183 by electroporaﬁion.
Briefly, H. pylori cells grown on blood agar plates for 48

15 h were harvested, washed three times in eleétroporation
buffer (15% glycerol/S5% sucrose) and suspended in 200 ul
of the buffer. Plasmid DNA from pMC3:km was isolated by a
'rapid\(mini-prep) alkaline-lysis method of Birnboim and
Doly and was added to. the cells and incubated for 5 min on

20 ice. The cells and DNA were transferred to 0.2 cm
electroporation cuvette in a Gehe-pulsar apparatus (Bio-
Rad), and high voltage pulses (25F, 2.5 kv and 200Q) were
delivered as described previously (61). Following
electroporation, the cells were suspended in 400 #l of LB

25 media and spread on blood agar plates. The plates were
incubated at 37°C under microaerobic conditions for 24 h,
then cells were harvested, plated on blood agar plates
containing 50 pg/ml of kanamycin, and incubated
miéroaerobicélly for 48 h.

30



WD 96/ 10639 : PCT/ US95/ 12669
59 Cenetic_techni ques. Chr onosomal DN@ r red as
descri beQVO.MIPE39 Pl asm ds were isolated by the proced %ﬁﬁggﬁﬁgﬁboim

and Doly (49). Al other standard nol ecul ar genetic . 5 techni ques
were perforned as descri bed (50). DNA fragnents used as probes for
hybri di zati on experinents were gel -90rified. I ntroduction of km
cassette into H pylori strain 84-183. 10 : An E. coli-

kanamyci n-resi st ance Theneclasing vedtmenisat iva® unableitperéplkicatee of

pMC3 to create MC3: km (Figure 2). This construct was introduced
directly info W‘gﬂ ,%’%?aﬁ‘-#%‘%ﬁ%s P kAR SRT AL nLNg ‘B?é)ﬁl y, H

pyl ori cell r ) d, ¢ « : arvest ed, washed
three tine |e%%a;c%%3rﬂ‘%[q? g%aélé)é' %ﬁ%&"ﬁ%ﬁ@%cﬂﬁ@% sucrose) and
suspended igppkineradly 104 of. thplbuifefu, PLasm crahéebrnanpyCi1bm) vwas

I sol ated by a . rapid (mni-prep) alkaline-lysis nmethod of Birnboi mand
Dol y and waerei®btainedohan |50Gmg ok mkasnid ANA was wedo ice. The
cells and DNA were transferred.to 0.2 cm el ectroporation cuvette in a
Gene- pul sar apparat us (Bi o- Rad), and high voltage pul ses (25F, 2.5 kv
and 200[ er ido1 oM rybrididdesdfd as described previously (61). Follow ng
el ectroporation,” the cells were suspended in 400 [err]l of LB 25 nedia and
spread on bl ood agar RifityeskarnEdmyqimirssisrant transbotedarts apbi3yinedder

m cr oaerobi c conditions for 24 h, then cells were harvested, plated on
bl ood agar BY &laFtroporaien Meke HFQWEF 197y /o aganRkates AR ncubat ed
m cr 0agiyb 'r%%lliycg Oéopdi8e41'o£’3cl:hese colonies were transferred to - ‘

nitrocellulose filters. Each filter was placed on 3 mM
Whatman paper saturated with 0.2 M NaOH/1.5 M NaCl. After
3 min the filter was transferred to 3 mM Whatman paper,
saturated with 0.4 M Tris-HCl (pH 7.6)/2 X SSC for 3 min,
15 and then to 2 X SSC for 3 min. The colony blot filters
were dried in a vacuum oven for 90 min at 80°C and
hybridized with radiolabeled pBluescript or the km--
resistancé gene, as described above. The colony blots
were washed at 60°C in 0.5X SSC and exposed to XAR-2 X-Ray"
20 film (Eastman Kodak, Rochester, NY).

Gel-electrophorésis and immunoblot analysis.
Lysates of E. coli carrying pBluescript, pMC3 or .
pPMC3 : km 6r of H. pylori cells were prepared and analyzed
25 by SDS-polyacrylamide gel electrophoresis (SDS-PAGE).

- Immunoblotting of whole cell extracts defived from wild-
type and mutants-l, 21 and 22 was performed as detailed
above using a 1:300 dilution of adsorbed human sera, and a
1:2000 dilution of goat anti-human immunoglobulin alkaline

30 phosphatase conjugate as the secondary antibody, as

described above. These studies showed that isogenic



WD 96/ 10639 . _ PCT/ US95/ 12669

60 wo 9610639 The cloning vector used was unable to reppéfpbsnzee | N

H. pylori and sel ection on kanamyci n-containi ng nedi a yi el ded

kanamyci n-resi stant reconbi nants. From approximately 10[err] H pylor

- cfu, 3000 transformants (10[err]) 5 vere obt ai ned when 500 ng of plasmd
DNA was used. Col ony hybridi zati on. _ Fifty

kanamyci n-resi_stant transfqrmnts obtajnhed by:#&l ect roporat ion_were

0r own” on. bl BB SRin SEAAE Linciro F 14 PLED IR - LFERES bR BERe ¢
'fransferredpggduct.nitrocelIulose filters. Each filter was placed on 3 nM
What man papér saturated with 0.2 MNaOH 1.5 M Nad . After 3 mn the
filter was transferred to 3 nM What man paper; saturated with 0.4 M
Tris-HO (pH 7.6)/2 X SSC for 3 mn, 15 and then to 2 X SSC for 3 mn. The
col ony bl ot Southexn hybridizakionsin a vacuum oven for 90 min at 80[err]C

and hybri di zed w Wl £d. CLERL: Pk k si stance
gene, as 5descri bed abosfléeﬁ.e}?é#% 0 oJ'n(g/l‘-'Eéﬁe‘%):'?('g}§ of p‘smlé?aé %’/\gé%egt a?yéﬁ%grr] Cin
0. 5X SSC angt@sdes ad 118 3X4Rd Ralavyc V- Féd 8 hast tRindEeakanBachast er,

NY) . Gel el ectrophoresi s and i mmunobl ot anal ysi s.

Lysates of BndMa2 mwexne iperfmmedcr ikt , pylosi orhromospmnal: RRAowasf H.
| ori s, | yzed 5b DS- pol l am d |
b1 ect r ophor e ket ke Hintr Y e PBurf Cand SRcTnd Ehe) Pekufnihy
derived f | dref , dag?2
erive ro@f%%g§nts wefé”giéﬁﬁkéﬁﬁffﬁéé& o %aa@.7%e%&ﬁﬁogér§8inﬁﬂdas

detail ed ve using a 1:300 d | on of adsor man Sera, and a
1: 2000 dio uttiransfergeal totnylomatenbramegl oPrbbes avépei g€l -purified

DNA fragments derived from pMC4 or pILL600 and were

radiolabeled by primer extension using random hexameric
oiigonucleotides as described above. The DNA was then
transferred to a nylon membrane and hybridized with 32p-

15 1labeled pMC4 or the 1.3 kb km cassette under conditions of
high stringency. Hybridizations were performed in a
solution of 6X SsC, 0.5% SDS, 5X Denhardt's solution and
100 pug/ml salmon sperm DNA and the blots were washed for
30 min. at 60°C in 0.5X SSC/0.1% SDS.

20 |
Genotypic characterization of the transformants.

To provide genetic evidence that the!tagA gene
is disrupted in the transformant strains, DNA isolated
f:oﬁ wild-typé stréin 84-183 and H. pylori mutants 21 and

25 22 was digested with the restriction endonuclease HindIII
or BamHI and Sacl. After separation of the digested DNA
on an agérose gel the DNA was transferred to a nylon
membrane and hYbridized to pMC4 which is a tagA probe.
This probe hybridized to approximately 20 and 1.0 kb

30 BanHI-Sacl fragments in the wild-type strain, whereas the
1.0 kb BamHI-SacI fragment is lost and a new 2.3 kb



30 phosphatase conjugate as the secondary anti body, as descri bed

above. These studles showed t hat isogenic ~ WD 96/ 10639

PCT/ US95/M9 8§ 1639 61 mulShUSSYrSfhs 1,
21, and 22 have no antlgenlc t agA gene pr oduct . Sout hern
hybrldlzatlons 5 Sout hern hybridi zation of wld-type H

pyl ori strain 84-183 and kananyci n- 8&si st ant. transformants M1 and

M2 were perfornmed. H. pylori chronosomal DNA was di gested wiith Hi ndll
or BanH aﬁmﬂSaxdlanugtﬁeagmguttwag Observaénéﬁtboﬁbr@uéﬁé§tF&EﬁéP@sed on a

0. 7% agarose, 10 t ansferr | o nbr a S

gel - purlfléﬁlgh° 18Fup ﬂ?s e€ﬂ9 tﬁ%ﬁnﬁﬁ%ﬁﬁ ggP&E&%E9an e Pe

r adi ol abel : DE & ger S rgﬁgog1§e§aﬁgrfg t ned
oI|gonucle?g?dgéﬂg£f§e§g§§§ggtgaggela.te DNA was t hen agm??éng?érred to a
nyl on menbrimebati wybahtszbdcauseé fErthe- kabhatgbihetepiBtancet gene 3 kb km

cassette under conditions of hi gh stringepcy bri di zati qns were
per f or me® |hn§¢rt1°§oluTthkBFaGXFSBC$eBeSQF EB h¥g¥5§ﬁﬁ§éd Ys 8 on and

100 [err]g/ I S n h S 30 min. at
60[err] C i 5; gg@?oggéﬁgggAcgogn& chng%ygﬁgag g?zgggmkggtﬁbn of the
tranSfor”HﬂHQtants 21 and 22 $0rRify¥) dehgeReinaicdteenhatt raplaveneagA gene
is disrupted in the transformant strains, DNA isol ated fromw | d-type
strai n 84- 188dandcurred| dni thet saga gengnd THus? &he dagas geaenilth t he
restriction endonuclease nd,Sacl . .After ar,at i on of
t he dlgesteﬂ FRRD 84-1R3 EgaggFSQemBEPgFﬁézﬁﬂA% énFF§ﬁ§P@rpgd%$% éaLylon
menbr a Qybridized to. pMCA which is a tagA probe. Thi s probe

. hybridiz%d B approxi mately 20 and 1.0 kb 30 BanHl - Sacl fragments in the
‘W | d-type strain, whereas the . 1.0 kb BanmHl -Sacl fragment is lost and a
new 2.3 kb WO 96/ 10639 .

PCT/U895/126390toxin production.
Cytotoxin production was assayed as described

above and the results shown in Table 4. The results
15 indicate that neither the intact TagA antigen nor the

intact tagA gene is'required-fox vacuolation.



62 hybridi zi ng fragnment was observed in both nutant strains wi t hout
di srupt i owondes/mpbe® ot her bands. Similarly, a 1.2 kb H ndpcTrokssmzeent was
| ost and a 2.2 kb fragnent gai ned in both mutants because of the
kanamycin resistance gene 5 insertion. The kanamycin gene probe hybridi zed
only with the 2.3 kb BanmHl -Sacl and Z42 kb Hindlll fragnment in

mutants 21 and 22 strains, which indicate that replacenent had occurred

in the tagA gene.  Thus, t he tagA gengapile 4 Strain 84-183 had been

mut ageni zed by insertion of the km 10 gene. Cyt ot oxi n producti on.

CytotOX|n productlon Was asss ed as descri aboye and the results

shown i n Tabl e GYtafexinspreduction By Wid rﬁ&?engrtﬁg Ofthe 8 TagA

antigen nor the intact tagA godetRgAf cgutantsfor vacuol ation. VO

96/ 10639 ; PCT/ USO8/ 12669

63 Tabl e 4 Cyt ot oxi.n production

by wild-type H pylor| strains and tagAlerr]

nutantg t ant tical dilution '

densi t &1t e 84-1 %p“"ﬁ) VP2

87- 203 ion ;.5 ——e—z—r—e—eﬁ-&nﬂ%ﬁ—e—% . . ~G33~-0—65 0

[err]0.02 ' .

84-183 M1 ' M22 87-203%
1:5 - 0.21 ¢0.04 0.26 +0.04 0.23 £0.05 0 +0.02
1:10 0.16 +0.02 0.20 +0.03 0.13 +£0.02 0.01 +0.01
1:20 0.13 £0.01 0.15 +0.02 0.10 £0.02 0.01 +£0.01
1:40 -0.09 £0.02 . 0.06 +£0.01 0.06 +0.02 " 0.01 £ 0
1:80 0.03 £0.01 0.04 0 0.02 £0.01  0.01 £ 0
1:160 -0.01 £0.02 -0.01 +£0.01 -0.01 £0.02 -0.02 £0.02
a Net optical density as measured in neutral red assay of

cytotoxin-induced vacuolation, as described above (59).

b Strain 87-203 is a strain known not to produce cytotoxin.

EXAMPLE 3
Full Length tagA Gene and Gene Product

S Cloning and sequencing of,tha-full length gene.
_ To isolate the full-length gene, we next used
the 0.6 kb fragment of pYEl as a probe to screen the
AZapII library of H. pylori 84-183. Five positive plaques

were purified and the pBluescript plasmids containing the



1:10 0.16 0.02 0.20 0.03 0.13 [err]0.02 0.01 0.01 1: 20

0.13 [er 0.15 0. 02 0.10 [err]0. 02 0. Ok 1
1: 40 wd??fgﬂ’?’oz 0.06 0.01 0.06 0.02 0. 01ic%%§5}11:9?3%

0.03 0.01 0.04 0 0.02 0.01 0.01 0O 1: 160 -0.01 0.02°
-0.01 0.01 -0.01 0.02  -0.02 0.02 a Net optical density as
nmeasured in neutral red assay of §%otoxin I nduced vacuol ation, as

descri bed above (59). . Strain 87-203_is a strain known not to produce
cyt ot oxi n. cloned D A 1nserts were excised xgggﬁanfeptlon with the

Full Lendt heh3gh SHCANE ANl Five ndbitiye, SlGRLE%ARE, 2EG O CI NG

of the fuII h gene,

we next usefa msetz*t% Q6 Xhipd r:ﬁgéB?nCdélifa hdd @tsompron@etaléﬁéeen t he
[err]Zapll library of H. pylori 84-183. Five posi tive plaques _ wer e

purified ardésmmqﬁdjegﬂmﬁ,ptwmlcas rearaions @ i iy kbnelnsert A/\DV@%/ 10639
PCT/ US95/ 12669 i nserts

were ex@é s@@ow%équ%mf%ﬁr Wtydy and a H'é‘?%%‘?l%%% mi%cgp'egera 8dfive -

~ positive cl 4ﬁ§? t shomn
The cl one (%qeg?f‘es at ed &féze I C én?a%lsg%iézh% {ﬁa#ﬁg‘a Q@ 5 .
chosen for ewaetiererfd ¥ vyl 2. 7 ad rimsiem SRpYEN cwad q_derfort(l&ﬂgur e 3). A

series of nested deletions:starting at either end of the 2.7 kb insert
of pYB2 wasigiad WCleaSQJsﬂfg etgamm@eewélapnlnws%be%m@bﬁnﬁg

deletlon clgpe§32 we determlned 1969 bp sequence in both strands.

10 As expected, the first 785 bases of this sequence (SEQ ID .

NO 3, beginning with nucleotlde 2864) overlapped with the
- end of pMC3. Translatlon of the complete nucleotide

sequence generated from pMC3, pYBl1l and pYB2 in-all
possible reading frames revealed a single open reading |

15 frame of 3,543 nucleotidee initiated by an ATG codon at
position 1072 and terminated by a TAA codon at position
4,615. The sequence encodes a protein of 1181 amino acid
residues (SEQ ID NO:4) and the calculated molecular weight
of the deduced polypeptide is 131,517 daltons. A sequence

20 that could form a potential stem-loop structureein the
MRNA and which ¢ould serve as a transcription termination
site (AG= -14.4 Kcal) extends from nucleotides 4642 to
4674 (SEQ ID NO:3).

25 Hemoldgies of the TagA polypeptide with other proteins.
Search.of Swiss.Prot version 21, and NBRF-PIR
protein data banks showed no striking homologies with the
full 1ength-TagA antigen (SEQeID NO:4). However, among
the homologies with the highest scores were chloroplast H*-
30 " transporting AT?'sYnthaSee (62,63), and a sodium channel
protein (74) with 16.8% and 17.3% identity, and 50% and



of pYB2, we determ ned 1969 bp sequénce In both strands. 10 As expected,

the first w8a¥shgaes of this sequence (SEQ ID NO 3, begi nrpcigusyshSeso
nucl eoti de 2864) overlapped with the- end of pMC3. Translation of the

conpl ete nucl eoti de sequence generated from pMC3, pYB1 and pYB2 in al
possi bl e reading franes revealed a single!?pen reading 15 frame of 3,543
nucl eotides initiated by an ATG codon at position 1072 and term nated

by a TAA codognp osi tion 615., .The se uence ;encQdes a protejn of
1187 ami no adfde® BORpBLVAdeaMiBROARAIROLE Chtd TR ol TR RS

! Wt
neight ok ibs daduaed pobypeniEdacs Ly S1kdidines Amequence 20

that could forma potentla stém1o structure int and whi ch

coul d serve hemelbyiescwepk ebseevadnahed the anince ddi?Y IdeGuernkbest d€al )
extends from nucl eoti des 4642 to 4674 (SEQ | D NO 3). 25 Honol ogi es

of the TagA pBPypEPErdEWR ORFst Fentpised 4o pMC3 were comparSuhmitiof
. SwWiss. Pro NB Pl R protei n data banks showed no
| Ki %onopggggggéFPhggﬁg ﬁﬁs * [

striking Sl | | engt h TagA antigen (SEQ ID NG 4).
However, anong t he honol ogies with the highest scores were chl oropl ast
Herr]- 30 transporting ATP synthases (62,63), and a sodi um channel
protein (74) with 16. 8%hendohtedt iode ivaistiy, amﬂmdﬂiﬁmﬂsj[141 M3 i3t 0639
PCT/U895/126?9 42. 6@6conserved
ami no aci ds iﬁltﬁﬁ)ré&ﬁoﬁlﬂe?ﬁﬁﬁﬁaﬂé§ﬁﬂué§ 9*)]11E8@a¥ﬁf

respect i vel v ShATWGLC Ahad s BOROLANHES IO L SR e e ani o

aci d sequences ar ed
with 5 the ppo&ﬁtnoﬁataeb@&ptlde (8.89). A hyd%a@ﬁfc.qrtty Qilé@Sl c am no

acids [141 lysines,

indicated that the deduced protein is predominantly
hydrophilic. An interesting feature of the primary
structure of this.protein is the-pfesence of structures of
homopolymeric amino acid sequence, most notably

15 polyasparagine (SEQ ID NO:4, Position 3705). In searches -
comparing this asparagine-rich region with various protein
sequence data bases, there was strong homology with
sequences from yeast (64,65,66,67,68,69,70) and Plasmodium
(71) nucleotide-binding proteins. Polyasparagine is also

20 found in the DNA-binding regulatory product of the lac9

gene of Kluyveromyces var.lactis (72) and potassium

transport protein (TRK1l) of Saccharomyces cerevisiae (73).

Construction of the full length tagA gene.

25 . - - To comnstruct the full length tagA gene, we
utilized the unique SacI restrlctlon 51te located in both
pPMC3 and pYB2 (Figure 3). First, the 3.6 kb tagA fragment
of pMC3 was cloned into a pUCl1l9 vector under the control
of the lacZ prometer, to generate pUT1l. Next, the 2.6 kb

30 SacIl fragment from pYB2 was éloned_into sacl-digested

pUT1. A clone with the correct orientation was selected,



(11.9% and 117 asparagines (9.9%] TagA was unusual ly hi gh and was
consi ste ' he predicted isoelectric 10 point of the ' 89). A
hydr opat ﬁ%%’{?@%ﬁt ot i ndi cated that the deduced protei g&?@hg%ZG&
predom nantly hydrophilic. An interesting feature of the prinmar
structure of this protein is the presence of structures of :

honopol yneri ¢ am no aci d sequence, nnsteﬁotably 15 pol yasparagine (SEQ I D

NO 4, Positiagn 3705). In searches . .conparing this asparagi ne-rich
regi on mﬁtWhﬁﬁh(ﬂig[ﬂﬁﬂﬁgiPUTz'séth@ﬁP?&E%ﬂté@&Eﬁ {PEN%)mggugtrong
honol ogy wi S -6 ( _ 6 0).. and )
Pl asnodi u sert%%‘?ﬂ%%%ﬁdg_“ Bly nai nxé’ g’f% g?ege? (i?oq? %’i{ssg%‘ga‘g‘}ﬁ% Y’l%eal so 20
found in t AEdONATDidoMpIG ArRas vl tH Yo i Oflifii 1 ¥ménes | GE khe Budfpésef

Kl uyveromyces var.lactis (72) and potassium - transport protein (TRK1) of

Sacchar ony Fxeasar avidsmAqeEdsion No. GRRlI uctBorceli t¢elisil | | ength tagA
gene.

5 I tr the full |ength tagA
011 zod 1 FERERLRIRISRITTS G B S eneed e L WHRARACEAVE Jis and

pPYB2 (Fi guhg,13¥ri @2§ﬂkné'§%é%éiﬁ¢)tagA f ragment of pMZ3 was cl oned
into ap vect or under "t he control of the lacZ proneter, to generate

pUT1. Next, the 2.6 kb 30:Sacl fragnent from pYB2 was cloned into

sacl - di gest ed  pUT1. A:clone with the correct orientation was sel ected,
WO 96/ 1063Petection of human serologic responses fior/th®recmuvinant

'n the pCeRASA BXeRATH Y Mentdhn ROEG 11\ he T ATCC i n compl | ance

- with the requirenment gpladdidnBtAR@fdther human sera reacted with the
full-length recombinant TagA protein, lysate from pEM3-
containing cells was“eiectrqphoreéed on a 7% acrylamide
gel, and_electrdblotted:onto'nitrocellulbse paper. Sera
from 10 H. pylori infected humans and 10 uninfected humans

15 were diluted 1:100 and tested for reactivity with the
recombinant protein. Sera from 7 H. pylori infected
persons recogniied.the TagA protein, compared to sera from
1 of 10 uninfected persons (p=0.01, one-tailed Fisher's
exact test). Thus, the recoﬁbinant full-length protein

20 was a useful antigen for aésessing_human-responses to H.

pylori.
EXAMPLE 4

25 ~ H. pylori-stﬁai#s possessing tagA associated with an
increased risk of developing adenocarcinama of_the stomach

' This example describes a serologic assay to
30 determine whether'Helicobactér'pylori'inféction is due to
a tagA* strain. j_This-éézi'um_'I'gG assay, utilizing orv220, a

recombinant tagﬁ fragment was found to have a sensitiﬁity



Treaty under Accession No. 69273. E. coli cells 5 containing pUT2 or
PEMB expr exs®seo63ve | nmunor eacti ve H. pylori 128 kDa pr oPETAIS95/12669

Det ection of human serol ogi c responses to the reconbi nant - TagA protein
by Western blotting. 10 To determ ne whet her human sera reacted
with the full-length reconbi nant Tag# protein, |ysate from pEM-
containing cells was el ect rophoresed on a 7% acryl am de gel and

el ectrobl ot {gd ganiy rfd‘yp@% r avh & yI ori
i nfected humans and 10 uni nfect %}q:lf?r%ﬁsgzlgv\ereendj% ute 1: 100 and tested

for reacti viclindicdal iyhelef ingdeeophilsiiorprotein.  Sera from 7 H pylori
I nfected persons recogni zed the TagA protein, conpared to sera from
1 of 10 uninfected persons (p=0.01, one-tailed Fisher's exact test).

Thus, the reconbi nant ful lqreaﬁqzt rOthH] azl V\q?ovgs%% é’lHant'.gSPifor

assessing human respo e

EXAVPLE 4 iZFectidn M'ﬁéocﬁl&@&'%ﬁ?sﬁé&f‘ﬂc t@é&fcé‘fsﬁféﬁt edg¥thi an
i ncreased risk of devel opi ng adenocarci nona of the stomach

Thi s exanpl epeesimens obtasioved dyiom & ohdxt 3 JEpanesecAméritan men
Hel i cobacter, %OI’I Jnfection is due to a tagA[erri strain. This serum

| gG assay, dfi HaAalg wapuped in a studbhiRthaR3 tAgPY feg&efound to
E%\{/euggg/eg?%'é‘vw% event:nggl@l 1&6539}'ears after th%7serumo§p5ial.tﬂg/gg nd
speci fi ci ty wefred ddi%bedtait )ussrd Toped gddtric addncdef i awd pPoOPuhattRad
10 H. pylori-infected control speéimens from the men who did
not develop cancer within the same period of time. Serum
antibodies to TagA were associated with a 1.9-fold (0.9-
4.0, p=0.08) increased risk of developing gastric éancer
during the observation period. Amoﬁg the 75 men with
15 intestinal type cancer of the distal stomach, the odds
ratio (OR) was 2.3 (1.0-5.2, p=0.056). Young age (<72
years) and late stage at tumor diagnosis each were

significantly associated with TagA-positivity.

20 The following results indicate that presence of
serum antibodies to the product of a recombinant tagA
accurately determines the tagA status of an infecting H.
pylori strain, and indicates that infection with a taga*
strain is associated with an enhanced risk of development

25 qf.gastric cancer, especially intestinal type affecting

the distal stomach.

Selection of patients for validation study.
To determine the utility of the TagA serologic
30 assay, sera from 181 persons whose H. pylori status had

been previously defined (9,22-24) were studied.



The present exanple also shows that H pylori 5 infection is associ ated
W th gastwoos/essdeer risk. Serum speci nens obt ai ned fr POTASLH266% of
Japanese- Aneri can nen in Hawaii was used in a study of 103 H.

pyl ori -infected men who eventually (13 years after the serum speci nens
were col | ected) devel oped gastric cancergg and 103 matched 10 H
pylori-infected control specinmens fromthe nen who did not devel op

cancer m”thbﬂ%%ggcﬁégengéb?g SB iig? 8§§5ugh8§§ ﬁﬂbigﬂﬁég§ehﬂ TagA were

associ ated W I ncreased ri sk of

devel opi ng gagbstépgaandr had bﬁiupsmgst Bhatbdtdvabtorepenlod. pideag the 75
men with 15 intestinal type cancer of the distal stomach, the odds
ratio (OR) wafegt3opiby. SaEldeGGQSG)teﬁﬁuﬁg Byehisgologicyear s) and | at e

. stage at tunDr d|a nQsi s ch |f| a d,
TagA—p05|t| 9 gﬁﬁn' afi a@Ee?ﬁg P&P ﬂgn§§§&9¥g §§%82%§§ #;

presenc Ofstandaf&iﬂgaaahbyﬂQLQink@dtﬁﬁmﬁh@géﬁbeﬁﬁ askagonerIsa) FoeA

accurately determnes the tagA status of an infecting H pyl ori- strain,

and i ndi cat esrtialgGnétrecbedwtohHa pyddkdr (R5) . Ther AlLS unlaéammaﬂexi

wi th an enhanced ri sk of developnent 25,of gastric cancer, especi al

i ntestinal PypientpeWerfgarbitrakaly; diyidedopntn a re erS@F@cﬁFEﬁmbf

oL SIS oiais) SR B arn (pstol, galeBICRELIS S |1 1
had be@ﬁo@éefréﬂshhoﬁeh1n§916912%a34bbwaﬁﬁeatuﬁledlture on
10 biopsy; these 66 patients included those with duodenal ‘
ulceration (n=14), gastric ulceration (n=6), gastritis
alone (n=36), oi.other diagnoses (n=10). For each
patient, a éing@e isolaté.was evaluated to determine tagA
status by colony hybridization with a gene-specific probe,
15 as previously described (6,24). On the basis of the
hybridization aésay, 36 patients were defined as being
infected by a tagA* strain, and 30 patients by a tagA-

strain. All sera had been stored at -20°C until used.

20 Selection of patients for cancer study.
All the patients in this study were part of the

Japan-Hawaii Stﬁdy.cohort, as previously described.
During the 21-year period from 1968-1989, 109 cases of
pathologically-confirmed gastric carcinoma had been

25 identified, and previous serologic testing indicated that
i03 of these patients had been infectéd with H. pylori at
the time of their original serum submission in the 1960's
(5). Of the 103 matched controls for these cases, 83 had
been H. pylorz 1nfected For each of the remaining 20 H.

30. pylori-infected cases, 3 further controls were 1dent1f1ed

according to the previous crlterla {(5). Serology to



WD 96/ 10639 ' o PCT/ US95/ 12669

68 UnW@ 86/10639 per sons (n=115) were those who underwent PCT/USHSIRS6D pY

- and had biopsies that did not reveal H pylori ~imfection by rapid urease
test or by histologic exam nation; all patlents al so had negative
serology in a 5 standardized enzyne-|imged i munosorbent assay (ELI SA)
f-or serumlgG directed to H pylori (25). The 115 uni nfected

patients wer@e@éﬁhiﬁérwhatﬂéwﬁedpyﬂbhalhetae&%aewarsogb&esent Wassdori@d 2
test group (n=80). Infected persons were those fromwhom H pylori was

obtained in @ml¢udedosamnbesb|apdyfrbmeshe6§opatueass onel degytloxsie- wit h
duodenal eratlon én =14), gastri.c ulceration (n=6), gastrltls

al one (n= 36)m fCheReFo Faa?-.ogég randeomlyrgelestrd forp&ﬁc@n hg A e

i sol ate was ternln A S tion
with a gene'g%e0|?ﬁcgp%§%gs 15Eha§°%?gv 88§|§@§H§b?£ ?%¥52¥P]i%;%?

basi s of 3 hepylorbyimfdtzedi menawhoydevelppeiicghstiie cdeideisd aam bei ng
infected by a tagAlerr] strain, and 30 patients by a tagA strain. All

sera had beéﬁhélbrb@3amatebﬁdr¢PEtUQﬁSL wbodalso2werselfbcmydonsf- patients
for cancer atients in this stud re part
of the o “hifdcred BEF d9ugotofieve o BRRtLo. SRRt Biae tHE it ng
the 21-year pengpdnéfpgy1968-1989, 109 cases of

pat hol ogi cal I y-confirmed gastric carci nona had been 25 identified, and
previ ous serologic testing indicated that 103 of these patients had
been infected with H pylori at the tinme of their original serum
submi ssidh i freparatiensof thesrecembipantoTagh amddg@ntrol s for these

Case 53 1 ea”ooRo b 784 B e YRS O W AR 20 1
to the preV'@ﬂSCQQAPQIbﬁe&5in pRE8! Q9%)t Qas subcloned into the BamHI
site of pET15b (Novagen, Madison WI), downstream of the T7.
promoter. This plasmid (pORV220) was used to transform E.
15 coli host strain BL21l, a ADE3 lysogen containing the T7
RNA polymerase gene under control of the lacUV5 promoter
(26) . Addition of IPTG to a growing culture of the
lysogen induces T7 polymerase to transcribe the target DNA
on the recombinant plasmid. This vector allows
20 transcriptionally-regulated expression of a fusion protein
consisting of the TagA - fragment with an N-terminal
histidine-tag. The fusion protein consists of 600
residues.(24 vector + 576 insert), and has a predicted
molecular mass of 66.4 kDa. The protein was purified from
25 ;ysates of induced broth cultures using a nickel-chelating

resin, and eluted with imidazole, as described (27).

Serologic methods.
The presence of serum IgG antibodies to H.
30 pylori was determined by ELISA with the Pyloristat kit

(Biowhittaker, Walkersville, MD) as previously described
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69 dg siobH whether H pylori infection was present veSr/geysa2669 ON
coded sanples, and fromthe positives, one H pylori- i nfected control
was randomy selected for each of the 20 unmat ched cases. In total, the

study consisted of 103 H. 5 pylori-i n_gﬁzct ed nmen who devel oped gastric
cancer, and their 103 matched controOl's, who also were H. .pylori-

i nfected but_.did_not devel op ' ric cancer duri t h , .. St i od.
10 Prepar dSilon &o% %'#&%%ﬁgﬁ#%@?%ﬂ%e#ﬁ] ntrations ggyApirI?(lzb
BamHl frag . t U snG éﬁ%}?ﬁ{gﬁ nt P ndRdd Nesh 4 g 20E3w was
subcl oned %#hqg giaér?i—)ﬂ%%)%m te ‘of p ‘Iaﬂ-“fbl (hl{\liovage%@l\/adijs%bn W) ,éﬁé)
downst r eamdeft erifin®ed by dHeukerboarbhitsittatsions ( pGRL2AMvARE, uske t o

transformE. 15 coli host:strain BL21, a [err] DE3 |ysogen containing the
T7 RNRRtdMAe BaFd IR ORIt XRFlQTh | WaR -’ti&/mla@e\%gl;ﬂ ter (26).

Addi tion of .I.PTG to (g cul t f. th | g -
pol yrrer s akiaant ol TG st Bietrs ' g 95 LR RS 2 o
Thi's vect 0i,13)deWs THD ot MRS dDIEH | o Nasent Sshrex Pi£s 51 pD00f &ndusi on

protein consi stingof .the TagA fragnent with an N-term nal
hi sti di ne- trsektzaifals ipergiciaser ampigated fgein-ant i rhunameEg¢ 29agect or +

576 insert), and has a di ct ed | 'ecul . of . 4 kDa.
protei n wadsad ik ;Z‘ialr]g;ﬁ_eigézg qe@s]a’t%%o‘g‘? !eQEL}C Eﬁ:"eér ﬁ%‘?‘%‘cﬁs c%ftéﬁ%?ausmg a
ni ckel -chel ALINGgic mdtiiddh ik AW LD dLBLRE0LE . iASs HREEaLDEd (27).

10 assays (23,25).: : _ ‘

Statistical analysis.
' The t-test for paired samples was used for the

comparison 6f“means,'and McNemar's test was used for the

15 comparisbh of'tﬁe distribution of various characteristics
between patients and control subjects. Odds ratios (OR)
for stomach cancer, based on the results of'the=TagA'
assay, were derived from conditional logiséic-regression'
methods-(zs); Tests for linear trend in the logit of risk

20 were derived from conditional logistic regression models
through the use of grouped TagA test results (coded by
quartile as 1, 2, 3, or 4). All models of conditional
1ogiStic-regreséion were fitted by using»iterative maximum
likelihood meth@ds and a special application of the

25 pfoportional.haiards regresSionimodel (30). The estimate
of the attributable risk of gastriq carcinoma related to a
tagA* strain was based on the method of Walter (31). A
receiver operator characteristic (ROC) curve was
constructed to summarize the sensitivity and specificity

30 estimates (32).



. vari ous

Ser ol ogi ¢ net hods. The presence of serum | gG antibodies to H
30 pyl orwovgaﬁ(,%t.er mned by ELISA with the Pyloristat kit permwsesize69 .

(Bi owhi ttaker | kersville, MD) as previously described WO 96/ 10639
- PCT/ US95/ 12669 - ' ‘70 (5). For the TagA
ELI SAs, optinmal concentrations of - antgjgen, patient serum and
anti-human |1 gG conjugate were deterfiifned by checkerboard titrations.
For orv220, _the optimal .antigen concentration:was 5[errlg/ m and
100[err]| Biagpoghdss apsurasy wﬂﬁﬁ)%Eﬁ9¥99¥r¥F¥ﬂ9v&;Y£%4crotiter

pl ate. The optimal dilgytj gqygg 0 hor ser adi sh
per oxi dase- conj ugat ed égitoéz;&rbé% I - un%né%%@v% se use%?g'?s%dd?l ution of
1:4000. O kecomdidadnt eintditfen tlfad avngipuries wdlSf v eE X861 Yedbl
described in simlar 10 assays (23, 25). Statistical analysis.

The t-test flysasgs d@WanplBecause puxifigation of thipantigenfwasans, and

AV 5 M S, ok ek SBMAE L

ratios (OR) were @{gmr&scmon Bassck s te 4853 dSripdedhe TagA

assay, were derived fromconditional T ogistic regression met hods (29).
Tests for | prexaryomid iexgression tsydtem sk P2l imimarerstadiésom

condi tional | ogistic_ regression nodels t hrough the use of _grouped TagA
test resul t§n€3§@é&%;ﬁhat QUA2] |exrregsed the besty)of vagﬁah@foghe

kel i hood aPf e, Friridsil Ffagll Jehe H4gk fiadiedls plidied?, ™ ™
hazar ds 10e 0@y Farodethd IPunddte®P+d®dth was compared with the
antigen purified from E. coli strains transformed with
PEM3, which encodes the entire tagA ORF. By linear
. Yegression analysis, serum IgG results for 41 persons (19
infected and 22 uninfected), correlated closely between

15 assays using the 2 different antigens (r=0.96, p<0.001).
Using the same threshold of the mean wvalue for uninfected
persons + 2 SD, the orv220 antigen gave a negative result
for 21 (95%) of the 22 uninfected persons; and the
exception was weakly positive. For the 19 H. pylori-

20 infected persons, the results with orv220 were exactly the
same as for the pEM3 antigen (12_positive and 7 negative) .
Thus, serologic reaétivity'with the 66.4 kDa TagA fragment
encoded by orv220 was nearly identical with that detected
with a larger TagA fragment.

25 |

To establish the assay, sera from 36 pefsons
known not to be infected with H. pylori were used for
" reference, and after multiple runs, thresholds based on
mean values plus intervals of standard deviation were
30 established. Concurrently, sera were tested from a second

group of 80 uninfected persons, 36 persons known to be



of the attributable risk of gastric carcinona related to a tagAlerr]
strain ; on the nethod of Walter (31). A recei r
2$?gp%§ﬁ (31) | peuRPGiaey

charact er ) curve was constructed to sumrari ze the

sensitivity and specificity 30 estimtes (32). WD 96/ 10639

PCT/ US95/ 12669 ' 71 - Diagnostic accuracy
of TagA serol ogy using orv220. 72 Previ ous studi es of TagA :
serol ogy used a reconbi nant antigen that was purified fromE. coli cel

Iys?t es <(:| 213nfegeedswiphr a1 tagA AL hiandR9 RAFSERS Erop Mhdmsthfid
prol onged, overlapping tag f expr ed as fusion
proteins irf%..a te?%g?gg ﬁéggggﬁaééggﬁggéxg?gggégﬁ éy§§§%1 Prel im nary
studi es sREbERE EAgiPat opt Y830 QEnRseEgedat 18shESE ehesanéhfectkdt he
candi date anti'gens based on the TagA fragments studied 10 thus far. The
truncat ed ppe?sbnsmmereongarkﬁ identibsl to thosgefioputhei sefrrence. col
strains transformed with , pEM, i ch, encodes e entire ta ORF.. B
!i?ear d5 g%@?ﬁ%sioﬁnaﬁﬁF§§g§F'sE-EnVPbEFFe athgFoPe£f°B§r§§ﬁ§°Ff& d

i nfected ang; L pf - Ig%ﬁy- asel gﬁg?n & #Sin
the 2 di ff_en‘?le% g%%?ggé%%g%%‘?m gJO% 1/YliJ_!s?iing théégléﬁééﬁ%regholg of
the mean vagegtf op<onDOLgchbad-taibedsonsamoigSbhet BO sevra2@baatingdn gave a
negative result for 21:(95% of the 22 uninfected persons; and the
exception wEsomepergonssfromewhenr theeondyHispyrsei wagoa #ag& c8tHa+Bons,

the results with 220 re exactly the . i
(15 posi tiva Bifiodalcleteibutidh' win dBaervell T EBR. 2%t o EIBLMER M e 66,
kDa Tagfbfr@ﬂQEGSIues_w@?&?ﬂ@ﬂi?&roﬁﬁzgﬂoﬂasiﬁe%hEYthéegkbﬁﬁs\&ﬂf1that

det ect ed

uninfected persbns, but for three sera the values were
much higher and similar to those for patients infected

with tagA* strains.

1s ' . To esﬁablish a threshold for use in diagnostic
assays, the accuracy of séveral optical density ratio cut-
offs were examined (Tabie 5). Overall, the highest
accuracy was obtained when the mean value for the 35
uninfected (reference) patients + 3 intervals of standard

20 deviation was used, with sensitivity of 94.4% and -
specificity of 92.5%. This type of threshold was used in
all future;stu&ies‘ On the basis of receiver operator
characteristic :(ROC) curves, there was high level
discrimination of tagA status using orv220.

25
Assessment of stahility-ofﬂantibcdy levels.

To determine whether serum-antibodies-to'the

TagA product persist over the course of chronic H. pylori
infection, paired serum specimens from 36 epidemiologists

30 who were part 6f a cohort previously studied for clinical .

and epidemiological-features associated with H. pylori



with a | arger TagA fragnent . 25 ' : To establish the assay, sera
from 36 pigsssneess known not to be infected with H pyl ori pgergosiaesh f or

reference, and after nultiple runs, thresholds based on mean val ues
plus intervals of standard deviation were 30 established. Concurrently,
sera were tested froma second group79f 80 uni.nfected persons, 36
persons known to be WO 96/ 10639

PCT/ US95/ 1266 . . . 2. infected with a
tagAl err] sﬁ’%erﬁtla‘?‘fﬁ %%)a)pevf%se’ﬁ]dﬁrvﬁ_%m 9 averagey yehe PYFGrIeREol at e
obt ai ned wag,drgABtdined P59 yeasrddst NN PRiwES! iﬂe'a?étxtﬁﬁaaea for
t he uninfected persons wer'e nearly 1dentical to those for the
reference 3. gnolgesi ELISKo(R8)asterd hmompared torvalwepeinovhei Dagat ed

with tagAlerr] strains were significantly higher (Students' T- test,
p<0.001, on&tIfA-ed). Anong the 30 sera obtained from persons from
whomtheonly isolate was a tagA[err] strain, = a binodal distribution

was observed. For 27 of the sera, 10 the values were simlar to those in
the two groups of Aty e38 gshaei Sipnt HUindRe had e8ePSESnESL¥al UeS

wer e much higher and simlar to those for patients infected W th
tagAlerr] stirompositiiire to negativi® amt Hbddyhstatws eshovilcéoveusa.in

di agnostic assays, the accuracy of several optical depsity ratio cut-
of fs were e%ﬁ%&?’%/ll%ﬂa‘réf SItHRTWSS R¥RAYGYRRY the Lirehrand was

obtal ned whepddifs 'Bah WAl HE Aint P fininar (8141 %4 °0. 2481 °pees)

patients + In _
10 paired t-test; Table 6). -

Association of tagA Positivity With Gastric Cancer.
| Having developed an assay to detect persons

infected with H. pylori strains possessing TagA using TagA

15 or antigenié fragments thereof, the invention shoﬁs that
infection with a tagA* strain is associated with the risk
of developing gastric cancer. From-an earlier study of
109 Japanese-American patients, who developed gastric
cancer over a 2l-year observation period (5), 103 were

20 foﬁnd to be H. pyloii-infected based on serum specimens
obtained from them a mean of 13 years prior to cancer
diagnosis. Each of these cases was matched to a control
from the same cohort, of the same ége, and who also was H.
pylori-infected; the characteristics of the 103 H. pylori

25 infected men whé'developed'gastric cancer and their age-
matched controls are shown in Table 7. The two groups of
men were similar with respect to demographic

characteristics and laboratory values.

30 For this population, presence of serum

antibodies to TagA (i.e., infection with a tagA positive



20 deviation was used, with sensitivity of 94.4% and specificity of
92.5% TQicoeipefp Of threshold was used in al | future pépeéodnzeéon the
basi s of ‘receiver operator characteristic (ROC) curves, there was high
| evel di scrim nation of tagA status usi ng orv220. 25 Assessnent of
stability of antibody |evels. To determ ne whether serum

anti bodies to the TagA product perg?st over the course of chronic H

pyl ori i nfection, paired serums f 36 I t 30
vho vere pé Bl oL sgatn o RS AR g LITreasd TEok o

epi dem ol o &d . I WO 96/ 10639

PCT/ US95/ 1%@3,%{ TGPt AR &) ‘Pl o Pfdféle 8) ¥ ction (28)

vere eval uahedysi@ couFiagRl tdelRpadlmisses of Wwircabief nete 7dbdcyear s
apart, and values in the standard H. 2¥I0r| ELI SA (28) were conpared
to val ues istomashragad thezgucsntrols showe hlg hnoriniseanaraleepant s,

none hag seroconvert itive to tive antibady.statyus or
vi ce veg'saas %‘é"f%do%—éal 'dé% scor"@ée c%acﬁ%il +H ‘F:’ri’{’a nd
second ser gafles-givdiYey s"?:'x‘gﬂfflécp %17tﬁ§ ]:ﬁs@c?.l.o .Sypd bf PAIREH, t-test;
Tabl e 6). Assocl ationiof tagA Positivity Wth Gastric Cancer.

Havi ng devemetmmyassmimﬂam pearss wisth - the rnirdpestriinval htype pyl ori

strains posse55|ng TagA using TagA 15 or antlgenlc fragnents thereof, the
i nventi on JRBRS -BhatP=0.056)nfkak inat \ihen A EiNpg SHme &%&r 95 associ at ed

wi th the rlsﬁ 0); 3 men had an 1ndeterm1nate histological pattern.

10 Positivity in the TagA ELISA was not the result of : 'I
seroconversion during the interval between when serum was
obtained and diégnosis of cancer, nor was the magnitude of
the TagA antibo@y.reSponse a factor in the risk developing
~cancer. In the population of H. pylori-infected persons,

15 the presence of tagA was associated with an attributable

risk of 28% (95% C.I.=0-57%) for gastric cancer. There
was no association between levels of the IgG antibodies to
TagA and levels of IgG to the conserved H.
pylori antigens. '

20 o .

The TagA antibody analysis was stratified by the

patients' age at which gastric cancer was diagnosed. TagA
_ seropositivity was associated with a 3.0-fold (95%

C.I.=1.0-9.3; p=0.057) increase in gastric cancer risk for

25 5# men diagnosed under the age of 72. Imn contrast, for 51
men who were :72 years at time of diagnosis, the
association was not significant (OR=1.3, 95% C.I.=0.5-
3.5). TagA seropositivity was associated with risk of
developing an advanced stage tumor (3 or 4), OR=2.6, 95%

30 C.I.= 1.1-6.2; p=0.03, but not an earlier (1 or 2) stage

tumor (O§=1.0).? The risk of developing gastric cancer



of devel o tric cancer. Froman earlier study of

Japanese- Q#{@gﬁ? patients, who devel oped gastric cancE&’g’%s/lzgw
21-year observation period (5), 103 were 20 found'to be H
pylori-infected based on serum speci nens obt ai ned fromthem a mean of
13 years prior to cancer di agnosis. E¥ch of these cases was matched to
a control fromthe sane cohort, of the sanme age, and who al so was H.

ponr|-|nfecaea¢CLaEedhuLaht@agAtsesopbstheviﬁ? Waspylotr iinc¥eased adiexd nen
who devel op %ﬂﬂaStrlc cancer an mat ched controls are shown

JeGbs gVﬁEﬁsSEFat1fleﬁﬁﬂ°ﬁ€F§1§9nFPaPlWFPhCFE%%%GF’to

" in Table 7.
demogr aphi ¢ gijngpfBagagleristics and |aboratory val ues. 30 For
t his popul ation, presence of serum anti bodies to TagA (i.e., infection
with a tagA positive WD 96/ 10639
PCT/ US95/ 12669 ' 74 H pylori- straln)

was assockated with inblthewghr someopt thecabowe OBy yadmesnareORet. 9,

0.08) (Table 8 d to the 101 f f
(he drstal - scatisifenty BBPELEARECnelho bbe’ ropmerativent vt ° s

as expect ed {CRNg8g Bfosiau.fl@gﬁarat hﬁs‘éaﬁ%sl"“t%ﬁl@ftaﬁal cancers were

stratified by the histologic type o rong st aSSOC|at|on

was with thelndieateaathaypehe asE66Biat3ong=Wwiht hllutcamiershaurd f f use type
(OR=1.0, g 3 nen had an indeterm nate histological pattern. 10
Positivity i#n ﬁ%t#ag;k EYPeACARSeRSt rerchy ssatdssical sdemdddmanas on

during t eRv e rum ai_ned and _dj agngsi s of
cancer ggr &g 5 Qﬁ&“@ Ba@thsEchlv“@ . Fur %ermore, dégééfeé
dlfferences in risk between the two groups,_lack of
perfect accuracy of the assay, and variation in patient-
to-patient response to this infection could help account

for lack of significance.

15
Multiple infectionm.

Simultaneous gastric infection with two H.
pylori strains has been reported with frequencies of 10 to
13% (14,15), and simultaneous infection with three

20 different strains also has been observed (33). 1In the

initial validation study, only a single colony from each
patient had been picked,wso there was no opportunity to
. examine for multiple infection. However, that 3 of 30
(10%) persons from whom a.tagA'strain was the only isolate
25 had high-level seroldgic responses to TagA suggests that
éhese persons were co-infected with a tagA* strain. Since
only the conjunction bf simultaneous infection with a tagA-
iﬁdex strain and a second tagA’strain and not vice vefsa,
could show dichotomous results'betweeh'colony teéting and
30 serologic assay, the data suggést that the frequency of
multiple infection may be substantially higher than the



the TagAwapédifegsy response a factor in the risk devel opi ngpcriusssaagedr . | n
the population of H pylori-infected persons, 15 the presence of tagA was
associated with an attri butable risk of 28% (95% C.1.=0-57% for
gastric cancer. There- was no associgtion between |evels of the 1gG
ant i bodi es to TagA and Ievels of 1gGto the conserved H pyl ori
anti gens

agA anti bo S s stratifi.ed b
the " auPERYiouskY ZEPRREER GAeHRPRSKanbELcRogag baﬁ oo Foger’
SerOpOSIthhﬁMbg@SofSEQS?gigg Wt hsqt 3. 0-fol d (95% .=1.0-9. 3;
p=0.057) increase in gastric cancer risk for 25 52 nen dlagnosed under
the age of 72. In contrast, for 51 “men who were [err]72 years at tine
of di.agnosis, the associ ation was_not significant (OR=1.3, 95%
C.1.=0.5- 3.5). TB@Apé‘éPéEBs’F"-%‘WPﬂ-? fazt §§08PEP@H Fi ther usd ldey

1 1o6 b8 p-BE ASKEREORaTvENBekPTBE b a8Bp Yy, £ 5. “priety Theeliricng, 1
risk of devebeghsg Eﬁé&raﬁecéﬂéﬁh to b@[b36b5Q6&Qsays that in essence
PCT/ US95/ 12669 : associated with

TagA seroposampmetyhaaennmrelatomashd wﬁancontrgabpebugpwwrbagﬁdat|f|ed
according to bjrth order si bshi gh sone

of the abovEeQ?P$§PE§s°ﬁ;¥ ﬁapple a QPEPPQPﬁGaFF9C§FSHIﬁ‘E&ﬁB th%§%rma
conservativg, gt&%&'ﬁ cos?ha ?EX&E@ Rb ﬁ'gg'ghci_-nnoﬁﬁﬁlﬁénk %ﬂdfﬁ%n

anal ysi s e assocfations wth-all cancers and
‘intestipgl Kyvp,caaeenagieaabsayatpetenahaaugnhhweanhe bower-@c04 and 0. 02
respectively). Furthernore; undetected - differences in risk between t

two groups, deggqtoinfectlons w1th tagy*organlsms even if numbers are

low in relation to tagA" isolates.

Thé aésociétions with the.subéet pf.more
15 aggressive tumors (younger age; higher stage when
diagnosed), and the consistency of the data with the
underlying hypo;hesis, show that the effect is réal as
further supported by a number of realitieslof_TagA
biblogy. First; infection with tégA’st:éins is associated
20 with enhanced ePithelial-cell injury (18,19), injury to
surface gaétric.epithelial célis pfomotingior possibly
initiating the ohéqgenesis. Second, infection;with cagA*
strains is assqéiated with highgr dégrees of gastric
inflammation (3,19), and with éﬁhaqced ekpression of pro-
25. inflammatoty éitokines such as IL-1 and IL-8 (19,35).
'These may conﬁfibufe to epithelial injury. _Thi;d, most
| tagA* strains also e#p;gss vacuola;ing cytotoxin activity
(16,17). Expression of_cytbtoxin as asseséed by serum
_ neutralizihg.aﬁtibddies, ﬁay be associated with gastric

30 cancer (36). Finally, intestinal type gastric cancer is



perfect aggy g0f the assay, and variation in patient-  periySospabdeent
response to this infection could help account for lack of significance.
15 Mul tiple infection. - Si nul t aneous gastric infection
with two H pylori strains has been kﬁported with frequencies of 10 to
13% (14, 15), and sinul taneous infection Wth three 20 different strains

I h b b 33). Int Lo Ldnitial | Ldation,study, I
S ngl o col o e, sesogigkedwich tatrepfedoint Lannaign by * °

opportuni ty ophi EXGdBEE: £ P& i pLe.,8f §EEEQ 'Eﬁp@v g7 bBgat 3 of 30
(109 persons #%n1mhon1a tagA{gyé g%r%?% §g§ft 3 onty ?soratz 25 had

hi gh-1 evel serol ogi c responses to TagA suggests that t hese persons
were co-infected with a tagA[err] strain. Since only the conjunction of

si nul t aneous i nf ect i onLti &S sbeeysAshewn thatjhigh titeradaantibedyond _
tagAlerr]. strai vice versa,, coul d_show di chotonpus results
bet ween é%uﬁ%ﬁé@é%?%ggéﬁﬁﬁﬁ%ﬁr%%ioFogP¥18§éa??é%ﬁ&naaVSrsuaaéeflﬁﬁsé t he
frequency ofwith gd@t#i®!CandéeCiisR (BYyshe synat #AtbebrithLgBAr okhan the
WD 96/ 10639 o PCT/ US95/ 12669

76 pr eviliis | pherpuenen isegbhanchighhantibadybievdlsnazesmalrkers

nunber ‘of bi opsies (4,%%;. . . The present ExanELe further
supports th ithe degree pf pnflagmatiensepetsyeciniiapmatrdpnybedndyy i

|0 eCL1 015 cne RGPS IR A EoR O hOplEgtl OBknBE° U | el TaBROTCS
?gg&lfsagglFﬂiﬁﬂﬁgﬂi?ﬁgﬁfﬁ?ﬁ??ﬁ%%@oﬁfgéberic caﬁéékrhﬁd”ﬁﬁ&iaTagﬁecauﬁe
antibody levels may reflect overmatching, since only
persons infected with H. pylori were selected, all of whom
have some degree of inflammation. 1In any event, the
significance of these findings must be tempered by the
15 observation that TagA-positivity was present in 78% of the
H. pylori-infected controls who did not develop cancer. |
Thus, infection with-a tagA* strain is neither necessary
nor sufficient for oncogenesis but is shown to be a factor
involved in this proceés.
20
fhe presence of tagA in a strain may be a marker
for adjacent genes or for a particular phenotype that
itself is reievant to infiammation or to the oncogenic
- process. Nevertheless, this Example sho&s that particular

25 H. pylori strains are associated with differential risk of

gastric cancer.

Summary. _
Among persons known to be infected with taga*
30 strains, there was a broad range in serologic reactivity,

but without substantial overlap with the reactivity of



10 (17) worsieks9! C assays potentially have the power to pcTUSheh26Ed
infections with tagAlerr] organisns even if nunbers are lowin

relation to tagAlerr] isolates. The associations with the
subset of nore 15 aggressive tunors (ygunger age, higher stage when
.di agnosed), and the consistency of the data with the - under | yi ng

h thesis, sh th the eff i |, fyrth ted b
nﬁﬁg_er ei} S@Q%%%fp'ef?f@%f'ec&}iﬁsé%-l% A r%ﬁ'ztt{{%f%?rﬁlf orf \(/)ﬁr"f?eFt aéA?er r]
strains i s.assecis the Ubselidd S hANORM ARIBHA idlesal) Fwitidr (18, 19),

injury to surface gastric epithelial cells pronoti'ng or possibly
initiating indd cavesyahssivtiliSye ol thenfparEsent WEdA caapger | strains
is associated with higher degrees of gastric i nfl ammation (8,19), and

wi th enhanced expression of pro- 25 inflammatory cytokines such as IL-1

and 1L (19,39). TG0 I GOt DU Sl 8 SR Sfod Ndider s T 1 O

nost tagA[err] 0 express vacuolating oXT nac ity
(16,17). BXFRESIAN wiftl)d Hayd-NstEadaseEsed PylefiiyMthe if@ientdldnzi ng
anti bodi es, may be associated with gastric 30 cancer (36). Finally,

i nt esti nal atlyoe ppastitited alreddterminatd@s/tige3dinfection with a

PCT/ US95/ 12669, o 77 nor e r}ighl y
associ at ed A PREALBSER PnFLENERFERTAEAT theAr¥ErPMeRs At is than is

the diffus ' : st | b 0 hi gh

! ey,  Infect thaté?g 88Ra3 RO WAk 9

titered an%atl%%?/'c( ?E‘r esﬁronf'.ses?'1 teoq cloor?sg’rlved H. ;forl 'g'ntlﬂl ger?'s re

associ aed doubl¥d tigadisk ofrireloming gd¥tridecdmder pwwdnttion of ‘
ensuing 21 years, compared with infection with tagA- '
strain, and the effect was more marked for persons who

developed intestinal type neoplasms.

15 : | Having provided a purified TagA and antigenic
fragments of TagA, and shown that infection with a TagA
expreésing.strain indicates predisposition'to gastric
carciﬁoma, further-uses'of the present discoveries are
enabled.

20



t hi s pheneveogieess t hat hi gh' anti body | evels are markers PCT/USo4/1geodeqr ee

of inflammtion, active inflammtion being consi dered a precursor of
oncogeni ¢ events (1). The l'ack 10 of strict correlation of gastric cancer
and anti - TagA anti body | evels may 44fl ect overmatching, since only
persons infected wwth H pylori were sélected, all of whom have sone
degree of inflammation. In any event, the significance of these

findi ngs must be tenpered by the 15 d=sbkeaBion that TagA-positivity was
present in 78% of the H pylori-infected controls who did not devel op
cancer. Thus, | Magreatid Malud apf\Bagd ENISA usingedtvi220 necessary
nor sufficient for oncogenesi s but is shown to be a factor i nvol ved in
this process. 20 - The presence of tagAin a strain may be a
mar ker fCaroug] acenlNuymm off for aNubdreulr ephfﬁbﬁ:}ﬁgé tHéshold*
itself is relevant to igabj8desi GA—er—t-0—t-he—ohsogent p-0C8ss

Nevert hel ess, this Exanpl e shows titlsp parti @g8mar 25 H. 3sp|or| stragps are
aSSOC|a+eﬂ—mr+h—d+##e+eﬁ++a+—++sk—eL-————-gasL++4ﬁ4xuuuu;—————-—49uﬂﬂu\'

Anong péhsiofedtedn to be 8of ect ed2dus%)t agAf €I ]380 ser(@i.s%) thesg3vwsg)a

broad range in serologic reactivity, but w thout substantial overlap
with t hdnfesatted,i ty of 300 96/ XOEI) 6(20%) 5(16.7%) 4(13.3%)
PCT/ US9%dA68t rain 78 ~  uninfected
persons. The stability of the results over years in the absence of

anti m crinfiedteder apy furtBer 36 (et essgde, 2%)i | | Byoaf, ashe psesest1y)
TagA asstiga* strain ' -

* Threshold defined as mean plus stated intervals of standard
deviation (SD) of optical density ratio (ODR) values for
reference group of 35 persons known not to be infected by H.
pylori.

Table 6

Stability of serum antibodies to H. pyiori antigens in 36
subjects

Serum IgG response to indicated antigen

Serum specimen Conserved H. pylori TagA'
antigens**
Initial 3260 0.217+0.30
Follow-up* 2913 ' ' 0.2494+0.35
* ‘Follow-up specimen obtained an average of 7.59:+1.0 years

after initial specimen.

** Antibody level indicated by reciprocal geometric mean
titer to pool of sonicates of 5 H. pylori strains.

T Antibody level indicated by Mean : SD optical density
ratio.



5 ng provided an accurate assay for detectip@rusosnzégdf ection
ML

wth at strain of H pylori, the invention also permtted the
determ nation that infection with a tagAlerr] strainis a risk factor
for the devel opnent of gastric cancer. Infection with a tagAlerr]
"strain nearly 10 doubled the risk of 8Qevel opi ng gastric cancer over the
-ensui ng 21 years, conpared with infection with tagAferr] - strain, and
the effect was nore marked, for persggg ﬁ/ﬂ devel oped intestinal type
neopl asns. 15 ‘Having provided a purified TagA and antigenic

[ ragnent syl Jaodes tlcs "GR! NBY 1621 O2hE@ELYA! Pad1dAEA with GUBEEdE N o
Che pr cSBRe ) 806 SEFR his¥ocih JEE (U sgme ﬁ%%%p%e‘a%“% b

PCT/ U895/ 12669

Table 5 Di agnostl ¢ val ue of TagA ELI SA ‘usi ng orv220
G oup Nunmber of, Nunber. g exceedl ng threshol d*
subj ect s Characteristic Patjgpts 2 tro 8 3gpP- -value 45D
Uni nf ect ed 80 - 12(15%(n=19811. 3%  ép71l83] 3(3.8%
| nf ecteds; 30 30 O 209 5 10. 799 a7 13- 3%
t agAl eiMdarstage et I nfected, = = 5838 36(1088p 7 3597. 29 -183494. 49
31(86. KRanagifion] (géarin *  Threshol d defined as nean plus stated
intervals of standard “deviation (SD) of optical density ratio (ODR)
val ues Baxrn in United . 83 83 0.83 :
States (%) .
Married (%) . = . 93 95 0.72
Alcohol use (%) S 65 N 73 | 0.27
Mean body-mass index 23.5 24.0 0.33
Mean diastolic blood 81.6 82.1 " 0.74
pressure
(mm Hg)
Mean serum cholesterol 5.7 o 5.6 ©0.74
(mmol/liter) ' : '
Mean serum glucose 9.3 9.2 ° . 0.92

(mmol/liter)



ref er encewgloghipssdf 35 persons known not to be infected by hperrusesiBedoori -

Tabl e 6 Stability of serumantibodies to H pylori antigens in 36

subj ect s Serum | gG response to indicated antlgen
Serum speci nmen _ Conserved H. pongi TagAl err]

antigens** |nitial 3260 0. 2170. 30
Fol | ow up* 291& 0. 2490. 35 *

Fol | ow-up speci nen obtai ned an ave a&&eb# 7.591.0 years after initial

speci nen. ** Ant i body Ievel i ndi cated by reciprocal geonmetric mean

titer tg%égohﬂlg%ﬁéogg‘iaﬂzﬁé %e'ﬂat&&;oyet% | &ife[c‘i‘:% &&%%WAJEVG'

I ndi cat o]
PCT/U895/12669 B he21 Fain and G J%r%ﬁJCancer
Table 7 Characterlstlcs of H pylori-infected patients with gastric
cancer d cantrol t the tye serum spegc n mas
obt ai nef3BLTLC cnay act c@ ét fents C&d 9I5%\/al ue
(n=103) Cancer(n 103) (R@ﬁﬁeagg/gpntrols) Total gg;go Confidgpce
0. 18 exanTyRei on (year) Born in United ' 83 Interval3
0. 83 States—{—
+/+ +/- -/+ -/-
All 69 21 11 2 103 1.9 (0.9 - 4.0)
Distal 68 20 11 2 101 1.8 - (0.9 - 3.8)
Intesti- . 48 18 8 i 75 2.3 (1.0 - 5.2)
nal
Diffuse 18 2 2 1 23 1.0 (0.1 - 7.1)
a +/+, both patient and matched control show serologic

response to TagA.
+/-, patient but not matched control show serologic resonse

to TagA.

-/+, control but not patient show serologic response to
TagA. _

-/-, neither patient nor control show serologic response to
TagA.

b two-tailed analysis



Marri ed . 93 95 use
&@96110639 c}’zﬁ.mass |ndex

(% 65 73 0.27 Mean bo
23.5 24.0 0.33 Mean diastolic bl ood 81.6
82.1 0. 74 pressure (mm Hg) _Mean serum chol est er ol 5.7
5.6 0.74 (mmol /1iter) Meafe serum gl ucose 9.3
- 9.2 0.92 (rmmol /liter) MD 96/ 10639
PCT/ US95/ 12669 o 81
Table 8 Odds Ratios for the Association between Infection with a
tagAlerr]H. Throughoqnﬂunmsfappﬂﬂt&ﬁﬂbﬁ&ﬁﬁﬂmaus}puhilcatibnsr|c
Mat ched-pair Status[err] Qdd "~ 95% Cancer

(Pati ent s/ 85#t referencefot a|TheRahas=loswﬁ iefertdieserypblications in

o1 17 | *Shbix encigeties gre Herepyfposivbugisq B¥ referengg inedy )
%5 23 1@1‘113 %.p%llca)@.ﬁo% ind 639defru|st:g$ Qri_ﬂ:de fullg dé’é’cra.be J&e stﬁate 1 -

1.0 I 60. bf—thelprt to whxeh+thxathxﬁn&ﬂunepﬂrtﬁmnﬂmxicontrol show
serol ogi c
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ATGATCTGAA CCACCAAAGT TTTAGTCTCA GTAATGCCTG ATGCAGGACT GTCGAAAGCC 180
ATTAAAGGAT TGGCTGCTAT CGCTAGCCCT AAAGTIACTA_éAAéTTTCTT ¢fAGcTGT¢A 240
GTGATTCTTG TAAAAAATTT%EATGCGTTTCICTfTCAAATT.GAAATCAATC.GTTTGAGfAT 300
ATCAAAAAAA AGTATTTTTA TACTATTCAT ACAAGCGCTA CTTTRTARTT TAAATCAAAA 360
CCGACGCTTT TGTTTGACAA CTGATATAAT TTAGGAACAA TAAACCTACT TGTCCCAACC 420
ATTTTTCTTT CTCAAGTCAT CGTAGAATTG TAGATCTTTA GGATCTTTGA TGTATTTTTT 480
AATCGTCTCA GGTTGAAACC TAAAAACAAG CAGAAACAAA CCCAAGCTGA TCAGAGTGAG 540
AATARAGCTC CATTTTAAGC AACTCCATAA ACCACTAAAG AARCTTTTIT TGAGACTCTC 600
TTTGAAAATC TGTCCTATTG ATTTGTTTTC CATTTTGTTT CCCATGCGGA TCACAAACGC 660
TTAATTACAA ATACATACTA TAATARGTAT GGCACACACA AACCAAACCA-ETTTTAGAAC 720
GCTTCATGCA CTCACCTTGC TCCTAACCAT TTCTCCAACC ATCTTTAGCG TTGCATTTGA 780
TTTCTTCAAA AAGGCTCATT TCTTAGTTTC TTTTATTCTT ARAATTTTTC CATTCTAGCA 840
AATTTTTGTT AATTGTGGGT AARAATGTGA ATCGTTCCTA GCTTTTAGAC GCTTGCAACG 900
ATCGGACTTT TTTCAATATT -AATGAAARAA TGCCAAATAT TCTAAATATT GTGGTATAGT 960 -
GATAACGTTC AAAGACACGA ATTGCATACT CAAAGTGTGT AGTAGTTTTT AGCGGTCTTT 1020
GATACCAATA AGATACCGAT AGGTATGARA CTAGGTATAG AAGGAGAAAC A ATG ACT 1077
Met Thr
1
AAC GAA ACT ATT GAC CAA CAA CCA CAA ACC GAA GCG GCT TIT AAC CCG 1125
Asn Glu Thr Ile Asp Gln Gln Pro Gln Thr Glu Ala Ala Phe Asn Pro
5 10 15
CAG CAA TTT ATC AAT AAT CTT CAA GTA GCT TTT CTT AAA GTT GAT AAC 1173

Gln Gln Phe Ile Asn Asn Leu Gln Val Ala Phe Leu Lys Val Asp Asn
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- ORI G NAL SOURCE: | (A) ORGANI SMB9Hel i cobact er pyl or i (i x)
FEATURE: (A) NAME/ KEY: CDS B) LOCATION. 1072..3648
(xi) SEQUENCE®DESCRI PTION: SE@SID NO 1: = AT TGOG CGTAACGAAA AACAGTCGCT
TGACCTCT TT TGATGICATC AGAGATTTTC 60 CAAATATCCG CTATACCTTT GACTCCTAGA
GOGCAA cﬁ* GO PAGRATASAAGAT CARORAA ﬁ%&?&@ CREARCMMGT TTRRETCTCA
GTAAT BFCARRAESCASP Clagys Ry AARATAFAXPARSAT CGCTAGCCCT
AAAGTTACTA® CAACTTTCTT GTAGfﬂ“GTCA - 240 cYATTCTTG TAAAAAA T CATGCGTTTC
CT TT 'r'r'r Gi 0) CAT

e M e
TTAGGAA 2 P CGT AGAATTG
TAGATCT TTA GGATCT TTGA TGT ATTTTTT - 480 AATCGT CTCA GGI'T CC TAAAAACAAG

GAGTHHCann a2B4r ACTARAGECARATRETAMEC AAGEGFATAA
ACCACT %WQ‘- REI %@Wﬂ&yg asfOfro T Cat G TRLT G ATTTGT TTTC
CATTTTGITT 7660 TTAATTA &d ACATACT A TAATAAGTAT
" GGCACACACA AACCAAACCA TTTTTAGAAC 720 GCTTCATGCA CTCACCTTGC TCCTAACCAT
TTCTCCAAGETATCAT 6AAGED ATERAT TANGAAGC AATSEAT TTA ATC AAC AAA GAC AAT 1365
" Phe Ser Asp Phe Ile Asn Lys Ser Asn Asp Leu Ile Asn Lys Asp Asn
8s 90 95
CTC ATT GTC GTG GAA TCT TCC ACA AAG AGC TTT CAG AAA TTT GGG GAT = 1413
. Leu Ile Val Val Glu Ser Ser Thr Lys Ser Phe Gln Lys Phe Gly Asp
100 105 110
CAG CGT TAC CGA ATT TTC ACA AGT TGG GTG TCC CAT CAA AAC GAT CCG 1461
Gln Arg Tyr Arg Ile Phe Thr Ser Trp Val Ser His Gln Asn Asp Pro '
115 ' 120 ' 125 - 130
TCT AAA ATC AAC-ACC CGA TGC ATC CGA AAT TIT ATG GAA CAT ACC ATA 1509
Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met Glu His Thr Ile
135 140 145
CAA CCC CCT ATC CCT GAT GAC AAA GAA AAA GCA GAG TTT TTG AAA TCT 1557
Gln Pro Pro Ile Pro Asp Asp Lys Glu Lys Ala Glu Phe Leu Lys Ser
150 185 160 :
GCC AAA CAA TCT TTT GCA GGA ATC ATC ATA GGG AAT CAA ATC CGA ACG 1605
Ala Lys Gln Ser Phe Ala Gly Ile Ile Ile Gly Asn Gln Ile Arg Thr
' 165 170 175
GAT CAA AAA TTC ATG GGC GTG TTT GAT GAA TCC TTG AAA GAA AGG CAA 1653
Asp Gln Lys Phe Met Gly Val Phe Asp Glu Ser Leu Lys Glu Arg Gln
180 185 . 190
GAA GCA GAA AAA AAT GGA GGG CCT ACT GGT GGG GAT TGG TTG GAT ATT 1701
Glu Ala Glu Lys Asn Gly Gly Pro Thr Gly Gly Asp Trp Leu Asp Ile
195 200 . 205 210
TTT TTA TCA TTT ATA TTT GAC AAA AAA CAA TCT TCT GAT GTC AAA GAA 1749
Phe Leu Ser Phe Ile Phe Asp Lys Lys Gln Ser Ser Asp Val Lys Glu
215 220 225
GCA ATC AAT CAA GAA CCA CTIT CCT CAT GTC CAA CCA GAT ATA GCC ACT 1797
Ala Ile Asn Gln Glu Pro Leu Pro His Val Gln Pro Asp Ile Ala Thr

230 235 240

. AGC ACC ACT CAC ATA CAA GGC TTA CCG CCT GAA TCT AGG GAT TTG CTT 1845



TTTCTT TCATT TCTTAGITTC TTTTATTCTT AAAATTTTTC CAF’%&@ 840

AATTTTT STGGGT AAAAATGTGA ATCGTTCCTA GCTTTTAGAC 900
ATCGGACTTT TTTCAATATT AATGAAAAAA TGCCAAATAT TCTAAATATT GIGGTATAGT 960
GATAACGTTC AAAGACACGA ATTGCATACT CAAAGIGIGI AGTAGITTTT AGCGGICTITT 1020
GATACCAATA AGATACCGAT AGGTATGAAA CTAGHRATAG AAGGAGAAAC A ATG ACT 1077
Met Thr .1 AAC
GAA ACTSei FhzaFhrcHis GAR @ GERASNCPraREe (3@ e ATy AsRAEBCERY 1125 Asn
GuThrIIeAsf)“-'GlnGnProGr?sPhr GIuAIaAIazﬁﬁeAsnPro 5 _
GIT GATSRREPA AGG BT 3o TTRT bb. FA%L ARE Cmal e Sht A o Lo Lo
\C/S'aljl' AG:\ Ai%glu Arg %%alg& er Lys EI Tégr&.eu gG §Q ca’l;f g%ll\ %Fa Phe Lys
PCT/ US95/ 12889 270 .

25 pAAA TC GIT
GaT f@g&i’;‘g o g8 5% ﬁ%ﬁ e %%’r%sﬁiwrmé ii%s Prﬁ i3 Val
GAT AGG GAT AAC AGG CAA GCI’ TTT GAG GGA ATC TCG CAA TTA AGG GAA 1269
Asp Ar gedS RTASTIARET @ne A&@Aﬁeq@l eré3meT @ &84 TohMMTECHed BTG U 1989

55 Gln Leu Leu Ile Eiﬁ.s Asri Asn Thr Leu SerOder ﬁﬁA\L—'e_é\Qle-ECEIM-ErAAA GCG ATC AAA
AAT CCT - ACC AAA AAG AnE CAG TAT 3347 Au Tyr Ser Aes Lys Ala Ile Lys
Asn Pro Thr Lys Lys Asn A n Tyr - 70 - 75

80 TTTCACAAGARCTATA ARE Ao GMGPAMEA@%‘K TI6A TAT GOBAGSAMTGAC Add37
1365 PhpifSasp/sly Bhe dluePrsGlu\iysSeal Aen AmpLée Tyk| AlaAshy Iass Asp Asn

85 31090 ' 315 95 CTC ATBaIC GIG GAA TCT TCC A
AAG AGC TTT CAG AAA TTT GGG GAT - 1413 Leu Ile Val Val du Ser Ser Thr
Lys Ser Gfh&EGT T FEA [IFS MG CASSAT TGG @HC GCC ACC GTT GGT TAN (FHA 2085

110 CAGCGIYTRE ChA PAFTLYSEia@RpATIP Res ASRCTIRCYat/GLyCAR: AXE GAT CCG -
1461 G n Arg T345 Arg Il e Phe Th3r3°Ser Trp Val Ser3fis Gn Asn Asp Pro 115

120 125 . = 130
GAC CAA CAA GGT AAC AAT GTG GCT ACA ATA ATT AAT GTG CAT ATG ARA 2133

Asp Gln Gln Gly Asn Asn Val Ala Thr Ile Ile Asn Val His Met Lys
340 345 350

AAC GGC AGT GGC TTA GTé ATA GCA GGT GGT GAG AAAR GGG ATT AAC AAC . 2181
Asn Gly Ser Gly Leu Val Ile Ala Gly Gly Glu Lys Gly Ile Asn Asn .
355 360 365 370

CCT AGT TTT TAT CTC TAC AAA GAA GAC CAA CTC ACA GGC TCA CAA CGA 2229
Pro Ser Phe Tyr Leu Tyr Lys Glu Asp Gln Leu Thr Gly Ser Gln Arg
375 _ _ _ 380 385

GCA TTG AGT CAA GAA GAG ATC CAA AAC AAA ATA GAT TTC ATG GAA TIT 2277
Ala Leu Ser Gln Glu Glu Ile Gln Asn Lys Ile Asp Phe Met Glu Phe
390 : . 395 400

CTT GCA CAA AAC AAT GCT AAA TTA GAC AGC TTG AGC GAG AAA GAG AAA 2325
Leu Ala Gln Asn Asn Ala Lys Leu Asp Ser Leu Ser Glu Lys Glu Lys
405 410 : 415

GAA AAA TTC CGA AAT GAG ATT AAG GAT TTC CAA AAA GAC TCT AAG CCT 2373
Glu Lys Phe Arg Asn Glu Ile Lys Asp Phe Gln Lys Asp Ser Lys Pro
420 ' . 425 . 430

TAT TTA GAC GCC .C'I‘A GGG AAT GAT CGT ATT GCT TIT GIT TCT AAA AAA 2421
Tyr Leu Asp Ala Leu Gly Asn Asp Arg Ile Ala Phe Val Ser Lys Lys =
435 _ 440 ‘445 _ : 450

.GAC CCA AAA CAT TCA GC'i‘ TTA ATT ACT GAG TTT AAT AAG GGG GAT TTG 2469
Asp Pro Lys His Ser Ala Leu Ile Thr Glu Phe Asn Lys Gly Asp Leu



TCT AAA %%@C CGA TGC ATC CGA AAT TTT ATG GAA CAT ACCpec]:ﬁ,sgs,n“ngOg
Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met Qu H's Thr Ile

135 140 - ' 145 CAA .CCC CCT ATC CCT GAT GAC
AAA GAA AAA GCA GAG TTT TTG AAA TCT 911557 Gn Pro Pro Ile Pro Asp Asp
Lys Gu Lys Ala Gu Phe Leu Lys Ser - 150 155

160 GCC AAA CAA TCT TT GCAGGAATCATC TAGGGAATCAA TC CGA ACG
1605 Ala Lys G n Ser PARS Al a Gyllellé le Ay Asn ant eArg Thr

I ov g seiaibn e o o ol B TR TG

L
A
190 GAAGCAGAAAA%\AAT e o CC'I'47RCTGGTGGGGAT4'F&GTTGGAT ATT
1701 G U QNAchkd hahYEar'sdc Aor &ycﬁa%@h@m% &P chirPedcEdrdsP | | £5k95

200 arg Glu iys ASDYal Thr reu ln Gly Add GeuTihh a ol Vafi TA TP 2AC
AAA AAA CT 486T GAT GIC AAA @A 1749 he 4b€u Phe Il e Phe Asp
‘Lys Lys G n Ser Ser Asp Val Lys Qu _ 215

220 ATG TTT GTT AXPTAT Gy AT TAATAGARAEAScRY GFd 1CCTALARGETC CAdeGCA

GAT ATA Gi&E Ahd val Asnl T9¥ s¥raasnh @hAshysGriir Ght A0 Al& ek pydHiserVal G n Pro
Asp Ile Ala Sbo - 264 ' 510 235 240

AGC ACC ACT CAC ATA CAA GGC TTA CCG CCT GAA TCT AGG GAT TTG CTT 1845

VO 96/ 106 AAT AAG GGT GTA GGC GTT ACG AAT GGC GTT TCC CAT TTA GAA GRET/ USO%¥612669
90 Ser Tewo Rbm LsissGly ¥all GlyQVal |Tha Ao GPy (Vall $exSHis Ajey @BpaAlau Leu

245 515 250 520 25%525GAT GAA AGG GGB3AAT TTT TCT
AAA. TTC ACT CTT GGC GAT ATG GAA ATG 1893 Asp G u Arg Gy Asn Phe Ser
Lys Phe T®RC FET AQCyARE GTREGCTGETC JET AAT TPE(FCT AAT TTA AAT AAT CFES 2709

270 TTA %P@ﬁm@%@eldﬁe ¥eklk Rhechanr B ArodEn ARY APACRINAEFTC AAT
1941 Leu Asp Val Qu G595Va| Al a Asp Met“%sp Pro Asn Tyr54%s Phe Asn 275

280 CIV\'TTY\ TWYB ATT CAC AAT 4&#(3
ACTCTG;SF??Q@S A‘G?i”inﬁﬁm ARSI € H s ASH Asn
Thr Leu | ;%u]’afve‘(awg isid sP eu PR oo

AAA GGA TTG TCC CCA CAA GAA GCT AAT AAG CTT GTC AAA GAT TTT TTG 2805

Lys Gly Leu Ser Pro Gln Glu Ala Asn Lys Leu Val Lys Asp Phe Leu

565 570 5§75
AGT AGC AAC AAA GAA TTG GTT GGA AAA GCT TTA AAC TTC AAT AAA GCT 2853
Ser Ser Asn Lys Glu Leu Val Gly Lys Ala Leu Asn Phe Asn Lys Ala
580 585 590

GTA GCT GAA GCT AAA AAC ACA GGC AAC. TAT GAC GAG GTG ARA CGA GCT 2901 .

Val Ala Glu Ala Lys Asn Thr Gly Asn Tyr Asp Glu Val Lys Arg Ala

595 600 605 610

CAG AAR GAT CTT GAA AAA TCT CTA AAG AAA CGA GAG CAT TTG GAG AAA 2949

Gln Lys Asp Leu Glu Lys Ser Leu Lys Lys Arg Glu His Leu Glu Lys
‘615 620 _ 625



295 300 305 CAT GAT GGC Ay
AAA GTT TP T6 TAT aoo aac AAT 2037 Hi's Asp Ay ﬁ‘%@ 768
Lys Val Ser Leu Leu Tyr Ala Gy Asn 310 315

320 GGTI GGT TTT GGA GCC AAG CAC GAT TGG AAC GCC ACC GIT GGT TAT AAA
2085 Ay Ay Phe Ay Ala Lys His Asp Tr¥ Asn Ala Thr val dvy Tyr Lys

325 330 335 GAC CAA CAA GGT AAC AAT aGIG
GCT "ACA FHTACEYN BORAFCPAT (TEF BATASA/AAA AGC GSEIARCA\AAA AAT R ATPy Asn2%%9n Val
Ala Thr 2R Ve AlAHYS /2en e Ry Seyslys Sen fly Asn Lys Asn Lys MeB/g5 '

350 AAC GGC AGT B TTA GIC ATA GCR5GGT GGT GAG m4@({5 ATT AAC AAC

2181 Asnmg &CI?GAAA%&( \./:arl AM: %G@\I &AGAXA G%Gu I le Asn Asn 355

360 AT CTO4PAC AAA
GAA GAC %KAA%?I' é gﬁAGIn Lys ] EZ%“PS 5 é‘? H?e r Leu Tyr Lys
Gu Asp Gn Led Thr Ay Ser dn Arg 375 ' 380
322, SCAEIDIDacHs G0 O G/ Ah fﬁg\ I IEATRON T

2277 A aIl'é‘hlstSnyscifh ﬁb‘ %sgﬂaAﬁPg lz\h’.ﬁ 1 hgy G u Phe

390 0 T ees T GCA CAA AAC AAT GCT AAA
TTA GAC AGC TTG AGC GAGAAAGAGAAA o 2325 Leu.Ala G n Asn Asn Al a Lys
Leu Asp &ar cteaaRetcCatic LAAA Akd! chXSTTG TOT GAT4AMA ©TT GAA AT ATc 41D

415 GAnadABed LysEH AN Kp8CGrAY E1AACeuGldr R LAALANMIL Lanl €Te AAG CCT
2373 G usisys Phe Arg Asn éﬂou 11e Lys Asp [Bee- G'n Lys -Asp SepolLys Pro

420 425 430 TAT TTA GAC GCC CTA GGG AAT
GAT CGTI WTA&:'BATT'FI‘@IAW MMA&AA TCT T222SATTGEA ITF0 2pAAt a Lewsi@sy Asn
Asp Ar g Renely$ asPhkew/ays Sep Blys SkysLyb3Ser Phe Asp Gly Phe LybiBsn q
445 £39 GAC CCA AAA @ TCA GCT TTA AME ACT GAG TTT AAT
AAG GG GAT TTG - 2469 Asp Pro. Lys His Ser Ala Leu Ile Thr @ u Phe Asn
Lys Gy GS§pAR RAT AAG/\GAT GITCORSH) AAG GCA GAA GAA ACG CTA AAA GCC CTT 3237
PCT/ USO5#1¥2B¥® Asn Lys Asp Phe Ser Lys Ala Glu Glu Thr Leu Lys Alp Leu
455 nyeo - 715_ '465_- - 720
AAA GGC TCG GTG AAA GAT TTA GGT ATC AAT CCG GAA TGG ATT TCA AAA 3285
Lys Gly Ser Val Lys Asp Leu Gly Ile Asn Pro Glu Trp Ile Ser Lys '
725 , § 730 . 735 ' '
GTT GAA AAC CTT AAT GCA GCT TTG AAT GAA TTC AAA RAAT GGC AAA AAT 3333
Val Glu Asn Leu Asn Ala Ala Leu Asn Glu Phe Lys Asn Gly Lys Asn
740 745 - 750 : i
AAG GAT TTC AGC ARG GTA ACG CAA GCA AAA AGC GAC CAA GAA AAT TCC 3381
Lys Asp Phe Ser Lys Val Thr Gln Ala Lys Ser Asp Gln Glu Asn Ser
755 760 ' 765 o 770
ATT AAA GAT GTG ATC ATC AAT CAA AAG ATA ACG GAT ARA GTT GAT GAA 3429
Ile Lys Asp Val Ile Ile Asn Gln Lys Ile Thr Asp Lys Val Asp Glu
.- 775 ' - 780 - . = 1785
CTC AAT CAA GCG GTA TCA GTG GCT AAR ATA GCG TGC GAT TTC AGT GGG 3477
Leu Asn Gln Ala Val Ser Val Ala Lys Ile Ala Cys Asp Phe Ser Gly
790 795 800
GTA GAG CAA GCG TTA GCC GAT CTC AAA AAT TTC TCA AAG GAG CAA TTG 3525
Val Glu Gln Ala Leu Ala Asp Leu Lys Asn Phe Ser Lys Glu Gln Leu
: 805 810 815
GCT CAA CAA GCT CAA AAA AAT GAA AGT TTC AAT GTT GGA AAA TCT GAA 3573
Ala Gln Gln Ala Gln Lys Asn Glu Ser Phe Asn Val Gly Lys Ser Glu
820 825 830
.ATA TAC CAA TCC GTT AAQ AAT GGT GTG AAC GGA ACC CTA GTC GGT AAT 3621

Ile Tyr Gln Ser Val Lys Asn Gly Val Asn Gly Thr Leu Val Gly Asn
835 840 845 : 850



AGC TAC Aﬁfbﬁﬁﬁ“gﬁAA GIT ATG GGA AAA AAG CAG ATA AAG GCT TTAp&ERTs9s/126692517
Ser Tyr Thr Leu Lys Val I\/bt Gly Lys Lys Gn lle Lys Ala Leu Asp

470 475 v 480 ~AGG GAG AAA AAT GIC ACT CTT
CAA GGT AAC CTA AAA CAT GAT GGC GIG 932565 Arg G u Lys Asn Val Thr Leu
Gn @y Asn Leu Lys Hs Asp Qy Val 485 490

495 ATG T UsN T ada TAC ACC AAC GCC TCC AAG AGE,,
2613 Met ‘ ﬁe {1_. NpkP&LYs Tyr Thr Asn Ala Ser Lys Ser

500 305 | 510 OCC AAT AAG GGT GTA GGC GIT
ACG AAT GGC GIT TCC CAT ITA GAA GCA 2661 Pro Asn Lys Ay Val dy Val
Thr Asn Ay Val Ser H's Leu u Ala 515 ' ' 520

525 (2) INFORMATIONSSoR @EE 1Dl hoAC AAG GIG GCT GIC TTT AAT TTG CCT AAT
TTA AAT AAT CTC 2709 d'y Phe Ser Lys Val Ala Val Phe Asn Leu Pro Asn
Leu Asn Asn Leui) SEQUENCE CHARACTERBSTICS: 540 545
GCT ATC ACT AGTI GIC (@] ALeNGTH C@ES9CAinbl dcidaG GAT AAA CTA ATC GCT 2757
Ala Ile Thr Ser Val (¥l Tveby aimolagid eu G u Asp Lys Leu Ile Ala '

550 &3 5TOPOLOGY: linear 560 AAA GGA TTG TCC CCA CAA GAA
‘GCT AAT AAG CTT GIC AAA GAT TTT TTG 2805 Lys Ay Leu Ser Pro dn Qu
Al a Asn Lys Le3iVaflOLECUYLRINPPH@rpbein 565 . 570

575 AGTAGCAACAAAGAATTGGTTGGAAAAGCTTTAAACTTCAATAAAGCI'
2853 Ser Ser M’L@‘@‘Gﬁ IP@§CWTI@5/ SEQSIDAN@:3:eu Asn -Phe Asn Lys Al a
580 590 GIA GCT GAA GCT AAA AAC ACA
GaC AAC. Ti&F TMCA&@GT@MAGM @by Gln ProyGin Tha| Gly AlgAlaaPhe Lys Asn Thr
dy Asn Tyt Asp G u VaI iys Arg AIa 59510 660

605 T GAA AAA TCT CTA AAG AAA CGA GAG
CAT TTG B%B Kn\Sin Gl“zB% Iéerf‘i’yés?\s‘ﬁ“ﬁé%f‘ &Y ﬁ:‘;?sP%rLeEe‘ﬁ'sLygl Lys Arg G u
Hs Leu Qu Lys 615 638 625

WD 96/ 10 CT/ US95/ 12669
05 “oaT Bk AN RN R G AR RSB ARS AR Yok A ATC
2997 Asp Val Ala ys Asn Leu Qu Ser Lys Ser Gy AsSn Lys Asn Lys Met

630 Lys Asn Asp Ax@?’ﬁsp Asn Arg Gln Ala Pl@ Q:lu Gly Ile Ser Gln Leu
' 50 55 : 60

Arg Glu Glu Tyr Ser Asn Lys Ala Ile Lys Asn Pro Thr Lys 'Lys Asn
65 70 75 80

.Gln Tyr Phe Ser Asp Phe Ile Asn Lys Ser Asn Asp Leu Ile Asn Lys
85 90 95

Asp Asn Leu Ile Val Val Glu Ser Ser Thr Lys Ser Phe Gln Lys Phe
100 . 105 : 110

Gly Asp Gln Arg Tyr Arg Ile Phe Thr Ser Trp Val Ser His Gln Asn
115 ) 120 . 125

Asp Pro Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met Glu His
130 135 140 ' '

Thr Ile Gln Pro Pro Ile Pro Asp Asp Lys Glu Lys Ala Glu Phe Leu
145 150 155 160

. Lys Ser Ala Lys Gln Ser Phe Ala Gly Ile Ile Ile Gly Asn Gln Ile
: 165 170 175

Arg Thr Asp Gln Lys Phe Met Gly Val Phe Asp Glu Ser Leu Lys Glu
180 185 ' . 190

Arg Gln Glu Ala Glu Lys Asn Gly Gly Pro Thr Gly Gly Asp Trp Leu
195 200 205



GAA GCA GCT AAC AGC CAA AAA GAT GAG ATT TTT ' 3045
e - -

Au Ala Ala Asn Ser A n Lys Asp Qu-lle Phe A 645
650 655 ATC AAT AAA GAG GCT AAT AGA GAC GCA AGA GCA ATC
GCT TAC CCT CAA 3093 Ile Asn Lys Qu Ala Asn Arg Asp Ala Arg Ala lle
Ala Tyr Ala Gn 660 9465 . 670 AAT CTT
AAA GGC ATC AAA AGG GAA TTG TCT GAT AAA CTT GAA AAT ATC 3141 Asn Leu
Lys Ay ¥R IEgsptﬁr bewsgr L e SE-? Phephapy &Y diysFAR ASTH SercAgpr¥al

680 685 690 2%8C AAG GAT TTG AAA GAC TTT
ég,r el T-é\l%ngn E§7‘é Pﬁgnl.eu Pro ?ﬁ]iggVal glzlz_ yP%gAﬁyp Iieg Lys Asp Ph(;OO
705 GGC;‘;%AAATAAGGAT CAGCAAGGCAQRRGAAACGCTAA)WGCCCTT

3237 A yalLy L e.Ser.Ly hr Al a Leu

710 - %h:’?‘sélr ¥§5 iP @ Ilse Gln élyALe??éro %&AG&f AAA GAT TTA
GGI ATC AAT CCG GAA' T ATT TCA AAA 3285 Lys Gy -er Val Lys Asp Leu

735 GIT GAA AA AAA AAT
3333 val GQu Asn Leu Asn Ala Al a Leu Asn A u Phe Lys Asn Ay Lys Asn

740 Glu Met Leu Asp/ 481 Glu Gly Val Ala Asp Met WP@RSIT AAG GTA ACG
CAA GCA AAA A%-,@ACPZ:AA GAA AA %‘ 53381 Lyssﬁsp Pﬁéﬁ% Lys Val Thr
G@n Ala Lys Ser AspGInGIuAsnSer 755 760

765 Phe Asn Gln Lew Zeu AETHIA \AsHirflsnCikr AdC db‘ECséATraﬁ%uAﬁ& ATA ACG GAT
AAA GIT GAT280A . 3429 Iless_ys Asp Val Ilesdde Asn A n Lys Ile Thr Asp
Lys Val Asp Gu - 775 780 7&‘
CTC AAT GAASECEiSTAspl Chy GlEe GLT PAS/GIAT Y08 THa® G Let CIyAGRLLEGG - 3477
Leu Asn ¥W@5n Al a Val Ser \HIO Al'a Lys Ile -Al3asCys Asp Phe SeB2@@ y -

790 795 800 GTA GAG CAA CGCG TTA GCC GAT
CTC AAA GIATARTGLYCALY\RDB: (A@ &)\ LYF(lis Asp JIpRAspahlygThrFal Alw Leu Al a Asp
Leu Lys Asn Phe Ser " L9§5Glu Gdn Leu 330 805 ' a3s 810

815 GCT CAA CAA GCT CAA AAA AAT GAA AGT TTC AAT GTTGGAAAATCTGAA
3573 Alaadn A@n Ala A n Lys Asn Qu _Ser Phe Asn_Vval ‘y Ser Qu

820 Tyz Lys Asp GlmGin GTy Asn hen Val AlgyThr LiealieaseR GTT AAG AAT
GGT GTG AAC GGA ACK*TTA GTC GGT AAT*S 3621 Ile TYP’An Ser val Lys Asn

Gy Vval l‘iA‘S:nLys an;hélysgu V(ﬁl ]ge\.y \/A‘fnne Rla Gly Gly Glu Lys 61%491e

845 358 360 365

Ay Ile £gnpBs g qH_lJ wg}'%&%‘ﬂ PthSSer Lylr_s &15\7%& Leu G]%AASP GPBCt 730

Asn Asn Pro Ser Phe Tyr Leu Tyr Lys Glu Asp Gln Leu Thr Gly Ser
370 375" 380

Gln Arg Ala lLeu Ser GIn Glu Glu Ile Gln Asn Lys Ile Asp Phe Met
385 . 390 385 400

Glu Phe Leu Ala Gln Asn Asn Ala Lys Leu Asp Ser Leu Ser Glu Lys
405 : 410 - 415

Glu Lys Glu Lys Phe Arg Asn Glu Ile Lys Asp Phe Gln Lys Asp Ser .
420 425 430

Lys Pro Tyr Leu Asp Ala Leu Gly Asn Asp Arg Ile Ala Phe Val Ser
435 . 440 445

Lys Lys Asp Pro Lys His Ser Ala Leu Ile Thr Glu Phe Asn Lys Gly -
450 455 460 _

Asp Leu Ser Tyr Thr Leéu Lys Val Met Gly Lys Lys Gln Ile Lys Ala
465 470 475 480

Leu Asp Arg Glu Lys Asn Val Thr Leu Gln Gly Asn Leu Lyé His Asp
485 _ 490 ' 495



WO 96/ 106360 96/10639 | PCPRESo5 2569 2669

93 GGG TTA TCT GGA ATA GAG GCC ACA GGG
3648 Ay Leu Ser Ay Ile Au Ala Thr Ay 855 (2)
- I NFORVATI ON FOR SEQ I D NG 2: (i )S%SEQJENCE CHARACTERI STI CS:
(A) LENGTH: 859 am no acids ' B) TYPE: an1no acid
(D) TOPOL a TYPE r.ot ej (xi)
 SEQUENCE %"s&ﬁll‘ SHRECR! §|§b ﬁS‘( h&%z’l‘“ E}g IPEﬁr R TEE T H% sﬁs’ G@ndn Pro
An Thr Gu Ala Al a _ _
15 Asn P I a Val
1 tPs el ﬁ:ﬂz@ﬂ'%ﬁ @lﬁ%m%ﬁ@ wr%%)ésblfdm Afgx Vag lﬂc Sor Tyr Asp
Pro Asp G n Lys Pro Ile Val Asp
45 Lys AgIuA3R AYyUPAS BedShys\vE1 Glia bR pBEeAsQ HelBtol Adh B8 ﬁnn Leu 50
55 530 60 Arg GlsgsGI u Tyr Ser Asgspys Ala Ile Lys Asn Pro. Thr
Lys Lys Asn 65 75 80
A n Tyr Phen $etu A% 1bbernkl seAyalhm K6 ARG MASS peh B1lul Asp AgS Lens
85 545 90 550 95 ss5sp Asn Leu Ileséml Val GQu Ser
Ser Thr Lys Ser Phe dn Lys Phe - ~ 100 105
110 dy Abp AThnLyw glfyreuAser Pke dmeGlinAl®chsnlLps L@ &er Lis SAspl N Asn
115 1265 : 5785 Asp Pro Ser sk§ys Ile Asn Thr
Arg Cys Ile Arg Asn Phe Met Qu Hi s 130 135
140 Thr Phe IeunsSey §ePrign| Lys Glp Ly Val SlyykyaGhla ey Agm PBRAsRhe Leu 145
150 5865 585 160 Lys Ser5¥®a Lys G n Ser Phe
Ala Gy Ile II elle dy Asn dn lle _
Lys Ala Val Ala Glu Ala Lys Asn Thr Gly Asn Tyr Asp Glu val Lys
595 600 , 605

Arg Ala Gln Lys Asp Leu Glu Lys Ser Leu Lys Lys Arg Glu His Leu
610 615 620

Glu Lys Asp Val Ala Lys Asn Leu Glu Ser Lys Ser Gly Asn Lys Asn
625 630 635 : 640

Lys Met Glu Ala Lys Ala Gln Ala Asn Ser Gln Lys Asp Glu Ile Phe
645 650 _ 655

Ala Leu Ile Asn Lys Glu Ala Asn Arg Asp Ala Arg Ala Ile Ala Tyr
. 660 665 670

Ala Gln Asn Leu Lys Gly Ile Lys Arg Glu Leu Ser Asp Lys Leu Glu
675 ’ _ €80 ' 685

Asn Ile Asn Lys Asp Leu Lys Asp Phe Ser Lys Ser Phe Asp Gly Phe
690 : ' 695 700

Lys Asn Gly Lys Asn Lys Asp Phe Ser Lys Ala Glu Glu Thr Leu Lys
705 . 710 ) 715 720

Ala Leu Lys Gly Ser Val Lys Asp Leu Gly Ile Asn Pro Glu Trp Ile
- 7258 . 730 ' . 735

.Ser Lys Val Glu Asn Leu Asn Ala Ala Leu Asn Glu Phe Lys Asn Gly
740 745 750 :

Lys Asn Lys Asp Phe Ser Lys Val Thr Gln Ala Lys Ser Asp Gln Glu
755 - 760" 765

‘Asn Ser Ile Lys Asp Val Ile Ile Asn Gln Lys Ile Thr Asp Lys Val
770 ' 775 780

Asp Glu Leu Asn Gln Ala Val Ser Val Ala Lys Ile Ala Cys Asp Phe



165 %%9%130839 170 175 Arg Thr Asp %&kg&,ﬁg@ Met

Ay Vval G u Ser Leu Lys Qu 180 185

190 Arg Adn Au Ala Qu Lys Asn Ay Gy Pro Thr Ay Ay Asp Trp Leu

195 _ 200 205 WD 96/ 10639

PCT/ US95/ 12669 | -, 26 94 Asp Ile Phe Leu
Ser PheJIe Phe Asp Lys - A n Ser Ser ASI5$ Val 210 215 -
220 LysS®Gu Ala ile Asn’®n Gu Pro Leu PP® His Val Gn PP¥® Asp 11¢é 225

230 2 Ala Thr.Ser Tr Thr Hs Ile
Gndy SféuG]Igr ga]I:,rGCI)I.u ?n Iﬁ gA%\S Asp Leu %ys Asn ghe SQﬁg.y: .. 250 -
255 Leu Leu Asp Qu Arg Gly Asn Phe Sser Lys. Phe Thr Lél Ay Asp Met

260 gla Leu Ala G1n2EFh Ala Gla L Aan 12 Und¥P val du Qy

Val Al a. Agp eI\‘/llet ?Asg%zPro ?1 T)l/qr {5 n Gl 4Cr f% R’ai_eéiypf‘p 280 _

285 Phe Asn Gn Leu Leu Ile Hs Asn Asn Thr Leu Ser Ser Val Leu Met

290 Ser Glu Ile Tyr28fh ser val Lys Asn G1y3991 A%YGﬁe&'hi-‘"L%u% Ay Ile Qu
Pro Qu Lys Vab;ﬁer Leu Leu Tyrgéd a 305

315 320 Ay Asn Gy Ay Phe GIyAIaLys H|s AspTrpAsn
Al a Thr c¥glasd gly Leu ser Gly Ile GB2ZAla Thr Gly 330 335
Tyr Lys Aspes@dn G n Ay Asn #sn Val Ala Thr Ile Ile Asn Val H's
340 ' 345 350 Met Lys Asn Ay Ser Ay Leu
Val 11 e (R) aINBORMAITONGFQR [SEQ IH Noid:e 355 360

365 Asn Asn Pro Ser Phe Tyr Leu Tyr Lys Qu Asp @n Leu Thr Ay Ser
370 (1) SEQUENGE F"HARACTERISTICS: 380 Gn Arg Ala Leu Ser An.Qu
Gu lle Gn Asn (A)sLERGEHAS#BIIhbase pages 390 .
395 (B) TYPRy nugleic acid

(¢ STRANDEDNESS: double
(D) TOPOLOGY: linear .

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

(A) NAME/KEY: CDS
(B) LOCATION: 1072..4614

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ATGGGCTGCG CGTAACGAAA MGTCGCT TGACCTCTTT TGATGTCATC AGAGATTITC - 60

CAAATATCCG CTATAGCTTT éACchrAGA GCGCAACCAC CTACGATCGC TAGAACAGAA 120
ATGATCTGAA CCACCAAAGT TTTAGTCTCA GTAATGCCTG ATGCAGGACT GTCGAAAGCC 180
ATTAAAGGAT TGGCTGCTAT CGCTAGCCCT AAAGTTACTA CAACTTTCTT GTAGCTGTCA 240
GTGATTCTTG TAAARAATTT CATGCGTTTC CTTTCAAATT GARATCAATC GTTTGAGTAT 300
ATCARARARA AGTATTTTTA TACTATTCAT ACAAGCGCTA CTTTATAATT TAAATCAAAA 360
CCGACGCTTT TGTTTGACAA CTGATATAAT TTAGGAACAA TAAACCTACT TGTCCGAACC 420
ATTTTTCTTT CTCAAGTCAT CGTAGAATTG TAGATCTTTA GGATCTTTGA TGTATTTTTT 480
AATCGTCTCA GGTTGARACC TAAARACAAG CAGAAACAAA CCCAAGCTGA TCAGAGTGAS 540

AATAAAGCTC CATTTTAAGC AACTCCATAA ACCACTAAAG AAACTTTTTT TGAGACTCTC 600

TTTGAAAATC TGTCCTATTG ATTTGTTTTC CATTTTGTIT CCCATGCGGA TCACAAACGC . 660



G u Phe Leu Ala A n Asn Asn Ala Lys Leu Asp Ser Leu Ser G u Lys

405 410 415 @ u Lys Qu Lys Phe Arg Asn
Gu lle Lwodgivesdre G n Lys Asp Ser = 420 - PCT/US95/126695
430 Lys Pro Tyr Leu Asp Ala lLeu Gy Asn Asp Arg 1le Al'a Phe Val Ser

435 440 9445 Lys Lys Asp Pro Lys H's Ser
Ala Leu Ile Thr Qu Phe Asn Lys Gy 450 455

160 ASpokfitoRein Magdblork Hobikionk obbloyfhh MECkUSCEmkGals 2 9268

Thr Leu @cﬁcﬁr&cﬁ‘%&cﬁ:@éﬁ’s&%&t"rﬁn&&% TTCTCCARCC ATCTTTAG&@@*TGCATTTGA 780 490
495 WO 96/ 10639

PCT/ USO5h¢F&@&2nan AAGGCTCATT TCTTAGTTTC TTTTATTCTT AAAATTTTTC cﬁ.&cﬁdﬁavm Wb Phe
Val Asn Tyr Ser Asn Phe Lys Tyr Thr Asn Al a Ser :

505 AATTTTTGTT mrﬁd:ﬁteehyﬂﬁﬂsﬁhuﬂﬁambm Gbm-l‘dmbAGch’n’ed:AA'Ebr Aspobd vy

Val Ser His Leu 515 525 QGu
Ala Jy Rhesdderrt \rrTOEATANT cAATERAARNIA Mcmmﬂ?rrormn'ewm'mmer 530960
535 540 Asn Leu Ala Ile Thr Ser Val Val Arg Arg Asp Leu

G u Asp ERTAACGUTES AAAGACACGA ATTGCATACT SBXAGTGTGT AGTAGTTTTT AGSBSTCTTT 1020
560 Ile Ala Lys Ay Leu Ser Pro A n GQu Ala Asn Lys Leu Val Lys Asp

565 GATACCAATA AGABAGLGAT AGGTATGAAA CTAGGIRATAG RAGGAGARASHE ATRrAGTsn LY97d u
Leu Val Ay Lys Ala Leu Asn Phe Asn 580 Met Thr 585
590 Lys Ala Val Ala Qu Ala Lys Asn Thr Ay Asn Tyr Asp Gu Val Lys
595 600 605 Arg Ala An Lys Asp Leu Gu
Lys Ser £&% ‘%ég”t ATR RPCGEAR [GR8 Gy CAR ACH{@AA GCG GCT TIT AAC CQP 5 1125
620 d ureyElL '5" 3fe BiR GAEnP’iSeﬁl’&;l'%’fs‘é’r“ Ay ’éér P BSASPF9 ys Asn 625
630. 635 - 640

CAG CAA TIT ATC AAT AAT CTT CAA GTA GCT TT'I‘. CTT AAA GTT GAT AAC 1173

Gln Gln Phe Ile Asn Asn Leu Gln Val Ala Phe Leu Lys Val Asp Asn

20 25 - 30
GCT GTC GCT TCA TAC GAT CCT GAT CAA AAA CCA ATC GTT GAT AAG AAC 1221
Ala Val Ala Ser Tyr Asp Pro Asp Gln Lys Pro Ile Val Asp Lys Asn
35 : 40 45 50
GAT AGG GAT AAC AGG CAA GCT TTT GAG GGA ATC TCG CAA TTA AGG GAA 1268
Asp Axrg Asp Asn Arg Gln Ala Phe Glu Gly Ile Ser Gln Leu Arg Glu
5§58 ' 60 65
GAA TAC TCC AAT AAA GCG ATC AAA AAT CCT ACC AAA AAG AAT CAG TAT 1317
Glu Tyr Ser Asn Lys Ala Ile Lys Asn Pro Thr Lys Lys Asn Gln Tyr
: 70 ' 75 - 80
TTT TCA GAC TTT ATC AAT AAG AGC AAT GAT TTA ATC AAC AAA GAC AAT 1365
Phe Ser Asp Phe Ile Asn Lys Ser Asn Asp Leu Ile Asn Lys Asp Asn
85 90 95
CTC ATT GTC GTG GAA TCT TCC ACA AAG AGC TTT CAG AARA TTT GGG GAT 1413
Leu Ile Val Val Glu Ser Ser Thr Lys Ser Phe Gln Lys Phe Gly Asp -
100 - 108 .. 110

CAG CGT TAC CGA ATT TTC ACA AGT TGG GTG TCC CAT CAA AAC GAT CCG 1461

Gln Arg Tyr Arg Ile Phe Thr Ser Trp Val Ser His Gln Asn Asp Pro

115 120 _ 125 : - 130

TCT AAA ATC AAC ACC CGA TGC ATC CGA AAT TTT ATG GAA CAT ACC ATA 1509

Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met Glu Hig Thr Ile

135 - 140 _ 145
CAA CCC CCT ATC CCT GAT GAC AAA GAA AAA GCA GAG TTT TTG AAA TCT 1557
Gln Pro Pro Ile Pro Asp Asp Lys Glu Lys Ala Glu Phe Leu Lys Ser

150 155 ' - 160

‘This Sheet Has Been Replaced ?

THIS SHEET HAS BEEN
REPLACED




Lys Met Qu Al a Lys Ala G n Ala Asn Ser G n Lys Asp Gu Ile Phe

645 650 655 Ala Leu Ile Asn Lys Qu Al a
Asn Arg Waogiogs9rg Ala Ile Ala Tyr 1660 65
670 Ala dn Asn Leu Lys Ay Ile Lys Arg Qu Leu Ser Asp Lygrlfg%mé“ﬁ
675 680 9g 0685 Asn Ile Asn Lys Asp Leu Lys
Asp Phe Ser Lys Ser Phe Asp d y Phe 690 695

700 Lys Asn Ay Lys Asn Lys Asp Phe Ser Lys Ala AQu Qu Thr Leu Lys 705
710 715 - 720 Ala Leu Lys @y Ser Val Lys

Asp Leug& aah! @ ¥Br Fn@ &4 oBA T RTC ATA GGG AAT CAAR ATE2BGA ACG 1605 /30 -

735  Sef1d \ys\@n Sbd eMalLdipeArte Ala digUadS R1E tiPReg liks Asn Gy
740 165 .. 745 ) 170 - . .750. Lysvésn Lys Asp Phe Ser Lys

Val Thr Gn Ala Lys Ser Asp Gn Qu 755 760

765 AseaSemalAza rys MdspedTd 7T AT AaR FEonThy Akl GAATheG ARA Lys Yeds:

770 Asp Gln Lys Phe MAD Gly Val Phe Asp Glu A} LAspy&lalu Brg An G n Al a Val
Ser Val Al ashys Ile Ala 0/3195p Phe . - WO o290 10639

PCT/ US95/ 12669 . 96 785

790 GAA GCA GAA AAA A?L%GGA GGG CCT ACT GGT @OGMSG‘GGG'Bﬁ ST ATTu G n1Mia Leu
Al a AspSlhwedlay@lurbys Pise Gar GLy Prel Thr Gly Gly Asp Trp Leughsp Ile

810 195 . 815200d n Leu Ala G988 n Ala:A n Lys2A8n G u Ser Phe
Asn Val ﬁ’r ; 820 825 830
Ser @ uTT] &T¥ TCAGI"HT AIp TE GE‘E/ VST PG GAF \CTPHARA GRA\/5| 1749 835
540  Phe Leu Ser rhe %351’116@“?? AR ’e!%/G %Lﬁese?erc;’*ﬁpl‘faé W% A¥Fa Thr Ay
850 - &85 .
GCA ATC AAT CAA GAA CCA CTT CCT CAT GTC CAA CCA GAT ATA GCC ACT 1797
Ala Ile Asn Gln Glu Pro Leu Pro His Val Gln Pro Asp Ile Ala Thr
230 235 . 240 .
AGC ACC ACT CAC ATA CAA GGC TTA CCG CCT GAA TCT AGG GAT TTG CTT 1845
Ser Thr Thr His Ile Gln Gly Leu Pro Pro Glu Ser Arg Asp Leu Leu
245 . § 250 - 255
GAT GAA AGG GGT AAT TTT TCT AAA TTC ACT CTT GGC GAT ATG GAA ATG 1893
Asp Glu Arg Gly Asn Phe Ser Lys Phe Thr Leu Gly Asp Met Glu Met
260 _ 265 - 270
TTA GAT GTT GAG GGC GTC GCC GAC ATG GAT CCC AAT TAC AAG TTC AAT 1941
Leu Asp Val Glu Gly Val Ala Asp Met Asp Pro Asn Tyr Lys Phe Asn
275 _ . 280 . 285 - 290
CAA TTA TTG ATT CAC AAT AAC ACT CTG TCT TCT GTG TTA ATG GGG AGT 1989
Gln Leu Leu Ile His Asn Asn Thr Leu Ser Ser Val Leu Met Gly Ser
' 295 . 300 . . 305
CAT GAT GGC ATA GAA CCT GAA ARA GTT TCA TTA TTG TAT GCG GGC AAT 2037
His Asp Gly Ile Glu Pro Glu Lys Val Ser Leu Leu Tyr Ala Gly Asn
310 . 315 320
GGT GGT TTT GGA GCC AAG CAC GAT TGG AAC GCC ACC GTT GGT TAT AAA 2085
Gly Gly Phe Gly Ala Lys His Asp Trp Asn Ala Thr Val Gly Tyr Lys
. 325 330 - 335
GAC CAA CAA GGT AAC AAT GTG GCT ACA ATA ATT AAT GTG CAT ATG AAA 2133
Asp Gln Gln Gly Asn Asn Val Ala Thr Ile Ile Asn Val His Met Lys
340 . 345 _ _ 350 :
AAC GGC AGT GGC TTA GTC ATA GCA GGT GGT GAG AAA GGG ATT AAC AAC 2181
Asn Gly Ser Gly Leu Val Ile Ala Gly Gly Glu Lys Gly Ile Asn Asn

355 : 360 . 365 _ 370

CCT AGT TTT TAT CTC TAC AAA GAA GAC CRA CTC ACA GGC TCA CAA CGA 2229



(2) | NFORIBlERMR SEQ 1D NO3: (i) SEQUENCE mmm%ﬁjg,%m

(A) LEN ase pairs : (B) TYPE: nucleic ac
(C) STRANDEDNESS: doubl e o (D) TOPOLOGY: linear (i) MOLECULE
TYPE: DNA (genomic) - (i'X) FEATURE: " (A) NAMVE/ KEY: CDS
(B) LOCATION: 1072..4614 (xi) SE&%ENCE DESCRI PTI ON: SEQ | D NO: 3:
ATGGGCTGCG CGTAACGAAA AACAGTCGCT TGACCTCTTT TGATGTCATC AGAGATTTTC 60
CAAATATCEECCHFT AR THTF @msmwﬁﬁw 120
ATGATCTGAA CCACCAAAGT AGTCTCA GTAATEXTG ATGCAGGACT - 180
REAGET AT A 2277 240
GTGATTCT A _ T AT 300
194 ¢ ?_ ’ El A 360
CCGACGCTT TGTTTGACAA CTGATATAAT TTAGGAACAA TAAACCTAGT® TGTCCCAACC 420
ATTTTTCT TorrCR&M¥A Gl o8 AL TFAEAdd AreGRECEAd %ATQEAIHTTT 2325 480
AATCGT CT GAuGAalal ASHAAA L6R @?g 540
AATAAAGCTC CATTLHAAGC AACTCCATAALASCACTAAAG AAACTIZg TT TGAGA 600
TTTGAAAATC TGTCCTATTG ATTTGTTTTC CATTTTGTTT CCCATGCGGA TCACAAACGC 660
WO 96/ 10639 PCT/ US95/ 12669

97 TTAATTACAA ATACATACTA TAATAAGTAT GGCACACACA AACCAAACCA TTTTTAGAAC |
720 CCTeaATAGA T€¢ CACALATEGAECATITMNARE/ASAT T T CRASGR AACTET AGGGeeT GCATTZGA

780 Glu Lys Phe Arg Asn Glu Ile Lys Asp Phe Gln Lys Asp Ser Lys Pro
' 420 , 425 430

TAT TTA GAC GCC CTA GGG AAT GAT CGT ATT GCT TTT GTT TCT AAA AAA 2421
Tyr Leu Asp Ala Leu Gly Asn Asp Arg Ile Ala Phe Val Ser Lys Lys
435 440 . 445 450

GAC CCA AAA CAT TCA GCT TTA ATT ACT GAG TTT AAT AAG GGG GAT TTG 2469
Asp Pro Lys His Ser Ala Leu Ile Thr Glu Phe Asn Lys Gly Asp Leu

455 460 465

AGC TAC ACT CTC AAA GTT ATG GGA AAR ARG CAG ATA AAG GCT TTA GAT 2517

Ser Tyr Thr Leu Lys Val Met Gly Lys Lys Gln Ile Lys Ala Leu Asp
470 475 480

AGG GAG AAA AAT GTC ACT CTT CAA GGT AAC CTA AAA CAT GAT GGC GTG 2565

Arg Glu Lys Asn Val Thr Leu Gln Gly Asn Leu Lys His Asp Gly Val
485 490 ' 495

ATG TTT GTT AAT TAT TCT AAT TTC AAA TAC ACC AAC GCC TCC AAG AGT. - 2613

Met Phe Val Asn Tyr Ser Asn Phe Lys Tyr Thr Asn Ala Ser Lys Ser:
500 - 505 510

- CCC AAT AAG GGT GTA GGC GTT ACG AAT -GGC GTT TCC CAT TTA GAA GCA 2661
Pro Asn Lys Gly Val Gly Val Thr Asn Gly Val Ser His Leu Glu Ala
515 520 525 530

GGC TTT AGC AAG GTG GCT GTC TTT AAT TTG CCT AAT TTA AAT AAT CTC . 2709
Gly Phe Ser Lys Val Ala Val Phe Asn Leu Pro Asn Leu Asn Asn Leu

: 535 _ 540 545

GCT ATC ACT AGT GTC GTA AGG CGG GAT TTA GAG GAT AAA CTA ATC GCT 2757

Ala Ile Thr Ser Val Val Arg Arg Asp Leu Glu Asp Lys Leu Ile Ala
550 555 . 560

AAA GGA TTG TCC CCA CAA GAA .GCT_AAT AAG CTT G'I'C.AAA GAT TTT TTG 2805

Lys Gly Leu Ser Pro Gln Glu Ala Asn Lys Leu Val Lys Asp Phe Leu
565 - 570 575
AGT AGC AAC AAA GAA- TTG GTT GGA AAA GCT TTA AAC TTC AAT AAA GCT 2853

Ser Ser Asn Lys Glu Leu Val Gly Lys Ala Leu Asn Phe Asn Lys Ala



TTTCTTCAAA AAGGCTCATT TCTTAGTTTC TTTTATTCTT AAAATTTTTC CA:F%@ 840
AATTTTTCVO IGAG6BETCEGT AAAATGTGA ATCGTTCCTA GCTTTTAGAC GCT

900

ATCGGACTTT TTTCAATATT AATGAAAAAA TGCCAAATAT TCTAAATATT GIGGTATAGT 960

- GATAACGITC AAAGACACGA ATTGCATACT CAAAGTGIGI AGTAGITTTT AGCGGICTTT 1020
GATACCAATA AGATACCGAT AGGTATGAAA CTAGEIIRATAG AAGGAGAAAC A ATG ACT 1077
Met Thr 1 AAC
GAA ACT ATS8@AC CAA . CAA CCASEBAA ACC GAA GCGE83@T TTT AAC CCG 1125 Asn

AQu Thr Ile Asp A@n dn Pro Gn Thr Au Ala Ala Phe Asn Pro 5

10 GTA GCT GAA GCT ABA ABCA@AGCT RRCATAT GAT GRGTCTS PAR/GGAGERET GCT T2PPICTT AAA”
GIT GATVaAABla Glu AlayRyiAsnCThr Ghy AsneTyws AspsHy ¥l &YA A¥F Al a Phe Leu Lys
Val Asps9Ssn 20 . 600! - 25 605 8% @cT Gre ocT
TCATACGATCCTGATCAAAAACCAATCGTTGATAAGAAC 1221 Alg, Val Ala
" Ser Tyr%ﬁA’P @s“ﬁ GTN%W%%%W £GAG ARG 94 40
45 Gla Asp Le“ §6“ TSQREe Ry splys B eSS GaA ATC TCG CAA

TTA AGG GAA 1268 %sp Arg Asp Asn®#g A n Ala Phe B Ay Ile Ser @n
LeuArg du 65

7 %‘WS@? ST B RN 7 B

70 : 80 TTT TCA GAC TTT ATC AAT AAG ACC

AAT BQAA@& /éﬁué\e%% Rgc can ARPBARNGSRET AR GRETEEE ASnadags Ser

Asn g% g\A@p er Gln Lys A% Glu Ile Phe Ala Leu 90

95 AGC TTTg68AG AAA TTT GGG GAT

1413 Leu_ IIe VaI Val Qu Ser. Ser Thr Lys Ser Phe G n Lys Phe Ay Asp s
100 arc AAT AaA GaG 0P AAT AGA GAC Gea AcA Hea KHCGEESTACAGICGAA ATT TIWB3ACA A

TGG GTG1ChafAlsCéth AAS AATALE Gsp Ala AP R1G MeAAla Ty A¥gclhe Phe Thr Ser
Trp Val Segghis A n Asn Aspefso 115 670 120 125
130 TCT AAA ATC AAC ACC CGA TGC ATC CGA AAT TTT ATG GAA CAT ACC ATA

1509 Ser Lys Ile Asn Thr Arg Cys 1le Arg Asn Phe Met Gu His Thr Ile .

135 140 . 145 CAA CCC CCT ATC CCT GAT GAC AAA
GAA AAAAKICATTAGATFAC FTC ARRAAFE GAA TTGL ST GATHARK STPGRA| AT ATE Asp ?ﬂs"& Lys

A u LysAsd &ed LysPly 138 %A@relu Leu Ser Asp gm Leu Glu Asn Ile. 155

160 675 Thi s €#feet Has Been R&\MBaced 630

AAC AAG GAT TTG AAA GAC TTT AGT AAA TCT TTT GAT GGA TTC AAA AAT 3189
Asn Lys Asp Leu Lys Asp Phe Ser Lys Ser Phe Asp Gly Phe Lys Asn: -
. 695 S 700 : 705

GGC AAA AAT AAG GAT TTC AGC AAG GCA GAA GAA ACG CTA AAA GCC CTT 3237
Gly Lys Asn Lys Asp Phe Ser Lys Ala Glu Glu Thr Leu Lys Ala Leu :
710 D 715 720 :

AAA GGC TCG GTG AAA GAT TTA GGT ATC AAT CCG GAA TGG ATT TCA AAA 3285
Lys Gly Ser Val Lys Asp Leu Gly Ile Asn Pro Glu Trp Ile Ser Lys
725 : - 730 . - 738

GTT GAA AAC CIT AAT GCA GCT TTG AAT GAA TTC AAA _AAT- GGC AAA AAT 3333
val Glu Asn Leu Asn Ala Ala Leu Asn Glu Phe Lys Asn Gly Lys Asn :
740 ' 745 ’ . 750 ’

AAG GAT TTC AGC AAG GTA ACG CAA GCA AAA AG_C GAC CAA GAA AAT TCC . 3381
Lys Asp Phe Ser Lys Val Thr Gln Ala Lys Ser Asp Gln Glu Asn Ser
785 760 _ 765 - _ 1770

ATT AAA GAT GTG ATC ATC AAT CAA AAG ATA ACG GAT AAA GTT GAT GAA 3429
Ile Lys Asp Val Ile Ilé Asn Gln Lys Ile Thr Asp Lys Val Asp Glu
778 a 780 : 785

CTC AAT CAA GCG GTA TCA GTG GCT AAA ATA GCG lZI.fGC GAT TTC AGT GGG 3477
Leu Asn Gln Ala Val Ser Val Ala Lys Ile Ala Cys Asp Phe Ser Gly '
790 : : E 795 800



WD 96/ 106

98 Gccmamg TCT TTT GCA GGA ATC ATC ATA GGG AAT CAA A?gje’@
1605 Ala Lys G n Ser Phe Ala Gy Ilelle lle Ay Asn An Ile Arg Thr
165 170 o 175 GAT CAA AAA TTC ATG GGC GIG
TTT GAT GAA TCC TTGAAA GAA AGG CAA %53 Asp A n Lys Phe I\/Et dy Val

Phe Asp y I
190 GAAy ‘é%fﬁrﬁ cizAT APPF25
1701 G u A& Hog_ys fP ? HsraP ée§ pGlT‘f FiRetPsp 11e 195

200 210 TTT "TTA TCA TTT ATA TTT GAC

AR e o AT %GT rrclfd PR S G |1 € Bl ASD
225 GCA ATGAAT CAA GAA SEAP AT b B EA PR R Boe AcT :
1797 Ala Ile Asn Gn Qu Pro Leu Pro Hi s Val n Pro Asp Ile Ala Thr

230 ATA TAC CAA TCE30IT AAG AAT GGT GTG ArG 8gn AEE ?ﬁﬁ;‘“‘l I
e

TTA CCG €id 192 cthiChefrGra1Cliys REE &1 val Asn1§ﬂ5 Tﬁ@rLeIl fa1ll@a
Leu Pro Bs® A u Ser Arg Aspoleu Leu

255. GAT GAA AGG GGI AAT TTT. TCT AAA TTC ACT CTT GEC GAT ATG GAA ATG
1893 Aspe@s UrTAr ge1CieeaAsTA Bite goer aday scPhercTéde han ATy 1P6 relbdatd U Malggo

669

260 Gly Leu Ser Gl¥Gfle Glu Ala Thr Ala Led/Ala Ly#é AsATpkel Be&/XaSCC GIC GCC
GAC ATG GAT CCC AAT TreBsAAG TTC AAT 8601941 Leu Asp ValesGu Ay Val Al a
Asp Met Asp Pro Asn Tyr Lys Phe Asn 275 280 :
285 ATC AAG AAA GARJIYG BATA GRG AART CTAARRACKKT Afd MO\JQ(C'RAE'IKICTCT TET16TG
TTA ATG B IxNSTLYs GlulROAS Gluckys @be |Lye Mirs PAs AsAshsi asnlasn Ser Ser Val
‘Leu Met Ay Ser 870 295875 :3) 1) 305
CAT GAT GGC ATA GAA CCT GAA AAA GIT TCA TTA TTG TAT GCG GGC AAT 2037
H s Asp &Y AATCGRT FTRrARAGRRC (C §<§§ QRN GRRCCCeRTT AT GAT fhM GIT\AMEn 3765
310 Asn Asn Gly Ley hys Asn Gly Gly Glu Prgofle Ty AAG@TCIT Vab®enGCC AAG CAC
GAT TGG AAC GCC*¥CC GIT GGT TAT 998 2085 895
AAA ARG AAA ACA GGA CAA GTA GCT AGC CCT GAA GAA CCC ATT TAT GCT 3813
Lys Lys Lys Thr Gly Gln Val Ala Ser Pro Glu Glu Pro Ile Tyr Ala
900 ' 908 , 910 )
CAA GTT GCT AAA AAG GTA ACT AAA AAA ATT GAC CAA CTC AAT CAA GCA 3861
Gln Val Ala Lys Lys Val Thr Lys Lys Ile Asp Gln Leu Asn Gln Ala '
815 920 925 930
GCG ACA AGT GGT TTC GGT GGT GTA GGG CAA GCGE GGC TTC CCT TTG AAA 3909
Ala Thr Ser Gly Phe Gly Gly Val Gly Gln Ala Gly Phe Pro Leu Lys
935 940 945
AGG CAT GAT AAA GTT GAA GAT CTC AGT AAG GTA GGG CGA TCA GTT AGC 3957
' Arg His Asp Lys Val Glu Asp Leu Ser Lys Val Gly Arg Ser Val Ser
950 955 ‘960
CCT GAA CCC ATT TAT GCT ACA ATT GAT GAT CTC GGT GGG TCT TTC CCT 4005
Pro Glu Pro Ile Tyr Ala Thr Ile Asp Asp Leu Gly Gly Ser Phe Pro
965 970 _ 975
TTG AAA AGG CAT GAT AAA GTT GAT GAT CTC AGT AAG GTA GGG CTT TCA 4053
. Leu Lys Arg His Asp Lys Val Asp Asp Leu Ser Lys Val Gly Leu Ser
980 985 : . 990
AGG AAT CAA GAA TTG ACT CAG AAA ATT GAC AAT CTC AGT CAA GCG GTA 4101
Arg Asn Gln Glu Leu Thr Gln Lys Ile Asp Asn Leu Ser Gln Ala Val
995 1000 1005 _ _ 1010

. TCA GAA GCT AAA GCA GGT TTT TTT GGC AAT CTA GAA CAA ACG ATA GAC 4149



Gy Gy Ala Lys H's Asp Trp Asn Ala Thr Val Ay T 325
330 Wossliodss ﬁ’r&\‘]’ﬁﬂ‘m AAT

335 GAC CAA CAA GGI' AAC AAT GIG GCT

GIG CAT ATG AAA - 2133 Asp A n @n @y Asn Asn Val Ala Thr Ile Ile Asn
Val H's Met Lys 340 345 350 - ,  AAC
GGC AGT GGC TTA GIC ATA GCA GGT GGT GME2AAA GGG ATT AAC AAC 2181 Asn

Gy Ser Ay Leu VvVal Ile Ala Ay Ay GQu Lys Ay Ile Asn Asn 355

360 Ser Glu Ala Lys 338 Gly Phe Phe Gly Asn Z:20 GIOCHPLAM\@RrTIIR AT CTC TAC AAA

GAA GAC CAA CTC ACA G@ﬁTCA CAA CGA 1020 2229 - VWO D®510639

PCT/ US95/ 12669 99 Pro Ser Phe Tyr
Leu TyrBAS, STEYARA GAT &R F}S'éu%% ATSEFT @TR %TgCTA TGG GCT GAA

380 ~ Lys Leu Lys Asp Bhe Thachysrfen fisp Byg\ VehamnEepfiercile SRE AAA ATA GAT
TTC ATG GAA TTT 193%277 Ala Leu %A n du @ u ||1€4E;| n Asn Lys Ile Asp

Phe

_ 400
T otHRrneshre i nng e,

410 415 7 TTC CGA AAT ATT AAG GAT TTC CAA AAA

GAC T C aGe g%é?n%mgcéb Lys Gleads Lrcoka liaf &aiS gESP Pheqﬁ%‘rj Lys
S SR o it S Y

Asp Al a Leu Gly Asn Asp Arg e Al a Phe Val Ser Lys Lys 435

440  arc aAT AR anA 468 acc cac AcT caa cae 4RR AR AL XS Pd TCA [Fel TTA
ATT ACTrieAfesd Blufvye ADY 1H2{3 i Tdiu arg o246Qys Rkn 828 dMsSTES Ser Ala Leu
|l e Thriggisu Phe Asn Lys idgg Asp Leu 10885 © - 455 1090 4
465 AGC TAC ACT CTC AAA GIT ATG GGA AAA AAG CAG ATA AAG GCT TTA GAT
2517 SerrcTyaa Brc ¢ ahy cavahad/iire @nr &yes daysax® ord lcaalace Afm Leu 458p
470 Leu Lys Leu Val 4gh Asp! Lys Ile Val Ala 486 AshCERAGy/gek %8I GIC ACT CIT
CAA GGT AAC CTA AAA @885 GAT GGC GIG 1100 2565 Arg G u 1208 Asn VaI Thr Leu
Gn @y Asn Leu Lys His - Asp Gy Val

CCT TTG TCA GAG TAT GAT AAC ATT GGA TTC AGC CAA AAG AAT ATG AAG 4437

Pro Leu Ser Glu Tyr Asp_ Asn Ile Gly Phe Ser Gln Lys Asn Met Lys

1110 : 1115 S+ 1120

GAT TAT TCT GAT TCG TTC AAG TTT TCC ACC AAG TTG AAC AAT GCC GTA 4485
Asp Tyr Ser Asp Ser Phe Lys Phe Ser Thr Lys Leu Asn Asn Ala Val '

1125 . 1130 : : 1135
AAA GAC ATT AAG TCT GGC TTT ACG CAA TTT TTA GCC AAT GCA TTT TCT 4533
Lys Asp Ile Lys Ser Gly Phe Thr Gln Phe Leu Ala Asn Ala Phe Ser
' 1140 1145 1150
ACA GGA TAT TAC TCC ATG? GCG AGA GAA AAT GCG GAG CAT GGA ATC AAA 4581
Thr Gly Tyr Tyr Ser Met Ala Arg Glu Asn Ala Glu His Gly Ile Lys
1155 1160 1165 1170
AAT GCT AAT ACA AAA GGT GGT TTC CAA AAA TCT TAAAGGATTA AGGAACACCA 4634

Asn Ala Asn Thr Lys Gly Gly Phe Gln Lys Ser
1175 1180

AAAACGCAAA AACCACCTTG CTAAAAGCAA GGGGTTTTTT AACTTAAAAT ATCCCGACAG 4694
ACACTAACGA AAGGCTITTGT TCTTTAAAGT CTGCATAGAT ATTTCCTACC CCAAAAAGAC 4754 .
TTAACCCTTT GCTTAAAATT AAATTTGATT GTGCTAGTGG GTTCGTGCTT TATAGTGCGG 4814

AATTGGG o : . . 4821

(2) ° INFORMATION FOR SEQ ID NO:4:



485 wo9s/i0639 490 ' 495 ATG TTT GIT AAPCTAEos{3569AAT

TTC AAA TAC ACC AAC GCC TCC AAG AGT 2613 Met Phe Val Asn Tyr Ser Asn
Phe Lys Tyr Thr Asn Ala Ser Lys Ser 500 _ 505

.. 510 CCC AAT AAG GGT GTA GGEZ:GIT ACG AA 3GGC GIT:TCC CAT TTA GAA GCA
2661 Pro Asn Lys Gly Val Gy Val Thr Ay Val Ser H's Leu u Ala 515
520 530 GEC TTT AGC AAG GIG GCT GIC
TTT AAT TTG ocTHARFOPERLE T eties 12709 Gy Phe Ser Lys Val Ala Val

" Phe Asn Leu Pro Asn

535 540
545 GCT ATC ACT A

5@2 GAT TTA GAG GAT AAA CTA ATC C&CT
2757AIaIIeThr Ser A rgAspLeuGIuAspLys Leu Ile Ala
550 rotein 560 AAA GGA TTG TCC CCA CAA GAA
GCT AAT AAG CTT GTC AAA GAT T TTG 2805 Lys Ay Leu Ser Pro dn Qu

Ala Asn Lys LeuiVaeqbufce bEsdRReTicdll seq 1D No:265 570
575 AGT AGC AAC AAA GAA TTG GTT GGA AAA GCT TTA AAC TTC AAT AAA GCT

2853 SerMServrhAsnSd,muGut twayglcle g1k V5o tEh rRY Aunafhaldsshd ys Al a

al

WD 96/ 10639 0 1s PCT/ US95/ 12669
100 580 585 590 GTA GCT GAA CCT AAA
AAC ACA 88 pAAGEIME1BeGl e @Efs MM LEI/S160Tal Ala BHe0lew/alys Al G u Al a Lys
Asn Thr Ay Asn Tyr2#sp Qu Val Lys 26g Al a 595 30 600

605 610 CAG AAA GAT CTT GAA AAA TCT CTA AAG AAA CGA GAG
CAT TTG &g asaGhla Val 20405€r ITYE\ASpARpo [2ep @n Ly Préefle MallAsp Lys Arg G u
Hs Leu Qu Lys 35 6405 45 620

625 GAT GTA GOG AAA AAT TTG GAG AGC AAA AGC GGC AAC AAA AAT AAA ATG
2997 AsprASAl bsn P39 AP Rery A@@@eﬁliﬂws@w CGly JienSey Flaskey ys Met

630 635 640 GBA GCA AAA GCT CAA GCTAAC AGC
CAA AAA GAT GAG ATT TTT GCG T 3045 GIuAIaLstIaGInAIaAsnSer
Gn Lys A%P Bty Svprierafsn I§ Aa Tie Tyggasn Fro Thr Lys Lye Aasg

655 ATC AAT AAA GAG GCT AMY AGA GAC acA AGR GCA ATC oCT TACYCT caa

- 3093

Gln Tyr Phe Ser Asp Phe Ile Asn Lys Ser Asn Asp Leu Ile Asn Lys
85 - 90 95

Asp Asn Leu Ile Val Val Glu Ser Ser Thr Lys Ser'Phe Gln Lys Phe
100 105 . 110

- Gly Asp Gln Arg Tyr Arg Ile Phe Thr Ser Trp Val Ser His Gln Asn
118 120 - 125

Asp Pro Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met Glu His
130 135 140

Thr Ile Gln Pro Pro Ile Pro Asp Asp Lys Glu Lys Ala Glu Phe Leu
145 150 155 = 160

Lys Ser Ala Lys Gln Ser Phe Ala Gly Ile 1le Ile Gly Asn Gln Ile
165 170 175

Arg Thr Asp Gln Lys Phe Met Gly Val Phe Asp Glu Ser Leu Lys Glu
- 180 185 190

Arg Gin Glu Ala Glu Lys Asn Gly Gly Pro Thr Gly Gly Asp Trp Leu
195. 200 205 -

Asp Ile Phe Leu Ser Phe Ile Phe Asp Lys Lys Gln Ser Ser Asp Val
210 215 ' 220

Lys Glu Ala Ile Asn Gln Glu Pro Leu Pro His Val Gln Pro Asp Ile
225 230 235 . 240



|6|6§ Asnwlﬁ/ésm%%Ala é\?g Arg Asp Ala Arg Ala Ile Ala Tyrgféq&(%?%‘f’ 660

AAT CTT AAA GGC ATC AAA AGG GAT AAA
CTT GAA AAT ATC 3141 Asn Leu Lys Ay Ile Lye Arg Gu Leu Ser Asp Lys
Leu u Asn Ile 675 680 : 685

690 AAC AAG GAT TTG AAA GAC TTT AGI18AA TCT TTT GAT GGA TTC AAA AAT

3189 Asn Lys Asp Leu Lys Asp Phe Ser Lys Ser Phe Asp Gy Phe Lys Asn

695 Ala Thr Ser Thr Thg(His Ile Gln Gly Leu P;egrqﬁp-m ApdrAZRG GAT TTC AGC
AAG GCA GAA GAA ACG28FA AAA GCC CTT 250 3237 Ay Lys*¥®n Lys Asp Phe Ser
Lys Ala GQu GQu Thr Leu Lys Ala Leu ' Lo 71 . 715
720 AN e ArRcChr Ara/GLYGASn PRR RRETINE ERRATTCERY GAX AREGSMRYT TCA AAA

3285 Lys Gy Ser28Al Lys Asp Leu 8% Ile Asn Pro &8 Trp Ile Ser Lys

‘7|"2|'?; ASFYGHRE m"ﬁg‘“@eﬁ%ﬁzﬂf Asp Jeggﬁ?%gg %u%grlf gguAﬁ-srn GCAI'A\aG;\:ITa

Leu Asn G u PHE Lys Asn Gy Ly%S Asn 740 745

750 G AAT TCC
3361 L3 Ken PRl R ppl o Aef e b B ML Mon Sor 755
760 765 770 ATT AAA GAT GIG ATC ATC AAT
CAA SHE Lys va3ddS k& rdevsTyispiyal Ile Ile Asn
Gn Lysy rer e 8 it e v st

780 785 < CTC AAT CAA CCG GTA TCA GIG GCT AAA ATA GCG TGC
GAT TT&iAmén @39 cly phdddik heal 1ASNHLd Rsplmep\VRdn Rea Mal vl @lkys Ile Ala Oys
Asp Phe Ser Ay 325 . 790 330 . 795 3135 800 _
WO 96/ 10639 _ PCT/ US95/ 1266
101 GiA 46 XAACGORIATALYCREN GAR GICAN\AhaATLel TCe TEA WIGHEAG CAA TTG

3525 Val Gu Gn3sda Leu Ala Asp 84 Lys Asn Phe S0 Lys u A n Leu

805 810 815 GCT CAA CAA GCT CAA AAA AAT
GAA AGTetT Tg¢s AR GIF SBE/CIAAReTTRIGHYe Ala Gly56Ly Aln @sn® Flfla G n Lys Asn
A u Ser Phe M55 Val Gy Lys S&60G u 820 365 825

830

Asn Asn Pro Ser Phe 'Tyr Leu Tyr Lys Glu Asp Gln Leu Thr Gly Ser
370 375 E 380 '

Gln Arg Ala Leu Ser Gln Glu Glu Ile Gln Asn Lys Ile Asp Phe Met
© 385 390 395 400

Glu Phe Leu Ala Gln Aén Asn Ala Lys Leu Asp Ser Leu Ser Glu Lys
405 - _ 410 ' 415

Glu Lys Glu Lys Phe Arg Asn Glu Ile Lys Asp Phe Gln Lys Asp Ser
' 420 425 430

Lys Pro Tyr Leu Asp Ala Leu Gly Asn Asp Arg Ile Ala Phe Val Ser
435 ' 440 445

Lys Lys Asp Pro Lys His Ser Ala Leu Ile Thr Glu Phe Asn Lys Gly
450 455 ’ 460

Asp Leu Ser Tyr Thr Leu Lys Val Met Gly Lys Lys Gln Ile Lys Ala
465 . 470 475 : 480

Leu Asp Arg Glu Lys Asn val Thr Leu Gln Gly Asn Leu Lys His Asp
485 : _ 490 495

Gly Val Met Phe Val Asn Tyr Ser Asn Phe Lys Tyr Thr Asn Ala Ser
' 500 : 505 510

Lys Ser Pr'o' Asn Lys Gly Val Gly Val Thr Asn Gly Val Ser His Leu
515 .520 525 . :

Glu Ala Gly Phe Ser Lys Val Ala Val l?he Asn Leu Pro Asn Leu Asn



ATA TAC %, AAG AAT GGT GTG AAC GGA ACC CTA GIC GGT 21
lle Tyr Gn gg@@;f Lys Asn Gy Val Asn Ay Thr Leu Val ﬁ?%flgggﬂé@

840 845 : -~ 850 GGG TTA TCT GGA ATA GAG GCC
ACAGCTCTCGCCAAAAATTTTTCGGAT 10%669GyLeuSer Ay lle Gu Ala

Thr Ala Leu Ala Lys Asn Phe: Ser Asp . 855 860
865 ATC AAG GAA TTG AAT GAG AAA TTT AAA AAT TTC AAT AAC AAT AAC

3717 1le Lys 3>95 G u Leu Asn éa Lys Phe Lys ASH® Phe Asn Asn Asn Asn

870 380 AAT AAA AAC GGC
GGA GAA C@i’;,&'ﬁ“ %I&%’&Agﬁ‘lw Arg Arg@%ﬁ@ﬂ ?Yfe uLys Asn Qvy
Ay Qu Prolle Tyr Ala d n™Val 890

895 AAA

3013 Lye L3S e Org Tl BIP Sl olfmi il e G B oKy e

900 905 910 CAA GIT GCT AAG GTA ACT
AAA AAA ARfe GRG QAAsQIQsﬁAI yElbu G g1 a1356s ®18 DAl adl gubyiedys Val Thr
Lys Lys Ile Asp d nskgu Asn an Ala g5 5990 920

925 930 GCGACAAGTGGTTTCGGTGGTGTAGGGCAAGCGGGC
TTC CCT Tigs/AAA val n139%0% Ala L-‘l}brAsSEﬁ'hQGﬂ.yPﬂﬁl Sy AdpyeMalvaBwsG n Ala Gy
Phe Pro Leu Lys s9s 605940 945
AGGCATGATAAAGTTGAAGATCTCAGTAAGGTAGGGCGATCAGTTAGC 3957
Arg Hi s Aspg|als Skl Lgk AstsPel @lueys bys Déal Lfd LydrargSeru ¥abk 1mar

950 - 610 955 615 _ 960 C@B20GAA CCC ATT TAT GCT ACA
ATT GAT GAT CTC GGT GGG TCT TTC CCT 4005 Pro Qu Pro Ile Tyr Ala Thr
Il e Asp ASHu ligg ¥R/ Vel \AlSchyPldsnfken Glu Ser L@H5Ser Gly Asn Lys Asn 970

975 TTG AGG CAT GAT A0 GTT GAT GAT CTS5AGT AAG GTA GGB4UTT TCA

4053 Leu Lys Arg Hi s _As Xl Val Asp Asp Leu Ser Lys Val Ay Leu Ser

980 Lys Met Glu Ada a Gln Ala Asn SpyOClondys AP €Iy IGA/PHETG ACT CAG
AAA ATT GAC AAT CTC AG15"€'AA GCG GTA 658101 Arg Asn A ®#58 u Leu Thr G n
Lys Ile As Asn Leu Ser. A n_Ala Val 995 1000

1005 a Leu Ile Afbl’ci’s FEh AGA AT A ARPRIR AT AF'?T”H‘P"ES@FAAT CTA GAA
CAA ACG ATA GAC 669149 WO 96P%9639

PCT/ US95/ HaG qg.n Asn Leu Lys Gly Ile Lys Arg Glu Leu Ser Asp Lys Leu Glu
675 680 685

Asn Ile Asn Lys Asp Leu Lys Asp Phe Ser- Ist Ser Phe Asp Gly Phe
690 695 - 700 :

Lys Asn Gly Lys Asn Lys Asp Phe Ser Lys Ala Glu Glu Thr Leu Lys
705 : 710 715 720

Ala Leu Lys Gly Ser Val Lys Asp Leu Gly Ile Asn Pro Glu Trp Ile
- 725 S . 730 _ : 735

Ser Lys Val Glu Asn Leu Asn Ala Ala Leu Asn Glu Phe Lys Asn Gly
740 . 745 i 750

Lys Asn Lys Asp Phe Ser Lys. Val Thr Gln Ala Lys Ser Asp Gln Giu
755 o 760 765

Asn Ser Ile Lys Asp Val Ile Ile Asn Gln Lys Ile Thr Asp Lys Val
770 . 778 . : 780

Asp Glu Leu Asn Gln Ala Val Ser Val Ala Lys Ile Ala Cys Asp Phe
785 790 : _ 795 : 800

Ser Gly Val Glu Gln Ala Leu Ala Asp Leu Lys Asn Phe Ser Lys Glu
805 . 810 815

Gln Leu Ala Gln Gln Ala Gln Lys Asn Glu Ser Phe Asn Val Gly Lys
- 820 825 : : 830 .



102 Serw%%d%\kf\9 Lys Ala Gy Phe Phe Gy Asn Leu Qu Gn %\Ff{’%’?&%
' AAA AAA

1015 1020 1025 AAG CTC
AAC AAT CCT GIG AAT CTA TGG GCT GAA 4197 Lys Leu
Asn Asn Pro Val Asn Leu Trp Ala Gu 1030

1040 AGC GCA AAA AAA GTG CCT. GCT AGT198€G TCA GCG AAA

Lys Asp Phe Thr Lys
1035
CTA GAC AAT TAC

4245 Ser Ala Lys Lys Val Pro Ala Ser Leu Ser Ala Lys Leu Asp Asn Tyr

1045 Ser Glu Ile Tyr f3g(Ser Val Lys Asn Gly M3l SAsncGYy AT
ATT AAT AGC ABPBSATC CAA AAT GG&“@SCG 4293 AR&S Thr

lle Asn Ser Asn Ile dn Asn Gy Ala’ 1060
1070 Ay M%KALMe&%YA&@MWS@WPM

kenCVALC CAC ACA CGC

Asn Ser His Thr Arg
- 1065

MCPRET GAG TGG

4341 11e ASR°Q u Lys AIa Tth"Gy Thr Qu Arg“@n Lys Asn Pro Qu Trp 1075

AC GToSEOATRAR AT &18 La\we;ﬁlu tys Hacira b e

CTC._GIG AAT GAT AAG
fséh“gg Asn Asp Lys

lle Val®R a H s Asn Val ‘Ser Val 1095

o e e S R

Lys Asn Met Ly -1110 . 1115

y Phe Ser Gn

ﬁ'l;TG A TTC AGC CAA
1120

GAT TATVaECstG&l}sT% I%Q }BEEJG&AEB ARG FECe QAP GTA 4485

Asp Tyr Ser Asp Sgg .
1125 _ 1130 - 1135 AAA GAC
ACG CAArETA1d BAnGHG AN dePLyd -{}ai-cﬁar Lys 3B el Xsp AR
Thr A n Phe LaisAl a Asn Al a %h@zser ?5 925

1150 ACA GGA TAT TAC TCC ATG GCG AGA GAA AAT CCG. GAG

SegosThr Lys Leu Asnyipsn Al a Val

ATT AAG TCT GGC TTT
M@Ahys Ser Ay Phe
1145

CAT GGA ATC AAA

4581 ThelnGhya Bla Thr séerclyebhAlcayAoly Al cAgncIAN alddclytpie @y [l e Lys 1155

1160 930 1165 o35 1170940AAT GCT
TTC CAA AAA TCT TAAAGGATTA AGGAACACCA 4634 Asn- Al a

AAT ACA AAA GGT GGT
Asn Thr Lys Ay Gy

Phe G nbewiySerg His Asp Lys Val GlU1AHp Leu Ser Lys Val Glyl1®@ Ser AAAACGCAAA

AACCACCGHIEG CTAAAAGCAA GEEGTTTTTT AACTTAARAY ATCCGACAG

4@§ﬁ ACACTAACCGA

AAGGCTTTGT TCTTTAAAGT CTGCATAGAT ATTTCCTACC CCAAAAAGAC 4754 TTAACCCTTT
CIJTTAAAWF-TSM/?FPT@M'?rGFGGTM'@@ Gmrc@ww WA@TG@@@IY Sep14

965

Phe Pro Leu Lys Arg H:.s' Asp Lys Val Asp Asp Leu Ser Lys Val Gly
980 _ 985 990

Leu Ser Arg Asn Gln Glu Leu Thr Gln Lys Ile Asp Asn Leu Ser Gln
995 1000 1005

Ala Val Ser Glu Ala Lys: Ala Gly Phe Phe Gly Asn Leu Glu Gln Thr

1010 1015 1020

Ile Asp Lys Leu Lys Asp Phe Thr Lys Asn Asn Pro Val Asn Leu Trp
1025 1030 1035 _ 1040

Ala Glu Ser Ala Lys Lys Val Pro Ala Ser Leu Ser Ala Lys Leu Asp
. 1045 1050 1055

Asn Tyr Ala Thr Asn Ser His Thr Arg Ile Asn Ser Asn Ile Gln Asn
1060 ) 1065 1070

Gly Ala Ile Asn Glu Lys Ala Thr Gly Thr Glu Arg Gln Lys Asn Pro
1075 1080 1085

Glu Trp Leu Lys Leu Val Asn Asp Lys Ile val Ala His Asn Val Gly
1090 . 1095 1100

Ser Val Pro Leu Ser Glu Tyr Asp Asn Ile Gly Phe Ser Gln Lys Asn
1105 _ 1110 1115 1120

Met Lys Asp Tyr Ser Asp Ser Phe Lys Phe Ser Thr Lys Leu Asn Asn
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AATTGEG ' wo 96/10639 | ' PCT/US95/126694821

(2)" I NFORVATI ON FOR SEQ ID NG 4: = WO 96/10639
PCT/ US95/ 12669 103 (i)
SEQUENCE CHARACTERI STICS: LENGTH 1181 ami no acids
(B) TYPE: anmino acid (D) ‘?’ - near (ii) MOLECULE
TYPE: protein SEQUENCE DES TION:. SEQ ID 4: Met Thr Asn
Gu Thr Ile Asp G n G’ﬁlzéro A n Thr ﬂ?aAla Phe - - []\'18 5
éﬁ ﬁl Vel Lys Asp ]rlie fi?éq Sg%cblg BheGTﬂr FEH% Hie LAﬁrhlAa‘SRer%aG n val Aa

e Leu al 30
Asp Asn Ala Val AIa%oer Tyr Asp Pro %\sp @ n Lys Pro]f]le Val Asp 35
40 e ser Tar g1 yrLiy 430 MRPALL GebSh ARl A4 Gt e Gu dy Ile
Ser @n Leu 11580 1160 1165 Arg du Qu
Tyr Ser Asn Lys Ala Ile Lys Asn Pro Thr Lys Lys Asn 65 70
.15 Ile Lys Asn Ala Han ) 1N Ic1BN610®he AR DY@ seke Asn Lys Ser Asn Asp
Leu Il e Asnihys 1175 85 1180 90 _ 95
Asp Asn Leu Ile Val Val dQu Ser Ser Thr Lys Ser Phe A n Lys Phe
100 105 110 dy Asp @n Arg Tyr Arg lle
Phe Thr Ser Trp Val Ser H's A n Asn 115 120
125 Asp Pro Ser Lys Ile Asn Thr Arg Cys Ile Arg Asn Phe Met GQu H's
130 135 140 Thr Ile dn Pro Pro Ile Pro -
Asp Asp Lys Gu Lys Ala Qu Phe Leu 145 150

155 160

This Sheet Has Been Reﬂlaced "




Lys Ser S Ilellelle Ay Asn Gnlle

165 WBoeiteas” " “l nﬂ m@ml 175 Arg Thr Asp CPATEFI/RAE Mot
Gy Val Phe Asp Gu erc 80 185
190 Arg dn GIuAIaGIu Lys ‘Asn Ay @y Pro Thr Gly Ay Asp Trp Leu

195 200 10805 Asp Ile Phe Leu Ser Phe Ile
Phe Asp Lys Lys G n Ser Ser Asp Val - 210 215

220 Lys GwWhaAl dd lclaiweddisd u Pro Leu Pro Hs Val Gn Pro Asp Ile 225
230 235 _ 240 WD 96/ 10639

PCT/ US95/ 12669 : 104 Ala Thr Ser Thr

- Thr - His Ileg An Vi S f

250 3.5 A ke i é %Gb e&?ﬂﬁp‘gﬂm BRI T
Leu. Gy AsnzMEtlzs kllodaltoxﬁ%tlgen of Helicobdd®er pylori OF an 2170

Gu Met LeuAspVa Au dy Val Ala Asp Met . Asp Pro Asn Tyr Lys - 275
280 antigenic Zmgmens Mteﬁéof,Lahaan Itmd-hannﬁngemsxs Thr Leu Ser
Ser Val Leu Met ' 300 dy Ser
Hs Asp G ?sﬁ°€‘@t§£mt@ qu_%}.slc\/é‘}lagé?aq}é?}“Leu Tyr Ala 305

310 _ 315 320 Ay Asn dy Gy Phe Ay A a
Lys H's Asp Trp Asn Ala Thr Val Gy - 325 330
335 Tyr Lps Asp Gea:t@zﬂ OmprATins théinleithradid® df eXsim Vel Hi s

340 350 Met Lys Asn Ay Ser Ay Leu
Val IIeAIaGIyGIyGIuLys Gy lle '355 360

aro o "0 T indugploe e WA, P 4R RilGNIE 8ok, S Ghau @
ggg e @ Ex@&%sﬁﬁﬁglE%gﬂ%%ﬂaﬁ%ﬂﬂidéﬁgﬁcoded by the nucl¥ acid. '

4. The nucleic acid of claim 1, comprising nucleotides
1072 through 4614 contained in the nucleotide sequence
defined in the Sequencing Listing as SEQ ID NO:3..

5. The nucleic acid of claim 1, comprising nucleotides
1072 through 3648 contained in the nucleotide sequence
defined in the Sequencing Listing as SEQ ID NO:1.

6. The nucleic acid of claim 1, comprising nucleotides
1921 through 3648 contained in the nucleotide sequence.

defined .in the Sequencing Listing as SEQ ID NO:1.

7. An isolated nucleic acid that selectively hybridizes
with the nucleic acid of claim 4 under polymerase chain

reaction conditions.

8. An isolated nucleic acid that hybridizes with the
nucleic acid of claim 4 under the stringency conditions of

68°C for 16 hours in buffer containing 6X SSC, 0.5% sodium



G u Phe Leyp&/ipesd N Asn p Ser Leu Ser G upbyﬁ,sgs,,lz“g
405 410 mmlﬁlml I"I "I‘ﬁ”lﬁS Au Lys G u Lys Phe Arg As
GQu lle Lys Asp Phe A n Lys Asp Ser s 425

430 Lys Pro Tyr Leu Asp Ala Leu Gy Asr}zf%gp Arg IIe Al a Phe Val Ser
435 440 Lys Lys Asp Pro Lys H s Ser

Ala Leu Ile  Thr u Phe._Asn

460 Asp Le&‘°§§FYF‘y %R%u%?e\%}a% %%P]L%l?&s "&’iPl‘t’%S’E’y’égA?E 465
470 60°C in 04%% s 480 Leu Asp Arg Gu Lys Asn Val
Thr Leu @ n dy Asn Leu Lys "His Asp 485

490 495 dy VaI Met Phe Val Asn Tyr Ser Asn. Phe Lys Tyr
Thr Asn Al a Ser 510
Lys Ser Pro%sn ByPugifigd a@sﬂmlcrmommzyd%@nme% ky | e 515
. 520 GI Phe Ser Lys Val Al a Val Phe Asn Leu
Pro Asn Leunkgr}elc ac%és&flg - Y

PCT/ US95/ 12669 _ 105 530 .

535 540 Asn Leu Ala Ile Thr Ser Val Val Arg Arg Asp Leu

G u Asp Lysl0su The antigenic polypemtide of claim 9, wis&sein the ,
560 IIeAIa eu Ser, Pro dn du Lys Leu Val ,lLys As

565 olbeptigh; consiste’ cosentinfly ohoid Ao sarigd, Lys @ u
Leu Val 85
590 Lys AI alr%dg&a \ﬁ%&cﬁ{ﬁi@ﬁO%rtt&ouﬁ ‘?%94 %\Snta.ne%afnl_thé

595 nucleotld“é)(beguence defined ﬁQ&hé\rSeej\hm& nLLSB:LﬁQIOabeBE@ u
Lys Ser Leu IIbys c)Lys Arg u Hs Leu 610
620 °

11. The antigenic polypeptide of claim 9, wherein the
polypeptide consists essentially of the amino acids
encoded by nucleotides 1072 thfough 3648 contained in the
nucleotide sequence defined in the Sequence Listing as SEQ

ID NO:1.

12. The antigenic polypeptide of ciaim 9, wherxein the
polypeptide consists essentially of the amino acids
encoded by .nucleotides 1921 through 3648 contained in the
nucleotide sequence defined in the Sequence Listing as SEQ

ID NO:1.

13. A method of detecting the presence of a Helicobacter
pylori strain possessing the 120-128 kilodalton antigen in

a subject, comprising the steps of:

a. contaéting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 10;



A u Lys As VaI Ser Lys Ser @y Asn LygFgﬁ,

630 3 I@I I@r"mﬂm“ﬂ“l 640 Lys I\/bt GI u Egﬁg&g\(fa Gn
Ala Asn Ser G@n Lys U es Phe 650
655 Ala Leu Ile Asn Lys Gu Ala Asn-Arg Asp Ala Arg Ala Ile Ala Tyr

660 665 o 11870 Ala @n Asn Leu Lys Ay Ile
Lys Arg Qu Leu Ser Asp Lys Leu GQu . 675 680 '
ggg Asn |le Asib.Lys d&pdmmg_mmna:mgsmf e mlmﬂpwstbe Gnd Prie

n Lys As
Phe Ser Lyankibody Ghe Peadtien jadigating tHE prasendsdf €BE 1S AP
715 Gy Ser Val Lys Asp Leu Ay Ile Asn
Pro Gu Tr H“"rlll“"”"‘E'Cte”2 by1est 'Syt Y330 Y 735
Ser Lys VaI A u Asn LeuAsnAIaAIaLeuAsn G u Phe Lys Asn Ay
740 745 : 750 Lys. Asn_ Lys Asp Phe Ser Lys
Val Thr d 34Al aA yetded nﬁpdgtrecn;mg the pregsnce of a Helicobagger

5 L i i il Rl

Ser Val Alglsmjlé&Al “%stﬁ.% ' 790

795 J 800~ S y VaI u GI n Aa Leu Ala Asp Leu Lys Asn
Phe Ser Lys Qu . : 805 - : - 810 815
GInLeuAIaGInGInAIaGIanAsnGI Ser Ph Val .

820 a. mtactlgg an antlb%corlet%rﬁ?/iwy?rom

PCT/ US95/ 1 9 e Tyr
an Ser Val%%%y supject wz\;}} aAsdetactaH_lle amount of the ];leggb:@ﬁtﬁé' bke Ty ‘
840 claim 11; 845 dy Asn Gly Leu Ser Gy Ile Gu Ala Thr Ala Leu
Ala Lys Asn Phe 850 . _ 855 860

b. detecting the binding of thé polypeptide and the
antibody, the binding indicating the presence of the

Helicobacter pylori strain.

15. A method of detecting the presence of a Helicobacter
pylori strain possessing the 120-128 kilodalton antigen in

a subject, comprising the steps of:

a. contacting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 12;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating the presence of the

Helicobacter pylori strain.

16. A method of determining predisposition to peptic

ulceration in a.subject, comprising the steps of:



lm"mml ys Phe Lys Asn Phe Asn Asn 865

oro e SHRIET

880 Asn Asn Asn Lys
Asn Ay wo?ﬁnt?q?ro lI*e fyr*tAl"a G n* Ai&ﬂsxy% 890
895 Val Asn Lys Lys Lys Thr Gy G n Val_ Al a Ser Pro Glu Gu Prolle
900 905 1340 Tyr Al'a G n Val Ala Lys Lys
Val Thr Lys Lys Ile Asp G n Leu Asn 915 920 '

925 G n Ala Al &.Thr ®stagtinmang gntihodyt captairing sample pPEsorr o

930 eu Ar s Val
Gu Asp LefhEsuiedh with adptastaphe amount ot Ené' JofiSeptias’3e

955 cla:.m 10; 960 Val Ser Pro Gu Pro Ile Tyr Ala Thr Ile Asp Asp
Leu Ay Ay Ser 965 : 970 975
Phe Pro Leu Lys Arg H| s Asp Lys Val Asp Asp Leu Ser Lys Val Gy

980 990 _Leu Ser Arg Asn A n Ju Leu

Thr Gn Lys Ilebasp @Fi‘&}r&rt@ fpinding ofgthe po ypept:l.de ang}ogbe

1005 42 Ve i iy oA AL RRER LTS AT,

Thr Lys Asmuisjedt Ctd/aée LeledFax e 5 1030

1035- Ala Ju Ser Ala Lys Lys Val Pro Ala Ser Leu Ser
Al a Lys Leu Asp -~ 1045 : 1050

1055 Asn Ty A a r er His Ar g Asn, Ser Asn Ile @ n Asn
1060 7. ot dettiniiing Frralersginfan| T6 RERCEFL Ly A a
Thr Ay Th ]#&pe 0 1080

1085 Gu él'_& % gE comrl?}&g\ﬂu fteﬂss <n Val Gy
1090 1095 1100 Ser Val Pro Leu Ser @u Tyr
Asp Asn Ile @y Phe Ser @n Lys Asn 1105 1110

1115 a. jaomraqking \an santipedyeeonpEaimingpgampys BremSer Thr

Lys Leu Asrhiaésnsubject with a detectable amount of the polypeptide of

claim 11;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

subject to peptic ulceration.

-18. A method of determining prediéposition. to peptic

ulceration in a subject, comprising the steps of:

a. contacting an antibody-containing sample from
the subject with a detectable amount of the polypeptide of

claim 12;

b. detecting the binding of the polypeptide and the
antibody, the binding indicating a predisposition of the

subject to peptic ulceration.



WD 96/ 10639 7 -/ 1IS95/ 12669
107 W°95/1°‘398er mlﬁwl I“!”lll!Jl !!llp 1130 Pa’ﬁ%‘}g&% a Val

Lys Asp Ile Lys e he Leu Ala Asn Al a 1140
1145 1150 Phe Ser Thr Gls/ Tyr Tyr Ser Met Ala Arg A u Asn
Ala du Hs Ay - 1155 . 11 1160 1165 Ile
Lys Asn Ala Asn Thr Lys Ay Ay Phe @n Lys Ser 1170 )

1175 19. . A metHaB®f detadrmixiimgIgredisposition to gastric

PCT/ US95/ 12669 : oy s %£8 reubaleis clained is:

1. An i solSRESENNRG dt & FWiscod TRIPRFL SHY 0% eefEFDS ©Ti20- 128

kil odal ton anti gen of Helicobacter pylori or an antigeni.c fragnent
.thereof, wherein the antigen is associated with peptic ulceration. 2.

A vector conprisng tdentaeting & anvibedptcodtaining. sahtevérowr of
claim2 in a host suitable for expressing the pol ypeptide encqQded_by the
nucl ei ¢ acitthe subject wWifdh cietectable Amenat ne ,t%gnﬁ??-@ﬁgtﬁaﬂ 85ti des
1072 throuq‘_fﬂ|1 4614 contained in the nucleotide sequence defined in the
Sequenci ng L&t my’as SEQ1D NO3. © 5. The nucleic acid of claiml,
conpri sing nucl eoti des 1072 through 3648 contained in the nucleotide
sequence defined in the Sequencing Listing as SEQ I D NO 1.

b. detecting the binding of the polypeptide and the

antibody, the binding indi_cating a predisposition of the

‘subject to gastric carcinoma. - : _ : ‘

20. A method of determining predisposition to gastric

carcinoma in a subject, comprising the steps of:

a. contacting an antibody-containing sample from |
the subject with a detectable amount of the polypeptide of

claim 11;

b. detecting the binding of the polypéptide and the
antibody, the binding indicating a predisposition of the

subject to gastric carcinoma.

21. A method of determining predisposition to gastric

carcinoma in a éubject, comprising the steps of:

é. contacting an antibody-containing sample from

the subject with a detectable amount of the polypeptide of

claim 12;



6. The nweol%sie63aci d si ng nucl eoti des P usosngasgh 3648
contained in the nucl gHI E" Hﬂ WII defined in the Sequenci ng Listing
at e

as SEQ I D NO 1. micl eic acid that selectively
hybri di zes W th-t he nucl el c acid of ghai m4 under pol ynerase chain
reaction conditions. . An isolated nucl e| c acid that hybridizes with

the nucleic agjd o | e r 8C
for 16 hours in Euffe?ie&??ttal %I £he >'12 gé%n%t J % sodi um%%&%G%é

PCT/ US95/ 12aa%ibody, the blndz.ng indicating a H¥®dispeddmiorsWf ailee 5X
Denhardt's solution, with washing at 60[err]Cin 0.5X SSC 9. A
purified anPP&éﬁFé 58 Wﬁtﬁld’ecéﬁmaby the -nucleic acid of claim 1.
10. The antigenic pol ypeptide of claim9, wherein the pol ypepti de
consi sts essentially of the am no acids encoded by nucl eoti des 1072

t hr ough 461ézconhamqhddnottheté&qlr@ottlr@ep&@y&w stefdped in the Sequence
Listing as SEQ 1D NO . The antigeni c pol ypeptide of claim§9,
wher ei n theHelpGOAm:mard@}dmzsl sissoesisted alilbh glepthis arliceratcials in encoded
by nucl eotlde% 1072 thr ouqh 3648 contgi ned . in the

ject, comprising detecting the presence of the nucleic

acid of claim 1.

23. The polypeptide of claim 9 in a pharmaceutically

acceptable carrier.

24. A mutant Helicobacter pylori in which the producé of
the nucleic acid of Claim 1 has been rendered

nonfunctional.

25. The Helicobacter pylori strain of claim 24, wherein
the Helicobacter pylori is .deposited with the American

Type Culture Collection under ATCC Accession Number 55359.

26. The mutant Helicobacter pylori of claim 24 in a

pharmaceutically acceptable carrier.



nucl eoti de sequence defined in the Sequence Listing as SEQ |ID NO 1.

12. The anwiog@eénoss9pol ypeptide of claim9, wherein the polypggé%%gg
consists essentially of the am no acids encoded by nucl eot 69

t hrough 3648 contained in the nucleotide sequence defined in the Sequence

Listing as SEQ 1D NO 1. 13. A nEthOdL7§ detecting the presence of a.
Hel i cobacter pylori strain possessing th 20- 128 kil odalton antigen in

a subject, conprising the steps of: a. contacting an

ant i body- cont ai ni ng sanple from the subject with a detectabl e anount of
t he pol ypepti de of cl aim 10; WO 96/ 10639

PCT/ US95/ 12669 ' 110 b. det ecti ng

t he bi ndi ng of the pol ypeptide and the anti body, the reaction indicating
the presence of the Hel i cobacter pylori strain. 14. A method of
detecting the presence of. a Helicobacter pyl ori strain possessing the
120-128 kil odalton antigen in a subject, conprising the, steps of:

a. contacting an anti body-contai ni ng arraqﬁ from the pubject with a
det ect abl e anount of the pol ypeptide of Clgi m 11;
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b. detecting the binding of the polypeptide and the anti body, the

bi ndi ng | WO 9624063%g t he presence of the Hel i cobact er pyl.or ipcqitisdk/ia669

15. A nethod of detecting the presence of a Helicobacter pylori strain
possessing the 120-128 kil odalton antigen in a subject, conprising the
steps of: a. contacting-an aa&ibody-containing sanpl e-from

the subject with a detectable anount of He pol ypepti de of claim12;

b. detecting the binding of the polypeptide and the anti body, the

bi ndi ng i ndicating the presence of the Hel i cobacter pylori strain.

16. -A met hod of determ ning predisposition to peptic ul ceration in a
subj ect, conprising the steps of: 111

a. contacting an anti body-containing sanple fromthe subject with a
det ect abl e anobunt of the pol ypeptide of claim 10; . b. detecting the
bi ndi ng of the pol ypeptide and the anti body, the binding indicating a

predi sposition of the subject to peptic ulceration. 17. A nethod of
determ ning predisposition to peptic ulceration in a subject, conprising

t he steps of: a. contacting an anti body-contai ning sanple fromthe

subject with a detectable anpbunt of the pol ypeptide of claiml1l;
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b. ‘detecting the binding of the polypeptide and the anti body, the binding

i ndi cati nowe 9§igeds sposi tion of the subject to peptic ulcerat 5"%@? A
met hod of determ ning predisposition to peptic ulceration |n a sd%
conprising the steps of: a. contacting an anti body-contai ni ng
sanple fromthe subject with a detectable unt of the pol ypeptide of
cl-aim 12; b. detecting the bindiggqgf t he pol ypeptide and the
anti body, the binding indicating a predisposition of the subject to peptic
ul ceration. WO 96/ 10639 PCT/ US95/ 12669
112 19. A nethod of deternining prEnggosition {9 stric carci nona
in a subject, conprising the teps of: a. contacting an
ant i body-cont ai ni ng sanple fr¢m the suljject with a detectabl e anount of
t he pol ypepti de of claim1Q; Q. detecting the binding of the
pol ypepti de and the anti body, the bindijng indicating a predi sposition of
t he subj ect to gastric carcifnona. 2Q. A nethod of| determ ni ng
predi sposition to gastric ~ ¢afcinona injagsubject, c nErising t he steps
of : a. contacting a nti body-cdnfai ni ng sa e from t he
subject with a detectable annmn of the pdl ypepti de of
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claim11; b. detecting the binding of the polypeptide and the
anti body, wbeehogadi ng i ndicating a predisposition of the SFH'eCt t Q

gastric carcinoma. 21. A nmethod of determ ning predi spos BR9Y13669
gastric . carcinoma in a subject, conprising the steps-of: a.
contacting an anti body-containing sanple from the subject with a
det ect abl e anount of the pol ypepti de of Qﬁ4ain112; WO 96/ 10639

PCT/ US95/ 12669 113 . b. det ecti ng

t he binding of the polypeptide and the antibody, the binding indicating a
predi sposition of the subject to gastric carcinona. 22. A net hod of
detecting the presence of the Hel i cobacter pylori associated with pepti-c
ulceration in a subject, conprising detecting the presence of the nucleic
acid of claiml. 23. The polypeptide of claim9 in a pharnaceutically
acceptable carrier. 24. A nmutant Helicobacter pylori in which the

product of the nucleic acid of Claim1 has been rendered nonf uncti onal .
25. The Helicobacter pylori strain of claim24, wherein t he Hel i cobacter
pylori is deposited with the Anerican

o)
=
b=
. 5
8 =
= Tp)
- ~N
. M —
S @ - o‘
— — o= =
o a S > )
L o © ™~ o
(o O - L ~ >
Q (I —
W — ‘ Q
Z ——
o —
e l=x N o
W | © A =4 - 2 .
S| m o| & a O
= S o 3 —
=] S ~| 8 — L
= 2y
S —_—
o - %E
[ (=}
a o~ 8
- 2 £
— - =
—_ a o
2
T °
§/
o
p
—
o

SUBSTITUTE SHEET (RULE 26)



e ' ol }"‘»/“"‘.-*._7 et
Typ -2 | it F&ﬁf&fmﬂﬁc Accessi on: Nunber 5359: =™\ The
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