S Nucl eotide sequence coding for a Tol C and a defined am no acid sequence.
Field of the invention. 10 The invention relates to a nucleotide se- quence
coding for a TolC, a plasm d containing such a nucleotide sequence,

protein or a_pep- ige. ded by such a nucl eoti de sequ teri um
cont ai ni ng §ﬁ§ OéB%B ﬁ%%%?de sequence and 15 several usZs o?%§Qﬂﬁ46SP
bacteria. Background of the invention and prior art. Virul ence-attenuated,
intracellularly set- tling bacteria can induce a long-lasting imu 20 nity
as live vaccines. Up to now, in particular Salnnnella_typhi TYIa (Levine
et al., Lancet 1:1049-1052, 1987), Nycobacteriun1bovis

Rodri gues, Lancet 335:1016-1020, 1990) and Vibrio choler mm@mmgnd
Kaper, Vaccine 25 11: 207-212, 1993) were used as |ive vacclnes

i nstance, such variants of Listeria nono- cytogenes, Salnnnelf&senterlca

sv. typhimurium and typhi, and BCG were al ready used as 0987
- 2 - PCT/DEO3/00469 tolerated |ive vacci nes agai nst typh “l I

bercul osis. These bacteria, including their at- tenuated
general ly i mune-sti mul at -

5 Nucleotide sequence coding for a TolC and a

defined amino acid seguence.

Field of the invention.

10 The invention relates to a nucleotide se-
quence coding for a TolC, a plasmid containing
such a nucleotide seguence, a protein or a pep-
tide coded by such a nucleotide sequence, a bac-
terium containing such a nucleotide sequence 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 vaccines. 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, 1993) were used as live vaccines.

For instance, such variants of Listeria mono-
cytogenes, Salmonella enterica sv. typhimurium

and typhi, and BCG were already used as well-



ing and can initiate a fair cellular imune re 5 sponse, and were therefore
used a vaccine carri- ers. The advantage of these bacteria as vaccine
ca&rlKerfs is thgt they mainly induce a so-called Thl imrune response (Hess
an auf mann, nol. Med.. Mcraobiol. 23:1 f 9 i s

i mmune respt“)"r?segiw? dcﬂgr%’gdc”{néri zed by cytzot oxi c Iynph%%;?t]/e%E?%Tﬁi?bgnSd@by t he
presence of spe- cific | FN-ganma-secreting CD4+ T cells (also T hel per
cells, Th) (Abbas et al., Nature 383:787- 15 793, 1996). For instance, L.
nonocyt ogenes stimnmulates to a special extent via the activation of

THl1-cell's the prald £arafijane ofy g¥tatroxsc dghyiplecyt eph (ETLand These

bacteria supply secerned antigens 20 directly into t L, .
anti gen- pre$eht Frg ©eeld s (FAPC; SR PSHaReS ‘and nace}lglr&%tl?% g?eﬁles])og hi ch in
turn express dHeato= @&t itiikainng noke- gelresradd caugemamef fitcdiepd at -

stimulation . of T_cells. The listeriae are, J d iR -
phagosonal éﬁ%arat ntss aln%l;tﬁleae%%ti%e%%?o%%%gﬁ—gis m*snélrt%gar rri(,:ér
bactesi a cambesef or aroh wiehee oftdihard Deepresefit &d BF MRS aS& 114 fol e-
cules and t glead to the induction of T helper cells. On the other hand,
the listeriae répli 30 cate after release fromthe phagosone in the cy-
tosol of APCs; antigens produced ang secer ned t hese bacter] ar,

therefore preferlbfy pPE-2BEMA%Y VP a the Mk ck’?%gst?rbgt hWay, t ﬁsrl(caf]l'f re-
sponses agaidst rtihese angi gems cbet hg yi nduacienl yYWOL 08/07€987 sB-called
PCWEE&yOO%?l immune response (Hess and Kaufmann, FEMS Im-
10 munol. Med. Microbiol. 23:165-173, 1999). This
immune response 1is characterized by cytotoxic
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-~

15 793, 1996) .

For instance, L. monocytogenes stimulates to
a special extent via the activation of THl-cells

the proliferation of cytotoxic T lymphocytes

(CTL) . These bacteria supply secerned antigens
20 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 listeriae are 1in part degraded in
25 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-
30 cate after release from the phagosome in the cy-
tosol of APCs; antigens produced and secerned by
these bacteria are therefore preferably pre-
sented via the MHC class I pathway, thus CTL re-

sponses against these antigens being induced.




Further it could be shown that by the interac- tion of the listeriae with
macrophages, natural killer cells (NK) and neutrophilic granulocytes, the
expression of such cytokines (TNF-al pha, 5 FNgamm, I1-2, 1L-12; Unanue,

Curr. Opin. Im nupol. 9:35-43, 1997; Nata and Pater I .
163: 1449- 14455, 03999 0i%8 { nduced, for “which an anti ?gqn"[/rétﬁoe f%?t%‘i%\?%ness
was detected. Reconbi nant bacteria were thus capable to 10 protect agai nst
a heterol ogous tunmor (Medina et al., Eur. Immunol. 29:693-699, 1999; Pan et
glz., Cancer Res. 59:5264-5269, 1999; Wodlock et al., J. Imunother.
1251-259, (1999 Paglia etqaly , o 09¢ ARn317R23176y 1998 Ragteawi-al .,
15 Eur. J. I'mmunol . 27" 1570?11_1575, 1997; P,aﬁ et al., YNat. Med. 1:;471-477,
1995; Pan ett PR, @Ancehe Rbd s BELAPR- #7790 THROSF OBy 2B adft AFSHAT i on
oft!_. mnogﬁgpnghcem sh veke tahi’zlasqli.&@dﬁd)gbhtiheLexgrmsher@ytt&s 20 nor
anti gens, e growt h of experinmental tunprs _could. i nh hited
ant i gen-spec,til??caﬁ’i'/p(lgagnsgf’naI‘?ff Na‘it.lgﬁbd.c gﬁ"ff—ﬁ%‘?, 1gg§;Ee—Caa:rL1 & Res.
293 5264- 536% F%990 mMeest 16t- al,. , I Natl2 ; Cdhcanud nstCuB8¥:.580p586; 1995;
eatty and Paterson, J.._25 N 165.5502- 8, e -
Vi r ul ence- att 8R4t ed “Saf ?mr%e# [ a eér)l%gr’i clga s rg‘?%g, Pia?ntgggv?h?%h qucl eoti de
sequences cagingl for 6oL 4an? F §ensS Aad Be2f Si)nt r bEuced1 AHS ¢ @mor £OT
antigen-expressing bacteniale ¢abhd £1 Se rGobikd 130 RQvd d@aaf tae tf @k ed.
aﬁ/;nd_nl strati Ion a specific protection against different experinmental tunors
ina et al., Bur. J. | . : - X i
|(mmn0| 166 3440El2Jecomb irltlrgjggl b?éocgg?:i7a77’we2r%oo’tl’%8|sl ercaaggb@él SEO J.

( 10 protect against a heterologous tumor (Medina et
al., Eur. J. Immunol. 29:693-699, 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, 1997; Pan et al.,
Nat. Med. 1:471-477, 1995; Pan et al., Cancer

Res. 55:4776-4779, 1995) .

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, 1995; 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
strains, 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 . 30:768-777,
2000; Zoller and Christ, J. Immunol. 166:3440-



WO 03/070987 - 4 - PCT/DEQ' 3/ 00469 34450, 2001; Xi ang et al., PNAS
97:5492-5497, 2000). Reconbi nant Sal nonella strains were also ef- fective
?sfprophylactic vacci nes against virus 5 infections (HPV; Benyacoub et al.,
nfect. Im nmun. 67:3674-3679, 1999) and for the the Gy - nt of
a nouse tundtVi WrQ?ZSPz%z by a tu- _rmrijvi'r us (HPV) (6 ev}gth)E((;ot3 LP% I rol ogy
279: 354- 360, 2001). 10 For the use as a vaccine carrier, nethods were
devel oped to express expression products of nucleic acid sequences
introduced into bacteria on the cell nenbrane of these bacteria or to

have them secigted by, plase bacterd a.efheabasi s Bbasf theseaethedo 75 the
Escherichia coli henp- lysin system hlyAs representing the prototype of a
type | secret?88 )system of gram negative bac- teria. By neans of the hlyAs,
secretion vectors were developed that allow an efficient discharge 20 of
protein anti genké oS imeel t a £al ewdrcal 1 aYessind anent eeord| iatl ea andl -

Vi brio cholerae. . Such_secret] ectors, c j cONA n arpiLrary
protein anti%%ﬁtédﬁ%leﬁstopﬁﬁ%gﬁ éf%%?l?idgnigggéﬁgg for t%%S%IyA g?a%a
pepti de, fori25etdieiherml yei AVsecBath vacappar atlis, @Bl-yB aifRISGD ahd -t he

hl'y-speci fi ¢, promos er..; By 4mepas of {Bissy) SGErEt FQR- VEELOT ¢ ha & pleti i ean
for instance be expressed on the surface of this bacteriu Such
genetical | y wogiafiedNbace &rin MERRR &M TA&ci B O alddhsfddt by St ronger

I nune prot egti-on, { bans bagteri arabarei act hel protiel B oaxpy gssedohy 3 ke
i ntroduced nucl eic acid remains inside the cel
360, 2001) .

10 For the use asg 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 contain the c¢cDNA 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,



(Donner et al., EP 1015023 A; Gentschev et al., Gene 179:133-140, 1996;
Vacci ne 19; 2621-2618, WD 03/070987 - 5 - PCT/ DEO3/ 00469 2001; Hess et al.
PNAS 93: 1458- 1463, 1996). The disadvantage of this systemis however that

by wusing the hly_};ﬁﬁfoi_gég pr onot er the5 anmount of tg%,ﬁyggedp/g@pgggsed by

the bacteri uh?i &% Further transport systens in bacteria repre- sent

for instance, i) the transport signal for the S-layer protein (Rsa A) of

Caul obacter cres- centus, where - for the secretion and the nem

br ane- bound expression - the C-term nal RsaA 10 transport signal is to be

used (Urel o-Nagka eije . Vaggine 2RAlA063L4lbs82004F,3 andsidg)therhe

transport signal for the Internal 'bn A of Ljs- teria,nonocyt ogetfr'i,(la For. the
a d fo

s
secretion, theSRAYBARFIEF tPanspoHS sighalF o AsceSSH§Y d ?t15°¢he

nenbr ane- bound i @xpr esgionh theshdef fiiinal ptoansport sihgnalanhogettherowi t h
the Ctermnal part containing the LPXTG potive._r nsi.bl e fo t cel |
wal | anchori'ng®(BhaP *&* Al .e,x%iggc%se%gs-bkfr%@:§75?§g§§{rp2850)£.m3&hj?h

anot her context, the integral nmenbrane protein TolC of E. coli is known.
This iss a nul - tFufirice konal apor ROfdr nBN G e Bcei ANofP ik UL TREMDPane of

E. coli, whigh, Jdnagditioncto&unc- ihiopse S'ﬁ%l@@g@):@t regepid on b r
Colicin EI (M 25 rona et al., J. Bacteriol. 153:693-699, 1983 and the
secretion. ofheol§cl@RerFRRCEe . (REa BdctRFi &?ui?&?%&ﬁ 556,%3991),
al S0 serves @gndi&ecepherrdor- t e 13 yihages  Austd hoet ahd theBacterial.
iﬁg;S?ﬁzé_Sﬁ,ﬁ}S’Fp}?g—O%buTrrllclis %r)géglenssl§o%o not %rlllley fel’—l%dei”ﬁ\iﬁlaﬁfo' 'RsQﬂt
/ 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 signal 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-

tions, such as e.g. reception of Colicin E1 (Mo-

25 rona et al., J. Bacteriol. 153:693-6899, 1983)
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 1is

30 not only found in E. coli, but also in a multi-
tude of gram-negative bacteria (Wiener, Struc-

ture Fold. Des. 8:171-5, 2000).



tude of gram negative bacteria (Wener, Struc- ture Fold. Des. 8:171-5,
2000). WO 03/070987 - 6 - PCT/DE03/00469 The crystal structure of the Tol C
protein shows that it forns, as a honotriner, a tunnel channel havi ng a

ltﬁzgtelh gf dg%&?t Ol’tﬁ?ﬁggasf% al i zedt |hﬁ ?'hgéggil B?;tsmogn% y two H%%F

| oops (am no acids 52-61 and 257-279) being settled on the surface of the
bacterium (Koronakis et al., Nature 405:914-919, 2000). The tol C gene has
t he nucl eotide sequence 10 published by N ki et al., Nucleotide sequence of

the tol C gene OthEéCh%rﬂﬁBt%lcmstrNJ@taere Ach fs thRes. ’181(C18)pr5524€71n

(1990). TolCis part of at., |least four different cterial export
by represerﬁbﬁ@’st h&Hrehbrhhe TAR0E . HF ofy %\ﬁrﬁ% 15"t e export r%{éﬁr
bacterial prohenmés rrede ipos- asr bbmngr @flstaekmoatr nlgHe hlrggist:rrmmport

sys- tem t conpection betweep hlyD t l.asmc,gnd.of,4he Tol C
permts the%eQ or loc}r(-:]etshe %) s%))ﬁé fr%gl%tﬁoﬁ dDlm%to he rrenbranne 20
t unnels of trréoﬂi@hm(eehﬁt%r,hev e'ltO@IallZI'@dndslfin tMecrdbﬁélldglyaf@‘ 39275,

2002) . Tech 8;%’ otﬂ‘;gt of. el ”"_’L%b%” T&}elh@vergéglag s dasedh ong hhe

techni cal ob- ject to specify a transport system ans of _which an
expressi on p?ddudct 7 Ravi e anki gifeg LEfLed| c‘i’@ncéktf‘an %Hr 2SEnt &f ont g

outer cell neat Huanen 30kBash 6 agoNEeRit Oh It he Nauenkieon asd preferred em
bodi ment s. VE)GNP?O%%;- %icpgg£50/(m4%%e nucleotide seguence
10 published by Niki et al., Nucleotide sequence of
the tolC gene of Escherichia coli, Nucleic Acids
Res. 18 (18), 5547 (1990). TolC is part of at
least four different bacterial export systems by
representing the membrane tunnel, through which
15 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 into the membrane
20 tunnel of the TolC (Gentschev et al., Trends in
Microbiology 10:39-45, 2002).

Technical object of the invention.

The invention 1is based on the technical ob-

25 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.

30 Basic concept of the invention and preferred em-

bodiments.



For achieving the above technical object, the invention teaches a
nucl eoti de sequence coding for a Tol C and a defined am no acid sequence,
sai d defined am no acid sequence being inserted 5 in the perm ssive,

menbr ane- external. area of .the TolC. By, the inventio t
systemin df%mor?’eé%io\?eg Bacteria i s achi eved, by rregr(ljsia/ol?]ng\%w{ gg%l%g% ger
anounts of a protein expressed by a 10 gene within a bacterium can be
transported on the outer cell mermbrane of the bacteriumthan was possible
with prior art transport systems. Surprisingly, the transport system for

the Tol C proteipy pf Fsgher) £hipa Rkl anes et sc @cpupstan Iobtjieatty sthenger
menbr ane- bound expression of a  peptide or protein (arbitrary) th n yas
known fromiprVEm at 0 r &PEFE Dr Gt eithss §r?dt%ﬁ§t oerqug%‘;r{ticfage 0
gram negagi \é%obacaerfta.l dherm@m a braaé-ihoadd expressionidf skerdehiard

am no aci sequence. or gene .product . IS | usi vel hi ev

Tol C. A def i%%a%angﬁﬁe]ar&iaﬁi s8fuence anéﬁ/abegéﬁuar%lx-% %/]?g(r\i?l% \?Lgrﬁs %gpﬁéi]%e or
a protein, ainn arthi ¢ r grer mpley FMesut ealb manieves KGlest Biade, 2 AR darBit 1t § 25
antigen, an ﬁé?it.rary anti body, or an arbitrary |ligand. The TolC may be a
(wld-type) To 8 protein according to ACCESSI ON X54049, to which hereby
explicitly reference is made, or a (preferably 30 N-term nal artial
sequence t her eofBY%r hRut AR B 1He priot &S or® of MR part 7 Isq_‘s%aue]hge,

for the par%glmsggmgv@r phe thatrant the transeoetd, f inct memhist yo bei ng
ernauwd.whg%ﬂnTgrggg amounts of a protein expressed by a
10 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-
15 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
20 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
25 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
30 N-terminal) partial segquence thereof or a mutant
of the protein or of the partial sequence, for

the partial segquence or the mutant the transport

functionality being maintained. N-terminal par-



WO 03/070987 - 8 - PCT/DEO3/00469 tial sequences neans any partial sequence
begin- ning in the NNtermnal area amno acids 1 to 50 of the Tol C protein
and ending at the Cterminal end of a |oop, which is settled on the

surface 5 of_ the _bacteriu Preferred is thus the N } ort
si gnal of TH<C, 88@25808 I(nhe cen- tral 8Sart of the p%gﬂgé%\%{gﬁiﬁg

represents the extracellular areas of Tol C. A nutant may com prise an
insertion, deletion or substitution, as 10 long as the transport
functionality is not dis- tinctly reduced thereby. For certain

appl i cati gn%igg By Q%ﬂ@%%mmgagﬁ@datﬁyat pa kel brleds anjuwnaa doseguence be
in- serted on one side or th sides by a _spacer_se 15 ence.; Thi.,s ywyl |
however onl Wh‘égh_e’r]ﬁflﬂr}eif " ERe BEf dafrﬁIO oaanéfaose%gteiné(}gé is F% b%lbpre-
sented in ao?:@rtajen $pAld alp 1sd ¢ gdtrur end oenidn-ngt atcetibve t Ae teaswigfa dn
antigen, and this does .however_ not_ {ake_pl y. kh efdpngd ani- id 20
sequence it SHE (DF T eritoBr cgnﬁ%%rl;tlsvesa%gga%%ngo?o r!aﬁgem re(rjf%eiigent.
Then a spacesf seduenbe c ey ibenf orRred fiar pack i 8l &rh vy &£ Beqiente Tiat o-

rally follouing the,deflged aginm, agi & sequenes, buSatnf, defiiaed auino
aci d sequence being olded inm the same way as in the natural anti- gen.

The spacer sef@éncBamly KoheverealBEHe af t M LFRI  TPP L HES T Yedi PEI

plr)tes_ent gti ?%:@E'Qr/aoie lle}ﬂhEg @frletillg defi ned 1@ na aeiuk sequencey i $om-

obt ai ned. i S.can easi e cal cul ated by .neans _30 j cal hods,
under consi d&¥f afi%n®of l%ﬁ«?l’slbéﬁna'l g6t titGHs 3¢ t%g%péog:f?ihg}ni%?l’i E%r-
tion fon the TohG as the transport functionality is not dis-

tinctly reduced thereby.

For certain applications, 1t may be recom-
mended that a defined amino acid sequence be in-
serted on one side or both sides by a spacer se-

15 quence. This will however only be helpful, 1if
the defined amino acid sequence 1s 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 seguence
may be formed in particular by a sequence natu-
rally following the defined amino acid sequence,
thus the defined amino acid seguence 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-



In detail it is preferred that the defined amno acid sequence is inserted
in the NNterm WO 03/070987 - 9 PCT/ DE0O3/00469 nal area of the TolC in
particular in the area of the amno acids 52 to 61 and/or 257 to 279

(each referred to the Tol C protein). Subject matter v i IS
further a %l 8378 Aining a nucl eot ide sequencgEaTt co?g@iﬁgbtl%n% he
invention and a protein or peptide coded by a nucleotide sequence
according to the invention. The invention further teaches a bacterium 10
cont ai ning a nucl eoti de sequence according to the invention, the Tol C

causi ng the nta(f‘”SaDJ]QéB of ¢ theedefined amhno, agitdi sequence wnethe amrmbaane
of the bacterium 1n other words, in_the bacte- riumis cgysed the
menbr ane- bownd éxpeesdMémdf AS1dSgeRe pF&dult b?r’tcﬂl/eofol % ot ot n.2 Slbj ect

mat- ter of ﬁté’lgcithEQTfié)flrE@ thys tal s0Ta IgC aprneyge-irti ve bacterium which
contains at |east one nu- cleotide sequence coding for at |east one de-

fined am no aci d sequence and for at. | t = Lolsis T
product. This _E.S‘{:B i ol BaYERE p?gdugﬁ%prgﬁg’r%g\:gqrg Wil d?%{gptgsgescub?ect
mattes of thel hevendi eromate ihowegera ange hadtede Begslqandsl @ geEREF A~

products, wherein_the_trans- Lt. signa tigvi s iheens Faigt gicniegle Pref
25 erably, t]h%gba%f)er anel i ?%‘g?é’lcttlsegg‘f r%r%%fhea gtrp%)%u@pél é‘gerrpo_sed ng pichiage
"Sal monel | a spged Ebghedi chite le? b 1 dayi BEDAERN ®r &€ C PLEARFONS F1e

aerugi nosa, Shi,anethbg spp. and Yersinia spp.”. Nucleotide sequences and
bacteria can be used

The invention further teaches a bacterium

10 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

15 a gene product by the TolC protein. Subject mat-
ter of the invention 1is thus also a gram-nega-

tive bacterium, which contains at least one nu-
cleotide sequence coding for at 1least one de -
fined amino acid sequence and for at least one

20 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. coli TolC gene products, wherein the trans-

port signal activity has been maintained. Pref-

25 erably, the bacterium is selected from the group
composed of "Salmonella spp., Escherichia coli,
Vibrio cholerae, Pseudomonas aeruginosa, Shig-

ella spp. and Yersinia spp.".

Nucleotide sequences and bacteria can be used

30 for various applications. For instance, the in-
vention also teaches a pharmaceutical composi-

tion containing a bacterium according to the in-

vention, and as an option at least one physio-



30 for various applications. For instance, the in vention also teaches a
phar maceuti cal conposi- tion containing a bacterium according to the in-
vg;;iogé/and aslan option at |east one physio WO 03/070987 - 10 -

PCT/ DEO3/ 00469 | agj cal | ol erabl e carrjer substance, =Y. i ned
am no acid %%ugr?c)egigg %/%%ect ed ac- Eor%l(l?ng—to a gi veﬁ@ﬁé?t@n%zgﬁogﬁg
bound in an organism By neans of such a pharnmaceutical com5 position,
substances interfering with the normal cellular netabolism for instance
exogenous toxicants or nutation-caused endogenous sub- stances such as
octagons cam g ;hoynd yand: & es a bk bidedr ik t hetb drya hicrdj ngwbernteain
cellular 10 target substances, netaboli sm processes can bel nqgglateg by
removal of roRfaldebnples pARERE? s & Df ¢ kﬁ)‘gguﬁé??\a regul T e§-up Bechuse of
a (Cjil fh eaﬁe.c?h@riel}pg, %@r in?ﬁﬂem asdéfs nathassaod aba i drisd nhinbi aad,
an e shuttle relate S theretoisr | at ed_dow c can in
turn be useoOFSta’}Jeﬁﬂ‘l‘até?fg-rﬁ%a&t%e?%r e%g%‘!gd gp gic%\ggg?@ r%goc%i?, Q‘f e

defi ned am neoaditdi se-, qaercet reevssonlyt be fet datedvaddor dilyRy PO ARl
target nolecule o) be | ”W@&%%%ME*&,“' ofr specij 2@ fdRllyy. WEHgRnous
phar maceuti cal "conposition thus serves at last for therapeutic purposes. A
phar maceut i ctapxdonposit i oR Bui At EAG - FACtT Bt | o%nﬁﬂ%gg&u%ontsoﬁlﬁs' a
bﬁct_er: um ac?-il:gq}[éj% 89 gblgctme d Ve t 88 g aSaﬁ\rll\h}@@t imouaid 2Z2léasthose
physi ol ogi cal tolerable carrier sub- stance,. wherein. the def]j 1.no
aci d sequencbn)(’ilsbhﬁ%dmmrﬁ‘iﬁttikafseg%gnc}%.ln T Emint 245 oR s‘geéqéﬂé%%g
stinujeat es ipaary ot gagudm t he ggeaer atiedrabolism processes can be

i 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
15 thereto is regulated down. Such a process can in

turn be used for regulating-up other related
processes. Insofar, the defined amino acid se-
quence needs only be selected according to the
target molecule to be inhibited with high speci-
20 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

25 least one physiologically tolerable carrier sub-
stance, wherein the defined amino acid seguence

is an immunization sequence. An immunization se-

gquence stimulates in an organism the generation

of antibodies against a natural antigen, which

30 contains as a partial sequence the immunization

sequence or is composed thereof.

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

according to one of claims 7 to 9, wherein the



of antibodi es against a natural antigen, which 30 contains as a partial
sequence the inmunization sequence or is conposed thereof. For diagnostic
pur poses, the invention teaches a diagnostic kit containing a bacterium

according to one of clai 7 to 9, wherein the WO 03/ - -
PCT/ DEO3/ 00459 8&29\@@ 9a§q1$no acid se‘que]ﬁlce speci fi cal ?ﬁ?é&so %}Or?ﬁ}r ar

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-treatnment with separation of undesired sam ple conmponents, is
ggcugﬁged w&gf%q%@?%tf{g@maaq@e Qietaldjél?c%vg@p?caitfthm Hefi nednas ne acid
- nce can be detected, and in case of ;a _bindin event,, it Jjs tected
that the sub®&ENE speuR@ cF Fréal IY° bist?]%li n§SES T ha B |”negtfam'fnoof acid se-
quence is cantaines bn ¢ hessaspbe: The iddt ectnphe of shitrakrg ebepts @an be

made in various ways well known to_the ayerag [ y! apt. 15
Finally, theéFAFht Pohn t%&gherswg Spr%ﬁénrpa?%%al %i %ggguibgggncaekggnﬁ a?ni ng
a bactser i um@eecrdr eanguéa tt he iitiversté pax athepai notheudesfs Add et fo Maci d

sequence specifically bi t grget sibgs cg ition be 1separat ed firom a
sol ution. Byp Gch® 20 é?%?ﬂ}sﬁg gu s%gnce,agtr?gt{]esi, rled subst ances (:rn:L on the
one hand spechti dal hy ibegr emoved & raim &£ 86- Gt L &F By 2Hab Ot 61 uTFon is

i ncubated wi Qer{]@é bach ebiding cand- t bt baghel | UM isa diescarded batteing
separ ati on. t

e other hand,, a separa 25 tion _qr an_enrichpment a
target subst@al&é tmy ibe bérf&%ﬁci%(g c%??&sp&%d? ngSLrlrg)nSn%?,g%nearreJI%g—
10 cifically binding to the defined amino acid se-

quence is contained in the sample. The detection
of binding events can be made 1in various ways

well known to the average man skilled in the

art.

15 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

20 a binding substance, undesired substances can on
the one hand specifically be removed from a so-
lution by that the solution is incubated with

( the bacterium, and the bacterium is discarded
after separation. On the other hand, a separa-

25 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. In this
context, too, the invention can be used for the

30 separation and/or enrichment of antigens, of an-

tibodies, peptides, proteins or ligands.



by that after the incubation the target sub- stance is eluted fromthe
bacterium In this context, too, the invention can be used for the 30
separation and/or enrichnment of antigens, of an- tibodies, peptides,

proteins or Jig X\g 0 /070987 - 12 PCT/ DEO3/ 00469 I f
executi on. ngge/sq reparation of thle2 TolC vector. Tr?gxltggp ﬁéggé 60?

coli including its wild- type pronoter was anplified by means of PCR (1 5
m-n 94C, 1 mn 66C, 1 min 30 s 72C) with the oligonucleotides 5 TolC
(5' - TAACGCCCTATGTCGAC- TAACGCCAACCTT-3') and 3' Tol C (5' - AGAGGATGTCGAC-
TCGAAATTGAAaggfﬁq;‘@-l%g)5 fyometihe- pkasshd pAX629 (C. Wandersman, Institute
Pasteur, Paris). "At 10 both ends, an additi onal Sall interface was in-

troduced. The purlfl ed PCR product (Q Aqu i fi gn Kit -
Q agen, Hi | dehe & Frardy) %?p‘a’rﬂg&etsltga %¢ gRFce)sltLtE i Iét f\tggnbendonucl ease
Sall and cloned into the vector pBR322 pre- spl it wwth 15 Sall. The vector

t hus construct edrwas tdeélcgr@ema pBR322t CAC! iThienfuritd it &yl ilttys o’PVltlI‘Fé
cloned tolC, cppes ¥3 rﬁr& %%f”‘éﬁéé'%?@ 'Pléaveﬁ§| hestss 20r Bearml e( 2

i ntroduction €n ‘'sequence nto the seguence of the T%C -
tein.sin thmiol@‘sé@uenée F@bdl g6 £ 61 ohe WENt HeD &t FACEH ] ulPerC d%%

Kpnl interface; %%xhgqrbot:l fded. Thigowas usesl: f.qrA‘m;djgr(nmgTamm'ge:mmeep 25
tide sequences

e 0 o S LB Thi b of S e e G SIS o
TCGAAATTGAAGCGAGA-3") from the plasmid pAX629
(C. Wandersman, Institute Pasteur, Paris). At
10 both ends, an additional Sall interface was in-
troduced. The purified PCR product (QIAquick PCR
Purification Xit - 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 segquence 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 pé60



of the mature Tol C protein. The iap sequence coding for a B cell epitope
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/ DE03/ 00469 protein was cl oned

as a Kpnl fr t, | e vector pBR3R22t0lC pre-cu i i 1).
The plasm d ﬁngQZb%e%yms desi gnatquazpBRBZZ- tolec\g}sll‘?'E%m;} %65.@91 )

shows the cloning strategy for the in- sertion of the p60-specific epitope
sequences into the wild-type plasm d-coded E. coli tolC gene on the
vect or pBR322. There are: bla - am picillin resistance gene; Tc -

te}_racyclin?rgtejiqqlébwgégno(ﬂ[bqg@@esa@6%Tquezht eprhepes CAS 30te 312¢ ; B
- L. nonocytogenes p ce Ltope (AS 291 .- .301): ol G- wld-type E.
coli tolC profbeter. H%Ré)%\%ﬁloglp%: -£§8r ecs%Fonwéftkfhe)cgr?ﬁlt geﬁF(l)ﬁ 't th em
brane of a gries peEigabinvied badtesi wb t ¢ESThér weh adeod 1 gnathe dexpBBSAdn of
the epitopes O{th-h-eIdQ%% protein fromL. nonocytogenes within the Tol C 20
protein was HREECH W P A Western blot. For this purpose, cell lysate

proteins of E. coli CCl18 tolC E. coli CCl18tol ¢ pBR322tol C and E. coli
CC118501C/ pBR32E DAC: :1i st¥BYderter ¢ s6ll@edNich SERE ¥ 80¢ | b§4&Ti t AR ¢ Phase.

The applied .25, pr gteei gt ab.s €0k orded t&pa %. o0y ke 4 Eons
bacteri a. Thsgg%lf&fog?nsevf\:rg%e alrpgt ed o paARB O Ay ielnrc

the expressilomtoof bt cHitiet Y'RﬁCEb:Lgtsg‘?jn Q%;OS gdfﬁl ‘?ﬁ;ée/%???dd%e%? bpggd
were detectefefpe thg ongehandcwidh ®BR322. There are: bla - am-
picillin resistance gene; TcC - tetracycline; T -
10 L. monocytogenes p60 T cell epitope (AS 301 -
312); B - L. monocytogenes p60 B cell epitope
(AS 291 - 301); PtolC - wild-type E. coli tolC

promoter.

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

(Escherichia colli).

The expression of the epitopes of the pé60

protein from L. monocytogenes within the TolC

20 protein was detected in a Western blot. For this

{ purpose, cell lysate proteins of E. coli CCl18
| tolC, E. coli CCl18tolC/pBR322tolC and E. coli
CCll8tolC/pBR322tolC: :ListTB were isolated in

the late logarithmic phase. The applied cell

25 protein totals corresponded to approx. 100 mil -
lions bacteria. The proteins were separated in a

15% 8DS polyacrylamide gel, and the expression

of the chimeric TolC proteins or of the insertgd

epitopes were detected on the one hand with a

30 polyclonal serum against the TolC protein and on
the other hand with the monoclonal antibody K317

(Rowan et al., J. Clin. Microbiol. 38:2643-2648,



30 polyclonal serum against the Tol C protein and on the other hand with
t he nonocl onal antibody K317 (Rowan et al., J. din. Mcrobiol.

38: 2643- 2648, WD 03/070987 - 14 - PCT/ DEO3/ 00469 2000) spec

directed against the B ceII epi tope fr L. nonocyto
expect ed, nd'%01%C HP3I% B 7coul d be de- J(()g]ct ed in the %E&ﬁefp

ficall y
sda?éo %9 col i

CC118 toI C, 5 which can be explained by a mutation in the chrom)somal tol C
gene in this strain (Schlor et al., MI. Gen. Genet. 256:306-319, 1997).

The conplementation with pBR322tolC led in this strain to

t he expression

of the 52 k%b%rgesglﬁ Iqlﬁeaqtfyn dIlﬁ%dE‘é@rtE%Pﬁstthet%emo%yépi

genes epitopes into

C protein did not af- fect the expression of

Tol C and | e Pé tPREi gﬂﬁomm)[dr f MR PEH P IEREL Si 46 07 -t P Ehineric protein
of approx. 3 kDa. 15 The expression of the p60-specific epitopes in E

coli CCl18told QBBSZébcqiéictleicst B aoul ddieC cpmfdtera widduike fenocdenal

p60 anti body_K3 Exanpl e 4: detection _of t & expos | ocal
the L. m)nocgl?S eeh‘il:s J'pr(lSOt e?t&peejtsfl m 530 %DneFSI a gnt erglgtllldlg

E RN

Si nce st he i nshlltdhnn pesi tima ot xifheatwedi sbyt eri almpse tebd nopad: vvd'shﬁn an
extracel | ul ag, |, ogp%é%rrpélTo%ngEhggql@mlqp agiids 26k Pg 1tnhe @%Wigrpr Q't

tein, they s ol resen

exposed nman- ner he surface of S.

enteritidis SkBT (%@he &emnl . GlﬂﬂetM cRG&HA 0?’06173?(?11 7129 °7d95) . ThRe
definitive eé&@f&!n@r@{alt%@hl za}ion of p e B9 tpBOespacd &i ¢ epi t apessin S.

enteritidis SM

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 pé0-specific
in E. coli CCll8tolC/pBR322tolC::ListB

epitopes
could be

confirmed with the monoclonal pé60 antibody K317.

Example 4: detection of the exposed loc

alization

20 of the L. monocytogenes p60 epitopes
{ in Salmonella enteritidis SMeT
(tolC) .

Since the insertion position of the
terial p60 epitopes was in an extracell

25 of TolC behind amino acid 271 of the ma

two lis-
ular loop

ture pro-

tein, they should be present in an exposed man-

ner at the surface of S. enteritidisgs SM

6T (Stone

et al., Mol. Microbiol. 17:701-712, 1995). The

definitiwve extracellular localization

30 p60-specific epitopes in S. enteritidis

of the
SM6T was

tested by indirect immunofluorescence. 25 ul

each of an overnight culture of S§. en

teritidis



tested by indirect imunofluorescence. 25 | each of an overnight culture
of S. enteritidis WO 03/070987 - 15 - PCT/DE03/ 00469 SMB6T/ pBR322t 01C and S.
enteritidis SM6T/ pBR322 tol C :LisTB were dropped onto object carriers and

air-dri edén'&l}hcgo(éﬁlj) §7ﬁﬁﬁst ained with the nonocl onabcpppD@rbtj 1o %(517

(1:200), odi es were then detected with an FITC I a-
secondary anti-nouse serum (D anova, Ger- many, working titer: 1:40). The
fl-uorescence-m croscopi ¢ analysis con- firmed the extracel |l ul ar
localization of the L. 10 nonocytogenes-specific epitopes in the strain S

enteritidis SMBT/MBERAAPLG I di STBd Exanplen be riptidiizat i oM 6ctsbSRE 2D t he
gram neg- ative bacterium and anal ysis of the 5 pro%b ect i \ée i mmr}lers

responses aft@fGniLEEER onV&ith Wi FAREDPE LO MoRocyolCGénes 2 TA 'SHHEr to
find out whefher éh@—&%?ﬁl&eﬂ emhpreesuldns ofw¢ he Tsteldnegitope irdniehe

p60 pro 20 tein of, L. i I - pRdeh gl ead
to a prot ect”i‘clbﬂ C81?’8 C? %erpg%blc?gd% %dT?"yl n& vlezféé3 Lf)z?zﬁ Gerrr(rétlnssle >

having an aget afo si X ev&aeknse ver et et | i ¢ rRGii 28d Wit a 2 Rodel 6F 14207 S

enteritidis @@E’&BB%@&%% 595 ahit3TBoh@fe Coi¥Qh PUDRCSES v B, f eeke ni ée
were orally rmunized wth enteritidi s SMBT. The animals were

i muni zed a ®2BHNd VPHEK I Rfed WE&KS: Ilat‘]e(P with the same dose of bacteri a.
The i mmuni zati on success was tested five 30 weeks after the first

i mruni zati on i n @Rei MMEING JY Ok ¢ ilc Bhiehe wersec appld ed asupkyat ant qwot-ei ns
firmed the extracellular localization of the L.
10 monocytogenes-specific epitopes in the strain §.
enteritidis SMe6T/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 p60 pro-

20 tein of L. monocytogenes 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 1x1l07 §. enteritidis SM6T/pBR322tolC(C:

25 :LisTB. For controcl purposes, 5 female mice were
orally immunized with S. enteritidis SMé6T. 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 Listeria monocytogenes. Anti-pé60-specific an-



of Listeria nonocytogenes. Anti-p60-specific an WD 03/070987 - 16 -
PCT/ DEO3/ 00469 5 10 tibodies could be detected in the serumof the mce
;Enunlzeddm@th S. enteritidis SMbT/ pBR322- toi C :LisTB. Three weeks after

e second i nmuni zat | on, the ani mal s e intraveno t
5x104 L. moMéty? ddehes 9%8cD, the five-fold LD50. Wi @: t/hﬂeﬁﬁérﬁ?'e%é?a te
for the balb/c mce im nmunized with S. enteritidis SM6T/ pBR322t ol C. -
1LisTB after intravenous infection with L. nono- cytogenes EGD was 88% the
survival rate in the control group was only 20% Thus the expression of

the p60- spegifj g sapis 1320 1tPPe% VWdtéH@c%ré&ZtlrraCQJHél| afekaoop off TelGin
the attenuated S. enteritides carrjier_strain NE d %; %ge |£g35%!on of
Li steri a nomdeg€o-1 Bawesl g5&ti Filct fnmline §785Fdsky ﬁ4 {PRE: pabl e
to protect habbtc nieeTagai nst a usually Iethal |nfect|on. Since the
i nduction of anti bodies against the B cell epitope fromthe p60
Three weeks after the second immunization,
5 the animals were intravenously infected with
5x104 L. monocytogenes EGD, the five-fold LD50.
Whilst the survival rate for the balb/c mice im-
munized with §S. enteritidis SM6T/pBR322tolC: -
.LisTB after intravenous infection with L. mono-
10 cytogenes EGD was 88%, the survival rate in the

control group was only 20%.

Thus the expression of the pé60-specific epi-
topes within an extracellular loop of TolC in

the attenuated S. enteritidis carrier strain
15 SM6T led to the induction of Listeria monocyto-
genes-specific immune responses, which were ca-

pable to protect balb/c mice against a wusually
lethal infection. Since the induction of anti-
bodies against the B cell epitope from the pé60
20 protein could be detected in a Western blot, it
is obvious 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.

25



protein could be detected in a Western blot, it is obvious that an i mune
reacti on under par- ticipation of the antibodi es has caused the ob-
Eerved protection of the mice against an other- wise lethal infection with

. _monocyt ogene d%; §%}0 /070987 - 17 at ent cl ai ns; R 1. A
nucl eoti de g%ﬁuga e ¢ ﬁ%g for a Tol C lgﬁd a defined gﬁﬁﬁ%ﬁ%ﬁ?ﬁ ggéﬁi%ce,
wherein the 5 defined am no acid sequence is inserted in the permssive,
menbr ane- external area of the TolC. 2. A nucl eotide sequence according to
claim 1, wherein the TolCis a TolC protein according 10 to ACCESSI ON
X54049 or apgyeterablky Nhwermnal partial sequence thereof or a nutant of
the pro- tein or of the partial sequence, and wherein for the Ntermnal
partial sequence or the mutant the transport functionality is maintained.
15 3. A nucl eotide sequence according to claim 1 or 2, wherein the defined
am no acid sequence is inserted on one side or both sides by a %pgfgr

sequence. 20 1. A nucleotide sequence coding for a o
and a defined amino acid sequence, wherein the
5 defined amino acid sequence is inserted in the

permissive, membrane-external area of the TolC.

2. A nucleotide sequence according to claim

1, wherein the TolC is a TolC protein according

10 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 seguence or the mutant

the transport functionality is maintained.

3. A nucleotide sequence according to claim
1 or 2, wherein the defined amino acid sequence
is inserted on one side or both sides by a

spacer seguence.

20
4. A nucleotide seqguence according to one of
claims 1 to 3, wherein the defined amino acid
sequence 1s inserted in the N-terminal area of
the TolC, in particular in the area of the amino
25 acids 52 to 61 and/or 257 to 279 (each referred

to the TolC protein).

5. A plasmid containing a nucleotide se-

quence according to one of claims 1 to 4.



e

4. A nucl eoti de sequence according to one of clains 1 to 3, wherein the
defined am no acid sequence is inserted in the Ntermnal area of the
Tol C, in particular in the area of the am no 25 acids 52 to 61 and/or 257

to 279 (each refer the Tol C protgin). 5. A plasgi-f,genaiRigngs 3
nucl eoti de S@@ &E n@gcﬁiggrding to one gﬁ clainms 1 to 4. 6[)03/670987 - 18

- PCT/ DEO3/ 00469 6. A protein or a peptide coded by a nucleo- tide sequence
according to one of clainms 1 to 4. 5 7. A bacteriumcontaining a nucleotide:
se- quence according to one of clains 1 to 4, where- in the TolC causes the
transport of the defined am no acid sequence on the nenbrane of the bac-
terium 10 8. A bacteriumaccording to claim7, wherein the defined am no
aci d sequence represents_a _peptide, _a protei i vie..subs e, .an an-
tigen, an antibotdy o apffiogta%fﬂ% 15792 %thtlecglléu%{l%%%tglr cfl?%g%t oﬁgﬁg%

claims 7 ort8desesegiesntromthe gdomy coaposed off "Sadlaimsndl | Bosph: ,
Escherichia coli, Vibrio cholerae, Pseudononas aerugi nosa, Shigella spp.
and Yer- 20 sinia spp.". 10. A pharmaceutical conposition containing a
bacterium according to one of clains 7 to 9, and as an option at |east one
physiologically toler 25 able carrier substance, wherein .the defined amno

aci d Sequence is’ sel det &P RESTF HPAY £6 4 2 4ifveRdsuBst AHES $3°B& Bouhd i n an

organi sm gquence 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 claim 7, wherein
the defined amino acid sequence represents a
peptide, a protein, an active substance, an an-

tigen, an antibody or a ligand.

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-

L 20 sinia spp.".

10. A pharmaceutical composition containing a
bacterium according to one of claims 7 to 9, and
as an option at least one physiologically toler-

25 able carrier substance, wherein the defined
amino acid seguence 1is selected according to a

given substance to be bound in an organism.



11. A pharmaceuti cal

of clains 7

to 9 and as an option at |east one physiologically toler-

carrier substance, wherein the defined 5 am no acid sequence is an
i muni zati on_sequence. A di agnostic, kit containin
' i gncél’ of Sgloaﬁl I é)( 3 ol éléga sequence

accordi ng td?

7 to 9, mher in the definéd amno a

specifically binds a 10 marker substance to be determ ned. 13. A
bi ndi ng substance contain- ing a bacterium according to one of
_ 9, wherein the defined am no acid sequence spe 15 cifically

bi nds a target substancgnlo-hesopeidat ed Sipasd sobuli@8ntaining a

pr-eparative
clainms 7 to

15

bacterium according to one of claims 7 to 9 and
as an option at least one physiologically toler-
able carrier substance, wherein the defined

amino acid sequence is an immunization sequence.

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

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-
cifically binds a target substance to be sepa-

rated from a solution.

conposition containing a bacteriumaccording to one

abl e



