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H. pylori have been described as a causative agent of
chronic infection. In 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

of patholecgy to the host.
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Hel i cobacter Constructs: In one aspect, the invention
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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 segquence
is capable of controlling the expression of the non-

Helicobacter sequence encoding a molecule of interest.
Helicobacter Constructs:

In one aspect, the invention provides a composition
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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



Hel i cobacter construct is provided. In sone

enbodi nents, these reconbinant cells are reconbi nant
w@200805i31€el | s or H. pylori cells. In sonme asperay2007/001725

t he Hel i cobacter-based vector ang vector plasmd

constructs that contain the Helicobacter construct

conprise a pharmacol ogi cally active nol ecul e of

I nt erestesdef bped as a protein, peptide or any other

nol ecule. I'n ‘some enbodinments, the isolated nucleic

acid nol ecule may be further described as conpri sing

cDNEn g@m@némbsﬁmmeﬁNé the Hehybbbdcﬁekeeuhetkbetecbmprises

5gré|cg og % L E ucle 5 acid is cDNA
§-b? 5§5ﬁp?3 & pr ?glﬁ andpor —pepti de of

|nterest nay conprise ghrelin, anylin, insulin,

”Uttﬁ'BtP ﬂbH&?ﬁ%HFée H@ﬁSES%b%%ErCBGHSS?ﬁSt 95 further

ot her ech use inthe treatnent and/or

mandgéhead af @auehbrBualpdedsd 1COBRLERESPYRGr thGRRATTUCT.

innunodeficiency di sease (AIDS), appetite

suppression, preparations useful in the treatnent of

di abBFel: BYEOTReBBRBFASNECER FERSERUGENBRYaEpEEtiST gompTise,

conpﬂss@m@nemban&mshﬁg aarpeombtaanbequehbelSapsewméedry

conprising cel transfor the WD 2008/055 1

PP aSEhSr chhy et 8 BEBLPEER Ll BRaened o n B P s cular

t ha¢mbodiwdets, kblreobabneantcgnéﬂrucanaiod@gdrwb@@ the
herﬁéflcbﬂaéeg§ SBHQékHEEtis b@%v1ﬁ%80”bﬁﬁagbm%eEhbodlments,

ngélses a seqguence encodi ng-a non-_ Hel i cobacter

pyl ?S%hé?ﬁﬁ@@FB@PEaFﬁ}lﬁcﬁF@erﬁﬁP@@&P@“@fE i FOelesells or
I n gthpylggbogémggts the nucleic acid sequence

encodi ng the non-Helicobacter pylori pharmacol ogically
active nolecule of interest conprises a secretory

si ghal sopel gppptide. the Felid cebadierenbsed kector and vector

reg@ %ﬂf&tcgﬁgkrgétscgﬁggl§09£a§ EﬁEL%%l%%o%ﬁ%&%ﬁs%%nstruct

correspon
nnl@@mPElee anPb&@@ﬁCQﬂOGhéaQQWTé@élvéfmpﬁ§CU1e of interest

feC@Q?iﬂéat %eglprbEeEﬂ'SFQBEH@% o%h%n§XBE%%§e%olecule In
product of e nol ecul e of interest may be deljvered

at %@metﬁWE@@ﬁmﬁﬁéSwu68§aPS§&ﬁF§éen&FléﬁCaﬁF&Q modgsprle may
as B¢ thether described as comprising cDNA, genomic DNA, RNA,

or a hybrid molecule thereof. In particular embodiments,
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By way of example, a protein and/or peptide of interest
may comprise ghrelin, amylin, insulin, motilin, B-
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
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Preparations: The present invention provides a variety
of pharmaceutically acceptable preparations
formul ated for delivery to a patient, such as, for
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P armaceut cally acceptable preparations formulated for
delivery to a patient, such as, for example, delivery
gastrically, orally, or intranasaly. In particular
embodiments, the compositions are suitable for delivery at
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, 20

edition, Mack Publishing Company, which text is
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In some embodiments, the Helicobacter based vaccine
comprises cells transformed with a Helicobacter based
construct, such as a plasmid vector as described herein.
By way of example, the cells transformed with the
Helicobacter based plasmid vector may comprise E. coli
cells or Helicobacter pylori'cells. In some embodiments,
the vaccine may be further defined as a live attenuated
vaccine. In particular embodiments, the composition will
include an adjuvant. In some embodiments, the vaccine is
capable of providing delivery of the non-Helicobacter

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

In yet another aspect, a method is provided for
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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)* 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



referenced t hroughout the description of the present
invention: SEQID NO 1 - Nucleotide sequence of
w@b@snidioHPL (2796 nucl eotides) +ve strand. BEQAUD07/001725
NO 2 - Nucl eotide sequence of pHPI (2796
nucl eoti des) -ve strand. SEQ ID NO 3 - Nucl eotide
sequence of plasmd pHP3 (3444 nucleotides). SEQ ID
NO pAesehePahiLh81GnVi rus antigen (HCV) nucleotide
Sequence (580 nucleotides). SEQ ID NO 5 - Nucleotide
sequence 135 bp (45 ami no acids) immunogenic coding
se?u@n@ﬁoéﬁeﬂwaB§KFEpahlmeeh6abeusmmﬁhE¥1n OB animal is
ant |

5 g gleot ggguencgP 1108
nud? %ﬁ% ) of™ PRESsEPPREE™ERbEseld FoBpT FEMREHESS
gener¢at dihG04, canpP®i 268/ 660816 sPad/ ALROAEIACbPRATter

9 LIl - .

S SRl P, SO el Tcrin
Pri pertiieganiohéoandesFecsEge| amNantgof the composition
CliQQﬁPf&f@ﬁtdgopélEEEt(éﬁ QHEE@QEbQ@Simmu§EQ%Equgbe in the

10 - Nucl eoti de sequence  of ¥ ori insertion
cond®ERt ; ?BpEp@@nemﬁP?HmﬁHEPeo PeacEgREAPE Sof mmune

I ntesesdbnse” Xs. e[ 580tkA h@@ﬁ theXadhpnisbedthpnHegEh.
The_nuc uence I Nt eres

t
conFFF S e PE Bt  FATB B4 BAREe T RaP TeflebAo gt octive doses

nol et utlee ofoinpbeliesbn. sutheas amethbdkogayabky usalkdualbl e
nDl‘?&H%J?lﬂ%r#lniﬁﬁlﬁﬁazaélohl Q_EO%E?Lﬁ' g.g !ﬁl lﬂﬁgl ?.mmunlzatlon of
nol ecul'e o nterest may conprise an enzyme, pro
peptim@NS or ot her nol ecul e that is capable of
provi ding a beneficial or therapeutic effect to an
ani mal as_delivered as an expressed groduct thou%p or
at EPRUEBsAPWLPT BEEledGeRCAS ARE §RDP BCHfic FELUST eSS are
sonfefeﬁ@ﬂdeﬂeﬁhsongoutstaendebekapaabﬁ sEqttPRC @resent
n£r|S|E9 nucl eoti de bases to 150 nucl eoti de
as B9 nucl eotide bases to 138 nucl eoti de
bases. SEQ I D NO 11 - Nucl eoti de sequence for fusion

progganng0: 1 - Nucleotide sequence of plasmid pHP1l (2796

nucleotides) +ve strand.

SEQ ID NO: 2 - Nucleotide sequence of pHP1l (2796

nucleotides) -ve strand.
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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



HopE and p60, insertion of p60 nucleic acid sequence
(23am no acids) at nucleic acid position 504
w@ casioespondi ng to ami no acid (aa) position 16BJT/AK2007/001725

HopE sequence. SEQ ID NGO 12 - hycleotlde sequence for

fusion protein of HopE and HCCA, insertion of HCCA

nucl ei ¢ acid sequence (46 am no acids) at nucleic

aci 4-fcprr ing to ami no acid (aa)
#%%%ﬁ?%%g§6$g ?%p% ﬁégFg?g acid sequence. SEQ ID

NO'13 - nucleic acid sequence for p60 (69 nucleotide

basggg . Iﬁlhéooﬁl05@§é@r££ﬁlﬁkgﬁe¥/@Q§7ﬁ§c1eo%@de§EQ I'D
NO 14 - nucleic acid sequence for HCCA (13

nucl eoti de bases). BRI EF DESCRI PTI ON OF THE DRAW NGS
ThesEpveDtNon v + | Dbendeseambedimarconpunatiieptiiel) .
the acconpanying drawings, in which: FIG 1, in
accordance with one enbodi ment of the invention,
il 18ERrE POt he veelbgopoadertits, PpiHPAL (258nukbeotides) .
FIG 2, in accordance with one enbodi nent of the
i nventi on, g{esents a schematic di agram of thgﬁﬁlasn1d

ce

conSEQuER PR3l P 3-4NRe}eoFidr3seRReREBoPaH PrioA@sertion
enbegh geptic ©f i;IBgEI gugat yetn nhbh.é@t:ﬁ.@EGSeE;[bén\é@Cb@r interest,

Conh hehto e oo E ety o' T EBGC P DEBESe ' CaBR pyereosias

strgequeﬂc®fofsmhtasabaz|nK”(SSNy cBhhGriBSe Bnnucleic acid

aCCQ&?&QﬁSemﬁﬁgtOQSC§HQQd5"ﬁB&e851Eh8f ﬁﬂ%%QEEQn’such as a

[ 1'US es a ¢ usin i on exchange
(Amhe¢l©geca$196yaéuﬁPMQam@éeﬂpﬂﬁ Qfdy@tengﬁﬁe AR

FlGblélO@fCQ?QQrgémﬁﬁbmétBo@@@u@€b©@|Hﬁﬁ%r@%ttﬁ comprlse an
invention, illustrates the predicted str cture 0

HopELZYBRoWPHGCERE | REBFLAEN SFL BEPEF BOLBGHRCE

I ntespshble @ﬂCbraslalﬂgchebénacudlaequencheeﬁ@@@mn@ effect to

F[rﬁhogngggl as delivered as an expressed product though or
at a mucosal surface, such as the gastric mucosa. In some
embodiments, “X” is a nucleic acid sequence comprising 60
nucleotide bases to 150 nucleotide bases, or 69 nucleotide

bases to 138 nucleotide bases.

SEQ ID NO:11 - Nucleotide sequence for fusion protein of
HopE and p60, insertion of p60 nucleic acid sequence
(23amino acids) at nucleic acid position 504
(corresponding to amino acid (aa) position 168) in HOpE

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).



epi topes. Adapted from Bi na and associ ates, which
reference is specifically incorporated herein by
wo edossssee. FIG 7, in accordance with one enbpdi/ABmi07/001725

of the WD 2008/ 055316 PCT/AUZOOZ/OOl?ZS - 11
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 as 168 of HopE. To al |l ow honpl ogous
r ecoi®i HatTenl4nd ?%%1%b%n%ﬂ%d PEEREnGRNEAT cHEBHY 5?8
hoplutedt i@¥| BAEes) Sequences honol ogous to genomi ¢
hopE were included flanking the insertion site for
epi tope coding DNA. FIG 8, in accordance with one
enbBRIIAENDESCRTATION NOENTHENDRBWONEHes a di agrammati c
representation of reconbinant genes in H pylori.
Col um A: Antigen coding DNA was inserted into
hopEhat 1lp*ﬁ<snti©n W@;b%rb@p@ﬁ@?ﬁgbﬁ@ 48 ¢6BjURFEhRPR yith the
regé@@o £ﬁ§§ﬁgn§k891£§s,alﬁukﬁ&bﬁe surface expose

oop; unh BY Antigen coding DNA was inserted at
the cagA at the 5 termnus directly upstreamof the
cagirst op, condescoLehtas ﬁltﬁlaﬂevamﬁowaenteplfamé

DNA, Codi t he, onDte sequence g

SeqURHEBE LRty L aRRrERErF DaeA cihetengBrthunii RErar (2.8
autbbransporter (AT) domain. Antigen codi ng DNA was
inserted directly upstream of the signal sequence.

FIG 9, in accordance with one enbodi nent of the

i nvBEEi 08, BRovFEesanvesYEER BPGteQHQﬂ9Q?§tonche
py|9ﬁ#en5@8§ (5ré§én€9néabEhBQaHQGAdﬁﬁéigmHGGAtth@lasmld
Bl ot A antlbod¥ EEFE 2 anti body; a-rabbit - AP
con?%ﬁ%FEuCtLBHB3 3nﬁr Lane 2: B128; Lane 3:

B128: HCCA: hopE; Lane 4: B128:p60: hopE. Blot B: 1

ant nt | y - _AP- - :
conf thare. TianacoringfRer it pu® sHEeaE oF ope invention,
LanglBusBtaBesBkbe CecltOrappissdycta- ppBA 032 8ant i body;
a-nouse - Ap conjugate (2 antibody). Lane 1. marker;

Lane 2: B128: p60: hopE; Lane 3: B128. The white arrow

i ndFEGt €4, t hE BARATEBRFEsHaREI R§St STEPCREENt 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 HOpE,
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



HopE or fusion protein. FIG 10, in accordance wth
one enbodi nent of the invention, presence an
WO povsfosfBlicor escence based microscopy anal ysi sPOf/AB2007/001725
pylori B128 containing HCCA insernted into  HopE
(B128: HCCA: hopE). Upper Row. PhaSe contrast WO
2008/ 055316 PCT/ AU2007/001725 12 m croscopy; Lower

ggggn&%ﬁﬁﬁfﬁceﬁpﬁugtfa@égOPaCOQBhﬂaﬁtADNAFhoméhgnbs produced
antil bo 0

d
Al X TOBOR ar 8 CoRbpanh RACH tho| BRrAppEap6s epitope
antwémd'yns@rt@@bihté\l:héﬁﬁ aCotHanp€esitiopyterireBpd8dihg to aa

ant d

o 13 5 B e 580 B0 oo SRR P o g e ine
AF:ﬂ@ﬁﬂac{m¢uhnoE the gyhomicBt@ByHOCARDPBEinlg. pylori,
anté ncés 510 ?ﬂgttgogﬁg lgnﬂéﬁEAgeﬁ§81nEhGHed

accor dance “one @ |nent of
|nV%h%W%Mngp?b%eh@@eﬁt%ﬁﬁl§l§@|ﬁoﬁagﬁatEEFSﬁpgﬁ§9y§N§

of FI@CO@b|Dﬁnécébraﬁh@é|wgéﬁgénéngmﬁéa§méﬁt1§f the
Col ynmm A: Reconbi nants 26695: HCCA: hop

266@%“%%%4%%p59r€%F6ﬁﬁ B: dlﬁ@EGﬂBPHéﬁt§eEI?§eHEEEFHGp@f
B1 28 &t it §Ehestnﬁnﬁofpyp6®1antcgenmnlAanAthQ¢n (Ag)

- P6O4 K AP
coﬁfugé?%agéétec 6%88 ﬁ@cﬁak ah ﬁ? % éggggiéfﬁé 2)
ant¢®Ud®8paﬂdnugetAPaethagaWethEnrarrebéps csENesponding to
(n7§)$P€391vé2s§99&@ tEEFBQé'&bBBS eb10rhent i aht3gkesS coding

for t I nsertion o ens |nto resent ati gon
pro@%$n%asF%@Sezéeéhaﬁstbﬁecaaacégst £ PlAtgEmépymy directly

USII é£§@RS&EPAhe Peghosebpf ebntiba ; asa@aﬁhycofBuwe vacA was
|1 C r asse
oebRcea g §a9ERgatBhe P Ea P agToRboBp tRF o ogrence.

ur el gma st saguehkce mybmnimatnabn(m47vacaplgaedewgeh domain

the ﬂ&sé?gégﬁ%ﬁgﬁggkg§ fEOmgﬁﬁh rgﬁ%ggbﬂa%Bdﬁkgx%&A was

onIy cont ai ne nser
sel Egseviey @ira¢QAYpu§ﬁ§§eﬁmroﬁa@h@rsagnaﬂoéﬁgwﬁ@
functional urease. Left (growh): wild type X47

urease positive R ght (no growth X47 with th
Eps gnt in acéorda%ce &1thgone e%bodﬁment of %e

invention, provides a Western Blot analysis of H. pylori
B128 (7,13) containing HCCA (B128:HCCA:hopE, Blot A. 1°
antibody: o-HoOpE; 2° antibody; oa-rabbit - AP conjugate,
Lane 1: marker; Lane 2: B1l28; Lane 3: B1l28:HCCA:hopE; Lane
4: B128:p60:hopE. Blot B: 1° antibody: o-HCCA; 2°
antibody; o- mouse - AP- conjugate. Lane 1: marker; Lane
2:B128:HCCA; hopE; Lane 3: B128. Blot C. 1° antibody: a-
p60; 2° antibody; o-mouse - Ap conjugate (2° antibody).
Lane 1: marker; Lane 2: B128:p60:hopE; Lane 3: B128. The
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



cassette disrupting UeA and U eB production (urease

negative). WD 2008/ 055316 PCT/ AU2007/001725 - 13
W(Frz(g)smdﬁlshows nol ecul ar structures of the H PpPgl/avu2007/001725

urease. Fig. 17 shows protocol r the transformation

of H pylori wusing the streptomycin contra-selection

system Fig. 18 shows the insertion sites used for in

frape-fistOfy; tohde RYE. haﬁﬂﬁ&ﬁégééﬂb@ ﬁPb%QQ@ép?ndColumn A:
FLAG epi tope are indicated by their correspondin

nurBerPYROrh BL28 i nkorant apady nflchpRE a8’ m%PFlﬁggYhea rabbit
snedletPSludt nkeg beFwee) . epbLORASE : THe,gyneﬂuCBlzs. 2°

organl ation of_ the. ureas perqQn.is h Arro o
necit T eohrrarat EPeBeOF st for 2 gt IrRyze - 1
Ien@mm1m¢dyhedeG©AayEa BhAibodgrentmpgsei ABi-¢éaBedChyumn D:
t he,b r 1g-19.s st.e o]

anof L L8P [ RS B nobA, 3 SpARELRaYE bERBuOhr -ass.
nvl@@h&@@ ME|@htpﬁﬁ®kérBlgﬁhHCQA hgpEe 13; aphpbody: o-HCCA:

Site Jntaead: SlhGude hangsh: Site 8; Lane 6: Site
| a; Lane 7: i te 3; Lane 8: Site 4; Lane 9: Site 8.

Lanes 2 - 5 are sanples diluted 1:6. Lanes 6 - 9 are
sanpi@s ﬂi]uiﬁdada@rd&h@d|WSthndhéaéﬁHoﬁhﬁénthethA@

tagged epitope is_presente t s 8_of .
urgg%%?ngio?ﬁépﬁ?@%%Fed?lw |gn F%e ?88eE?EgASF 81§Sls ot
cann®¢om@1n@mEcHedpyﬂhElepEﬁ@ﬁeamésBdéBedﬂabBé at Cohgmn A:
hi gher, op ég saﬁggﬂE?QéEr8§p?§%bgebXb h%k@?zgolumn B:

shows f emal e é wWer e i mmuni ze
Wi tlﬁew@lp?erla@ts 18928 UCLApfoPHt Ba2§aBePi BQPEY BSt&é?yl@n of

W ths0 Hanipi’cbé’lﬁl 173aﬁe2§oh9t e&,—pﬁb(}ez‘ﬂeéﬁtﬂbédyand( -mouse-
serum co| | ect ed

res wer e det ELIS o
o FURSLIES R PbarRoByi ApeCERALAREE ) fepection Of Hoca: 1
proﬁmtib@@yBF&BchﬁLcaPeanttbedyonUFmbugeeaﬁ cong igaéd . Error
Wi th the h gedium BHI B, X47 the group inmuni zed
wi t hA%27 éﬁ\m“i‘yp "H pylori, Sila, Si3, Si4and Si8
are groups immnized with reconbinant H pylori

epr§§S|ﬂ§ &he w@aQﬁﬁ9q5y§i9i8nseBEt9%%%&31&1“%&Eé9nfor the
site ) 8, respectlve Y.
1nsertlon of antlgens into presentation proteins.

Fig. 13 shows the process of DNA assembly using SOE PCR. A:
Protocol for the assembly of two amplicons. B: Protocol for

the assembly of 3 DNA amplicons.

Fig. 14 shows deleted regions of ureA or ureB in strain H.
pylori strain X47, replaced with the rpsL.ermB cassette
(ref) . Each recombinant of X47 only contained one

insertion.

Fig. 15 shows selectivity of urea plates for bacteria
producing functional urease. Left (growth): wild type X47
(urease positive); Right (no growth): X47 with the rpsLermB
cassette disrupting UreA and UreB production (urease

negative) .



The bl ack plain | abels show m ce colonized with H

pyl ori WD 2008/ 055316 PCT/ AU2007/001725 - 14 and the
weegspsisé t e | abel s i ndicate mce that were noPCT/AU2007/001725

col oni zed at 73 days. DETAILED DESCRI PTI ON The present

invention is believed to be applicable to a variety

of different types of bacterial and vaccine

congigucig Eﬂéhs'ﬂ@h@gﬁlérH%EE%%Q%E%%rd%rthe H. pylori
Hel i cobacter- based vector system of delivery. 1658

advahtagBous to define several terns before
describing the invention. Wiile the present invention

ot n ari | mted_to uch _appld cati ons, .
var FSs "R BRBYR PP KBCPTy SE: SRy 20 TR et B Pylori
thrw&ghgatheseugepbnmgt1macpumxaeﬂmhmatidmysnytdﬁus
context. Before describing the present invention in
detail, it is to be understood that this invention is
notFigni t8dshewspbhei ¢ubarkyoax 8kperf negdnéprkods dmgme fusion

HHYtoOﬁhéoﬂﬁéehaéﬁégglukﬁnhﬁ @b&@ob@sbgnanﬁﬁﬁétQQQtope are
t at the terni nol 0g used ereln I's for the purpose

of HeLETRBFAGPBAERRLE| SPTTERBBAPABHT BUBPENeal Roon| drnkers

onl yre apAdisabed aeteededaEOthEeshamutc@ngmuekew et ween
be |i ted on ended

pobtPEEbReRe e drbeRiR B AR B hr =S APl Bkt FhRs Urepsg operon is

herehuwedhetherowupeaderrepteaenarerhénebyeB ispA and urel

| NCOLROLA! RcYenbEheheNER! BiLRTLL ANDIAC Y gV e
pubfications |one ereln re‘cite

pur pedecatedebyr EBEngasanmadics¥nasi A§PY he prot ocol s,
reagents and vectors which are reported in the

ubllcatlons and whi ch n1gh& be us i n _connectiqgn
mntﬁlﬁh% |ﬁUSWF|6nWeREFﬁPnB ﬁErePﬁ §1€o e TECONSIIREF
as aneadsl sshne Lhabrbheinnwmenticolalrs wedghtenbirikdeed tene 2:

ant gdat e, such_di scl osure yirtue of,.priagr : .
|nv€ﬁ Fon- FE Pﬁe?no§e£ gé p?ggtﬁcego? t%é %ﬁgeent Site 8;
i nveane ofi: 8mpkoys; Dﬁhes§ oBh&épwBselangi 8at édte 4; Lane 9:

conyepti gnat,, 052008/ 853346 sRiHh 8200 140RE73%6 . Lanes 6 - 9
are samples diluted 1:2. Results indicated that the FLAG
tagged epitope is presented at sites la, 4 and 8 of
urease. At the higher dilution the epitope for site 3
cannot be detected; the epitope was detectable at the

higher dilution (Lanes 3 and 7 respectively).

Fig.20 shows that Female C57BL/6 mice (n=5) were immunized
with 200ul of 10° c¢fu / ml intra-gastrically on day 0 with
H. pylori. 73 days later, mice were bled and serum
collected. IgG titres were determined by ELISA to measure
HA-B cell epitope specific IgGs production.BHIB indicates
the control group 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



- 15 i mmunol ogi cal and nol ecul ar bi ol ogi ca

techni ques and pharnmacology within the skill of the
wW@eaos/08seh techni ques are well known to the sRCT/ABR007/001725

wor ker, and are explained fully,n the literature.

See, e.g., Coligan et al., (Current Protocols in

Protein Science (1999) Volune | and 1|1 (John Wley &

Sonsnd ntche) erﬁainjarmkt@t la@bels (Mbieestarmi&kovhag: wére not

Lab )t -l or ua? %nd & 3rd Editions. Cold Spring

ot ath ?¥€-(1989) (2001); and Bailey, S
F and O I|s “Bi ochem cal Engi neeri ng,

Fuﬁ%ﬁ%@ﬂﬁﬁﬁSDE%ﬁﬁ%?%ﬁbﬁ'l Book Conpany, NY, 1986. It
nmust— sed hereln and in the appended
clainms, the singular forns "a," "an," and "the"

|n0fh’éj%ré)ééhﬁ’@| 1ﬁ@éﬁ£faﬁelg%§§§e¢f@a eanﬁsxa pheanbye to a
dlctates ot her wi for exanple,  a re?erence to

"a YRIGHEF ¢ O%c%ﬁf?ﬁ%mad%xpas pPErE‘F‘?F?rbﬁlsﬁ’&ﬁ Haeréne

acidspstanicies tleder eneetudd aaHeusebaaedepe@t_»l ge'livshacter-
referen e to _one tides,

G OGP SLTORE BERIVERR: . 20F 38 S8ktdrapppps to

t erdsf Usedsdreeeih heavesthbefsaaedaranihisgasheoimwahyion.
Un%&ﬂé’ OYp P P n i im3

whi ch tg?% | v%%??%n %9%%§%%n gf E%Eg gssgﬁ%%%?laﬁmlted ko
ancSUfEt RRRL1&3 Paf oY2B§OnTaReRECED PRoERedéBEENBAGN may be
herghpr&aabed tiseduyn Hrackeeesibe presgpioliBVeRbinplles using
the preferred materials and nethods are now

desTH He et very of therapeutic conpositions and

nucleic acids to specific target sites within the

ani g e f ug.. .
deT et SrER iy “EhRCer SPRLL TRHFELEEE] By LEEaRT01e 4
dev@ dmdnadwt@@@abh@t bbs&dlnbanteonansdiebtvérlgmlted to

%% Oéx&ﬂﬁiifDSdVﬁQEHéés §H80Ha99 of course, vary.
i 0 oglcally actlve agents, wherein these agents are

ex prleskeRbie t Fe %%r‘ﬂ%@%r%Fo?ﬁetBaEtEF?UE?Bng-@éPgVeHSQd

t heierd 19M s | FoPNEREMBRdhOEEt o £t Bésbﬂ@b@ﬁguﬂakﬁlaular
speC|es of Fb||£ gﬁcter

cnit et 1ef *EE aFhvert it oghbi: 237 be agy intended o
st rae nl kembwding nwhbehfwilll. bel hisbdbtredeohddi hgnthe tbpended

H. é&@fﬁé.strain is a non

All publications, patents and patent applications cited
herein, whether supra or infra, are hereby incorporated by
reference in their entirety. However, publications
mentioned herein are cited for the purpose of describing
and disclosing the protocols, reagents and vectors which
are reported in the publications and which might be used
in connection 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



WO 2008/ 055316 PCT/ AU2007/001725 - 16 pathogenic
strain such as genomc strain 26695. Another strain

W ba@s/opsys be used is H pylori strain B128, PCT/AU2007/001725
particularly variant 7.13. In angther enbodi nent, a
bacterium other than Helicobacter, is utilized
wherein the bacterium has been genetically altered

Sucgnrg&%lé lé‘gg {ﬁ&l&&?@g féroﬁlﬁogiwg@rtef:ﬁﬂ&ﬁﬁgé and

i nctudi ng t fo chronica col oni ze t
gaS@h&%m®®@%@%YoWlbhh@rth@eﬁ§léﬂ ofakkroprrtesPPAgl techniques

tragte WiDakNolhagd, tREOBRNLakg @BLkBE! | HAWOAret B&blained
mucosal surface,_ w thout significant tﬁ @Clt % E
q éeﬁ

hostulin 6%et%ﬁb%HFﬁ€ﬁFur?heS?F 'p§t 8ri &9B
mani putaérd BPotbbalssonerebrtlie satbngem(w@eat Upésme I and

have_b d/ tt [
Vachbl STPRY HyLet ofl ROandiEnS e oy RAPRBgSn ity (oiBeulax
iSlamdngﬂﬂeSACBbeEateWBVﬁanal tﬁaﬂ &hérﬂ Egytgpnsargold

Ies§ goﬁggbgrké%ﬁgg @Bkggprggéat19§§)0§§o%§ ; and Bailey,

i nt'¥ duc nt o I €O act usi ng non- speci f
nut 8gEnesnd @i1iher EhEnchFPYhewépﬁé ﬁnﬂéPﬁFFiﬁgf

{“e 2 ﬁﬁgﬁ%ﬂéggaigﬂ%ecgweglm B&bﬂ;gcbﬁ@aﬂ?l naugt, Mﬁ
| e | e erso a ci.at t ha
theIﬁeFH%Hsb%fnPﬁég pFase Pﬁ?gnF%Eﬁlgggpa 3§§Uaﬁ§ended
de!tY%FmBLOtngleahbmlaacfbrmsaganr “aExanphds“ahe” include
suit e.a ts _includ ne e
?Pgﬁlng ?858?F§ un%eg %hewg %Qe%% cﬁ%@%ﬁkedﬂctates

f uni or Y5t em ca
capabherwisexefhing éndoexam@laotﬁvﬁﬁﬁ@gen§ﬁf§@tW@gnU01elC

| ocgl.; gr %ﬁegﬁdégd& g@h@gqlk§”b%n@ﬁ%h %ﬂdﬂ@ﬂa adMaéﬂWand a

is capable o equl a ﬂ the activities of cel
57

bel 5AGFRENES £Re  PRMIFGARERSE: BSBEIERC ﬁs%m%%}c%ﬁﬁo one

agept wbiehpkpreapabl enaf saf fregtthng the viability,
growt h and differentiation of a variety of normal or
neoplastic cells in the body or affecting the i mune
r eguhatksendef ineddotheawisk, a@uﬂetpmmgaqaﬁIanﬂnﬁqmqntlflc

responses, Lol BlULY , 3add Rhectiy A AIHmmon!
whi ¢h* '8 Egsgbﬁ% & gh0|n qai%%hé%n reS|st5%ce Y
to unﬁecstquobycgmpso@n@rdlnary skill in the art to which

this invention belongs. Although any materials and methods
similar or equivalent to those described herein can be
used to practice the present invention, the preferred

materials and methods are now described.

Delivery of therapeutic compositions and nucleic acids to
specific target sites within the animal body is an ongoing
challenge faced by the drug development industry. The
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-
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by chenoki nes acting on their target cell receptors,
w@eroosloss3ps ol i feration of epithelial cells or tPEI/AU2007/001725

pronmotion of wound healing an@/gy an agent which

nodul ates the expression or pr §uction of substances

by cells in the body. Specific exanples of such

bi 0bogh&GbhY sty ena88BhLSasi §ehyfiec] BELLEA, 2869 hanother
hornmone, " prol actin,_ calcitonin [ ut el ni zi ng hor none,

par 2EF9+Bi BRRbr Rd¥ebe sbAgtodfatli nPY1PKyr §Egain B128,

st i pa-ed cnlahoybaeiaNesvacsive intestina

pol ypeptide, a structural group 1 cytokine adopting an
antiparallel 4 a helical bundle structure such as

| L-Pn ahbtBerl| émdodihebt, | &-BactexIum| LeBhek | £h8n

] s USRS S LR oo

st rgeneratagivuplRecgdorivab thhtchtahasofedhcobacter or H.

Ce'(jb{/ﬁafi agg, 838051 aheduaf AEMAYMEBLiEy BOMBhLLABES 11y
an he subunits take up the confornation of a-jel

r ol FOHRREEE bERS BRSEEI EaMHCOFRaPY cBRRBr BEERASEsuch

as @ﬁstibﬂﬂte56@§@$iSrﬁ?ﬁ&ogrigggg E%%Ety Blronchial

cyt okl hes, .e. d. a 7 _or, FA i

|7 gants"S1iHE ?E-%ﬁFgﬁiWVC8?a%y58§Fﬁ8§{ wﬁéhppgrggpggélcant
gr owvhi¢acyoto theai hystthe platel et derived growth

factors, transforming growh factor (3 and nerve

growmth factors, a structural group 3 cytokine '

conPii enageshefimenhi nthe( §- nBréeuliebavenkpen gpaipulated so

pr ogigedsasie| 8E0entr pasABERNhARE FREGUEHES AhveMBkesUemoved
whi ch_each contain ﬁ | east one_EGF

onai N i t.he .
extFRLEPT ufbFeREgFS g?ﬁ_?xﬁﬂglgpiHgﬁnﬁPCBPEﬁFﬁng cytotoxin
f aciwnd tas bygobpatibgkhhestyt helehdngkneescan be removed so

ceqtineckhr BupByBF BURAC ToRSeFyLiCasare na FredraiEe

(t heuGatoos CanXpeCivhendkiad iv@bgHedgspbectehe using non-

oSUROLEL SEUH 961 0% ekl HGAILAA 19 08 peci -

hereyurPn¥-pitheapayanifdineonpssdging gerpapdppnt DNA

doneéBBnoBogiesEG, i mmunogl obulin-1ike and kringle

domai ns.
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 viability, 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



Al ternatively, the biologically active agent can be a

WD 2008/ 055316 PCT/ AU2007/001725 - 18 receptor or
wa@nioagsisiet for biologically active agent as Pef/Anzm7/001725

above. In sonme enbodi nents, the pyl ori - based vector

and/ or vector plasmd construct is enployed to create

a transforned cell (such as an E. coli cell or

Fbltf@@@égeﬁedﬁngh EpaEhQQBHHhéstQ@t?ﬁgrgﬁSEﬂglﬁngarget cell

secretion of a non- Helicobacter pharnmacol ogical
act?%%eHEPEEUI@rth?nP€Pé§ﬁer§FlPﬁe°ﬁuéBééhe%é#Br§ﬁéls or the

of prhmstlbﬁ whi gbuhbBentransfonnadorcghl a éﬁ@am&hbgnmodulates
n1n|stered The i sol.at ed nucl_ei c [ cul e

conf AP nEPHEEREA™ HE PGP ErRBdOCePEopERIcR 8o by Fomdy 1n the

conpodge one or nore nucleic acid constructs in which
nucl ei ¢ acid encodi ng the pharnacologically active

nol ecul e of interest is under control of H pylori

r egtPQEbEyCcseyarndes. oSuFtabl bivéopdrslamdashivel egents

vec 9F1S88UEASES i faN Q%wtﬁhﬁéﬁﬁoﬁé cgpehhuetgd Ea1c1tonln,
contaln appropr]i ate regu at or uences, |ncI

pro%%?%%nééaﬂgn5@§moﬂévnPﬁﬁFB%YrPF gh@ﬁﬂ@neenﬁgméépstatln,

Seqtiepeesd gaﬁﬁanag@ﬁgshaﬂﬂoﬁéhebasaaqugﬂ@esn@%stlnal
appr opr | Vect o pl asm

{
B et REbhdenP e LAUCLHBRSpPE BB, TFGY tPiPReRAdEPting an
detamt spafallekadpbehedéeaBabbnddk etraktprsupuah BanyL-2,

tecfﬂ ?“eﬁLaﬂd pf.otocolssare Bk9°“ELf9r &ﬁ 10, IL-11, IL-12,
ulation of nuél éic éc for ex&
Th%roﬁMoﬁsﬁucMeF§FacS§F,céﬁngUCﬁgo nﬁrﬁ@@ne§ﬁ§, OosM,

seqm@ﬂplngm IPRLOQHCEFNna , DNAsti-Qbeueah| §rang @eeetokine
expreSS|on anal ysis o grotelns , as described’in

det%ﬁ+c?na§ﬁo? tPPoFS or §urhaf6l esgrsiateflol bgym symmetric
Sedmndofﬁiﬁ@ﬁﬁ aAdsuhel sebual tsedake dQhAhW keyf&rmation of
|sclo Le of Sanbrook.et - a
R SR e T
her%mmhbqs theetvmor. nkaresie ERbOIIrMEANS) ﬁhmldgdpﬁg
se {8t oL, gheTNPhaf”§ﬁ?'§9'€ghby @Bbbvgr FAS ligands,
ecu es of ‘intérest is’ contained in an operon,
| eche aThuib| 6781 AY| BECEHSPRUBEST ofhe fibroblast growth factor

family, the platelet derived growth factors, transforming
growth factor [ and nerve growth factors, a structural
group 3 cytokine comprising short chain o/f molecules,
which are produced as large transmembrane pre-cursor
molecules which each contain at least one EGF domain in
the extracellular region, e.g., the epidermal growth
factor family of cytokines, the 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, immunoglobulin-like and kringle

domains.

Alternatively, the biologically active agent can be a



mul ti-cistronic expression. In an operon,
transcription WO 2008/ 055316 PCT/ AU2007/001725 - 19

WO p@si0543¢6 pronoter results in a MRNA whi ch conpeT/a€%007/001725
more than one codi ng sequence, ]ggch with its own
suitably positioned ribosone biding site upstream
Thus, nore than one agent (pharnmacologically active

nD'ﬁéH%Et@f th§ﬁ€§§%nlE@nfgﬁebﬁéﬂébﬁEgﬁlgr8EE?V§'g%eﬁt as

an operon enables expressio
pha?ﬁgt%?@g?%aVFy active nolecule of interest to be
coordinated. A nucleic acid construct or vector
conprising a codin sequen for a r macol ogi cal
ot PG oSl b edinenrfir P BE: B (B Br dranray Hagtophehaor
conV$©tODfphapmbdntenstnnctexprempnoyednta cﬁﬁh@éla I n

one%f&?@ﬁb?ﬁ@& Bf QE?HBtQE gﬂpboyggl c%iior ag%ﬁlfybacter

presen Invention 1Is exp resse constl
in c¢llbytlont. pereibs ﬁh@oﬁspreasme pnéneseeresiondsf a non-

theH@FPQob&Qtéypﬁhirﬁgcbﬂgg9@519? QEE§5erﬁ8§Eéhgéyoﬁ interest
Si | for expressionto ac Prefera

prd%%t%?edF?%%?él BRBPEIRF AL o HOPEVEP thﬁhl§%etﬁ€an3formed

H @ylDdrpréestacebh ikesannsiy¥tabke. | THe, 1E818ERE nucleic
Ic,actiy

o e oot ne okt L, they P aBe gRrg, oAl (or

at wedowr) evay . copriézanphe, owheoeet heclexpr essdononstructs

proﬂH°&h§&ﬁUﬂH&?&f§ é@&&agﬁé ?%?§o¥hetBﬁﬁkﬁxgologgcally

expressi on ad to accunu e expre
pr o%%"ew%um%%%u%ﬁaﬁfab@*e@r&eg b¢ eefieyl apn‘pr@ﬂepiﬁ H. pylori

pr ef &gl YoAPOosEqREntESS than about 50, for exanple
about  1-30-.. In sone enbodinents, a nethod is

provi ded conprising delivering a nmessenger nucleic
aci$h3EﬂMBﬁC®ecB@ﬁﬁ aﬁdaﬁhuﬂfQ@\366Ueﬂceequences can be

cor ng ic acid sequence _encoding a
éﬁ% 5 %n?es?c %gagoanlﬁg?l By Ry pggaggxgggpéﬁtory

swﬂfqyem%%%ngemChu@iegcpacmdtseqaequencﬁRNAyerminator

COfoé&MHH%@Q éﬂh@n&@frQﬁgﬁé%Geerﬁégﬁgrpgehgbnand other

hor none pro- hor none repare
pr oiﬁ%e%%‘épw d%PPr‘ﬁP’é%@Fﬁ E?Ch@FﬁDﬁéYt bet pdagniigg, viral,

upad, eXpiessd OnoPfphdgémid, as appropriate. For further

details, for example, see Sambrook et al., supra. Many
techniques and protocols are known for the manipulation of
nucleic acid, for example in preparation of nucleic acid
constructs, mutagenesis, sequencing, introduction of DNA
into cells and gene expression, and analysis of 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



nmessenger nucleic acid sequence in the aninmal. For WO

2008/ 055316 PCT/ AU2007/ 001725 - 20 exanple, such a
whersossieray be insulin, and such a pro- hor noOPET/AHS00DE01725

pro-insulin. Thus, it is envisigned that the present

i nvention has application as a g' ne therapy nethod

for the treatnment of human di sease, such as for the

tre@&ﬂﬁnéh@fEEb@@@éfsregaftgrQﬁvaeﬁRﬁﬁywﬁ§cﬂoaeh g9USs more
to the H ori strain enployed, 1.e. one found in

t hathan r%‘il% %@dwg PYFARERFR. ﬁ%fﬂar@lthnl%néwn suitably
en@@&ﬂ@i@ﬁedtb@b@é@:ﬁ@tBinﬁﬁnins@tabupgﬁeeamndwgubI €more than

ronot er h r onot d | aB
D1 Tt 9730 CHHBHA-Br Lag AL SUaSCEE R NPEFOBLS) OfelpEerest)
16142 : bR 6Brai33 1 aidd pf oot @r siagtle NnRNB. pUeHDbéranfoperon

22 0L Lg LGB 6F Bhe 8Bl oL oE0l o0 e
i ndweletele | afutihrbereshr baober soehdinghgdbe used mnth

clinical grade vectors include, but are not limted

to, an inducible_pronoter as described in U S Pat.
No. 2 61992 1942754 UeANF BT RGF | @F BBCCAF. CORPFAgipgea coding

lnds@q@é@c@r@@@t@rpﬁ@ﬁﬁa@@lbﬁa&amwdabalﬁe me@ktule of

2 hsiok? Sl APIEL Ph L O LRk 2 ol oser con

prOﬂm@E¢351qnunndeupymgranaerobic growt h, such as the
pronoter for al cohol dehydrogenase (adhE), as

described in Aristarkhov et at., (1999) J.

Bacierewt ogjpood¥eeni) K thazpromgey. eppleredebodicrereance

t heyLomsthaiChse 8Ent henPeRsEBh 1 BVERbLEBseal égnblﬁQ'tu@Qvely in
a toxic gene. These_toxic genes are referab

he oo TG of U ShdRcPBREC b Birot br PEBTORRAt VAR the need
commwﬁmpmlpfaﬁreﬁﬁﬁeet orhetheki cebatteorgasibmal for

r eadi | elln1n te ducin t pres n_of t .
tOXl}ép %Jeon ea}gg achaggé ggr% oxgiélg ﬁce)gnoli}%r directs
moﬂzmheeS@aQMeataa aatfellystnwhmnuethehél cpmlpeﬂi bbsgncell

'”d:’:’&ﬁéixg a@i%}ﬁ%er _d&he aut gl ysi Egmgeﬂétgﬁ}slﬁﬁe%cl%mty,

trlgger t propriate tine and gaceln
gas¥v%mn%%sgrﬁ@thm@ztbe reduced. Advantageously then, such

expression may be at a low level. For example, where the
expression product accumulates intracellularly, the level
of expression may lead to accumulation of the expression
product at less than about 10% of 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



t hrough the use of one or nore of the inducible

pronot ers WO 2008/ 055316 PCT/ AU2007/001725 - 21 as
wale@snsizedl herein. In sonme enbodi nents, the enpCThaee®d001725

Hel i cobacter vector and plasm d,vector constructs are

sensitive to oxygen. This oxygen sensitivity is

another nethod for limting dissem nation of the

C|lékéﬁﬁl@faﬁ@cﬂeﬁtHéﬁm@ﬁetﬂ&yPﬁésﬁﬂéulﬂﬂenéh@nsugﬁea pro-
envi ronnent of the hunmn IS ver% OW | N OXy

SLHQQEW%P?cWaﬁr%ﬁﬁﬂrﬁfl%ﬁg%+%blCTEH h¥c+%a%?8bﬁﬁPP%d that
M Cirlos rgees Sms, 1nﬁehuﬂongh&§lappbﬁc&eion dhus, géhe therapy
act er

effﬁéﬁﬁ%ﬁ Pgan o{%i'% natlng human glg%ﬁg?gesggh as for the

ave exite y apon
|nt@%ﬂatm&nvﬁgfedlabetehe oxygen-rich outside
environnent, is to engineer genes into the
transfornmed m croorgani sns _that confer oxygen
sensi? iIRFIYPLTReMAvicPei komel aoewnst uelhe ol cBréPriceErain

of diEL PFesent . el n&ﬁ@tf@unnﬁfai(nai:ﬁ@t COPPaiSEoR H. pylori in

secretory sjgnal in sone enbodi nents,
hao o e T Erens - SHaP TR aES Lot Fyan BPabinose
aCtlndudﬁbIEn@Ebm@teﬂte@EBér(ﬁﬁbmeKenﬁlEnchude FlaB sigma 54

CerEnE e RERTRL ' JF) "R P! DHRRP ibpgpior sece,
app¥obt3lat 23 covbl i HY Brm@t@rc @@cﬂdanaepcemoter of

enQﬁﬂhﬂﬂn@llée@é§£9f¥e§a98@'a§equf§§§ tglahscﬂﬂelsy9 10(8)
aci d sequence encodi ng the noi ecule (polypeptid

Theé&hii4ky of Helicobacter harboring the nuclelc
acid to secrete the polypeptide nay be tested in

t | t diti t Labili .
of TR Eoarer ot G o ERRFLebry o iar L Ble - hauciple
semmmwnﬁermctmme nay ¢ tbedewivhtblacicalt gradeGrantors

NeGd M Of GA0L OB SHED Py E38er] chh ALK ebsie! bonoter as

monel ory signal Sequences inc
tluﬁ3§Qﬁﬂ@¢®k4ma§eSenE@he @@cr@t%62b¥94sbﬁéu§ﬂrhpn§uéﬂen et

St%ﬂhY'Q§QE%&@@s@hiﬁﬁuéﬁbf@QMBo&QtéHn§&b9nas'BhQEtﬁsed in E.
Grarr%&gsmlve and G am negat’i ve hos (see "

s
RIARIG acyl | JRBIUREFEHRFT FAGBOFtTeLARERE) OF the
qalemcm@fenmﬁ vheebssl pgymode21iR7bactobacillus, and

promoters induced during anaerobic growth, such as the
promoter for alcohol dehydrogenase (adhE), as described in
Aristarkhov et at., (1999) J. Bacteriology, 178(14),
4327-4332) .

In one embodiment, the constructs of the present invention
also include a toxic gene. These toxic genes are
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
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secretory signal sequences that can be used incl ude,

wo orospsBnpl e, the (3-1actanase gene (Tal nadge BCT/AU2(07/001725
1980, Proc. Natl. Acad Sci. USA_77:3369-3373) or the
ent er oi nvasi ve E. soli henol ysrnzil\ (hlyA) (Su et at.,
1992, Mcrobial Pathogen, 13:465-476). An illustrative

| staddfasRer8s nsStON@l sequences is presented in
Pugsl ey, 1988, Proteln secretion across the outer

menbrane of gramnegative bacteria. In: Protein
Tr ansf efonfnbmdIPanatd £, BiipoenesiseeiRd c}-Ie %bé‘@vge? vector

F%%}g eds) Academ c Press, Inc.
607 3§‘e%”b’c‘i AR Hr KIS THGS e e%%‘fﬁe%‘f% ‘@hdoxygen
t eclic ang/gen CB:HnEEJm:E&ftItWEﬁmSarfcﬁfh&:‘ S it SAb ATl imiting

transf n| from non-transfornmed ones
in é%rﬁ%:(quqlap#c?po |gér;1h HThs 4ede‘fﬁcftf%st‘1g°f the present

t r afSVEREPTOr g%hﬂ SV i 1gorier th gl pmeatlmmns eectibl - ery low in
cor @dyg@ﬁd %L&t%%l% ﬁﬁg er est rgf)‘ﬁ[’] ee]p l?‘scima%rlld

contai ning the gene of e se

mar ReCroagomtetyis g@mngﬁnwm eldhc g riéabi ofbacter.

t he TgeRe eh igHEIEGHEntAMbdrss Hf e opfdadd hl'ﬁ% I?@fﬁecobacter, once
y_Transtforned

pronmmter Asar l1s s cessfull

Wit hmPlt eP§dfe S %eﬁi 51'{993?’%5}”[ Bp UROR rHrgharag of

W t intelt iselle oteatiiee 1n‘mcke:rhdl lm&y@dn—a@dh SROAUEE . environment,
Wen o apt 'e?ﬁg‘ltne%rr nsétsagL _d as he sel ect abl e

mar ker tran or me é?fu‘?%?orgamsms
gr oWPPs ﬁ"@éﬁ r mmua@amm b| otl c Thus,
antibiotic resistance is a conveni ent and nmuch used

phe&gt ype ﬁhen devel o |ngcgransfor mants. However;

vect 8FsMUf&F Ty 36 HIORStEUcds ot Svnsfenessaef the present
sel entzemems&rheJySaarse; apatllse ef Mﬂe&ﬂﬁ's% sequence.
trag,g[lgr at can e d w_ot her

Qr gani
antibrotic-r8SIst& &e5tped: eTﬁ]lU§s']1fiquK aqléi encoding the
espebamhgodogticaliien adeliveo bedieen lies dfsadamqmr t(fr

a Epﬁ{nﬁﬁgm Le n\é?lcg'-férllc]%a%rt%%r néalo(iy%%ﬁ)éc p ggr%tact Fovide for

a gene delivery systemto
di sEEEEREECBr edefits, mprleg@ri@ aén‘@omeﬁnénm@mbacamel riycal

gr aggp¥eptoatey st emubiathdeesRakic acid sequence encoding a
secretory signal sequence to the nucleié acid sequence
encoding the molecule (polypeptide). The ability of
Helicobacter harboring the nucleic acid to secrete the
polypeptide may be tested in vitro in culture conditions,
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).
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antibiotic selection marker. One of the alternatives
WO 0008853306 ant i bi oti c resistance genes provi dedPChyU2(0/001725
present delivery systens |nclud%& clinical grade
vectors having chronDsonaI deleti“ons or |etha
mutations in a "house-keeping" gene. Next, a

fU”éEhQE‘aEeéPéEBQ‘QU%lgHQES%e&ﬁ%ﬁb@g 9aa¢e 'c%n' Beerised include,
into a plasm d entodin or phar macol ogi cal |'y

act f98 AUPERLFe bRe; ﬁrga%ﬁmaseoﬁ@@auéﬁtaﬂva et’ at., 1980,
hloluwp&ee?bﬂgt gﬁ&adbS@Qm%ﬁSlA?e7 sslsgctsabbe ras&wce{e

all owm n or | |soa|nan at |

ot BrhAEoifranite’ B LsrdeneiolhsiBon (BIvRy SRt e

i ncLede, geresobliatl Pamﬁogenfon3an¢5ﬂaﬂbér @h.uﬂﬂw@@natlve

r eg;&%&%? %Qgégfwrg” éxgga%'t %‘éhﬂ%‘&%g 0 il 8d,

| NasSes t"ases de ygr ogenases
andPughéey, Aﬁ@ﬁheProalewr secres ipn astiosisotthe outer membrane

respgt 398&‘1 Qégsﬁl%olé'a@%@r% LR . PEe3ent ITIEIMALN and
i ncludés cliniical grade vectors having . reporter genes

i ncOFgeretde PAPTeRRE LS, a&ni & cHRPL AfFg T -t Me ins (eds) .

encadhBgmfier pi-eesphaneagolsegi odlkly ,agh 6@ 7-gwzacul e of
interest. O her exanples of reporter genes wused in
accordance with the teachings of the present

i nveaileohabiel ndekEreeprEviidee seerb rehetrs @nﬁaﬁéqhQibians a

gal 8859%}19@?1% Fg.ngmflo@sﬁlsLtQIlgﬁgs%qPﬁd't%ﬁsf

pharnmacol ogi cal Iy active nol ec nt er est
cyt BkFHECHEEREETY. fopiokionesd rape Logmecu£aed iim wehénlxed

Cyt gkpneakashs Bﬁ%kmegﬁb|%Edl@%@t@%@HM@Qtﬁéﬂﬁ?@nmed organism
Academ c Press. Preferred_nol e ch as
&@i\iet e

pol yBepPi dBSORPOR2EG kS S 4 Riedgkiarsid

| ncbugiagckntatbe tikien pd ahli-d2 ot iitey lttiekigerfe of interest.
(1L:6). n _soQ eMmlrmMS the Heli t.er.. .ec
CnaTBFagafetoRTe FRael Metushile e RahaE ey e
consbtwuetrasm @éscheb@@n@b@ieunﬁarasi|amdwxﬂuﬁﬂivqn(Pff the

a F@gggo @8&% e, CE] e%%hkabw%lhgﬁgu&%éssﬂdﬂly transformed

provi rans OFITE her aspect

pr oViL§Bs thengensd oéoﬁc@rﬁesfeﬁg'— "‘Pﬁ{lr @d@@ ﬁRf fuas fomgy with
as dhackasedtbBtie #aRRRr nucleic acid sequence. When

antibiotic 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
phenotype 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
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Hel i cobacter. Transformation of a culture of host
w@edoB®ss3saich as Hel i cobacter, may enpl oy any apei/Aaiog/001725

technique. For H pylori cells, .suitable techniques

may i nclude calciun1ch|oride“t?gnéfornation,

el ectroporation and transfection using bacteriophage.

Theué@téﬁKBE%iBD ?ictggl&é§§8ﬁdm¥§E%Pr bALOGR the
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expressi on of {he gene. Hel i cobac
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e oved to veri that .t bact e t ,
s W A e
'endddedph@tmaubboginaleuacheveampéeculehefpnBSemﬁst
é%%éé§h£ﬂ€yydfghﬁ Pgﬁggogegélggl§¥ﬁé'ﬂgcémes the

thera I c_or actic do a biologically
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In one embodiment, the pharmacologically active molecule
of interest has cytokine activity. Cytokines are
discussed in The Cytokine Facts Rook, Callard and Gearing
(1994), Academic Press. Preferred molecules, such as
polypeptides with cytokine activity are interleukins,
including Interleukin-2 (IL-2) and Interleukin 6 (IL-6).

In some embodiments, the Helicobacter vector and plasmid
vector systems comprise a nucleic acid construct as
described above that is introduced into a Helicobacter or
other suitable host cell, to provide transformed cells.
Thus, a further aspect provides a method comprising

introducing nucleic acid as disclosed into a non-
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It will be appreciated that the methods of the present
invention and the use of a non-invasive or non-pathogenic
Helicobacter as described herein provide a wide range of
therapeutic methods which would enable the skilled person
to manipulate, for instance, the immune response of a
subject. Thus, in one aspect, a method of regulating the
survival, growth, differentiation, effector functions or
susceptibility to infection of cells or tissues is
provided which comprises administering to a subject a non-

invasive or non-pathogenic Helicobacter as defined herein.

In another aspect, a method of boosting an immune response
against tumor cells or an infection colonizing a mucosal

surface or adjacent or distant tissue is provided which
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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,
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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
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In yet another aspect, a non-pathogenic Helicobacter
expressing a heterologous pharmacologically active
molecule of interest for pharmaceutical use is provided,
e.g., 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
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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
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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
ig intended to include both one (the singular) and more

than one (plural).

The phrase, “effective level” refers to the level of the
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Hel i cobacter including H pylori and EE | i cobacter WO

2008/ 055316 PCT/ AU2007/001725 - 32 nustel ae. The
t erThal sorm nchutdesuhaectieraa tibad hayelnstﬂkla&ahpmbog¢

to i a ey.are capable o g on
é£%58¥r§% nuc%égeo gr¥ﬁ£ &S ahdf of °t pggVeanoE coli or a
eStEﬁﬂl@@@@@t%rchtnﬁnn stoh asoHalédobateeti pylofithés

'““HE%&né@eaéeén%§£§9n69§99p§§SfésQaGEEEEQnEhQFd?@¥etox1c
been nodified so t bacteri um H.
f eatit@sivelichhat aheabbveityile Fféﬁﬁdbagﬁemél strain.

gastric nucosa.

The term “biologically 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, RB-
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



A "het erol ogous" polypeptide is a peptide that is not

native or that has been nutated fromthe native form
wW@20080553¢xi sted in Helicobacter, i.e., not expP€FaE2nPo1725

Hel i cobacter in nature or prior to introduction into

Hel i cobacter, or an ancestor thérfesf. "Host" as used

herein defines the i ntended reC|p|ent of a

thera PeULlc.conpositi 0 esent,, inventi.on
inc#udesv%IFeanlﬁ%FsOESH%gl §g?ﬁer h%@ Eﬁ@ﬂﬁ&% gg& e
arevenb©r$|qfteuetprepﬁnnatese@tmonudpngonanpe bovikdotic
equféglst%ﬁgénﬁarﬂ@k?ngorpgéiéegioﬁvbﬂa/oEaBBb%Sbeen modified

rodents I rds mmunol ogi ca Inert" as
useHOh@?%VQHEhﬁ?Plhﬁaﬁlaﬁy°u§§B§Faﬁgé hpﬁélﬁdﬂng such as a
M C&£QOF gani s86csych as mcroflora that does not

provoke a significant inmune response in its host.

Exanpl es of inmunologically inert materials as used

her ebatenchntle shalnkegsspbask” bboueeﬁahbhbenpdbye&m&er an

Sucgn ?bgg ﬁumgcgi?ePrpﬁgkg% Qra?%eﬁﬁ% Sr%%%o%h% formed

mCcro ora O gani sns o resent 1 nven
"inser@noﬁnmmﬁétnucréSpassesed herenﬁ;genakha#e@nnabe

nucheaguﬁeadug9ﬂ§tEeeklhaa&aeegaEb§ m@ Rk QRAliding, but

Hel i cobacter pylori nucleic acid sequence, such as a
por BPbnl 891 EeAuEPerRZHBRd L BKEENEBTHRRECERESdegSERYS (ELISA),

Hopfad 960 emmand asBaﬂ}sHQRENPbaEhQE/mQUQ.h@ﬂk@dthﬂlunoSPOT

seq encod a_nol ecul e _of nt

aof L ERoNTc) LFBSE0F 1B €84S hte: aPEaE! d 1EbueRCuplement
thaf1ﬂﬁt2668é@55@&6(EETLAWE@ﬁékﬁOBIQE (WB33 ori smnetyuivalent
ideppigal to any naturally occurring nucleic acid or

any ragnent of a naturally occurring genonic nucleic
aci d sequence spanning nore than three separate genes.

The“eéﬁénbfh@ﬁeéeéeteoaerﬁseHOBeeéaﬁp&efe&%)t% BNY nucleic
nol ecul.e which has the sequence of part _of

nat "E‘x?h‘iil $EOReRFRi RYCOGeREn erDﬂAPHﬁFE‘@GPéOE&F%%Yn&FtWe

f| ankedctyebothinteirbet, codchgasequengeepttiale Hrapicotein,
t hat gart of the.nol ecul.e i.n th h_%eno of the

or g4RPER FRPIRTEACTt TRatGPAFPY odBlr E°C168 &feSgdpence nay

aC|drlmaprpotauedludEOtaevecbmpter Dmt@thbe regulatory
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
recombinant 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



genom ¢ DNA of a prokaryote or eukaryote in a manner

such that the resulting nolecule is not identical to
w@eoos/ossstiar al | y occurring vector or genonm ¢ DNECT/AU2003/001725

separate nolecule such as a cDNA, a genom c fragnent,

a fragnent produced by pol yner@se chain reaction

(PCR), or a restriction fragment; and (d) a

t.h
L;gﬁﬂ%k@%&é nUtho£ggﬁ a§58g§g§guaegt %atpggﬁngave

Pe?é@h%ardbhvlpgy Fﬁoﬁnlpgipr@flnmbhan1hbeacade capable of
Seaensasn OBnOEhéngaBHQL@'ﬁuégbgsofspggﬁggghngﬁdygkn%apable

t he al or| in and Al tschul
Nat P£ %Esablsﬁhln@s% Ch89n2264b2§68801999d Apderitagnaef the

53 ggt2528agﬂe€té§ﬁhalso(Eﬁ@@mpb@bbs BﬁéﬂergalthggAhave been
i ncBYPoF AF ds?ngg %h% Bgiggeﬁﬁﬁg EEES? BV&GF&ngeéFures'

Al tsgbll ast the. abdlitpl toBrekid216n468e4§8stri®9@icosa.

BLAST nucl eoti de searches are perfornmed with the

NBLAST program score=100, wordlength=I2, to obtain
nquebh@@@r@bqg@h@éspﬁbﬁEEBg@dg ie a pepkéde &bt is not

mol gstife 8L theci RYENHELRA. m@%é@gdpEQEE'Ehéeﬁﬁgﬁ%é &b%m as it
performed. with the XBLAST program score=5

wor SFeRGEA=3" %16%?%?ﬁte§n1ﬁoeae|H°§ea§§ﬁ€§§ed by
honat bgetsatoea 1ofaaence pol ppepti d6 ifier8ducBEn! Pnto

NO .. 2). To obtain gapped alignnments for. conparison
pur%%%%%?gﬁﬁgﬁﬁd %gAgg ?gcﬁ?gPFzggeﬁgogescribed in

Altschul et al. (Nucleic Acids Res. 25:3389-3402,

199;ﬂos¥m U&ééazhégeﬁhAﬁgf%HQsG%HBe?n§Eé§£dp&%%E§EEnt of a
the default paraneters o e respec

(e.fRrerap@ipsT apEPRBLASTY @fetb§eﬁrev€ﬂ20®8V@55396 Host

PCT&AQ&Q@@éOQﬂfzénlmaﬁé épe@ha&aa@@yogheékgy1ae&h&% but are
nol ecul sed in 2%?% on of the resent

VBt G EF e OEr | HBELESEES  ROPGLURERISUER asbRVIne, equine,
peptamitne pro¢eime, npereineacodingl rabbBeesor godeatsl, birds
|no:g§n LC ubstance that is capable of eliciting a
pharnaco%og|cally detectabl e activity or response in

a cell, such as in a cell culture, or in a chemca

or t&ﬁﬁﬁﬁ@i&@icéfﬁ§tiﬂ@rﬂﬁdéé QEe8SH8¥eifl sh818Mmean any
substance, including microorganisme 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



ani mal . The pharnmacol ogi cally active nol ecul es of

interest of the present invention may include, for
wez@sphs16 bi ol ogi cally active nol ecul es as deseeT/AE2007/001725

herein. A "nolecule of interest” as used in the

description of the present inveition, is defined as a

protein, peptide, enzyne, or other nolecule that when

prOV|ded t e 0 ani mal %ldes a _protein,

ent P EotehgBRE SERTor ReRRY iR Pd i nae e iRt 6ic acid
coroecanygﬁaagmenttbéahingtaranayhobagyxlﬁgfg@m@mﬁp erucleic
Ot hgE1800dLLLARCABRIRE 1 APRECR LALE, LBUEL 83E0WIC genes . The

trea Secase. ep orter
usetlehar sharegoxengeveirs , aérd egc@w@éﬁce (lencer pdiramed ecule

i ntgnieh adkacaat sEallehB% ofeheke! 8g0Us e8GR urring

sequence encodi ng_a arnacoFoglca Ly active ndl ecul e
of PRREMéSt DNRafMOLEFY Fd@kltt Aé Priandforked Pechgth of the

exD&@agnggstaQQeﬁeb@cuhatOElamtt ehest partl ‘dﬁnﬁ:lhfel atal@cule in

pheppt y Non- ting exa es ep rter
PP SeRene] oaiher GLrahaah any Mhdeh” 3y reptslly oceurs;
" Sc{benangundeker Acasd msedrpememadr&hﬁnsat@e@mor or into the

o O o or. REaEot IS oo SR aS e D fho s mrfher such
t eabhrhgshef rereltppraseniecmientisonot] Ademd iewodiomemy

of hQ@uQaﬁ?nbcchw@ﬂtgl QRctbhe o3ClReg Mizker(d)S A2 separate
rep orter gene Sel ect abl e mar ker, " "sel ect abl e

gen‘@O eCHdFoPUER §8ng" “PHAd ar@ﬁé’Pf“éF fEPggent, a fragment
(ref;ebaadetiox)grepeumfekaefea&halmr%%%ﬁ%ﬁamlz or a

PCT/AU 007.001725 " abl e nmar "

ot EEPOFSIoR FonemeiE i al (Sladereae oy Aot ide
pheaetiyphcet khpts ishatrpeptdi & tiybridagiethe, i.e., a gene
|deghbgaﬁﬁ$ gnfggqagnggqug of a transformed

bacteri a ect or rall bacterial vectors deened
"“clinical grade" and made in accordance with the

t eashbRgentOhi gkhe iRheseRbmbN e OF &R AR WRGIPISequences

havi ng _sel ect abl e narkers t.hat, do nqt encode for

ant?5|85|EWOrQ§ &FéﬁCQCl is 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.



A "significant imune response” is any inmmune response

that would provide imunity (i.e., invoke the
w@e@dosBion of specific antibody) in an ani mePCEHyERIIN01725

a given antigenic nolecule or immnogen. A

"therapeutically effective amout® of a

phar macol ogi cal ly active nol ecul e of interest or

conbi nation of said nolecules as described herein is

understood to conprise an anount effective to elicit

t heAr Upbbrwdcpéspdnsélyutcinveff mollestlies eauseed in the
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A "transgene" as us ereinre ers to ene t
i nsereBRlcusbaglepisaldyhActaye, mpﬁ@@U&eéeﬂS|q$%§rlbed
mannefreihhat ensures its function, replication and
transm ssion as a normal gene. A "transform ng
nucl ei ¢ acid sequence" as used herein WO 2008/ 055316
PCTAAUZ00E£00872F int3Gestrans asgldaim dheordestdremption of the

eXpé?ééEBE Eﬁ%%%k&%nPOQEah@Eﬁ%e% %“%!gf%éﬁﬁn eptide,
sequence €enco rrmacol ogicall "miec ﬁ
of Enepmest or| @tﬁgnfem@ﬂc@@ﬁﬂﬁeﬁmtomhtewemsieiﬂd to a cell or
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a0|6°1§€5&@n€€atcéﬁ SPPEVRE Qe Stamd 2 /8t f&r@ting a
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i ncThdesermucMeeporter 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



aci d sequence encoding for a pronoter and/or other

regul atory elenents. The term "cancer" as used herein
WO 2G08/05531® neopl astic di seases eg., |eukem a, PCHAT2003/001725

and "hyper-proliferative disorders”). The neopl asm

may be located in a tissue selected fromthe group

consi sting of: colon, abdonen, bone, breast,

di gesLi e gF, _pancrea st ate

per | Eohear et EenBbr bbbk pB 0 e 8 BB S e aser prglete acia
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dysplasra, and bronchopulnonary dyspIaS|a) I n anot her

enbodi ment, the term "cancer" al so enconpasses beni gn

dySﬂrGéiéﬁiéibaﬁtdhéﬂﬁﬁgfré§5855§d from, gh %presponse
conS|st|ng . beni unmors, fibrocystic con tlons

andt ?Fs@ﬂ%lﬂyﬁéPYF%Ehymm¢ﬁétyeﬁﬁ]eardﬂ§§ﬁ§@ éhe production

condft spacofit h@ntwauwe/ hamahopat gkl C agysher!' aagivead
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t he* K %%mc%n@?g‘?FHéevb"zéB@PB%g%iles PCT/ AU2007/ 001725

anem a, pancytopenia, |eukopeni a,

th b d »d
noﬁgkbﬁﬁﬁfgﬁgﬁFf R ol ol s
(Amlyarw@@h%@wggw aﬁﬁlltfﬁplnélﬁygﬁ mef iBGekest or

| ynpbapena @t bAr bEi 8218SHBMBcuNBSasaHEQLIHYRE herein is
di sease, rhg&nat0|d arthritis, granul gnat ous di sease

i MRECHREPRE ehyC OWRFF%ﬁnﬁ?oﬁ?oBBﬁeFf§F§§é§€ t§e6§9§1t the
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L0 FAAATERLa 2%;0L0008, 00,1 38USE LA, LU copacicuce

nEI¢h¢ué@r@@UD@ardftaS$Uﬁémtmght|and[yweabcsp&a@le detectable

Cbléﬁ@ibody 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
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In one embodiment the term “cancer” also 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 another 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
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d'sfﬁﬁfamMg£8}§ HHEEHEe,n%@%%@b%i%%”%aﬂ@%i, 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 tumorsg, stromal tumors, dysmenorrhea,
retroverted uterus, endometriosis, 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.



retinobl astoma. The term "a di sease or condition of

the excretory system as used herein refers to a
wale@sass1or condition selected fromthe groupPCT/AU2007/001725

consi sting of: bladder cancer, prostate cancer,
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(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,



infiltrative lung di seases (e.g., pulnonary fibrosis

and |lynphoid interstitial pneunonia), obstructive
wa@roosays3iei seases (e.g., asthma, enphysema, chPOIAT207/001725

acute Dbronchitis), occupational |ung diseases (e.qg.,

silicosis and asbestosis), prmeuhbri a and pleuri sy.
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and Cushing's Syndrone), kidney cancer (e.g.,

hyper mephroma, transitional cell cancer, and Wlnis
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(e gne PQLMpsaoﬁi%%Q%%r%%’co%%l%h%%h%%i%%e 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.



pancreatitis, ulcerative disease, pyloric stenosis,
gastroenteritis, gastritis, gastric atrophy, benign
wo om/055310f t he duodenum di stension, irritablBChawedo7/001725
syndrone, rmal absorption, congenltal di sorders of the
smal | intestine, bacterial and4farasitic infection,
negacolon Hirschsprung's di sease, aganglionic
ol pn, agqu colitis,, anorectal
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POl YRLL BL 11§ DOPRSRs LETRLLA! L L9pRPL1EEH) gFRLEL Sy,
hyperpituitarism, hypopituitarism, and pituitary
dwarfism), hypothyroidism. hyperthyroidism, goiter,
reproductive disorders (e.g., male and female
infertility), disorders related to adrenal glands (e.g.,
Addison’s Disease, corticosteroid deficiency, and
Cushing’s Syndrome), kidney cancer (e.g., hypermephroma,
transitional cell cancer, and Wilm’s tumour), diabetic
nephropathy, interstitial nephritis, polycystic kidney
disease, glomerulonephritis (e.g., 1gM mesangial
proliferative glomerulonephritis and glomerulonephritis
caused by autoimmune disorders; such as Goodpasture’s

syndrome), and nephrocalcinosis.

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

as used herein refers to a disease or condition selected



Takayasu's arteritis, \Wgener's granul omatosi s,

Reiter's syndrone, Behcet's syndrone, ankyl osing
wepneydsiéi s, cellulitis, keloids, Ehler DanlBGI/AU2007/001725
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FOR &TidBt i tXPRESShEN £F” FORELSAAPREFEL NSrefers to a disease
or condition selected from the group consisting of:
connective tissue metaplasia, mixed connective tissue
disease, focal epithelial hyperplasia, epithelial
metaplasia, mucoepithelial dysplasia, graft v. host
disease, polymyositis, cystic hyperplasia, cerebral
dysplasia, tissue hypertrophy, Alzheimer's disease,
lymphoproliferative disorder, Waldenstron’s
macroglobulinemia, Crohn’s disease, pernicious anemia,
idiopathic Addison’s disease, glomerulonephritis, bullous
pemphigoid, Sjogren’'s syndrome, diabetes mellitus, cystic
fibrosis, osteoblastoma, osteoclastoma, osteosarcoma,
chondrosarcoma, osteoporosis, osteocarthritis,
periodontal disease, wound healing, relapsing
polychondritis, vasculitis, polyarteritis nodosa,
Wegener’s granulomatosis, cellulitis, rheumatoid

arthritis, psoriatic arthritis, discoid lupus



The genetic mani pulation of H pylori is uncomon. The
present exanple denonstrates the utility of the

w0 pwsfsi3oen  for providing a genetically transfpehat2007/001725
Hel i cobacter, particularly transformed H pylori. The
transfornmed bacterium are prepas®d- usi ng plasm ds and
plasm d vectors derived from Helicobacter, which have
had been subject to prior manipulationin a
nonemltpéﬁlﬁé@tsé‘rs ,orsg'%egmc JwghisaeryEhegeitios Bgveradleroderma .
H prEsm s 9%&@%@& i I iR, qya§#§f§ﬂ1m£§ad

successful c nverte to H pylori/E.
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schahpbrtssghdwmenabidgenes sl1ara .2. Vectors pHPAI

(2.8kb) (Fig. 1) and pHP3 (3.4kb) (Fig. 2) have been
sequenced, and it has been reveal ed that pHPAI
redTh%anEaﬁﬁa“Ehéelnheaasnudateﬁ ﬁhasas@srambn@abbmders"

I'n §@Péf§sﬁotQn&ohbhagtlehrehgtr%ghl ga&g gg%ibnted or
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i nt P H?E?E%ddEPFﬁﬁghrgbﬁlEﬁﬂpéﬁtaﬁé gfe ghirgd imppetivity.

st afhesyecholugandodatesol® 2088/ 89a3i6hanced, exacerbated or

PCT/ 0p7 1725 cause they are | ess_ prone
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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



vectors are shown below. Plasm d pHP1 shown in double

stranded form (top strand is (+ strand) SEQ ID:. 1;
wheisossssérand is (- strand) (SEQ ID NO 2) PCT/AU2007/001725

GTCATGCGCGTTGTTTTTAATTACATTTTAAACAACTTGTTGTTGTTTTTACAT

GITTTACTCGEC 65 - 43 -
CAGTACGCGCAACAAAAATTAATGTAAAATTTGT TGAACAACAACAAAAATGTA
CAAAATGAGCG

ATCEEEE3CEET GRAE A PIE e RroAREC e AR A TRIThE
CGETIGEGATR 13011 be clearly understood that the findings

2 v
I:é&@,&% @geml:lot AR AT ATTCCTTCGACATC

TTTGTGGTGAAAATGAATAAAACAGAACT TCTTGCCAACACTAACAGAACTTCT

T 195 ® [ ANTSMS
AM@WACTT O A A AP EAnen

ACGGTTGTGAT FOR STABLE EXPRESSION OF FOREIGN PROTEINS

ACAGAACTTCTTGCCAACACTAACAGAACT TCTTGCCAACACTAACAGAACTTC
TTTATTTTAAA 260 , . -
T G RGO R e are T TCAAGARGES T ETEATHET O CAAG T 1€

WJTexamgle demonstrates the utility of the invention

O A A A AT L A AT N T AT AT AMCATAGTI L2 G,

TA

CAATAGTAATAANT TNETT AAAARG CRET AT TADT BPCCCACRTE Teranehinaned

AT TAAA i 1 1d d plasmid vectors
T RAE A R AT ST T AT TAGT GaaT

TCRUGCEATAGAE 890 Helicobacter, which have had been subject to

AT A OCCLAT TTT ACACKT ST AMTRCAGETEAACEAECTEAIGAGR Asuch as

GAJEGCEAEACCT CGT TAGGAGGT ATCAATGTGAAAGTATTTGTCGTATTAGT T
CTAGTATTAGT 455

g—%%% . %ggg %QQ%EA%QEI%EA%%%AI%E%UIG can
ATHETERCACAATICLTATARTAGEEH TAP TECT CBRTCTAABCCCPRGT FRAT L1

e L

competent for DNA uptake. Resistance markers for

CCARTRTTeET AT EXCTATRET RETEFGARTRATRT é%f‘?‘ﬁ‘ér&%&@l ori.
TATGIGACEFT while plasmid DNA from E. coli and other
TTTCATCAATCAGATTTACAMMAGECT TGAAMTATT AGHAGACT CHAAD Lasmids

ACCCEATANRTS 658" . .
AAACTAGH T AGE CEAART GTTRITCaEAAGT THPARRNECTAFGT GAERsEGPR-asmids

T%A ransformed into E. coli or Helicobacter

TGA EARGAA,ATACAAAACCGCATGAACAAAATAACAC%AGACAAT
CATTRRAALRAAT ?&ggordlngly, H. pylori shuttle vectors must be
ACTCGAS GHLETEGT TCTTTATGI TTTGECGTAGT TGT TTTATTGICTCTGITA
GTAATTTCTTA

TACTATCAAAGCATGAAAT CAAGAAAGAAGAACTAGAACCCACTCTAACCCCAA
AACERACACEAMT8@ from H. pylori are illustrated in the
ATGATACHTCBTACTTT AGTTCEA LGTLGTICATIT BERGRRAGHT GRS (2. o1
CTCARAGAGTTASAAAQERGCECAABRICAFAeAARCA TRIVRGIESIT g A ced,

%%@4%een revealed that pHPAI replicated via the
GA GTTTGGTGEEGT TGTGGTA .TTCT@AATCA TOGTSG. 115
CCGAteczATPde of plasmid replication. ln con rast to rolling-
AACETAAT ATEA ldA@%@%WTWWTﬁ@

TTGERT T ARAGT CGAPACT G TERPAEIRT AT TGRS AT SO T ARE T
CGCEEPTEEEEion and are thus more stable vector candidates
GCCAATCTTTTATTCGCTATTTTTCAAAAACT CAAAGCCCAAGGGAATACCCTC
ATTCGITTTGA 975

CGGTTAGAAAATAAGCGATAAAAAGT TTTTGAGT TTCGGGT TCCCTTATGGGAG
TAAGCAAAACT




ACCGCAAGATTTGAAACGCATGCCTAAACATAGATATTTCTAATGAGCGCTTATC
AGAAGTCGITA 1040

wa a6SeISBGT AAACT TTGCGTACGATTTGTATCTATAAAGAT TACTEOAZAB20DA® 1725
TCTTCAGCAAT
TTAAGCT GT GGGATAGCAT TAAAACCCCTGAIT T TGGAAAATTAGCGAAACCG
AAACTTCAATC 1105

AATTCGACACCCTATCGTAATTTTGGECGACTAAAAACCTTTTAATCAECTTTGEC
TTEEAAGEEAGhey are less prone to illegitimate recombination.

ATE%%{%E@%@%H@IAWM JLACAAOCE
AGTAAAGATTT 1170

TASSPECTERET AAFGIA A SRS ASReR T RIS Grysrieeed

TCAREEGHAAA ) that are involved in replication control and
A AT T AT AT AT AT AT ARG Ty o
CT THOAEAASEGTETURAGGT TIRGENGOBATTIENT ASTICIEAAT GAST TATTREAL WO

A%%Cﬂﬁp AT T T CAAAGAGT GAGGGGT AAATACGCTA

AAACGCTCTAT 1300
TTAGE TANAAARCTIMNG TIETEACILCESAR TTAS S A Fand is

JRRI= st TR T O GEANTEERRFLARSER. D
TTGARSGEAGCCT 1365

GCGAACGAGT TCGTTATGT TTTCGTGTCCCTAAAACTCGCACCTTACCTGAGT T
AAGTCCCTCGA WD 2008/ 055316 PCT/ AU2007/001725 - 46
TT TAGACATECCANNAGNCFARCATATEEAFANCATCTATIEASARGECTFAAC 85

CW&%&Q TTAATGTAAAATTTGTTGAACAACAACAAAAATGTACAARATGAGCE
TTTCTGATGITTTACCTTTTGTAGCTAGI TTTTCAGAATTG

GGGGAGAGAGT
AAGHAAGTCAGAAAAAEGTAGESFT IR EGARCAGT TIGAGETATAAABAAGAACECA 130
AAAGCCATTAC 1495

TT P PSR TP P R A A A e A AR T R P A T T P AT &G
TTTCGGTAATG

ANGEELANGTAOLCACATTGATTTTTATLEIGARANTIICREIAMGR0R  o:

TT CERE I A AT FOEET CIAACT T ARSAKCF AT AT T CETC T AGRACKAAATTIETSBET T
TTATTCTTTGT

AAACAAAGCCGACAAGCAACGCGCTCAAAGGGACATCAAGCT TGTAGCAT GGGA

T AT EREAI TGS A ACTAACAGAACTTCTTGCCAACACTAACAGAACT TCTTTATTTTARA 260
TT S e GE Tt HEERCAGI ARG E CSRAGT ECEAAGAT CERAGTCT
ATAAGTGTTGG

AAAT CGCTAAAAGAAACGCAAAAGCCACTATGGAAGCTAGGTTTCTTGAATTGA
AAACTATEGARCT G0 TT T TAGACATAATAACAGCGTGTGAAGATACTTTTGTAGCGGTATTT 325

TT%&A&EH@@E&%@&%%I&%I FEATAAAGRACTIAACT

GGCTATCAGI TCAGGAACAAT GACAGTAGGAACAAATTAAAGATTGACAACACC

ACFJE%I%%@C&PZAQ@I‘TGGAGCAATTAGCTTGACTTGGTTGAGTTAGTGGGTTGGAGGATAGA 390
CCGATAGTCAAGTCCTTGT TACTGTCATCCT TGT TTAATTTCTAACTGI TGT GG

T GASA RS JEECC T TT TARACCTCGTTAATCGAACTGAACCAACTCAATCACCCARCCTCCTATCT
AATCAAATGTATTTACATGIATCTTAACCCTAAAAATAAGCATAACCCCCAAAA
ATTCCTTGTAT 1820

TT AP TR T AR T P R T AR P AR T T T AT OB AT T . **°
T AAGGAACAIAGAGCAATCCTCCATAGT TACACTTTCATARACAGCATAATCARGATCATAATCA
CCAACAAGACATTCGCATTGGAACTACTATATATCAATAGATACAGCCTAAAAA
AAAGACAACT T 1885

A ORI T RS C A TCT IR ESRCRR AT TT 520
TT TG G LG T TA A CCATATAATCCGAATARGCACCAGATTGGGGARCARATACCCCCAACCGA
CCTAGAAGAATTTAACCCCCCAAAATCCACCCTATCACCAACGAACCTATCAAG
GAATTTGCAGA 1950

CCAI T AheA d AT EAFREETEA IR E T AGCEhECAAAGEFIBRTGCTAIGGIOGBETC 585
CTTAAACGICT
ATACATCGGCAAAACGATTAACATCACCAACTTCAATGTGGATCAATGCCATGA
GGGAATCAGCA 2015

TATGTAGCCGT TTTGCTAATTGTAGTGGTTGAAGI TACACCTAGT TACGGTACT
CCCTTAGICGT
ACTACCTGACAATCACTAGGATCGTGAACTGGACGTAATCGGATCTGTATTTGG

—— N R PN R TT™ SNT NN PN PN 0N PN




ATAAGCCTGGGACTTCTCAAGCCTTTCATTGCTAAAGT GAGAAAAT TTGGGGAT
TGGTTCAAGAA 2145

WA 2008/ CSEACCCT GAAGAGT TCGGAAAGTAACGATTTCACT CTTT TREBAECENTT/A01725
ACCAAGTTCTT WD 2008/ 055316 PCT/ AU2007/ 001725 - 47
CACTACAGGT GAAAAGACAGAT GCATCCTGAETAAACT CATAGAAAAACT GAAT
CACGAAAGAAA 2210
GIGATGICCACTTTTCTGICTACGTACGACTGATTTGAGTATCTTTTTGACTTA
GT GBS PTR T JOTATCACTATGCTAGTGTGAATAATATGTGGTTTTCTATTCCTCATATCTCACCTT
GAATGCAAGCAGAAAACAAACACCTAAAAGAACAAGGACTAGAAAAAATCTACA
CTCAAAAAGAC 2275
CT T A e TS & e AP P BT RSP T CATA ST P PSERTGT 650
GAGIER AT S TCTAAA TG T T T T TCGCAACT T T TATAAT CTATGTGAGGGETGTTTGGCETGTTTA
TACGAGCAGT TAAAAGAACAGCATTTGAAAGAAAT TGAAGCACT CAAAAAAGAA
ATCCAAAAAAC 2340
AT CEPFCOPCANTA AR AR GIEERAAGTIARCTARE AACICRCATEACAT TARREANTET T 715

A G T A CECT T T LA

TAGCCCTAATT 2405
GT TaAt A AL AR SRR EA LR ACAM GERLAMICGEGTAMGAMA 40
ATCGGGATTAA

CAT T P R T B AR R T SRS A P IR A T B SR AR e ST AL ARG FEXSET T
AAAACGAAAAA 2470
CTAMCAMAGLTAGLTITAGRTGATTAAGTAGROGATTTGORATITITAGEEM
T ACRSATIC A AR CT N CAR TCOCE AT TACTFEET FARCOATEIAGCOAKTCT A
ACTAGTTTAGC 2535

ATGTTTCGTTTTTTGAAGT AAGGGGAAAAT CAGCAATTGGTAAATCGGTTAGAT
TW@%T@@ACCTAC CACAATAACGCTAATAAGGTCAATCTAGGCGAAATTGAGCGARAGGGAA 910

AT CHAAASRIGANRCT AT T CITACACATCEARACE TAGE AR MERAGA
GCGAGCTTAAG 2600

TAGATTTCCGCTTAGATAGAACACAATCTGTAGGTI TCGGAATGGT TTTGEECGICT
COCRCENAT T AT TCGCTATT TTTCAAAAACTCAAAGCCCAAGGGAATACCCTCATTCGTTTTGA 975
QW@M%%@E%%%&%&%%
TCTCTAAGT TCGCCAAAACGT GCTAACAAACGACGGTTCTTTTGGT TGI TCGCT

TCA;E‘-E%TGAAACGCATGCTAAACATAGATATTTC'I’AATGAGCGCTTATCAGAAGTCGTTA 1040

TAGACAAAAGCGCATCGCAGT TTGAAAGCGT AGGCGT CAGAAGT GGT TTGCGT T
AGAEFENARPBAA ST B@ GTACCATTTGTATCTATARAGAT TACTCGCGAATAGTCTTCAGCAAT

ATCTGT TTTCGCGTAGCGT CAAACT TTCGCATCCGCAGT CTTCACCAAACGCAA
TCTTAGTTT%
AGAT, G ARRRARCECET RRRRACTRARRERE AL 1208

AARPATGRAGICEr A2 ZOBATTTTGGCCACTAAARACCTTTTAATCGCTTTGGCTTTGAAGTTAC
TCTATCGCCGT TTGGACCGCAATCCGATTTTTTGEGGATTTTTGATTTTGGEGGET T

TTATACATCACG Pl asmi d pHP3 shown in single stranded
f Ori PPOE P T ART CC B T TAGTCGGTGTARAAT TGAATTGAACAAACCGAGTARAGATTT 1170

TCTACAGAATTANGHAECERIAGIAGATAACAGR T EHAAMALEETTRAC
AGCGGT 60

ATTTCCTATGTGCGGCAAAATTTGGAGCAATTAACTTGACTTGGT TGGGT TAGT
GOERAG AT PAGAAATCCAACTCAACGATAACTATCARGACTTACTCAACAATCTGEGCATGEGTC 1235

GA%%% A CACCT OGT TACCACGTATCAATGT GAAAGTATT TGTC
TR TCAGTTGCTATTGATAGTTCTGAATGAGTTGT TAGACCCGTACCCAG
GITCTAGTATTAGTAATTCTCGCACAATTGCTATATTAGCCTTATTTGTGGTCT

AAGEE en A0+ M0, 20080393 ;
TTGTTTATGG&GTTAGMICGT%@%%%%%%%%T 1300
AC;E@%Tg]@GAAAGTTAGACAATCTTAAAGTTTCTCACTCCC'CATTTATGCGATTTTGCGAGATA

AAAGATAAGGAGTATAGAGT GGAATTTGATCAATTAGAATCACAAAGATCAGAC
TTACAA 360

AARGTCT T R R PR AT AT CERRARRCEECHCARR T TERCEFATAA 1365
AAACEACARD TCETTATGT T T TCETGTCCCTAAAACTCGCACCTTACCTGAGT TAAGTCCCTCGA
GAAATACAAAACCGCATCAACAAAATAACAGACACAATCATTAAAGAATTACTA
TCAAAA 480

CATGAAATCAAAAAAGAAGAACT AGAACCCACTCTAACCCCAAAACCCACACCA
ACAAAA 540

2




GAGCCACAAACCACCCCCACACCAT GCAAAAAT TTAGTGGTTAGCACCCCTAAA
GATAAA 600

WGBTS ATATCACCT ACCACAAT AACGCT AATAAGGT CAAT CT AGCRRACRATMHAGI 1725
GAAAGG 660
GAAGCCAATCTTTTATTCGCCTATTTTTCAAAGSCT TAAAGAT CAAGGCGAATACC
CTCATT 720
CGTTTTGAACCGCAAGAT TTAAAACGCAT GATCATGGTCAAATCCAACTTAACC
AACAGG 780
%ﬁ%%%m%%%ﬂm{@%%ﬁm&%wﬁ TT 1430
AA TR AT RO T I F e R A F e S AR A S P A R AT G AT RES AP RCAT
GCTTTT 900
A A A AT A GO CACHAACTATAGARTACT T ACA
ACTGANEGATACETAECANT ACT T OTTGANCANTCTACCAATQIGRECTEAATA
CACTTC 1020

TTTCAATCTCTTAGAATTTCAAAGGGT GAGGGGECAAATAGT GAGAGCGT TAAAT
TT RO CAFRQAACCCACATTGATTTTTATTTTGAGCAATTTCCTTAAGGCGAARAATAAGAAACA 1560

CCOLT AL L ARAAAGAGORTE T AT CeAG AN T I E THaoiiaCeART AC
AATTAG 1140

GGCCAAAAACCCGGT CCCTTCCATGECT TAACCAACCCAAT TGEGEGGAT TCCAA
TT T ek nh d8RAcArcCARCGCECTCARAGEGACATCAAGCTTGTAGCATGGGATATTCACAACC 1625

T AT GO A O GET T T T T AAMATLGAGTAGRATIIRT
GGATGGACAATTCCAAATTCCAAATCTTCTTTTCCAAGAAT GGGGGCCAACCCT

T%@:ﬁkﬁ%&gﬁyxﬁgCAAAAGcCACTATGGAAGCTAGGTTTCTTGAATTGAAAACTTTGATc 1690
Al TTCATTCGECTAAAAGGT TGAAAAACATTTGGAAGATTTG
GT TTAACCER BT TCTTTGCETT TTCGGTGATACCTTCGATCCARAGAACT TAACTTTTGAARCTAG

GGAAATATTTATCGGEGT GAAAAGACCAGATGCATGGECTAACTTAAACTCCATAG
AAAAAC 1440

T AT PR R A S AR G TR T PR RRAR T LA TP AR GRS TERTE R 17°°
TCAARE TR0 G TCCTTETTACTETCATCCTTGTTTAAT TTCTAACTGTTGTGGTGARAACTTTC
TTTCTTACAACTCCAATCGCATTGAAGGAAGCGGTTTGACTTATGAACAAACCG
CTCATA 1560

T T TG GANAT COCTTCT CATRACTBAR AN ACACCASPAFCNARCTIGATG 1620

AT § GAATTERGATTTTTATTCGTATTAGCGGCTTTTTAAGGAACATA
TT%@A AT AT T T T CAAT GOGTGAAT TACT TGCTTGAAAGCTATAAAG
AACCTT 1680

TCAGLT JAGAA A FAAA L ACACAARA R GICREAAASAGMEAGETIETG 1885
ATGAAG 1740

TT AT R P R R R A e R R A P S A A T ACCECCATCAR GAA
GACCCA 1800

AGQX%%‘%@AA%%A&C LIGACAAAT CI TG GAAAAATTATGAAGEERAARETT 1950
GT TR A AT T AT X AR T CR T O T A AR A A PRI AR SET ST T
ACTACA 1920
GGGGCATCAAAGAAT AT GACAACACAAAAGGCTACT TGAAAGACACCATTTTGC
AAA@]PGA‘I]_(@S@AAMATTAACATCACC'AACTTC'AATGTGGATCAATGCCATGAGGGAATCAGCA 2015

GACAN LTI CAAT AT TRAG ST AR F R ACECACGAGE GARACCECTTAT T
TTTG 2040

CTTGIGIGCCTTTTGITTTTTGCGT TTTTAGT TGTAGGT GGTAAGAAATATCGGET
TTTAd e tER O ATCACTACGATCETEGAACTCEGACCGTAATCGGATCTGTATTTGGTCCAGATGTGGE 2080

g%@g%iﬁlgﬁ%ﬁl&zﬁg%z&%ﬁmc@w%%w

TAATTGATTTCAAACCAACTTCATTTCCCTTTTAGI CGT TAGCCATTTAGCCAA

TCTMGgL%%QGACTTCTCAAGCCTTTCATTGCTAAAGTGAGAAAATTTGGGGATTGGTTCAAGAA 2145
TAGI T TAGCATCTAAAAGCGCATATAACT TGAGT TAGCAATCCAACCAATACTA

AAACETECORAGECTGAAGAGTTCGGARAGTARCGAT TTCACTCTTTTARACCCCTARCCAAGTTC
CCTAGCGAAGCGT TAGCGAGCAAAATAAGCGGT TTTAGACCGATTGTTTGCTGA
CAAGCA 2340

AACACCAATAAGCGAGCGT TAGCGAGCATGGACAAAAGCGCATCCCAGT TTGAA
AGCGTA 2400

GGCGTTAGCCGAAGCTGI TTTGCGTAAGCAAAT CAAACAAGATAGCGCAAGCCG
AGGTGC 2460 WO 2008/ 055316 PCT/ AU2007/001725 49
AGCCCAAGAATTTGAATTAATCCATGCGGTGT TTAGEGCGT TTTAGCGT GATCG

N ——— i — g~ P g~

1495

A R A




TATTGGTGGT TGGAATAGCCTAAATAACGCAGCTGTATGGTITTCTCATTTTTCG
GI'GACA 2640

WAT@BIBACCEETAGI TCTTGCGAGT CATAAGT GTAGT TCT TGCEAATABITMA® 1725
TGTAGI 2700
TCTTGCGAGT CATAAGT GTAGT TCT TCCGAGTLATAAGT GTAGT TCTCTTCACA
ATATCT 2760

ACACAATTCACAATCTCTAGCTACAATAACAGCGT GTGAAGATGCTTTCACAGC
GGT A A SAESHCARAAGACAGATGCATGCTGACTARACTCATAGAAAAACTGAATCACGARAGARA 2210

T CCEARCHFICRITAAALTCT L CdnA AR T AR T T AT AGT GEGELTEGCA
GITTGT 2880

AGCGGGTATGCACT CCGTTAGGAGGCACACCATGAAAGCATTTTTGATAGT AGT

GAT TAATc294CrcAAARCARACACCTAAAAGAACAAGGACTAGAAAAAATCTACACT CAAAAAGAC 2275
AT L A LT CACACACRACTATATLTAMACCTTACRET TTTARTAACECT
TCCACCAAGACTTCTTAAGGGTI TTCACTCCTGTITATTATATCGTCTTTTGAAAA
ATANI A A88Brannncancacea
ATTAAAAGECGCTTAAAT GOCCAT CAAT ACCAATT TTCRACREA T ARRRER A 2240

AGAA‘%‘G?T%GEE@ATTTTCTTGTCGTAAACTTTCTTTAACTT CGTGAGTTTTTTCTTTAGGTTTTTTG

GGAATTACGAAAAT TATTAGAAGAAT TAGAAACGCT CCCACAAACCCCACAAAT
AR
CRARRAR T AR P ACKT RERCARERIAACAECRRGPATFFTAG 2405

COFMTeBR A GTATGTGCAT TGETTTTCTTACATCGGTARAATCGCGTAAGAARATCECGATTAR
TGATCAAAAATTCAAAGAAATTATAGAAAATCTATCAAATGAATTTGAAAAAGA
AAAATC 3300

2470
TAGEAGG 3O ACTTTTACECTGATTAAGTAGCCOATTTECEAT TTTTAGCGAAT TTTGCTTTT

CCCTAAAGATAACACCTATACCACCTACCACAATAACGCCTAATAAGGT %CT
AGGGAA 3420 ATTGAGCGAAAGGGAAGCCAATCT 34440 An
addTAdA&umﬂuuwuw&thIﬁkébEcfﬂiﬂAﬂiﬂ@m&AidbafTfﬂ@ﬁbAﬁ&d@ﬂﬁHiAéﬁiTAGc 2535

ro ich includes a 135
D gt PP b e R o R i a8
ID NO 5). This snmaller 45 amno acid peptide is an
i ”n%H&9£K%Béd&AAi%@Aﬁé@@ﬂ%E&fk%A&% %Al@cﬂ?gégiéAAchéhAgéé@GLéG%TAAG 2600

( core antigen he nuc sequence

en c?f‘&f*??@"c?%@T%STW%SWW@PAGWE%A@@TP@TG@WGQQG@WTC

with the indicated 135 nucl eotides wunderscored (SEQ

I D NO._5). CATGAGCACG AATCCTAAAC CTCAAAGAAA AACCAAACGT

AACA A S R R RS RIS P GRS TG G TAACGCGCA 2665
GCOGTOAGATT cEERAACTH (EEA A A EAGETfot rTHEERERRGA R caTTCCcaceT
GGGCCCTAGA TTGGGTGTGC GCGCGACGAG  GAAGACTTCC

GAGCGGTCGC AACCTCGAGG TAGACGTCAG CCTATCCCCA

AGGCACGTCG GCCCGAGGEEC AGGACCTGGEG CTCAGCCCGG GTACCCTTGG

oG CT GO AT G R e hoos. ™™

CCAA T P S I AR T AT € AT ACCE PIA C U GG TR TCBRGEAGE T C
ATGGGGTACA TACCGCTCGW CGGCGCCCCT CTTGGAGGCG CTGCCAGGGC

3 CCCEG TTCTGCGGAAGA CGCECGTGAAC TATGCAACAG
N SO B LS RO OUT U L PP 8 TG RACERTETee . 2756
T BT CHCT T ICEEI G TR CIcaTEE T T ESRET AT TESEGTTrTATACATCACE

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

TCTACACAATTAACAATCTTTAGCTACAATAACAGCGTGTGAAGATGCTTTCACAGCEET 60
ATTTCCTATGTGCGGCAAAATTTGGAGCAATTAACTTGACTTGGTTGGGTTAGTGGETTG 120
GAGGATAGAGAGGGCGACACCTCETTAGCAGGTATCAATGTCGAAAGTATTTGTCGTATTA 180

GTTCTAGTATTAGTAATTCTCGCACAATTGCTATATTAGGCTTATTTGTGGTCTARCCCC 240



TGCCTGACTG TGCCCGCTTC AGCCTACCAA - SEQ I D NG 4.
AATCCTAAAC CTCAAAGAAA AACCAAACGT AACACCAACC GICGCCCACA
WOASEIBAAG TTCCCEEGTG GCGGTCAGAT CGTTGGTGGA (HAMACIONG001725
TGCCGCGCAG GEGCCCTAGA TTGGEGTGTGC GCGCG - SEQ I D NO 5.
The nucleic acid of SEQ ID NO-44%as cloned into the
hopE gene (SEQ ID NGO 6, shown below), of H pylori
DNO 4 (noted in

boI %?GTTOT&FS%%%GETAG%F?E?&éﬁ%ﬁ%T AFREFRTOCACT R IFREACAGER 300
168 ABZXGZ{'IIABGCFHGTLAEAGAGTpGZ@dUGQAT@@TTM?T@%@Aﬁé&pI;&§§@ﬁ'ACAA 360

ro part of the surfa
gxpgggé S 60p o?g ?#A%% %%ng%%%cgﬁéfmm?ﬁ%%cmcmcm 420
C ON SERATRCAA S CHHERa RS TRECHCOCAGINE D BEr 8 A¢ R guren@hana - 480

e L R

TTAFESEARER ARET E SIS REIC CATCT AT AT T ACOST ITRFTAG (GCEACARG 600

AGGAéd'T'EﬁAﬁc&ckAN@%EEATM%ﬁ%%@E&CGAAAGG 660
TCTAT CCGCAGITTT 51 AAGCTICITCG TTGITA

AA €cy %%?%WF&?%@“@@@RWEWT%%TWT@CTCAH 720

ACALGOOCEA ICECARTAGT A A EATITATAA CEACAGEEEN Tt Bdeancace 780

201 TAAFCLAGOR CECACART ERET R oao

CCTANTBEEERCCAS G T TR AT AICTA GAGTA G AAT GICEETATGCTTTT 900
e
GO A A O B P T SRR AR ST A AT C TRE ST P ARIGR TCA A CACTTC 1020
AAATIXCAGT dT (HEAd NSt L AECETATetd éanh X FAKERA T AT AT 1080
45 %@gﬁ ATAACGATAA C}T%E.{?T%%CT TTT C%E;TEQTTTTTS%: AATTAG 1140
GCCARABTATA CTCEAYAGAGT ATE 5ATTAAATIGATT GA TAGEIAAECE TTTCCC 1200

I G AIEING 0L A T e 1o

GT TEERA PP A OO P GATAG  GTANTAT TIA ACARACATAAT AGECETAGANGT 1320

701A&%%M%M%&M%M&JARE%GGTTTM 1380
751 AACGCTACTA ATCTTTATTA CCATTTGAAA

cﬁ%ﬁ%?TWﬂWGAG%G%Wﬁ%ﬁW?wwc 1440
20082056846 AREAA AR DT 00 AR A Tcecaldra CECRAGAT G aTCARAT 1500

A O A M AR A O CRC EACRTE R 2550

TTTTTGACAAATCCGTTCTCATAACTGAAARAAACACCAATATCAAACTTGATGATATTT 1620

TTGAAACTATCAATCATTTTGAATGCGTGAATTACT TCGCTTGARAGCTATAAAGAACCTT 1680
TGAGTTTAGAATACTTTAAGAATTTACACAAAATCT TCAAAAAGAATTGTTCTGATGALAG 1740
TTATTGGTGATTTTAAARAACGCCCTAATTTTGTAGGCAATAGCGCCACAACAAGACCCA 1800
AATTAGTTGAAAGCGAATTGACAAATCTTGTGAAAAATTATCAACGCAACCTTGAAGTGA 1860
GTTTGAAAAACAATATCATGCCTTTCATCATAGAAAACGAACACAAAGCCTTTTACTACA 1920
GGGGCATCAAAGAATATGACAACACAAAAGGCTACTTGAAAGACACCATTTTGCAAAGTC 1980
AAGACAATTTCAATGAAATGGTTAGCTATTTCTTTTCTTGAGTGAAACCGCTTATTTTTG 2040
CTTGTGTGCTTTTGTTTTTTGCGTTTTTAGT TGTAGGTGGTAAGAAATATCGETTTTTTG 2100
CTTTTCGTTGGTTGTAGGCGATTTTAGATAGCARAARACAGCTARARAATCCAAGCAACC 2160
TAATTGATTTCAAACCAACTTCATTTCCCTTTTAGTCGTTAGCCATTTAGCCAATCTARC 2220
TAGTTTAGCATCTARAAGCGCATATAACTTGAGTTAGCAATCCAACCAATACTAAAACCG 2280
CCTAGCGAAGCGTTAGCGAGCAARATAAGCEGTTTTAGACCGAT TGTTTGCTGACAAGCA 2340
AACACCAATAAGCGAGCGTTAGCGAGCATGGACAARAAGCGECATCGCAGTTTGAAAGCGETA 2400
GGCGTTAGCCGAAGCTGTTTTGCGTAAGCAAATCAAACAAGATAGCECAAGCCGAGGETGC 2460



ATCATTGAGT TTAACGGTCT CCAGCTTGEC TGITTTGECG GATGAGAGAA
GATTTTCAGC CTGATACAGA TTAAATC SEQ ID NO 6 Briefly, one
woretokoss3oé acconpl i shing the isol ation of hopEPCTANR007£01725
anplification fromH pylori 22695 by using Tag DNA

pol ymerase. The upstream priner4%' =
AAGGATCCGATAGGAATGTAAA. GGAATGG 3" (SEQ ID NO 7)

containing a BanH site and the downstream priner 5'-
CCBAATPETARTIGCEATIBARCK AT FTEE T TAGCSEEY T15AREY T cStrmRr 2520
C o %@Af&ﬁ%i‘A}é‘&AE@ﬂﬁbT@Tﬁi@T@p&&Tb@Tﬁ@.ﬂ@&d&L@&;@ﬁbebycmng 2580
nt hesi zer, such he cE A@Bé"ﬂ ig
B| gﬁgq TTGgAﬁEAG%ﬁ%Z}TAég%CPFEﬁTATﬁFE’%‘TI‘ Tg%’axérg GACA 2640
81tpﬁbmmea@t&dﬂi"rCTWEGA@MSHAHGTGQA@@RTTGC@QMAB@IGTBQT 2700
unt
2760

] Tﬁgf%@%@%cz?%igﬁﬂtc%éﬁ%C?MWA@TE@A%ﬁCE@ﬁéﬂﬂ%T

e sane ofl entation ac pronoter.
PCRCPEAATBC S PN TC N ThER oA (ARG EC A AR HERSE TEAGBCEFT TATE
r e%E&ﬁdﬁ@@{éﬁﬁﬁﬁi%b&%&ﬂ&ﬁ?&ﬁ@EfEAC&%@@de@;@AGTTTGT

i nsertion i mmunogeni ¢ codi ng sequence
fr WﬁWATF@WFET@GQA%%éC? BT TR TRE TF
PCE\GT@MATE@@@@@A@@&ﬂgrﬁmpawémmcymmmmeme

performed usi n% a touchdown a D
P g romsr R e T e e PR b Se o0

iniAﬂTﬂAAAb@ﬂGtTM%&ATGDECASGHﬂGACdAN@@fTGAACAQCWHAEAAHH§BA@AH?@

by 4 gyAcJ&gzﬁﬂtT 2z Bhld Eﬂ&%@%é@g@a@gﬁw@m

65CY ecreased for each
su WT@CAWT@MWAWG%%CSM%@HWGGGGTTT
”‘nmﬂméﬁgmﬂ§ﬂﬁhﬁ&ﬁ&hﬂﬂmﬁ&mﬁ@ﬁﬁ&@&mhmjﬂﬂ%Tdﬁﬁ%ﬂauﬂﬂﬂTc

to conpletion of the first 18 cycl es di tional
14 %%F?ﬁqTeéMC@ﬁCe’yaAégcp&gﬁC%“&Aﬁ8%?%%‘\WAGTF§%TH@G%C
g>5<tcéi‘:f&&hmclAQﬂﬂcp&ﬁﬁAﬂ@m&t@meA@mmAemMMGaCAmme
anneal i n erature. The resulting anplicon is
theﬁﬁ”ﬁﬁ?‘f%g‘s rrE M, precipitated with ethanol,
and made bl unt by digestion with the Kl enow fragnment

2008 o531 KBRS ATBOOST e T 0B onso Siaecrag wipho

resllﬂ¥¢‘ct¢l%<ﬂ ehz§Re IB Femode vhéchedprabeespralgngp segment
rel {gat edntbbesan BLPLopEi atesvean®hosHeldas (SEQ ID NO: 5).

This smaller 45 amino acid peptide is an immunogenic

2820
2880
2940
3000

3120
3180
3240
3300
3360
3420

34440

polypeptide of the Hepatitis C virus (HCV) core antigen.
The nucleic acid sequence encoding the 45 amino acid
peptide is shown below with the indicated 135 nucleotides
underscored (SEQ ID NO: 5).

CATGAGCACG
GTCGCCCACA

AATCCTAAAC

CTCAAAGAAA

AACCAAACGT

AACACCAACC

GGACGTCAAG

TTCCCGGGTG

GCGGTCAGAT

CGTTGGTGGA

GTTTACTTGT

TGCCGCGCAG

GGGCCCTAGA

TTGGGTGTGC

GCGCGACGAG

GAAGACTTCC
AGGCACGTCG
CCCCTCTATG
CCGTGGCTCT
GCAATTTGGG
ATGGGGTACA
CCTGGCGCAT

GAGCGGTCGC
GCCCGAGGGC
GCAATGAGGG
CGGCCTAGCT
TAAGGTCATC
TACCGCTCGT
GGCGTCCGGG

AACCTCGAGG
AGGACCTGGG
TTGCGGGETGCG
GGGGCCCCAC
GATACCCTTA
CGGCGCCCCT
TTCTGGAAGA

TAGACGTCAG
CTCAGCCCGG
GCGGGATGGC
AGACCCCCGG
CGTGCGGCTT
CTTGGAGGCG
CGGCGTGAAC

CCTATCCCCA
GTACCCTTGG
TCCTGICTCC
CGTAGGTCGC
CGCCGACCTC
CTGCCAGGGC
TATGCAACAG



pTM 03. 8 under the control of the arabinose inducible

pronoter, and transforned into E. coli JMLO5.
w@Remsiohianant cl ones can be identified by usingPCT/AU2007/001725

ol i gonucl eotide primer 5 -AGATCTAAGGACGTC-3' (SEQ ID

NO 9) plus the reverse sequenci®g-prinmer in PCR

anplification reactions. Identified clones can be

sequenced to verif that the inserted restriction

end GTESIEASE G ITEES T4 GTn THGTATR T FTHEIT GRSGE @RS CTCTCT

had Theercatcodeceddottie thedierieargengedhe 13bhp

i mmunogeni ¢ codi ng sequence fromthe Hepatitis C

virus (HCV) core antigen can then be inserted wusing

st aAddCg TREANN CHCASACHAGE ARSIIAGA QETIMAR AR dragtdhearrecccaca

cr eghgéerich aAnasThieReA Bl o i@ T | MRS, crrer

ro ,
gxpnTQQQGEFﬁCAG £RECOCYAGAs BTIGORTSTCEO MGG d [BEQNEST &I 5 .
Blot. Briefly, a procedure for this is as foldl OWs.
Cel are _harvested from about 20 pl ates _an .
reshgﬁeﬂﬁgéeﬁﬁ 2896 S&créSe Wi IR :5dmyast Bemss! (into the hopE
( BoghnengseqMapnivei: n , i @hb@MXbEuiog)Hbe( pH %ﬂ)otriﬂz%(s% at
cel e _th di_sr ynt e t Fren press a
bgaaf}bﬂknngBF%kg@’cgl W Ogreg d@eﬁoggdwerascﬁf@ﬁose

15, .
st epogradentiof kol avfind0ecddd réslidofe 168 cFucirRs@ridtein

. i gt
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101 ATCAGCTTGG ACAAGCCCGT TTGAATAGTA ATATTTATAA TACAGGGGAT
151 TGCACAGGGA GTGTTGTAGG TTGCCCCCCA GETCTTACCG CTAATAAGCA
201 TAATCCAGGA GGCACCAATA TCAATTGGCA TGCTAAATAC GCTAATGGGEGE
251 CTTTGAATGG TCITGGGTTG AATGTGGGTT ATAAGAAGTT CTTCCAGTTC
301 ARGTCTTTTG ATATGACAAG CAAGTGGTTT GGTTTTAGAG TGTATGGGCT
351 TTTTGATTAT GGGCATGCCA CTTTAGGCAA GCAAGTTTAT GCACCTAATA
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751 AACGCTACTA ATCTTTATTA CCATTTGAAA CGGGATTATT CGCTTTATTT
801 AGGGTATAAC TACACTTTTT



equal volunme of 0.125 M Tris-HCl (pH 6.8), 40 (wt/vol)
sodi um dodecyl sulfate (SDS), and 200 (vol/vol)
w@bkys®sBlic and subjected to SDS- 12% pol yacryl apr€Tiaugml/001725
el ectrophoresis (PAGE). If required the HCV/ hopE band

can be excised froman unstarngdl portion of the ge

and eluted overnight at 4Cinto 10mM Tris-HCL (pH

8.0), 1nM EDTA (pH 8.0), and 100mM NaCl . The el ution
supernatant can then be run on an SDS- PAGE gel to
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vectors that can be readil
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



devel oped as descri bed above include, for exanple,

vectors conprising two plasmd on sites and nmarkers
wohbdoslssie suitable for each host. Markers m BETI/AU2007/001725

i ncl ude genes for chl oranpheni col / kanamyci n

resi stance as well as pronoters >2hat can be

recogni zed by both the E. coli and H pylori

transcriptional systens. The requirenents for
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heterolg%gys gene product to be expressed would
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hasupger stusicedexiRitsiivRles.as an antigen in humans,
and i nmune responses to it are well characterized. TT

elicits good nucosal imune responses when
adnOnicst eeed car @ITIML 0Gr- 8 Madanasal cdeertadi,spltawets dransformed

t he.surface of,.ba rj, al (Dyc & Cutting, 2003
LS S oA U5 S 05 Ul A0 e
t et BAuyested Ang fuhggeemresaidye dfudde (Y higndwpE was

genecpteduel 83 wdeserbed Above or engineered to
contain a nenbfane anchor and cell surface target

sequence. The advantage of this WO 2008/ 055316
PCTEAUREAY/, 081 p2ocedihe fosStemd S ke edisiene @i11s are

“E'ké%@%%%%%?%&%%ga%%%kn%o plates and resuspended in 20%
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 1lb/in®?. Broken cells are overlaid on
a sucrose step gradient of 1ml of 70% and 6ml 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



nodel s for assessnment of the effectiveness of the

vacci nati on procedure, whereas; in the case of HCV
wob@sesssthe known mnurine nodel s typically rel yPONAU2007/001725

i mune-deficient mce. The gB protein of _ _

cytomegal ovirus (CW) has been- 3hown to inmunize mce

against a |l ethal dose of an engineered vaccine virus

si.ng the antigen. Accordingly, shuttle
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|ndaced banacudommpﬁaamd ey Beud il Bh@RE8FB60an then be

of EhfisonRBnaber EhgT RBL SO0 ReERCE e RBe inade fn Western
vi t tomuhblofoneiigy abbindemdwitkelchankycke uexderessesh. For
wheg.gxposed; k81Lbeg éﬁltgi‘cfnggﬁé!rgﬁlg %.BLOfbet Y raltC a

mucosa. O her pr onoters | nc ara
i ndien6eRtprbAbRePt tSedaV/ A2pEM B cStanphplraBisi grea then

pr osateisd(dasephappsebacal on 4998 s-EEME M SI-0Ri-al
Lett e, . T7 pronpter used
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profoowassie Sakibhebha Whitieh For wWeduees iAmame10RIGng,

| | 9 B hnol
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t o MeMerapAS| MHLlppbuoei Badfbedi eMbed. USIAgtbheblocklng for
Sysﬁeﬂ7Q@VEL@p@gtHy3£nESbhHé S%fgh aﬁ%gﬁéh (Blisnhgéhglnger

51 101-107) that uses reportéers as r
Mappiaetat - %c%rv?W?ePnzﬁ Fﬁlﬁyﬁbrﬂnppé§ﬁpaa¢@0b®ﬁfered

V[)Q@Dﬁﬁ@55ﬁé§ PCEhéu2@ﬁB£Qﬂé52§re tB8n Theubateet with a

Sltf;lgfoggpé Sgnmgklagg ﬂgvogabgitaghkgserum 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 EXPRESSTION 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.



or other gene product used. Initial studies focused on

HopE proteins and fusion pol ypepti des which target the
wez@sesses pol ypeptide (e.g., antigen) to the P€r/AU2007/001725

surface of H pylori. Plasmd stability is also very

i nportant and, while the use of>&ntibiotic resistance

genes as selective determ nants for plasmd

t t |
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exandpielopkd asd d@esrmerlﬁdwi akmmemc]mma:,t | et eajcanrple, vectors
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t he ell wall peptidoglycan of %ram negat Ive
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I ystsansbmgptﬁgeﬁalls syd@leny esent in manmal i an ti ssues,

this bal anced-lethal systeminposes a requirenent

that all living H pylori carry the reconbi nant asd
gen&“heom“eqhmimgle;mlta;smod: rielp]ﬂfctm:rldns&?tft&:la&tagen& achieved

SySL?nhggﬁ L& GO m%f 4 & nogg%}e cosllotp&caoﬁnglds (e.g.,

i nacti vat ed n st'an gene out r

Thi ®BBEREI n of H pyl orl will then only grow with the

supply of DAP or with a plasmd that contains the asd
O her systens that can be used for sinmlar

pur 58§§§ruf3ﬁ6fiu&‘éluﬁtl@olveceﬂregr Seekitg dresirsl & tehliication
( C'I'}Lnabotﬁux’&:'osa'lol&djatch‘damzt S pyAdriv amt sflm elrﬁp dngised to

to t he i, mrun ons

o SOaRE T SRR n TG RRRIS G T B Lirsmatre

expﬂ‘essedoamal génsnargeiused othert e tekd lagbuETBene product

nmut aat .t a ei:lrq St

proeér e R BRI e, B Blss b g coxic o
Aumé?reowésE ol pRAVBPEL3 i RUGENCE, immmswasiic (or

des@bbbégséﬁ Exafpkes gbsandide HRIJIIRAOL §idASRA ivered to a

vecto h_as pHP3 and pHP623 aré capabl e of
pro§FEiFﬁge8 Por&ctioR a*@ﬂ?"ﬁét &S GRS of mdmmipressed
suchnasganmivgeimmunization of the mammal, such as site may

be a mucosal site.

As described in Example 1, hopE/HCV core antigen fusion
protein can be expressed at the E. coli surface. The
product of pTMIO3-S (Figure 3) is preferably targeted to
the H. pylori outer membrane, so that it would display the
HCV core antigen in a mucosal environment.

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



or human. In the present exanple, a nurine nodel is
used to denonstrate the utility of using the

wokimsos3act er - based systens to provide del i vergr/aii2®7/001725
pharmacol ogi cally active nolecule of interest to a
manmal , including a human. The™ irine nodel is
enpl oyed to denonstrate the activity of a transgenic
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and gastric histology perfornmed.” EXAMPLE
OF YrRULENCE AND ANTI GENI CI TY OF TEMPERATURE
SENSI TIVE H. pylori STRAINS |In order detect change in
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out B SHERBFaRE. BPONBERTonFey tRolE ettt T e vectors.
tenﬁéeatmyethenpmbmmeeﬁ useldoriis aadudexa@ edhar by a natural
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|nfecte °or 1
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WO 880846056346 . P@EEAQ%QQ%ﬁQ01%%é pro%%te%b%%Q&Pﬂﬂélﬁ pylori

yl ori nmont hs f or nt 1 body
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to gastric mucosa colonlzatlon The benefit of this
promoter is that a construct can be made in vitro. The
foreign antigen will only be expressed when exposed to the

aclidic environment of the gastric mucosa.

Other promoters include the arabinose inducible promoter
used in pTMIO3.S and FlaB sigma 54 promoters (Josenhans et
al., 1998, EEMS Microbial Lett., 16 1(2), 263-73), the T7
promoter used in constitutive and inducible E. coli
systems and the nir promoter of Salmonella which is
induced in anaerobic environments (Chatfield et al., 1992,
Biotechnology, 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.



In order to denonstrate the Helicobacter-based vacci ne
protection effect froma standard pat hogen

W@ prsopiscoOccus), mce were inoculated with teP@BEAHERMINB01725
sensitive H pylori by gavage. An equal sized control
group was infected with the wild®type H pylori
strain. Non-invasive neans were used to. determ ne
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In order use the asd gene system the genomic copy of the
asd gene is inactivated using standard gene knockout
protocols. This strain of H. pylori will then only grow
with the supply of DAP or with a plasmid that contains the
asd gene.

Other systems that can be used for similar purposes
include E. coli enterotoxin or cholera toxin (CT) as
mucosal adjuvants. Adjuvants can also be used to boost 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.
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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
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Allowing for 75% lethality in the controls, the study has

a power of 0.8 to detect a 50% decrease in mortality (75%

ve 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



(Pilot study). After an optimal period allow ng for
the H pylori to establish an active infection, the
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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 EXTERNAIL CHEMICAI, 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.



conmposition according to the present invention. The
phar maceuti cal conpositions as described herein nmay be
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tablets, capsules etc.), semi- g I|d (gel s, pastes
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time period during which the Helicobacter conpositijon
should be admnistered after dispersion in the

di speasihad pEMilOm-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.
pTMIO2 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.
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this is a presuned cause of diseases such as
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aNYquantity 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 quantified. 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
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etc) form and adapted for administration via e.g. the
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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,
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Hel i cobacter together with a non-Helicobacter
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 serological 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
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i nt n I adm ni ste reli ave

bec Shoare ¢ 55t Phufd: e¥en® ThiareChit Pheruids Fre
bodSPHRE E¥E df Setreenapdenacdingt & baceeraamesarface layer

fogshotyvan. t hesguaPh BBl SaWetNoFtein 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 clasg 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.



deficiency. The control of appetite and body wei ght
may be independent of GH release. CGhrelin, a
WQ@20a/053306 aci d peptide, is activated when its PCHAD07/001725
serine residue is acylated by n: gctan0|c acid, and
GHS-R i s responsive to the fitst>four or five residues
i ncI udi ng the oct anyI at ed seri ne resi due of the whole
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by @ RRAI2ahd reduce body wei ght gain. EXAVPLE 13

CELL WASTI NG ATTENDANT CANCER AND AI DS The present

X ré S AEMNSLL AL LS bhes ytidbiyg f?£8§1dgae§ﬁaﬁnst some

i nvention for UsSe as a preparatio prevent
or ¢xﬁﬁ¢ﬁ¢8ceimckbéim%ganp@¥?lcBPé%PyV%@FPnﬁa§Pﬂn§n oral

ass fﬁﬁébY@ithééfﬁéng§1ﬁé@Scﬁ&lé&&Baaadd@ameaéa due to E.
Cachexia is a condition characteriz wast

eme€Pht | AT FRRBFERRESUakECThERi ti o n ?%mﬁagmkgg%WFPts’ it is
fenﬂﬂﬁﬁgm@h@tedhEhhevehs oécbmhhsghfethe papbndeoanmay thus

ghrelin the sto h p-regulated in a
nou %@pﬂbﬂ%la%f %ﬁ%% a@?@h&%?éf %n cachectic nice
with increased plasma levels of IL-10, the plasma

Confﬁgtﬁﬁéégﬂ§ 9£vention contemplates a live vaccine, as such
will provide a single-dose, long lasting vaccination,
becauge 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.



ghrelin also increased with the progression of
cachexia. This result suggests that a cl ose

wo edoavsBmehi p m ght exi st between the ghrel i nPdyAERG0¢H01725
and the cachectic process nedlg\éed by 1L-1. IL-1(3 is
an anorexi geni ¢ substance, just "like CCK, |eptin,
gastrin-rel ated pr otei n and borrbeS| n, and antagoni zes

th% %Cttl %Iq}%f%fg@&;n stere IL- 1(3 d% C6ﬁ%é&%fm when
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I t e Heigre o swrareidzat 190 day |:9e¢mlwn%y¥%ﬂcobacter

er afj Aoy i ﬁﬁidﬂ1§f6&&8§¥‘§W%Aﬂ@r@N@§E@ﬁaBie§OﬂEmuch
nutritional pararreters such as t

el vt S o, Cet oy bront b erootpibign
andx@ilbihrﬂﬂhllfjr Féldtoigenldﬁledbd: oprd@snibe@nprefertedisadly to

abl e dif the pl asma and gastric
ghrtg]‘efD n"éarﬁfgg i ngorpl an gerbils. In humans,
however, .H. pylori infection has been reported not to

be M Wi t hyBnyc6hapges Ripthees! asaREoghAS! AR

l e ugh eradrcationm of H fori has been
shown by sonme to @Mp creases of the
pl asma ghrelin levels. It is proposed that H pylori
may be used as a car |er to
AT T 4P e Lo LS by bie cEanprBoRskerRg Fhequtility
arcff_f et[he/q;btté:émttmwtrénetgantas ca mutbsd. fon supgoying
e ﬁ ? %CE%PZ%£$| gﬁgfgéfgnga%ﬁaeErgétﬁﬁngegﬁﬁlmens that
anegbmgs:,d@nﬂoxjeaplsv@tlt/essuﬁmjeaﬁ@/@nn avgonagtigcular, delivery

('rE%L%ﬁ@ggut 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



calcitonins, calcitonin gene-rel ated peptides), and

anal ogs therefore to decrease ghrelin levels. Anylin
W@Rnioagsisiet s can i ncrease ghrelin |evels. Mdub@r/aumo7/001725

of the effective |levels of anyl| D, with amylin, anylin

agoni sts, anylin antagoni sts, of "of her compounds t hat

decr ease the effective | evel of anylin such as

t di t '
ancigon S eIt A s ST ORI R,

sone enbodlnents of the nethod are directed to
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PCT AU2007/001 25 - 70 ghrelin by increasin

ef Radnazel elRA0DF . ARAF T t%nﬂ‘f%“a‘@o?ﬁl%}gg? na‘f“ﬁ nucleic
bOda)bl&yc:&hé&aicw i et r SE tUNReas St@te@ypﬁeeﬁeaslapglcatlon

AN R ——

14tIREﬁﬁhEhﬂh(Eéf%ﬁlﬂﬂ&RﬁrﬁMéﬁﬂ%ﬂE Téree psesenfieadhypl e
derr]?rgzt#é?t%eas.’? tgehéjlt_‘éll.ljl t o:f‘efgf?n&:gvﬁgébf)grf Qé Hﬁ@s ésteachlng

of & di Sease Tesu Fom an enzyne
(k#suppﬂmmenBU@mdégrG@mch@¢rse@heeggetheGﬁﬂ@ﬁéﬁténdlng and
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man

resu roma deficiency of the
enzyne, glucocerebr05|dae (G&0). (Nolta et al., (1992),

J. GHJéIhn'ﬂ&@séndQQeﬁ8&s3ﬂig§ﬂ8)foEnEMGngewtacﬁﬁembne

t her a OV|ded oba ter yageln
(unﬁﬁ$2%§a$£% ecﬁﬂﬁ? ggg%q%ghcg B SeTe s grﬁgﬁpchrmone
Chaﬂmlbnesleééhmkeome¢uhtu¥e@2§®2w;t§$M§h€$AS 99( 24¥§ose-

15458 é&?ﬁ%@ @qlésphagﬁedlgegfgdeéeguaﬁal g88kef3a from the A-

gl yc ucoce rosi dase X
obtkﬂkﬁxﬁelhspﬁ@vm@ume%nthench€ﬁ1@éYnEhﬁpg Bﬁés of the

deq%%@@fié'ﬁﬂﬁﬁﬂs(“@hgﬁﬂin|§stﬁohekﬁéﬂﬂ £8 pheyHa role in not
ylori construct and adnini stere

a
m%ﬂm%ycﬁH TRlFagast PrEaftt§e AR 58F%r8ﬁg§88 %hﬁtﬁgpetlte and
enheskiyensightt he net hods, a Helicobacter-based
construct as descri bed herein conprising a vector
havi ng a non-Hel i cobacter pharmacol ogically active
nol Botth epafenneéeaddy, and thizacerebro- 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 ig 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



case, encoding gl ucocerebrosidase (GC). Retrovira
medi ated transfer of glucocerebrosidase cul tured
w@20081083316 bone marrow i s descri bed as one apprpPar/AvL@r/001725

treating Gauchers disease in Nolta et al. (1992).

However, this approach is extr@fely invasive.

Alternative enzynme replacenent therapy enploying t he

Hel,i cohact.er S truct ba
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rovi de .a usef ul % $$arat on that.is su

RSy T AP o Ot aoR S Eeyase’of
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or —an | a vettors as
descri bed herein Sutton et al. (2004) (Vacci ne, 22
(20)¢ 2o4ds é&@oﬁﬂatp&@ﬁ@§$ﬁ9§t§9@b”§ﬁr@lln lf provided to

bacterla I n gnancy; specifically pri ¥
gas?bqcﬁ%ﬂmﬂiI@ﬁp%%%nQuﬁsm%C?%%uW%lefreduce food intake by an
vacgh il Md ek Zat bedly ofre aghangaeh . agai nst

Hel i cobacter felis. Helicobacter pylori constructs of

the present disclosure that include a vector and/or

pl astANPMVECIDr Sui CEbL eWASTINGr BVTENDANANCANABRI ANRQALIDS
preparation that includes an i mmunogeni ¢ anti gen of

i nterest other than Helicobacter felis, al so be

usethe dprovidecyamel patenanproebesi bhe a@aﬁ/ﬁw gf the

bacterdahe | ndced; SRl fgpansy, aand paeﬁafat@ahathat will
agai nst prlnary gastric NMALT |

exafpt et sl Wbt nEft %?S\ggggp|8§ﬁ%03@§ifgy fEUfLgwasting
i NCcd gkekec Ba t QIS OPh PAOE €hBeGO8PALEENGT aAHBEI anliackhearer.

pyl ori encodi ng sequence and a non-Hel i cobacter

pyl ori encodi ng sequence that is, for exanple, other

t hatrehddela cobast eonfldtien characterized by wasting,

emaciation, 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-
1 decreased NPY mRNA expression in the hypothalamus and
preproghrelin mRNA expression in the stomach, and that
intraperitoneally administered ghrelin inhibited the



anti gen species. EXAMPLE 16 LI VE VACCI NE DELI VERY

SYSTEMWTH H. pylori The present exanple .
waleossisBi@t es the utility of using H  pylori POT/AURG0VAE01725

vaccine, and in particular the use of H pylori as

part of a live viral preparation®?o-deliver a WO

2008/ 055316 PCT/ AU2007/ 001725 - 72 protein of

i nt astar i, a of an animal. In
parglculakgr%ﬁilg?é en%dgggﬁgﬁgmﬂﬁﬁﬂﬁbtrates t he
utility of the present |nvent|on for providing
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of pylori is denonstrated herein to be
a UEEFE%HQEﬁlgFelﬁfor vacci ne delivery, and provides

an i nmproved bacterial delivery nodality for the
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| ong-term exposure to
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pyl snowntberebye facibét asbogibtsdgenehi €ncreases of the
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Tt 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 endogenous levels of



HopE i s an outer nenbrane protein of H pylori. The
present exanple denonstrates that the nucleic acid

WG e@amssses encodi ng this protein can be nodi fi ePCHAU28)7/001725
to include a desired sequence encodi ng a nol ecul e of
interest ("X'), and H pylori §8ntaln|ng this
nDdIerd Fpr MD 2008/ 055316 PCT/AU2007/001725 -
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pr A (HE R GRA He® (e d- bt it oW AR R groduction.
engi neered H. pylori Fpr gene. Methods: Bacteri al
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lﬁﬂdi&ﬁidéwnlﬁLﬁﬁm%@ﬁjuﬂm@t¥8§ﬁ1tanﬂrbmaasﬁefmedehyy of the
el ect r opor at Transfo t | ect ed
s B (bR ter e SR amerh: ( SOCEERRES S50 (1992). 7.
anpﬁbiﬁliﬂnf&@@ ugd m3) : Ikhohﬂ&)DNA was extracted
using the DNeasy Tissue Kit (Quiagen). Plasnid
extractions were perfornmed using the Q
M rBprepe Replicenagenyhe oyt %ﬁcPF@HlQFdRI@éEHbe‘nEﬁtZlCObaCter
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obtained. In partlcular, 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 diseage 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,



(Figure 8). Al preparative anplifications were
performed wusing Pwo pol ynerase (Roche

wehasmssseat i cal s). Reconbi nant DNA was const r uB€EAUL@7/001725
insert a chloranphenicol resis,%fnge gene into hopE. A
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stages. Firstly, the hopE gene was anplified using the
primers HopEF6 and HopER6. Purified anplicon was
di gesteth Ncollant Byl | ((Rochee Phak nhz@t i 2a#8)6) report

|y
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of i ncluding 804 bp of the intergenic region

bet@?e@rﬁ hopE and the downstream putative nraW gene
(coding 5 - S-adenosyl net hyltransferase), was
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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 sequence
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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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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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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similarly digested pBADMyc-HisB (Invitrogen Life

Technologies) were ligated using the Quick-stick Ligation
Kit (Bioline) and transferred to E.coli, producing plasmid
pBAD1. 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 pBAD1, 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 Bglll,
ligated and transferred to E.coli to produce plasmid

PBAD3.
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or p60 antigen (B128:p60: hopE) DNA inserted i nto hopE
showed that the antigens were fused to HopE (Figure

9) ReSpmb fricpat Ijglecules 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, HCCAR1l (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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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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CAGE SACCACERHABEAGIMIEETAIES 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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yi HRE 3 SOSHA et dad et i B23%FEh produced hopE
fused to either p60 or HCCA DNA as confirnmed by
sequen nal ysis. Resulting fusion proteins were
I a(r}gee“?&‘f%sgn unal tered HopE (Figure 8). Confirmation
of HCCA surface |ocalization was shown usi ng

f 1 Uas,SSCANCE; B Cb PSP FhME €x9) py BBL; Was
corroborated by results fromwhol e cell based ELISA
anal ysis. EXAMPLE 17 DETERM NATI ON OF SI TES | N UREASE
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Both HCCA and p60 antigen DNA were inserted into hopE at a
position corresponding to amino acid 168 of mature HOpE,
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 sequence and autotransporter
DNA, prior to insertion into B128 (7.13) vacA.

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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HopERS COGCTTGAAACACCALAGTC

HopERE ARAAAGATCTAARABTGTACTTATACCCTASATAL

HopERY ALBATCTAGACTICTGGGCTTGGAGTGATR

HopER8 CITCTGGGCTTRGAGTSATS

HopERS AGCTTCAGGACCCTTAGCTTCALTGATT

KanSacF  AAMMAGATCTCGAACCATITGAGGTGATAG

KanZacR  AAASAGATCTTATAGCCCATTTTCATGCTCTT

LiplB0F1 GOTCCTEAABCTECTAAMCCTEOTCCTOOTCCTAGCALCARTCALCAACAAAC GO TOCTALAGCTCCTALCEAAGATCTT
LmpBOF2  AAATCTGAAGCTBCTASACCTELTCCTECTCOTAGCACCAATCAAC AACAALCCEU TCCTAAMGCTCOTACCEANTALAGT
LopdlF3  CATGCCOAAGCTECTAALCCTRCTCOTECTCLTAGCACCAATOALCALCANACTBCTCOTAALGCTCCTACCGAACCCGAD
LmpBOR1T  AACATCTTCRGTAGGABCTTIAGGAGCGGTTTGTTGTTRAT TEGTGCTAGGACCAGGAGLAGGTTITAGCACCTT CAGGACC
LmpBORZ  COTTTATTCGGTAGGAGCTITAGCAGCRETTIGTIGTTGATTEGTGLT, AGGAGCAGBAGCAGETTTAGCAGCTTCAGATIT
LmpBOR3  GTCGEGTICEETAGGACCT T TAGGABCEGT T TOTTGTIGATTOATECTABGAG CAGGAG AGETTTAGCAGOTTCS GCATE
vacAF ALLGGTACCAAAGCOGATAGCATCAGAGAA

vacAF2 ACCOAACCCGACAATTACAAGTATCTTAT

VECAF3 ARAGAATTCAATTTGGTTICAAGCTCARATCAGA.

VachFS AAATCTAGAACTACATCTOCCACTALTOTGAA

vataR1T AGCTTCEGCATCGACTTTGTTECEGTETGAT

vachR2 AAATCTAGATTAGAAACTATACCTCATTCCTA
VecARY AAAGGTACCGAGCTIGTTGATATTGACTTTGT
vacAR4 ALBMAGCTTCATTCTCAGTAGGCGTAGAAT
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6. 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 insertioms.
Therefore initial tolerance of insertion was investigated
usging 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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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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PCT/ AU2007/ 001725 - 87 8 site in urease were
Se|R%C§1ﬂd:s( Figure 16), and 2 sites in each HcpA and
llkel to to'?é?%%yégg@%%%?gguete@ n%nd?%l% three small

e
(F| re Ct's carrying
Sectlons of ureA or ureB corresponding to 3 different
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-
g—f-l'
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>

o
som

groups of potential insertion sites, were deleted and
replaced with the rpsLermB contraselection cassette by Dr.
SungSook Choi (Sahmyook University, currently on
sabbatical in Berg Lab) (Figure 14). The three rpsLermB
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



desired epitope (FLAG flanked by 5 or 6 sem -random
codons, selected to exclude 2 of the 3 possible stop

W@ oesnsi3iever e spliced together in a second roupdr/at2@maR1725
and wused for DNA transformati on of recipient strains
(Figure 13a). Sinilar nethodol 8§y -was performed for
t he inserti on of p60 eptiopes adJ ancent to FLAG

6 Howeyver enom c te DNA il ut
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ur Sanr T B8RP R ey By oBEERLERS Sl Mo forms o
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o (S ook University, cur rznt Iy on sabbati cal E
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WEW%éﬁﬁﬂﬁyeﬂnbﬁeBNédrﬁﬂﬁf@ﬂﬁahbenempdt @sseops etdhat also

Slt dktlj ﬁ ggg%%élﬂl %%%';f{@%ﬁa tt%% nsfo o oéws gﬁe

W tnh:lémsEaPCRupfa@@ctcsvl/mm@eaecbmmtt@ofrﬂtlarmeél
unct.i urease and three were confirmed to contain
gtgoﬁﬁk}lég at sites 3, 4 and 8 by DNA sequenci ng
(Figure 12a). Assenbled PCR products were anplified

t o dseris b0 1I?J§éc9§:[b1@di@@@£1e<§0tlﬁfée FoNztaghsP §@em to be
urease at_the 8 sites. (gl){ é wer e tran]'?‘ Ig HBSK

wi t5 IR b Skt | e Jd?%‘%i’f}a esTreT HYIT n(PREP

I S@eqittimeso . 'ESO i et sré rmnke\eracdemtn@dtbytm
ocoqij%%1 Ihe p60 FLAG tag at site la, 3 or 4 in

f uriety Urease (Figure 12a). EXAMPLE 18 ANALYSI S OF
H pylori UREASE FOR THE | NSERTI ON OF FLAG TAGS The

t hr p ea

0GR 55510 e APt S8 BOgRobthaLPtante sangetflies 324
rectm&wcfmmfwwt%e d%%@i%@ly(:%%‘d?ﬂst %§P?P®% pgd show
16%%)9{1@%1@@19@1 nen dheHi Iyt ai»é@géa@ha@esymﬁemg 16b) The

gﬁ%%;&%ﬁ%fﬁ?&%&% rT’LT:so abe cagseapgyefr lcﬁ 8{{0 gx
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. Unlessg 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) seem to
be suitable for the replacement against the Flag
octapeptide but not for the insertion of larger fragments,



(Sw ssProt-id: P14916) and 12 UreB (Sw ssProt-id:

P69996) pol ypeptide chains (Fig. 16a). This conpl ex
worws/owddsaal |y i nspected for surface exposed | pOpaAURIVAN01725
also show high thermal nobility., Figure 16b shows the

nol ecul ar surface col oured acéog%li ng to thermal
nmobility. The visual inspection reveal ed three sites

that seemt ta.bl for rt
Fagt j’b 5%%5%% pepst % erésécg]?e%%rﬁle because
ac aoridh rilgad};o itsheligcatsad tcalmde ttp Si ttkerae fahd sswinetry axis.
se

P MR d AN Rosd e diSs Jdp COSRLIIOM e 1o

Ure sol vent exposed an

t h&aatersy @ﬁmsedfy reseilska faar%fésskmm blt%%)lnﬁ?ﬂéactlon
hi gh fy] eddididyss e t orherLasse dnbya t end a@ﬂfo@Id not

stabilizing interactjons with the urease cor
Théiaste URIRPE Gt o8 TRESPb B THbeh Petween N231
notaﬂcﬁ&iﬁ@lum @tk seats tinterset tabtle $pometry related

accon te Insertion of, .larger jnserts .

repﬁuﬁr}%? es es %@M%&)\&% %%Hé&ééh?gété%b%)these

aga:ermitdueh@ Fl @pugh afeptiwlkt {Pbe esedraeneg2aligement shows
%5 érﬁiéiy@t@grﬁﬁ c§é§§assSif@@léh§eﬁ@éﬂcés

reI a ely long severa acenents and insértions

ar ecorpEsidt oand shoul d be tested. Although this [oop

is very flexible, it is remarkable well conserved in

several UreB seguences nl L is | | ved |n

i Se 5 o P Enee] ont BEbRe RE gy R BEP B

Ce:ﬁeEVYBAd:edoaig;emmlres)KDmmDIdi sTiie banservfonhhef one additional

nol ecul ar_fu i on r I S

RSt RS 2eH ettt P erERe piy o T LhERALL spucture,

Suiltedres ¢ othi$1el¢©}pl @@@%nhla]gathgrmﬁhefiﬁ%igblllty The

oc“ﬁﬂﬁﬁi Q&% f&il% BRehPSEELLANSOEHERI GRS 1oop

fragrrent 008/ 055316 PCT/ AU2007/ 001725 - 89

suctPrisr iR Hepattipas Gl ot chr BPEPhOPERSekERp g1 fferent

becayuseies his loop is located close to a three-fold

symmetry axis. The loop is located close to the UreA

Ctermnus, it is solvent exposed, flexible and shows
| i ttThesd nétast apa considered best based on the HP urease

structure alone. Thege 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:



with the urease core. Therefore nutations shoul d not

ef fect urease activity. The seven am no aci ds between
wOR2®%/0583n6l the UreA Ctermnus interact with spomaueep7/001725

related subunits. Therefore | would recommend to

mai ntain these residues althoudgtf the multiple

sequence alignnent shows that the UeA Ctermni

oot ot ABTARREUT07 b SRR B M D Geaphatdea:

agai nst DYKDDDDK. The insertion of one additional
an §iQ cagi @rePPWrevis: 24 hAl&t BY il !
C i (eReF %WS hﬁgﬁ%ﬁgrjﬁ%’fz)mwv”'

structure, because this [oop s
flexibility. The nmultiple sequence alignment reveals

t hatitkhé s(uredp. yeOOMHARIsAS) MR DORSHIDR Ay NORL PEMESs . . .
fromdifferent species. These sites are considered

best. based on the HP urease structure al one. These
si ten¢mviE- beed Cheekefinbnatbefrbasiysaotedsible I would

nonl baane Grdc a7, bhe (REAPE 3k, STRAPR AR Bpp - torminue

0gous urec ur es
Theteogaltlper posih i Uhsear eo uehiul paddidentesydnieg) d and
well conserved sites and to distinguish themfrom

flexihle surface |loops. that mght be useful for the
i nser tHoFYrELEh £5hesFlakeTa@base struct ures where
all rather simlar, suggesting that there is little

structural, flexibility, du to fupctional restrains.
I—bm%ltk\clerlr(l",gq_f%ea%%rer%% ijf?%%erc%‘ﬁ?ﬁﬁ%db?ﬁ‘é{?e@i fegiqduey 25 and
3, dhesurtemT-term nus and the UreB N-term nus are

suitable to accommpdate the tags. In addition we

found three additional sites on UeB that should be

consi FETH a9Chacktas: Tame FHDEEPRAG. refers to the
Swi ssProt entry P69996: WO 2008/ 055316

PCT/ AU2007/001725 - 90 Site 4 (UreB). NNPSKEE( 65)
NNW%YR%D@%@WW%(%%@@LW Tresidgpse Besides HepC

( Ur @B)LodsBVNPR{GAIY MW@(MMN%le) . So far we

DV RNGE R SE0 e s St eiges NNaggana. release
C- tdyignic e Yartewd et eskitbl betioet doroesotb®ndin the
PULiRG LRendH 8%l At eiddef . afnd h@o&é%&cﬁ‘fﬁg 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



(together with three to four paddi ng residues)

... DILKQLKI KV XXX (Fl ag-Tag) or right after the | eader
weepsioss1bet ween resi dues 25 and 26 such as .PCTZ&LIRA7/001725

XXX (Flag- Tag) XXX EQDPK... where "X' denotes the

paddi ng resi dues. Besides HcpCT ?¥Hpl 098) | woul d al so

consi der HcpA (Hp0211). So far we know that HcpA

elicits.the tron IF.N- amma I v@
F?Xél Pat &y \)‘02‘1 %[ a Better pr 21 él[slecafn Lk Ichiqhe predlctlon
| moEn ithast emortod:éleavm GOrtree Mm@mmﬂn@daﬁe and we

m%&\%ll% E | a9 T@_@}%'&% hl:éé&%%—?ﬁogrgtﬂﬁjse cleaves

st rslsp@mmrep@nﬂld@r t\hee\ﬁltargertétgs BRSshidvke fegpnstructs for
WA N Id R At .1idhecause both termni are

freely accessi ble. Therefore by skipping the |inker

for the G termnal construct and just put the

FI agrdpagagoghti)after  the native Gterm nus For the

@W%@H%Wer m wail pept | de an%IESA

the(H%img/HgﬂgJ%ﬁhe reason for WD 2008/ 055316
E%%Z%F S MEoh SKBVELGAKSY . . .
anbl gul tyslfor the GF‘JZ\FL% ctﬁll\{%SE%f(?%e@g(%@te cl eavage
site of the | eader-peptidase and we would like to
avaidt thatgdhe dpadetaperti dasec 6| @aybsed semmedmensmnal
i nsi de the Fl ag-t ag.. Passi bl e const I‘é{ICt slf HcpA and
| CREGHSF HeRk T8 KE e 02 195 inker
M_GNVKKTLFGVLCLGTLCLRG.MA EP ( Fl ag- Tag)

EP AKEL VI ESA, (HcpC Hp1098)
%ﬁﬁ T W GGLMA EQ (FI ag- Tag)
EQDPKELVGLGAKSY For larger tags that fold into
defjne *ﬁfﬁ?é&éﬁ”@foaﬁé féii&@lﬂéeén@@bﬂbghbshaﬂﬁ §Qowth
conS| der I nkers Pr epar ation The co inatio 1
t heSYRDIIFHES st +BFRE i BRS arigt E;’r"Bﬁvtﬂ ord on'a regu ar

basis free from fungal and bacterial contamlnatlon.

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 pg/mL), vancomycin (6 pg/mL) and
trimethoprim (5 pg/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.



suppl enents allowed the culture of H pylori on a

regul ar basis free fromfungal and bacteri al
w@omsasismat i on. 1. M x nedia conponents bei ng BCr/au2a7/001725

all ow sufficient volume for the addition of

antibiotics 2. Once autocl aved P2t~ media come down to

50Cin a water bath 3. Pre warm 100 nL of antibiotic

st ..sych that the ..final nedia .con raf.i i -
i sg’fﬁ HOHAS VT \}ﬁdflesar?%oatcg&rli cjionnagﬁ(r% nggépﬁﬁr?esnted with
vamediydixi o Gqugl ni)0 argmI)r,i netlomrdin (B pY) g /m sand
pr -v&qrgrp .0d,. re-war ned bl ood to autocl aved
rregllaa } a%l%t 2o(foou /?%/IB trying to avoid naking

bubbl es 6. Add pre-warned 100 nL of antibiotics
solgtd Dxd R dihesn atitpedaved nmedia 7. M x thoroughly,
trying to avoid maki ng bubbles 8. Add any ethanol
soluble antibiotics to the nedia (erythromycin) 9.

Pour plates. WO 2008/ 055316 PCT/ AU2007/001725 - 92
Media for mce studies is additionally suppl enent ed

wth nalidixic acid (10 pg/ L), polynyxin B (10

pg/ m.) and bacitracin (200 pg/nL). Urea Sel ection

Pl at es WD 2008/ 055316 PCT/ AU2007/001725 - 93 TABLE 4
MEDI A COVPCSI TI ON FOR THE SELECTI ON OF UREASE

POSI TIVE H PYLORI  Conponent Wi ght/ Vol une Direction
Brucella Broth 28 g Prior to autoclaving Bacto Agar

15 g Prior to autoclaving Phenol Red 100 ng Prior to
autoclaving Horse Serum 70 nmL After autoclaving Urea
(400 Wwv) 1.5 nL After autoclaving Until yellow After
aut ocl avi ng or



HCL (IN)* (-10O1L?) until plates are yellow orange
Vanconycin 1 nL After autoclaving (6ng/nL) Water to

woraos/ 0831 OTAL  TOTAL VOLUME 1L WD 2008/ 055316PCT/AU2007/001725

PCT/ AU2007/ 001725 - 94 Storage Medium Tryptic soy
broth (g/L) and 200 (v/v) glyce?dl- Swizzle 24 h
cultures in this nedium and snap freeze using dry
ice. Stocks are not thawed tqQ _bhe sanples and are
cells scraped fromthe froz ce for culturing.
The stock can be re-used nmultiple tinmes. Liquid

Medi um Brucel ﬂ«ﬁnﬂ%%ﬁ@éﬁloﬁu%k? THE SQ%)& IrgoﬁaOF
(v/v) horse . Iy
use 10 nL in a 50 MREGEEW BohiE , shaki ng

at 150 rpmin an control gas incubator at 37C.
Assenbly by SOB PCR All constructs were assenbl ed by
SCE_PCR, _and used tao transformbacteria The process

f Or ¥WBinpBnksLshown in ki gHE FvdSumdr ansfoi paEt 0enof H.

pyl orT—Adiagrammatic represgntarron of 1he beg tocl
tran?FHFﬁﬁﬂﬁoﬁroﬁpotocol is ¢fofn in Fi ghFeci7tS autoclaving

EXANEgEt¢9A BirL UENZA HAEMAGGLETENI N EPITQEESrFUBI&ht&E&av1ng
UREA 8/34 haemaggl ut i HA) epi Qp r

usedg §he i ens for prese ?Qtﬁ n by re%% anﬁtgutOClaVlng
ur eaierapdSedehi very by H py0onk. The HAfepitapegclaving
chos or.,t,ae )0j ect arethe T-cel hreRi-t 9RE0C1

(anlﬁg %c#ébsegdggce SFER EIFBHQ) and the HA' B -8%I?Vlng
epi tope (amino acid sequenc EEKEGSY@fte#héut°C1aVln9 or
COHbH@@tKQQ)Of t hese epltgpes A vaccuﬂgl§hpmhdes are

result in the elicitation d+1leodd?)
yellow-orange

Vancomycin .

1 mL After autoclaving
(6mg/mL)
Water to make up TOTAL

TOTAL VOLUME 1L




hunoral and cell nedi ated responses in the host. Al

WO 2008/ 055316 PCT/ AU2007/001725 - 95 constructs
wowees/0sssenbl ed by SCE PCR using the process BODWI20G0/001725

Figure 13. The corresponding nucleic acid sequence of

A PR/ 8/ 34 haemaggl utinin (HA) epit opes were

constructed by PCR using priners |isted bel ow and

i ns [ urease as depicted in Figure 18.

Tra%& t&gﬁggp H. pylori was perfornmed according

to the dlagrannatic representation of transformation

pro h g 1 nd .f,u .

recgﬁggkéﬁtgﬁyegggE% q??L ég?e%oseﬂgg?' %h¥ge&§96c§W1ZZle 24

epi oﬁéétHF?ﬁlﬁnrébéﬁbmﬁéﬁpmuré@§esnapmégﬁemw uslioty dry ice.

anakystks\Wase PE6EOEABHaTRE b@cgg%ﬁggfggngéE?éGcells scraped

pro%eln Eﬁ% ? a%ence adj acent to t
epi tOPBs 14| FEREEM REBT defEctPEn CY tigdabi Alst Sposkeican be
usi ng-usedneuttaply avaekabl e anti bodi es. Western bl ot
anal ysis showed that FLAG was inserted at site |la on
ureA, the snaller protein subunit, and sites 4 and 8
on hieBidt Medilumr ger protein subunit. A very | ow
S|gnal detected for FLAG protein tag at site 3.
gure 19). This band was the incorrect size,
cor E%%%Hﬁl NerP B FLAG agSERPLEBANtedt Wekh FRardvivéBhorse

EXAMPEEm 28n & MvAINE EON Usl LU

EEL%Q?PEg FUSI ON T((Z)pﬁ%-JREASu@I E@ér er tgg%étslg'\?%pne Ujﬁ[wa in a
i oJenfTrty OFP genBifeal }aSﬁnd?hﬁEanﬂeﬁrﬁcéﬁﬁcﬁ@m in an
pyl cont r&b 78Bh¢ 61imrcleawereatnBUnCZEed,

intra-gastrically with 200pl of 109 cfu / nl of H

pylori expressing HA epitopes at sites la, 3, 4 or 8

of Apeempbrsky (SPEaPCEi 3, si4 and si8). 73 days |ater,
serun1mas collected and anti-HA IgG titres deternined

y |SA. Briefly, plates were coated with the B-cel
epP@ SO EeS CHRHE edS FoMRL BnhE| 88BePERvi anft ysed to

C>tEﬁdﬁ$ﬁ6rm(Bﬁﬁﬁﬁfifpmﬁﬁé ﬁioéegg/EBranleCEQaEﬁgwn in
g%p After blocking plates with 2%

37C for 2 h, serum sanples were added and
plates mere i ncubat ed for 1h

Transformation of H. pylori

A diagrammatic representation of the Berg transformation

protocol is shown in Figure 17.

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



at roomtenperature. Anti-HA I1gG anti bodi es were

det ected WD 2008/ 055316 PCT/ AU2007/001725 - 96 using
w@rooaloksslié ne- phosphat ase-1 abel | ed goat anti - nORGEAUYIB7/001725

secondary anti body. N trophenyl phosphate was used as

the substrate and the reactionhas stopped after 30

mnutes wth NaOH Optical density (OD) was neasured

at 405nm Figure 20 shows that m.ce inmmunjzed wt

h
|| FEECOHM TS RSPV priodidded Ant it spetifTecess
antdHendy iaf treilgui® day.s T | st Zeadparmd iy Stwebete oo odit

of 20 of | i.Z ) ce .have produced ant.igen. .

S pRgna T ok B £ ISR ARNGEE A i cones were

m e@risvaidiesh FoBEER tus ey wmmdliﬁ/ted-l bpydwrand inserted
af tig] 3 dAVS s NES S évl\?'t%?‘lsl*}':f%lﬁé'i’@. r’i‘f&%ﬂ@rﬁ‘ation of

found 1 n groups i nmunize si4 and_si

r edbAERHL [asHyReHiormrbac ¢ HNA? geie speryripmatic

"“Béﬁ%eééﬁﬂ&ﬁﬁﬁh!dftﬁﬁhﬂgf&%hd%i$hS@ﬁbi&ﬁ%&ﬁ%EEWﬁ th rFigure

pyllo7r| | r%‘lunl zat |58Ln. WO %:%iOS/ 01255316 PCT. AU2007/ 001725

97 VFIRe Ty ial FRGPmEnpt fARIPS FEHOTT VST E

O geledtedH EE. OHH C/ HHH U4 HCHh CUy U.C F

FC~UW HrU~~ UH
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 urelh, 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 ureA, 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 200pl 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



Ca0r.CHOO a' UF CO7 HUOL~- HCUf UHHUUO O U
H~HFFHHOOU zU H~Wy guU U2 7. FC7. HU
WQR00B/0553b 4 pz HZHWL HHF Itc z z E H RLWABRWIT7/001725
yz F y2z Hz uFCrc0O~7 ~ ~ry0 zZ2 Ez OUTr-Cb
rlil R zHZHUzUO0O2zzaz%~-azz UUUU4 U
z Hz z OrOU OUOmzszCFCFCFCUz Hz z

HHHH U CEOHUGCR72zUz2HUU C Ur.~rl
H rPSEPQraH glkpling-phosphatpser lepedlpdcgogt enciEmMouse IgG
rs ébﬁonﬂbtythk&bﬁdy CNHtHoﬁhEn?i Eﬁog§hatéC@§sEu§eH as the

U FFEPEE%é C§Ed|¥he Fe&cggonF8a6 S€€PP§d§ Eéeﬁ éOHmenutes
0 <€1DhoNaOHIFDptEbalsdHns8tQ GoD) Hw8sbmeakueed HtH405nm.

F EFJEEuJEE"bQ QhPtuy ?H_ ﬁilﬁggﬁﬁﬁalEE%ngtg %?Lgf:eg% ?jmbinant

c7 E GDJZIQEULPEP@HC HeHt#gen0speEiBiE BEnbiBody HEHeE 73 days

CWCM&'TEZ&@OH Eﬁusﬁbgagﬁg @0@70@ Qg Ol.-fulmﬁ ﬁ g g che
CU7, E7 C99 rC rj UUUHOUDQO

Ljrh%y%zgro@pgp% @pppg@g gpe01f1c antibody in sera. 11 mice

among 20 immunized mice have been found to be colonized by

I

H. pylori after 73 days. These serological positive mice
were found in groups immunized with sila, si4 and sis
recombinant H. pylori. There is no antigen specific immune
response in the group with si3 recombinant H. pylori
immunization.
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CLAIMS:

1. A method for delivering peptides to the mucosal of
an animal in need thereof comprising the steps of:

i). inserting a gene encoding a peptide into the
gene encoding the urease enzyme of Helicobacter pylori to
produce an in-frame gene so that the urease enzyme function
is not impaired when the in-frame gene is expressed; and

ii). infecting said animal such that the

Helicobacter pylori colonises the mucosa.

2. A method of vaccinating an animal comprising:

i) . inserting a gene encoding a peptide into the
gene encoding the urease enzyme of Helicobacter pylori to
produce an in-frame gene so that the urease enzyme function
is not impaired when the in-frame gene is expressed; and

ii). infecting said animal such that the

Helicobacter pylori colonises the mucosa.

3. A Helicobacter construct as depicted in Figure
12.



