WO 03/ 070987 PCT/ DEO3/ 00469 5 Nucl eoti de sequence coding for a TolC and a
defined am no acid sequence. Field of the invention. 10 The invention
relates to a nucl eotide se- quence coding for a TolC, a plasmd containing
such a nucl eoti de sequence, a protein or a pep- tide. coded by such a

nucl eoti de se@ienge.o pgbacr teriumcontaining such a pug gokbde/ seqwance
and 15 several uses of such bacteria. Background of the invention and

prior art. Virulence-attenuated, intracellularly set- tling bacteria can

i nduce a long-lasting imm 20 nity as |ive vaccines. Up to now, in
particular Salnonella typhi TYla (Levine et al., Lancet 1:1049-1052,
1987), Mycobacterium bovis BCG (Fine and Rodrigues, Lancet 335:1016-1020,
1990) and Vibrio cholerae (Levine and Kaper, Vaccine 25 11: 207-212, 1993)
were used as |live vaccines. For instance, such variants of Listeria nono-
cytogenes, Salnonella enterica sv. typhinmurium and typhi, and BCG were

al ready used as well WD 03/070987 - 2 - 'PCT/ DE03/ 00469 tolerated live
vacci nes agai nst typhus and tu- berculosis. These bacteria, including their
at- tenuated nutants are generally inmune-stinulat- ing and can initiate a
fair cellular immune re 5 sponse, and were therefore used a vaccine carri -
ers. The advantage of these bacteria as vaccine

5 Nucleotide sequence coding for a TolC and a
defined amino acid segquence.

Field of the invention.

10 The invention relates to a nucleotide se-
guence coding for a TolC, a plasmid containing
such a nucleotide sequence, a protein or a pep-
tide coded by such a nucleotide sequence, a bac-
terium containing such a nuclectide segquence and

15 several uses of such bacteria.

Background of the invention and prior art.

Virulence-attenuated, intracellularly set -
tling bacteria can induce a long-lasting immu-
20 nity as live wvaccines. Up to now, in particular
Salmonella typhi TYla (Levine et al., Lancet
1:1049-1052, 1987}, Mycobacterium bovis BCG
(Fine and Rodrigues, Lancet 335:1016-1020, 1990)
and Vibrio cholerae (Levine and Kaper, Vaccine
25 11: 207-212, 1553) were used as live wvaccines.

For instance, such variants of Listeria mono-
cytogenes, Salmonella enterica sv. typhimurium
and typhi, and BCG were already used as well-
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carriers is that they mainly induce a so-called
Thl immune responge (Hess and Kaufmann, FEMS Im-
munol. Med. Microbiol. 23:165-173, 1999). This
immune response 1is characterized by c¢ytotoxic
lymphocytes (CTL) and by the presence of spe-
cific IFN-gamma-secreting CD4+ T cells (also T
helper cells, Th) (Abbas et al., Nature 383:787-
793, 1896} .

For instance, L. monocytogenes stimulates to
a special extent via the activation of THl-cells
the proliferation of c¢ytotoxic T 1lymphocytes
(CTL). These bacteria supply secerned antigens
directly into the cytosol of antigen-presenting
cells (APC; macrophages and dendritic cells),
which in turn express the co-stimulating mole-
cules and cause an efficient stimulation of T
cells. The 1listeriae are in part degraded in
phagosomal compartments, and the antigens pro-
duced by these carrier bacteria can therefore on
the one hand be presented by MHC class II mole-
cules and thus lead to the induction of T helper
cells. On the other hand, the listeriae repli-
cate after release from the phagosome in the cy-
tosol of APCs; antigens produced and secerned by
these bacteria are therefore preferably pre-
gented via the MHC class I pathway, thus CTL re-
spongses against these antigens being induced.

re-

t he



killer cells (NK) and neutrophilic granul ocytes, the expression of such
cytoki nes (TNF-al pha, 5 | FNNgamma, [1-2, [L-12; Unanue, Curr. Opin. Im
munol . 9:35-43, 1997; Mata and Paterson, J. Im nunol. 163: 1449- 14456,
1999) is induced, for which an antitunoral effectiveness was detected.
Reconbi nant W@:t@Bl/wmealhus capable 8o -10 protectP@fdDRBE3{ 00463

het erol ogous tunor (Medina et al., Eur. J. Imunol. 29:693-699, 1999; Pan
et al., Cancer Res. 59:5264-5269, 1999; Wodlock et al., J. Immunother.
22:251-259, 1999; Paglia et al., Blood 92:3172-3176, 1998 Paglia et al.

15 Eur. J. Innunol 27:.1570- 1573 1997; Pan et al 1:471-477
1995; Pan et FATthegmcdt Reulds Deorzeihoyd doxh LB‘& t%eadh?ﬁles’f?ﬁtlon
of L. mnocytqgfﬂe&:hf }Mh@h ].V_Eéeetrflﬁaédbwﬁdhfomafd\ﬁol bpmgﬁéﬁ" ongaftttrlaZO nor
anti gens, wh o xper nt a unor coul d. be inhihit

anti gen- spec?‘ﬁgﬂggfelry ‘E?’&ﬁr %t (%. , aﬂa‘i . nﬁéla:.r‘fpi‘fclil ﬁ??,gﬁﬁﬁf&g%te?slzzes.
59: 5264- 5269t hl® 99 xYnest setonl . oMNat Bud@anceytdhsines87: 3TNE86,1 HI985;
Beatty and P I nal 5: 8, ; _

Vi rul ehce- at?enuaggﬁuégrngﬁ%lEgueﬁgér%gé 558%&?%% ﬁo mhlc %ﬁéle%?ide
sequences codutrrgolfor9t13rﬁ)f4ant | 897 hadpean amdro%l@é@dfstasl tudopr Im-
antigen-expressing bacf gri.al 4 garri ghgg Coukd o3y prqwy dej affigtearal for

admi ni stration a Speci protection ai nSt” diffeérent experinmental _tunors
(Medi na et awhighr am, amrﬁmhylmoeel7@gﬁ¢¢tlveness was detected.

Recombinant bacteria were thus capable to

10 protect against a heterologous tumor (Medina et
al., Eur. J. Immunol. 289:693-699, 1999; Pan et
al., Cancer Res. 59:5264-5269, 1999; Woodlock et
al., J. Immunother. 22:251-259, 1999; Paglia et
al., Blood 92:3172-3176, 1998; Paglia et al.,

15 Eur. J. Immunol. 27:1570-1575, 1%97; Pan et al.,
Nat. Med. 1:471-477, 1995; Pan et al., Cancer

Resg. 55:4776-477%, 1885).

By the administration of L. monocytogenes,
which were transduced for the expression of tu-
20 mor antigens, the growth of experimental tumors
could be inhibited antigen-specifically (Pan et
al., Nat. Med. 1:471-477, 1895; Cancer Res.
59:5264-5269, 1999; Voest et al., Natl. Cancer
Inst. 87:581-586, 1995; Beatty and Paterson, J.
25 Immunol. 165:5502-5508, 2000).

Virulence-attenuated Salmonella enterica
gstrains, into which nucleotide sequences coding
for tumor antigens had been introduced, as tumor
antigen-expressing bacterial carriers, could

30 provide after oral administration a specific
protection against different experimental tumors
(Medina et al., Eur. J. Immunol. 30:768-7717,
2000; Zoller and Christ, J. Immunol. 166:3440-



2000; Zoller and Christ, J. Imunol. 166: 3440 WO 03/070987 - 4 -
PCT/ DEO3/ 00469 34450, 2001; Xiang et al., PNAS 97:5492-5497, 2000)
Reconbi nant Sal nonella strains were also ef- fective as prophylactic
vacci nes against virus 5 infections (HPV; Benyacoub et al In

nun. 67: 3674986703 /0900P 8shd for the-thérapeutic tré’a@'ﬁéRE%? /é’%ﬁge

tunor immortalized by a tu- nor virus (HPV) (Revaz et al., Virology
279: 354- 360, 2001). 10 For the use as a vaccine carrier, nethods were
devel oped to express expression products of nucleic acid sequences

ihgt/(rao'(tjﬁg%dsc reqtg cL;rzlt %é b n%bagsso%gtﬁ;sf%zggﬁ?h% I$ the

Escherichia e®@@0henp- |ysin systen1thAs representing the prototype of a
type | secretion system of gram negative bac- teria. By neans of the hlyAs,

secretion vectorge a@&pl%é(ﬁ'topggztﬁéﬁea'iQWsaaksflfdé:' ¥ rdi sehapges 20 of

protein anti %ens in nonel l'a enferica, ~ Yersinia enterocolitica and
Vibrio chol efgect iSech asec e PORYXBAEHEC cORR BT RAE cPYR bRSdn VarBHErary

proteia antig@ﬂf&ew@ﬁsw(hfﬁr nuai egy dd dapseauenag for meehiwA si gral

peptide, for 25 the sin _secretion appar at hl B an D and the
hl'y- speci fi c™Hbno6ék: 3@;7y aks of A% ?s&ﬂ‘ét&&? ¥8teéf'h 1€an

for instancethe ;exueesest 08 euser foer ol ihhlrrf:b:baatle_'uam }Sylchi tu-
mor virus (HPV) (Revaz et al., Virology 279:354-
360, 2001).

10 For the use as a vaccine carrier, methods
were developed to express expression products of
nucleic acid sequences introduced into bacteria
on the cell membrane of these bacteria or to
have them secreted by these bacteria. The basis

15 of these methods is the Escherichia coli hemo-
lysin system hlyAs representing the prototype of
a type I secretion system of gram-negative bac-
teria. By means of the hlyAs, secretion vectors
were developed that allow an efficient discharge

20 of protein antigens in Salmonella enterica,
Yersinia enterocolitica and Vibrio cholerae.
Such secretion vectors c¢ontain the c¢DNA of an
arbitrary protein antigen coupled to the nucleo-
tide sequence for the hlyA signal peptide, for

25 the hemolysin secretion apparatus, hlyB and hlyD
and the hly-specific promoter. By means of this
secretion vector, a protein can for instance be
expressed on the surface of this bacterium. Such
genetically modified bacteria induce as vaccines

30 a considerably stronger immune protection than
bacteria, wherein the protein expressed by the
introduced nucleic acid remains inside the cell
(Donner et al., EP 1015023 A; Gentschev et al.,
Gene 179:133-140, 1996; Vaccine 19; 2621-2618,



genetically nodi fied bacteria induce as vaccines 30 a considerably stronger

I mmune protection than bacteria, wherein the protein expressed by the

i ntroduced nucleic acid renmains inside the cell (Donner et al., EP 1015023

A, Gentschev et al Gene 179: 133-140, 1996; Vaccine 19; 2621-2618, WO
03/070987 - HQ PET/EBSLGD469 2001 HEss-et al., PNASTEPEOZEOUBE?
1996). The disadvantage of this systemis however that by using the

hl y-specific pronoter the amount of the protein expressed by the bacterium
is small. 5 Further transport systens in bacteria repre- sent for instance,
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Internalin A of L teria noc togenes or the secretion, the
tennnaltraﬁﬂﬁwpnﬂgﬁam|%xﬁéﬁ%§8@/bﬁnéh%rbﬂ?tﬁE%ﬁ%bﬁﬁms&ﬁﬁk
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(Dhar et al., Biochem s- tr 725 7 2000 20 I n_anot.her context,
the integral Sfdhbr dner p?‘Bt%r?’rn‘F@lfC dt Etl'b%ll INBRMAL Tﬁl’é’?%i %’ﬁlr

ti-functionakHere -floé?hﬁ:g pretta: hnof (kR Ba QuUt ebf nealwlarbaeft &r atés -
whi ch, |r1admt|onto rgie - for the secretion and the mem-
brane-bound expresgion - the C-terminal RsaA
10 transport signal is to be used (Umelo-Njaka et
al., Vaccine 19:1406-1415, 2001), and 1ii) the
transport signal for the Internalin A of Lis-
teria monocytogenes. For the secretion, the N-
terminal transport signal is necessary, and for
15 the membrane-bound expression, the N-terminal
transport seignal together with the C-terminal
part containing the LPXTG motive responsible for
the cell wall anchoring (Dhar et al., Biochemis-

try 39:3725-3733, 2000).

20 In another context, the integral membrane
protein TolC of E. coli is known. This is a mul-
ti-functional pore-forming protein of the outer
membrane of E. coli, which, in addition to func-
tiong, such as e.g. reception of Colicin El1 (Mo-

25 rona et al., J. Bacteriol. 153:6%3-699, 1883)
and the secretion of Colicin V (Fath et al., J.
Bacteriol. 173:7549-7556, 1991), also serves as
a receptor for the U3 phage (Austin et al., J.
Bacteriol. 172:5312-5325, 1990). This protein is

30 not only found in E. c¢oli, but also in a multi-
tude of gram-negative bacteria (Wiener, Struc-
ture Fold. Des. 8:171-5, 2000}).
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2000). The tolC gene has the nucleotide sequence
published by Niki et al., Nucleotide sequence of
the tolC gene of Escherichia coli, Nucleic Acids
Res. 18 (18), 5547 (1990). TolC 1is part of at
least four different bacterial export systems by
representing the membrane tunnel, through which
the export of the bacterial protein is made pos-
sible. For instance in the hlyA transport sys-
tem, the connection between hlyD and the peri-
plasmic end of the TolC permits the export of
the hemolysin from the hlyD intoc the membrane
tunnel of the TolC (Gentschev et al., Trends in
Microbiology 10:39-45, 2002).

Technical object o©f the invention.

The invention is based on the technical ob-
ject to specify a transport system, by means of
which an expression product having a higher ef-
ficiency can be presented on an outer cell mem-

brane.

Basic concept of the invention and preferred em-

bodiments.
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By the invention, a new transport system in
gram-negative bacteria is achieved, by means of
which larger amounts of a protein expressed by a
gene within a bacterium can be transported on
the outer cell membrane of the bacterium than
was possible with prior art transport systems.
Surprisingly, the transport system for the TolC
protein of Escherichia coli permits a substan-
tially stronger membrane-bound expression of a
peptide or protein (arbitrary) than was known
from prior art transport proteins, and that for
a multitude of gram-negative bacteria. The mem-
brane-bound expression of the defined amino acid
sequence or gene product is exclusively achieved
by the TolC.

A defined amino acid sequence may be an arbi-
trary given peptide or a protein, an arbitrary
pharmaceutical active substance, an arbitrary
antigen, an arbitrary antibody, or an arbitrary

ligand.

The TolC may be a (wild-type) TolC protein
according to ACCESSION X54049, to which hereby
explicitly reference is made, or a (preferably
N-terminal) partial segquence thereof or a mutant
of the protein or of the partial sequence, for
the partial sequence or the mutant the transport
functionality being maintained. N-terminal par-

nown fromprior art transport proteins, and that for
a nmultitude Efojg@'am negati ve bacteria. The nmem brane-bound expression of

the defined am no acid 20 sequence or gene product is exclusively achieved



by the TolC. A defined am no acid sequence nmay be an arbi- trary given
peptide or a protein, an arbitrary pharnmaceutical active substance, an
arbitrary 25 antigen, an arbitrary antibody, or an arbitrary |I|igand. The
Tol C may be a (wil d;qt%/ge) TolC protein according to A SSIgg X54049, to

whi ch her eby WexpBi/A 199 8%f erence is nlde; or a (prétefaBF030 284 ePninal)
partial sequence thereof or a mutant of the protein or of the partial
sequence, for the partial sequence or the nutant the transport
functionality being maintained. N-term nal par WO 03/070987 - 8 -
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10 long as the transport functionality is not dis-

tinctly reduced thereby.

For certain applications, it may be recom-
mended that a defined amino acid sequence be in-
serted on one side or both sides by a spacer se-

15 guence. This will however only be helpful, if
the defined amino acid seguence 1is to be pre-
sented in a certain spatial structure, for in-
stance in the case of an antigen, and this does
however not take place by the defined amino acid

20 sequence itself for steric or configurative rea-
sons to a desired extent. Then a spacer sequence
may be formed in particular by a sequence natu-
rally following the defined amino acid sequence,
thus the defined amino acid sequence being

25 folded in the same way as in the natural anti-
gen. The spacer sequence may however also be ar-
tificial, if thus a desired presentation and/or
folding of the defined amino acid sequence 1is
obtained. This can easily be calculated by means

30 of theoretical methods;, under consideration of
the spatial conditions at the position of inser-
tion in the TolC.

In detail it is preferred that the defined
amino acid sequence is inserted in the N-termi-
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coded by a nucleotide sequence according to the

invention.

The invention further teaches a bacterium
containing a nucleotide sequence according to
the invention, the TolC causing the transport of
the defined amino acid sequence on the membrane
of the bacterium. In other words, in the bacte-
rium is caused the membrane-bound expression of
a gene product by the TolC protein. Subject mat-
ter of the invention is thus also a gram-nega-
tive bacterium, which contains at least one nu-
cleotide sequence coding for at least one de-
fined amino acid sequence and for at least one
E. coli TolC gene product. This E. coli TolC
gene product preferably is wild-type. Subject
matter of the invention are however also mutated
E. c¢oli TolC gene productsg, wherein the trans-
port signal activity has been maintained. Pref-
erably, the bacterium is selected from the group
composed of "Salmonella s8pp., Escherichia coli,
Vibrio cholerae, Pseudomonas aeruginosa, Shig-

ella spp. and Yersinia spp.".

Nucleotide segquences and bacteria can be used
for various applications. For instance, the in-
vention also teaches a pharmaceutical composi-
tion containing a bacterium according to the in-
vention, and ag an option at least one physio-

e area of the amno acids 52 to
257 to 279 (each referred to the TolC protein). Subject matter
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sequence on the nenbrane of the bacterium In other words, in the bacte-

riumis caused the menbrane-bound expression of
protein. Subject mat- ter of the invention is thus also a gramnega- tive

bacteri um wWixh03dxaPAs At | east one A0- cleotide sRLEABERIIIORAESr at
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. This E. coli TolC gene product preferably is wld-type.
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inhibited. Further, by binding certain cellular
target substances, metabolism processes can be
modulated by removal of normal complex partners
or those being regulated-up because of a dis-
ease. Thereby, for instance a defined associa-
tion is inhibited, and the shuttle related
thereto is regulated down. Such a process can in
turn be used for regulating-up other related
processgses. Insofar, the defined amino acid se-
guence needs only be selected according to the
target molecule to be inhibited with high speci-
ficity. Such a pharmaceutical composition thus
serves at last for therapeutic purposes.

A pharmaceutical composition suitable for
vaccination purposes contains a bacterium ac-
cording to the invention and as an option at
least one physiologically tolerable carrier sub-
stance, wherein the defined amino acid sequence
is an immunization seguence. An immunization se-
gquence stimulates in an organism the generation
of antibodies against a natural antigen, which
contains as a partial sequence the immunization

sequence or 1is composed thereof.

For diagnostic purposes, the invention
teaches a diagnostic kit containing a bacterium

according to one of claims 7 to 9, wherein the

a gene product by the TolC
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quence can be detected, and in case of a binding
event, it 1is detected that the substance spe-
cifically binding to the defined amino acid se-
gquence is contained in the sample. The detection
of binding events can be made in various ways
well known to the average man skilled in the

art.

Finally, the invention teaches a preparative
binding substance containing a bacterium accord-
ing to the invention, wherein the defined amino
acid sequence specifically binds a target sub-
stance to be separated from a solution. By such
a binding substance, undesired substances can on
the one hand specifically be removed from a so-
lution by that the sgolution is incubated with
the bacterium, and the bacterium 1is discarded
after separation. On the other hand, a separa-
tion or an enrichment of a target substance may
be performed in a corresponding manner, namely
by that after the incubation the target sub-
stance is eluted from the bacterium. 1In this
context, too, the invention can be used for the
separation and/or enrichment of antigens, of an-

tibodies, peptides, proteins or ligands.



mar ker substance to be determned. If for in- stance a tissue or fluid
sanple is taken froman organism and this sanple, if applicable after a 5
pre-treatnent with separation of undesired sam ple conponents, is

i ncubated with the bacterium the binding events at thergcn;efi ned am no acid

se- quence cH® be3d&tteP8F and in caseldf a binding ENVEALESP? /0D Yefect ed
that the substance spe 10 cifically binding to the defined am no acid se-

guence is contained in the sanple. The detection of binding events can be
made in various ways well known to the average man skilled in the art. 15

Finally, thed_nventio C reparative binding substance containing
a bacterium ggc%‘rgﬁ-lelgnggﬁg %ﬁ%cﬁlnggéﬁ?ll ‘on, wherein the defined amno acid
sequence specifically binds a target sub- stance to be separated froma

sol uti on. ByEXRahpi® albi mikapadidsismite? futdesi Ml Subst @i®8s- can on the

one hand specifically be renoved froma so- lution by that the solution is
incubated with thg bacteri Wyanand ¢ he bagteri umn $1 diasicagdad: s afd#l d -
separation. On the other hand, a separa 2§.t|0n or an enrlchgen%ﬁgr ?
target subst&YGRE T OB hREf o¥ 8d fRPL tHAESt pbiYdi AF #BAneP L n y {1py

that after thghnoubation thedasgetcsul- Atianceoi s el7@ed)f rwptbheche
Dacter LR Dl S oLk aba, ENGATECTE {1 SeRahe 458 fhrhen 80
proteins or MAFOGECAACCTT-3'}) and 3'TolC (5'-AGAGGATGTCGAC-
TCGAAATTGAAGCGAGA-3') from the plasmid pAX6295

{C. Wandersman, Ingtitute Pasteur, Paris}. At

10 both ends, an additional Sall interface was in-
troduced. The purified PCR product (QIAgquick PCR
Purification Kit - Qiagen, Hilden, Germany) was

digested with the restriction endonuclease Sall

and cloned into the vector pBR322 pre-split with

15 Sall. The vector thus constructed was designated
pBR322tolC. The functionality of the cloned tolC

gene was then investigated in several tests.

Example 2: introduction of an antigen sequence
20 into the B8eguence of the TolC pro-

tein.

In the tolC sequence coding for one of the
extracellular loops, a Kpnl interface was iden-
tified. This was used for cloning antigenic pep-

25 tide sequences of the p60 protein (iap gene) of
Listeria monocytogenes and permitted an inser-
tion of foreign antigens behind amino acid 271

of the mature TolC protein.

The iap sequence coding for a B cell epitope
30 (amino acids 291 - 301) and a CD4-restringed T
cell epitope (amino acids 301 - 312) of the pe6o0



preparation

wi |l d- type pronoter was anplified by neans of PCR (1 5 mn 94C, 1 m n 66C,
1 mn30s 72C) with the
TAACGCCAACCTWCB' ) 347 39861 C (5' - AGAGGATBTCEAC- TCGAARTITARGIGAGA-31 § 9f r om
pAX629 (C. Wandersnman, Institute Pasteur, Paris). At 10 both

the plasmd
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ends, an additional Sail interface was in- troduced. The purified PCR
product (Q Aquick PCR Purification Kit - Q agen, Hilden, Germany) was
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into the wild-type plasmid-coded E. c¢oli tolC

gene on the vector pBR322. There are: bla - am-
picillin resistance gene; Tc - tetracycline; T -
L. monocytogenes pé0 T cell epitope (AS 301 -
312); B - L. monocytogenes p60 B cell epitope
(AS 291 - 301); PtolC - wild-type E. coli tolC
promoter.

Example 3: expression of the antigen on the mem-
brane of a gram-negative bacterium

(Egcherichia coli).

The expression of the epitopes of the pé60
protein from L. monocytogenes within the TolC
protein was detected in a Western blot. For this
purpose, cell 1lysate proteins of E. coli CCl1is
telC, E. coli CCll8tolC/pBR322tclC and E. colil
CCl18tolC/pBR322tolC::ListTB were isolated in
the late logarithmic phase. The applied cell
protein totals corresponded to approx. 100 mil-
lions bacteria. The proteins were separated in a
15% SDS polyacrylamide gel, and the expression
of the chimeric TolC proteins or of the inserted
epitopes were detected on the one hand with a
polyclonal serum against the TeolC protein and on
the other hand with the monoclonal antibody K317
{Rowan et al., J. Clin. Microbiol. 38:2643-2648,

HIULESTF wad B8si HSt ed

t he at ure TolC protein.



30 (amno acids 291 - 301) and a CD4-restringed T cell epitope (am no acids
301 - 312) of the p60 WD 03/070987 - 13 - PCT/DEO3/ 00469 protein was
cloned as a Kpnl fragnent into the vector pBR322tol C pre-cut with Kpn
(Fig. 1). The plasm d thus obtained was desi gnated pBR322- tolC :LisTB. 5
Fig. 1 showsWche03l/di®g8strategy for thé in- sertion RETYMEPBELHLESfic
epi tope sequences into the wild-type plasm d-coded E. coli tolC gene on
the vector pBR322. There are: bla - am picillin resistance gene; Tc -
tetracycline; T 10 L. nonocytogenes p60 T cell epitope (AS 301 - 312); B -

L. nonocytogene 60 B cel L. .epi e .(AS 291 - 301); PtolC.- wild-t E.
coli tolC pﬁ&rﬁ)?gr . SE?‘:’EJXgr}ﬁoaei gg’ e$ Fees‘éggﬁi 01‘33%£n§n§ i gte}heonét hceglgrgm
brane of a geanvegat i fechacLer imwnodsthegrarcdsa (Foig).. 2Bhe expressi on of
the epitopes of the p60 protein fromL. nonocytogenes within the TolC 20

protein was detegted | ern ot r | p I, lysate
proteins of E. cg']sl éé?ﬁgc\%%{lc, II:M coﬁ?f&l&%fgf%B%(gglﬁ;l g%nd&%. col i
CC118t 01C/ pBR3Z2t 6dC: 1 bj st B vee d 1i sbystaddei Lt e | &Gl L o§F118H?L Bhase.

The applied gglioR5 RO eiPet 0LalS1 69 E§POBYEd 4 O RRRHAX: 0H00 1 | -t hieons
bacteria. The proteins were separated in a 15% SDS pol yacryl ani de gel, and
the expressi eRronoErenadi nEAlC TEIEE §r ditki f9 bf ST FREN ndSqRYor et

al., Mol. Gen. Genet, 256:306-319, 19%97). The
complementation with pBR322tolC 1led in thise
strain to the expression of the 52 kDa large
10 TolC protein. The insertion of the L. monocyto-
genes epitopes into the TolC protein did not af-
fect the expression of TolC and led to a slight
modification of the size of the chimeric protein

of approx. 3 kDa.

15 The expression of the pé60-specific epitopes
in E. coli CCll8tolC/pBR322tolC::ListB could be
confirmed with the monoclonal p60 antibody K317.

Example 4: detection of the exposed localization

20 of the L. monocytogenes p60 epitopes
in Salmonella enteritidis SMé6T
(telC).

Since the insertion position of the two lis-

terial pé0 epitopes was in an extracellular loop

25 of TolC behind amino acid 271 of the mature pro-
tein, they should be present in an exposed man-

ner at the surface of S. enteritidis SMéT (Stone

et al., Mol. Microbiol. 17:701-712, 1855). The

definitive extracellular localization of the

30 pe0-specific epitopes in §. enteritidis SM6T was
tested by indirect immunocfluorescence. 25 pul

each of an overnight culture of 8. enteritidis



epi topes were detected on the one hand with a 30 pol ycl onal serum agai nst
the TolC protein and on the other hand with the nonocl onal antibody K317
(Rowan et al., J. din. Mcrobiol. 38:2643-2648, WO 03/070987 - 14 -

PCT/ DEO3/ 00469 2000 ecifically directed against the B,cel i e
fromL. nono# o‘b%ﬁé)"?g 2B). As éxpkéted, no Tolcpﬁ%{g}ﬁéééﬁﬁodi%g de-
tected in the cell lysate of E. coli CC118 toIC, 5 which can be expl ai ned

by a nutation in the chronosomal tol C gene in this strain (Schlor et al.,
Mot. Gen. Cenet. 256:306-319, 1997). The conplenentation with pBR322tol C

led in this cyidayRepsbhe sxpression of the (2 kba d as0eshbTobS I gbei n.

The |nsert|on . nonocyt o- % nes eplitopes into protein did
not af- fect ticheCexpriesEBon Wi gol ArmePesy t1HOs| Weq%d.%éaﬂ%sof

the size of hhey ChiiBLEG PEQLEI Phedf RIOPT §X. wér@astlélﬁfé@ EW@ESIQHeOf
the p60-specific epitopes in E. coli 118toIC/|?BR322t C . Li acould be

confirmed wi MRRIME r?dh%ll el otdReB¥dyKR3T7. (3G €8 e 24 QLEfon of
t he exposed h@ﬁﬁibb@t_léﬁ Wk ride thhe AON@e YiagEBES p&@:lepﬁmp@ﬂ‘lmla-

Sal monel | a eg el %I di s SMo \x((ato:n%).. __Since therl nser % | t| f the

two lis- terP&™ P80 RPFEFHER TWas At an"&t T acdl Tular Ioop 5 behi nd
ami no acid 2whrof, t heo nRtiurge prHd-er: 1:40).

The fluorescence-microscopic analysis con-

firmed the extracellular localization of the L.

10 monocytogenes-specific epitopes in the strain §.
enteritidis SMé6T/pBR322tolC::LisTB.

Example 5: immunization tests with the gram-neg-
ative bacterium and analysis of the

15 protective immune responses after in-
fection with wild-type L. monocyto-

genes.

In order to find out whether the exposed ex-

pression of the T cell epitope from the pé60 pro-

20 tein of L. monocytogeneg in the murine listerio-
sis model leads to a protection, 8 female balb/c

mice (Charles River, Sulzfeld, Germany) having

an age of six weeks were orally immunized with a

dose of 1x107 §. enteritidis SMeéT/pBR322tol(:

25 :LisTB. For control purposes, 5 female mice were
orally immunized with S. enteritidis SMeT. The
animals were immunized a second time three weeks

later with the same dose of bacteria.

The immunization success was tested five
30 weeks after the first immunization in an immune
blot, on which were applied supernatant proteins

of Ligteria monocytogenes. Anti-pé60-specific an-
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houl d be present in an exposed man- ner at the surface of S.
SM6T (Stone et al., Mol. Mcrobiol. 17:701-712, 1995). The

xtracel lular localization of the 30 p60-specific epitopes in S
SMBT was tested by indirect inmunofluorescence. 25 1 each of an

Wouresdgfo 9emeritidis WD 08/ 070987 - 15 RCPECIEIERDZ/O00469

olCand S. enteritidis SM6T/ pBR322 tol C. :LisTB were dropped

carriers and air-dried. The cells were stained with the
60 anti body K317 (1:200), and bound 5 anti bodi es were then
h an FITC- | a- bel ed secondary anti-nouse serum (Di angva, Cer -

§itheddes.: gouldhebr ver he& midr oEE&pi ESnalMysPE colie

wireselimhan 1 peal i gatirpnsof e ér i1 dvgoCcyMEIRNPBRJERH i C

the strain % enteritidis SM6T/pBR322 tolC. : LisTB . 15
F7atibRTBests with the gram neg- ative bacterium and
the protective inmune responses after in- fection with

nonTtytee geresks| nadrtder t bhie nde@abmhethemurhkbz expiossd ex-
L T S8l 8RIdl ORGe oM 1 e 00 Bt 29! €1 1n 8le dv o BONGEYE RENES

stério-"Si's no | eads 'to a protection, femal e
5x104 L. monocytogenes EGD, the five-fold LD50.

Whilst the survival rate for the balb/c mice im-
munized with 8. enteritidis SM6T/pBR322tolC:-
:LisTB after intravenous infection with L. mono-
cytogenes EGD was 88%, the survival rate in the

control group was only 20%.

Thus the expression of the pé0-specific epi-
topes within an extracellular loop of TolC in
the attenuated S. enteritidis carrier strain
SM6T led to the induction of Listeria monocyto-
genes-gspecific immune responses, which were ca-
pable to protect balb/c mice against a usually
lethal infection. Since the induction of anti-
bodies against the B cell epitope from the pé60
protein could be detected in a Western blot, it
is obviocus that an immune reaction under par-
ticipation of the antibodies has caused the ob-
served protection of the mice against an other-

wise lethal infection with L. monocytogenes.

/c
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five 30 weeks after the first inmunization in an i nmune bl ot, on which
were applied supernatant proteins of Listeria nonocytogenes.

Anti - p60-specific an WO 03/070987 - 16 - PCT/ DEO3/ 00469 tibodies could

detected in .U . mce imuni zed with S. enteritidis
e 4 e PR g

SM6T/ pBR322- 't
animals were intravenously infected with 5x104 L. nonocytogenes EGD,

fee weeks after the second i mmuni zation, 5

Sul zfel d, Germany) having an age of six weeks were
orally immuni zed with a dose of 1x107 S. enteritidis SM6T/ pBR322t ol C.

t he

25
S.

be

t he

five-fold LD50. VWhil st the survival rate for the balb/c mce im nunized

with S. enteritidis SM6T/pBR322t 01C: - :LisTB after intravenous infection
with L. mono 10 gytoggnesuEd ¥R B%sdffcbiyi V@bdiaig ifothea coalrcol

group was only 20% Thus. the expression qf the(§60-s eC|fiﬁ epi - _topes
i CEESR A

within an exffeld ulgt 1 86F o ™MbRE | AC e 54

®d S

carries straigefbneTaelinbo 4k d nducquencd Listermsermmnedytdn the

genes-speci fic inmune, response h re ca; pable to pE?&gc?o b/ c
an

.. Whic
m ce agai nst PX 18L& S Jy‘“*pa'ﬂﬁ[‘&ﬁﬁ%&’i%’ﬁ_ e&2d He Fndlkt F&F o

10

15

20

25

2. A nuclecotide sequence according to claim
1, wherein the TolC is a TolC protein according
to ACCESSION X54049 or a preferably N-terminal
partial sequence thereof or a mutant of the pro-
tein or of the partial sequence, and wherein for
the N-terminal partial sequence or the mutant
the transport functionality is maintained.

3. A nucleotide seqguence according to claim
1 or 2, wherein the defined aminoc acid segquence
igs inserted on one gide or both sides by a

spacer sedquernce.

4. A nucleotide sequence according to one of
claims 1 to 3, wherein the defined amino acid
seguence 1is inserted in the N-terminal area of
the TolC, in particular in the area of the amino
acids S2 to 61 and/or 257 to 279 (each referred
to the TolC protein).

5. A plasmid containing a nucleotide se-

gquence according to one of claims 1 to 4.



bodi es against the B cell epitope fromthe p60 20 protein could be detected
in a Western blot, it is obvious that an i mune reaction under par-
ticipation of the antibodi es has caused the ob- served protection of the

m ce agai nst an other- wise |lethal infection with L. nonocytogenes. 25 WO
03/ 070987 - ¥D -0PCHDEO®D0469 Patent 18l arns. 1. A RETEHREYR/SlhbAce
coding for a TolC and a defined am no acid sequence, wherein the 5
defined am no acid sequence is inserted in the perm ssive,
menbr ane- external area of the TolC. 2. A nucleotide sequence according to
claim 1, wherein the TolCis a TolC protein according 10 to ACCESSI ON
X54049 or a preferably Ntermnal partial sequence thereof or a nutant of
the pro- tein or of the partial sequence, and wherein for the Nterm nal
partial sequence6or thepmebtetintbe ta apepdrideurcededhl byy a8 snmw e ai-ned.
15 3. A nucl gat j de %ﬁ?& a | | i 1 , el e glefined
am no acid sggﬁg%cg sg?ﬁgzrgggﬂg%agﬁggs?éﬂ‘g?ebé?ﬁ %ﬁﬁﬁgﬁﬁi 2 Egbégér
sequence. 20 4. A nucl eotide sequence according to one of clainms 1 to 3,
wherein the defined amno acid sequence is inserted in the N-term nal area
of the TolC, in particular in the area of the am no

5 7. A bacterium containing a nucleotide se-

guence according to one of claims 1 to 4, where-
in the TolC causes the transport of the defined
amino acid sequence on the membrane of the bac-

terium.

10

8. A bacterium according to c¢laim 7, wherein
the defined amino acid segquence represents a
peptide, a protein, an active substance, an an-
tigen, an antibody or a ligand.
15

9. A bacterium according to one of claims 7
or 8, selected from the group composed of "Sal-
monella spp., Escherichia coli, Vibrio cholerae,
Pseudomonas aeruginosa, Shigella spp. and Yer-

20 sinia spp.".

10. A pharmaceutical composition containing a
bacterium according to one of claims 7 to 2, and
as an option at least one physiologically toler-

25 able carrier substance, wherein the defined
amino acid sequence 1i8 8selected according to a

given substance to be bound in an organism.




25 acids 52 to 61 and/or 257 to 279 (each referred to the Tol C protein).
5. A plasmd containing a nucl eotide se- quence according to one of clains
1to 4. WD 03/070987 - 18 - PCT/ DE03/ 00469 6. A protein or a peptide coded
by a nucleo- tide sequence according to one of clains 1 to 4. 5 7. A

bact eri um comtcai dB@ A0 BBCl eot i de se~ quence accordi nPCD/@E0BY 0al4abes 1
to 4, where- in the TolC causes the transport of the defined amno acid
sequence on the nenbrane of the bac- terium 10 8. A bacteriumaccording to
claim7, wherein the defined am no acid sequence represents a peptide, a

protein, an active substance, an an- tigen, an antibody or a |ligand. 15 9.
A bacteri um accofdi nghit PRENGFCePE&TBRF SHMBO Skt aOTbdCPIIR L Rd 1T ofp

conposed of L3aktewOngk! aa$BBrd FaghetbCimecdf, cMidimg choltas a@, and
Pseudononas aer ugi nosa, ,Shi gel | Z]rslg‘p- and Yer- 20, sini a, sgﬂ 11:0. A
phar maceut i c&18 cORPER FEGP cBift &t RARFF aC H5adt BY Sy 4060t GPid ¥ o E5eS BF

clains 7 to @bkad @Esran opti ulaktlaadse ,onewhlewse bhogi chled y delfein@8 abl e
carrier substance, wherein the defined an no i.d ence j.s ed
accor dg ng toaénlﬁpv&céabsst%ﬁblgr{%ebé‘ Sooﬁﬁ]d Ji“r‘n'%glrlllcg‘ogggﬁi&sﬁn Wﬁ%%%%%? -
19 - PCT/ DEO3/ 00469

12. A diagnostic kit containing a bacterium
according to one of claims 7 to 9, wherein the
defined amino acid sequence specifically binds a

10 marker substance to be determined.

13. A preparative binding substance contain-

ing a bacterium according to one of claims 7 to

9, wherein the defined amino acid sequence spe-

15 cifically binds a target substance to be sepa-

rated from a soclution.




11. A pharmaceutical conposition containing a bacteriumaccording to one
of claine 7 to 9 and as an option at |east one physiologically toler- able
carrier substance, wherein the defined 5 am no acid sequence is an

i mmuni zation sequence. 12. A diagnostic kit contai ni ng} a bacterium

according toWéheO 87 &TQP®T 7 to 9, wheréPn the defi ndd BAHo0 a€i%P 4€§uence
specifically binds a 10 marker substance to be determ ned. 13. A
preparative binding substance contain- ing a bacterium according to one of
claimse 7 to 9, wherein the defined am no acid sequence spe- 15 cifically

bi nds a target S1.3n¢e ¢l epa- rated froma solution. WO 03/070987 -
20 - PCT/ DEO - figures. Fig. 1 origin pBR322 5 Tc
resi stance gene cloning of the tol C gene fromE. coli cloning of the p60
epi t ope sequ&igeslfrom L. nonocyto- genes

origin

PBR322

5 Tc resistance gene
cloning of the tolC gene from E. coli
cloning of the p60 epitope sequences from L. monocyto-

genes





