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BACKGROUND

Helicobacter pylori are a gram-negative spiral shaped
bacterium found almost exclusively in the human gastric
mucosa. The acidity of the human stomach is an effective
barrier to colonization by essentially all bacteria, with

the exception of Helicobacter species.

H. pylori have been described as a causative agent of
chronic infection. 1In particular, Helicobacter has been
established to play a critical role in peptic ulcer,

gastric adenocarcinoma, and primary gastric lymphoma.

H. pylori have the unique ability to colonize and persist
for decades within the human gastric mucosa, despite
development of a mucosal inflammatory and immune response.
This characteristic renders H. pylori an interesting
candidate for the delivery of peptides though the mucosa.
However, this particular application has not found
application in mucosal delivery systems in part owing to
its involvement in a variety of diseases. A need
continues to exist for a delivery system for peptides

employing these important organisms having a reduced risk
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of pathology to the host.



The devel opnent of nucosal delivery has al so been hindered by the poor

i nmunogeni city of antigens delivered by conventional approaches because of
natural barrier functions of the host thaty prevent access to the nucosal
conpartment. Hence, a need continues to exist in the nmedical arts for

i nproved delivery nechani sns for pharmacol ogically active nol ecul es such as
peptides at the nucosal surface sufficient to elicit a useful and
beneficial inmmunogenic response. Such would provide an effective in vivo
delivery system for pharnmacol ogi cal active agents, as well as an effective
met hod for i fhenideatd lampmeante.qf amtdqrenl elglosur ey diasn aposesters urfadered

sufficient t |Gl t ) - mco iﬂ%yp@ nse. SUMVARY
The present %ﬁeerﬂcél fnoaqrgelgﬁ@c?w%ﬂ&%om fig %lhse a ovee-fr[r%%tl oned
chal | enges arfProtaidrisonadl @ eashae pawie itbaEet ero@REL$H t he

treatment of djzaashs Wre tHEeI Yt ITWENtd A d st exerddd fi @dchd mudwsder of
i npl ementati ons and applications, sone of which are summari zed bel ow. In

accor dance widMRSIHE L pe cteNEmMpb SIF DR Mt HRist Antr 535t Hhst 2 e

provi ded for mydERasl ngrEndausi g roHel | dobiaed ©f -aseth canstfeet conpri si ng
a Helicobacter, sequence .having a _.pronmoter region and a non-Helicobac
sequence encc?cﬂ“inrén aconoor%]l%a}]ilc\gbaacc e ol ecule of°1n earsesr’fe.ptmlésgcgﬁs%kr?%ct
in sonme enbodiumrisl ety ibef asientveot rlirita plasedwl vaedor, wherein

the promoler ;Seuonced S GRRAE & LadAd | ngsidie SXPIessionial dhe

nonHel i cobacter sequence encoding a nol'ecul e of interest. =~ Hel i cobacter

Constructs: e€ffective in vivo delivery system for pharmacological
active agents, as well as an effective method for
immunization, i.e., antigen exposure at a mucosal surface
sufficient to elicit a general humoral and mucosal immune

response.
SUMMARY

The present invention is directed to overcoming the above-
mentioned challenges and others related to the use of
Helicobacter and in the treatment of disease. The present
invention is exemplified in a number of implementations

and applications, some of which are summarized below.

In accordance with some aspects, compositions, methods and
systems are provided for preparing and using a
Helicobacter-based construct comprising a Helicobacter
sequence having a promoter region and a non-Helicobacter
sequence encoding a non-Helicobacter molecule of interest.
This construct in some embodiments is described as a
vector or a plasmid vector, wherein the promoter sequence
is capable of contreclling the expression of the non-

Helicobacter sequence encoding a molecule of interest.
Helicobacter Constructs:

In one aspect, the invention provides a composition



conprising a Helicobacter construct, particularly a Helicobacter pylori
nucl eic acid construct. In order to deliver peptides into the stomach wal |
(gastric nucosa) DNA sequences are inserted w thin and between the urease
genes of Helicobacter pylori so that the bacterium can express the encoded
peptide. In sone enbodi nents, the Helicobacter nucleotide sequence of the
Hel i cobacter construct conprises a first Helicobacter sequence, a

socond ol cobeetel seniene 2 and  agrutelSheclal et X oo
t hi s const r ucie ldppdearct dm gyaravil auk:lehar mdial onstneA | DO orddir /% - -
deliver peptides into the stomach wall (gastric mucosa)
DNA sequences are inserted within and between the urease
genes of Helicobacter pylori so that the bacterium can

express the encoded peptide.

In some embodiments, the Helicobacter nucleotide sequence
of the Helicobacter construct comprises a first
Helicobacter sequence, Y1, a second Helicobacter sequence
Y2, and a non-Helicobacter sequence X encoding a non-
Helicobacter molecule of interest. A schematic of one
embodiment of this construct appears in Formula 1:

Formula 1:

X1 X XXX X1 1 (X1 = X1 X

The non-Helicobacter nucleotide sequence of interest, %“X”,
which may comprise a nucleic acid sequence that encodes a
peptide of interest. In some embodiments, the non-
Helicobacter sequence X is heterologous to the
Helicobacter pylori species. This molecule of interest
may be further described in some embodiments as capable of
providing a beneficial and/or therapeutic effect to an
animal delivered as an expressed product from a
recombinant Helicobacter containing the construct that is

introduced into an animal.

In some embodiments, the construct comprises a first

Helicobacter sequence Y1 defined as a first portion of a
native UreA or UreB gene sequence, a second Helicobacter
sequence Y2 defined as a second portion of a native UreA

or UreB gene, and a non-H. pylori nucleotide sequence of



The non- Hel i cobacter nucl eoti de sequence of interest, "X', which may
conprise a nucleic acid sequence that encodes a peptide of interest. In
sone enbodi nents, the nonHelicobacter sequence X is heterol ogous to the
Hel i cobacter pylori species. This nolecule of interest may be further
described in sonme enbodi nents as capable of providing a beneficial and/or
therapeutic effect to an aninmal delivered as an expressed product froma
“reconbi nant Hel i cobact ey, ,containing the construct that is introduced into
an ani nal . Iﬁnggﬁfsgﬁboginents, the construct conprises a first

Hel i cobacter sequence Yl defined as a first portion of a native UreA or

UreB gene segue . i a r-§ﬂgﬂgqgﬁ j -%§§ond
portion of a%#agﬁﬁf %F%ﬁﬁ@%gfﬁgh ggﬁéﬁ&ﬁﬁ' a non- FX%Vﬁga#ﬂﬁgﬁﬁggﬁi e
sequence of a gE@Esgsuct' @s, depishesl dfbddidveist s,2t he Hel i cobact er construct

conprises a construct as depicted in Figure 12. In other enbodi nents,

Hel i cobacter construct is further defined as an attenuated Heli cobacter
pyl ori const rriic P fife SHPNIEAE Sy dleh i€ G o UctiGray § fritHerer
conpri se, i ndeaie ceinediaie Ritse nf e THEl 1 SR, pial e Ieirtrisagquence
and/or a reporter gene sequence. In particular enbodi ments, a reconbi nant
cell transfornmed with the Helicobacter construct is provided. In sone
enbodi nent s, Thisedb ratiomi madtleddl losial eoredonmsitharty Eurddidr cainpsy igre H.

pylori cel | 5.;,| Rospme aepecised,ne Heldeabactiahaser vedarandyect or

plasmi'd constructs that contain'the Hellcobacter construct conprise a
phar macol ogi GSAUENEE AR/ 8] Sc J1SP BT S tdEs S BN dS! PFTCHBHRT pept i de
or any ot her el 5l,N a5 o ceIedintedes,1 tdeid s adeed Wik aire aci d

nol ecul e may be further described as conpri.sjing cDNA, genom.c , .RNA, or
P hybri d ol e et Cos s dt BB oGS e AR 4 | <
CcDNA. these recombinant cells are recombinant E. coli cells or

H. pylori cells.

In some aspects, the Helicobacter-based vector and vector
plasmid constructs that contain the Helicobacter construct
comprise a pharmacologically active molecule of interest
defined as a protein, peptide or any other molecule. 1In
some embodiments, the isolated nucleic acid molecule may
be further described as comprising cDNA, genomic DNA, RNA,
or a hybrid molecule thereof. In particular embodiments,

the nucleic acid is cDNA.

By way of example, a protein and/or peptide of interest
may comprise ghrelin, amylin, insulin, motilin, @3-
glucosidase, a chemical chaperone, or other molecule
useful in the treatment and/or management of Gauchers
disease, cell wasting, human immunodeficiency disease
(AIDS), appetite suppression, preparations useful in the

treatment of diabetes, etc.
Recombinant Cells:

In other aspects, a composition comprising a recombinant

cell is provided comprising cells transformed with the



By way of exanple, a protein and/or peptide of interest may conprise
ghrelin, anylin, insulin, notilin, pglucosidase, a chem cal chaperone, or
ot her nol ecul e useful in the treatnent and/or managenent of Gauchers

di sease, cell wasting, human i mmunodefici ency di sease (AIDS), appetite
suppression, preparations useful in the treatnent of diabetes, etc.

Reconbi nant Cells: In other aspects, a conposition conprising a reconbi nant
cell is provi Ea'\g %%mx)lrei scion %el ort rvae‘ercl:sc];oorrsr’recqlaWi ti% tlh]l%e o q—?e@ dco\gvecctL oL >
and/ or vect ofs that include & [T cobacter” cofist ruct as described herei n.

| n sonme enbodiomsttrsictt ke decomiibeshthegeliln .corfpr ises erdeglarscs ssnddd ng a

nonrel i cobact.gr. ay)iofiPhaNTAGLRglcAld ¥, At e mlecule of J marest I

ot her enbodi nents, the nucleic acid sequence encodi ng the "hon-Hel i cobact er

pyl ori phar mi€dlisgiteaitiear astiord mheeddAce o liqrldesctdoippmodesu s et ory

si gnal pol ypeptegdestl.n S%n?t%@io@HMi%eé}tt@ rt@feo@dl@ltc %{%J_i'd Ls%qi%}%ﬂ e of
secreti Nng an expresse pro uct _corresponding to t non- 1 CO ter
7ol ecul & of PRESFISE &%t RETSGI AL Tie HdCrb e 105 458 1 hY s

manner, the exjiess et lpoodecto fofi ntarawnl ecurlper iafed ri efeeste oy kel giedli ver ed
at or throug oﬁ@%&%% %%ql r%%%% %&%%%i%@ﬂy@’ fﬁgﬂ}ég%ﬁg%##%%'%gfﬁpﬂyal
113) 0 h I nan

mucosa. In s I'ment s the reconmbinant Céll1's 'a reco .
Hel i cobact er cppledrie ©dl Isesurett lay @nHeEXPTEIFaEEce P rHdugth BB RANA3IEB.to

Phar maceut i cah Prepamall 0dga cHg RIASM d %‘Eerlltdt@}e%rto‘éitd%ea NAA KLy of

pharmaceutical |y acceptabl e preparations fornmulated for delivery to a
patient, suckRfasher gecoxedpieet d&lilver yigddtis ERANNET rortdlq exRFEssed
i:lnlt ranasal y. plriddpaitt :o(fU|t&i1]Ic’e e eduTRN IS, itr{t%r(é@ﬂ)rrb@cgiyt inIE‘de’:!Lriﬁre?ﬂéd al e or
elivery at nucosal _.surface. .In _particular enbadinents, .the c sition
s suitable TOFCHEN VAR VG RE MIEGELS Sr PRoE o iS4 ondte
enbodi ment s, inte smicedamuswstac € ni sdntee egastdimermecdse  rsurdrecienarithe .
various deliyeny fiar e afJa COTPORI LIS Al TEAULY Arapaned, far gise in
e pECIJTI c types an

the practice of the present 1nvention given t rati os
of specific Heliicohaatar, sHagitoFd@ e ccoisitdBuct s and ot her delivery
vehi cl es descri bed herein, and those formnul ation techni qgues known to those

inthe formulary arts, such as are described in Rem ngton's Pharnaceuti cal
Sci ences, 20thEFHAGENT, L e ETSRALEHING ‘Conpany, which text is
specifically incorporated herein by reference. It is envisioned that the

del i very sys#&m ma% be em%lvo din %ni mal s, pz%rrtri.c | arly primates,

i ncl udi ng hu sP &lﬁnrtfes}, i178s PEOVINGES, Cand r'ddents, fish and birds. It
i s al so anti phpatedeultdtcatlly prospatatidlen e nepa et ivged forrhotdtdchffat s and
adults, as well ias rt%ntaalgl ¥ 1@ f or, m_ni stg gt iQn tg pregnant

| actating ani r?nlls.. r%ﬁe preparati ons Sa_n r‘?et'hocijgIt nehyn%jg f'urther ecfgécri bed as
sui t abl e for 986tH Leglld Yan@ redral e odnilmdiranagaddi -nestn InREoifdll@todi nent s,

the conposi t i@ dds reitisher idelfdoAgsd 3% id N GEN e Uit & IRhar el 100)6a) |ak
acceptabl e carrier s%l ution. As part of a vacci ne dt,he conposi tion
a mucosal surface. 'In particular embodiments, the
composition is suitable for delivery to the mucosal
surface or lining. In some embodiments, the mucosal

surface is the gastric mucosal surface.

The various delivery forms of the compositions are readily
prepared for use in the practice of the present invention
given the specific types and ratios of specific
Helicobacter, Helicobacter constructs and other delivery
vehicles described herein, and those formulation
techniques known to those in the formulary arts, such as
are described in Remington’s Pharmaceutical Sciences, 20t

edition, Mack Publishing Company, which text is



conprising the Helicobacter construct is introduced into an animal in a
manner such that the expressed product, i.e., the nolecule of interest "X,
is capable of making contact with or at _agrucosal surface of an animal. By
way of exanple, a nmucosal surface of an animal may include the gastric
mucosa, the nasal nucosa, etc. In sonme enbodi ments, the Helicobacter based
vacci ne conprises cells transforned with a Helicobacter based construct,

such as a plasm d_vectqr as described herei.n. B of exanple, the cells
Cranst or med GPER TG RaM SO6RTPE Bkl oAy VRS conpr i s6 £ col

cells or Hel iitohacearigyjloard theltl $hel nleddme ramsoditrentsy fdee empdciyeel may
be further dehinedndsqa Lte ;ahenual e sYaceide s ddl RAMl Gl £itbodi ment s,
t he conp05|t|on.vv|fnl i nchude an adj dvant. In sonme e _oé} ments, the vaccine
i s capabl e ofJPlE¢Sdi RYVAEIEiSy ey i sth@nforadentEobddtsdy amsl &dds -of It
interest at asmdg@alantulfiaceedVatGithahicoyldPRitadiiOMay WREGIJeat idig an
animal . In sone_ enbadi nents, the _nmethod conprises adm nistering a

conposi ti on OO FSRGE FRCC AR LESTpASsivifd T @18 PAERTSH AT \%ocnh t he

Hel i cobact er adbased trection awrd/iaegplaasnod Veettents ms addseilidhed herein. I n
ot her enbodi Wt h t rovi des for t | ive of..an, effective
anount of thg%%hégﬁ%églnggia%%dF}%tglc?td%vzﬂa%lbeecﬁg E’feri ﬁz{%srcé:sltbesdufafsl cient to
el i mi nat e or sunltiebile dodi bedde marlepand dgimarl eplaysimellegi cal and/ or

pat hol ogi cal condition in the animal, or sufficient to elicit an i mune
response specific for the pharnacol ogically active nolecule of interest. By
way of exanplVéCCiRé€Snon- Hel i cobacter nol ecul e of interest that may be
provided to an aninmal in the vaccine preparations of the present invention

may conprise_a nmanmal i an or non-manmal i an pr.ot.ei n,, peptide, enzyne,

s moner or Ay SCBh EAGBCE b hobE . G RHSA R 4 G Re e etk 25

nol ecul e of kntvercesthe dnf ar pharmdeilned cad ly pharemetl legiccaldiyract i ve

nol ecul e of i_nt th i n .nacol.eqi cal t.i ve nol ecul e of
interest. | nss%%%ig%ﬁodlﬁtrsre t%sr%t%e phé’%%%%l%dgitg%l I%%H!é%{_)tsl \C/Celo\r{rlnl ecul e of
interest is gon@was ipat hbged srolceddad/eantdiogen T Uaineis pndtrsiducas ilgeém, such
as anylin or ,ananRalag i@ adehinkatd L& dhhehef 1th%hre‘§4§r%s d %ﬂ:o%ﬁﬁ:'tqg or
derivative thereof. In particular enbodi nents, the vaccines of the present

W "

i nvention prdvifdes HhenIRileFUdifd Pdr 1art e&itancemrent! Sofcadhaddss € & dsikdihce to
the human pathegert BighaoH HWS.a MudosanusuVRIJRUICE \En S indlf.l uezaragwt rus,

d the like. [Replicati t ent [ based . tt ted
r econbi nant JésrEGFR Sst GmtIERe ViSRS VcCor $Thave e desti BEF B SJones

et al. (2005p43tirhiat mucclsade tEoha sglly coprosteei mtand Mar bur g gl ycopr ot ei n.
Hence, vaccine preparations containing constructs of the Helicobacterbased
vector systens and plasm d vector systens described herein, with these and
ot her gl ycoprét 8RS &FSeciiaeadswi tthehdiedd qrhawigendasesy vasdise provi ded
accordi ng tocbheriRkea@sert] 1isnerthisddbrrdd aNether mAspedsa @ dethed Of _

i mmuni zing an animal is provided. I.n sonme enbodi nents, the nmethod conprises
provi di ng a COMFESUGtan SE6HDAiSs itn @ 1AF8 1 ViSSP dc B APREE 1R AL SRS dti bed
herein to anBynwagl odnexachpilai,Sterd e e tdiemnfiormlecaniafd atid ve anount of
t he conposi tiHorh.séuffi i ernéO toedﬁl ilcist .an accept abal eciom*rune J §sponse in the
ani mal . I'n soOIfe er%)&fl TEnt’S > Thé& -acLept abie G mitine ré“éjﬁolr%e is €litited
upon t he adniceildtsr atri dfe lgfcadbatateat mamto mrie gienars .c onpr issiney eore Gmarsrse

ef fecti ve dosey Gf dNACHIROB ik nEIOSR ATRlhods, MBY 107, UG AL o] eri nary

i mruni zation as well as in“the immunization of humans. ollowmn

nucl ei ¢ aci d Va8 1ai-no Ié?c@@?%@ﬁée@%%né&f CANRRFHGUOTT e 1
dfascr! gt [ agquné:t?llﬂ@epb@ﬁ%@i:j_ug%\hj%ﬂt | Qi ts%%@d I&gg@iln%nﬁgyueﬂr@hﬂatﬁzﬁgqé@ce of
plasmd p nucl eoti des) +ve strand. . - Nucl eoti de
sequence of 5%@ Bi5766 RacreoioSe LA 15 Pnhe Ron-Helicobacter

molecule of interest at a mucosal surface.
Vaccination/Immunization:

In yet another aspect, a method is provided for



SEQ ID NO 3 - Nucl eotide sequence of plasm d pHP3 (3444 nucl eotides). SEQ
ID NO 4 - Hepatitis C virus antigen (HCV) nucl eotide Sequence (580

nucl eotides). SEQ ID NO 5 - Nucl eotide sequence 135 bp (45 ami no aci ds)

i mrunogeni ¢ codi ng sequence fromthe Hepatitis C virus (HCV) core antigen.
SEQ ID NO 6 - Nucl eotide sequence (1108 nucl eoti des) of the surface
exposed | oop of the HoicE gene (at nt504, aa position 168) of H pylori.

SEQ ID NO 7 - Upst i mer. (29 | eotides). SEQO ID NQ, 8 - t
oy (o naceiisEl PLTR, "o B SRR P g R ea
nucl eot i des) .coBEQilse sN@dmtith i-s tucilreptd deongepienicen cforkbr iy ia ivesmrinen

t t, j t | ' ' "X
FopE - oy poemedadintl (bR R ARG Tnd Ml Spacebr OHERP oy
conpri se a niyEcEior &6 oFequartee & Wactafcodss desmlidad degfelimt erldst, such
as a biol ogi ealhlet \aldérhe i eae it HdY §Rstiadh il agicald i wat pabt e

nol ecul e of interest conprise an enzyne, protein, peptide, or other

na
nol ecul e t hat? §fcf§;?§6'l‘)é GO Gvid g 4995t herafpelits ¢ effect to
an ani mal as mddldcvareed fas rate resgy esseEd qirgaticio tdlougihhade air ainhidosala

surface, such,.as the gastri.c caosa. ln sone enbodi rents, " X' is. a nucleic
aci d sequencregilcsoer?ﬁrel soiqcnzjag lﬁ%aeroﬁh&/es Jas lciagpfgﬁourcIpeaot—tk}oaleo%la%aels, or 69
nucl eoti de baweslittd or38 mudiceatriide lbases. sWGEQJAIRMNO L el iNuidi et | denune
sequence for fUsi QR Profeisn Hh 602 d tdon of, p6Q, Hucleic acid
sequence (23ar?1' c? acl .alt l%{Jc el EC ac?ﬁﬁposal tciqgﬁj’soa% (ﬁgoarrespondi ng to

am no aci d (&®)L9564i% i%n 8®HSStT -HopE sequence.

By way of example, the non-Helicobacter molecule of
interest that may be provided to an animal in the wvaccine
preparations of the present invention may comprise a
mammalian or non-mammalian protein, peptide, enzyme,
hormone, or any combination of these. 1In particular
embodiments, the molecule of interest is further defined
as a pharmacologically active molecule of interest that is
a human pharmacologically active molecule of interest. In
some embodiments the pharmacologically active molecule of
interest is a human pathogen molecule/antigen, human
protein antigen, such as amylin or an analog or derivative

thereof, ghrelin, or an analog or derivative thereof.

In particular embodiments, the vaccines of the present
invention provides immunity and/or an enhancement of
disease resistance to the human pathogen, Ebola virus, HIV
virus, Marburg virus, influenza virus, and the like.
Replication competent vaccines based on attenuated
recombinant vesicular stomatitis virus vectors have been
described by Jones et al. (2005)43 that include Ebola
glycoprotein and Marburg glycoprotein. Hence, vaccine
preparations containing constructs of the Helicobacter-
based vector systems and plasmid vector systems described
herein, with these and other glycoproteins associated with

human pathogens, may also be provided according to the



SEQ I D NO 12 - Nucl eotide sequence for fusion protein of HopE and HCCA,
insertion of HCCA nucleic acid sequence (46 am no acids) at nucleic acid
posi tion 504 (corresponding to am no acidg(aa) position 168) in HopE
nucl eic acid sequence. SEQ ID NGO 13 - nucleic acid sequence for p60 (69

nucl eoti de bases). - 10 - SEQ ID NGO 14 - nucleic acid sequence for HCCA
(138 nucl eoti de bases). BRI EF DESCRI PTI ON OF THE DRAW NGS The i nvention

wi || be described in.conjuynction with the acconmpanying draw ngs, in which:
FIG 1, in abl6rgRicé Wit ri6%e enbodi ment of the invention, illustrates the

vector constructs, pHPAL (2.8 kb). FIG 2, in accordance with one
enbodi nent of; t i i pres chenmatic digoramof; the #l asmd
construct pHIgé.l ?g‘.oi%k\éb%ﬁasgéété,%}ﬁ%;%g?r gjance W th o eaée}{r?bodﬁ .mantl of the
i nvention, iPnestidgcdes tlve spast @neshgiania,, PRVIGS-ed [MagpP i sEh

accordance Wl vare n@od si@fidhed RN tHd | Hst f & mscdde chemi cal

structure of sul fasal azine S%N). FIG, 5, in accaordance t h .one enbodi nent
of the inventi®G 19 13Fs % % ARt FUSThGH S lorf TS
(Anberlite XEPGheC@mjingdt ech wtdec idye dmdinte-of) .tHd Gonfmoditiagcor dance

w th one enb%olllifryant. of the | nveq_lti on,_ill ustrat es t he predicted strycture

1q%ent to'elicit an ccgg able 1mmuqe.r%%§on € in ﬁ]
of HopE, showing the insertion site for Ssequence of interest, 'such as a
nucl el ¢ aci d ageéqaencdrerrcod mERHOIAGYT 60 NepiasiresabAdapimgeide om Bi na and
aS?OC' ates, WRIsGR JRf 6renae dis PG Gald YadnliGBrRAlRS, her el n by
rererence.

treatment regimen comprising one or more effective doses

of the composition. These methods may be used in

veterinary immunization as well as in the immunization of

humans.

The following nucleic acid and amino acid sequences are
referenced throughout the description of the present

invention:

SEQ ID NO: 1 - Nucleotide sequence of plasmid pHPl1 (2796

nucleotides) +ve strand.

SEQ ID NO: 2 - Nucleotide sequence of pHPl (2796

nucleotides) —-ve strand.

SEQ ID NO: 3 - Nucleotide sequence of plasmid pHP3 (3444

nucleotides).

SEQ ID NO: 4 - Hepatitis C virus antigen (HCV) nucleotide

Sequence (580 nucleotides).

SEQ ID NO: 5 - Nucleotide sequence 135 bp (45 amino acids)
immunogenic coding sequence from the Hepatitis C virus

(HCV) core antigen.

SEQ ID NO: 6 - Nucleotide sequence (1108 nucleotides) of
the surface exposed loop of the HopE gene (at nt504, aa



invention, illustrates reconbi nant DNA nol ecul es produced using SCE PCR.
DNA coding either the HCCA or p60 epitope was inserted into hopE at the
position corresponding to aa 168 of HopE ola al | ow honol ogous reconbi nati on
and repl acenent of the genom c copy of hopE in H pylori, sequences

honol ogous to genom ¢ hopE were included flanking the insertion site for
epi tope coding DNA. FIG 8, in accordance wth one enbodi nent of the

i nvention, prOV| es na&%[ga&g ti cczr resentation of reconbi nant genes in
H. pylori. R i'géit (AglP¥codiiy DNA was inserted into hopE at
posi tion correspondl ng to aa 168 W|th| n a regl on corresponding to a

put ative sur RERE 7 Qop; i was inserted at
t he cagA at tsﬁl%?eg'%(term nus |rect y upstream of e&gcalqu\é%stop condon;
Colum C. B128 vacA was replaced DNA Coding the 26695 vacA pronot er
sequence, si @@ 1SEQANGE { SHhwndBidEe HindtaCA 8 RARSRNGEIdLHHMRI N and
autotransporter (AT) domain. Antigen coding DNA was inserted directly
upstream of the signal sequence. FIG 9, in accordance with one enbodi nent
of the inventsEgn,Ippmovi des @ 1\Wesirerdl Bltatdeaarrad iysdrs @5 hugdariddsl)28 (7, 13)
cont ai ni ng HCCA (3128: HCCA: hopE, Blot A 10 anti body: a-HopE;, 2 anti body;
a-rabbit - AP conjugate, Lane 1. marker; Lane 2: 3128; Lane 3:

B128: HCCA: hoSEQ Landit: 18128 NpsO.awdpEe BlaguaRicel ainti bauylomi HIGRrizion
anti body; a- lé%%uctAP'Ho g"ég%t Qu‘é-k?'}ﬁlc]ied@.rd@r edt?é}ﬁ:@ cﬁizﬁlﬂ_%thomz

Lane 3: 3128. Bl ot : ant’i body: - a- nbuse - Ap conj ugate
(2 antibody). XLatne(5j*.30 r?é’r I@&PE Lané< 2 bFBIZ@%G)PndhE)E JLane rEELCZJB‘EOJC'I'

white arrow isRdjeaies dthlnttmgtqr regpodnGdrpLiddiel topleof daisd on
pr ot ei n. FIG 10 |na rdance vvltho Cd_gtt)egd nt_ of thelnvhentlon
presence an iSmANT c &MY pﬂﬁne THISS oY B3 6t B128
cont ai ni ng H@@@hd@sgmﬂﬂd/ |vraatlmalﬁd@En(cB:b23ﬂHC@ﬁf hiopEredipperd Row. Phase

o oyor i B13E PR RS e HOSENRIE A o en 5 A
( AF- 488) . Colemmyr®:, mroﬁ;ﬂl@m p@pzadez a:mmdtﬁx na:xlr%mtinq AR488 Col um C.

H. pylori Bl28,.1 Anfs Eﬁ%ldﬁi oehAild RodYs - & &é@ff&%% D:
H pylori B128: HCCA hop 2 antibody: a-nouse AF- 4 8. lum E. H pylori

B128: HCCA- hof2 3Pi&t] @&dﬁelalw B Fit i BRELS LIRS YE: 8P UH €T 11, in
accor dance Walth son@iceysadisiefacy, tdieeH nkerdioya eisenaec@sanol Bn cadre

based ELI SA anal ysi s yjhi nant H.. pyl or| 6695 and B128 (.7.13 | um
A: Reconbi na %@% g{")l ?(%J‘fg pts T8 Tt BP Reto Cgﬁt s
B128: HCCA: hopia BE28: 160 decyets, tDet]écﬁl |rm1:1(ﬁ‘otpﬁi)a amisege,n od mtnmmotm@GO,

2 anti body: stcg P) conjugate; Detection of HCCA
10 anti body: %a g}% ;L an'?l:%bcpL rz%?etrrI)abuségse<;“(SQP conjugate. Error bars: SEM

(n=3). Fig. 12 shows t he p03|t|ons of potential sites for the insertion of

antigens i nt gy agemication prRtiRIdS:qd & qulch & omse thes 30 Gess: &fn DINA
assenbly usin SCE PCR _A: Protaocol for t e assenbly of two lbe(r;rl%)l i cons. B:
Protocol for HRE &MY JMsEPNLTal IRChSUE Y C BFhGRIHSI R ed regi ons
of ureA or ur@Bamirst radinisy. gaylmardlesid adi Xfosrejppracead with the rpsL. ernB
cassette (ref )corEraeCs%orne 1%%blt%argmlor{o )g4c71<§)né da Copné[salltnleodn O.Ln§8 I nserl-tlo;%)é'l

sequence.

SEQ ID NO:12 - Nucleotide sequence for fusion protein of
HopE and HCCA, insertion of HCCA nucleic acid sequence (46
amino acids) at nucleic acid position 504 (corresponding
to amino acid (aa) position 168) in HopE nucleic acid

sequence.

SEQ ID NO:13 - nucleic acid sequence for p60 (69

nucleotide bases).



Fig. 15 shows selectivity of urea plates for bacteria producing functional
urease. Left (growh): wild type X47 (urease positive);. R ght (no growth):
X47 with the rpsLernB cassette disruptingibreA and UreB production (urease
negative). - 13 - Fig. 16 shows nolecular structures of the H pylori
urease. Fig. 17 shows protocol for the transformation of H. pylori using
the streptonycin contra-selection system Fig. 18 shows the insertion sites
used for in frame fusion to the two haemaggl uti ni n epitopes and FLAG
epitope are indicated by their corresponding nunber la to 8. Linkers are

i ndi cat ed as SE&l |TadNG:Hel saducl@RSL ddink ere detrwese nf apiHAPPes(13the genomi ¢
organi sation of.t e eron is showed. Arrow heads represent ureA,
ureB, ispA ang1 l}retezjftltggeeng%ese%?e' | ength of the displayed DNA fragnment is

i ndi cated by the base pair unit (bp). Fig.19 shows a Western bl ot anal ysis
of reconbi namr Wreasscr@@ech dir ofgd AW B&d ar wei ght mar ker; Lane 2:
Site la; Lané 37 Site 3; Lane 47 Site 4; Lane 5. Site 8; Lane 6: Site |a;
Lane 7. Site 3; Lane 8: Site 4; Lane 9: Site 8. Lanes 2 - 5 are sanples
diluted 1:6. Tlrmweslv@ntl%rﬁrmlsjatnﬁ e gidibdet i ZorRasididison nelitaateee t hat
the FLAG tagge Sy esented at sites la, 4 and 8 of urease. At the
hi gher dil uti o(n%t ga?idoperp l% Lite 3 chalnénot be detected; the epitope was
detectabl e at the h| gher dil ut| on (Lanes 3 and 7 respecti vel y). Fig.20
shows that Feig e 105 BLIE P2 {m0); P ichd TERMNRELM (e 200p1 of 109 cfu /

m intra-gastrically on day 0 pylori. 73 days later, mce were bl ed
and serum comréfar@doqlgeltlﬁsfté%awe? é:fu%t\@-qﬁ%oquystmagm FPHRAS ute- HA- B
cell epitopexgpecific 1gG production.BH B indicates the control group

i mmuni zed with the growm h nmedium BHI B, X47 the group inmunized with X47
wildtype H pylori, Sila, Si3, Si4 and Si8 are groups i munized with
reconmbi nant HIQylxQriirexuessiargd hel traemggnidddinmerapidopdse at i nsertion

ol oni zed wi (R T L o RE Grapt T WS TabalS B e m ce

that were notc%kﬂtdfmcziemfﬁﬁ 73 cﬂay@ -DETAI LED DESCRI PTI ON

FIG 3, in accordance with one embodiment of the invention,

illustrates the vector construct, pTM103-8.

FIG. 4, in accordance with one embodiment of the
invention, illustrates the chemical structure of

sulfasalazine (SSN).

FIG. 5, in accordance with one embodiment of the
invention, illustrates a schematic using an ion exchange

resin (Amberlite XE-96) conjugated with a dye (Azure-A).

FIG. 6, in accordance with one embodiment of the
invention, illustrates the predicted structure of HopkE,
showing the insertion site for a sequence of interest,
such as a nucleic acid sequence encoding HCCA or p60
epitopes. Adapted from Bina and associates, which
reference is specifically incorporated herein by

reference.

FIG. 7, in accordance with one embodiment of the



The present invention is believed to be applicable to a variety of
different types of bacterial and vaccine constructs that include a

Hel i cobacter or Helicobacterbased vector system of delivery. It is

advant ageous to define several terns before describing the invention. Wiile
the present invention is not necessarily limted to such applications,
various aspects of the invention may be appreciated through a di scussi on of

vari ous exarrpl es SI ng thi ext. Befor.e describin resen
i nvention in ﬁeteg oMt * ?slutsorﬁee&n&éa %&&atn%at%b]l |msoq|encv T S GRSt

linmted to pastnguleEl yC&xenpNAf icodimet lkddéeamd heayiCCaf oaomx@e emaaqpe It is
al so to be upder ih%%@t%@atmtt'&ehtr?gJEma'%O't‘Pl%V ussd sher %o'}r_‘e% s lsbi gﬁe theH ra%ose
of describing particular enbodi f th i nventi on , 1 S not

i ntended to gé& i HoRE -whiTéh ailior  BemoilLpigioss mc)@rrwrtaﬁeoalp@éwded cl ai ns.

Al'l publi catir@psackakemt %fa'ﬁgtep@e@l%hl%p@dp@atdfoﬂﬁ);ﬁi tied merpgurbrlmhet her
supra or infra, are herrth9 y .i ncorporat ed ,tr% ference in eir entirety.
At SrT&re <ci

However, pubPPERENGRS LOqe4 ShéPe B 6 IJré1 Sse of

descri bi ng affidadikselgosiheg inhkse ruriohocdite, floeagpittopendoddeigomymhi ch are
D e Il P AL 00y AR B AN BB R R CQanect | on W Lh the
i nventi on. i'ng"hérein st ded m ssion that the

i nvention i sln@tenéﬁpintfl @GIOtVed@rfﬁt @daitl@gmmamlglrmﬁ@ebsta\nmm@fof pri or
invention. EdrbhelBne, gehesPract, ceﬂfoztlhe RIASER Al:NVeRLIRM SR} 0V,

unl ess ot herw se 1 ndicated, conventional - 15 - 1 munaol ogi cal

mol ecul ar bi 6P64NEaPNRe¥RSi RSSTARE PRACTECHEOGY WAt Fhe ski I I of the
art. Such te@bmque@snarlagwelol aknaws, tmttrmansIa Ideed opOIdeaTre s HEITRy to

expl ai ned fuI I in t %r ature, See e Srol i gan t .al., &Oé{r ent
Protocol s i n®PPOtéi r]rv§crselrt é‘c(el@é@)os\%llt?ﬁé) | “Erd™ 7CI oW A ey & 1Shs
Inc.); Sanbrodk etsalinsefMeldeecul aheCaagingt Ahlealbdr ateamyi nvenuslre2nd & 3rd
Edi ti ons. r Lol V. RIESS 0QL)ng y, S
F. and 011i slug[ﬁ O?i%@% cclaaI%}AESaC eerol?lr(rjg),§l Funazl%rr?e’lngl s%llzl\/bgédcﬁ&la:ﬁe Book
Conpany, NY, regdgcery DﬁIﬁstCO@en@ottél@ t2I6:§t95asfat§s”ed>rI@eIOérer¥ &ePYanache appended

clainms, the gigguhakel@Eel®e’ ass)" ahatu@Rrd (rhheradA)clpade plqaalqdnefier ence
unl ess the context clearly dict at es ot herW| se Thus, for exanple, a

reference to2nd AUEPETEPEERE SindPidesOF g ur aP9sm SeH AN @asti ds,
and a referenggeir®cdaniirsetatedppepiatie'cfi $ha rafgianeeduene or nore
peptides, and so forth. Unless defined otherwise, all technical and
scientific terns used herein have the same neani ngs as comonly under st ood
by one of ordilgary,skin lacice rdhecar wittd wimec fertdaids riemcerstfi dinebel ongs.

Al though any (pRLetlaks g&%m@@o% WRISA oAU S 0 f NG descr i bed

herein can be use ctice the present I nventi o he pref

materi al s an&ldst H8d§3ar EonRGw adoer HEER (BAIZB:SIGFAsthantfer &delt e 1°

Conposi ti ons xaRkd HRWE: el HaPEdS 2te0 ama%fdyo 2138 i t—e%PMéJH juddie ani mal
body is an ongoi na chal | enge faced b e drug evel ment rLdustr The
a EzLL@IJIF

present inve is "@SVEopedlE @el dctéhas TP W

syst em capabl4e @lecBalpra@r m@ppFect cm&termodﬂngtrhjmjd@m :caldncaGt iare agent S,
wherein these ntg .are expresse n the surface of Jdhe b cterru r
secreted ther e%g%or%sy’l 5 one r‘?bod%r?gn contjrllléljabact err U |qs an%specr esﬂ 0

Hel i cobact er 2 :B128yHEICA; hopEs o nentFodiBierst.s Blidte Gt rldi mrdgfildedypyloori can

be any strai @é@now I 1R i el y J ih 5 ey e R RIS . (Aohgy s g ari strain
is a non- - pat ho enr C straln such as genormi c strar n 26695. Anot her
strain that ﬁ@;ﬁebé uSed e ' HLaPA ari B§t2r8a|9§08mErp&ﬁqectﬁ ‘ariiy? 8rarilen

7. 13. white arrow indicates the band corresponding to either

HopE or fusion protein.

FIG. 10, in accordance with one embodiment of the
invention, presence an immunofluorescence based microscopy
analysis of H. pylori B128 containing HCCA inserted into
HopE (B128:HCCA:hopE). Upper Row: Phase contrast



I n anot her enbodi nent, a bacterium other than Helicobacter, is utilized
wherein the bacterium has been genetically altered such that it has

Hel i cobacter or H pylori features includipg-the ability to chronically
coloni ze the gastric nucosa or other areas of gastrointestinal tract,
urinary tract, bronchial epitheliumor other nucosal surface, w thout
significant toxicity to the host. In one enbodi nent, the H pylori have
been mani pul at.ed so that sone q{ t he pat hogeni c features have been reppved
and/ o at t endHCES SR8 ‘e lSti e, e VAT NG Ty TS i (he Bad
pat hogeni ci t H.i shait igdes .carf e tridrmmiyed osdiddiat 2 hearH igpdsor ic-arapiess
pat hogeni ¢. - Abtaaualidid JBd aldans dian b i dueedy | . 0; Heldgobacter using
nonspeci fi c nutagenesis either chem cally, using _

N- et hyl - Nni tam-l%qﬂwr GsERRRi tdiAde; 4 &6t usinignire dont naritl ONA Rlechnol ogi es.

The skilled persepW: lx-arpiecizt &dthadodhe amihods of - 4de. presem o:
invention could be used to deliver biol %4 cally active agents._ Exanpl es of

suitabl e agents A¥{Ahide Bortds Hithifc e cap it Ay Uit SHI S PIoeii y or
system cal | yCoflughn, FAn mAgentl capall s afcaxaidpig IendoctigeiyctaMiddares
affecting | ocal _or .whol e-hot t ahol J and/ or an agent which is capable
of regqgul ati ng&t ﬁgltéct |CJ\}’i’ i%gg’yoo ecgsfgfsda?g} onging to the immuno/ hemat opoeitic
system and or an agent which is capable of affecting the viability, growth

and differentigliagn of;a a\ﬁ%rdir%a}ﬁc(g WO’ Ofefifoplast G €alds in the body

or affecting the inmmune regulation or 1nduction of acute phase inflamuatory

responses t o JiMjeiyytCand BEFEAGoR afisr et addedwilcb A Sipabt e Of
enhanci ng or rddduliitG e Staee- 1 @ da¥ecdidm1afs cel 13)and colukh -A 11 Ssues

medi at ed by chenoki.nes act]j on their target _receptors, ar the
proliferati oReGBiTHES %6%23«9 i C&Q‘Tﬂ?e&a&q%r?o%%o# %efeové;‘ifh% Li%e%nd/ or
an agent whi ¢deavmdhilretress tHI€ Se{ii@@ssiapE &1 30 qdilct hiaqrE ofDestidrst iant est by
cells in the . i.fiG qm-l of —%5’6%1 j ol _qgi . . a¢ctive agents

i ncl ude i nsulin, >é‘gilrto%% 'holr rm%?r%le, ﬁ?%’l'acofi n, ‘ca ci%qg!nllcbz(%d%%l'u%ir%oll%%g .

hor mone, par &ltkalging HAraRERTE, tasenalt?dSt atdng, udansrioi ke srd mAratd hglHa mohe,
vasoactive i ntRSRR): RAIPHREPL ixte, 5 i IHIHET W-Blo U ch%i/jt&%ltrlae. aghopt+ ng
an antiparallel 4 a’helical bundle structure such as IL-2,” IL-3, IL-4,

IL-5, IL-6, RarA: 9B (73310, 1L-11, 1L-12, I1L-13, CMCSF, M CSF, SCF,

| FN-y, EPO, G CSF, LIF, OSM OCNTF, GH, PRL or IFN a/p, a structural group 2
cyt oki ne whi ar ften cel|-surface associated, formsymmetric
orot i et s Gt HE STRLAR § ENEakB o Lo GOt T T SR OF L3 EFelfF <19
descri bed forircerttaion vof ahntdgenpr anginprsidniast tbe pupdbeinecrosi s factor
(TNF) famly of cytokines, e.g. TNF a, TNF p, CD40, CD27 or FAS |igands,
the IL-1 famly of cytokines, the fibroblast growh factor famly, the

pl atel et derified drlowtiewBaéter 8roceaAsPér MAgagromphy faztied Plartthelie

growt h fact orgotd 3 YekUkdk g5QHRL3yCYEOKLDCaROIPESSE NOB ShEFdt &drll e P
nol ecul es, which are produced as_|I argg transmenbr ane pre-cursor nol ecul es

whi ch each cdMSia?SeMALlgast nENBGRMHOAEPRST n the extracel | ul ar region,
e.g., the epidernmal growth factor fam |y of cytokines, the chenokines

characterized..by their possessi.on, of am no i d sequences, grouped araound
conserved cy%tlgl'nelhfess}}dgvusesfe(%t%teedc-{e(?loorn 2% e hehoki e?l]‘)’eglsrhbéécrro%b%gybr
the insulin metlatred stytaoki ek, aegtlramtdimal tigrioup rogytakiheassethtexhi bi t

nosai ¢ struct S : I i qﬁg§ed of

di fferent don%reﬁ@,' e%q&@%éé:&@mgq{]o%(uﬂ n&ﬁ%%ﬂﬁﬁg e domains. -
18 - recept orlleditCagoni st for biologically active agent as defined above.
In sone enbodi nents, the H pylori-based vector and/or vector plasmd
construct is enplqoyed. to create a transformed cell (such as an E. coil cel
or Heli cobactFelgpc&EI PhwS S rer?ittlé’lttlé(eoéxﬁlr@?sPgﬁtﬁgd%%c?@ﬁ%ﬁl%f a

nonHel i cobactroquidampcanegiicalally vaekisee Delfecybeoathl nt etedt tapet Re7
mucosal nenbrane of ost.  t i.ch.the transfornme ell. pr ratl i

adm ni stered. eeasles%ota%tlzc&vr? é}l%lg%éccﬂgonglrggﬁﬁé'cgﬁgai”ﬁg gmgghfégteﬁléﬁlg
transf or ned celdsegtdre vestrowt imgy Ucedpreinsle Uor8 oprodoréinocl(eieaaei d
constructs in g jucleic acid encoding the pharmacol ogically active

nol ecul e of interest is under control of H pylori regulatory sequences.
Sui tabl e vectors and shuttle vector sequences can be chosen or constructed
to contain appropriate regul atory sequences, including pronoter sequences,
term nator fragnents, enhancer sequences, mnarker genes and ot her sequences
as appropriate. Vectors may be plasmds, viral, e.g. phage, or phagemd, as
appropriate. For further details, for exanple, see Sanbrook et al., supra.
Many techni ques and protocols are known for the mani pul ati on of nucleic
acid, for exanple in preparation of nucleic acid constructs, nutagenesis,

v o



- 19 - fromthe pronoter results in a nmRNA which conprises nore than one
codi ng sequence, each with its own suitably positioned ribosone binding
site upstream Thus, nore than one agent (pharnmacol ogically active nol ecul e
of interest) can be translated froma single nRNA. Use of an operon enabl es
expression of the pharmacol ogically active nolecule of interest to be
coordi nated. A nucleic acid construct or vector conprising a coding
sequence for a ph coIo i ca ctive nol ecul e f rest |s preferably
inder the cortt Ol B SRS PR bRT eXpF BEERORS: RTHE BBy For PYLATbne

enbodi nent, tumwegsonoter enployed in accordance mnth the present i nvention
is expressed constitutively in H pylori. Use of a constitutive pronoter
avoi ds the need to supply an inducer or other regulatory signal for

expressi on t oFtdakel pl Aeews Ppedpepaplyfornehpr banefodinpsérs efpHesvdiordt a
level at whichsikhe thepy&@épt8ﬂ§&lﬁe£bnﬁﬁaabBie&k%@hes lst@m. retains sone
nmetabolic activity, even if growth nay be reduced. Advantageously t hen,

such expression nay be at a low | evel. For exanple, where the expression
product accunmiqi ess istiswascethel aisyrtibe seves @ée@xpdsesehot\rmay Feadoho
accunul ation of t he e&greggﬁgn roduct at . {ess tQa gt 10gbof ceIIuIar
protein, pref era}Py a"l{)o]'t1 SUTRER 2 ut 5%, If“or ex n%?e BBout*T-3% In
sone enbod|mand;ce$¢mnmpdtmslpr@VIde@p@n@pmgsnu@bdel1aeton@ aLiekseager
oL 201 O SEOUSE L a LR T, 25,81 SEIUENCE EOLT £RROAI fOh0oR nucl el c
aci d sequence enco ecu interest to an anina

exanpl e, suckﬁ&%?ﬁ&#§énd€¢erﬂ@@%mkca@¥@a%eﬁ®eh@@ ARG eéeﬁeepeﬁerﬁg is a

ther«'ﬂl@GUéI Ic pﬁﬂiw&ﬂf P O &k Mhe H@$ ”P@@r@éer@t OuPﬁAﬂDHEeBFY1Q§Apéﬁ&a{1EQISO afs
to provide a pe rotel or o the_anipa on expression o

t hat nessengéflﬁﬁ%1é? a%?%gg%dﬂé Q@ 1?3 Q¥RF ngl A FB?gmgnﬁols exanpl e,
such a hor nonindriaya ted i g ut hén, base §m£h an pt o{yey hrone may be pro-insulin.
Thus, it is envisioned that the present invention has application as a gene

therapy method for the treatnent of human disease, such as for the
treat ment of &habk? eshoWhea pfosbeer byt benabyel sgofisreocomhensht pyl ori

strain empl oyehade o 100 {0UPKLED: L b1 SLaREA OLibhe IYbOKLL ngaLuse. |

sone enbodi nents, the ronDter iIs an arabi nose | nduci b pronoter. O her

promoters i ncttice 1 adaignd’ 59 HR O%Dt%?n%Jﬂ)se%hﬁﬁs‘letLé@e 51998te FEMS
M crobiol Lettand6d{2dit&68a73)and 77prompées; Badenst 8ipeolptesnefo:

Sal nonel I a ( tfield et al 92, Biotechnolo 0 88-92).
Snot hor | enbod HtE 1 AT Dot 6151 515 EEE DP e Cf SHEER bt £ pr bRGERI & thdt may
be used with mﬂérﬂ&m¢l@samelweedolszlnRéﬂdEtsbumdacete@tthaﬁlted FDAGan

i nduci bl e prqgg%gg IP§§%6$ Y. S. 4P ?ﬁa? 1§42 lg4%{§sg d to Kullen

et at., a lac e pr er such as used'in pl asm ds
(e.g., pBl ueslél?@épﬁmﬂif? oim@tlﬁ;aqfagenfé;l@tlmeteﬁde@e‘ﬁ@m felst@seepﬁormter in

LaCtObaC"|US@aéHEkF%é”@%@%été@dUQEQ %ﬁit@ﬁeaﬂ§§r98técgéﬂwéh atSHRB as the
pronoter for alcohol dehydrogenase described in Aristarkhov et

at., (1999) PLIEwEfiototyn 73raa)s ﬂ@@%74§%§§ethV%%é enbodi ment, the
constructs of the present invention also include a tOXIC gene. These t oxi c

d th t d t t hat,,
Comp et on’oft 17 At YT (L Bl TEbBAct 8/ *ELR Boor el P) SR HETSR- B0
i nduci ng the wextme%@@@h of the afoxilk nglemthgdsthtaaﬂglﬁmrpiee;s Ofwitdxi c
genes i ncl udey bgﬁ%]? shal yt&é;}’é'f&tﬁ erée!:é'ewg%'tt%géd%n nsLpgdyci bl e

pronoter. The a ysi ng gene nay t triggere e appropriate tinme
and place in ¢hele@sedol heestinadstvatre @ﬁ?%ﬁ@hn@ﬁeszELé’ﬁth@ Beagpre of

the induci bl e Rr®M® €1 Sepitope specific IgGs production.BHIB indicates
the control gfoup immunized with the growth medium BHIB,
X47 the group immunized with X47 wild type H. pylori,
Sila, Si3, Si4 and Si8 are groups immunized with
recombinant H. pylori expressing the haemagglutinin
epitopes at insertion site la, 3, 4 and 8, respectively.

The black plain labels show mice colonized with H. pylori



- 21 - as described herein. In sone enbodi nents, the engineered

Hel i cobacter vector and plasm d vector constructs are sensitive to oxygen.

* This oxygen sensitivity is another nethodifor limting dissem nation of the
clinical grade vectors of the present invention. The environnment of the
human gut is very low in oxygen, suitable for growth of anaerobic and

m cr oacrophul ic m croorgani sns, including Helicobacter. Thus, an efficient
means of elim nating Helicobacter, .once .they have .exited .the hu body
upon di schar §& dgft B BN ] l\(/;\C/aes @55t J’[rhog OXygen-Ti c %aotu t'Si 4 e et

envi ronnent, dod ong zemgiatedr3 g@yess i nto the transforned m croorgani sns that
confer oxygen sensitivity. The nucleic acid construct or constructs of the

present invention nay al so conprise a secretory signal sequence. Thus, in
sone enbodi Wﬁéﬂ d encoding the pharmacol ogically active
nol ecul e of interest (for exanple, a non-Helicobacter polypeptide) my -
provide for secretion of the nmol ecul e at. .a cell nbr ane b ppropriately
coupl i ng a nddi%eiPE & ¢ %Wﬁéﬁ&é’r’eﬁc%éﬁe&gleé’esfjectrogﬁ%ﬁ f%ﬁelg]r%ba]ségdtlfgrﬁ:e to

t he nucl ei ¢ atird esgqueher felRoedithg viges ol ecudtee (ipdl ypeptiade)inelhe ability
of Hel i cobacter ri I el te t L de may
be tested in Cwnts?C ?xlf&%éc&%aﬁ:in%iﬁj I t::aora{géﬂvé]%:%@&n%fnoteralPniﬂ&vil)%g%/fﬁéy} of the
Hel i cobact er baS@ad atslad sse@vetteany off gedli vwagiendds ihdAdiRntagevfs thvse with
activity in GamfieqaljMe, 10IamM S B /U & &saheld ahia,idapsigll a and
Sal nonel l a. Secretory signal sequences include the Staphyl oki nase enzyne
secreted by d8ndSsti® REEIS%t dpATTCRtEUsS Wi ﬂ”?qesssi?rmt]o“ﬂﬁﬁ% in
bot h G am posiudhy & ld @Emmsgatd MU stspdEae o Catee BExprassi an sy nge
Baci |l us", Rapoport, %9 3:) Cur.rent,.Opi ni ons i n_ Bi ot.echnol o le1: le' 2n73
22 - Ot her s&?rﬂetteéi’lyal AT S B THa CarP b’ AsEd S nef % or°t
exanpl e, the ghrilsactcanrtese .gene (Tal nadge et at., 1980, Proc. Natl. Acad Sci.
USA 77:3369-3373) or the enteroinvasive E. coli henolysin A (hlyA) (Su et
at., 1992, Mcrobial Pathogen, 13:465-476). An illustrative |ist of,
secretory si @rdlorseqiaarddding pries amestith Pteyon 198giet@pt ei H sktreti on
and O ganel |6 Bl e R G e B Bobb e ey Aadem o
an ganel l e Biogenesis, R C.. Dand an : i ns s). Acadenic
Press, |Inc., PSHTIDWGH L Y5 eR 652 e Sdtaddt b @‘}Fgrnkae\f's %ﬁ?&fglﬂ"es‘?'es‘é%?%hers
and technici ans ias canericede nealse Styodlitgtd thgihes i dign i ricinsd o rumssetd

m cr oor gani s fr.om.no -tratgffor med onesfi esacrni'kg(lerg po(_ﬁ[)rucllatlil n. One neans
of identifyi 153hstormed egé)nqré)rﬁsies Yo 9 ncorporac-fepa sel'ectabl e mar ker
nucl ei ¢ aci d esEgubmem tintal tthee plrasan ol womral ni rpd hies gerte oit¢mded ese. The
sel ectabl e I S i ner J 1 t gene of
Thterest and s drTuen b T e BT oot A reLu T T
successful | y alrddmsF-ormed with the gene of interest will also be transforned
with the sel ectable marker nucleic acid sequence. Wien antibiotic
resistance is used as the selectable marker, only transforned cells wll
survi ve and/ c?rlulgr %iwmrhs'c&ﬁtﬁmﬁ%ga?qﬁeé%ﬁ%%i?ﬁ? LCARIS At § BT ot i ¢
resi stance i shearecionyvevticarite mnsipmee o tisiadf e not &y pee mdlen devetpprantged by

transformants, ver;. vegtors havi nti bi ot 1 ¢ resi : es as

sel ective mrﬁ(eegr_égrm%cee clanp?é?eel oferﬁcolrfnezqco&g‘[ a]?%é;‘?léef't r ansf%?yt%ha gcan_ endow
ot her organi swswiarredarite iy iot iare esi sr@nfo phgrotypasesThws déskrilsing
especi al |y acyie yhen Jelisobactrodscdsed as.paits ofn@ $er apeubh coyector.

In order to use Helicobacter as 'a gene delivery systemto aninals, the
present di sclUreeREhtid! the ot e rAd R MRt padessct or
systemthat dgoesdiflection with the invention. Nothing herein is to be

construed as an admission that the invention is not

entitled to antedate such disclosure by virtue of prior

invention.

Furthermore, the practice of the present invention

employs, unless otherwise indicated, conventional



- 23 - use an antibiotic selection marker. One of the alternatives to using
anti biotic resistance genes provided by the present delivery systens

i ncl udes clinical grade vectors having chignmoesomal del etions or | ethal
mutations in a "house-keeping" gene. Next, a functional anal ogous

house- keepi ng gene is inserted into a plasmd encoding for the

phar macol ogi cal |y active nolecule of interest. Consequently, the
house-keepin ene -becones th el ect b r | | ! theyrapid

i sol ation ang‘ éﬁ?i cgqiéﬁmg Fﬁﬁg%giﬁﬁqﬁlﬁﬁé%§L1$ IHQVL%%OJQg keepi ng
genes" i ncl ud?élagamhdm(t velrtdudve they Edﬁyllnmﬁ)etrhébfarr‘ﬁ{ abuth ctedyul QT S

and/ or enzymagehf‘l}gllidlﬂ?ﬁywrp'{to (V}Q% |4y tiedy 1,0y Midases, g Al €as8Bained

synt het ases rogenases an thers. Another alternative to antibiotic
resi stance g Yprlé\/ltdhfd Igy- ameE Pies etfte i et i GrP 13 udes &fini cal grade
vectors hgyl n@dmﬂ e r YENRS] 4 nﬁﬁrﬂ&fl{@éﬂd s@i@q&é\e Jpstimmfwbmm al rmg }]he
gene encodin armacq cally active | ecul e, of i res Q her
exanpl es of E[év{) g}n e%fr\gsn %b%o?r'd Wh the {e’acﬁl\?%g 2fhe
present i nverﬂlla)mngiclmct&z&aneamﬂ uarresckent2riki ot e3 (B&ER);orpsgal@m:lcmsi dase
and anyl ase. |co aI jv

i nterest has ééﬁto ne act| Vi ty ord c}}lz:l%fas ar{af%és:cu!sés/e %ﬁe (,ytyelfjfe
Facts Rook, @aIFI -arahdarkd Gear ithg” (rlgﬁmCh%Je@ﬁnI&H@@%%eref erred

mol ecul es, sm@aﬁné}%mepw&samﬁﬂlcyém rteorﬁgyéﬂ J tyy argod gt er | euki ns,
including Interleukin-2 (IL-2) and Interl eukin | In sone

enbodi nent s, *thé&4sd |k??055%,tteéjr et &S P DIRTH Jd'lv“i‘a%‘?0£ N SWRE ARPIIMTi se a
nucl ei ¢ aci d dlorists UO:the’:ISSJdﬁﬁmraﬂ)eEbﬁﬂm)v&a,t'hatan,S” |e[‘rtd othticerd 1imtbude
Hel i cobact er ﬁ% ot.her UI t abl e ost c , %)r oVi JJ[' %lf or rred cells.

u

Thus, a furt af‘slperce[ Provides’a TS fg T Tt hg" hucl ei c
acid as di sclodsmj:wmatea dmon- for zelxamga]&t,hosgemibemcreedb@c‘tzernuclelc

Transformati qn. cY :Herf f 1 eryndguy enpl oy
any avail abl e technl gue. orao .l olrl COQ‘J? sul tait;%e te@%%l quaeré may
i ncl ude cal cinghedfirors de t raethslfsd? ﬁ%rPeEétlﬂé%ﬁ obdrat TOFFERRCE riams?RRt i on

usi ng bacterigphage Jdigiddd oducd ioh irdhe plasmd vector into a
Hel i cobacter cell may be foll ‘oved by causing or allow ng expression from

the nucleic acid, e.g., by culturing H pylori under conditions suitable
for expressi amiafsd hee fened ﬁ}wﬁwngsé,h@]-]elﬁmhamﬂ ém:lcsﬂiemtelﬂnder

pondi tions f rer%£r essesd 3}n roeflr;[. t’h ‘pe maco “?g'ﬂg AM_/ gtéé/e (ggg‘,{\ | e of
i nterest nay be enploye 0 verléf ¥ 1 i'¢ob cter ton the
encodi ng nuclwidemtiabdriyy inabie Qnﬂmémhuc%klhb mc@@l@damlfe@uw@lcmn a

further aspegty;d gﬁr@&%ﬁ B INVE 4 O%Péﬁdd&‘?sar%{r?ﬁé@é’glé’isd%é%{%é{ﬂgdé

. therapeutic or pro actic dose of a biologic y active agent in vivo
t he net hod cowrlﬂsqrn@%cﬁﬁw&k@%gt@ otfsp%%bql%%@rhbﬁ%fff%ﬂ%cm%t of the

nonpat hogeni G J¥€pad aéﬁac&tme ties Iiar@s/ér@tfllwémmrﬁ; Ofise apige F@EEeMEs of the
present invention. It wi Igd a(g(ﬁ%/em ated that t rret hods of the present
i nvention anda#F e G° 1?1901?'}1 STV Y hoTChH Rdgeni ¢ Hel i cobacter as
described herein provide a wi de range of therapeutl ¢ met hods whi ch woul d

enabl e the S‘%Af'h- fémﬁ& tpyé aé&%éé;{tmé ance, nﬁ@fe%@%‘@fdé% onse

of a subject n onée as regulatin e surviva
growt h, diff eErReEmthaltCF oraradtf e%l*tﬁfs fmn‘thi@n%h%ra@m@bpb¢@j/| jgyan 0OREPERT i On

of cells or thssues,dsS AIAvd daf Wi ClirGOTRESEScAEHE N $4€5ERY. tPna Subj ect
a noni nvasi ve or non-pat hogeni’c Hel i cobacter as defined herein.
present inventor has developed a Helicobacter-based
bacterial delivery system capable of carrying vectors
encoding biologically active agents, wherein these agents
are expressed on the surface of the bacterium or secreted
there from. In one embodiment, the bacterium is a species
of Helicobacter, H. pylori. In some embodiments, the
strain of H. pylori can be any strain known in the field.

In some embodiments, the H. pylori strain is a non-



I n anot her aspect, a nmethod of boosting an i mmune response agai nst tunor
cells or an infection colonizing a nucosal surface or adjacent or distant
tissue is provided which - 25 - conpriseggadni nistering to a subject a
non-i nvasi ve or non-pat hogeni c Hel i cobacter as defined herein. In yet

anot her aspect, a nethod of nodul ating the type of immne response
(antibody versus cell-nedi ated) against a pathogenic infectious agent is
provi ded which_conpri.ses, adm ni stering to a sub ect. a asiye or
nonpathogenlEaﬁépg§86§cféfaé§ ﬁgFﬁnS& REFEMEC | ﬁr§ﬁ6iﬁﬂﬁﬂ§%pégﬁt 2 “met hod
of nDduIatlngtthén|MhattmaU|@e ofsedorimald .t ipgSees ittt ionfB1@8at ory or tunor
cells is pro .S&S ~a nistering to a subject a noninvasive
or non- pathoéggﬁg Hgﬁ bgggéﬁﬁgs7dg?1ned herein. In sone aspects, a method
of controlling the rate of growh, rate of invasion or survival of tunor
cell's is provihdedowhieeh ca@rRlnee% , adMyRictee iy toQk@rSltl?iant a noni nvasive

or non- pat hogeni.c Fbllcobacter defined herein ano her aspect a
met hod of |n%€éﬂﬁ6 2555 as kS Pﬁlﬁ&ﬁﬁp & eF§1Pbtﬁﬁb§P§é§ 5SS es

adninisteringeh@tacsubyeQUtar@@nsm@maimwa drc m@m-mﬁﬂnuﬁﬂadréﬁﬂdmohacter as

defined herei ”1oglh‘% 223REG! %n‘% % f.pl & Tsthod t%f SQW:iregyl.ating an

i mune respofice WA CRCOnpri Ses stering to'a subject @& nom-invasive
or non- pathog@ﬁp@lbécﬁ@ﬁlQ@ﬁ@ﬁﬂ@hm@ﬁpﬁ@s§ésOéhﬁﬁaﬁﬁﬁ@@l@gicalIy active

mol ecul e of g@%%&%ﬁht%%tQQf&”%@a%%rethnaQ nother a3pechiA method of
treating an i_c autoi mune or ot ne dysreg Ul ative di sease state
i s provided ﬁﬁﬂéﬁeééﬁﬂrp§e§t§&ﬁiWW§P@Pﬁn§UF§a§esuBPé@PU§ FoAVES A or

non- pat hogenicoxhieliitgokbactekr Wiseéh expresses a pharmacol ogically active

nol ecul e of interest. - 26 - ovine, rodent, fish, or bird. In one
enbodi nent, the subject is human. Adm nistration may conveniently be nasal
or oral. In one embodiment, the H. pylori have been manipulated so

that some of the pathogenic features have been removed
and/or attenuated. For example, the vacuolating cytotoxin
and the cag pathogenicity island genes can be removed so
that the H. pylori are less pathogenic. Attenuating
mutations can be introduced into Helicobacter using non-
specific mutagenesis either chemically, using N-methyl-N-
nitro-N-nitrosoquanidine, or using recombinant DNA

technologies.

The skilled person will appreciate that the methods of the
present invention could be used to deliver biologically
active agents. Examples of suitable agents include ones
which are capable of functioning locally or systemically,
e.g., an agent capable of exerting endocrine activities
affecting local or whole-body metabolism and/or an agent
which is capable of regulating the activities of cells
belonging to the immuno/hematopoeitic system and or an
agent which is capable of affecting the wviability, growth
and differentiation of a variety of normal or neoplastic
cells in the body or affecting the immune regulation or
induction of acute phase inflammatory responses to injury
and infection and/or an agent which is capable of

enhancing or inducing resistance to infection of cells and



In a therapeutic context, i.e., where the pharnmacologically active nol ecul e
of interest is a biologically active agent that provides a benefici al

effect to the subject, the amount of the agent and/or treatnment reginmen
will preferably be provided in a "therapeutically effective anount™, this
being sufficient to show benefit to a subject. Such benefit may be at |east
anelioration or a reducti on in the severity or occurrence of at |east one
synptom In pr.oph Iactl nt ex e _anopunt, .nma uf fi ient to r duce
the del eteri %&s & eé“[ed bé’ubthecrfomlfnes it erlﬁ paetlhogcenr haﬁllelenge
f or instance degeptioasci g ttrhle mmineferr@s;;mse)f 'Elmtatﬁthra@ll arepluret or the

adni ni ster ed,, apd e o%n%unraehe U3 AhAdE NSt gaetﬂtOQrH’ﬂ%]H iRReNd D the
aimof the agmnlstratlon .g., I ol ogi cal ect sou In view of

t he nature ar’i@eséa\?@rrletsy‘él@ﬁl torifepclmﬂqcéﬁéel Oafncﬁq@ttaﬁe:%kﬁﬁe&eldfs riguttifife
optim zationporescription of treatnment, including prophylactic

vacci nation, for exanple, decisions on dosage etc, is within the
responsibility of general practitioners and other nedical doctors. A
conposi tion e@@mﬂfsjm@ﬁamglmbaxﬂ &I’udmyblbﬂcﬂﬁrda’ijl@t erced vien aﬁgmﬂrszlance with
e Pt s ent (HIIIMEON 2.N8 olaJd oM AION A SLAET drcal ei ther
si mul t aneousl’y or 'seq dent presen | ven I'on dl so provi e§ a

phar maceut i célut@crmr;@snrrgi @@r@mmrl Qarrgﬁtalmlrcbdmeﬁ@e,assmaﬁﬂﬁsﬁdn,&ch a

phar maceut i C%'hy%rﬂ&o%'ttl'nf&rlaﬂt%dg“ h%o@i@w)ar%étcuqfxﬁé‘ erakd ot st abl e for
application to.a nucosal nenbrane. - - invention, and for use, may

conpri se, i nPRAdPERSH Ao tahéthé‘lqtc’é@alctgéroupa o iartrlcidiR iadantying &apt abI e
exci pi ent, camrtll@ra,ratmfenem, osmlldazrerbmﬂfdmi herrumtiard aluenvedd Koy

those skille ch Lri u t Id not
interfere w g[ﬁ“ gh qg'f ?lr 'c éy% f the ’pﬁgr_ﬁdcglﬁb_ |’c${} cﬁﬁv@ d%cﬁr

i nterest. ThélﬁaﬁurélbfbeScher-a]SrEl ersdr, atfery,matBsY,i &l-0&y, deldend S the
route of adm ﬁ{ ra;tg O@RLF% gm ni stratdon requg ?’aé b1 2GReEPt abl e

agueous solutron may ‘be enp oye ch i s pyrogen- s suitabl e pH,
i sotonicity amdcdt aid |0tf>terrrr¢@§ét@furrférce/aaﬁscmamedrn fidian arvimngter el | abl e

to prepare S Wick2!r8 QU NN Sh PIRERIMAtY Se Si;ﬁt?!ﬁé Zc%rﬁfort?&gﬁcl%rﬁ of
ant i oxi dants and/.qor ot her additives rray be incl uded,. as re uired. As

di scussed, aPpA&ACcEGilc & SCEHhECsitRg & HdEdoadPer F6it YSidtS ation in
accor dance wisideht he mmhdeﬂmmmram)o@Mlmﬁ nutrient

subst ances, e. an ener ce c‘ﬂ co mn |ds an S0 on.
g%oklnesmatehg% a $[|1{]th 4 7a %‘A%

I n anot her as nerufact ure dp ar maceut ical ™ ForTis ati ons
provi ded conyihiesildg If cfram,ulazt iafg cyeldkdolsact erheast idisgd lgsdd giidwtla Bdtabl e

carrier nEdIthe quamH% ﬂeygﬂuﬁgﬂﬁ}éfgféhéﬂ]ﬂ %kgu%raﬂéfé¥ﬁang

enbodi nent rmce t| cal 1s suita for application to a nucosal

menbr ane of @ﬁquﬁé]l iagrr. B mnfetnedivst WerOWEShdACt A shorft pritHsgeri sl

Hel i cobact er (@xRieSsidid ket ero@c{ﬁqoaﬁqo@fdﬁcc&mrpwy metdMe 4] ecul e of
interest for pharmaceutical use is provr ded, 3 for use in a nethod of

treat nent of B G PSR SRSTRIZSh IRF &Py 2 E 5 udi ng
prophyl axi s @dlmlrea&t iwori'gh elarcmra:e)rejmﬂdlaﬂerﬂieasrte ared gl chomaien uised t o

treat, preve or a di sease such_as .gancer.. . The tho and
delivery systteqm ca% cealllﬁlelaause %6 eat? or t;hr evé)nl’[dermaal rsoedtor condi tion

of the i munélavdrret dpoiidtyi ®fsystterijires,- 28 chemokines characterized

by their possession of amino acid sequences grouped around
conserved cysteine residues (the C--C or C--X--C chemokine
subgroups) or the insulin related cytokines, a structural
group 4 cytokine which exhibit mosaic structures such as
the heregulins or neuregulins composed of different
domains, e.g., EGF, 1immunoglobulin-like and kringle

domains.

Alternatively, the biologically active agent can be a



di sease or condition of the reproductive system a disease or condition of
t he nmuscul oskel etal system a disease or condition of the cardi ovascul ar
system a disease or condition described ag mxed fetal, a disease or
condition of the excretory system a disease or condition of the

neural / sensory system a disease or condition of the endocrine system a
di sease or condition of the respiratory system a disease or condition of
t he digestive s sttem and a _di sease g C ndilti an za]soci t.ed Witht

connect i ve/ epithE Al i SIS 1dits 68%e S IeF ¢ oh Caused W Baderi al |
viral or para@sifined mfoects.on. | n anot her enbodi ment, the Helicobacter
delivery system descri bed herein is capable of concomtant or sequenti al
delivery of a nunber of different nucleic acid nolecul es, which encode

products capdBl eogre Embedimgrd snuiber Hbf Rt wmee brvafitssasesdMescri bed
her ei n. . Mor e%%rtogprqua%&fi%ﬂ cdﬁ!ét%@fc\atd%%é?te@difi ! Glz@:c&féaﬁ% !ay]er cal
conposi tions capahl e of praduci ng additional desjrahle physiologica

ef fects such SZErsHPECe C'fﬁg'pr(esé’gihor?soranerﬁTarﬁ%zrferﬁe.buA Xt CiKR ci de
systemin H gaylior ithiaas deeeri tdestid keghdeys Hani held ele@let 2003 lanfreai+ on &
l munity, 71:,109-116)._ This st em j.nt.r.oduces .a_plasm d .into H or,i

whi ch cont ai r%e]ltlﬁé)%%hc?t)?f7g> hlaﬁ“:ésc Ogé)r?el CI:a.l o] aecr%ac]’ie([:)ér%%et uelesto?failr{l,tpeyg%t

i ncubati on att428ef onuBspgumeniaengsedf. a modtyvda hitstaloihe emEmn sframadce

ani mal woul d c%qris%ﬁggr%rt&% ats 455A0G dtQ AR se fﬂéeti}]sgdﬁ%ﬁ%eg& Yk 1Qdi & he

gastric environne ove 42C. A second example is p sel ection
system conmeillyf G9e@ I3 CaldBhesiad vt hgm B érhads fanmast <ont (or

suppl ement gd v@oa;togs &r@@eG ,cofn@fri@heafﬂﬂee,orl(in’(oa;tea rﬁicl&alil-c 194 (doaatiars &

| munity, 65: 4158-4164)). .In this systemt ani_mal subj ect st

Suppl eront ¢ i FTGRET NS A SR A0S [P CAGHE T el | o- aci d
(DAP), in ordertifver ndieddpE odefiintiearistH.i pylratdr maramolt @ SWHVipselodn

order - 29 - radi cate t tants, DAP consunption is ceased. Athird
. ﬁ%%lt%ql% B Jut : onsunp (
possi bl e systrée relat é’g teglur?et roni dazol e sensiti vi ty of H pylori because
of its rdxA gene. Excessive replication of the rdxA gene is harnful to

manmal i an celd s +tad EvetQldrs HOWESI Lt dupliLatd ondme e d gl aded by the
bacterium Therefore a Helicobacter species of the present invention can be

engi neered t GNOFFTAIOT G SEEPIES DI BOA BTt RRRTARMIAE & HEHYra Ty

mut at i on- deperdarin dedx A ilneSsidiHhe grdnicadiictderiueaicat, |rastiitarwpf uncti onal

rdxA genes ir}to t he Helicobacter genonme will result in a He ioc%be%ct er
e

strain that idJP8ERentTY oSGt (TR TS St FBH Tz A€ . 2000
(J. Bact eri olsequEBZe s50@82 -5@80Wp rsifadwed Vdreto tshenay toeoreldiantiase priodhiced by

f ti I A t t j :
bact or | i dal ConpBUnde TRE. RSSO Ut oneal” The ) Ae Conpetid i s to

cause DNA br el idfs it e HE¥aEwH&0t & QYSIREoTFhrefughbout THerapdtETy cat i on,

unl ess the coRI@XiJRAUIARS PHNYWISE o A& £ HOMHd SN iFuldli @t ions

such as "conprises" or "conprising", w |l be understood to inply the

i ncl usi on of & (quﬁjt'e%r 6% 3% gqﬁ%@%to%&uq%%m%i on of

any ot her i nteegest raictg,oun tofgdndsagsr seduafridiirtd ,onisit Fydwrt #an set tonrgg forth

the invention, ,t Ry, be QienLgpqutiel to _an understaﬁﬁdainnaglth.ereo to.set forth
at

definitions of Certain t&f SRR BE Vs s hei s natterot Proteins,

as described in detail in Short Protocols in Molecular
Biology, Second Edition, Ausubel et al. eds., John Wiley &
Sons, 1992. The disclosures of Sambrook et al. supra and
Ausubel et al. are incorporated specifically herein by

reference.

In some embodiments, the coding sequence(s) for the
pharmacologically active molecules of interest is
contained in an operon, i.e., a nucleic acid construct for

multi-cistronic expression. In an operon, transcription



The term"a" and "the" as used in the present descriptive is intended to
i ncl ude both one (the singular) and nore than one (plural). - 30 - desired
activity of the pharnmacol ogically active fol ecul e of interest and not
necessarily limted to the nunber of nolecul es. For exanple, the effective
| evel of anylin (as an exenpl ary pharnmacol ogically active nol ecul e of
i nterest) nay be decreased to stinulate ghrelin secretion by using anylin
antagonists ggs a nece: ssaﬁy éﬁtcomtant in the amunt of free
anylin presedt ®s i S IAt %idti% G HE® dEtihed
her ei n i ncl udésirhener aiomi;}w_xs Smmiemqe,aceiad:kseqluﬂnaetss mmpcrsalt;akphow ded to a
O ang ueRLias APLAH IS RInG 10 AL B AAP! Ot § SRS AN

i nc or S i

gene does n mechani s npart’ anti biotic
resi stance t@nNFat@eay w%@@@mﬂ@%@uﬁ |acﬂtaum gtmes%le Tfe indrgwest)

"attenuat ed” % weed heraidt dOrf a8 dp degard bays kactsl igdesdd ai n,
particularly coli or g Helico acte strain such as Hellcobacter

pylori, is d@ﬂa]l?if SaSFRISSSHR Hatthis AAAE A Hna/asrt 1 6i ¢

(i nvasi ve) thatlexzulat iofe,i nbdre sty pe bmtcﬁirdr&dlrs;ttrai.n. The term
"biologically active" as used herein refers to ability to performa

bi ol ogi cal function and with reference to a pol ypeptide inplies that the
pol ypepti de &depios ea ostealiice asorsitorumdt iconh Vedtoldebriminawd ctpding he sane
or closely analQgous 1 o I;J?%fm‘é%oclwl%rarﬁ A Mhen dalded cpFrectly or

substantially correctly, le wth rmati on of proper folded units’
a- hel i ces, 1-4gfesEest d@n@r@er&@m pHIdeE Bttt ofa HREPENG et Shoul d
have the abi ldxoyds®iper fier m.i s, matur al function. Gener al | y, the unit of
function in a polypeptide is a domain. "Clinical grade vector" as used
herein neans a plasm d or other expression vector that is capable of being
expressed inIIfleIoirmoleamtoehnmnta nore patdragern cerﬂ;am;mdmmengiafmmm - 31 -

to have feat yes, ofy Helicohactr,. the.clinisal arade ysators, of Jhe A esent

i nventi on do not use ntl I Otl C resistance ers ror se I on
have been nodi-f ket ad -plegemt rae;ﬂqrr:sa;tutoﬁldm finfanqter Hﬁmlcts g:-he §Lﬁ,¢das a

sui ci de vect @, sUPRNGCLADIIQdURBING I INRNS & e AB M8, hergldy i/ ei ther an
anti body (hunoral) or cytotoxic (cellular) response formed in an_animal in

response to &FPIASSHET tHPatt adEh e Gfeadhid®irding rdtR ideenisor atiorsets
nmet hods i ncl W@ipi@.s Sidn raQt d i1sviead dto mzyne:r{é rrkeqoymrluﬁqsﬁtbeﬁlpssays
(ELI SA), radio-imune .a 1Y'S (RIA), zyne- | i nked noSPOT (ELt SPOT) ,

i munof | uor eSEBRCE Sadd: I FA)S - orr?%aelﬁesnt Cf“?exa{[ﬁ QB Y vest ern

Bl ot (WB) or eozreeneql;ﬁ \gadoezrtth trfeer éteo.r €doaread ofAdereraegaetd'usaJw udeth hesnmkn
refers to any.pyclelic, Ag %E‘eq%et”%e 1‘RFading fak,,a ahgrmacol gl cally, active

mol ecul e of |n erest, suc pol'ypeptide or protein, Oose expression is

desi red. The%%%%lmmwwwwwcqm%xrhéhﬁo]rﬁ)‘f%]r or

ot he[ r et91U| atgd )bélxﬁﬁrgf%{?s'l%?%%ayTﬁ%a\éfQid)ra%cﬁﬂﬂnFH@%H b v et Orscp S i hel ude
constructs capan] e o roauci ng antl - sense Rl\leA
p duct aéjless tﬁ%n about 10% cellular protein,
preferably about or less than about 5%, for example about

1-3%.

In some embodiments, a method is provided comprising
delivering a messenger nucleic acid sequence, such as an
mRNA sequence, corresponding to a nucleic acid sequence
encoding a molecule of interest to an animal. By way of
example, such a messenger nucleic acid sequence (mRNA)
corresponding to a therapeutic peptide, protein, hormone
or pro-hormone may be prepared so as to provide a peptide,
protein, or hormone to the animal upon expression of that

messenger nucleic acid sequence in the animal. For



"Cene therapy" as used herein is defined as the delivery of a gene of
interest to an aninmal in need thereof using a reconbi nant vector. The gene
of interest can be a transgene encodi ng-fep a therapeutic or prophylactic
protein or polypeptide including, but not limted to cytokines,
anti-inflammatories, anti-proliferatives, antibiotics, netabolic

i nhi bitors/activators and i mmunol ogically active antigens and fragnents

t hereof. Furthernore, "gene therapy" as ysed herein also includes gene
repl acenent tE€Hol1Tgi®e iar&otrér&jpréet ot P e LY & n%‘h&i‘ nheétited

di sorders. Theormermm Hely debaoterinsiclivdes &ids baict ers serofid hengénusat
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they are capasithast frassitdiend waptrntgast hunamcbsieate priwel exs afelf ofhe
capabl e of estial)drdHinG A LKL . but isolated infection of the nucosa.
The term al so enconpasses bacteria that have been nodified so that the
bacterium has H pylori features, such as the ability to reside on the
gastric nmucosthe Ardmiteioinegouss Hlypepugerd stiee peptp@eot hadt +8imot
native or thaetm as ebdeenl. mut aotneed ronrgt.he t’haté vetgaoj{nmgg Iilt exjg}iadiri]n

Hel i cobact er,~"IE €. Mot expr essecfnby Hel i cobact er®i'h Tat ur €0t prior to

i nt roduct i on natture-elrc clvast eambastimantanc estorpidneresf 18 Hostdrasi nssel
herein defin i Eﬂ]% el i oFpYsi & 4 t he
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its host. Exagd-e=)of imrunologically inert materials as used herein

i ncl ude stainless steel, bioconpatible polynmers such as poly-L-1actide,

medi cal grade plastics and the mcroflora organisnms of the present

i nvention. A jarsertd o edoskinarnt "thap et deried nindbhel b Llepandugiel @i c
aci d construgl,dhate CONGHA S8 A RONIdan pf el 1 cohact e pyd opdfued eic acid
sequence, such as a portion of° a nucleic acid sequence that encodes the
HopE gene, and' A Y- 18t oFactdr hiitt ¢ e oa%ejcﬂfé‘f'féjeblc%d?r%?’f&‘b%%sa%
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natural ly occ ' ] t, ] nke both of the
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organi smin i@ iarhatngeted decing afareuctedwtiaci Behca? porat ed into

a vector or igigdthe: 9o MY ey dF QKM YL € InBHUKAL Y 0§ &5 ¢ Pi Be dBIRET
such that the resulting nolecule is not identica (tPg%any naéur ally

occurring vedtiorStGr ot Thx (R sépfateehbrecdve suth(hd a cona a

genom ¢ fragnesu7-4&33x)agment produced by pol ynmerase chain reaction (PCR),
or arestriction fragnent; and (d) a reconbi nant nucl eoti de sequence t hat
is part of a hybrid gene, i.e., a gene encoding a fusion protein. "Percent
identity" (hoholagy)emfodiueran nthaoohsequene esf orhefptewemucli evenacdémds i s

e S G o
preferably under the control of an inducible promoter so
that, on completion of treatment, the Helicobacter can be
readily eliminated by inducing the expression of the toxic
gene. Non-limiting examples of toxic genes include
bacterial autolysins under the control of an inducible
promoter. The autolysing gene may then be triggered at the
appropriate time and place in the gastrointestinal tract

through the use of one or more of the inducible promoters



(Proc. Natl. Acad. Sci. USA 90:5873-5877, 1993). Such an algorithmis

i ncorporated into the NBLAST and XBLAST prograns of Altschul et al. (J.
Mol . Biol. 215:403-410, 1990). BLAST nucl gptide searches are perfornmed with
t he NBLAST program score=100, wordl ength=12, to obtain nucl eotide
sequences honol ogous to a nucleic acid nolecule of the invention. BLAST
protein searches are perfornmed with the XBLAST program score=50,
mordlength:S, to Obtalnfﬁﬁ%ff aci d sequences honol ogous to a reference
polypeptide To obtain gapped alignnments for

conpari son purposes Gapped BLAST is utilized as described in Altschul et
al . (Nucl ei c A LART: @

Gapped BLAST ro ranB fﬁg' e adlt para t%ﬁeégqnh.égéééﬁééﬁfne prograns
(e.qg., XBLASP%@lrﬂmstr)v&@r@mmstmca@ -ane "gET Helco? de? cFYIRct i ve"
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as a nol ecul e,, such as a peptide, g ote| , acL%elc acid, or other or anlc

or inorganic Wﬁﬁ@éﬂt%toﬁ £hey g |‘f‘?gc%°]b°ha‘? bt o 3
det ect abl e adtriwarityi oaf. me&pcmmndm@erqeldﬁ mmmn gt ced | very tlswe, lmr in
a chem cal orj lg) qchery cal_,reaction ' assa]%/d or inyan animal. The
phar macol ogi czﬁ a(ctr ve ol ecules o |nt er es kf resent i nvention may
| ncl ude, for @m@om@mrmn@mnmmrmwm f@ﬂ%lstcrfplb@@téher ein. A
"ol ecul e of Hr en o5 it ke aﬂes&r'nprﬂﬁa@g 4hp; popsenL -] nysalion.
is defined as protein, peptide, enz , or other ecu at when
provi ded to a‘Fl'k?é/l Inagie ik d tﬁr%\h% PPHOLET Pepiharde evzyme or ot her
nol ecul e t hatirite@pahl ev0ft£aracting andai- 11 atdngs BdPadmel Ofyment,
deficiency or, other candition deerre A roprr ate, such as in the treatnent
of a di sease.rSTHE (I GBpSHIES geH %9%?% it WY E AL d
sequence i ncarhaar ateed d mtax gen adjracientvito). t he het er ol ogous nucleic acid
sequence encodi ng a pharmacol ogi cal |y active nolecule of interest that
provides the transformed vector expressing the nolecule of interest an
i denti fi abl e Tilfemorddsai.c NoH-d | Gans g & ampl e ryeporeert e resesert ude

GFP, B-gal actigs/4asi®n &) 8816 ANrfehli se SETLEN N\ PRI KEYn 3 BSsdgesh ber ei n
refers to an identifying characteristic (phenotﬁ/pe) provided to a

transformed VEdtSor ifadee RRUHRHEES wi e THC TS PICRhEPriesent

i nvention. | @)M&Qfﬂl&@l1mii‘lLtl3,Ofadﬂ(hafeprn&ﬁ&fﬁulélV@mtirm‘leré§l€ sﬁdseenr ng narker
isar eporter

en 'Sel ect el ect ab er gene"
and " opor oI 3§ PErE T L R a4 SRE eralERREE 2
mar ker") as used digrel roﬁ eéffey nMal emucleiat aa:r@ls]equ@m:mn@rmodr ng for
henot ypi ¢ trg] - and. i $9 f a
ltor ansf glrorred b é}r%réga}]agtvegg 'Eéuéc;le iaafjlrgud ct er <thlors de écgj‘(ﬁdir?(gl?m cal
grade" and nERELaTAEGEGYidHRle SRQUEndRe tRdds rrgeclﬂl@ heC it eseFiteRrewent i on
are those VeCetero'iilf}ﬁj“ﬂ‘lga Sr%leé‘élﬂbi eI ks tdnat dOrH@ta@ﬂPPQﬁ‘ dor

anti biotic resistance. nifli cant i‘mmune re n any i nmune
response t hat qua& li qyhg micl ?%ﬁ/oaﬁ%lih%o £¢ o f
speci fi c ant iggadyepti den ran} i G dstim gl ven ﬂmctlgBtﬂhJCe nededit Los,

| mmunogen. which maintain viability of the Helicobacter.

Suitable secretory signal sequences include any of those
with activity in Gram negative organisms such as
Escherichia, Klebsiella and Salmonella. Secretory signal
sequences include the Staphylokinase enzyme secreted by
some strains of Staphylococcus, which is known to function
in both Gram-positive and Gram-negative hosts (see “Gene
Expression Using Bacillus”, Rapoport (1990), Current

Opinions in Biotechnology, 1:21-27).



A "therapeutically effective anount” of a pharmacol ogically active nol ecul e
of interest or conbination of said nolecules as described hereinis
understood to conprise an anount effectiveoto elicit the desired response
but insufficient to cause a toxic reaction. A desired response, for

exanpl e, may constitute the formation of a sufficient and/or acceptable
detectabl e antibody titer level in a blood sanple. The dosage and duration
of treatnent h ratiQ S d to ect. be

det erm ned b?ggﬁg %g%lgﬁ% oﬁeggion%%qgggg% %%' Can‘%%a:éeéiﬁégl <

treat ment, afd@rweKaneEdssi dténe tthd aagfemasex gonsi g(ﬁtaln@dg@ntetofa texd sh%rﬁg

di seased st atg candhgr 1t | 3948 GaTR0eof e dieels) i speci 1 o
formul ati on of Helicobacter and the gene of |nterest product being used as
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gene that |51|9®serwﬁ<zi:,rdbalarlg GRINA deechnal :agys,- 470 aameﬂﬂlust@trmer t hat
ensures its fun% replicatiagn aqq transm ssi,on as a an gene. - 36
u

- means a pl a3#itd? oFGSFﬁéPréXGH8§§Ioﬁﬁﬂﬁﬁﬂﬁﬁs oMt &S cleic acid
sequence enc@digsdey,phi@8®ac @lrogiedal Isy caettiiver rurecd ehaf duttear estmbrdanesone

embodi ment s gfe E;Q%m%%?%’%&v‘e”\’a%%tt' ‘%’la].t & .nusl 616 Ackd sequenegy can encode

for one or nore’therapeutic agents ransfornlng nucl el ¢ aci sequence
can al so be @geenedl@e&dogeqasaﬁsg@ne'c -i Raacc ndarfce v tRPREMsaj (gds) -

enbodi ment s akaaeiRr eseRts,i Tvent i @dn ID1e3R0t Ry @rhaonent of the present
i nvention the transform ng "nuclei'c acid sequence includes nucleic acid

sequence encoding for a pronoter and/or other regulatory elenents. The term
"cancer" as ges@dchebtienmaefkenrs taroveopr asisca rdikeasesidetecHrekiema,a

cancers and " ﬁggregggllferatlve dls%rders . Th negﬁgasnkggy be | ocat ed

meaqe for dis §Ul 1n ransrorme
in a tissue se romthne group con 1'st1n onen, bone,

br east, d|gemnpweos9@mewmslﬁ¢@m,np@ﬁ¢m@@§fqmmﬁﬂzgmes;un|a(muxﬁd | ung,
bl ood (e.g., %‘Iﬁii%.@l%)ﬂ %%%O?n %'fa’l‘é%n(tél(%éﬁ@@ ’tr% I W & il ary,

testicl es, ova r0| ut er us neck, "nervous

(central andlﬁemopﬁeﬂ§|rpor|a>tﬁpﬁats|ecle§>t§tbém rr@émﬁrc nusqéeﬁtc A%t tissue,
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enconpasses eneo Iast ondltlons sel ected fronuggﬁép .oup con i sting of
(

hyper pl asi a ( Sg SELERGGREST MR Ky p SEANESICE) 1 SmEEas ective
ti ssue net aplda)sma):r@ad{ oIt d)h&pb@&lea o(fe igte reaftyiamal ﬁyspha&na offncthe
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hyper trophy. tThe Sk8lP:53 181 $83%@ Oheardid 1,01 OfsdfferdATURE{HEmat opoi eti ¢
systeni as used herein refers to a disease or condition selected fromthe
group ConSIS@pﬁ@blotlc resistance is used as the selectable marker,

only transformed cells will survive and/or grow in media

containing the antibiotic.

Thus, antibiotic resistance is a convenient and much used
rhenotype when developing transformants. However; vectors
having antibiotic resistant genes as selective markers are
capable of horizontal gene transfer that can endow other
organisms with antibiotic-resistant phenotypes. This risk
is especially acute when Helicobacter is used as part of a

therapeutic vector.

In order to use Helicobacter as a gene delivery system to
animals, the present disclosure presents, in some

embodiments, a clinical grade vector system that does not



- 37 - of: anem a, pancytopenia, |eukopenia, thronbocytopenia, |eukem a,
Hodgki n' s di sease, non-Hodgkin's | ynphoma, acute |ynphocytic anem a (ALL),
pl asmacyt omas, multiple myel onma, Burkitt'sslynphoma, arthritis, asthng,

Al DS, autoi mmune di sease, rheumatoid arthritis, granul omatous di sease,

i mmune deficiency, inflamatory bowel disease, sepsis, neutropenia,
neutrophilia, psoriasis, imune reactions to transplanted organs and
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mel | itus, cys%toﬁ%géfq{%?%sllys’, %?ﬁg%%er]%}%slyr%r%%f k%ees(%n%céjultgﬁé at r ophy,
testicul ar f eslsictatleon mearkaw ilad owigtoppiar tidst irmpiapiidiabatiids, amtchiti s,
gonorrhea, syphiddiss:dastdLWar A HSf A haMmasitis nodosa, germcell tunors,
stromal tunors, dysnenorrhea, retroverted uterus, endonetriosis, fibroids,
adenonyosi s, anovul atory bl eedi ng, anenorrhea, Cushing' s syndrone,

hydat i di f or mpreings.e AT MR REUP IR, g TR EL TN QPBUSE, t e COoCi ous
puberty, uterine polyps, dysfunctional yterine bleedi cervicitis,
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The term "a di sease or condition of the excretory system' as used herein
refers to a disease or condition selected fromthe group consisting of:

bl adder cancer, prostate cancer, benign-ppgstatic hyperpl asia, bl adder

di sorders (e.g., urinary incontinence, urinary retention, urinary
obstruction, urinary tract infections, interstitial cystitis, prostatitis,
neur ogeni ¢ bl adder, hematuria), renal disorders (e.g., hydronephrosis,
proteinuria, renal fail .. pyel onephrjtis, urolithiasis, reflux

nephr opat hy, paa%c}f VTR g{%lcg%)satcrtuec i vﬂer atflrs,ofﬁaﬁnhayt)l.onl'hoe tdercrﬁ%"taurael Shse or
condi ti on of hds¢ meurls,/ serdoras Fistismbast arseddieramml aefars dwidallsease
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central nerveds18dst &mlGimshse.c et Belargrt aagtato it orfil © EritP R b Al
astrocyt onm, MRUACLGERIRAIIY & QirsP iRt (i®thagdA zhei mer' s Di sease.
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Denentia), encephalonyelitis, cerebral malaria, neningitis, nmetabolic brain
di seases (e. ghe phemddettdruy icef arck pylrasraitde veartuax yirase aefé ti @ty dter
cerebel | ar atagxi;a I & tel | -0 I rent | | ex,

schi zophr eni ac%)&a 'Eméaﬁ{ %nafé)e]“fellog%% %ﬁé%ﬁé&%ﬁn@%&;&?ﬁt%g%;t%%n%%%gfi cit

di sorder, autfizom tdred rotsslesis] e isbnRH & v Wi Bortdering H. gy lomhaandgin " a

di sease or congdidiiQnf e iAIPIFA Unp SRIH A6 UreG AR eidr iRy S to a
di sease or disorder_ selected fromthe group consisting of: cancers of the

respiratory $y§t RSPt 9 riyn S edied Uit Vst Edn8ts §3%chea cancer,

ep: lgl) ottis C@i@ﬂfe,slsiildﬁg df_alrtl(fﬁ ,pmmmu&mqgia{llqaraQ;ﬂmsHolsa?ille cef | (oat
ce car ci nanas, rge c car.ci noas, _adenocar.ci.n s,..allergic
Feactions. cyRtirasth Gy ¢ SHISMRIRY Arsb it o B F ke e 1 ung
di seases (e. gontailmorher \erfddatiosy shuamick iloy gehicl darichtier stbhle alo prenhore a) ,
obstructive aghrem%cgd%%aﬁsle(&%., ast hma, enphysema, chronic or acute
bronchitis), occupational lTung diseases (e.g., silicosis and asbestosis),
pneunoni a and pleurisy. The term "a disease or condition of the endocrine
systent as used hengithdref@edd and spase A GRAdidian selecded {rom the
group consisting of: cancers of endocrine tissues and aorgans (e.g., cancers
of the hypot H&l Chitediitsy ngl ﬁ&hﬁmeditdlcgl%d?“ﬁ%mg&arﬁﬁlﬁ dlgcb?%er%,
pancr egs, adraelbalolgiggﬂmlﬂlymeafﬂdiefe ayehd %lil: asj)vo,ditaigetn@tk(cﬁ:(ljg:omggﬂﬁéaﬁi' eHes

i nsi pidus, type.l .a t.ype Il diabetes nellitus),. obesit i sorders
related to piat ﬁr}Jtnalrsgt egﬁlélprgdsto( & gs.u%jheﬁsferaﬁ teutit#eartl sm %Hilop%ﬂpti t%ft?tak}el st and
pituitary dwadtihagen iy potdpams tdicemo thygyer thy oy h smcgudsrt, i orepragdlict | ve
di sorders (€. Gy~ e | ridd sy di sorders rel ated to adrenal
gl ands (e.qg. ,V%Egdﬁr}?osﬁ'o?q%%eegg%écﬁ '?Llr%:‘}oésdtt:alr%r}'d deficiency, and Cushing's
Syndrone), kidney cancer (e.g., hypernmephroma, transitional cell cancer,

and Wilms tumowill HeahgidrediepiOpHNY tHO I iddd adf nephrdtd Sent

pol ycystic ki.dney di sease | onerul onephritis (e.g., 1gM nesangial .

r o] For at i v OISO GRS (B Dt o Gt SRS 1915 RS tgen ic

aut oi mune dimsalriderts]c tsic ha saidSaodpast Uree' el rs ywhdywims ,a aniddle range of
nephrocal cingsis. . - .41 - from.the .grou onsi st.in f: Ucerative colitis,
appendi ci ti sf&(?rro r?ustl i smeeatsheo,raﬁwéﬂglajt |}} i“gqu%h&;pear%a}bcl%ntgéephs%%]glaﬁﬁerp%% al
hypert ensi on,t Chsiraldulhitasi sfordnoerargfe t Hehali gestieersysirese (@ g, biliary

tract cancer,s 3-QIRCH GANCerin GHON LANGE! o JASIHIS SANGES L1 PGS 6atd C
cancer, cancesr ojf_ the bile dlunct unors of athe col on (e.g.u, po.pyg/%s or

. of
cancers), andWitiiidsi rovdncrdiiarant it i vl o SPasein gy s ©F
stenosi s, gasueepEdilisy gastiitdssigasdf ice @ty aphysi hangnid unors of the
duodenum distension, irritable bowel s n.dr.orr{, mal agctsjsorpti on, congenital
di sorders of R’ "I SHITHRE T S (A SricF P4 ST 13 STt i Dron

megacol on, Hiinsassipraung' srahi-geasdeygaagangie bivabaregac | Dnje g rlesrein.

nmegacol on, colitis, anorectal disorders (e.g., anal fistulas, henorrhoids),

congeni tal disorders of the liver (e.g., WIlson's disease, henochronatosis,

cystic fibrosis,amsiiier paadsi & maiicd pha doeaiting ypsi Audale ciesrynse

port al hyperta?%’fi'r%’o &ﬁr@ﬁ'déﬂsa%xfgm@@%ﬂ@éﬁ@dr@e‘coﬂ'&ﬁifrﬁc_@e'a' an ek sease or
e

condi ti on of connective/epithelial" as used herein refers to a disease

or conditi on SE G PT s dI grout coiist St P W 1 TonretdsR WhsShie

nmet apl asi a, m xed connective tissue disease, focal epithelial hyperplasia,
epithelial metaplasia, nucoepithelial dysplasia, graft v. host disease,

pol ynyositis, cystic hyperplasia, cerebral dysplasia, tissue hypertrophy,

Al zhei ner' s di sease, |ynphoproliferative disorder, Waldenstron's

macr ogl obul i nem a, Crohn's di sease, pernicious anem a, idiopathic Addison's
di sease, gl onerul onephritis, bullous penphigoid, S ogren's syndrone,

. o - . o o . o,y o



- 42 - erythematosus, system c |upus erythematosus, scleroderma. CREST
syndrone, polynyositis, dermatonmyositis, m xed connective tissue di sease,
rel apsi ng pol ychondritis, vasculitis, Henggh=Schonl ein syndrone, erythena
nodosum polyarteritis nodosa, tenporal (giant cell) arteritis, Takayasu's
arteritis, Wegener's granulomatosis, Reiter's syndrone, Behcet's syndrone,
ankyl osi ng spondylitis, cellulitis, keloids, Ehler Danlos syndronme, Marfan
syndrone, pseudoxant homa, el asticum osteogenesis inperfecta, .

chondr odyspl &1, 5651 FEFHOHYVYI S B 16 & SAﬂi&b?ﬁt IO S EUt 5 | axa.
The phrase " glhirelpathassod atfl i eeasesr sl db Soraerisdreaiers to any
condition that can be treated prevented or aneliorated through the

nodul ati on of ghrelin activity. These include conditions that are enhanced,
exacer bat ed dm sttmarattdhyagpa@l i e Mfvhak el e dgrawt kg horeroere epease

or drive {0 &3lnun& P O Aaln A6} IS ST Blidy € gPNSb4lERed 40

i nclude, by way of exanple, the stimilation of growth hornone rel| ease, the
stinul ation GFHAIBHE setrest s R ack DR oPhdemd Tl | CHRopees
or exi geni ¢ andinCiafidi tasaisepl e Aduwisst antnoproivderad iye eddects on

thyroid and breast tunor nd reqgul ation of. gastric notility and acid
secretion thrpoaﬁcg Oq/eélglaﬁ I?reelgli%?kfao%ef S ‘ngigﬁfg(fﬁlf)% Where the
definition of ternms departs fromthe comonly used neaning of the term

applicant int |4§HDzeec h it V] i .
specifically l?{r}%?‘c%%e% The |¢1’v§n?fgi)€n%vé prﬁ%ﬁvékgleét?%?? E%gdgg%#%]g%&@n
ref erence onlGf @Ml fio]3 B hgvHoh-11 Tk aimaft @xarpt esumet ehbbd il de

under st ood, howRMeled thiatcH Neoraingd L dmid Oy e g ecd 1 Ustis pddvea e
shoul d not be taken in any way as a restriction on the generality of, the
i nventi on deschi®ed hét'ei nq%atgququ drel Pt o ?%\Igerf%%%di Sestri bed

in - 43 - detail inrelation to the use of a specific H pylori strain, it
will be clear under st ood that t findings herein are not limted to this
Straine EXAVLE SIS D TRAGEN CH oy G et 0 STanLe
EXPRESSI ON OF 1RGRE! G SRROFHE] NS\ VEHSL qye net |s:ummaphl<af i oumayf d:-ﬁl]ggllmi s
uncommon.  The, RIESEN BXaPI & rdemnst raies, {de Mid iy ofsibeedinvention for
providing a genetically transformed Helicobacter, particularly transforned
H. pylori. TREYASERT GHIEPTHhRACIIRR 6 SIPtEprifaat o5 dy Fasmtdshanein-
plasm d vectors derived from Helicobacter, which have had been subject to
pri or mani pul ation 1, &,non-FELd sobaster. 0r 9ank oMo sueh, a8, Ko SO1L -1
tumor cells 1s provided which comprises administering to a
subject a non-invasive or non-pathogenic Helicobacter as

defined herein.

Other aspects provide for a method of down-regulating an

immune response which comprises administering to a subject
a non-invasive or non-pathogenic bacterium which expresses
a pharmacologically active molecule of interest as defined

herein.

In another aspect, a method of treating an allergic
autoimmune or other immune dysregulative disease state is
provided which comprises administering to a subject a non-
invasive or non-pathogenic Helicobacter which expresses a

pharmacologically active molecule of interest.

The subject can be any primate, equine, bovine, porcine,



Several H. pylori plasm ds described in the literature can be successfully
converted to H pylori/E coil shuttle vectors. Many strains of E coil
have been reported to be naturally conpetgpt-for DNA uptake. Resistance
markers for streptonycin, rifanpin and netroni dazol e have al so been
successfully transfornmed into nost strains of H pylori. However, while
plasmd DNA fromE. coil and ot her organi sns can be introduced i nto H

pyl ori, these_plasm._ds, ¢ e stabl.y i talned I\/beovr pyl ori

pl asni ds canr?d’ltomﬁé 558 or %d% nte % cddr?lfnor O SRt spek%:el es.

Accordi ngly, Sl’db][thOI’JJS Shartarl .e  VPelotioriss tmesti dye negh staructreicentTvo gt asmi ds
fromH pylorj, %r O% frated in the schematics shown in Figures 1 and 2.
Vect ors pHPAI (S Kb |g 1) and pHP3 (3.4kb) (Fig. 2) have been
sequenced, and it has been reveal ed that pHPAI replicated via the theta
node of pl asmid o epld 'Lg;rlc ldb gty ast, et o m{éﬂgg_—ygé rcle repl i cating

pl asm ds, thet arpl asm ds d%‘t not nerat gI tranded i nternedi at es
during repli CHFIREHEHE H S ToreE & Cél lrb%ﬁﬁﬁ%tatle% a. 44 -
because t hey bafoadgeﬁslprwrm:ttlorei ldrgit ittite gmardnmaetlkmrneﬂ—“midrﬂer nore, the
pHPAI origin 4 p atj.o o] ' r 0 t

sequences (te(r%frﬁe(feC erons%)u(b%hzﬁt a?ctahaél n%\?rbq%vn:cg d|j§r:;scrheél I Jar'?clcoanr{ c/gnt rol and
mai nt ai ni ng $traEsteerdpy auLTsaY Wl\ldcmefpﬂmlsﬁhareesﬂrmmd@ JtIh@e features. -

The nucl eoti 8¢ 136QULNRES F101, ISR MR BEIANS. ardg, Shoyay el Qv r £ asti d
pHP1 shown in double stranded form(top strand is ,

(+ strand) SE ;
bot t om st randd $Hev {5 eid)t (tSEG ITHNGECR) BetcAereicder %’AW%‘CATT
TTAAACAACTT GhEGEHzEthEbh TACATGEdJUEAGh GECthe severity or occurrence

CAGTACGOGCAA TAATGTAAAATTTGTTGAACAACAA TGTACAAAATGA T
GOGCGOGCGT T%@@ﬁ%ﬁ‘ﬂﬁo@i’&%&‘ fc?lx%%‘él}l

TACGCGCGCGCA FITAE%EE%JGﬁﬁCA%GEﬁ#AAGﬁﬂﬂﬁ@fﬂédtT'GH

ANACACCACTT T FACT AT T oG T ARG HaT AT F A TR TG o

ACAGAACTTCT T GOGAAROAET GOEAACATTA GG CTSEST THHET TEaasaR 60

amount administered, and rate and time-course of

administration will depend on the aim of the
administration, e.g., the biological effect sought in view
of the nature and severity of the challenge, and is the
subject of routine optimization. Prescription of
treatment, including prophylactic vaccination, for
example, decisions on dosage etc, is within the
responsibility of general practitioners and other medical

doctors.

A composition comprising Helicobacter may be administered
in accordance with the present invention alone or in
combination with other treatments, either simultaneously

or sequentially.

The present invention also provides a pharmaceutical
composition comprising a Helicobacter as disclosed. Such a
pharmaceutical composition is in one embodiment preferably

suitable for application to a mucosal membrane.

Pharmaceutical compositions according to the present



T GICT T GAAGAACGGTT GTGATT GT CT TGAAGAACGGTTGT GAT TGT CT
TGAAGAAATAAAATTT GT TAT GAT TAT TAACAAT T T T TAGACATAATAACAGCGT GT
GAAGATACT T T T GTAGOGGTAT T T325 CAATACTAATAAT TGTTAAAAAT CTGTATTATT GT
CGCACACT T CTAT GAAAACAT CGCCATAAA

OCT AT GTGOGGCAAAAT TTGGAGCAAT TAGCT TGACT TGGT TGAGT TAGT GGGT TGGAGGATAGA390
GGATACACGCCGTTTTAAACCT CGTTAATCGAACTGAACCAACT CAAT CACCCAACCT CCTAT CT
GAGGGCGACACCT CGT TAGGAGGTATCAAT GTGAAAGT AT TTGTCGTATTAGT TCTAGTATT GT4 5 CT
CCCGCTGTGRAGCAATEET EeAT, RCACE T P YC AT RRACASCATAA ﬁf}égg‘lo
MTTdmmmmtmmﬁmﬁ@@mmmmtmzo

AN ATTOGTATGACTAT STAGT GT AR AATATCT G PETCT

TTTGATCAATCAGAT ThaGRASKAGEGHT GRAAATEA BFIAGA

toxic and should not interfere with the efficacy of the

pharmacologically active molecule of interest. The nature
of the carrier or other material may depend on the route
of administration. For oral administration a parenterally
acceptable aqueous solution may be employed which is
pyrogen—-free and has suitable pH, isotonicity and
stability. Those of relevant skill in the art are well
able to prepare suitable solutions. Preservatives,
stabilizers, buffers, antioxidants and/or other additives
may be included, as required. As discussed, a
pharmaceutical comprising a Helicobacter for
administration in accordance with the present invention
may comprise one or more nutrient substances, e.g., an
energy source such as glucose, amino acids and so on.

In another aspect, a method of manufacture of a
pharmaceutical formulations provided comprising
formulating Helicobacter as disclosed with a suitable
carrier medium suitable for administration to an
individual. In one embodiment, the pharmaceutical is
suitable for application to a mucosal membrane of an

individual.

In yet another aspect, a non-pathogenic Helicobacter
expressing a heterologous pharmacologically active
molecule of interest for pharmaceutical use is provided,
e.j., for use in a method of treatment of the human or
animal body by surgery or therapy, including prophylaxis

(“*vaccination”) .

In one embodiment the method can be used to treat, prevent
or palliate a disease such as cancer. The methods and
delivery system can also be used to treat or prevent a

disease or condition of the immune/hematopoietic system, a



AAACTAGI TAGTCTAAATGI TTTTCGCAACTTTTATAATCTATGTGAGEGTGI TTGEEGTGITTA T
GAGCTACAAAAACAAGAAATACAAAACCGCAT CAACAAAATAACAGAGACAAT CAT TAAAGAAT715 ACT
CGATGITTTTGIT CTTTATGITTTGECGTAGITGITTTATISTICT CT GITAGTAATTT CTTA
TACTATCAAAGCAT GAAAT CAAGAAAGAAGAACT AGAACCCACT CTAACCCCAAAACCCACACCA780 AT
GATAGT TTCGTACTTTAGIT CIT T CT T CT TGATCTTGGGTGAGATTGEEGT TTTGEGIGIGGT CT
CAAAGAGCCACAAACCACCCCAACACCAT GCAAAGAT T TAGT GGT TAGCACCCCTAAAGATAA845

AACCTANT ATCACLT ABCRCRAT RRCECT AR ARG AT T ACRAAT TACCA GRS TS F 1
GGAT TATAGTGGATGGmd@miAnTGQGKheTNFSFU@QN@EIﬁ@@&rﬁ%ﬁﬁmWAﬁCﬁugggsﬁrQKIHT

GOCAAT CT TT%EE&@GBABE FRE CAAMYMGT SCAAA GHAATAGEER LABRCCTT
TTGA975 CGGTTAGAAAATAAGCGATAAAAAGT TTTTGAGTTT ITCOCTTATGGGAGT AAGCAAAACT

AWA@TTTWWMWMAWW?WW&P SCAGEAGRESTHTATI40
TGGCGTTCTAAAGET TGECEACTAT B IGT ATGTATAAAGAT FAGECCERARTATRCFECAGEAAR e

neural/sensory system, a disease or condition of the

endocrine system, a disease or condition of the
respiratory system, a disease or condition of the
digestive system and a disease or condition associated
with connective/epithelial tissue or disease or condition

caused by bacterial, viral or parasitic infection.

In another embodiment, the Helicobacter delivery system
described herein is capable of concomitant or sequential
delivery of a number of different nucleic acid molecules,
which encode products capable of treating a number of
conditions or diseases described herein. Moreover,
preferred delivery systems would also deliver compositions
capable of producing additional desirable physiological

effects such as appetite suppression or enhancement.

An example of suicide system in H. pylori has been
described by Panthel et al. 2003 (Infection & Immunity,
71: 109-116). This system introduces a plasmid into H.
pylori which contains the PhiX174 lysis gene E. To
eradicate the strain, incubation at 42°C for 5 hours was
used. In vivo this would mean that the animal would
consume a drink at 45-50°C to raise the temperature of the

gastric environment above 42°C.

A second example is the L-Dap selection system, commonly
used to allow survival of bacterial mutants on
supplemented plates (see, for example, Kirata et al. 1997
(Infection & Immunity, 65: 4158-4164)). In this system the
animal subject must supplement their diet with a missing
substrate i.e., diamino-pimelic-acid (DAP), in order for

the DapE deficient H. pylori mutant to survive. In order



T TAAGCT GI' GGGATAGCAT TAAAACCCCTGATTTTTGGAAAAT TAGCGAAACCGAAACTT CAAT
C1105 AATT CGACACCCTAT CGIAATTTTGGCGACTAAAAACCTTTTAATCCCTTTGECTT TGAAGT TAG
ATTCAAGAAAATTACATGCTTTTTAGT CGGTGTAAAATTGAAT TGAACAAACCGAGTAAAGATTT1170
TAAGTTCTTTTAATGTACGAAAAATCAGCCACATTTTAACTTAACTTGITTGECTCATTTCTAAA
GAAGTATTTAGAAAT CCAACT CAACGATAACTAT CAAGACTTACTCAACAAT CT GGGCATGEEGT C1235
CTTCATAAATCTTTAGGT TGAGI TGCTATTGATAGT TCTGAATGAGTI TGTTAGACCCGTACCCAG AATACACTT
CIT T CAAT Gl JL T 11300 TTAT

T GAAGAAAGT TAGACKAT S PERACITT 7 (CF CACE OOOCAT AT CBRAT FHTCOLRGATA
CGCTTGCTCAAGCAATACAAAAGCACAGCGATTTTGAGCGT GGAATGGACTCAATTCAGEGAGCT 1365
GUGAACGAGTTCT TATGHT PEGHGHECC MARCTOGCATET TACGIGAGETAAGIOCCTOGA - 46 -
TTTAGACATTCCAAAAGA CAAAAT CATCGATCAAAAAGI CTTAACCCCCTCTCTCA1430

sensitivity of H. pylori because of its rdxA gene.

Excessive replication of the rdxA gene is harmful to
mammalian cells and E. coli. However, duplication may be
tolerated by the bacterium. Therefore a Helicobacter
species of the present invention can be engineered to
contain two copies of rdxA which prevents the normal
mutation-dependant rdxA loss. The introduction of at least
two functional rdxA genes into the Helicobacter genome
will result in a Helicobacter strain that is permanently
sensitive to metronidazole. Jeong et al. 2000 (J.
Bacteriol., 182: 5082-5090) showed that the nitroreductase
produced by a functional rdxA gene converts metronidazole
from a prodrug to a bactericidal compound. The mode of
action of the active compound is to cause DNA breaks of

the Helicobacter genome.

Throughout the specification, unless the context requires
otherwise, the word “comprise” or variations such as
“comprises” or “comprising”, will be understood to imply
the inclusion of a stated integer or group of integers but
not the exclusion of any other integer or group of

integers.

Definitions:

Prior to setting forth the invention, it may be helpful to
an understanding thereof to set forth definitions of

certain terms that will be used hereinafter.
The term “a” and “the” as used in the present descriptive
is intended to include both one (the singular) and more

than one (plural).

The phrase, “effective level” refers to the level of the



AAATCTGTAAGGTTTTCTGATGTTTTACCTTTTGTAGCTAGT TTTTCAGAAT TGRGGRGAGAGAGT
AAGAACT CAGAAAAAT CTACCCTTTTGAACACT TGAGCTATAAAAAAGAACGCAAAAGCCATTACL495
TTCTTGAGTCTTTTTAGATGGGAAAACT TGTGAACTCGATAT TITTCTTGOGT TTTCGGTAATG
AAGCGCAAAGT AACCCACATTGATTTTTATTTTGAGCAATTTCCTTAAGGCGAAAATAAGAAACAL 560
TTCGCGTTTCATTGGGT GTAACT AAAAATAAAACT CGTTAAAGGAATTCCGCTTTTATTCTTTGT
AAACAAAGCCGACAAGCAACGCGCT CAAAGGGACAT CAAGCT TGTAGCAT GGGATATTCACAACCL 625
TTTGTTTCGRCTGITCGTT GITTOY ATCGTAGH ATAAGTGTqui
AAATCGCTAAAA ARCERRCE BHE°
TTTAGCGATTTT@HE&@EEEWMMEE@%WMG&M&T@QA@HW of

COCATACTCAAGH T TR ACTGT AT LT AATE T ARG T GO CAMAGE G T (2

AATCAAATGTAT EPAGKFBIEARCTYT BCTGTAT1820
TTAGTTTACATAAARGRACATAGAAT HREGATTTHTATT GET ARTGRERRET TIHAAGGAACAT At 1 on

by using amylin antagonists, without a necessary

concomitant decrease in the amount of free amylin present

in a subject.

An “antibiotic resistance gene” as defined herein includes
heterologous nucleic acid sequences purposely provided to
a vector and used as a selection system. The term
“antibiotic resistance gene” does not include other
mechanisms or genes that impart antibiotic resistance to

naturally occurring micro-flora organisms.

The term “attenuated” as used herein for example to
describe a bacterial strain, particularly an E. coli or a
Helicobacter strain such as Helicobacter pylori, is
defined as a strain that is less virulent and/or toxic

(invasive) that a native, wild type bacterial strain.

The term “bioclogically active” as used herein refers to
ability to perform a biological function and with
reference to a polypeptide implies that the polypeptide
adopts a stable conformation (“folded form”) which is the
same or closely analogous to its native conformation. When
folded correctly or substantially correctly, for example
with formation of proper folded units’ o-helices, R-
sheets, domains, disulphide bridges etc., a polypeptide
should have the ability to perform its natural function.
Generally, the unit of function in a polypeptide is a

domain.

“Clinical grade vector” as used herein means a plasmid or
other expression vector that is capable of being expressed

in Helicobacter or a non-pathogenic bacterium engineered



CCAACAAGACATTCGCATTGGAACTACTATATATCAATAGATACAGCCTAAAAAAAAGACAACTT1885
GGTTGI TCTGTAAGCGTAACCT TGATGATATATAGT TATCTATGTCGGATTTTTTTTCTGI TGAA
GCTAGAAGAAT TTAACCCCCCAAAAT CCACCCTAT CACCAARGAACCTATCAAGGAATTTGCAGAL950
CGATCTTCTTAAATTGCGEGEEGEGT TTTAGGT GGGATAGT GGT TGCTTGGATAGT TCCTTAAACGT CT
ATACATCGGCAAAACGAT TAACATCACCAACT TCAATGT GGATCAAT GCCATGAGGGAATCAGCA2015
TATGTAGCCGT TTTGCTAATTGTAGT GGT TGAAGT TACACCTAGTI TACGGTACTCCCTTAGT CGT

AT GSACT G TAGT AT T ACEAC AT AT A ACAA AR TR

ATAAGCCT GGGACFTCPEAAGS
TATTC@A@CT@%%@BBQ@%%@@%C%TTT%@EUWM o Glda1 flék?
CACTACAGGT GAAAAGACAGATGCATGCTGACTAAACT CATAGAAAAACT GAATCACGAAAGAAAZ 2

to prevent replication outside the host e.g., such as a

suicide vector.

“Detectable immune response” as used herein is either an
antibody (humoral) or cytotoxic (cellular) response formed
in an animal in response to an antigen that can be
measured using routine laboratory methods including, but
not limited to enzyme-linked immunosorbent assays (ELISA),
radio-immune assays (RIA), Enzyme-linked ImmunoSPOT
(ELISPOT), immunofluorescence assays (IFA), complement
fixation assays (CF), Western Blot (WB) or an equivalent
thereto.

“Gene of interest” as used herein refers to any nucleic
acid sequence encoding for a pharmacologically active
molecule of interest, such as, polypeptide or protein,
whose expression is desired. The nucleic acid sequence may
or may not include the promoter or other regqulatory
components. The vectors and plasmid vectors also include
constructs capable of producing anti-sense RNA.

“Gene therapy” as used herein is defined as the delivery
of a gene of interest to an animal in need thereof using a
recompinant vector. The gene of interest can be a
transgene encoding for a therapeutic or prophylactic
protein or polypeptide including, but not limited to
cytokines, anti-inflamnmatories, anti-proliferatives,
antibiotics, metabolic inhibitors/activators and
immunologically active antigens and fragments thereof.
Furthermore, “gene therapy” as used herein also includes
gene replacement technologies directed at both inherited

and non-inherited disorders.

The term Helicobacter includes all bacteria of the genus

Helicobacter including H. pylori and Helicobacter



GTGATGTCCACTTTTCTGTCTACGTACGACTGATTTGAGTATCTTTTTGACTTAGTGCTTTCTTT
GAATGCAAGCAGAAAACAAACACCTAAAAGAACAAGGACT AGAAAAAAT CTACACT CAAAAAGAC2275
CTTACGTTCGTCTTTTGTTTGTGGATTTTCTTGTTCCTGATEI TITTTAGATGTGAGTTTTTCTG
TACGAGCAGT TAAAAGAACAGCAT TTGAAAGAAAT TGAAGCACT CAAAAAAGAAATCCAAAAAAC2340
ATGCTCGTCAATTTTCTTGTCGTAAACTTTCTTTAACTTCGTGAGTTTTTTCTTTAGGTTTTTTG
CAAGCAAGAAACATACACGCAACCAAAAGAAT GTAGCCAT TTAGCGCATTCTTTTAGCCCTAATT2405
GTTCGTTCTTTGTAT I [TACATCGGT, AAGAAAAT TTAA
CATTCTTTCAATES&A?%}’?&J %&ﬁ%@&fb%&ﬂ%ﬁ%ﬁ%%%ﬂz4m
GT AAGAAAGT TAGT Tl TAGGHTGA FEAAGRAGCCRATBRGCEAT THETAGOGAA BT QPR of

TG o T A AR GG ST A ST TAATT A CARATCS AT

CTAAAGGCGAAT CTATE SCERGTGTTAGACA FOTRAGCT T AGTA ARRGREEAGACH
TAGATTTCCCCT M%@&MWGEMPMMTTWM%V& been

modified so that the bacterium has H. pylori features,

such as the ability to reside on the gastric mucosa.

A “heterologous” polypeptide is a peptide that is not
native or that has been mutated from the native form as it
existed in Helicobacter, i.e., not expressed by
Helicobacter in nature or prior to introduction into

Helicobacter, or an ancestor thereof.

“Host” as used herein defines the intended recipient of a
therapeutic composition of the present invention. Host
includes all animals. Specifically, hosts include, but are
not limited to, primates (including man), bovine, equine,
canine, feline, porcine, ovine, rabbits, rodents, birds
and fish.

“Immunologically inert” as used herein shall mean any
substance, including microcorganisms such as microflora
that does not provoke a significant immune response in its
host. Examples of immunologically inert materials as used
herein include stainless steel, biocompatible polymers
such as poly-L-lactide, medical grade plastics and the

microflora organisms of the present invention.

An “insertion construct”, as used herein, shall mean a
nucleic acid construct that comprises a portion of
Helicobacter pylori nucleic acid sequence, such as a
portion of a nucleic acid sequence that encodes the HopE
gene, and a non-Helicobacter nucleic acid sequence that

encodes a molecule of interest.

An “isolated nucleic acid” is a nucleic acid sequence that



AGAGATTCAAGOGGT TTTGCACGATTGTTTGCT GCCAAGAAAACCAACAAGCGAAGT AAGGOGCA2665
TCTCTAAGTTOGOCAAAACGT GCTAACAAACGACGGT TCTTTTGGTTGTTCGCTTCATTOCGOGT

T AGACAAAAGOGCAT CGCAGT TTGAAAGOGT AGGCGT CAGAAGT GGTTTGCGT TAGAATCAAACA2730
ATCTGTTTTOGOGT AGCGT CAAACT TTOGCAT COGCAGT CTTCACCAAACGCAATCTTAGTTTGT

AGAT AGOGCAAACCT GGOGT TAGGCT AAAAAACCCCT AAAAACT AAAACCCCAAAAT ATGTAGT GC2796
TCTATOGOGTTTGGACCGCAATCOGATTTTTTGGGGATTTTTGATTTTGGGGT TTTATACATCACG Pl asni d
pHP3 shown in single stranded form (SEQ ID.-NO 3): : . .

T CTACAGANTT ARGAATET LR ACAA T A AR HAAAT GO CAGABAST e FfcTaT
GTGCGGCAAAAT OFT GBAGTAADTERACE T SGAGTIGGENT \GREFTAGT r@EGR MorGle hucleic
GAGGATAGAGA W T TTT T. TA180
TCTAGTAT TA%A%% @A%Af$%%%$ T e@@éﬁc‘&%’z4@e _ 48

term therefore covers, for example, (a) a DNA molecule

which has the sequence of part of a naturally occurring
genomic DNA molecule but is not flanked by both of the
coding sequences that flank that part of the molecule in
the genome of the organism in which it naturally occurs;
(b) a nucleic acid incorporated into a vector or into the
genomic DNA of a prokaryote or eukaryote in a manner such
that the resulting molecule is not identical to any
naturally occurring vector or genomic DNA; (c) a separate
molecule such as a c¢DNA, a genomic fragment, a fragment
produced by polymerase chain reaction (PCR), or a
restriction fragment; and (d) a recombinant nucleotide
sequence that is part of a hybrid gene, i.e., a gene

encoding a fusion protein.

“Percent identity” (homology) of two amino acid sequences
or of two nucleic acids i1s determined using the algorithm
of Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA.
87:2264-2268, 1990, modified as in Karlin and Altschul
(Proc. Natl. Acad. Sci. USA 90:5873-5877, 1993). Such an
algorithm is incorporated into the NBLAST and XBLAST
programs of Altschul et al. (J. Mol. Biol. 215:403-410,
1990). BLAST nucleotide searches are performed with the
NBLAST program, score=100, wordlength=12, to obtain
nucleotide sequences homologous to a nucleic acid molecule
of the invention. BLAST protein searches are performed
with the XBLAST program, score=50, wordlength=3, to obtain
amino acid sequences homologous to a reference polypeptide
(e.g., SEQ ID NO: 2). To obtain gapped alignments for
comparison purposes, Gapped BLAST is utilized as described
in Altschul et al. (Nucleic Acids Res. 25:3389-3402,
1997). When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (e.g.,
XBLAST and NBLAST) are used.



T TGIT TATGGEGEGEGT TAGATCCT TATAAGCATACTGATACGATCACACT TAT TATACACCA300
AAAGATAAGGAGTATAGAGT GGAAT T T GAT CAAT TAGAAT CACAAAGAT CAGAC T TACAA360
AAAGT GTTAAAAGAAT TAGATACACT CCCAAAAACCCCACARMATT GAGCTACAAAAACAAA 20
GAAATACAAAACC GCAT CAACAAAATAACAGACACAAT CAT TAAAGAAT TACTAT CAAAA4B80 CAT
GAAA T CAAAAAAGAAGAAC T AGAAC C CAC T C T AAC C C CAAAAC C CcACAC
CAACAAAA540 GAGCCACAAACCACCCCCACACCATGCAAAAATTTAGT
GGITTAGCACCCCTAAAGATAAABOO0 ACC TATAT CACC TACCACAATAAC GC TAATAAGGT CAAT C
TAGGCGAAAT T GAGCGAAAGEHE60 GAAGCCAATCTT T TAT TCGCTAT T TTTCAAAGGECT
"TAAAGATCAAGGBAAPREETECCADPILZ20 1y active” molecule, as used in the

CGTTTTGAACCCRAGA T L EAMACECA HEA A EEATCAMY EeANRT TARCERAGAES 8L GAAT TAT T
GCAAGTCT TAAAAAATT TGCT TGACAACAT TAGOGGTGCTAAT, T T T TGGATC840

AATTAGAGAGCATGT FERARAT CECEARART CT RFEAAGRT CREACFAGCTAGAFEETTFRICH GRAACAAT T
T GAAAT CCGCAEhCGABARGHEAAGACAMG GEATACAATAR ah CEAGAR tGE sCGAYGb1e of

AT AT AT A A LA o LT SR A D Ty T R LM AAG L P 2
response in a cell, such as in a cell culture, or in a
chemical or biochemical reaction media or assay, or in an
animal. The pharmacologically active molecules of
interest of the present invention may include, for
example, biologically active molecules as described

herein.

A “molecule of interest” as used in the description of the
present invention, is defined as a protein, peptide,
enzyme, or other molecule that when provided to a cell or
animal, provides a protein, peptide, enzyme or other
molecule that is capable of correcting and/or treating a
pathology, deficiency or other condition deemed
appropriate, such as in the treatment of a disease.‘

The term “reporter gene” as used herein is a nucleic acid
sequence incorporated into (or adjacent to) the
heterologous nucleic acid sequence encoding a
pharmacologically active molecule of interest that
provides the transformed vector expressing the molecule of
interest an identifiable phenotype. Non-limiting examples
of reporter genes include GFP, R-galactosidase, amylase
and CAT.

“Screening marker” as used herein refers to an identifying
characteristic (phenotype) provided to a transformed
vector made in accordance with the teachings of the
present invention. In one embodiment of the present

invention, the screening marker is a reporter gene.

“Selectable marker,” “selectable gene,” “reporter gene”

and “reporter marker” (referred to hereinafter as a



TTTCAATCTCT TAGAAT TTCAAAGGGT GAGGGEGECAAATAGIGAGAGCGT TAAATTTCCCC1080 cCcccCTAT
T CCCCTTAAAAAGGACCCT TATCCCAGGEGAATT T T TGGECCCCAATACAAT TAGL140
GGCCAAAAACCCGGTCCCTTCCATGGECT TAACCAACCCAATTSCEGCEGATTCCAATTTCCCL 200
CTGGATGGGAATAACCCAAGCECTTTTTTTGAAAATTCCACCTACCATTTGGTICCAAAATTLI260 GGAT
GCGACAAT TCCAAAT TCCAAATCT T CT TTTCCAAGAAT GGGGEGCCAACCCT TGACAAL320
ACTCCTTAAACCTTTTCATTCGCGCTAAAAGGTTGAAAAACATTTCRAAGATTTGGTITTAAL3S80 GGAAATAT T
TAT CGCGGTGAAAAGACCA GCAT AACT TAAA TA C1440 . )

AR T A R A AR C AR A M B L PP RCERE P e P AT FeRR TG acid
TTTCTTACAACT CEANECCEAT EGAACHAACEGHET PheACT AL ParsEd EHE TT

TTGAMCTATCARTERT T GAAT CLCTGAAT TACP TACTT GARACLTATAARGRCCTT1680

TGAGTTTAGAAT RET FEAAGAATETACACARAATCHIGAAARAGAAT LG T CRGAPGRAGERA®AT TAT
TGGTGAT TT TAAAMAACERCGHANE T EhCHAGECAN T ACERAFMCANGNCEERL QR chings

of the present invention are those vectors having

selectable markers that do not encode for antibiotic

resistance.

A “significant immune response” is any immune response
that would provide immunity (i.e., invoke the production
of specific antibody) in an animal against a given

antigenic molecule or immunogen.

A “therapeutically effective amount” of a
pharmacologically active molecule of interest or
combination of said molecules as described herein is
understood to comprise an amount effective to elicit the
desired response but insufficient to cause a toxic
reaction. A desired response, for example, may constitute
the formation of a sufficient and/or acceptable detectable
antibody titer level in a blood sample. The dosage and
duration of treatment of the preparation to be
administered to a subject will be determined by the health
professional attending the subject in need of treatment,
and will consider the age, sex, weight, extent of existing
diseased state and/or tissue damage of the subject, and
specific formulation of Helicobacter and the gene of
interest product being used as the treatment for the

subject.

A “transgene” as used herein refers to a gene that is
inserted, using cDNA technology, into a cell in a manner
that ensures its function, replication and transmission as

a normal gene.

A “transforming nucleic acid sequence” as used herein



AAT TAGT T GAAAGCGAAT T GACAAAT C T T GT GAAAAAT TAT CAAC GCAACC T T GAAG T
GA1860 GT TTGAAAAACAATAT CAT GCCT T TCAT CATAGAAAAC GAACACAAAGCCT T T TAC
TACA1920 GGGGCATCAAAGAATATGACAACACAAAAGGCT ACT TGAAAGACACCATTTTGCAAAGTCL980
AAGACAAT TTCAATGAAATGGT TAGCTAT T TCT T TTCT T GAGTGAAACCGCT TAT T T T
TG2040 CTTGTGTGCTTTTGTTTTTTGCGTTTTTAGT TGTAGGTGGTAAGAAATATCGGTTTTTTG2100 CT
TTTCGTTGGT TGTAGGCGATTTTAGATAGCAAAAAACAGCTAAAAAATCCAAGCAACC2160 TAAT T GAT
T TCAAACCAACT TCAT T TCCCT TT TA %cé‘rTAGCCAT T. TAGCCAAT .CTAAC2220 .
TAGTTTAGCATC?‘ERRRG@G@E?&PAR@TP@A AGEARRTECAACEAREACEAARA ing &
CCT AGCGAAGCGT UFAGOGAGCAAAA EARGOGET E riE: S BAGACRGA aF nGE: OlL SEGCEGAGAAGRA2B10

TAGCCGAAGLTGT T T MAGAAAT AR CANGAT A OEAST G "o a8

invention, the nucleic acid sequence can encode for one or

more therapeutic agents. “Transforming nucleic acid
sequence” can also be used to mean a “transgene” in
accordance with certain embodiments of the present
invention. In another embodiment of the present invention
the transforming nucleic acid sequence includes nucleic
acid sequence encoding for a promoter and/or other

regulatory elements.

The term “cancer” as used herein refers to neoplastic
diseases eg., leukemia, cancers and “hyper-proliferative
disorders”). The neoplasm may be located in a tissue
selected from the group consisting of: colon, abdomen,
bone, breast, digestive system, liver, pancreas, prostate,
peritoneum, lung, blood (e.g., leukemia), endocrine glands
(adrenal, parathyroid, pituitary, testicles, ovary,
thymus, thyroid), uterus, eye, head and neck, nervous
(central and peripheral), lymphatic system, pelvic, skin, .

soft tissue, spleen, thoracic, and urogenital.

In one embodiment the term “cancer” alsoc encompasses pre-
neoplastic conditions selected from the group consisting
of hyperplasia (e.g., endometrial hyperplasia), metaplasia
(eg, connective tissue metaplasia) and/or dysplasia (e.g.,

cervical dysplasia, and bronchopulmonary dysplasia).

In ancther embodiment, the term “cancer” also encompasses
benign dysproliferative disorder selected from the group
consisting of: benign tumors, fibrocystic conditions, and

tissue hypertrophy.

The term “a disease or condition of the
immune/hematopoietic system” as used herein refers to a

disease or condition selected from the group consisting



AGCCCAAGAATTTGAATTAATCCATGCGGTGT TTAGEGCGT TTTAGCGT GATCGCTTTAT
TACATGI TTTAAACAGCATGCTGITTTTTACATGI TTTACT CGCAT GCGCGCGECECTAGG
TATTGGTGGT TGGAATAGCCTAAATAACGCACCTGTATGGTIFCICATTTTTCGGT GACA
ATGAATAAGGGGTAGT TCTTGCGAGT CATAAGT GTAGT TCT TGCGAGT CATAAGT GTAGT
TCTTGCGAGTCATAAGTGTAGI TCTTGCGAGT CATAAGTGTAGT TCTCTTCACAATATCT
ACACAATTCACAATCTCTAGCTACAATAACAGCGT GTGAAGATGCTTTCACAGCGGTATT

TCCTATGT \AATTTGGAGCAATTAGCTTT, AGTGGGTT TTGT .
AGCGGGTATGCA c@*&%@.&e@é&é&é@&%&&%ﬁ@&ﬁeﬁ%ﬁ% openia,
AGTGGTAAT CTT Ga0ACAGECACTATTAT PAAAACCERACCGTRIFARTAACECE ATAAGOoNa, acute

A o SRAT AL AR . et

GGAAT TACGAAARFEATTAGRAGAAPIAGRAACE

WW%%@WWM%%TWTE ease,
TGATCAAAAATT A AGAAAATCTATCAAAT Gepsis
S OR RPN SRS A ’

CCCTAAAGATAA6AGEE6b@a3%33B%aB%3@NWy¥3355%%B¥¥33B3NXHEBMEXEM&ct1ons to
ATTGAGCGAAA dit] nucl eqt sequence that was cl oned
IS provi ded%%%%% ?%\%ﬂs nO|Dnncc Wdes a - 3% p s;ig it that encodes a
pepti de of 4%ramhegadcisds, (Sé@dnhﬂ\l@a,S)hypﬁ”n-s:@Eﬂmlatﬁ ahi e ters d
peptide is apdiunogen gio%@rmeclfité d‘?neQId,ﬁgheclh'?p%}Mé SD&;é/a{sréJS déﬁ\éc core

antigen. The nucleic acid sequence enco amno acl d peptide is
shown bel ow Witi#aske (HditEa &f%@%&yéoﬁrd%saldrﬁfﬁlﬁﬁ}r ed (SEQ I D NO 5).
CATGAGCACG GTCGCCCACA GITTACTTGT GAAGACTTCC AGGCACGICG CCCCTCTATG

CCGTGGCTCT TTTGGG AT ACA % CAAG
TGCCGCGCAG g@é@éﬁé@t éc%é@c Ib&g%eéﬁ

TACCGCTCGT GE9GEGEECGs CEAAAGAAA T FEEERECKES @G@@@mw@&mn
AGGACCTGGG T T CA
AACCARACGT T CRGAT TR O A T ROACCTUAS CROACC Sy Rt
AGACCCCCGG CEFOSGEETT iGTTGRAGE0E ICBEITIGATaricocele, leydig cell

tumors, verrucous carcinoma, prostatitis, malacoplakia,

Peyronie’s disease, penile carcinoma, sgquamous cell
hyperplasia, dysmenorrhea, ovarian adenocareinoma,
Turner’s syndrome, mucopurulent cervicitis, Sertoli-Leydig
tumors, ovarian cancer, uterine cancer, pelvic
inflammatory disease, testicular cancer, prostate cancer,
Klinefelter’s syndrome, Young’s syndrome, premature
ejaculation, diabetes mellitus, cystic fibrosis,
Kartagener’s syndrome, testicular atrophy, testicular
feminization, anorchia, ectopic testis, epididymitis,
orchitis, gonorrhea, syphilis, testicular torsion, vasitis
nodosa, germ cell tumors, stromal tumors, dysmenorrhea,
retroverted uterus, endometriocsis, fibroids, adenomyosis,
anovulatory bleeding, amenorrhea, Cushing’s syndrome,
hydatidiform moles, Asherman’s syndrome, premature
menopause, precocious puberty, uterine polyps,
dysfunctional uterine bleeding, cervicitis, chronic
cervicitis, mucopurulent cervicitis, cervical dysplasia,
cervical polyps, Nabothian cysts, cervical erosion,
cervical incompetence, cervical neoplasms,

pseudohermaphroditism, and premenstrual syndrome.



AACACCAACC CGITGGTGGA GCGCGACGAG CCTATCCCCA GTACCCTTGG TCCTGICTCC
CGTAGGTCGC CGCCGACCTC CTGCCAGGEC TAT GCAACAG - 50 - GGAACCTTCC TGGITGCTCT
TTCTCTATCT TCCTTCTGEC CCTGCTCTCT TGCCTGACT &> TGCCCGCTTC AGCCTACCAA - SEQ ID
NO 4. AATCCTAAAC CTCAAAGAAA AACCAAACGT AACACCAACC GICGCCCACA GGACGICAAG
TTCCCGGGTG GCGGTCAGAT CGITGGTGGA GITTACTTGT  TGCCGCGCAG GGGCCCTAGA
TTGGGIGTGC GCGCG - SEQ ID NO 5. The nucleic acid of SEQ ID NO 4 was cl oned
into the hopE gene (SEQ ID NO 6, shown below), of H pylori 26695 at nt504
of SEQID NO 4 (noted in bold/underscore; corresponding to am no acid

resi due 168 dhet lierpr Oeidd spesductr) condilidton e ey essath jorsdducttadoul d be

ocated as park.ahl e SUCLAGE RMR0SEH d:0R s LSHE gene praduss - Thi s

construct, nated as vector pTM03-8 (Figure 3) was expressed on the
surface of Esed6IAtedATCODATACC IKPIPT FATEE SAEASGRTET RSTCCEANSEIAC CHEAGGCTTT

TTATCGCAAC TGECEAChGhdEBaEECA bRG 1GHCERBhHEGHAECT ANANI e AFPALIRAC C
ATGGAATTTA AAGCTCTTCG AT_% TGG GCACA% TAATCCAGGA CTTTGAAT,

AAGTCTTTTG TERPERFPRYX 2EATRPE AT SBISaGE LRRAT CRF
CCTAACGCTC GETGAAETTRUTTGRIGT GAG 1AAGGCEACES SAEGERAEAAC PAHBAAMAGERase,

COOCATOOCA. TP G N T AR AR ARCRCTT o ARG CIEATACEAC
GATTTGAGAG %ﬁs@@@wm ?ﬁ%@ m%nﬁuwmmt&ms,
L A B e e A AR L Teas

CTCATCAACA ChAtPrORmArial myopathy, cachexia, and multiple sclerosis.

The term “a disease or condition of the cardiovascular
system” as used herein refers to a disease or condition
selected from the group consisting of: myxomas, fibromas,
rhabdomyomas, cardiovascular abnormalities (e.g.,
congenital heart defects, cerebral arteriovenous
malformatiens, septal defects), heart disease (e.g., heart
failure, congestive heart disease, arrhythmia,
tachycardia, fibrillation, pericardial Disease,
endocarditis), cardiac arrest, heart valve disease (e.g.,
stenosis, regurgitation, prolapse), vascular disease
(e.g., hypertension, coronary artery disease, angina,
aneurism, arteriosclerosis, peripheral vascular disease),
hyponatremia, hypernatremia, hypokalemia, and

hyperkalemia.

The term “a disease or condition described as mixed fetal”
as used herein refers to a disease or condition selected
from the group consisting of: spina bifida,
hydranencephaly, neurofibromatosis, fetal alcohol
syndrome, diabetes mellitus, PKU, Down’s syndrome, Patau
syndrome, Edwards syndrome, Turner syndrome, Apert
syndrome, Carpenter syndrome, Conradi syndrome, Crouzon
syndrome, cutis laxa, Cornelia de Lange syndrome, Ellis-
van Creveld syndrome, Holt-Oram syndrome, Kartagener

syndrome, Meckel-Gruber syndrome, Noonan syndrome,



GGCECTTCTAT TGITTATATA ATATTTATAA GGTCTTACCG TGCTAAATAC ATAAGAAGIT
GGTTTTAGAG GCAAGITTAT TGGGGAGCGA GGTATTTTTG GGCAAACTAT GIACCCCTAC
ACCGTCCCTT CAAGCATAAT AGITTTTGAG CGCGATTIATd _CCGCAGITTT GGGACTAATT
TACAGGGEGAT CTAATAAGCA GCTAATGEGEG CTTCCAGITC TGTATGGEGCT GCACCTAATA
TTTGTTAGCT GIGGGEGICGC TGGAAAGAGC TTATTGTAAC TTCAGGTATG GGCGTAGAGT
TGCGEGTCCT CGCTTTATTT - 51 - CTCGAGATCT GCAGCTGGTA CGATATGGGA ATTCGAAGCT

TTCTAGAACA .CATC GAGG ATCT TAG C CATCATCATC

ATCATTOAGT TTAAGGERET CEAGCPTGAE FETTPHALS AT A &
CTGATACAGA TTHRAALCaSEQydnd@ies BmiigfH-y,erdnie-Gueitthods yofdragosnpl i shi ng t he

i sol ation of q_,g_% | ) fd i f pYy. ! 9 i.ng Taq
DNA pol ymerastgl. bgD%[}%g ren?iL%pa]rﬂlc_ér%e(}f?f_'I ﬁ&l&%@M&{%@@w&Aﬁ%& 3"
(SEQ I D NO PrlddmsaisvingyomeBafil sians g dHaiohist SR PIIGET 5" -
bCCGAATTtCT AAtA@@%d bE@%_C%E@ADN-ASB'ai(v%&Qt il NG, Ei)ohlqwgﬁsty?tihir& g‘gif-[bﬁéfﬂe§§fp’e| _cag
e constructed by using a synt hesi zer,. such "as the Perki n-El ner plie
Bi osyst ens, ITh’(ﬁnengcFels%’é?z‘fo(HﬁBl 2 sgs‘?r?éiﬂ}gé%jy?ﬁﬁrheﬁjos,' CRERRS L~ Hied

resul ting PCRyindagment eaiodagdd intingred d aned nud@iidre Beofdbsife Tay-

pB! uescript | Iac'k<1 (Qidsle%.stehe 'al%.sortlu ! I q{jelﬁ"sok;lhaes‘é a,praq{@t er. PCR .
prinmers can then e esl gn'e O |1 nser vo “uni que restri ction enzyne Si tes

into the hopEegemetflerstiomserti on of the 135bp i mmunogeni ¢ codi ng sequence
fromthe Hepatitis C virus (HCV) core antigen. The PCR anplification using
Tag DNA pol ynerase can be perforned using a touchdown anplification

procedure as TG TG “Phel IPFER SEher@Rd 36119 G etk it as YR el al
denaturati on = epeef RECIfOIrAdid,td ol lowathdy I8 eyedesid s daidd al

anneal i ng tenperature of 65C (for 90s), which is decreased by 0.5C for each
successi ve C;Ec?rloé“, t;‘r‘? XS Ssltsetp“h% Ofggkfcjﬁé%%‘?ﬁr}c%d %%%%Eétﬁ’%ti on at
96C for 1 m mansubsedueemitgrt oot tetd drympdfrglees fa r stldBley cdesordars
additional 14 lifjcatl : . C epg-r{p_; sing ensi on
and 96C denat(ue?';%)' i’or%J él%eéprgpvﬁqﬁdngtslcno%%m ; a‘ﬂﬁ%at_lbél/r%ﬁ%rg’_rrp%'rzlaq% ure. The
resul ting amglkdstomdtsiarhemIpurany edrasyt corigat igreci pitetgdiwiah et hanol
and made bl unt, oy digesidon witdy & he, Kl enaw f £ agieide of Wy Dot yApr ase. The

'y
PCR products can be - 52 - digested with restriction enzynme to renove the
tenpl at e DNATSARd rBISRAEE i -7 an BEHIUHE S Voc tRiFO SRt 552 pTEB3! 8
under the comaigluref, tdie laralymase: 4 ndued bl th i o1} efef and iepnsddtied, | nto

E. coli JMLO5. Reconbinant. cl.ones can be_ identified by using
o1 i gonucl eot AT G TE & AR RN E A (8E0 1 D Mo

The term “a disease or condition of the neural/sensory
system” as used herein refers to a disease or condition
selected from the group consisting of: brain cancer (e.g.,
brain stem glioma, brain tumors, central nervous system
(Primary) lymphoma, central nervous system lvmphoma.
cerebellar astrocyroma, and cerebral astrocytoma,
neurodegenerative disorders (e.g., Alzheimer’s Disease.
Creutzfeldt-Jakob Disease, Parkinson’s Disease, and
Idiopathic Presenile Dementia), encephalomyelitis,
cerebral malaria, meningitis, metabolic brain diseases
(e.g., phenylketonuria and pyruvate carboxylase
deficiency), cerebellar ataxia, ataxia telangiectasia, and
AIDS Dementia Complex, schizophrenia, attention deficit
disorder, hyperactive attention deficit disorder, autism,

and obsessive compulsive disorders.



9) plus the reverse sequencing prinmer in PCR anplification reactions.

I dentified clones can be sequenced to verify that the inserted restriction
endonucl ease sites are in frame and that no errors had been introduced into
t he hopE gene. The 135bp i mmunogeni ¢ codi ng sequence fromthe Hepatitis C
virus (HCV) core antigen can then be inserted using standard techni ques.
Once vector pTM 03-8 had been created, it was transfornmed into E. coli,

whi ch was gr t 337G cells were then arvest and the xR reSS| on of the
DCV i nsert \Ag\ggc%r?trlmnued dby SAEst €r'n dt B eofﬁdChea rpers ure ¥ or this is
as foll ows. Galsitemdr @sharses’s thed sfimomedisast tzoapldat@@w@nr esiuspaivded in 20%
sucrose wi t h50mg.aly Pase ol Boelyy naers NOheIgD: 1, AT Tid SOl (pH
8.0). The ceIIs arethen isru with a French press at 15,000 | b/in2.
Broken cel | s T&s@1id@&Oral & Y&t ea §lh’<§3rbo§§ §{aéfp’r§‘r SHANGRT 0PHAAY S CAO%SId 6l

of 70% sucr 0% aich e L0 Beirs - BEi t8.D)cantha outigly RIdae Sqagtdan is

col l ected and |l eted at 150, 0 and the llet is resusp nded in 100
ool ected and 1g) Leted 2, 150000 1 dhn g ANE Bal| et 8 L esusbende

| 0og- phase culdelre caar ibenrse, utaldenz:eﬂmdln];@mé ,Tra15l-ehi@l o pdea&to)orﬂ%

noct yl - pol yo bat t: Jor trifuged for 30mm
at 173, 000 x)%’%t#)@ %%lljlogﬁ%t S S‘r‘a’%scﬁosldgc%ged |hnl]sl outaa Es!L T - 3%

n-octyl - pol y@Né%W@ﬁé@rﬂM@DTNK%%S)) e.iroutatlaprar nIg s iss aw, and
cent 1 fuged RN 1al: cLG2.1000 X chedith e MRNA Golaat od. A

Western i mmungobl ot 1 ndicated the presence of - - HCV/ hopE in the

super nat ant @flsteﬁées?ec(@n(? -3 0[A P2 a ST YIS - ﬂ@%ﬁe%t%ﬁt%ont ai ni ng
HCV/ hopE i s mirvedhaittils )gn ceguala ti@inate 1ain . dizeddel | e HOl, (0H cd3is 4%
(wm/vol) sodi_um do%ﬁ sulfate (UEEDS and, 2 /o(vol /voI) gl ycerol and

subj ect ed t o285s %& gcgr’ylpélr% & Eb&rHotesi s (PAGE). If required
the HCV/ hopE band can be excised froman unstained portion of the gel and
el uted over ni 4G S5 T, » and
100mM Nadl . The etl%tt_ftml on srag%eega%a@twé;r% can t]th(eog{_ibogf (r)%hne on adr:thT %Se( %&é%)el to
check for pupist ys&sd h@r\mgt éraf snfmivolsl ¢t sesisty oSt Srdetd ke Hf lfrdsed

undert aken. l:fqrone&%r@lgeodpwoats%tqutgeroﬂreréy@&% N hridoaded @tssues
concentration of 15 pg/l ane. El ectrophoresis is then carried out, b

SDS- PAGE on &7 S€ahdsud - 2P e il YR LR B mP I &
stained with g@@@lraiasejr@ﬂwd lg1aamd, blpa&aﬂ%qrrdﬂﬁﬁtgerahdsnnpmhimats ng,
unst ai ned gel_s Sgan be leI e tr%hfla(}tlteesd Qnt o t b| I on; nbra es (MI1Ilipore,
Bedf ord, Mass‘?d) © E\‘flt & BIocki ng for 2 Nt 2CS ’h ds“o% ovine SefUm al bumi n

( BSA; Boehr i mﬂgelbel‘tz@rmhelsa)m@iu]s% Toyeen JQ@I(dSltgmﬁ IIn Jiledsptes encblulf fareld,

sal i ne (PBS), 0 ilution of
anti - HCS/ r ah&bte%gngf gie:&{l%rr}hq:l%{r1ea£rlsoe/oIIBJS!L,%\GPC Oé d(;g%%b?lecgunﬂza})& aglgégs&stj‘ pé’léjh at 37C.

The menbr anedvReg riffer tag<sisdn WP PBS idd i sibupte P Mt arvl/ 5, 000
dilution of afvalfka)ne Wﬁmﬁpm mlgﬁﬁ?m%{y Ftidwdy (Bio-Rad,
n

Ri chmond, Californja) for a 37C The b dies are detected
wi th 5-br om-"FFH A3 dr]ttfcﬂxﬁt réi %H@c]rﬁem La Jol | a,

Cal i fornia) amgdertirlddwe tcBIS’dIZ:tdnaJme(]J\&lEEéd Stcgrm:)rer@QAl\@HLaEm%EXt:&EﬁSI ON

VECTORS AND %I%HECTI Q\I ANTI GENS FOR STAB odlCE)QDI%E %_e% Because HopE is a

isease cor 1 ost
native protein of H pylori,~ it 516t at i'S orgya(nlsm and can thus

forma const ﬂymhlusﬁfajlsmrceoedr,eégumgayf cragi qar amtq;enshmemmroma,

het er ol ogous (gepe: RreANCt $din Ko RWOr lan Qe rumdifey, RAMd¢ £ coi
shuttl e vectors that can be reac]le devel oped as descri bed above 1 ncl ude,

for exanple, f\?é%’tr&%atébhpr%“éieﬁgsttwadt ISR O i (R 3P et ek i ch are
suitable for ﬁ%ﬁé@aé@StgldWﬂiﬂro%dﬁMtls’lC éJdge ,getrtms é¥angial

chl or anpheni col / k CI nr SI sta ce 2 not er that can,
recogni zed by rﬁ’&tl%net Jotrjls tar Cﬁs ‘?Hﬂﬁliugln ateJn% The
requi rement s daarsadepdy caaithammEme:@iJJsotzafeﬂe, aite et Ch;od;ms@mfys of a
nunber of knoup, F.o691) RIAIEAS 8l 1n PERB22)

The term “a disease or condition of the digestive system”

as used herein refers to a disease or condition selected



Constructed shuttle vectors can be tested for replication in both E coil
and H pylori in vitro and conpared to existing shuttle plasm ds descri bed
inthe literature. The choice of antigen pi other heterol ogous gene product
to be expressed would ideally be one that is not toxic to H pylori and E.
coil and that is highly inmunogenic (or possesses another desirable
property) when delivered to a selected site in a mammal. In the case of an
expressed antdgen for inmunizati.on.of the manmal_,, .such as .site may be a
nucosal Si te.flr%§n FESc AR icr?né%és%neq f&e‘hdlp SUGVRNG ecogln]’ttllgsefn f usi on
protein can k@pexpriessed, atCrdhe’BE digidassyr fregmt ifhies pricahedtiof pTM 03- S
(Figure 3) i fer r get t yl.ori; ter: ahe, so that
it would di s%ln%rf%th%el%g&bégr%%arﬁ%lggl I ﬁrtla_elmr{slt}cdor{s)'alc%livﬁelrloﬁer%l?sn'Tet anus
toxoi d (TT) Kasdseer sitilidi i aoatavs vISEess G &nt iRjei a4y Huimsifs, and

i Mmune resporsesdry idt Al WRldnchar a1 zetheel!, eldaidic gaatdapicosal

i mmune responses when adm ni stered orall r intranasal when di sc%l ed on
the surface GP BEEEAricalcapires TORE e Wt - 0GR Ex gatto i Th o i ol
Ther, 3(8), XE283n/Q).dglhe dodty@mrust adnte S)r,agimehtcicarhdre §f)Jused to t he hopE
gene product r.i.hed V. . engj. red cont ai npr ane anchor
and cell sur P%(%lé:q{%za%glet?%%%ﬁ%ﬁ?ggj‘fﬁee%alg;\?e:ansteedgg%o]fo%h?s&eﬁl%@’ systemis

t he exi st encgasit nesniteghidriact erdsted tisi 9a stotiel S frrelss deynegnt toimatre

ef f ecti veness, Oof @y VARG AL IO JURGRILT 6, r MISIBAS b dulk T NG ffSof HCV
where the known nurine nodel's typically rely on i mmune-defi’cient mce. The
gB protei n offePRFPEFEHIGH r FONEEW)t Has sdifiedioit t1d'S Mftihize ni ce agai nst
a | ethal dosearafesan re)gipRAIRd MACGHN@AHI IS i8X PIrESsd bt hengfh @dltdrgen.
Accordi ngly, Hg‘}hut | e vect,ors,.such as those .described hqe}gei n,_conprising gB
antigen in plade TEPINIICY SHTTGER ¢ &9 P LHE T MG Ui THg 358 56t ocol
descri bed i nnrEgamullen]. & lnuntsgr soformarst efisacalee User i mrtdle shuttle
vectors. ldeally . t pr, t is.d i.h|e ei ral_in vivo
col oni zat i on%l&e%ﬁéngﬁgmh%mqogg%gdt Ed%y%lndﬁc%%e%t% gﬁ%#n%o%%u%us
foodstuff or (chefri.caliliseat” scah Ss&@ scon\amed:h e il Y 3thieS prighmers £ rom
the H pyl O_rlbimi%tﬂydla&erel@ﬁa,seadac’ah%arw&ﬁci@%ﬁbsﬂhej@ﬁmﬁgf; omthe H
pylori histidine kinase HP 165 is reported to be induced by acidic pH and
may be a vir B TR ST ed T Gt T Sito S ol BHEHS on.  The
benefit of this pronoter is that a construct can be nmade in vitro. The
foreign antigen wll aqnly,.be expressed en _ex d to the acidic

envi ronnent g[%et ﬁeeré[ésta? idt:lsrﬁjacsosao.r aHert plroonnoqoée)rstglel ncl ude the arabi nose

i nduci bl e pr eamrtnerctuised dpi GHEMIGE. S eandi B esiggima 564 gronot er sdi{gosenhans
et al., 1998, . Qbi , , ]_206%-7 the T onot er used
in constitut iovrlezlaz\aéﬁi .|t(r:1l Sgi%leétgetdcoﬁlﬁ&ls_%kt?%r% and t rleSln§|1.dralI1p) oc_r%fb't er of

Sal nonel | a wisicgm S iivied dclesth Uen aterdt lotd 1@ e iVl ¥shreaitiee giahiat i et eiet al .,

1992, Biotechinalgys, HUD: [88122)ia1Theypbididss Of amyerafl tdese pronoters
to function in H pylori can be tested u |nglth,e syste dev;%\qc])é)ed by
Angelini et &et ar( BIUEARRY, el g - PH 1 a A AT &Fp
reporters as dieadmd, qfolpmormiiari gctaywdtic inypetblgyloricgtatsmad vector. -
56 - The target_sites of .expression wll, depend o £.antjigen or other
gene product qstsgéa%lnﬁ’t i%sﬁfeuz}yéjse%t\cl)%cot%h d gAﬁl%bep%l%]o% glln%&a%% f usi on

pol ypept i des lwhiggtorirarlgefte natel ex phiessate polWpeptn erde’. 9., antigen) to the
cel I surface pfc ko R Aline il ASM dsiabididands, ghsm veryud nposdt ant and,

while the use of antibiotic resistance genes as selective determ nants for
pl asm d mai ntiehaiad hic AAGifon’ s i30S S s TP s L S vi el L s
alternative lﬁenﬁakﬁ%ﬁ%,edsj'&%ﬂ%%{'sgﬁjrﬁmwﬁ@,r exartes hdel ases g that is
used inactivated in Sal nonella. The asd gene, whi ch exists natively in H
pyl ori, encodeLifEatt ATV Wyttt TehyRft GYtrase® (RS &M i n

bi osynt het i ¢ qratrtuvays & oronth am stopipreto i Sci as AR ptlani essent i al conponent

of the cell | ). t.J dogl.yc of egative b I In the absence of
DAP, asd nut an Jslol[jaﬁ eeraglo lysse?%s.e’Si“%%:%}F?qﬁalsl% 't %ér;fe{éeén%?n manmal i an

ti ssues, thi PPatGroett-itethal vayetlen inpaxesy ar reept ¥emedoshat all |iving
H pylori canfy;d e e ot ast genes co & 1d g b @sfidhq! n order use
the asd gene systemthe genom c copy of the asd gene is inactivated using
st andard gen@KivcKott: frtioedtiss Fhir sty PoicH I plRHF will then only
grow with the supply of DAP or with a plasm d that contains the asd gene.



O her systens that can be used for simlar purposes include E coli
enterotoxin or cholera toxin (CT) as nucosal adjuvants. Adjuvants can al so
be used to boost the nucosal inmmune respopse. Two such adjuvants are CT and
E. coli enterotoxin (LT) wherein expressed antigens are fused to the LTB
and CTB nutants that maintain their strong nucosal adjuvant properties but
have reduced toxicity. - 57 - EXAMPLE 3VI RULENCE, LD50 As described in
Exanpl es 1 and Hel i cobact er - based vectors such as pHP3 and pHP623 are
capabl o of pFOVIATHE EGtectYoT AR P i eti T 1P T il S S e, &
nmouse or hum@RESIh stymel omes emto lexpyryd i, i sy miernmee: amyoed 1t iss U seidkdd

denonstrate t tidi f i t Hel . - ens. to provide
del i very of g&gjﬁ%rér%alc%lyotgiscsﬁel &q‘ascet%lesveé _r#ﬁﬁg%ﬁﬁ%glﬂéﬁﬁﬁfcg}oﬁ%fgo?sd manmal ,
i ncl udi ng a Wasanlithe mitsneshmdddionleienpwydbneo dantismatoddfumsct i vity

of a transgep airiRiM tafs HodWOr itdpRldI1CT {gidrerQl0gi Gl desponse to an
expressed surface antigen in vivo. Mce are infected with wild-type H.

pyl ori, whil &3FH&S Uit & e JitisouNaosh ady yPraget hatatosis, Reiter’s

t enper at ur e- s§Sidoneg HehWtord sAmdiese,i ket v @iy Serias from bot h
control and test qjtqasl s ,ane .adsssa%%clgrorD anr_nLtOiSbode ClanoIlnega%Larrid,Ec nhi stol ogy are
performed on sacrificed animal's ‘i n accordance Wit H T HE 'schHedut® shown in
Table 1. A nawselnomes hprseatdoxteedthayen edlasy lvpinys exbt o EO%diecr ease i n
virulence (frome15da 409 1BS QRSAED s SRERIJd S AN Rody, {id&y. | nor eased
4 fold above seline, 'indicatin seroldgi cal response. Serum sanpl es
were taken atrlipesd] isy@drpme 2ARi e deelds. At these tines 10, 10 and 20
animals were sacrificed and gastric histology performed. EXAVPLE

4COVPARI SON VI RULENCE, AND ANTI GENI CI TY - TEMPERATURE, SENS| Tl VE H.

pyl ori STRAI NS€ M%%e%%%&@‘&%?&é%%%gﬁe&ﬁ?é BB P e rs F

expressi on/ madifldreaticonangf camdiutien rmerdyr ane Wotteidytad qeranedrecddhanl at ed

wi th tenperat - iti . l.ori _as, described. i npl e ..3.. An equal
si ze control ag{egd%,o%erﬁ \églljvz\iélrgg?/fn eeér?jéidldlvﬁ%ilh g o\?ﬁ I(ﬁ1 yglempﬁCtply‘Tiggrlf‘ strain.
Noni nvasi ve fe@ss ierad ugse ¢anglidetaarsritha tpraaserardagrced, Skacetisdme of H.

pylori. Mce ugreblied @y 3and 16, mMinkhhs £o0 ant i pedyu el Grm natl on. 4
sacrifice, histology was perforned to assay gastritis and confirm
col oni zati on©or drive to eat. The physiological actions of ghrelin are

considered to include, by way of example, the stimulation
of growth hormone release, the stimulation of hormone
secretion from lactotrophs and corticotropes, orexigenic
and cardiovascular actions, anti-proliferative effects on
thyroid and breast tumors and regulation of gastric
motility and acid secretion through vagal mediation. (See
WO 2005021026) .

Where the definition of terms departs from the commonly
used meaning of the term, applicant intends to utilize the
definitions provided herein, unless specifically

indicated.

The invention will now be further described by reference
only to the following non-limiting examples. It should be
understood, however, that the examples following are
illustrative, and should not be taken in any way as a
restriction on the generality of the invention described

herein. In particular, while the invention is described in



EXAMPLE 5 LD50 STUDY TO EVALUATE TEMPERATURE- SENSI TI VE H. pyl ori VACCI NE
EFFI CACY FOR A PNEUMOCOCCAL ANTI GEN In order to denonstrate the
Hel i cobact er - based vaccine protection effggt-froma standard pat hogen
(pneunococcus), mce were inoculated with tenperature sensitive H pylori
by gavage. An equal sized control group was infected with the wild type H
pylori strain. Non- invasive nmeans were used to determ ne presence or
absence of H., pyl r| ecrlbdl le 4. At nt hs i nfection,
all mce wer éje&avl n it regper TR e oﬁcealtr}]%#ﬁrge)noge vms[%e JO%ml n%s IF fo{ D50 of
l'ive virul entstpreurnddeeil ltly fee 4 e20 YCRUIdmUEE)Qd dshafert def imed frogs of
Aaberge et al, r(ejl%%drévln%rtoqh inBatheg %31431“;]3‘5&) Al ow ng for 75%
Iethalityint e controls estud %as a power of 0.8 to detect a 50%
decrease in nortality (75%vs 50%. EXAI\/PLE 6DETERM NATI ON OF H. pyl ori

STATUS OF M GxaMPLE 1 VECTORS AND TRANSGENIC H. pylori ORGANISMS
FOR STABLE EXPRESSION OF FOREIGN PROTEINS

The genetic manipulation of H. pylori is uncommon. The
present example demonstrates the utility of the invention
for providing a genetically transformed Helicobacter,
particularly transformed H. pylori. The transformed
bacterium are prepared using plasmids and plasmid vectors
derived from Helicobacter, which have had been subject to
prior manipulation in a non-Helicobacter organism, such as

E. coli.

Several H. pylori plasmids described in the literature can
be successfully converted to H. pylori/E. coli shuttle
vectors. Many strains of E. coli have been reported to be
naturally competent for DNA uptake. Resistance markers for
streptomycin, rifampin and metronidazole have also been
successfully transformed into most strains of H. pylori.
However, while plasmid DNA from E. coli and other
organisms can be introduced into H. pylori, these plasmids
cannot be stably maintained. Moreover, H. pylori plasmids
cannot be transformed into E. coli or Helicobacter
species. Accordingly, H. pylori shuttle vectors must be

constructed.

Two plasmids from H. pylori are illustrated in the
schematics shown in Figures 1 and 2. Vectors pHPAI (2.8kb)
(Fig. 1) and pHP3 (3.4kb) (Fig. 2) have been sequenced,
and it has been revealed that pHPAI replicated via the
theta mode of plasmid replication. In contrast to rolling-
circle replicating plasmids, theta plasmids do not
generate single-stranded DNA intermediates during

replication and are thus more stable vector candidates



BREATH TEST METHOD I n the present exanple, the urea breath test used in
humans was adapted for use in mce. Ten mce were fed a diet devoid of
urease (uncooked soy). 14 ] Mce were thengadninistered 3.7 kBq [C urea in
2001.t1 flavored citrate by gavage and placed in air-filled 2L plastic

Zi pl oc bags for 20 mnutes. Mce were then renoved w t hout exchangi ng the
air wwthin the bag. Hyamine, 0.1 mml in ethanol, was then introduced and

tillant tQ. t
solatiant yas pded,ig Uhe, el 06,5l Uiy on AId sl ed. Lok IR nLer Up
and anti body Fwﬁcﬁmgwnm rtmﬁarm{PPaI ST off Hepyd @iien keexhe "Bayl or
Strain” wll g enplo »secgeﬂrws td“r_e ditd i np Ll teddderidd be-agapted: 1.

The infected jndividuals wll have no synptons, no nore than mld

hi st ol ogi cal da&fdqEs and i e?Fiedelr’fbVéﬂo‘feq e R RNt G P he it 119 % 349 uses or

HV. 2. Tge nzSiol tad ieh i d Ihsﬁaﬂa]ae detg} mLﬁﬁU@ﬂn Veagf neged |s/rear@mdnaeyls¢f| ve

to metronida arithro I|ne and anp xicillin

Vol unt eer s tét%r egcel{?eata]{l Sl | embﬁ ? %b% ef“leaef%%}]?/ﬁﬁ h %r%efsega%"f?l C

hi st ol ogy, nordutsirmor yamdf giepin dallaer, no young children at honme, no

regul ar contact with young children, and no allergies to the antibiotics

that mght be required to treat the infection. Challenge will consist of 40

ng fanoti di n€lastseHatRl fgiawned: Houlf ritstandednf O H Yy | B Fand beef

broth orally i ddhedr MY 15Ubj eWsk e SOt egd daidyrdd) ldslaysp A

13c-UBT is perfor rsed after 7 and 14 days and endoscopy.with quantitative
dllo

culture and gy after 2 weeks and 3 nonths. Antibiotics are used to
eradi cate the | nf ection.

GTCATGCGCGTTGTTTTTAATTACATTTTAAACAACTTGTTGTTGTTTTTACATGTTTTACTCGC 65

CAGTACGCGCAACAAAAATTAATGTAAAATTTGTTGAACAACAACAAAAATGTACAAAATGAGCG

ATGCGCGCGCGTGAGGGATTGGGGGTTGCAACCCCCTAAATAACGAAGCTGTAGGGTTTCTCATT 130

TACGCGCGCGCACTCCCTAACCCCCAACGTTGGGGGATTTATTGCTTCGACATCCCAAAGAGTAA

TTTGTGGTGAARAATGAATAAAACAGAACTTCTTGCCAACACTAACAGAACTTCTTGCCAACACTA 195

ARACACCACTTTTACTTATTTTGTCTTGAAGAACGGTTGTGATTGTCTTGAAGAACGGTTGTGAT

ACAGAACTTCTTGCCAACACTAACAGAACTTCTTGCCAACACTAACAGAACTTCTTTATTTTAAA 260

TGTCTTGAAGAACGGTTGTGATTGTCTTGAAGAACGGTTGTGATTGTCTTGAAGAAATAAAATTT

GTTATGATTATTAACAATTTTTAGACATAATAACAGCGTGTGAAGATACTTTTGTAGCGGTATTT 325

CAATACTAATAATTGTTAAAAATCTGTATTATTGTCGCACACTTCTATGAAAACATCGCCATARA

CCTATGTGCGGCARAATTTGGAGCAATTAGCTTGACTTGGTTGAGTTAGTGGGTTGGAGGATAGA 390

GGATACACGCCGTTTTAAACCTCGTTAATCGAACTGAACCAACTCAATCACCCAACCTCCTATCT

GAGGGCGACACCTCGTTAGGAGGTATCAATGTGAAAGTATTTGTCGTATTAGTTCTAGTATTAGT 455

CTCCCGCTGTGGAGCAATCCTCCATAGTTACACTTTCATAAACAGCATAATCAAGATCATAATCA

AATTCTCGCACAATTGCTATATTAGGCTTATTCGTGGTCTAACCCCTTGTTTATGGGGGTTGGCT 520

TTAAGAGCGTGTTAACGATATAATCCGAATAAGCACCAGATTGGGGAACARATACCCCCAACCGA

CGTTATAAGCATACTGATACGATCACACTTATTATACACCAAAAGATAAGGAGTATAGAGTGGAA 585



EXAMPLE 8 DEVELOPMENT OF EXTERNAL CHEM CAL MARKER FOR DETECTION OF WLD

TYPE ANDY OR TSHP In Vivo An exanpl e of a chem cal marker that may
be used for the detection of wild type orgdSHP in vivo is sul fasal azi ne
(SSN), the structure of which is shown in Figure 4. - 60 -

GCAATATTCGTATGACTATGCTAGTGTGAATAATATGTGGTTTTCTATTCCTCATATCTCACCTT

TTTGATCAATCAGATTTACAARAAAGCGTTGAAAATATTAGATACACTCCCACAAACCCCACAAAT 650

AAACTAGTTAGTCTAAATGTTTTTCGCAACTTTTATAATCTATGTGAGGGTGTTTGGGGTGTTTA

TGAGCTACAAAAACAAGAAATACAAAACCGCATCAACAAAATAACAGAGACAATCATTAAAGAAT 715

ACTCGATGTTTTTGTTCTTTATGTTTTGGCGTAGTTGTTTTATTGTCTCTGTTAGTAATTTCTTA

TACTATCAAAGCATGAAATCAAGAAAGAAGAACTAGAACCCACTCTAACCCCAAAACCCACACCA 780

ATGATAGTTTCGTACTTTAGTTCTTTCTTCTTGATCTTGGGTGAGATTGGGGTTTTGGGTGTGGT

CTCAAAGAGCCACAAACCACCCCAACACCATGCAAAGATTTAGTGGTTAGCACCCCTAAAGATAA 845

GAGTTTCTCGGTGTTTGGTGGGGTTGTGGTACGTTTCTAAATCACCAATCGTGGGGATTTCTATT

AACCTAATATCACCTACCACAATAACGCTAATAAGGTCAATCTAGGGAAATTGAGCGAAAGGGAA 910

TTGGATTATAGTGCATGGTGTTATTGCGATTATTCCAGTTAGATCCCTTTAACTCGCTTTCCCTT

GCCAATCTTTTATTCGCTATTTTTCAAAAACTCAAAGCCCAAGGGAATACCCTCATTCGTTTTGA 975

CGGTTAGAAAATAAGCGATAAAAAGTTTTTGAGTTTCGGGTTCCCTTATGGGAGTAAGCAAAACT

ACCGCAAGATTTGARAACGCATGCTAAACATAGATATTTCTAATGAGCGCTTATCAGAAGTCGTTA 1040

TGGCGTTCTAAACTTTGCGTACGATTTGTATCTATAAAGATTACTCGCGAATAGTCTTCAGCAAT

TTAAGCTGTGGGATAGCATTAAAACCGCTGATTTTTGGAAAATTAGCGAAACCGAAACTTCAATC 1105

AATTCGACACCCTATCGTAATTTTGGCGACTAAAAACCTTTTAATCGCTTTGGCTTTGAAGTTAG

ATTCAAGAAAATTACATGCTTTTTAGTCGGTGTAAAATTGAATTGAACAAACCGAGTAAAGATTT 1170

TAAGTTCTTTTAATGTACGAAAAATCAGCCACATTTTAACTTAACTTGTTTGGCTCATTTCTAAA

GAAGTATTTAGAAATCCAACTCAACGATAACTATCAAGACTTACTCAACAATCTGGGCATGGGTC 1235

CTTCATAAATCTTTAGGTTGAGTTGCTATTGATAGTTCTGAATGAGTTGTTAGACCCGTACCCAG

AATACACTTCTTTCAATCTGTTAGAATT TCAAAGAGTGAGGGGTAAATACGCTAAAACGCTCTAT 1300

TTATGTGAAGAAAGTTAGACAATCTTAAAGTTTCTCACTCCCCATTTATGCGATTTTGCGAGATA

CGCTTGCTCAAGCAATACARAAGCACAGGGATTTTGAGCGTGGAATGGACTCAATTCAGGGAGCT 1365

GCGAACGAGTTCGTTATGTTTTCGTGTCCCTAAARACTCGCACCTTACCTGAGTTAAGTCCCTCGA



Studies in germfree mce and conventional rats have shown that intestinal
bacteria are solely responsible for the diazo-bond reduction, resulting in
t he reductive catabolismof SSN and the-rekease of sul fapyridine and 5-

am nosalicylate. The enzyne(s) which catalyses this reaction is referred to
as di azoreductase(s) (synonym azoreductase(s)). Conventional rats given SSN
excrete 5- am nosalicylate and sul fapyridine (and their respective
conjugates) in urine and feces, whereas germfree rats show no evi dence of
SSN degradati on. Several bacterial species have been shown to have

di azor educt aSeRGARTRCGPAACRI BB AMATIEAYANSATTIGRTCO PAPAETCE TACOCHICRSTCGiVe | ndideat ed
that H Pyl Ofha W8RGl £ORLAL G AZE, BERET,THE.RLESENEE RS M | ar

anal ogous sequences has al so produced a negative result. Under these

ci rcunstances a transgenic strain of H pylori (TSHP) that has a viable and

functi onal aM@p@dmbmﬁcaﬁmﬁ&ﬂh@@@h@bemmmcm@%mhIﬂﬁc use wfyst hese
markers. Plasm d pTML03-02 is di ested%ﬂco Rl and Hndi'', and |igated

with the Azor&duttase " fRZR)GEHE-TFo’ ﬁTﬁ?TEﬁBF?ﬁTF?CF?Té‘é‘E%d with EcoRl

and HindlIl to generate a vector containing both HopE 168aa and AZR naned

pTM 03- azr. i 1.0 .1 I Ss wh er
expr essi on ofb‘l %g@ﬁ%@%&l‘%‘; &ng@?\FﬁTgE %ﬁg}%g%qﬁ%&%%ﬁ%ﬁ&\%ﬁ%n Si mlesl%grl y
treated with Tﬂ”@ﬁCFTﬂTéﬁgﬁWTﬁ@@éﬁAwA@A@mC@T@ﬁ@@@éwcﬂmT@@ﬂ@hst rat ed
transport of HopE::HCCA to E. coil outer nenbrane enpl oying western blots
and anti-HopE Abs. Mce (n =30) are infected with the azr + TSHP b%/ gavage
and once AZRPXPPESSFAAPIAPSACY T B B otiré REBICTARTMESAI CHI AP and 192

sul fapyri di nerfanttctbeirtcchrespentiMecEotidgahes)rcimacirhii@caindsd eces i s
established, human trials can begin. - 61 - EXAMPLE 9USE OF DI AGNEX BLUE
AS A MARKER The di agnosti c agent "di agnex blue" consists of an ion exchange
resin (Anber laptmcXEAIGRrACOrjragat BT AT GRRcCarayeTrAAr ssAMACT TR t est1a%el | es
on the fact disas | ess t han
2.5 after \AhltTEﬁAtGC%]ﬂgT cgﬁGgG%)égcgrggg%k%ﬁg&gg%ears %ﬁ&%ﬁ&%&%&gﬂ*%r sons

w thout dye in the urine are achlorhydric. This principle is shown in

Figure 5. Th%G@I&H@Ac;ﬁfdA@@AAI@J\}@GQ@\@T&%AA&%TR}Q\GR@L@BCJA@KCC&TTWdAQde Fof7ss
exanpl e, a dye-resin conbination that disassociates at pH >7.0 coul d det ect

urease if thé?C?Aé“é??‘fA%%@CHFTFé*ﬁTWWCWGESTM?WCQA%%HTST%F%“&G%%T%F pH > 7.0 in

t he mucosal | ayer where H. pyI or| resides, thus releasing the dye. Mce (n
=30) are inogyl at eTCcI;TXMTTT CAT TAT é/c%e &p cl;c%rl CgéCrCAaAIAnAAT\‘I'\II‘I%ICTl‘TeG pc;’rer mf{%g m ce
(n =30) are GEEdAS T EoNt Y or legAf %Af\ﬁAA%( AT “an opt’l el perloci3

all owi ng for Ttrm;THCAMMCAT@GE@St@bMTShTA&ﬂCG&@ITIGV@SGIPTﬁT@MGGWATH he test group
and the controls are introduced with a predeterm ned quantity of the

resi n-dye conpl ex by gavage. This wll be followed by a urea sol ution.
(Range 0. 01MCEHCHABATTCTHETGHAREAEIEATRE A TR THECaD P AP &HESCENd t hEP8>
excretion of cthera@dsaceyesdheciBitint Ohetnafdreidadirrfiretherddrtier ent ratios
of the resin and urea concentrations are tested to verify the optinal

conbi nations to be used. EXAMPLE 10DELI VERY FORMULATI ONS For purposes of

del i very f or nerackheapresentcoaxanplaecirqicoadcdedctocaemmnstacatze t herwbility
of the prese ' tion. In some
of these enb%%f‘%r?gn%QMP&Eéggg%&é@\é%gGgr gg&ﬁagﬁrc;? §T%(IEM%E{T%%éor m o? ETgr essuri zed
packs or a nebulizer, with the use of a suitable propellant. In the case of

a pressuri zeQTQ&&9&9@&&%&%@@&&8}&A&@@G&%@Q@é&m}@%wﬂ ovi djyig a

TATGTAGCCGTTTTGCTAATTGTAGTGGTTGAAGTTACACCTAGTTACGGTACTCCCTTAGTCGT

ACTACCTGACAATCACTAGGATCGTGAACTGGACGTAATCGGATCTGTATTTGGTCCAGATGTGG 2080

TGATGGACTGTTAGTGATCCTAGCACTTGACCTGCATTAGCCTAGACATAAACCAGGTCTACACC

ATAAGCCTGGGACTTCTCAAGCCTTTCATTGCTAAAGTGAGAARATTTGGGGATTGGTTCAAGAA 2145

TATTCGGACCCTGAAGAGTTCGGAAAGTAACGATTTCACTCTTTTAAACCCCTAACCAAGTTCTT



- 62 - valve to deliver a netered anount. The fornul ati on woul d be prepared
as a powder for adm nistration by inhalation. Adm nistration by inhalation
can al so be carried out by atom zing soLugyons or suspensions which contain
t he conpositions according to the invention. The conpositions according to
the invention may also be fornulated in a liquid for oral digestion for
admnistration to a subject as an intravenous preparation Al of the
various preparations of the invention may re ared rocedures
fanmiliar to tcﬁ%fé‘EAG&E?ﬁAf“éG&CA%T?%@G%P%CTA%PF %{*66? 5?%“’3 P¥ur t he?'°

sui t abl e phacmaceutchcarr@uKiTht@AT@STCACOIPER ¢ ITONSACTGEIadTTIgT10 t he

i nventi on advant ageously contain the species of Helicobacter, alone or in
conbination with other desired ingredients. Any of the above individual or
conbi nat i on GRATHEAACERS A CRIACRGITPRNAGAACOMS APRRGABGAATREACH UM PAGTE 2275

phar maceut i ¢abr£enResirttRArGeMRL NG riRecRhABGEMIERIt Y rakcept abl e
conposition according to the present invention. The pharmaceuti cal
conpositions as described herein may be in solid (e.g. powder, particles,
granul es, Sa@h@iASG,AGﬁ“ﬁbhﬁmCAGCﬁpﬁmﬁ&A@TﬂAéGCAﬁﬁmmc(:gzedAﬁA pastmsoetc.)
or 1quid (S0l uLions,. ol SRl S].ns,. SHSPENSI NS, &ML 05, Mt ures etc)
form and adapf d-f'oradm ni Stration Vi a e.g The e gastrorntéestinal tract and
gastric nucosa. The pharmaceuti cal conp03|t|ons may thus be in powder or
particul ate fg&a&ﬂ%@&&&ﬁ@ﬁ Rglrg&fécmﬁ&g@m&%ﬁ Sihlipp bef opg; use. A
phar maceuti ca osition in liqul ormmay be in the form of
di spersion céﬁ?ﬁGif%qTﬁ”{fo\TféGWF‘FCé"%féé?Péf\TQ%W&QGFFWGW%‘PFAéFPé‘ct r oI yte
sol ution such as, a conposition that is adapted to physiol ogical
conditions e. SIO|O cally acceptabl e solution. A pharnaceutical
Composi L1 on ag%%mp ﬁ%T KRBT G TRASF L LPOHF S BaHEPT S8 ot hett”
t her apeut i calkckancarreT B3 TrTTRECOPENY rACAatATyr@ndirorradt@gnastieadd y acti ve
substance. | n another aspect, the invention relates to a pharmaceutical kit
conprising a first and a second container, the first container conprising a
recombi nant HetArsEbamterTICAITROST TITOT COUMPEdrs T IgCerhecTphasaim@rend/ or2spbasm d
vector accor di gLt hesd,MERLd QL 200 L NS SRLANLLE L AL RELAFQNPT i Sing a
di spersion medium for the Helicobacter conposition, acconpani ed by
instructions for adm nistering and/ or dosing the Helicobacter conposition

in the di sperz@éq@ﬂAd@e@iAumAb@ffT@f@TmeATciﬂ@cm&mb@@tﬁmm@mﬂdi on agecordi ng
to the present invention contained in t owder

e Do PR e St B Do D e e B BOURRT ©F et o

may include instructions with recommendations for the tine period during

which the Hel, h&e%?&%kc%fae%@&%&&r'r&ﬁﬁ&%&%z&&@cﬂ&ﬁ&&%ﬁéﬁ%&& L1 dizpersion

in the dispersion ne
TCTCTAAGTTCGCCAAAACGTGCTAACAAACGACGGTTCTTTTGGTTGTTCGCTTCATTCCGCGT

TAGACAAAAGCGCATCGCAGTTTGAAAGCGTAGGCGTCAGAAGTGGTTTGCGTTAGAATCAAACA 2730

ATCTGTTTTCGCGTAGCGTCAAACTTTCGCATCCGCAGTCTTCACCAAACGCAATCTTAGTTTGT

AGATAGCGCAAACCTGGCGTTAGGCTAAAAAACCCCTAAAAACTAAAACCCCAAAATATGTAGTGC 2796

TCTATCGCGTTTGGACCGCAATCCGATTTTTTGGGGAT TTTTGATTT TGGGGTTTTATACATCACG
Plasmid pHP3 shown in single stranded form (SEQ ID NO: 3):

TCTACACAATTAACAATCTTTAGCTACAATAACAGCGTGTGAAGATGCTTTCACAGCGGT 60

ATTTCCTATGTGCGGCAAAATTTGGAGCAATTAACTTGACTTGGTTGGGTTAGTGGGTTG 120
GAGGATAGAGAGGGCGACACCTCGTTAGGAGGTATCAATGTGAAAGTATTTGTCGTATTA 180
GTTCTAGTATTAGTAATTCTCGCACAATTGCTATATTAGGCTTATTTGTGGTCTAACCCC 240



EXAMPLE 111 MMUNE MODULATI ON W TH HELI COBACTER - VACCI NE PREPARATI ON The
THL response (T-helper cell type 1) is a cell nediated response. Over
activity of this is a presuned cause of-digseases such as rheumatoid
arthritis (RA) and Lupus. In contrast, TH 2 is an anti body type serol ogi cal
response characteristic of vaccines. The present exanple denonstrates the
utility of the present invention for providing a technique for achieving a

T2 type re%QQP@%T&&G%QT&&T%TA‘Q@E%A%S{’&A%QH&% Qc&‘cq'i‘?%&%%ﬁ{f L,e1 - based
vacci ne treatne preparation accor 0] I nven IOﬂ 64 -
in the rrucosaAMATﬂh@GPSiTBWGTﬁWTE@GPaFCMTP@eATCH@QHA@tT§dG$@§B©me 360
Therefore, | EL\AAércﬁ“@Meﬁ%@k@ﬁéx‘rB&AARX%HC'CR@AP[E%G}R!&X&M@AA bot fy ot ypes

of i mmune response when provided to the nucosa of an aninmal. Use of the
Hel i cobact er G@%@GWGC@WW%GGCW%TA&%GW%‘FT%@Mr ei ¥%may be

used to invol@mm&m@@mﬂ@mhﬂc@mmmbccmmm&mme @osystem
enpl oyi ng a gene egg%e55|on cassette in _a construct rOV|ded faor the

t ransf or mat i GAEGFC C%&E@%ﬁ?ﬁ?ﬁ”&%@ﬁ%ﬁ?ﬁf@%%%cg &qtiéht ¥ etion
of a protei nAcSi*payaemqmatcmm)mzﬁzrc«xmmsmdmmermemTt;Amixmmed 660

3 ostridi ,
degiri”beijuimn %@%@éﬁ@éj&%@% ﬁmlcﬁ +%%E§§%Aﬁ%§g%%ﬁ%g§ﬁ%?ﬁgg h’ez'r%el nin
its entirety FHESEAEGIFSPAGRNTS AN CAM BB TENIT R CSRETTELRFGPALREer Béquence
sel ected fr 0'Eh%]frrG%E%CT%A%TT%EA@&AC@EA@CGGE@c@%‘%@fﬁ%@&ﬁt Wi tdygsome

enmbodi nrents of the vaccine, the Helicobacter-based vectors and vector
pl asni ds nmay A%}BWF%%C%GE%@%%C@WF%G%G%W@FT%ﬁCTéﬁzﬁTfG&EET?i ayet®0
protein. A supimgertayenrpraohecarTescadehcnedabereichras ranyamotecul esqof

(i popr ot i n SERIP PRI ATt HE rBor S meBr BB SRR et capBPe of
bei ng exposedTOIRAThEC MAGAZICIE CHOAACCHEGARECEEAARIATT BCRQYETARATIITECTS neEyosbe
conti nuousl ycé@@rﬁ@&?&%&@&%%b&)\c%‘%E’Hﬁ%@%&m@fﬂ% @é&%ﬂ%x?c '?%!(b a“?bl%her

class of protein int rocess prepar ation of “a teconbi nant
cel |l prepar atG%%Aé\éh‘iﬁqGﬂ@FQ?TEC%T%??\@@&FWC%%%GG@@FMTC@PCHW‘F(H| um<%Ravi ng

the S-layer @ﬁ@é}ﬁ'@@@mm%@ﬁs@éww@'@ﬂ;AhﬂAM@C%éT%%@@ﬁrTG@&MSS iy be
nodi fied and followed in accord with the procedures descri bed herein to

i ncor por at e &RAPEBFRTECA S THAAT6F TTHETHEPCROBERCERTAeohsTClchs of ¥ Ae

present i nvemt'mmTAAAC&STTCPACDC@HGTM@Q@TT@KAA&@@HT@EGAMTVMQTMWd Mot or

pl asm d cons

Hel i cobacter%seqﬁéﬁggggggéqg&ﬁ%%h &6 G%\f %qr acol Q%M actl|4\718

nol ecul e of ITﬁNéTrC@LéGAAAIGHAMP@éGCIMCWG@MWQA¢WEW§ﬁWW a M&@6ci ne
enpl oyi ng t he kel E%%F%%&Qg%dﬂgéﬁe%dﬁ%@fﬁ%@ﬂz&cmﬂ&‘@d@rbg& theeo

Hel i cobact er sequence o usion protein nmay conprise a sequence
encodi ng an STTRRFAPYIGEET R T CBRFICT FARA S BNSICFORTAS CRIVERTTEREIGAETT he B2Payer

protein as p@fr&mfcmdpmbmT@em%b@Tm\t@A@ﬁ@aTmmﬁéémmA%@mss idze
S-layer protein at th | us surface. é ee WO- 95/ 19371, descri bin

Baci | | us sphﬁ&???&é?MWBETA@ﬁﬁ%WEﬁﬁ%C%T THHISGERT TIATy CTRTERE pr e]da‘f‘%ati on.

TTATTGGTGATTTTAAAAAACGCCCTAATTTTGTAGGCAATAGCGCCACAACAAGACCCA 1800
AATTAGTTGAAAGCGAATTGACAAATCTTGTGAAAAATTATCAACGCAACCTTGAAGTGA 1860
GTTTGAAAAACAATATCATGCCTTTCATCATAGAARACGAACACAAAGCCTTTTACTACA 1920
GGGGCATCAAAGAATATGACAACACAAAAGGCTACTTGAAAGACACCATTTTGCAAAGTC 1980
AAGACAATTTCAATGAAATGGTTAGCTATTTCTTTTCTTGAGTGAAACCGCTTATTTTTG 2040
CTTGTGTGCTTTTGTTTTTTGCGTTTTTAGT TGTAGGTGGTAAGAAATATCGGTTTTTTG 2100
CTTTTCGTTGGTTGTAGGCGATTTTAGATAGCAAAANACAGCTAAAAAATCCAAGCAACC 2160
TAATTGATTTCAAACCAACTTCATTTCCCTTTTAGTCGTTAGCCATTTAGCCAATCTAAC 2220
TAGTTTAGCATCTAAAAGCGCATATAACTTGAGTTAGCAATCCAACCAATACTAAAACCG 2280
CCTAGCGAAGCGTTAGCGAGCAAAATAAGCGGTTTTAGACCGATTGTTTGCTGACAAGCA 2340
AACACCAATAAGCGAGCGTTAGCGAGCATGGACAAAAGCGCATCGCAGTTTGAAAGCGTA 2400
GGCGTTAGCCGAAGCTGTTTTGCGTAAGCAAATCAAACAAGATAGCGCAAGCCGAGGTGC 2460



Mucosal i nmunization is already provided agai nst sone di seases, including

an oral polio vaccine and an oral (drinkable) vaccine against chol era and

diarrhea due to E. coli (an inactivated-vagcine). In sonme enbodi ments, it

is contenplated that the vaccines of the invention may thus conprise an

i nactivated vaccine. The present invention contenplates a |ive vaccine, as
such will provide a single-dose, long |asting vaccination, because the

. . ! ! . . i e
o Hl | Cobadt ST BHAr HASr BBt SaT e e L L UrBe e P erdatl ant Boost

i MTuni ty in ViReBLGTIATERGRECAINCTE HE TYBRET ATE W TdCOBECERINCAIETIBFRd | 2580
conbi nation whhf; %G%%?ﬂCCTMC@%S?%%ET%A S8 TERIREHA €S §éh(bp as

al um num hydr oxi de o Id vesicles t I ncrease the exposure tine for
the vacci ne BYCRYIAREAE TRESTTIEABATCRBIACECEARTE CHICCRART HTSRFTTREh. AdjQPvant s'

al so act by evekid@cprmaductdranrfrrcrrattenDditrat it cpeichdesraeat | edz7eo
cyt oki nes and chenoki nes iBrewer et al. 1 t oki nes Cel | Ther .,

997, J. Mo] .
4:223-246) . THOS A RSP ESEHECVACET HES BT CORMTSET T EBRT HE At uvatt to
enhance i MmumecresyroosEArAATTEEcACCRARTAGCansAronmeThdietsobandercor  E2s800l |
EaCt ertum W%Pcé&%{?&ft‘r‘é&&%ﬁ@ﬁéée%ﬁﬁ&écﬁéiﬂdcﬁ?v{ﬁ%ckﬁcl% by such, 35 a
uman or animal, W I T provide for e gastro-intestinal colonization,
producti on ard¢TgFESEATHACBPRGEEACHEATRTAREU IROLYIEFARTRACCETIAFAlR t hedd§astri ¢

val |, whi ch igcthanbattcabaSicker R 6@ QR ZAlrR T Rer RRAAAmhBE eStidRl
tract is surrounded by an inmense i nmune apparatus specialized in nounting

i mrune r esporSEAERGHAYTTE BRA TG HERT CAEERIGPHT R FARITTR FPAEAROh by3120

reconbi nant HehitobasierryaechRe arrgepttae-ghoducetcsihnarmahbts el es a
much | onger inmune stinulus than traditional vaccination, Addition 4loy,

antigen can G&*PHESENER PErar St ATt VAre YHESGur T el 1T CoF“Thér | u

EXAVPLE 12 HEGECBACTER CANGEAASE S TRHERECR T AS MNTARPRETE B ASURRPRESSANTS Five
t Fea : S

P venti on ot Ene R e A I B e St sl et O35

treatnent regCABHACERACASE BAVIAGEAGCACHITPAT MG CERIPPAEERIPACTAGECHAS t | 84/%ar |

delivery to tGhe:bafi&esac@rdcconstruct that conprises attenuateg, g
Hel i cobacter together with a non-Helicobacter pharmacol ogically active

nol ecul e of interest that regulates the | evel of ghrelin or an agoni st of
ghrelin, is expeci®id itongir ouicsie: @ &f feajuatecareanst fwas pd Dyhakil s
suppression of the t-bral i.s-that regul ates appetit d satiety.

St udi es have psruogifgleds et hsgét&gﬁgr(e in [f’s wahnlgca%ppler%(fs][ue&és) ianuﬁa%{}? P S.eegl?e%%r elin
i ncreases fodhamnteakedas | qegtAstkawa €1 atlin@003,dGCutSEG2IT)NQA7562) .

Ghrelin has alsq heen rapord ed o, reduce dats wtiddzat i gl doadi pose tissue

in rodents (Tschop et al., 2000, Nature, 407/: 708- 13), as | as to be

i nvol ved in malvRffogtnesi sthcHpattils ¢ 20033 EHdOk ré vt oyt 199m-

5ﬁ)175163)- @}{)efelddtltf@sc ae{cs%%he{rwfré@@b&ﬂ; e%@? hf@%ﬁi?égé@iraﬁl pronpting
e - - subject to ea n nutrition avaj il OW. e,

t eachi ngs of H?rﬁtt]éif StBR ParENtC e g8y, Iy l-m%e%ta?%kif%o‘@%ﬂe?%}%?? ng to

ghrel i n anal agsiecarstonesd efSE@cim onsiyructs, and of United States Patent

application publication 20050191317 - Bachmann et al. (2005), relating to

ghrelin-carrier conjugates, are specifically incorporated herein by
ref erence i NSHTHAGERIh S5 @ O o FiARA @it AR AARCETIrANACeiahice t he

under st andi ng;rantt @RI A O Ao IR @SS dAYSREA®NY CGTTGGTGGA
GTTTACTTGT TGCCGCGCAG GGGCCCTAGA TTGGGTGTGC GCGCGACGAG
GAAGACTTCC GAGCGGTCGC AACCTCGAGG TAGACGTCAG CCTATCCCCA
AGGCACGTCG GCCCGAGGGC AGGACCTGGG CTCAGCCCGG GTACCCTTGG
CCCCTCTATG GCAATGAGGG TTGCGGGTGG GCGGGATGGC TCCTGTCTCC
CCGTGGCTCT CGGCCTAGCT GGGGCCCCAC AGACCCCCGG CGTAGGTCGC
GCAATTTGGG TAAGGTCATC GATACCCTTA CGTGCGGCTT CGCCGACCTC
ATGGGGTACA TACCGCTCGT CGGCGCCCCT CTTGGAGGCG CTGCCAGGGC
CCTGGCGCAT GGCGTCCGGG TTCTGGAAGA CGGCGTGAAC TATGCAACAG




Ghrelin, an endogenous ligand for the grow h hornone secretagogue receptor
(&HS-R), stimulates growh hornmone (GH) release fromcultured pituitary
cells in a dose-dependent manner, and is gpoduced and secreted fromthe
Alike cells found mainly in the oxyntic glands of the gastric fundus.
Girelin is now known to play a role in not only GH rel ease, but also in
controlling the appetite and body wei ght. Both parenterally and

i mul ot 6 1 oBW TIRCARE G e Bads T Bathy walne i G MR AT i th

free access (TGEACIGHCTE Ei6QUIEKE TahiABIGTAGGAR GH I i1d) é¥ieyd . The control of
appetite and body weight nay be independent of GH release. Girelin, a
28- am no- acid petide IS actlvated when |ts thlrd serlne re5|due i's

acyl ated by AAEHRRA ACK our or

five resi duegdmediediang ﬁﬂ&@ﬁ@@lcﬁ@#@mm@dﬁe@@mfcﬁmmﬁ ghrelin
peptide. GHS.RTas Deen shown to be present 1m The pitul tar% ysoot hal anus,
adrenal gl anas c G nG A chrelin
stinul ates the expr eSS| on of both NPY and AGRP rrRNA in the hypot haI anus.

The central qnexigenic effect S t,
NPY/ AGRP- exp%ssfﬁlg Neur oar%l | n% %H?ﬂd gk]d hm% b tigo the hopk

anus relin has al so
been reportedeare sl d$s Negd, afffasrente laot) ,V|th/ HThey perd p%\%ﬁ?%ﬁ at
by its

orexigeni ¢ effieefy ff %*ELcF'ﬂDU N D€ r{%&tﬁftbc?itd)&?&éréd’bﬁ@“

suppressive effect on e vagal afferent activity iIs a

pr o- i nf | ammatey SYRBKAG ttrPataHF?ém Al trfﬁe“é%&ﬁ]e]cfiq cOfert%éércbtyeln

S]E :c nul at i nght elf‘s‘i:l ahand Heel ggsa fed egpﬁddu?@m&mrd krye mcfelca:&@m]gag he
ef fect on the hypothal anus excessi ve ative-fee naling from
Ceptin. 1t 1 SOt et s R SRS 1 i 1115 o T4

ani mal at theatget carcosaiot,| |deseidyrcer dbads iveatker hyrar) & mel' i qunde r@)duce
body wei ght in CEth!'e VAST; JTEND. LANCER AND AI DS The
pr esent exarrpgl?ae é%%stgrea es the utl ﬁl%\&%é %lep%gesent i nvention for use

as a preparation that will prevent or inhibit cell wasting, particularly

cel | vast i ng segesiaied Mt direasadusaies dodlReand ofneescreachex a
is a condi t| on characteri zed vvastl emaci ati on, feebl eness and
i nanition. | tTESLGEEENTIGTG %d@ CAHE I%%TWT%&WW%Q% pepti de

and ghreli n ml@‘@emwptphe stomach were up-regulated in a nouse nodel of
cancer cachexia. In cachectic mce with increased plasma |evels of IL-4,
the plasna concentrations of ghrelin also increased with the progression of
cachexi a. Thiis result sugerestrsatitabrmncel osEAGet AR GREITrPran ghtCAsist

bet ween t he relin dy I 0 L- 1.
IL-113 is an%gnor exi ge%gﬁgggﬁ%gﬁﬁghﬁﬁ%ﬁ%%?%ﬁ?% eé%%ﬁ?’?(nll rel ated
protein and Bdhbesi n, ARGAHTEGIPL2ELChHel BWeRTHITS BIATIFRRAEYS AACAGCGGAT

151 TGCACAGGGA GTGTTGTAGG TTGCCCCCCA GGTCTTACCG CTAATAAGCA
201 TAATCCAGGA GGCACCAATA TCAATTGGCA TGCTAAATAC GCTAATGGGG
251 CTTTGAATGG TCTTGGGTTG AATGTGGGTT ATAAGAAGTT CTTCCAGTTC
301 AAGTCTTTTG ATATGACAAG CAAGTGGTTT GGTTTTAGAG TGTATGGGCT
351 TTTTGATTAT GGGCATGCCA CTTTAGGCAA GCAAGTTTAT GCACCTAATA
401 AAATCCAGTT GGATATGGTC TCTTGGGGTG TGGGGAGCGA TTTGTTAGCT
451 GATATTATTG ATAACGATAA CGCTTCTTTT GGTATTTTTG GTGGGGTCGC
501 TATCGGCGGT AACACTTGGA AAAGCTCAGC GGCAAACTAT TGGAAAGAGC
551 AAATCATTGA AGCTAAGGGT CCTGATGTTT GTACCCCTAC TTATTGTAAC
601 CCTAACGCTC CTTATAGCAC CAAAACTTCA ACCGTCGCTT TTCAGGTATG
651 GTTGAATTTT GGGGTGAGAG CCAATATTTA CAAGCATAAT GGCGTAGAGT
701 TTGGCGTGAG AGTGCCGCTA CTCATCAACA AGTTTTTGAG TGCGGGTCCT
751 AACGCTACTA ATCTTTATTA CCATTTGAAA CGGGATTATT CGCTTTATTT
801 AGGGTATAAC TACACTTTTT



Asakawa et al. reported that parenterally adm nistered nip decreased NPY
MRNA expression in the hypot hal amus and preproghrelin nRNA expression in
the stomach, and that intraperitoneally-adm nistered ghrelin inhibited the
- 69 - severity of IL-4-induced anorexia. Helicobacter pylori infection is
known to be a major pathogenetic factor in the devel opnment of gastritis,
peptic ul cer disease and gastric malignancy. Attachnent of H pylori to the
gastric nucosa induces inflammation, which is associated with the rel ease
of various cytokines, including IL-1. It has been observed clinically that
H pylori era&dfesdiron dcacofacen ¢ Thovwsd hYTAGAPECV ERETACABEA some nutriti onal
parameters, Suel-R@%rt %AQ&&BA%BA@EA&% &é@ce%@éz&tf"ch?é’@r'cﬁ@f total

chol esterol, total protein an bumn. H pylori 1 nfection has been
reported to @@C%“éfﬁéﬁT ETHRCHIET f SAAFETINE PFESABRCENGAHESEFRLE ghrel in dynanics
i n Mongol i an cget®idhge draatabdmasyraawever, H. pylgygd tbnkeesi on has been
reported not to be associated with any changes of the plasma ghrelin

| evel s, al though eradication of H pylori has been shown by sone to be
associ at ed warh dfiigr,eases neft Hde qff asnwongdiriedtiimd etxm sisd]taﬁjsoqor@ﬁ)olsqut hat

H pylori ma el%% ‘i%e%nfbﬁlaf caartrloer{ EroonPU?V';g)r? o |c X tkg\/ F{ﬁéir? tTéQC”ee‘j

t hereof, by, as a carri str
mucosa. |In scm@ é?@ddmer@rﬂ% Tckh% v G s qreiearyier will be construct ed

S0 as 10 i nclpge: xamddamaiTdT RgESitcAR 0Gsso ansl ey | Valdyesa i@ty
amyl in agonists (including calcitonins, calcitonin gene-related pepti des),

and anal ogs thdiedtor &1t f&d ddse C{ﬁ‘rfréc—ﬁ]??ar%\lféq%ne% 17n antagoni sts can

i ncrease ghrejogz;plm\(ﬁlmdmmmqmmﬁedm ef feng ive Neved s @fnteamimg W th
anylin, anmylin ts n ant ag n| St.s,49r, ot her corm%nds t hat
decrease the é]f%gccotrﬂls teeve?/ Ibf ea@ci I n i gb Bt bBoli%es may inhibit, or
stinmul at e i n styne heasiez e, amxcé(gcam sthee aH&jrlelm-tE)hm19$Ap@1l‘nr®i |Bu@@30$’e¢m$)n

Hence, sone dlﬂgﬁfgj] 1rnatbﬂoaglﬂasr \gja(ecdr%jago anrsrpgogenous

| evel s of - yty |ncreaS| ng € effectlve Ieve n or

anyl i n agoni §te§qlr¥3tr1ﬂe PEd’d CAgPe AN d?e |k?ﬂdif?fe‘cﬂnchéé]r%ne%rlrb§/o del? easi ng

the effectivedauelsidle amy |de wsd g 1 KA PGS dmd Nb Db ¢ 091 gyl i n
production. EXAMPLE 14TREATMENT OF UCHERS DI SEASE The present exanple

demonst r at es ¥hé AR 1199 POF'IHF i nvention for use as a treatment for a
di sease resulting froman enzyne defi ci ency, such as Gaucher's di sease.

Gaucher's di sEp&se i.s the nost co Aé/soso st or age, di sorder%‘tg hunans,
) .

rs_.can th o 1ns tWo
and results from‘a d&tici ency of " the enzy t[ucocere rosi dae (Nolta

et al., (1992estkiddian elrmbem.sﬂoas( 2J)nt3742tf3ﬂ8l)opE gene for insertion
of the 135bp immunogenic coding sequence from the
Hepatitis C virus (HCV) core antigen. The PCR
amplification using Tag DNA polymerase can be performed
using a touchdown amplification procedure as follows. The
PCR Thermocycler is programmed for an initial denaturation
step of 96°C for 4 min, followed by 18 cycles at an
initial annealing temperature of 65°C (for 90s), which is
decreased by 0.5°C for each successive cycle, an extension
step at 72°C for 6 min., and denaturation at 96°C for 1
min. Subsequent to completion of the first 18 cycles, an
additional 14 amplification cycles can be performed by
using 72°C extension and 96°C denaturation steps with a
constant 55°C annealing temperature. The resulting
amplicon is then purified by column, precipitated with
ethanol, and made blunt by digestion with the Klenow
fragment of DNA polymerase. The PCR products can be



Enzynme repl acenent therapy is provided with a Helicobacter vaccine
construct that conprises a sequence encodi ng chem cal chaperones. (Sawker
et al., (2002), PNAS USA 99(24): 15428-15433). An enhanced |evel of
functional pglycosidase (P-A3 u, glucocerebrosidase) nmay thus be obtained.
In particular, the chem cal chaperone deoxynojirimcin (NNNDNJ) is to be
used in the H pylori construct and adm ni stered to the patient oraIIy or
intragastrical. nat her__enbodi Qf the

Hel i cobact er-%lgseséA(%:jonst r ucrtesas %slé)rnl beéltfyﬁlergon rc%(I)mr?ﬁ’rel sﬁng@r@%gat havi ng
a non- Hel i cobdiét, ernghaeidgeltegi daltloy aac teippe oppliedd eegftdmtsaradstas in this
case, encodi Beyglodcacarehiosidase @ JRetdayihaloardlatieditdans er of

gl ucocer ebr osi dase ‘cul t ured Gaucher bone marrow i s, described as one
approach for PECE&ItSKy @adc rérs sdicsdrse Tt ONdl t £ aM1G1992) . However,

this approach is extremely invasive. Aternative enzyne replacement therapy

enpl oyi ng the Hel i obact er- based construct S lg 6{; i nvent| on that include a
sequence enc 8FCRTPEGP N E L@&ESe R ebi'o¥ dase, - 71 -
provi des a madh gobiue laiottrialet Ip\te_n”@lld 5I e%ﬁﬂ)m@tmope:(ﬂlct—e? natdBge I Nuch a

ther apy. EXAWRLEISTREATIENT O LYNHEDAThG, Besen, Saml | Rrsent e

to denpnstraté the uti ity Of the present ent|on to prow a us
prepar ati on tEactionsui té@leéltfl(frletdr cAong$ &edy dre isedusindasy ta) beegtidry al

i nduced mal i gRARCYEHeSUGR AT Jdy AR . R iGid A MAeT divmhom ysing a
vacci nation preparation conprising the Hel | cobact er vector and/or plasmd

vectors as dé<eMehédhéhéitn noSl?trtr@ﬁfsethaéﬂi PEEFOOAE HOPREE e M 22 t(%)hOpE
2541-6) repokenpr.otreet |1or5b@gamslho@ebaei oA GLRETR] | PN @he

ifi |1 |
et hat o) AT DR G MEL TIRaA%) [Shaed] erinserted

Hel i cobact er ugyingr |st(ao1mistrrctmtte£:h@flqdees .present disclosure that include a
vector and/or plasmd vector suitable for providing an i muni zi ng
preparation that includes an imunogenic antigen of interest other than

Hel i cobact er Ohekei Fecvey BTG e Suded e Sir GViedd Srlc dithatdork garstiertissh
agalt nst f'\i/AE_fli_qthU al .- lcfaﬂlice@zhfl%h:c Qﬁé%“@&omﬁ«ﬂ%*d @Wﬁfbt hc@i'l@z{ ,we%tg-;af ][t[]}fén IOFI rragy
gastric y 0 exa some enbodiments o e plasm
vect or woul dhtaﬁg"pe&(i}n%a al‘"t?sm%‘r? gﬁﬁg DeVhdinssdtadtast pyl or |
encodi ng sequemnde nard &yHMSH@lrIm(BJ@G:t er yI ori encoding sequence that is,
for exanple, other than a Helicobacter felis antigen species. EXAVPLE

16LI VE VACCI NE DELI VERY SYSTEM W TH H. pylori The present exanple
denonst r at es Brhie futyi,| ia profcagsingg fldr pylicr iis msa ldMewacdalg s amk i n

parti cul ar ¢ iig 8@ 0fy Hrd9durd® P1tars Arld YR SR RIERA BlgON 10
sucrose with 50mg of DNase I (Boehringer Mannheim) in 10mM

Tris-HCI (pH 8.0). The cells are then disrupted with a
French press at 15,000 1b/in®. Broken cells are overlaid on
a sucrose step gradient of 1Iml of 70% and éml of 70%
sucrose in 10mM Tris-HCI (pH 8.0). The outer membrane
fraction is collected and pelleted at 150,000 x g, and the
pellet is resuspended in 100 ml of distilled water.
Alternatively, outer membranes from 500 ml of log-phase
culture can be solubilized in 10mM Tris~HCl (pH 8.0)-3% n-
octyl-polyoxyethylene incubated at 23°C for 1 hour and
centrifuged for 30mm at 173,000 x g. The pellet is
resuspended in 10mM Tris-HCI - 3% n-octyl-polyoxyethylene-
5mM EDTA (pH 8.0), incubated at 23°C for 1 hour, and
centrifuged for 30min at 173,000 x g, and the supernatant
collected. A Western immunoblot indicated the presence of



protein of interest to the gastric nmucosa of an animal. In particular, the
present exanple denonstrates the utility of the present invention for
provi di ng delivery of an antigen of intergst_to an animal at the gastric
mucosa though the outer surface of a reconbi nant Hel i cobacter pylori outer
menbrane. The present studies were primarily done with H pylori strain
B128, variant 7.13 (Franco et al. (2005). The sacB cassette, conferring

sucrose sensitivit nd kananycin resi stance, was inserted. i.nt,o the hopE
gene of 1t pyrSrPobE Ly FBR FoeTarorsts Steq Rereii D B0 S SRl b of o
for vacci ne dekipveMhe angepnaviates cam tiaipriove ddVaCiogrH dls delxdedenyi tiodal ity
for the trea t, of anidma|l . part i-cul_ar . Factors j rtant in
est abl i shi ngtetgﬁglu?’iollﬁglf %tfnftbﬁelzﬁ. %;ﬁfgrsl Fﬂgéisgg%g%)degﬁ n( t /Ie‘;g'fiﬁeat ment
of humans i neloddent kedeglyllowuddatel. (SRStaj @mict 205 (erlsoresl )i eflettead i th H.

pylori are agyepiemBlited 2o isHseabison Mk i1 Bl igdinduces both adaptive
and innate i mmune résponses; 3. Infection with H. p% orj can persist in
the gastric REEESEOPFREESISat iFAGH) ond-ft &MAUEESSs (e t VJH{‘?%@nd f£an

I nfection W ble Bxcayledr if rph0GuC es stalieed eorithaln dfsrdhy ddie gastdlited

epithelium thereby. facilitati.ng exposure .of bacterja tq the co
i nmune syster%verél.l% Enéive 4d§: zir%r?d)iﬁo ecﬂl%llasr ech(ﬁdq%e'soc}dr g“@%y (SPEH
avai l abl e foB.H),pynol i1 0Orive Nelgyl .f ddid ietlattiiog istupegereatant memi fileat iken.
HOpE 1's an Olftu r o[ﬁegplr %@%—@A%tEe'é;% OftoH'ch@ékorfO'r gﬁ%l&rf%% ae)sﬁégye%n
denonstrates that the nucleic acid sequence encoding this protein can be
nodi fi ed so AFMUGPAGItUHE 1R IdSSANER TSk FREREE RIFSO N T atsinec IF of

interest ("Xgkaman@,Hispyla@kid ¢Rteai Ridhh tdtes Mt fJeed ok -at -a 73 -

sequence may then be used i vaccjine to _deliver the nolecule of interest
("X") to theCRIGORAFSHFacs dP /il Electrophoresis s theh

carried out by SDS-PAGE on a discontinuous 12%
polyacrylamide gel. Proteins are then stained with
Coomassie brilliant blue. For Western immunoblotting,
unstained gels can be electroblotted onto immobilon-P
membranes (Millipore, Bedford, Mass.). After blocking for
2 h at 2°C with 3% bovine serum albumin (BSA; Boehringer
Mannheim)-0.1% Tween 20 (Sigma) in phosphate-buffered
saline (PBS), the membranes are then incubated with a
1/10,000 dilution of anti-HCV rabbit antiserum in 1% BSA-
0.05% Tween 20 in PBS for 1 h at 37°C. The membranes are
then washed with PBS and incubated with a 1/5,000 dilution
of an alkaline phosphatase-conjugated secondary antibody
(Bio—Rad, Richmond, California) for 1 h at 37°C. The bound
antibodies are detected with 5-bromo-4-chloro-3-
indolylphosphate (BCIP, Calbiochem. La Jolla, California)

and nitroblue tetrazolium (NBT, Sigma).

EXAMPLE 2 EXPRESSION VECTORS AND SELECTION OF
ANTIGENS FOR STABLE EXPRESSION

Because HopE is a native protein of H. pylori, it is
tolerated by this organism and can thus form a construct
useful for expressing foreign antigens or other

heterologous gene products in H. pylori. Other H.



In the present exanple, the p60 protein and the HCCA protein are used to
denonstrate proof of principle of delivery, and are sinple exanpl es of
proteins that nmay be used to provide suchsan-engi neered H pylori HopE
gene. Methods: Bacterial Strains and Culture Helicobacter pylori strain
B128 (7.13) (52) or 26695 (64) were cultured on Col unmbi a agar (Oxoid,
Basi ngst oke, United Ki ngdom supplenented with 5% horse bl ood and i ncubat ed
under mcroaerophiljic conditio 10% t 37C._ H._pylori.were
t r ansf or med W%r?a’ﬁfrél 99 alnssfhé)rr%& S’nec(q%%%%)ha rcaar{’sfboesrfa%éfésllvé’ere sel ect ed
usi ng chl or amstverdicpald (@0 dqegyarioast demamyicialydd) pogmigxanisichervattiear<ol i
strain DH5-a : r i ry tani i t 137
t ransf or-ned bc(f%grel\(l:%?l g?}gqiﬂol%#@@%%asﬁlgeo% @nqt %@%eﬁ%c&%i ng 5%
(W v) sucros&Uikakdy dar (SChudiany- dadgicinight (Toolugy rA9ne Geofi ¢ DNA
was extract e%m%r%ﬁﬂ&i%%nﬂng%{% Eés_i(s@ﬁr?egﬁr@s WReshd gxdfaed ons

n ni

were performed using the QLAprep i prep Kit (Qujagen). Construction
of Reconbi naﬁ:thaﬁl\lﬁ%lhéeclﬂe&?%&ﬁ?gik?%rﬁow [fec Ut v%?%%orﬂ@f Uct ed by
assenbl i ng i ndiavisialp RCER 43r adieatesngusi ng splici ng by overl ap extension
(SCE) PCR (69). Prinmers were designed to introduce overlaps of 12bp at the
termni of PCR products, allowing the products to be joined together during
PCR (Fi gure 8§he Aldayprmgyeardts Voo ramsin fiastdanst wer@!l perdroriye b alsi eige Pwo
pol yerase ([Rache, ;PRAIRE Q! 1£8]ioe FREONHAANtE DA MRS, CaNsddIcLed; |0

insert a chl oranpheni col” resi stance gene 1nto hopE. A region
i ncludi ng a $&%3%n -of, and extendi ng upstream of hopE was anplified using

the primers HopEF3 and HOpER3 (Product A). The opa pronoter and

chl or anpheni col_resi st anc e were anplified from 2 (70), usin

D1 er s, CATE Rt e S Prgt ot oy e Gt Pt G ke e T o Lok T S Cofhg
ext endi ng dovimstocdammf dwlpE aves rAanpbyfdxed iusiwig tdearpt | avensa HopBRA and
HopERS. Produygt. . B, re j.aine - r: Usi Dy i pEF3 and
HopERS as. desty T HaT Dy Cha Ko 2 Ak o S oy AP P L R e o
wer e achi eved'hgsiahy itdte facB thiasad selddidnmaist@mqausy .99 reeBIct

cassette, conferdd N HULIQRE RN Liadd I ANk kaamed i 1851 St ance: c Was
inserted into the gene of interest. Reconbi nant. DNA was transferred into

sucr ose- sensifti WAL p\ARSHiE - 15 fagtheritat wet itk b e e Ee ikt | (o
resul ting frgpdRpacemmiitidr skaB widihe tgedisd oty nghdNAle Thee segB.cassett e

j oi ned t i m f. st . Firstl t he hopE
Al |11 6d. s g e Dri T & THDERE" s HOBERS FUT 19 b brBl CoT tde
di gest ed NcolarandyeBg fkir (iRowirel Rhtairarecelttiloalrsnumalinp| $won ands Sienrhay | y

di gest ed pBA - '1§§§ nvj.t.,rogen Life Technol ogies) were |ligated using the
Qui ck-stick ﬂ\%gﬁt ilﬁ{on a!tl (ééitzﬁo"l ne) and transferred to E.coli, producing
pl asm d pBADl1. Secondly, a region of DNA including 804 bp of the

i ntergenic reg oefetmeen honk A d e, deymsiHean P ald veyan alM gene

(coding 5 - S-adenosyl nethyltransferase), was_anpljfied using priners
HOPEF7 and HOPERELTPUTAT id | § vls digest g;go\{/v}t%u 99 andf Xbal |,
ligated to sigaddrdty ofi gemMEISBARL g 3 ansfere Berdiol . tLogétdd pooduce
Usi ng e pr i & HIGUE antt RanGIir * Tie SupliFont art bEACE WEI2! df fst ed
with Bglll, |[H@atedreamhtigarsfier reduuoosaivimopreduce pl asm d pBADS.
Tetanus toxoid (TT) has been studied extensively as an
antigen in humans, and immune responses to it are well
characterized. TT elicits good mucosal immune responses
when administered orally or intranasal when displayed on
the surface of bacterial spores (Duc & Cutting, 2003,
Expert Opinion Biol Ther, 3(8), 1263-70). The tetanus
toxin C fragment can be fused to the hopE gene product as
described above or engineered to contain a membrane anchor

and cell surface target sequence. The advantage of this



- 75 - Simlarly the sacB cassette was inserted into cagA and vacA. For
cagA, in the first stage the region directly downstream of cagA was
anplified using priners cagAF2 and cagAR25gnd di gested with Xbal and Bglll.
In the second stage a section of cagA extending to the 3" end was anplified
using prinmers cagAFl and cagARl and digested with Bglll and Ncol. In the

final stage, the sacB cassette Was exci sed from pBAD3 using Bglll, and
inserted intq S|mlarl di ges BA i SB.. For vacA in the first st age
a section i n&¥diRYy J’[she % :HD rgggo olf VR st Wp# it e Usi ng

primers vacAERbTEIc \faxrARABsm@tge:s& etduametfffed:md{eriemcbﬁ(bahe The fragrrent

was cl oned i i ﬁﬁﬁ} Q%Z]‘]]% g
section of %lcﬁé]lrgtd"%q ZﬁJ term na e glnrpo vacc%l vvas anp i%l ed using
prinmers vacAﬁ@ear*@%bml%@QﬂQjésttéﬂ)wq YECORYY & Wﬂne ﬂ%ﬁ@e@iﬁsnt

was cloned i Rti@eSi MRy pilcg-_%sltrfed;ﬂol&&tdncé 1%%§3u@w Lasdd Ybedhe sacB
cassette was anplifi ed usi ngzlﬁ’e rimers KanSacF a"gv]e anSar%,%?, and di gested
with Bglll t&N8dd& é‘&?%r?eﬁﬁlf}ﬁﬂ@c rAftted to

i nsert DNA C@digﬁgmemltecgemdz:ﬁeacwm afxdrees Hapatitid sHEC antrikgercor e anti gen
(HCCA) or r t S C acB
cassette. Reco %%ﬁ%%%@dpe g{Jce fugglsglg&éé ﬁ%ﬁ?ogejao(#érlslgcn%lr%& product s
A, B and C. Aeregiron cmtpe:mnlnw fabbrantthiagan am pfadopE tan MHC6 73 wegen
anpl i fied using pyd MRy HORERS) and fPRERL Rsadust £ Hp1
sequence codi ng HéCA antigen from a{g?? 53 E\(/vas produc SdC%y arrpg[;l%glsngp N
priners HCCART, HCV.2a, HCV3.s, .HCCARL (product B). The region downstream
of hopE nt 573 was anplified usi ng HOpEF2 and HopER8 (product C). Product
resulting form$S PCR s cl oned |nto asm PCR Inwtrogen
Li fe Technol &yi S 4I§(§IP Iy Eﬁﬂf c%&ftrﬁ?s% 15'omsS of the
p60 anti gen \Naﬁ&allria/ertﬂ”@d pirrmr@tjmlﬁmw mgzﬁudd%arb]tmprﬁ,thdme e@ arextahdi ng

fromthe startn(c)YL- O%)%ltij%]l atgé) k?afmérr(oeffjH 117c6 &'?éf'% rgr%ers HopEF8

and HOpER9 (pro I gen was pro diced annea priners
Lnmp60F2 and Immqrpmmtam)lnquwuﬁm@tr@cﬁwr d@wmcr@anﬁfoﬁtm nt

573 was anpl ifd %nlésdnﬂﬂi Praders HRPERS @and HORERS L praductn Oy, Rrpdyet
resul ting form SOE PCR was cIoned |nto Smal™ di gested pUC19 pl asné% to

produce pUCI—IE“rhStliéjrl”@adS@cnae?er et orP® infel R rﬂfﬁ% T RNt e Tt algzOhalsh ©
arrp:jl fi gdbusuﬂg m,flld’mﬂ’ 311@&9/%!161@0%5@&@35': Ra@ (le%%%tre@ordﬁéte nHbant i gen was
produced by anneali rime an np pr oduc re

i rect Ly dowiRtRBan o GHgR-va e lT Aed o S P A P Bduct
C). Product rwesyastng o rmmoS(éE d?ﬂl%nma&wmedrhmtkmr&fMt digegtiesd pUCLI to
produce p orfde v aCGA 1 I e0i o, Of - YACA MRS, ARl dd | & 1.0 StFal n 26695,
i ncluding the gene pronoter and si gnﬁ sequence, using prinmers vacAFl and
VacARL (prodd@renan g s atitl lgem Ma P o rotrass a5y Wie @ Xnreest | erghe
Lmp60F3 and 146GR3 drifiaditerB) - of“\tsr%?\?é%!tﬁc g dcl uding the region
codi ng the autotransporter and mature cA was anplified using vacAF2 and
vacAR2 (product C). Product resulting form SOE PCR di gested with Xbal and
Rpnl, and cl anetky rzixmns:itréﬂsarﬂr}cldicmsﬂ@ Mﬁ@@rﬂ@ﬁ&@l@@i@mmlt ern

Bl ot Anal ysi s _To, det er ClcoEtm_;{é‘nasnt ba ri a Cgtoeclruce Josen sarg)s

bet ween HopE and]l the fan |gen| ¢ epltope WSt ern%ﬁ andl yses was per?or med
H pyl ori werael harhesst,e dEBM DM e 240 1a bl looidt a,ga;lr6 i ntd) HIEJZES-I?UH Mg Bhd
vere pel | et ed Rp LRI i Jdpat] Qe A0AJLTad P15 il fb ANy Wer gy i srupted by
soni cation. Lysate was centrlfugedt at 4500 rc ]f mnto pe et unlysed
bacteria, whiSHH e disddrietir Ry matastof h%a%f%ﬁ%q?l%n"ﬂ?laﬁe ¥Faction, the

supernatant wasiueRH rirf uget @b OG0 dridedtod Ethdd e W leProceduresy yere

erformed at 4C - 717
P 1otechnology, 10(8): 888-92). The ability of any of these

(

promoters to function in H. pylori can be tested using the
system developed by Angelini et al. (2004) (Plasmid,
51:101-107) that uses CAT and GFP reporters as readout of

promoter activity in a H. pylori plasmid vector.



Sanmpl es were resuspended in HEPES buffer and added to an equal volune to
Laenm i buffer. Proteins were separated in a 12% Tri s-HCl Ready Cel

(Bi oRad) by sodi um dodecyl sul fate (SDS)-pegl yacryl am de gel el ectrophoresis
(PAGE) before electro-transfer to 0.45 pMnitrocel lul ose (Biorad). For the
detection of HopE and other proteins, nenbranes were bl ocked with 10% or 5%
non-fat dairy mlk (NFDM in Tris buffered saline (TBS) pH 7.4. Menbranes
wer e probed \rﬁtithtpri mary_. nti bodi es or second danti b doiest}gn éLng/ENeFrPM in
TBS. Pol ycl onal® r S¢ amtiSHIpE FHRTDody Wast vonated ¢ ALt r'atZzeni caj “and
used at a di lant icrhef gEr@rodbrivolserdl Tousier hngiugbds (K3ATJedasn donat ed

(University I - ;;(:ea[ ]Ey@%,]%{eat@gj j Lyt - 4000.
Mouse anti - HM%& I gnlgﬁn%\%ssfég? a 1 o%%ﬁ%%%o%gf%%oﬁ%%ry

ant i bodi es wer@ IR REYRP I d@l | Hed phosphidesle, tanth sl Het et e usi ng
nitro blue teisazoldygmgenl oride / 5-Bromp-4-chloro3-indolyl phosphatase

sol ution (Roche Applied Science). | mmuno-based Assays of Surface

Localization H pylori were harvested froma 24 h blood agar plate into
phosphat e bufflersd ¢ adtiatel (RBS; i PR Tsd)ve Bacimpd bt avet earid NSeldi be tohal of 3

times and stapdardi zed .0 and 600nm_ o LR eria were bound
to a poly-LI yussleneodfcoagf elcplccﬁgz;lrrcbgr%és é|19e o%eé%?%%taggﬁgc%%ﬁ%d bacteria were
fixed with 0.dB%gtinart dehydelasmi ¢ maest stbseyuentiseBrbck@dvik @, 100 nM
gl yci ne buffers Between, suhsequent, sf&psan Siidesnyel e M HSLANEgE4L MBS i N
PBS cont ai ni ng 0. 05% Tween 20 (PBST)._ Slides were | ocked with 3% bovi ne
serum al bunmi YB3 S¥SPEST for XAt 37 e prFdeds ant idodi sus@fe dil uted
1:200 in PESTiSrfamiia}arﬂétg ilx%bfagﬁn@zﬁ@uwcumé Sﬂscﬂ%eﬂe5fvhhmhr%@ﬂ$ts gl |
tenperature. Secondary, antibodjes. conjugated to Al exafl uor 4 r ilute
1: 400 in PBST&HMdS u]t{b{}é'd f?%jroﬁl'h CHRS U Wer ??rﬁ%%ﬁd%\\ﬁ%g%urface
bound anti bodiegdsydwssgerteteectad arsi yge finds eseentcies i crpstopyy ¥ol e cel |
based - 78 -, .ELI. er formed sim | Y. indife i flHo cence
Stadi s w th FRE T e o ehonnt | Bre)” Byt el i L Ehmp IR\ ERe
(Nunc) pl at ek el oweanii gdrgbrcdorofl gwamtnagtpre nea g-ahi® boly Was

di luted 1:30Q,secandas ot | hodynco g aked £ al & & nes phosphap ase was
diluted 1:1000; nitrophenyl phosphate (Sigma) was, used as a substrate for

detection at MUSHATRSHy B M 11 pletecteaddets RRLuntedThbrsittcti on of
Reconbi nant Hymadmrimfecosin nesdutteryhort hdd 281 { 71 d3)n@r H26695over e
produced that harbored the sch cassette in either the hngmigfagA or vacA

gene. The sacE Tabsets & Wed Epi e ed® hi {FH DN Lodt Wy ark 1485 at specifi c
positions within these genes. Both HCCA and p60 anti gen DNA were inserted

i nto hopE at posk t S i t Walel i . of u E,
wi thin a put a]'tarll v%s éo%gpss(%%%%u%%&?%%e %%%P%rnnﬁﬁ%ng ¥ %Ngscgﬁgoé?n{s—g?t ed
directly upst3EArddie the it stapee 0doH1 I cOF 3 eIPBRIIRES t KeoTkPef mi nal of
%g{fé) Fuaj1 pnﬁp‘%ﬁtw&fﬁ anﬂlg@té@%ﬂiﬁ @fgﬁé.ei ﬁ?;wi e&dﬂ%ﬁif@ﬁ@@dghﬂﬁs?f@‘j{n B128
: : ich does not produce_VacA. . antige S joined to the
26695 pronot é’f%t%i%|s€%h%n%% M %gt%ﬁ n%p%f?%lpl‘ﬂ)l\ﬁ, at)r?%?t?an nglé?ti on
into B128 (7.48)J yatA Anal ysis of Fusion Proteins and Surface Presentation
To date only HopE fused to HCCA or p60 antigens were anal yzed. Western Bl ot
anal ysis of H pylori B128 produci ng the HCCA (B128: HCCA: hopE) or p60
anti gen (B128p6dr hopE) crDNAC has ecaedod ntsethopEr showedat hatrpheeant i gens
wer e fused to-]gpﬂﬁd F-gqu ) ifically, e f d,using the
anti - HopE ant ody éh%m%g%ﬁa?n%&?%%%%gi %\%ﬂ%%ﬂ%%lg??fﬁa?ié% ilng (about
31 kDa) was repteded fiwveantherAthprERarusSedlRo2£Fehee pBedahPi east the

mucosal immune response. Two such adjuvants are CT and E.
coli enterotoxin (LT) wherein expressed antigens are fused
to the LTB and CTB mutants that maintain their strong

mucosal adjuvant properties but have reduced toxicity.



- 79 - (about 32 kDa) or HCCA (about 35 kDa). Further analysis using
antigen specific antibodies detected simlar sized proteins. To exam ne
surface presentation, two indirect inmunosbhased assays of surface

| ocal i zati on were enpl oyed. I mruno fl uorescence based m croscopy anal ysis
of H. pylori B128: HCCA: hopE i ndi cated surface presentation of HopE fused to
the HCCA (Figure 10). However, surface localization of HopE fused to p60

anti gen coul %&Q&E&iﬁion“ r results were confirmed by whol e cell
based ELI SA Fi gur . antigen was only detected using
this method after overnight binding of bacteria to ELISA plates (Figure
11A). Studies d .S : § nari i iyStrain
B128, vari ant%éﬁjletéJH rbgle?r(lcgonj',FH %%%f&ﬁnf%d g’cB&%é%\%%??%egﬁ éeéf?i ng
sucrose sensiteGfABF dFk afaBft h 3 ke, 2 iRsCaniert «if | @Y 1 ®E®opE
gene of H pyiydectN GRMAH Nkt hiey HEGA . D60 epikePE, Wasch chHes houdopE

using Splicin Over | appi.ng Extension (S PCR. Reconbi nant. DNA was
transferred i‘%t gy%'osgfst&?siﬁqwlﬁ ‘?iiﬂ(rb??‘gus‘? H@J%%rr&‘?d?afah%f%? tion
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Ca
AAAAAGATCTAGRI ARG AT ACAMARCA EoGAD. ROCAR TAMCEATTARTATACCAM

Ca9ARLAAAAAGATCETI IERAKGA S 54931 tofadEcangari to elicit a serological

response to an expressed surface antigen in vivo.

Mice are infected with wild-type H. pylori, while other
mice are inoculated by gavage with temperature-sensitive
H. pylori as described in Example 2. Sera from both
control and test animals are assayed for antibody and
gastric histology are performed on sacrificed animals in
accordance with the schedule shown in Table 1. A mouse

urea breath test can also be used.

A 50% decrease in virulence (from 75% to 40%) was
observed. Specific antibody titer increased 4 fold above
baseline, indicating a serological response. Serum samples
were taken at baseline, 12, 24 and 48 weeks. At these
times 10, 10 and 20 animals were sacrificed and gastric

histology performed.

EXAMPLE 4 COMPARISON OF VIRULENCE AND ANTIGENICITY
OF TEMPERATURE SENSITIVE H. pylori STRAINS

In order detect change in virulence related to
expression/modification of an outer membrane protein; mice
were inoculated with temperature-sensitive H. pylori as
described in Example 3. An equal size control group of
mice were infected with a wild type H. pylori strain.

Noninvasive means were used to determine presence or



CagAR2 AAAATCTAGAGGTTATTTTAGGITGCACGCATTTT CagAR6
AGCTTCAGATTTTTGGAAACCACCI T CagAR8 GITATTTTAGGT TGCACGCATT
CATFTTTTAATCCGCCATATTGIGTTGAA CATRAAGGGT GEg TTAAGGGECACCAATAACT HCCAF1
GGT CCTCAGCGGAAGACGAAGCGTAATACAAACAGGAGACCACA HCCARL
AACATCGCTGGTTTTGCGAGT TGCTCT TACCCCCAAACG

HCV2. aCCACCGACTATTTGACCCCCT CCAGGAAATTTAACATCTTGTGGTCTCCT

HCV3. 5ATAGTCGGT GGCGT GLATTTACTACCCA GRACCBORTIOOO0CT \ ¢ conchs for
HOpEF1AAAAAGRPETRATGRAATTTAT TG REET RO SEFSA ganths to
| i GTACCCCTACETATPGTAACECEAA i HapER3 . AATGEAATT TATGAARMAAGDTTGHAGEE

:ggigéléééﬁT i%%?éﬁ%ﬁ%%%%%ié%ﬁégqagggE?d confirm colonization.

AAAAAGATCTTAAACCCTTTAAAAGGGTGTCTT
EXAMPLE 5 LDsp STUDY TO EVALUATE TEMPERATURE-

SENSITIVE H. pylori VACCINE EFFICACY FOR A
PNEUMOCOCCAL ANTIGEN

In order to demonstrate the Helicobacter-based vaccine
protection effect from a standard pathogen (pneumococcus),
mice were inoculated with temperature sensitive H. pylori
by gavage. An equal sized control group was infected with
the wild type H. pylori strain. Non-invasive means were
used to determine presence or absence of H. pylori as
described in Example 4. At 6 months post infection, all
mice were given intraperitoneal challenge with 10 times
the LDsy of live virulent pneumococci type 4 (~20
CFU/mouse), as per the method of Aaberge et al. (1995,
Microb. Pathog., 18:141-152).

Allowing for 75% lethality in the controls, the study has
a power of 0.8 to detect a 50% decrease in mortality (75%

vs 50%) .

EXAMPLE 6 DETERMINATION OF H. pylori STATUS OF MICE:
BREATH TEST METHOD

In the present example, the urea breath test used in

humans was adapted for use in mice.

Ten mice were fed a diet devoid of urease (uncooked soy).
Mice were then administered 3.7 kBg ™! C urea in 200ul
flavored citrate by gavage and placed in air-filled 2L
plastic Ziploc bags for 20 minutes. Mice were then removed
without exchanging the air within the bag. Hyamine, 0.1
mmol in ethanol, was then introduced and scintillant was

added to the hyamine solution and counted for 10 min or up



HOPEF8 ATGGAATTTATGAAAAAGTTTGTAGC HOpEF9 ACCGAAGATGTTTGTACOCCTAC | AUG
HopER1 CCGCTGAGGACCCTTAGCTTCAATGA HOpER3 GGCGGATTAAAAAGTGTAGTTATACCCTAAA
HOpER5 CGGCTTGAAACACCAAAGTC HOpER6 AAAAAGAF CTAAAAGTGTAGTTATACCCTAAATAA
HOpER7 AAAATCTAGACTTCTGGGCTTGGAGTGATG HOpERS CTTCTGGGCTTGGAGTGATG HOpER9
AGCTTCAGGACCCTTAGCTTCAATGATT KanSacF AAAAAGATCTCGAACCATTTGAGGTGATAG KanSacR
AAAAAGATCTTATAGCCCATTTTCATGCTCTT Lnp60F1

G3 OCTGAAGCTGLTAAACCTGCTCCT L TOCTAGCACCAAT CAACAACAAACCGCTCCTAAAGCT CCTACCGAA
GATGTT Linp60i2@ count ol i, pm.

AAATCTGAAGCT GCTAAACCT GCT CCTGCTCCTAGCACCAAT CAACAACAAACCGCT CCTAAAGCT CCTACCGAA

TAAAGG Isnp6%§2ggg% F
CATGCCGAAGCT CCTégﬁégﬁégggégéﬁTCAACAACAAACCGCTCCTAAAGCTCCTACCEAA
CCCGAC Li np60R1

AACAT CTFCCGT AGGEREE EACACIEhEECEHAET B E Ml S bAG NI ATA GRS, TACCACCTTC
AGGACC Lnp60R2

CCTTTATTCGGT AGEAGET PEAGGABEESET GRHETFEATT BEHREIASEAEEACGABCAGEPT TAGCAGCTTC

AGATTT Li np6@Rployed, and the following criteria will be adopted:
GTCGGGT TCGGTAGGAGCT TTAGGAGCGGT TTGT TGT TGAT TGGT GCTAGGAGCAGGAGCAGGT TTAGCAGCTTC
GGCATG vacAF1AAAGGTACCAAAGCCGATAGCATCAGAGAA .

1. The infected individuals will have no symptoms,

no more than mild histclogical damage, and no evidence of

infection with hepatitis viruses or HIV.

2. The isolate will be a single strain, cagA
negative, and sensitive to metronidazole, clarithromycin,

tetracycline, and amoxicillin.

3. Volunteers to receive a challenge will be healthy
with normal gastric histology, no history of peptic ulcer,
no young children at home, no regular contact with young
children, and no allergies to the antibiotics that might

be required to treat the infection.

Challenge will consist of 40 mg famotidine at bedtime
followed by administration of H. pylori in beef broth
orally in the morning. Subjects are contacted daily for 14
days. A 13c-UBT is performed after 7 and 14 days and
endoscopy 'with quantitative culture and histology after 2

weeks and 3 months. Antibiotics are used to eradicate the

infection.

EXAMPLE 8 DEVELOPMENT OF EXTERNAL CHEMICAL MARKER
FOR DETECTION OF WILD TYPE AND/OR TSHP In
Vivo

An example of a chemical marker that may be used for the
detection of wild type or TSHP in vivo is sulfasalazine

(SSN), the structure of which is shown in Figure 4.



vacAF2ACCGAACCCGACAATTACAAGTATCTTAT

vacAF3AAAGAATTCAATI TGGTI TCAAGCTCAAATCAGA

vac AF4AAATCTAGAACTACATCTGCCACTAATGTGAA vagARLAGCTTCGGCATGAC |

| | GTTGCGGTGTGAT vacAR2ZAAATCTAGATTAGAAACTATACCTCATTCCTA
vacAR3AAAGGTACCGAGCTTGTTGATATTGACTTTGT vac ARAAAAAAGCTI CATI CTCAGTAGGCGTAGAAT
- 81 - Table 2 - Strains of H pylori used and devel oped:

Studies in germ free mice and conventional rats have shown
that intestinal bacteria are solely responsible for the
diazo-bond reduction, resulting in the reductive
catabolism of SSN and the release of sulfapyridine and 5-
aminosalicylate. The enzyme(s) which catalyses this
reaction is referred to as diazoreductase(s) (synonym
azoreductase(s)). Conventional rats given SSN excrete 5-
aminosalicylate and sulfapyridine (and their respective
conjugates) in urine and feces, whereas germ-free rats

show no evidence of SSN degradation.

Several bacterial species have been shown to have
diazoreductases (AZR’s). Preliminary bioinformatic studies
have indicated that H. pylori may not contain the AZR
gene. The presence of similar analogous sequences has also
produced a negative result. Under these circumstances a
transgenic strain of H. pylori (TSHP) that has a viable
and functional azoreductase (azr+ TSHP) can be used to

assess the use of these markers.

Plasmid pTM103-02 is digested by EcoRI and HindIII, and
ligated with the Azoreductase (AZR) gene from Bacillus
subtilis treated with EcoRI and HindIII to generate a
vector containing both HopE 168aa and AZR named pTMIO3-
azr. This plasmid is transformed into E. coli to assess
whether expression of HopE and the B. subtilis AZR occurs.
pTMI02 when similarly treated with full-length hepatitis C
core antigen (HCCA) demonstrated transport of HopE::HCCA
to E. coli outer membrane employing western blots and
anti-HopE Abs.

Mice (n =30) are infected with the azr + TSHP by gavage
and once AZR expression in vivo to produce 5-
aminosalicylate and sulfapyridine (and their respective
conjugates) in urine and feces is established, human

trials can begin.



| bcaLig-Jo ary, B128 (713) B128 (7.13) B128 (7.13) p60 hopE
B128: p60: hopE B128 (7.13) HCCA
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EXAMPLE 9 USE OF DIAGNEX BLUE AS A MARKER

The diagnostic agent “diagnex blue” consists of an ion
exchange resin (Amberlite XE-96) conjugated with a dye
(Azure-A). This test relies on the fact that the resin-dye
combination disassociates at pH less than 2.5 after which
the dye 1s absorbed and appears in the urine. Persons
without dye in the urine are achlorhydric. This principle

is shown in Figure 5.

The same principle can be used to test for H. pylori. For
example, a dye-resin combination that disassociates at pH
>7.0 could detect urease if the resin was given with urea.
This would produce a pH > 7.0 in the mucosal layer where

H. pylori resides, thus releasing the dye.

Mice (n =30) are inoculated with a wild type H. pylori
strain while germ-free mice (n =30) are used as controls
(Pilot study). After an optimal period allowing for the H.
pylori to establish an active infection, the test group
and the controls are introduced with a predetermined
quantity of the resin-dye complex by gavage. This will be
followed by a urea solution. (Range 0.01M to 0.5M). The
mice are kept in metabolic cages and the excretion of the
azure dye are monitored and gquantified. Different ratios
of the resin and urea concentrations are tested to verify

the optimal combinations to be used.

EXAMPLE 10 DELIVERY FORMULATIONS

For purposes of delivery forms, the present example is
provided to demonstrate the utility of the present
invention as providing an aerosol spray preparation. 1In
some of these embodiments, the aerosol spray may take the
form of pressurized packs or a nebulizer, with the use of
a suitable propellant. In the case of a pressurized

aerosol, the dosage unit can be determined by providing a



hopE B128: HCCA: hopE B128 (7.13) p60 vacA B128: p60: vacA 26695 26659 26695
p60 hopE
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valve to deliver a metered amount. The formulation would
be prepared as a powder for administration by inhalation.
Administration by inhalation can also be carried out by
atomizing solutions or suspensions which contain the

compositions according to the invention.

The compositions according to the invention may also be
formulated in a liquid for oral digestion for

administration to a subject as an intravenous preparation.

All of the various preparations of the invention may be
prepared by procedures familiar to those skilled in the
art, 1f appropriate, using further suitable pharmaceutical
auxiliaries. Compositions according to the invention
advantageously contain the species of Helicobacter, alone
or in combination with other desired ingredients.

Any of the above individual or combination of Helicobacter
formulations may be included in a pharmaceutical
composition comprising the pharmaceutically acceptable
composition according to the present invention. The
pharmaceutical compositions as described herein may be in
solid (e.g. powder, particles, granules, sachets, tablets,
capsules etc.), semi-solid (gels, pastes etc.) or liquid
(solutions, dispersions, suspensions, emulsions, mixtures
etc) form and adapted for administration via e.g. the
gastrointestinal tract and gastric mucosa. The
pharmaceutical compositions may thus be in powder or
particulate form adapted to be dispersed in an aqueous

medium before use.

A pharmaceutical composition in liquid form may be in the
form of a dispersion comprising the Helicobacter
composition and an electrolyte solution such as, e.g. a
composition that is adapted to physiological conditions
e.g. a physiologically acceptable solution.

A pharmaceutical composition according to the invention

may further comprise another therapeutically,



26695: p60: hopE 26695 HCCA hopE 26695: HCCA: hopE 26695 p60 cagA
26695: p60: cagA - 82 - Natural transformation of H pylori strain B128

yi el ded reconbi nant bacteria which produced hopE fused to either p60 or
HCCA DNA as confirnmed by sequence analysis. Resulting fusion proteins were
| arger than unal tered HopE (Figure 8). Confirmation of HCCA surface

| ocal i zati on was shown using fluorescence m croscopy (Figure 9), and was
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In another aspect, the invention relates to a

pharmaceutical kit comprising a first and a second
container, the first container comprising a recombinant
Helicobacter composition comprising the plasmid and/or
plasmid vector according to the invention and the second
container comprising a dispersion medium for the
Helicobacter composition, accompanied by instructions for
administering and/or dosing the Helicobacter composition

in the dispersion medium before use.

The Helicobacter composition according to the present
invention contained in the kit may be in powder or

particulate form.

A pharmaceutical kit according to the present invention
may include instructions with recommendations for the time
period during which the Helicobacter composition should be

administered after dispersion in the dispersion medium.

EXAMPLE 11 IMMUNE MODULATION WITH HELICOBACTER -
VACCINE PREPARATION

The TH1 response (T-helper cell type 1) is a cell mediated
response. Over activity of this is a presumed cause of
diseases such as rheumatoid arthritis (RA) and Lupus. In
contrast, TH-2 is an antibody type serclogical response
characteristic of vaccines. The present example
demonstrates the utility of the present invention for
providing a technique for achieving a TH-2 type response
in an animal when treated with a Helicobacter-based
vaccine treatment preparation according to the present

invention.

Although Helicobacter pylori produces an antibody response

(TH2), it has been noted recently that the main response



THE FLAG TAG INSERTION It is thought that presentation of vacci ne antigens
on the H pylori cell surface or on secreted proteins will allow

devel opnment of antigen specific protectivegi amune responses. In this study,
the proteins UeA and U eB were considered as presentation nol ecul es. These
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P60 used in thicsh ¥ty HOMd $edrfrddhehi dibldr and BLaldrapitopes of the

p60 protein, and has ' been shown to confer protection against murine
listeriosis W& Prickditednsy S &8GR ISTT IS A" A oA E B prEssi ng
t he epitope qrayietrs pridedes. f&smalttkw nafrd fer-andf gafe cafdriefsrmddie rel at ed
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t hey are needed or cntrl e to vi uring infection remains to be
t est ed. constructs may also inc ude a secretory leader sequence

selected from ORF1l, ORF3, ORF5-7, ORF7 or ORFI11l.

In accordance with some émbodiments of the vaccine, the
Helicobacter-based vectors and vector plasmids may
comprise a sequence encoding a bacterial surface layer
protein. A surface layer protein is defined herein as any
molecule of proteinaceous nature, including e.g., protein,
glycol-protein or lipoprotein occurring in the outer
membrane of a bacterium and capable of being exposed on
the surface of the bacterium. S-layer proteins may be
continuously and spontaneously produced in larger amounts

than any other class of protein in the cell.

A process for preparation of a recombinant cell
preparation comprising a gram negative host cell,
Clostridium, having the S-layer protein, is also provided
in WO-97/28263. The process may be modified and followed
in accord with the procedures described herein to
incorporate an S-protein as part of the Helicobacter

constructs of the present invention.
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(Figure 14). cRephaeerpRrt iahuhbechnekien ™ fcas salde nd tdndidy i dte s
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- 8 - 0O 4_pbap4imcip@eoﬁh@3Sr}gy@;tp;@¢eipaﬁs part of a fusion

protein have been reported to express the S-layer protein
at the Bacillus surface. (See W0O-95/19371, describing

I gﬁlucrteS 15).

Bacillus sphaericus), thus enhancing the immunogenicity of

the preparation.

Mucosal immunization is already provided against some
diseases, including an oral polio vaccine and an oral
(drinkable) vaccine against cholera and diarrhea due to E.
coli (an inactivated vaccine). In some embodiments, it is
contemplated that the vaccines of the invention may thus

comprise an inactivated vaccine.

The present invention contemplates a live vaccine, as such
will provide a single-dose, long lasting vaccination,
because the carrier organism, Helicobacter, will continue
to produce the antigen, i.e., non-Helicobacter
pharmacologically active molecule of interest, and boost
immunity in vivo. In addition, the vaccines will be
administered in combination with an adjuvant. These
adjuvants' comprise molecules such as aluminum hydroxide
or lipid vesicles that increase the exposure time for the
vaccine by slowing its removal forte site of
administration. Adjuvants' also act by evoking production
of immunomodulatory peptides called cytokines and
chemokines (Brewer et al. 1997, J. Cytokines Cell Mol.
Ther., 4:223-246). Thus, the present vaccines may

comprise cytokine adjuvant to enhance immune response.
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0 4.4 The transformed Helicobacter or E. coli bacterium, when
administered orally or gastrically to a mammal such as a
human or animal, will provide for the gastro-intestinal
colonization, production and presentation of the desired
polypeptide, through the gastric wall, which is the
natural site of colonization. The gastro-intestinal tract
is surrounded by an immense immune apparatus specialized
in mounting immune response of various types. Gastro-
intestinal colonization by recombinaht Helicobacter
vaccine or peptide producer strain thus enables a much
longer immune stimulus than traditional vaccination.
Additionally, antigen can be presented preferentially to

the gut wall or the lumen.

EXAMPLE 12 HELICOBACTER AND USES THEREOEF AS AN
APPETITE SUPPRESSANT

The present example is provided to demonstrate the utility
of the present invention as a method for employing
Helicobacter in preparations and treatment regimens that
provide for appetite suppression. In particular, delivery
to the gut mucosa of a construct that comprises attenuated
Helicobacter together with a non-Helicobacter
pharmacologically active molecule of interest that
regulates the level of ghrelin or an agonist of ghrelin,
is expected to provide an effective means for providing
suppression of the gut-brain axis that regulates appetite
and satiety.

Studies have suggested that ghrelin is an appetite
stimulant, i.e., ghrelin increases food intake in mice
(Asakawa et al. 2003, Gut, 52(7):947-52). Ghrelin has
also been reported to reduce fat utilization in adipose
tissue in rodents (Tschop et al., 2000, Nature, 407: 708-
13), as well as to be involved in rat adipogenesis (Choi
et al. (2003), Endocrinology, 144 (3):751-9). Ghrelin has

also been reported to be a hunger signal, prompting the



0, 4-)r.7,Ut14.-)0C. )4-44--)0214-,MJ 4,al4-)rd" R 4--,rdrdO,

a altr) 010, 0000, O. 4-)WM-,. 4-,al4,alal4-,04-)4--,01alal 4-,4,0rd
U4-,' (Cl 034, al al 004-, 4, 4--, 03al 4-, (Cgal 4-,

r

)
) al
0,0
-)rdWw4l, 4, 4, al al 1, al 014-, 4, al 4. 400al aI 000) uc)' Cal 4.40rd04-' 4-)alal
4

IS EE-Ye)

'440, UA..C/ 4-.0 000 - OUO 44) 04-'rd4. 0 04-'0 2/ 4-, al 4,al 4, 4,0,
d 4--)al 1.0004.)0 C.)C.)0,C. )00,0,21214-, al 4-)0, al 03034-.alto . -

;
04 *L0s, Yy Perd i ST B0 B 030 o Py 0%
4, 4,RS 4,al0, rd Q) 4-,0, 0303030 W AC) U4) O 4- oooo 0
00 MO3Q% kedlcHi4igsl O Yrittedlstids %at%rpc %é), SP, D3P 0

Bednarek (2005), relating to ghrelin analogs and nucleic

) 0

.0
acid constructs, and of United States Patent application
publication 20050191317 - Bachmann et al. (2005), relating
to ghrelin-carrier conjugates, are specifically
incorporated herein by reference insofar as these teaching

supplement and/or further enhance the understanding and

appreciation of the present invention.

Ghrelin, an endogenous ligand for the growth hormone
secretagogue receptor (GHS-R), stimulates growth hormone
(GH) release from cultured pituitary cells in a dose-
dependent manner, and is produced and secreted from the A-
like cells found mainly in the oxyntic glands of the
gastric fundus. Ghrelin is now known to play a role in not
only GH release, but also in controlling the appetite and

body weight.

Both parenterally and intracerebro-ventricularly
administered ghrelin have been shown to stimulate food
intake and increase the body weight of mice and rats with
free access to food, even those animals with GH
deficiency. The control of appetite and body weight may be

independent of GH release.

Ghrelin, a 28-amino-acid peptide, is activated when its
third serine residue is acylated by n-octanoic acid, and
GHS-R is responsive to the first four or five residues
including the octanylated serine residue of the whole
ghrelin peptide. GHS-R has been shown to be present in the
pituitary, hypothalamus, adrenal glands, thyroid,
pancreas, myocardium, spleen and testes. Ghrelin
stimulates the expression of both NPY and AGRP mRNA in the
hypothalamus. The central orexigenic effect of ghrelin is

mediated by the NPY/AGRP-expressing neurons in the
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vagal afferent activity. The peripheral orex1gen1c effect
of ghrelin may be mediated, at least in part, by its
suppressive effect on the vagal afferent activity. IL-1fB
is a pro-inflammatory cytokine that mediates the cachectic
process by stimulating the expression and release of
leptin, and/or by mimicking the effect on the hypothalamus

of excessive negative-feedback signaling from leptin.

It is proposed that antagonists to ghrelin if provided to
the animal at the gut mucosa will reduce food intake by an
animal and reduce body weight gain.

EXAMPLE 13 CELL WASTING ATTENDANT CANCER AND AIDS

The present example demonstrates the'utility of the
present invention for use as a preparation that will
prevent or inhibit cell wasting, particularly cell wasting

associated with diseased states of AIDS and cancer.

Cachexia is a condition characterized by wasting,
emaclation, feebleness and inanition. It was recently
reported that the levels of both ghrelin peptide and
ghrelin mRNA in the stomach were up-regulated in a mouse
model of cancer cachexia. In cachectic mice with increased
plasma levels of IL-1f, the plasma concentrations of
ghrelin also increased with the progression of cachexia.
This result suggests that a close relationship might exist
between the ghrelin dynamics and the cachectic process
mediated by IL-1. IL-1B is an anorexigenic substance, just
like CCK, leptin, gastrin-related protein and bombesin,

and antagonizes the actions of ghrelin.

Asakawa et al. reported that parenterally administered IL-
1B decreased NPY mRNA expression in the hypothalamus and
preproghrelin mRNA expression in the stomach, and that

intraperitoneally administered ghrelin inhibited the
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peptic ulcer disease and gastric malignancy. Attachment of
H. pylori to the gastric mucosa induces inflammation,
which is associated with the release of various cytokines,
including IL-1fB.

It has been observed clinically that H. pylori eradication
is often followed by improvement of some nutritional
parameters, such as the body weight and the serum levels
of total cholesterol, total protein and albumin. H. pylori
infection has been reported to be capable of modifying the
plasma and gastric ghrelin dynamics in Mongolian gerbils.
In humans, however, H. pylori infection has been reported
not to be associated with any changes of the plasma
ghrelin levels, although eradication of H. pylori has been
shown by some to be associated with increases of the

plasma ghrelin levels.

It is proposed that H. pylori may be used as a carrier to
provide amylin to a patient in need thereof, by, for
example, acting as a carrier vehicle, to the gastric
mucosa. In some embodiments, the Helicobacter carrier will
be constructed so as to include amylin, amylin agonist,
analogs, and derivatives, and amylin agonists (including
calcitonins, calcitonin gene-related peptides), and

analogs therefore to decrease ghrelin levels.

Amylin antagonists can increase ghrelin levels. Modulation
of the effective levels of amylin, with amylin, amylin
agonists, amylin antagonists, or other compounds that
decrease the effective level of amylin such as antibodies,
may inhibit, or stimulate in the case of antagonists and
antibodies, ghrelin secretion. Hence, some embodiments of

the method are directed to modulating endogenocus levels of
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EXAMPLE 14 TREATMENT OF GAUCHERS DISEASE

The present example demonstrates the utility of the
invention for use as a treatment for a disease resulting
from an enzyme deficiency, such as Gaucher’s disease.
Gaucher’s disease is the most common lysosomal storage
disorder in humans, and results from a deficiency of the
enzyme, glucocerebrosidae (GC). (Nolta et al., (1992), J.
Clin. Invest. 90 (2):342-348).

Enzyme replacement therapy is provided with a Helicobacter
vaccine construct that comprises a sequence encoding
chemical chaperones. (Sawker et al., (2002), PNAS USA
99(24): 15428-15433). An enhanced level of functional pB-
glycosidase (P-Glu, glucocerebrosidase) may thus be
obtained. In particular, the chemical chaperone
deoxynojirimycin (NN-DNJ) is to be used in the H. pylori
construct and administered to the patient orally or

intragastrically.

As part of yet another embodiment of the methods, a
Helicobacter-based construct as described herein
comprising a vector having a non-Helicobacter
pharmacologically active molecule of interest, in this
case, encoding glucocerebrosidase (GC). Retroviral
mediated transfer of glucocerebrosidase cultured Gaucher
bone marrow is described as one approach for treating
Gauchers disease in Nolta et al. (1992). However, this
approach is extremely invasive. Alternative enzyme
replacement therapy employing the Helicobacter-based
constructs of the invention that include a sequence

encoding for the deficient enzyme, glucocerebrosidase,
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alternative to such a therapy.

EXAMPLE 15 TREATMENT OF LYMPHOMA

The present example is presented to demonstrate the
utility of the present invention to provide a useful
preparation that is suitable for treating and/or
inhibiting a bacterial induced malignancy, such as
lymphoma, particularly MALT lymphoma, using a vaccination
preparation comprising the Helicobacter vector and/or

plasmid vectors as described herein.

Sutton et al. (2004) (Vaccine, 22 (20): 2541-6) report
protection against a bacteria-induced malignancy,
specifically primary gastric MALT lymphoma, as a result of
vaccination/immunization of an animal against Helicobacter

felis.

Helicobacter pylori constructs of the present disclosure
that include a vector and/or plasmid vector suitable for
providing an immunizing preparation that includes an
immunogenic antigen of interest other than Helicobacter
felis, may also be used to provide vaccination protection
against a bacterial-induced malignancy, and in particular,
against primary gastric MALT lymphoma. By way of example,
some embodiments of the plasmid vector would include a
fusion protein comprising a Helicobacter pylori encoding
sequence and a non-Helicobacter pylori encoding seguence
that is, for example, other than a Helicobacter felis

antigen species.

EXAMPLE 16 LIVE VACCINE DELIVERY SYSTEM WITH H. pylori

The present example demonstrates the utility of using H.
pylori in a live vaccine, and in particular the use of H.

pylori as part of a live viral preparation to deliver a
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an antigen of interest to an animal at the gastric mucosa

though the outer surface of a recombinant Helicobacter

pylori outer membrane.

The present studies were primarily done with H. pylori
strain B128, variant 7.13 (Franco et al. (2005). The sacB
cassette, conferring sucrose sensitivity and kanamycin '

resistance, was inserted into the hopE gene of H. pylori.

H. pylori is demonstrated herein to be a useful vehicle
for vaccine delivery, and provides an improved bacterial
delivery modality for the treatment of an animal,
particularly a human. Factors important in establishing
the utility of the H. pylori based vaccines in the

treatment of humans include the following:

1. A majority of persons infected with H. pylori are
asymptomatic;
2. infection with H. pylori induces both adaptive

and innate immune responses;

3. Infection with H. pylori can persist in the
gastric mucosa, facilitating long-term exposure to
antigens;

4. Infection with H. pylori produces molecules that
disrupt the gastric epithelium, thereby facilitating
exposure of bacteria to the submucosal immune system;

5. Genome data and molecular techniques are readily
available for H. pylori, thereby facilitating its genetic

manipulation.

HopE is an outer membrane protein of H. pylori. The
present example demonstrates that the nucleic acid
sequence encoding this protein can be modified so as to
include a desired sequence encoding a molecule of interest

(“X”), and H. pylori containing this modified HopE -
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molecule of interest (“X”) to the mucosal surface of an

animal.

In the present example, the p60 protein and the HCCA
protein are used to demonstrate proof of principle of
delivery, and are simple examples of proteins that may be

used to provide such an engineered H. pylori HopE gene.

Methods:

Bacterial Strains and Culture

Helicobacter pylori strain B128 (7.13) (52) or 26685 (64)
were cultured on Columbia agar (Oxoid, Basingstoke, United
Kingdom) supplemented with 5% horse blood and incubated
under microaerophilic conditions (10% CO2) at 37°C. H.
pylori were transformed by natural transformation (65,66).
Transformants were selected using chloramphenicol (10
pg/mL) or kanamycin (10 pg/mL). Escherichia coli strain
DH5-a (67) was grown in LuriaBertani (LB) medium at 37°C
and transformed by electroporation (68). Transformants
were selected using 5% (w/v) sucrose, kanamycin (50 ug/mL)
or ampicillin (100 ug/mL). Genomic DNA was extracted
using the DNeasy Tissue Kit (Quiagen). Plasmid
extractions were performed using the QlAprep Spin Miniprep

Kit (Quiagen).

Construction of Recombinant DNA Molecules

Recombinant DNA molecules were constructed by assembling
individual PCR products using splicing by overlap
extension (SOE) PCR (69). Primers were designed to
introduce overlaps of 12bp at the termini of PCR products,
allowing the products to be joined together during PCR
(Figure 8). All preparative amplifications were performed

using Pwo polymerase (Roche Pharmaceuticals).

Recombinant DNA was constructed to insert a

chloramphenicol resistance gene into hopE. A region
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were amplified from pHel2 (70) using primers CATF and CATR

(Product B). A region including a section of, and

extending downstream of hopE was amplified using the

primers HopEF4 and HopER5. Products A, B, and C were

Jjoined together using primers HopEF3 and HopERD> as

described by Chalker and associates (69). ‘

Allelic replacements were achieved using the sacB based
selection system (71). The sacB cassette, conferring
sucrose sensitivity and kanamycin resistance, was inserted
into the gene of interest. Recombinant DNA was
transferred into sucrose-sensitive H. pylori.
Transformants were sucrose resistant, resulting from

replacement of sacB with transforming DNA.

The sacB cassette was joined to hopE DNA in a number of
stages. Firstly, the hopE gene was amplified using the
primers HopEF6 and HopER6. Purified amplicon was digested
Ncol and Bglll (Roche Pharmaceuticals). Amplicon and
similarly digested pBADMyc-HisB (Invitrogen Life
Technologies) were ligated using the Quick-stick Ligation
Kit (Bioline) and transferred to E.coli, producing plasmid
pBAD1l. Secondly, a region of DNA, including 804 bp of the
intergenic region between hopE and the downstream putative
mraW gene (coding 5 - S-adenosylmethyltransferase), was
amplified using primers HopEF7 and HopER7. Purified
amplicon was digested with Bglll and Xball, ligated to
similarly digested pBADl, and transferred to E. coli to
produce plasmid pBAD2. Lastly the sacB cassette was
amplified from pENKSF (59) using the primers KanSacF and
KanSacR. The amplicon and pBAD2 were digested with BglIll,
ligated and transferred to E.coli to produce plasmid
pPBAD3.
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vacA. For cagA, in the first stage the region directly
downstream of cagA was amplified using primers cagAF2 and
cagAR2 and digested with Xbal and Bglll. In the second
stage a section of cagA extending to the 3’ end was
amplified using primers cagAFl and cagARl and digested
with Bglll and Ncol. In the final stage, the sacB cassette
was excised from pBAD3 using BgIll, and inserted into
similarly digested pBADMyc-HisB. For wvacA, in the first
stage a section including the C-terminal region of vacA
was amplified using primers vacAF4 and vacAR4, and
digested with Hindlll and Xbal. The fragment was cloned
into similarly digested pUC1l9 to produce pUCl. Secondly, a
section of DNA including the N-terminal region of vacA was
amplified using primers vacAF3 and vacAR3, and digested
with EcoRl and Kpnl. The fragment was cloned into
similarly digested pUCl to produce pUC2. Lastly, the sacB
cassette was amplified using the primers KanSacF and
KanSacR, and digested with BgIll to produce pUC3.

Recombinant molecules were constructed to insert DNA
coding antigenic sections of the Hepatitis C virus core
antigen (HCCA) or L. monocytogenes p60 protein into hopE,
replacing the sacB cassette. Recombinant DNA was produced
using SOE PCR, joining PCR products A, B and C. A region
extending from the start of hopE to nt 573 was amplified
using primers HopEF8 and HopER1l (product A). The region of
sequence coding HCCA antigen from aa 7-53 was produced by
amplifying primers HCCAF1l, HCV.2a, HCV3.s, HCCARl (product
B). The region downstream of hopE nt 573 was amplified
using HopEF2 and HopER8 (product C). Product resulting
form SOE PCR was cloned into plasmid pCR4Blunt-TOPO
(Invitrogen Life Technologies) to produce pCR4HCH.

Similarly DNA coding sections of the p60 antigen was
inserted into hopE and cagA. For hopE, the region
extending from the start of hopE to nt 573 was amplified
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using primers HopEF8 and HopERS (product A). The p60
antigen was produced by annealing primers Lmp60F2 and
ILmp60R2 (product B). The region directly downstream of
hopE nt 573 was amplified using primers HopEF9 and HopERS
(product C). Product resulting form SOE PCR was cloned
into Smal digested pUCl9 plasmid to produce pUCHLm. For
caghA, a region, including the 3 Uend of cagA was amplified
using primers CagAF6 and CagER6 (product A). The p60
antigen was produced by annealing primers Lmp60F2 and
ILmp60R2 (product B). The region directly downstream of
cagA was amplified using cagAF6 and cagAR8 (product C).
Product resulting from SOE PCR was cloned into Smal
digested pUCl9 to produce pUCCLm.

For vacA, a region of vacA was amplified from strain
26695, including the gene promoter and signal sequence,
using primers vacAFl and vacARl (product 1). The p60
antigen was produced by annealing primers Lmp60F3 and
Imp60R3 (product B). A section of vacA including the
region coding the autotransporter and mature VacA was
amplified using vacAF2 and vacAR2 {(product C). Product
resulting form SOE PCR digested with Xbal and Kpnl, and
cloned into similarly digested pUC2 to produce pUCVLm.

Western Blot Analysis

To determine if recombinant bacteria produced a fusion
between HopE and the antigenic epitope, Western Blot

analyses was performed

H. pylori were harvested from a 24 h blood agar into HEPES
(pH 7.4) and were pelleted by centrifugation at 4500 rcf
for 5 min and were disrupted by sonication. Lysate was
centrifuged at 4500 rcf for 5 min to pellet unlysed
bacteria, which were discarded. To harvest the total
membrane fraction, the supernatant was centrifuged at 100

000 rcf for 60 min. All procedures were performed at 4°C.
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Samples were resuspended in HEPES buffer and added to an
equal volume to Laemmli buffer. Proteins were separated in
a 12% Tris-HCI Ready Gel (BicRad) by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE)
before electro-transfer to 0.45 pM nitrocellulose
(Biorad). For the detection of HopE and other proteins,
membranes were blocked with 10% or 5% non-fat dairy milk
(NFDM) in Tris buffered saline (TBS) pH 7.4. Membranes
were probed with primary antibodies or secondary
antibodies in 1 % NFDM in TBS. Polyclonal rabbit anti-HopE
antibody was donated (Astra Zenica) and used at a dilution
of 2:4000. Monoclonal mouse anti-p60 (K3A7) was donated
(University of Wurzburg, Germany) and was used at a
dilution of 2:4000. Mouse anti-HCCA (C7-50; Sigma) was at
a dilution of 2:4000. Secondary antibodies were conjugated
to alkaline phosphatase, and were detected using nitro
blue tetrazolium chloride / 5-Bromo-4-chloro3-indolyl

phosphatase solution (Roche Applied Science).

Immuno-based Assays of Surface Localization

H. pylori were harvested from a 24 h blood agar plate into
phosphate buffered saline (PBS; pH 7.4). Bacteria were
rinsed a total of 3 times and standardized to and OD
(600nm) of 0.5. Rinsed bacteria were bound to a poly-L-
lysine coated chamber slide overnight at 4°C. Bound
bacteria were fixed with 0.25% glutaraldehyde, which was
subsequently blocked with 100 mM glycine buffer. Between
subsequent steps, slides were rinsed three times in PBS
containing 0.05% Tween 20 (PBST). Slides were locked with
3% bovine serum albumin (BSA) in PBST for 2 h at 37°C.
Primary antibodies were diluted 1:200 in PBST containing
1% BSA and incubated for 1.5 h at room temperature.
Secondary antibodies conjugated to Alexafluor 488 were
diluted 1:400 in PBST and incubated for 2 h at 37°C.
Slides were rinsed and surface bound antibodies were

detected using fluorescence microscopy. Whole cell based
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ELISA was performed similarly to indirect immuno-
fluorescence studies with the following exceptions:
bacteria were bound to Maxisorp (Nunc) plates either
overnight or for 1 hr at 4°C; primary antibody was diluted
1:300; secondary antibody conjugated to alkaline
phosphatase was diluted 1:1000; nitrophenyl phosphate
(Sigma) was used as a substrate for detection at 405nm

using a microtiter plate reader.
Results
Construction of Recombinant H. pylori

Recombinant H. pylori B128 (7.13) or 26695 were produced
that harbored the sacB cassette in either the hopkE, cagA
or vachA gene. The sacB cassette was replaced with DNA
coding antigens at specific positions within these genes.
Both HCCA and p60 antigen DNA were inserted into hopE at a
position corresponding to amino acid 168 of mature HOpPE,
within a putative loop structure (51). p60 antigen DNA was
also inserted directly upstream of the cagA stop codon,
corresponding the C-terminal of CagA. Fusions of VacA and
antigenic proteins were performed in strain B128 (7.13),
which does not produce VacA. p60 antigen DNA was joined to
the 26695 promoter, signal seguence and autotransporter

DNA, prior to insertion into B128 (7.13) wvacA.
Analysis of Fusion Proteins and Surface Presentation

To date only HopE fused to HCCA or p60 antigens were
analyzed. Western Blot analysis of H. pylori B128
producing the HCCA (B128:HCCA:hopE) or p60 antigen
(B128:p60:hopE) DNA inserted into hopE showed that the
antigens were fused to HopE (Figure 9). Specifically,
analyses performed using the anti-HopE antibody showed
that in recombinant H. pylori native HopE (about 31 kDa)
was replaced with either HopE fused to either p60 antigen
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(about 32 kDa) or HCCA (about 35 kDa). Further analysis
using antigen specific antibodies detected similar sized

proteins.

To examine surface presentation, two indirect immuno-based
assays of surface localization were employed. Immuno
fluorescence based microscopy analysis of H. pylori
B128:HCCA:hopE indicated surface presentation of HopE
fused to the HCCA (Figure 10). However, surface
localization of HopE fused to p60 antigen could not be
confirmed. These results were confirmed by whole cell
based ELISA analysis (Figure 11B). The p60 antigen was
only detected using this method after overnight binding of
bacteria to ELISA plates (Figure 11A).

Studies in this example were done primarily with H. pylori
strain B128, variant 7.13 (Franco, 2005) (52). The sacB
cassette, conferring sucrose sensitivity and kanamycin
resistance, was inserted into the hopE gene of H. pylori.
DNA coding the HCCA or p60 epitope was joined to hopE
using Splicing by Overlapping Extension (SOE) PCR.
Recombinant DNA was traﬁsferred into sucrose-sensitive H.
pylori using natural transformation and homologous
recombination. Recombinant H. pylori was sucrose
resistant, resulting from replacement of sacB with
transforming DNA. The following oligonucleotide primers
presented in Table 1 were used in the assays described

herein:
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1gonucleo rimers:

Primer Sequence

CagAF1 AAAACCATGGATTTCAGTAGGGTAGAGCAA

cagAF11 ATCAAGAAAGAATTGAATGAGA

CagAF2 AAAAAGATCTAGGATTAAGGAATACCAAAAALGCA

CagAFe ACCGAA TAAAGGATTAAGGAATACCAAA

CagAR1 AAAMAGATCTTTAAGATTTTTGGAAACCACCTT

CagAR2 AAAATCTAGAGGTTATTTTAGGTTGCACGCATTTT

CagARS AGCTTCAGATTTTTGGAAACCACCTT

CagARS GTTATTTTAGGTTGCACGCATT

CATF TTTTAATCCGCCATATTGTGTTGAA

CATR AAGGGTCGTTTAAGGGCACCAATAACT

HCCAF1 GGTCCTCAGCGGAAGACGAAGCGTAATACAAACAGGAGACCACA

HCCAR1 AACATCCCTGGTTTTGCGAGTTGCTCTTACCCCCAAACG

HCV2a CCACCGACTATTTGACCCCCTCCAGGAAATTTAACATCTTIGTGGTCTCCT

HCV3s ATAGTCGGTGGCGTGTATTTACTACCCAGGCGAGGACCGCGTTTGGGGGT

HopEF1 AAAAAGATCTAATGGAATTTATGAAAAAGTTTGTAGCT

HopEF2 ACCAGCGATGTTTGTACCCCTACTTATTGTAACCCTAA

HopEF3 AATGGAATTTATGAAAAAGTTTIGTAGCT

HopEF4 TARACGACCCTTTAAAAGGGTGTCTTTA

HopEF& AAAACCATGGATGGAATTTATGAAAAMAGTTTIGTAGC

HopEF7 AAAAAGATCTTAAACCCTTTAAAAGGGTGTCTT

HopEF8 ATGGAATTTATGAAAAAGTTIGTAGC

HopEF39 ACCGAAGATGTTTGTACCCCTACTTATTG

HopER1 CCGCTGAGGACCCTTAGCTTCAATGA

HopER3 GGCGGATTAAAAAGTGTAGTTATACCCTAAA

HopERS CGGCTTGAAACACCAAAGTC

HopERG AAAAAGATCTAAAAGTGTAGTTATACCCTAAATAA

HopER7 AASATCTAGACTTCTGGGCTIGGAGTGATG

HopERS CTTCTGGGCTTGGAGTGATG

HopER9 AGCTTCAGGACCCTTAGCTTCAATGATT

KanSacF AALAAAGATCTCGAACCATTTGAGGTGATAG

KanSacR  AAAAAGATCTTATAGCCCATTTTCATGCTCTT

LmpBOF1 GOTCCTGAAGCTGLCTAAACCTGCTCCTGCTCCTAGCACCAATCAACAACAAACCGCTCCTAAAGCTCCTACCGAAGATGTT
LmpBOF2  AAATCTGAAGCTGCTAAACCTGCTCLTGCTCCTAGCACCAATCAACAACAAACCGCTCCTAAAGCTCCTACCGAATAAAGG
Ump60F3  CATGCCGAAGCTGCTAAACCTGCTCCTGCTCCTAGCACCAATCAACAACAAACCGCTCCTAAAGCTCCTACCGAACLCGAC
Lmp60R1  AACATCTTCGGTAGGAGCTTTAGGAGCGGTTTGTTGTTGATTIGGTGCTAGGAGCAGGAGCAGGTTTAGCAGCTTCAGGACC
LmpE0R2  CCTTTATTCGGTAGGAGCTTTAGGAGCGGTTTCTTIGTTGATIGGTGCTAGGAGCAGGAGCAGGTTTAGCAGCTTCAGATTT
Lmp60R3 GTCGGGTTCGGTAGGAGCTTTAGGAGCGGTTTGTTGTTGATTIGGTGCTAGGAGCAGGAGCAGGTTTAGCAGCTTCGGCATC
vacAF1 AAAGGTACCAAAGCCGATAGCATCAGAGAA

vacAF2 ACCGAACCCGACAATTACAAGTATCTTAT

vacAF3 AMAGAATTCAATTTGGTTTCAAGCTCAAATCAGA

vacAF4 AAATCTAGAACTACATCTGCCACTAATGTGAA

vacAR1 AGCTTCGGCATGACTTTGTTGCGGTGTGAT

vacAR2 AAATCTAGATTAGAAACTATACCTCATTICCTA

vacAR3 AAAGGTACCGAGCTTGTTGATATTGACTTTGT

vacAR4 ASMAAAGCTTCATTCTCAGTAGGCGTAGAAT
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Table 2 - Strains of H. pylori used and developed:

1 @E:tjﬁﬁ} ' A gl iL D HLE 3 H 18 1)

esignation

B

B128 {(7.13) p60 hopE B128:p60:hopE

B128 (7.13) HCCA hopE B128:HCCA:hopE

B128 (7.13) p60 vacA B128:p60:vacA
26695 26659
26695 p60 hopE 26695:p60:hopE
26695 HCCA hopE 26695:HCCA:hopt

26695 p60 cagA 26695:p60:caghA




Crycr) 00 -G)filCS)Cct) UYUMO 0 a O, H H H H H H Cv CvV4 4, c4 0)
ir., 124 1. 0)Zz uU<<<x<IIlI" 0, 0 0 0,<<<<0C uwuuo, 0, 0, 0O,
.44 .40 C C) U.4 .4 .44 - 82 -

Natural transformation of H. pylori strain B128 yielded
recombinant bacteria which produced hopE fused to either
p60 or HCCA DNA as confirmed by sequence analysis.
Resulting fusion proteins were larger than unaltered HopE
(Figure 8). Confirmation of HCCA surface localization was
shown using fluorescence microscopy (Figure 9), and was
corroborated by results from whole cell based ELISA

analysis.

EXAMPLE 17 DETERMINATION OF SITES IN UREASE GENE FOR
THE FLAG TAG INSERTION

It is thought that presentation of vaccine antigens on the
H. pylori cell surface or on secreted proteins will allow
development of antigen specific protective immune
responses. In this study, the proteins UreA and UreB were
considered as presentation molecules. These molecules
associate to form the multi-subunit enzyme urease. Urease

was chosen for several reasons, it is:

1. One of the most abundant of H. pylori proteins (>5%
of total protein);

2. Antigenic during H. pylori infection;

3. Structure is known;

4, Activity is easily detected by colony colour

5. Active urease can be selected for directly during
culture

o. Urease is thought to be essential in vivo, allowing

selection of active urease.

The association of urease subunits is complexed, and it is
unknown whether the enzyme will tolerate any insertions.
Therefore initial tolerance of insertion was investigated
using the FLAG tag (8 aa) and later the FLAG tag adjacent
to the p60 antigen (total 31 aa). FLAG is a short
immunogenic tag for which commercial antibodies are

available. The L. monocytogenes p60 protein is a highly
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immunogenic murein hydrolase that is essential for cell
division. The protein is secreted in large quantities into
growth media by Listeria spp., 1s approximately 60-kDa in
size, and is encoded by the Iap (invasion—-associated
protein). Sections of p60 used in this study comprised of
CD4 T cell and B cell epitopes of the p60 protein, and has
been shown to confer protection against murine listeriosis
when presented by a vaccinating strain of Salmonella

expressing the epitope on its surface.

As alternative antigen carriers, the related HcpA and HcpC
protein are also being considered. The crystal structure
has been resolved for HcpC. These molecules belong to the
Sel-1 like family of proteins, are most likely secreted
and they are “seen” by the immune system in humans. They
are not needed in bacterial culture; the possibility that
they are needed or contribute to vigor during infection

remains to be tested.

Based on the foregoing, the aims of this project was to
determine sites in urease tolerant of the FLAG tag
insertion; insertion of Listeria p60 protein epitopes into
tolerant sites of urease in mouse colonizing strains of H.
pylori and insertion of Listeria p60 protein epitopes into
tolerant sites of HcpA and HcpC in mouse colonizing

strains of H. pylori.

Methods

Bacteria were generally cultured on blood based media.
Strains used were streptomycin resistant (StrR) variant of
26695 (mutation of rpsL at codon 43) and also X47 (already
StrR resistant due to mutation of rpsL codon 88). Gene
fusion employed the streptomycin counterselection system
developed in the Douglas Berg Lab (Washington University),
the primers described in Table 3 and natural

transformation (Figure 17).
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a)C) cassette into the gene of interest (Figure 1

Replacement of the rpsLermB cassette with PCR products
containing FLAG and flanking sequences for homclogous
recombination conferred streptomycin resistance and urease
activity. Transformants with functional urease were
selected for on agar plates containing streptomycin and
urea and phenol red (Table 4). Only those bacteria
producing a functional recombinant urease were able to

grow on urea plates (Figure 15).
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The ureA and ureB genes were deleted, and also three small sections of ureA
or ureB corresponding to 3 different groups of potential insertion sites,
were del eted and replaced with the rpsLernB contrasel ecti on cassette by Dr.
SungSook Choi ( Sahnyook Uni versit% currently on sabbatical in Berg Lab)
(Figure 14). The three rpsLernB i 6s'ertions were replaced by DNA
transforrmtl on with assenbl ed PC;R product}s cont ai, [;u ng the FLAG tag at each
of the 8% B Or mants made with these

PCR prod urease and three were
confi rme; 8 by DNA sequegci ng
(Figure . to insert p60 -a,nti gen
adj acent tm e FLLAG tag #h t8 . H pylori weke
t ransf or W t Ig tthe assegbl e in the isolatiof of
reconbi nanks 3 hat dmére fef gct he p6 FEAG % agiat site
la, 3 or 4%irE fuhdt ikoflal Utea EXANPLE 18ANAEY$I$ G H
pyl ori ASE, FAR THES £ NSERTPO & y I ex@has een
reconstricfed friom ©he gepdsi Mt ese (P ) b¥ @ppfying the
crystall aphi ¢ synBt Ey: bpe 55 up edse ms a |§ﬁl’§evsﬁi)he?il cal
conpl ex consd st ¢ 6f g 12z Ur teids 16) ardl 32sU e%
(SwissProtsid; FBE9g6% pof gpe i g ). This €oppf extmas
spected ok suffac opse tth | so, shpwghi gh tﬁer mal
ki gure B6l§ ghbwsEth sfrg &t I9u§e0§ agcodrdin
i 13tyE EThe:vE suial eyealie reegsides that 'geemto
fipr § e &i gserg Eon POYKDIBODK peptiles) § The=sites
d;;ochrgi@g tosthaeir v oSt fThiss i fessken to be
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heght & herdma) Sf EexEbi rfaces 5 16b¥. SThe Bigh
gseent & ¢ Bescalse ks of Staabi 14 zisng i |§t§r§act§ons with
HEE S e o brent o Of: the' pepti de chain i not
argli seemg £og bessu co thesi msegt gop of | ar ger
i nser £s§ By sriepl i 8y &r gs§ due <E Ur el (P69986) agai nst
t he Flua t§a§)§p§ idg gngtesth $h@ cf y§tgls st¥ycture).
Si nces ‘Baapsi® T & at Eveky nt sSamkl Ensekti @ﬁ% are
possi bI e fand shoul d be tested. s very fl exibl eo ‘Pt is
renmarkapl e wel& caqnservedvin Sl esseit ds naol ved
in arg ugknown Eel lkukak §upcti pykor] ¢elli waBlEf or
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| ar ger fr‘agrrentg,E = 89 § such oat protein forgexanple,
because this |oépsis § gcated & symetry axis. ghg |oop
is located closé £oj tthe BreAd eni, exposed, flgwal e
and shows littlé Enf ey dcki §n 3 fThéref ofe nut at§
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UR6 - insertion of Lmp60FLAG into
UR6 - insertion of Lmp60FLAG into
UR6 - insertion of Lmp60FLAG intoi
UR6 — insertion of Lmp60FLAG into—g

UR6 — insertion of Lmp60FLAG into

hcpC-NF1 - insertion of Lmp60FLA

(upstream)
1098C6n - insertion of Lmp60FLAG

(downstream)
1098A1C - insertion of Lmp60FLAG

Complementary to p60FLAGRL
(upstream)

To produce p60FLAG:fusion
Complementary to p60FLAGFL

Not appliéa'tb‘défé‘“‘
Not applied to date
Not applied to date
Not applied to date
Not applied to date
Not applied to date

No£ égblled to date
Not applied to date
Not applied to date
Not applied to date

(downstream}
relative to the site for antigen insert

Table 3. Primers designed in this st



Site 3 - Residues E101ANGKLV107 of UreA could al so be replaced agai nst
DYKDDDDK. The insertion of one additional am no acid should be tolerated by
the overall structure, because this |oop ghows high thermal flexibility.
The mul ti pl e sequence alignnment reveals that this | oop contains insertions
in U eA honol ogues fromdifferent species. These sites are considered best
based on the HP urease structure alone. These sites have been checked on
the basis of a superposition of the HP urease structure onto honol ogous
urease structures fromother bacteria. These superpositions are useful to
identify rimajgﬂubvmﬂIummmserweﬂestéBScaed Kﬁidhxbinguisbnbhemdﬂﬁmﬁ in

Fl exible surfacs, haghe Jatsdlant; beyselul of gt oLhe asettion f anifopes.

The urease st Fat gesting Xt at h ere is
little strtunaﬂkﬂsfGE»g¢ﬂ¢|1&bduﬁlg@réuh&cb@naCRrespdapm§ cHawanerg t he

super posi ti oy confdd nedh ¢ had st Ls) 1f19n§edtﬂ9 bred & Lerm-nus pd the UreB
N-termi nus are suitable to acconnndate he tag In addition we found three

addi tional si3¥CTBh BeETHE %%o%?ﬁl%%ec%ngﬁdépéd3a§®§§é%@ﬁsStQP 90 - Site
4 (UreB). NNPIAH) «NNNNNRY DYKEIDDEK AINNAINN: b ( 863BEbhE. roudidt & 5 PCR and
(UreB)'HIEVNQE&&?%%MNWNM&iranSformation of recipient strains (Figure
13a). Similar methodology was performed for the insertion
of p60 eptiopes adjancent to FLAG (p60FLAG). However
genomic template DNA was diluted and resulting amplicons

were Dpnl to remove genomic DNA (Figure 13Db)

Results

The ureA and ureB genes were deleted, and also three small
sections of ureA or ureB corresponding to 3 different
groups of potential insertion sites, were deleted and
replaced with the rpslLermB contraselection cassette by Dr.
SungSook Choil (Sahmyook University, currently on
sabbatical in Berg Lab) (Figure 14). The three rpslLermB
insertions were replaced by DNA transformation with
assembled PCR products containing the FLAG tag at each of
the 8 sites within ureA or B. Bacterial transformants made
with these PCR products were selected that contained
functional urease and three were confirmed to contain the
FLAG tag at sites 3, 4 and 8 by DNA sequencing (Figure
12a) . Assembled PCR products were amplified to insert p60
antigen adjacent to the FLAG tag in to urease at the 8
sites. H. pylori were transformed with the assembled
products, resulting in the isolation of recombinants that
were detected by PCR to contain the p60 FLAG tag at site

la, 3 or 4 in functional urease (Figure 12a).

EXAMPLE 18 ANALYSIS OF H. pylori UREASE FOR THE
INSERTION OF FLAG-TAGS

The three-dimensional structure of the H. pylori urease



DYKDDDDK NNNNNN T(542) YHVFV... Site 6 (UreB). YHVFVDG 549) NNNNNN DYKDDDDK
NNNNNN K(550) EVTSKP. .. Since N and C-termni are freely accessible |
woul d recommend putting the Flag-tag eithgg at the C-termnus (together
with three to four paddi ng residues) ...D LKQLKIKV XXX (Fl ag- Tag) or right

after the | eader peptide between residues 25 and 26 such as

... GELMA XXX

(Flag-Tag) XXX EQDPK... where "X' denotes the padding residues. Besides
HcpC (Hpl1098) | uld al so consider HcpA (Hp0211). So far we. know t hat HcpA
elicits the §ﬂm§%§§d?%ﬁkﬁﬁﬁﬁarFQQQﬁﬁgaﬁ#%ﬁ %BP eFiFé§&W§ﬁl§$$h a better
protection i rddmelimusesi rRDBHZalt: dre Ipdeby Thplegdhrgespendi ng constructs

For HepA woul g g o 11 SGKESK EL S i

fgéggggtors. The urease forms a

large spherical complex and consists of 12 UreA
(SwissProt-id: P14916) and 12 UreB (SwissProt-id:
P69996) polypeptide chains (Fig. 16a). This complex was

visually inspected for surface exposed loops that also

show high thermal mobility. Figure 16b shows the

molecular surface coloured according to thermal

mobility.

The visual inspection revealed three sites that seem to be

suitable for the insertion of Fag-tags (DYKDDDDK

peptides). The sites are ranked according to their
suitability:
Site 1 - This site seems to be most suitable. Residues 324

to 333 from UreB are completely solvent exposed and show

high thermal flexibility (red surfaces in Fig.

16b) . The

high flexibility seems to be caused by the lack of

stabilizing interactions with the urease core.

Therefore

the conformation of the peptide chain is not restrained

and seems to be suitable to accommodate the insertion of

larger inserts. By replacing residues L324DKSIKEDVQ333 of
UreB (P69996) against the Flag octapeptide (note that L324

is a lysine in the crystal structure). Since the loop is

relatively long several replacements and insertions are

possible and should be tested. Although this loop is very

flexible, it is remarkable well conserved in several UreB

sequences. Unless it is involved in an unknown cellular

function (adhesion to the H. pylori cell wall for example)

no disturbance of the molecular function of urease should

be

Site 2 - Residues H224GAKSDDN231 of UreA (P14916)

be suitable for the replacement against the Flag

seem to

octapeptide but not for the insertion of larger fragments,



and ... RAMA XXX (Fl ag- Tag) XXX EPDAK... Fromthe structural point of view

there is no need for inserting a linker at all, because both termni are

freely accessible. Therefore by skipping ghe_linker for the Cterm nal

construct and just put the Flag-tag right after the native Ctermnus. For

the N-termnal constructs we would put a two am no acid long |inker between

the N-term nal signal peptide and the Fl ag-tag. The reason for - 91 -
ction of.the exact

cl eavage 11T (T ML Rop Hos o MEoWOUT 4 T KM Hor RECRETe  he
| eader - pept i dasies cleaveiss sormviheat eclcnse deo thetiHteg-fabd Powsethie @m\st r uct s
Egr ( ﬁﬁé aggogs ng%&{%%ﬁ%%% %@%ﬁ%@g& ESA
(Fl ag- Tag) E NG eea™®ed, flexible and shows llttle interaction
with the urease core. Therefore mutations should not
effect urease activity. The seven amino acids between N231
and the UreA C-terminus interact with symmetry related
subunits. Therefore I would recommend to maintain these
residues although the multiple sequence alignment shows
that the UreA C-termini possess little sequence

conservation.

Site 3 - Residues E101ANGKLV107 of UreA could also be
replaced against DYKDDDDK. The insertion of one additional
amino acid should be tolerated by the overall structure,
because this loop shows high thermal flexibility. The
multiple sequence alignment reveals that this loop
contains insertions in UreA homologues from different

species.

These sites are considered best based on the HP urease
structure alone. These sites have been checked on the
basis of a superposition of the HP urease structure onto
homologous urease structures from other bacteria. These
superpositions are useful to identify rigid and well
conserved sites and to distinguish them from flexible
surface loops that might be useful for the insertion of
epitopes. The urease structures where all rather similar,
suggesting that there is little structural flexibility due
to functional restrains. However, the superposition
confirmed that sites 1 to 3, the UreA C-terminus and the
UreB N-terminus are suitable to accommodate the tags. In
addition we found three additional sites on UreB that

should be considered as backups.

The numbering refers to the SwissProt entry P69996:



For larger tags that fold into defined three-dinensional structures we

m ght have to consider |linkers. Media Preparation The conbi nati on of the
fol l ow ng antibiotics and grow h suppl enegps_al |l owed the culture of H
pylori on a regular basis free fromfungal and bacterial contam nation. 1.
M x nmedi a conponents being sure to allow sufficient volune for the addition
of antibiotics 2 Once aut ocl aved I et rredi a corre down to 50C in a water
bath 3. Pre wa anti biotic hat the final nedia

concentrati or‘?lt§ 4i §8F/‘?Bt afqg&slﬁ("zﬁ L) WWNN BWBP%NN@WN B (8 Hgfhty),
vancomycin (6 pg/mL) and trinmethoprim (5 pg/nL). Al so pre-warm bl ood. 4.

Add pre-warmed, bl ng to avoid
maki ng bubbl es 50% Bgrgyév@%% é’ﬁ?ogﬁ%ﬁ ?{ %Eﬁf} Lﬁ@ﬁqg %IZJtYH])%\}to t he
autocl aved nedia 7. Mx thoroughly, trying to avoid maki ng bubbles 8. Add

any ethanol solubd quatd)i RLPkiness40 fi@niesh@obsE YARLAMLGESY) e9rsdour pl ates.

Since N- and C-termini are freely accessible I would
recommend putting the Flag-tag either at the C-terminus

(together with three to four padding residues)
.DILKQLKIKV XXX (Flag-Tag)

or right after the leader peptide between residues 25 and

26 such as
.GGLMA XXX (Flag-Tag) XXX EQDPK...

where "X" denotes the padding residues. Besides HcpC
(Hp1098) I would also consider HcpA (Hp0211l). So far we
know that HcpA elicits the stronger IFN-gamma release
which correlates well with a better protection in the
mouse immunization model. The corresponding constructs for
HcpA would be

. .ALKELKIEL XXX (Flag-Tag)
and
.RGLMA XXX (Flag-Tag) XXX EPDAK...

From the structural point of view there is no need for
inserting a linker at all, because both termini are freely
accessible. Therefore by skipping the linker for the C-
terminal construct and just put the Flag-tag right after
the native C-terminus. For the N-terminal constructs we
would put a two amino acid long linker between the N-

terminal signal peptide and the Flag-tag. The reason for



92 -

Medi a for

m ce studies is additionally supplenented with nalidixic

acid (10 pg/nL), polynyxin B (10 pg/nL) and bacitracin (200 ug/nm). Urea
Selection Plates - 93 - TABLE 4 MEDI A_CQ\VPOSI TI ON FOR THE SELECTI ON
UREASE POSI TI VE H. PYLORI  Component Brucella Broth Bacto Agar Phenol
Horse Serum Urea (40% w v) HCL (1N)* Vanconycin (6ng/nlL) Water

this is, that there is some ambiguity for the prediction
of the exact cleavage site of the leader-peptidase and we
would like to avoid that the leader-peptidase cleaves
somewhere inside the Flag-tag. Possible constructs for
HcpA and -C could look like

(HcpA/Hp0211)
MLGNVKKTLFGVLCLGTLCLRGLMA EP (Flag-Tag) EPDAKELVNLGIESA...
(HcpC/Hpl098)
MLENVKKSFFRVLCLGALCLGGLMA EQ (Flag-Tag) EQDPKELVGLGAKSY...

For larger tags that fold into defined three-dimensional

structures we might have to consider linkers.
Media Preparation

The combination of the following antibiotics and growth
supplements allowed the culture of H. pylori on a regular

basis free from fungal and bacterial contamination.

1. Mix media components being sure to allow sufficient
volume for the addition of antibiotics

2. Once autoclaved let media come down to 50°C in a
water bath

3. Pre warm 100 mL of antibiotic stock, such that the
final media concentration is isovitalex (0.4% v/v),
amphotericin B (8 ug/mL), vancomycin (6 ug/mL) and
trimethoprim (5 ug/mL). Also pre-warm blood.

4. Add pre-warmed blood to autoclaved media

5. Mix thoroughly, trying to avoid making bubbles

6. Add pre-warmed 100 mL of antibiotics solution to the
autoclaved media

7. Mix thoroughly, trying to avoid making bubbles

8. Add any ethanol soluble antibiotics to the media
(erythromycin)

9. Pour plates.

OF
Red



Wei ght/Volunme Direction 28 g 15 g 100 ng 70 nL 1.5 nL Until vyellow
(-10m.?) 1 nmL to nmake up TOTAL Prior to autoclaving Prior to autoclaving
Prior to autoclaving After autoclaving _ g5 _

Media for mice studies is additionally supplemented with

nalidixic acid (10 pg/mL), polymyxin B (10 ug/mL) and
bacitracin (200 ug/mL).

Urea Selection Plates



After autoclaving After autoclaving or until plates are yell ow orange After
autocl aving TOTAL VOLUMELIL - 94 - Storage Medium Tryptic soy broth (g/L)
and 20% (v/v) glycerol. Swizzle 24 h cultgges in this medium and snap
freeze using dry ice. Stocks are not thawed to be sanples and are cells
scraped fromthe frozen surface for culturing. The stock can be re-used
multiple times. Liquid Medium Brucella broth (g/L), supplenmented with 7%
(v/v) horse serum and vanconycin (6 pg/}@pé.E (;ienerally use 10 nL in a 50 nL
screw cap coni cal flask, shaking at 15 n an control gas incubator at
37C. Assenbly by SOE PCR All constructs were assenbled by SCE PCR, and used

to transform bacteria. \qRETR'O6@88sIPIoNMNFER THrSERMACKROKI gEre 13.
Transformation of H p the Berg
transformation protocol is sh&BEASE BQRldVE H. PYLORI

Component Weight/Volume Direction

Brucella Broth 28 g Prior to autoclaving
Bacto Agar 15 g Prior to autoclaving
Phenol Red 100 mg Prior to autoclaving
Horse Serum 70 mL After autoclaving
Urea (40% w/v) 1.5 mL After autoclaving

. After autoclaving or
Until yellow

HC1 (I1N)” until plates are
(~10mL?)
yellow-orange
Vancomycin _
1 mL After autoclaving
(omg/mL)
Water to make up TOTAL

TOTAL VOLUME 1L




EXAMPLE 191 NFLUENZA HAEMAGGLUTI NI N EPI TOPES FUSI ON TO UREASE A/ PR/ 8/ 34
haemaggl utinin (HA) epitopes were used as antigens for presentation by
reconbi nant urease and delivery by H pylonri.. The HA epitopes chosen for
the project are the HA T-cell epitope (am no acid sequence: SFERFEI FPKE)
and the HA B-cell epitope (am no acid sequence: WTEKEGSYP). The

conbi nation of these epitopes in a vaccine should result in the elicitation
of both hum)rsatlora}ande rcyglcgi nedi ated responses in the host. Al - 95 -
constructs were ‘asse ﬁedmby SCE PCR using the process shown in Figure 13.

The correspondi ng nucleic acid sequence of A/ PR/ 8/ 34 haermaggl utinin (HA)

epi t opes wer t i r4 ger j\St W . r{ed in
t he urease aif §gp| CC{ Le%f%%%ﬁﬁ?/%@ r%agnésq%rﬁfaﬂ)onge%@%aﬁy%iﬁf ¢
perfor med accdorcdilifgines tife tdiiaymathiatt c aichrasdntfatseAe ofStardforieg i on

protocol showtddk i ek’ adhddn ivinadadecomi e rdireases faist hsg wer e
sel ected. To det ec_': e(%lljto es within reconbinant, urease, a Western bl ot

anal ysi s was &% iSRS UF FIRHEE W ot B THRFSeqieRe

adj acent to trheusdd wenza i ttopess .al | owed the detection of reconbi nant
protein using comercially avail able anti bodies. Western bl ot analysis
showed that FLAG was inserted at site la on ureA, the smaller protein
subuni t, and Isiquis? 4%exhidin8 on ureB, the larger protein subunit. A very |ow
signal detected for FLAG protein tag at site 3. (Figure 19). This band was
the incorrect size, corresponding to FLAG tag on ure rat her than ureB.

A

EXAMPLE 201 MAINZATI20N 1951ING 9 /NPLUENER Ssammdesd i 1 N %P POPES BUSt ON TO
HS:E_ASEbI n or %@r‘llﬁﬁ_dif&cgéa{gﬁtgnydl& | raUROGED) .Cidéfldé)ﬁa_waié@alld }mET:)ilH fd _edh

I cobact er ri, m ce re | ni.zed, Intra-gastrica W t
200p1 of 100 T @1 SATRH AP GHIUHC expros iy A i Toped AP bt a, 3, 4
or 8 of the wwase ]l yda,imiFatsid and&iI@). 73 days |later, serum was
collected and anti-HA IgG titres determ ned by ELISA. Briefly, plates were
coated with the B-cell epitope peptide coupled to Ri bonuclease Hvia its
C-term nus ( SFERFEIBPKEC)S@ B hyg/m and i ncubated overnight at 4C. After
bl ocking plates with 2% PBST-BSA at 37C for 2 h, serum sanples were added
and plates were incubated for 1 h at roomtenperature. Anti-HA | gG
anti bodi es wérd FEAERBIFES WFe RIS IEGF ka9 EPThoPHhtazA 1Hbel | ed
goat anti - mouse g6 secendaryi antifwdrodddd opheny i grhoisphaticevrwaisn used as
t he substrateF.and tt’ﬁMrieacti on was stopped after 30 m nutes with NaCH.
Opti cal densitlygu(rﬁD) vas neasured at 405nm Figure 20 shows that m ce
i mmuni zed with live reconbi nant H pylori produced antigen specific
anti body aft 7 Fqﬁ_;ﬁ? i i j tomach. 5 out of 20 of i mmunized
m ce have pr gfdruac% antﬁ%ggnlpgép%??'fi iac%tllsbody in sera. 11 mce anong 20
i mmuni zed m ce have been found to be col onized by H pylori after 73 days.

These serol ogi GalaPasitd e N Ge g Jod d M {HOURSrd MRHH Zesk it forsi | a,

si4 and si 8 reconbli nant H. Cg/%/I ori._ There i_; no antigen specific imune
response in tprifé)tgj’rccﬂl}]p Wt e doitfant’ H. pyl ori imuni zati on.
EXAMPLE 19 INFLUENZA HAEMAGGLUTININ EPITOPES FUSION TO
UREASE

A/PR/8/34 haemagglutinin (HA) epitopes were used as
antigens for presentation by recombinant urease and
delivery by H. pylori. The HA epitopes chosen for the
project are the HA T-cell epitope (amino acid sequence:
SFERFEIFPKE) and the HA B-cell epitope (amino acid
sequence: WLTEKEGSYP). The combination of these epitopes
in a vaccine should result in the elicitation of both

humoral and cell mediated responses in the host. All



- 98 - Al docunents, patents, journal arti-cles and other materials cited
In the present application are hereby incorporated by reference. Although
t he present invention has been fullydescrgbed in conjunction with several
enbodi ments thereof with reference to the acconpanying drawings, it is to
be understood that various changes and nodifications nmay be apparent to
those skilled in the art. Such changes and nodifications are to be

under st ood as ig &u% d gﬁt@;n %he %%p o% %ﬂg r%§eQ$ %pven%jon as defi ned
by the appendSl EI&ChS, "Giitess THEY) SHokar SENEr Ko T o5 LriY ogr aphy
The ref er encedovinstied Figluow 4 .wdlHe ao raldspoafddmgnces laiteddid t he
Specificatio | AC QAP Qr r el frerence t t, t they
suppl enent , %)?S]Iru%inr?% %r 0\%/ e a/tt}gqﬁkagggﬁégrl%gﬁnqgl t(théAgh ér%tﬁ?ﬁ_og%{éa
techni ques af@PGItIgGHeSs M GIVR ermdiney & Imarsi d.1stgs Sy, Goul 1Bl sesdecet
alt- l(ZOng)bzalplSt@,efS%Q,eJaé% asCldding f i@l FilRRRA)1.8.348 o336 on @ ti ss
et al. ( &L pylori was performed according to the diagrammatic
representation of transformation protocol shown in Figure
17 and functional recombinant urease fusions were

selected.

To detect epitopes within recombinant urease, a Western
blot analysis was performed. The inclusion of a FLAG
protein tag sequence adjacent to the influenza epitopes
allowed the detection of recombinant protein using
commercially available antibodies. Western blot analysis
showed that FLAG was inserted at site la on ureA, the
smaller protein subunit, and sites 4 and 8 on ureB, the
larger protein subunit. A very low signal detected for
FLAG protein tag at site 3. (Figure 19). This band was the
~ incorrect size, corresponding to FLAG tag on ureh, rather

than ureB.

EXAMPLE 20 IMMUNIZATION USING INFLUENZA HAEMAGGLUTININ
EPITOPES FUSION TO UREASE

In order to determine the immunogenicity of genetically
modified Helicobacter pylori, C57BL/6 mice were immunized,
intra-gastrically with 200ul of 10° cfu / ml of H. pylori
expressing HA epitopes at sites la, 3, 4 or 8 of the
urease (sila, si3, si4 and si8). 73 days later, serum was
collected and anti-HA IgG titres determined by ELISA.
Briefly, plates were coated with the B-cell epitope
peptide coupled to Ribonuclease H via its C-terminus
(SFERFEIFPKEC) at 5 mg/ml and incubated overnight at 4°C.
After blocking plates with 2% PBST-BSA at 37°C for 2 h,
serum samples were added and plates were incubated for 1 h

at room temperature. Anti-HA IgG antibodies were detected



4US 6, 150, 170 - Powel| et al. (2000). 5US 6,410,012 - Seiznore et al.
(2002). 6US 6,550.419 - Hone et al. (2002). 7US 6,531,313 - Goudsnit et al.
(2003). 8US 6,682,729 - Powell et al. (2084)- 9. US Patent Publication
2005/ 0075298 - Chen et al. (2005). 10. US Patent Publication 2002/ 0176848
- Seizenore et al. (2002). 11. US Patent Publication 2005/0096288 -
Guevara et al. (2005). 12. US Patent Publication 2004/0236072 - O nsted et

al. (2004). 13 US Pat.ent PubI icatio 200 039 - Hens |, et aI 04).
14, US Pat ent Pl Fati IOGIRGEOE ﬁ??)ee&i ggat I(ﬁ
Pat ent Publ i catdoomazq0 2M03R1TH2 -Nltarommﬁra/rl (pzmmatelﬁv.aslﬁls%i " the

Publ i cation %QQ%&Q%%%Zg%d'Eﬂgwygéé%i&ﬂ'wa%z%%%bped after 30 minutes

with NaOH. Optical density (OD) was measured at 405nm.
Figure 20 shows that mice immunized with live recombinant
H. pylori produced antigen specific antibody after 73 days
colonization in stomach. 5 out of 20 of immunized mice
have produced antigen specific antibody in sera. 11 mice
among 20 immunized mice have been found to be colonized by
H. pylori after 73 days. These serological positive mice
were found in groups immunized with sila, si4 and si8
recombinant H. pylori. There is no antigen specific immune
response in the group with si3 recombinant H. pylori

immunization.
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control in stoats" WIldlife Health and Conservati on Research Program

Landcare Research (Fundi ng Body).
Although the present invention has been fully described in

conjunction with several embodiments thereof with
reference to the accompanying drawings, it is to be
understood that various changes and modifications may be
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims, unless they depart therefrom.
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Hel i cobacter cell conprising a nucleic acid conpri sing: (1) at |east
one non-Hel i cobacter sequence encodi ng a non-Hel i cobacter pharnmacol ogically
active nolecule of interest linked to a gegretory signal peptide; and

(ii) a regulatory sequence capable of controlling expression of the

non- Hel i cobact er sequence in the Helicobacter cell, wherein the

Hel i cobacter cell is not a DapE nmutant strain; and (b) adm nistering

to the mamal_ an amount of_.the cqnposition,. wherein t | i cobacter cel
chronical l'y ¢&i%ri % ﬁjgefr?ﬁ]cld’sga%g?e Sai'f 12 nd % hﬁiom%-| i cobact er
sequence encodi ng a non-Hel i cobacter pharmacol ogically active nol ecul e of
interest is express fficd lj.ci rﬂﬁwi%@”ﬂﬁl e t | e
response aga?ﬁst Z%j §§§§|i§ ﬁbolgg%{;ﬂ ﬁgrnaco ogi c ;52%%¥¥§§ﬁ§%%%€|e of
interest. 2. Rfethod according to claim1, wherein the inmunol ogically

det ect abl e responsg)i s drite/ iRIQAUE | s iditdbedings:i 3.y net hod of
delivering peptides to a naqHEI CO ,rLsingi . (a J,g{ovidin,g,a .
conposi ti on é@#&ﬁ T 198 SIPTRES I |2 JBHPhS A ftHE 4 d
conpri si ng: (1) ati)l east lenssthemdeldreabact @sbasempe eeyescosdi ng a
non- Hel i COb.a.Ct er %‘:Y‘il%:tql %&?fa IanJtne—rPFes 145152(%%11 gyfh%ﬁr%fcro tqoqriycasll %Jctpjgpél de;
and (i1) a regula y seguence capable conttol1i'ng expressi on of
t he non- Hel i cobactmerleculE)®f interest linked to a secretory signal
peptide; and
(11) a regulatory sequence capable of
controlling expression of the non-Helicobacter
sequence in the Helicobacter cell, wherein the
Helicobacter cell is not a DapE mutant strain; and
(b) administering to the mammal an amount of the
composition, wherein the Helicobacter cell chronically
colonizes the mucosa of said mammal and the non-
Helicobacter sequence encoding a non-Helicobacter
pharmacologically active molecule of interest is expressed
sufficient to elicit an immunologically detectable
response against said non-Helicobacter pharmacologically

active molecule of interest.

2. A method according to claim 1, wherein the
immunologically detectable response is the production of

antibodies.

3. A method of delivering peptides to a mammal
comprising:
(a) providing a composition comprising a
Helicobacter cell comprising a nucleic acid comprising:
(i) at least one non-Helicobacter sequence
encoding a non-Helicobacter peptide of interest
linked to a secretory signal peptide; and
(ii) a regulatory sequencé capable of

controlling expression of the non-Helicobacter



sequence in the Helicobacter cell, wherein the Helicobacter cell is not a
DapE nmutant strain; and (b) adm nistering to the mammal an anount of
the conposition, wherein the Helicobactergeld chronically colonizes the
mucosa of said mammal and t he nonHel i cobacter sequence encoding a

non- Hel i cobacter peptide of interest is expressed. 4. A nethod according
to any one of clains 1 to 3, V\/nerein t he corrposition is adm ni stered at the
mucosal surface of the nmamal tgié'& accor to an ne of cl ains
1 to 4, wherein tF&%BFHNT slt“ertlhr"?g}ie B 5 9 al doses of
the conposition. Helikdabetdted aeddr disnguctto aarnapmmuﬁarnj atmih;t arfy

wherei n t he nmamal |s Y/ ad i QLAY of cl ai ns
1 to 6, wherein th(e re%u g'zﬁgi%fesrel L?Ant(rg;gtt%s se %t (?Q?rat([)“m a}ﬂce OgEPgCJIp

consi sting ofcoamposrabionos erhiendiai bihe gredrstata ctidet iadbacterorpydadrly

hi stidine KipaieniRek6% hy iRl oF ¥R Hfima 1anh 3R Sl 54 pronmoter.
8. A nethod according to any one of clainms 1 to 7, wherein said

Hel i cobact er HEJIHCHbE & e ISEEISRGC ERAEMI GeNon—He L 1L qRAHSS &&r'diShg to
any one of clod Mhtkret8 iswkeai2idgysdir nucleic acid is in a plasmd vector.

10. A vacci ne conpri sing: (a) a Helicobacter cell conprising a
nucl eic acid conprising: (i) at |east one non-Helicobacter sequence
4. A method according to any one of claims 1 to 3,

wherein the composition is administered at the mucosal

surface of the mammal.

5. A method according to any one of claims 1 to 4,
wherein the administering comprises one or more sequential

doses of the composition.

6. A method according to any one of claims 1 to 5,

wherein the mammal is a human.

7. A method according to any one of claims 1 to 6,
wherein the regulatory sequence is selected from the group
consisting of an arabinose inducible promoter,
Helicobacter pylori histidine kinase HP 165 promoter, T7

promoter, and FlaB sigma 54 promoter.

8. A method according to any one of claims 1 to 7,
wherein said Helicobacter cell is a Helicobacter pylori
cell.

9. A method according to any one of claims 1 to 8,

wherein the nucleic acid is in a plasmid vector.

10. A vaccine comprising:
(a) a Helicobacter cell comprising a nucleic acid
comprising:
(1) at least one non-Helicobacter sequence

encoding a non-Helicobacter pharmacologically active



encodi ng a non-Hel i cobacter pharnmacologically active - 104 - nol ecul e of
interest linked to a secretory signal peptide; and (ii)a regulatory
sequence capable of controlling expressiamof_the non-Helicobacter sequence

in the Helicobacter cell, wherein the Helicobacter cell is not a DapE
mut ant strain; and (b) an immunol ogically acceptable carrier, wherein
the Helicobacter cell, upon admnistration, chronically col onizes the

mucosa of nmanmal t he non I i cobact ence encodin
non- Hel i cobact er &?i@rﬁéﬁtﬂ %\Péﬁ?*‘r‘g’reth.llae %ﬁcﬁerﬁcg‘ryesﬁlqr%a]expr essed

sufficient to eli gdptanid; rmimnbl ogl cal | y detectable response agai nst said
non- Hel i cobact er phar rraﬁqLI ogi cal Iay rae(%;tdl ecm esCeLHLFenO o |é'gpegbelsé of
controlling expression of the non-Helicobacter
sequence in the Helicobacter cell, wherein the
Helicobacter cell is not a DapE mutant strain; and
(b) an immunologically acceptable carrier,
wherein the Helicobacter cell, upon administration,
chronically colonizes the mucosa of mammal and the non-
Helicobacter sequence encoding a non-Helicobacter
pharmacologically active molecule of interest is expressed
sufficient to elicit an immunologically detectable
response against said non-Helicobacter pharmacologically

active molecule of interest.



