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the immune system may in certain cases be the cause of the illness itself, such as in autoimmune

diseases, inflammation or allergies.

_ Al]érgies are inappropriate reactions of the immune system to a variety of substances (allergens).
Generally, individuals do not generate a significant immune reaction against substances regularly

} encountered in the environment, such as pollen or food material, which non-reactivity is deemed to
be mainly due to a suppressing mechanism of the immune system itself. However, in an impaired
condition the immune system does not fulfil said suppressing activity resulting in a specific

immune reaction against the allergen - the allergic reaction. -

A generally established mechanism of allergic reactions involves a sequence of events beginning
with the uptake of the allergen which needs to pass the epithelial barrier to readi and activate
eﬁ'ebtor cells, located in the lamina propria or epithelium below the level of the tight junctions.
The clinical symptoms associated with allergic re_actions are basically the result of an early
specific immune response and a late inflammatory reaction. During the early phase

immunoglobulines E (IgE) against the allergenic substance are produced by the host's immune
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I nvol ves repeated injection of the allergen, over a period of several
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desensPtgi ng € patient. According- to a nore recent approach,

vacci nation of individuals against |IgE nolecules is .

As for the treatment of food éllergy some methods rely on modifying the food material itself such
that its allergenic potential is reduced. This may be achieved by altering the chemical structure
thereof, or by limiting or banning the food material or components thereof, respectively, which
would be the cause of such trouble. Yet, a problem involved often resides in that the specific )
- allergenic substance in the respective food material is frequently not known so that in most cases o

it is not clear which component should be selectively removed or altered..

A different approach of treating food allergy and food intolerance is directed to restoring and
maintaining the intestine's integrity such that food allergens essentially may not pass. In this
. respect US 5,192,750 describes the use of N-acetyl glucosamine to enable the mucosa to form the

necessary barrier to transmission of food allergens and to maintain normal function.

A most general approach of treating allergy is an immunotherapy which involves repeated
injection of the allergen, over a period of several years, to desensitize a patient to the allergen.

Proceeding accordingly is, however, time consuming, involves years of treatment, and often fails

L
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Therefore, there is a need in the art to provide improved means for treating allergy. In particular,
an object of the present invention resides in providing means that allow treatment of allergy in an
o) efficient, easy and cost effective manner preferably without requiring a physician and without

bringing about the negative associations linked with such treatments.
The above object has been solved by providing novel lactic acid bacteria strains that express on

7 their surface a polypeptide containing at least one peptide sequence mimicking at least part of a

conformational epitope (mimotope) of an IgE molecule.
In the figures,

Fig. 1 shows a protein stain and Immunoblot analysis of Lactoﬁacillus johnsonii recombinants. (A)
Protein stain of Lal wild type (lane 1), Lal carrying pMD112TT (LalTT, lane 2) or pMD112¢4
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which is effected via the gastro-intesti na route, containing such

sur f acantihodicsi The amnw ihdieatesthahkight pf'@s@mtemmhwdrsespmﬂfmg ant i gen - the
m notope - to the individuals i mune system such that the i mune system
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| mmune response agai nst the antigen is not required. According to a
preferred enbodi nent the lactic acid bacterium containing a surface

pol ypepfg 8&hows the result of an binding assay of anti-¢4 IgG to surface displayed epsilon mimotopes

.- on lactic acid bacteria in ELISA.

. In the studies leading to the present invention it has now been found that by providing a lactic acid
~ bacterium containing a recombinant surface polypeptide comprising a peptide sequence as deﬁne({b }
above a specific immunization of an individual against IgE may be obtained, with the result that

allergic reactions of said individuals to essentially all antigens are suppressed.

Without wishing to be bound to any theory it is presently envisaged that the lactic acid ﬁacteria,
that upon ingestion remain in the gastro-intestinal tract for a period of time, are cépable to present
the antigen to an iridividual's immune system such thét.an effective immune reaction takes place
leading to the formation of anti-IgE antibodies in the individual. This facf is all the more
surprising, since it could not be predicted, whether administration of a bacterium to an individual,
which is effected via the gastro-intestinél route, containing such a surface protein, would
eventually present the corresponding antigen — the mimotope — to the individual's immune system

such that the immune system will be capable of recognizing the antigen and elicit an immune



_containing the mnotope belongs to the Lactobacillus group or 15 AUG 2005
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bi ndi n | peptidoglycan structure. The pol ypeptide may be
expresgeé%zz ?ﬁfe’%ﬁ Wc acid bacterium according to nethods well known in
the art. For exarrpl e the commercially available vectors pNz124 (Pl atteuw et
al ., (1994) App Eny. Mcrobiol,. 60, 587), p&Kl2 (Wl ke et a (1996)
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t he entdogenous gene '
J. Bacteriol, 178, 3059-3065. This protein was characterized as a 2000 amino acids protein, being

composed of a leader peptide of 33 amino acids (pre-region) responsible for cell export of the

S—

enzyme, followed by a series of 154 amino acids (pro-region) which is responsible, upon
cleavage, for the activation of the proteolytic activity of the enzyme aﬁd 700-800 amino acids for
the active site. The subsequent region (around 1000 amino acids) has been suggested to play a
role in the specificity of cleavage and transport in the cell of the generated peptides and to also
span the cell wall. The proteasé, is cell wall anchored by its carboxyl end with the last 200 amino
acids being responsible for the specific covalent binding to the cell wall peptidoglycan structure.

The polypeptide may be expressed in the lactic acid bacterium according to methods well known
in the art. For example the comﬁercially available vectors pNZ124 (Platteuw et al., (1994) Appl.
Env. Micfobiol. 60, 587), pGK12 (Walke et al., (1996) FEMS Microbiol. 138, 233,) or pG+host9
(Maguin et al., (1996) J. Bacteriol 178, 931) may be used for episomal expréssion. Yet, having in



I ntroduci ng reconbi nant genes into a host's -chronosone are well wthin_the
skilled person's skill. The peptide sequences (Seq. I1d. No.1-17)f e T (i) 2
anti-idiotypic VH-and VL sequence (Seq. Id. No. 18-19) mmcking a

conf or mat \y@y@ogeidzt ope of an I gE may be found by screeni ng pgeaiEifEioz ﬁgptlde
and human Fab anti bodi es phage display libraries with an antibody directed
to the Fc part of IgE. Preferred m notgpe and anti-idiotypic Fab sequences
are selected fromthe group consi sting of
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Ser - G YhdFeyombinant gerde cotlﬁ!gfoﬂ' the répectivegybl e. Fr integration into the chromosome
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Val - Tr pkitlar - Al a- Cys- A y- Tyr-d y- Arg- Met  (J) (Seq | d. No. 10)
@ y-Thr-Val -Ser-Thr-Leu-Ser (K) (Seq.ld.No. 11),

Leu- Leu- Asp-Ser-Arg-Tyr-Trp (L) (Seq.ld.No. 12),

A n-Pr
an-m chg'p%pﬁwkéf s@fené@s _S%rp/ld( Mo.1- @?ﬂaddjthélchnujiagotyplc VH and VL sequence (Seq. Id.

Leu- Th rNd_ehB 1§e)rmim@kmgoa rsmfonmghoml emmpcm'ran{@ may-beafousd by(sotechidgrandhnhio.
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Ile-Asn-His~-Arg-Gly-Tyr-Trp-Val (n) (Seqg.Id.No. 1),
Arg-Asn-His-Arg-Gly-Tyr-Tfp-Val (B) (Seq.Id.No. 2),
Arg-Ser-Arg-Ser-Gly-Gly-Tyr-Trp-Leu-Trp (C) (Seq.Id.No. 3),
Val-Asn—Leu—TthTrp—Ser—Arg—Ala-Ser-Gly | (D) (Seq.Id.No. 4),
Val-Asn—Leu—Pro—Trp-Ser-Arg-Alé-Ser—Gly (E) (Seq.Id.No. 5),
Val-Asn~Leu-Thr-Trp-Ser-Phe-Gly-Leu-Glu (F) (Seq.Id.No. 6),
Val-Asn-Leu-Pro-Trp-Ser-Phe-Gly-Leu-Glu (@) (Seqg.Id.No. 7),
Val-Asn-Arg-Pro-Trp-Ser-Phe-Gly-Leu-Glu (ﬁ) (Seg.Id.No. 8),
Val-Lys-Leu-Pro-Trp-Arg-Phe-Tyr-Gln-Val (I) (Seg.Id.No. 9),
Val-Trp-Thr-Ala-Cys-Gly-Tyr-Gly-Arg-Met () (Seq.Id;No. 10), é.)
Gly-Thr-Val-Ser-Thr-Leu-Ser (K) (Seg.Id.No. 11),
Leu-Leu-Asp-Ser-Arg-Tyr-Trp (L) (Seq.Id.No. i2),
Gln-Pro-Ala-His-Ser-Leu-Gly (M) (Seq.Id.No. 13),
Leu-Trp-Gly-Met-Gln-Gly-Arg (N) - (Seq.Id.No. 14),
Leu-Thr-Leu-Ser-His-Pro-His-Trp-Val-Leu-Asn- '

His-Phe-Val-Ser (0) (Seq.Id.No. 15),
Ser-Met-Gly-Pro-Asp-Gln-Thr-Leu-Arg ' (P) (Seq.Id.No. 16),
Vai-Asn—Leu—Thr-TrPASer , (Q) (Seq.Id.No. 17),

Gln-Val-Lys-Leu-Leu-Glu-Ser-Gly-Pro-Gly-Leu-
Val-Lys-Pro-Ser-Glu-Thr-Leu-Ser-Leu-Thr-Cys-
Thr-Vél—Ser-Gly-Gly—Ser-Ile-Ser-Ser-Gly-GlyQ
Tyr—Tyf—Trp-Thr-Trp—Ile-Arg-Gln-Arg-Pro-Gly-

<
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A u-Arg-dy-@u-Thr-d y-Leu-Tyr-Tyr-Pro-Tyr-

Tyr - TY iiylsl-819S ey 1rulmRpCrY e 181 ¢ Ghye MWe-Th~TyRl - Thr - Val - Ser - Ser

G u- Leu-yIVaI -Val - Thr - G'ﬁr{pPr 0- Al a¥Ser 2 Val - Ser -

A y- Sertedr Gler jery Thsder F¥r ThenT Pre Rer-gpy-Lys-

Thr - G \sebhArd+- Ya BerhrAsfetVakerGryl Ghyp TiHr-Sear~Lys -

Tyr-Val - Ser-Trp- Tyr-A._n- A n- H s- Pr.o- - -

A 5 pr R PR e b hRo Buh e S ped -

Ar g- Pr @&l8ehlerkeielhiS&laAVal Alyr Pligr Siys-@lp-Arg-

Ser - Ly gnahr Gl ¥ QS8 el S -.L-?gr-.T =15 R Py

Ser-d ?-lﬁe?}? %1 Al a-uGt&gl- Aspyéﬂél-lA %‘ #rfr?) yr

Tyr - Oy S¥SeEySet lyAsPralsdrpsely SErr TRy Ty -Thr -

G y- ValyRhehd y¥afdgedgexThr - Lys- Leu-Thr-Val - Leu-G y(§P) (Seq.id.N¥. 189)

(T (Seq. Ld. No 19%*F r rrﬁre detajled i nfqrmation regardi ng the isolation
and/ or %%&&PQY??)T]V ’TSE:;)'F e PERFERTTEE V&6E§PT ¢ VH and VL sequences

m m ckiGly-getrtPpd-GlyJGIn-CersTast Thegils-Sexr-general , reference is made to

. / | f | | Sed dh inb f
V0, 9T 443y L AR g Wl i S prgpaigled vl By vay ¢

r ef erence. res 'nvention al o a food and pharnmaceuti cal
conpositroiValifepfrp-diiraClny GdorHes; Pro®tlai-bAg at | east one such lactic

aci d bagtLHM0Y.55- A8 Mded caRQ¥easd hgahahenbal strain may be included in
t he’conposition i n_an _amount ranging from 105 to 1012 cfu (colony form ng
unit) “FI8r SehethEn @Y -Ser -PRB-PEIPRYMSEFSPLYon may be milk, yoghurt,
curd, owessgs-beroen}-briThiksSAlE-Bkrbosedenrent ed products, ice cream

fermented cgreal b eﬂ} raducgt s, m | k. based.powders, infant fornulae or,

in cases'eegﬁc %’g i %ﬁ?s&rbe 1£§§& %ﬁ'a ?ﬁé A&a REp-TYY _
Tyr~Cys-Ser-Ser-Tyr-Thr-Ser-Ser-Ser-Thr-Leu-
Gly-Val-Phe~Gly-Gly-Gly-Thr-Lys-Leu-Thr-vVal-

Leu-Gly : (T) (Seqg. Id. No 19)

For more detailed information regarding the isolation and/or preparation of peptide and anti-
idiotypic VH and VL sequences mimicking part of an Igf-: constant region in general, reference is

made to WO 97/31948, the teaching of which is incorporated herein by Way of reference.

S

The present invention also relates to a food and pharmaceutical composition, in particular

vaccines, containing at least one such lactic acid bacterium as described above.

The bacterial strain may be included in the composition in an amount ranging from 10° to 10"
cfu (colony forming unit) per g of the material. The food composition may be milk, yoghurt,
cu;rd, cheese, fermented milks, milk based fermented products, ice cream, fermented cereal based
products, milk based pov.vdérs,. infant formulae or, in case of animals, pet food and the
pharmaceut_ical composition may be in the form of tablets, liquid bacterial suspensions, dried oral

supplements, wet oral supplements, dry tube feeding or wet tube-feeding.

The lactic acid bacterium and the food/pharmaceutical composition of the present invention may



phar maceuti cal conposition may be in the formof tablets, |iquid bag&@:‘ri al
suspensions, dried oral supplenents, wet oral supplenments, drfy AU
feeding or wet tube-feeding. The lactic acid bacteriumand the .
f ood/ phar Ry @idsefed! conmposition of the present invention mperpkepedlds4005 WO
02/ 086102 PCT/ EP02/ 02326 8 be used for treating any di sease conditlon
associated wth allergic reactions, wheBein an i mune reaction involving
| gE anti bodi es are involved, such as e.g. rhinitis, atopic dermatitits,
er yt Nege ys&d for treatiti Whip Gisedsk cbhditioR &s P«ﬁé‘&%ﬁﬁ"aﬁe@@fea&ﬁkﬁm wherejn an jmm
bacteri a}lcszorrpgsi tlhggs %f ?hecpresgnt iﬁr%vent lon pré well su?ted-e or bei r%e
used aseastidudnwilviag lgh auiipedies, arp irrodvid, such dsce.gbitis) fatapi¢ demyatitits, @nythema
i ndi vidual_in gengral,., This pa asi|ly. be acconpljshed by sinply feeding
t he pgp@o+l?<wﬂ=ee3 w#l be aPpFeciaibih et élg%b%ré?n $QuEaHioRs of the P&é"gn%awt%n
or ap [ Toye) ok T DM AL SR ek P t BV eRt p
ingest?’%?]lntg'ﬁgé&bgﬁg?ﬁg%&ﬁagc%l g%?ze t e%eh. ég%‘%gﬁ#%ﬁg ?c?lggtt g?tr?'up i-%{d&gf
ti me sindividuabiagenetiah Thismapeasilybericcomplistet dyisithplydtéding thet persondintieed bf g
period duri n% whi ch _the conpositions qf the Br esent _inventiqn are

fn

admi ni Seaient agpiastallergyopidh a Jood earapedtion gr g Phagmageutical, spmpesition gecordingdy

form ag.j L 69 ' - i oot ' . i .eCi d
that | LRV SRR o Rtk d el Wi REloRtee the st e BMRGLANET
of  t heof fifessdrthat depemdin®on figeiticunk 00Bactérial TEll obimé end the tinepertodsdigingrwhiely

be adm nistered as well, so as to inprove the imune response agai nst the’

mi ot o camposiiensLef Hiy EReaR Levenfign: #reradministeradatee mimatonceit Propenifd: Hobe
o qBash e 1BARP, o 5D Kl FEERTNO HimBREET W R0

pepti des were’fused wt he cel'T “sur

bul gar ppreciatecbthatlirs RIANER to ahe 1deeicdtid Do dontadRa! oy HeodupostONENE the

1-1225), i.e, the peptide ed4 (Seq._ Id. No. 1) and another peptide (used as
a cont PEIspnbiavention szeaimkuewaie stimslate, the: immung systemrmey, be pdmisiered; as well, so

sequen see bel aw). .. The m ope 4). used in frame to the cell
surfacgg T e?’ﬁég%e)lfnﬁ?‘%"ﬁ)rg?rog%;u .%ﬁec%lﬁ!\%g’pé‘bul garicus (Gl bert et al.,
(1996) J. Bacteriol, 178,3059-3065). 0 i The protease gene was first

amplified with its pronoter bﬁ usi nt% the following two priners: 15 AUG 2005
The following examples further illustrate the invention without limiting it thereto.

q

Example 1
Construction of recombinant polypeptide

Two peptides were fused with the cell surface anchored protease of L. bulgaricus to be displayed
on the surface of the bacterium Lal (CNCM 1-1225), i.e. the peptide 4 (Seq. Id. No. 1) and
another peptide (used as a control) derived from Tetanus Toxin (termed TT in the folloWing;

sequence see below).

The mimotope (e4) was fused in frame to the cell surface proteinase (PrtB) from Lactobacillus
bulgaricus (Gilbert et al., (1996) J. Bacteriol, 178, 3059-3065).

The protease gene was first amplified with its promoter by using the following two primers:

}



- the two

WD 02/ 086102 PCT/ EP02/.02326 It 9 5' TTTTGTGGATCCTTAACTTCATAGCACGG 2005
(upstream the pronoter of the gene, carrying a BanH site) 6

5" - ATATTAGT ﬁgﬁ) GAATAGATTGCC- 3'.  (downstream the rho- inde@elcm
term nator o‘ﬁ E_gene carrying a Xbal site) The anplification prodzuct was

cleaved with BanH and Xbal and cloned pn the lactic acid bacteria vector
pNz124, that had been di gested wth the sanme restriction enzynes, and

eventual |y |n %pﬁr Jasm d-free

(bet a- gal act m‘é‘% ;g @A ?‘Iév%gag cgécus | actic. The region
of the acti (EPSIFER fp{ ﬁlg o “PHE ed by the sequence of
the TT and the s4 peptldes fl anked by two cysteines residues at both ends.
The cystein IS W gse two pepti des were isol ated
from'phagej %ﬁf a%% StHic trg“?} aratré'ﬁtbdes flanked&%}% gég cysteine
resi dues. AL SGidghendstt (et HESHRPUPARE RAPLEEY but

rather mmc them they are called mnotopes: 9 18 27 51 TGC ATT AAT CAT

S U
8% o A AT ] Behden 8, et ool g T, B1gfic gl
Al a Sebadteria Preatofy pNZA24T thad kchibeste dipested twith cthe neathep restriction msyméseaatdd
~With Nhel ch is | ocated 50bp downstrea e se uence of .the cl eavage
site oteV?IHB aretéthwséfmaé SHAPTHPT I8t %ntl riisge (ockaplagipEidase aME ProRase
sequengg &%ﬂg tgggcct‘p dgptide of interest (supra) was inserted between
gest & on ‘fes as two ol igonucl eotides, which were designed
such as to generate the two restriction sites at the|r ends once they are
hybridized. The design of the oljigonucleotides took into account that upon

| i'gat | dheiregipnof ghoe itgcridhe ploned prnteaserwaskepliced hx theseanencsafithe Idt &d,
r emai n?hé)gfﬂeph]d%s ﬁg&ech)lg)? tvacys%éu?e%q:ég fuls C-Vﬂ%tﬁ’ %{1852 ‘?ﬁlg cysteine residues were added

becauses these two peptides were isolated from phage display libraries as circular peptides

flanked by two cysteine residues. As these peptides do not represent the natural epitopes but

rather mimic them, they are called mimotopés:

9 18 27
5'TGC ATT AAT CAT AGA GGA TAT TGG GTT TGC 3!
e as e e e emem e emem e e em e em e wm me - v - 54
Cys Ile Asn His Arg Gly Tyr Trp Val Cys
9 18 _ 27 |
5'TGC ACA GAT CCT TCT GGA GCA TCT GCA CCT TGC 3!
e e mm mmm mee e mm— e ——— e e—e TT

ij. ) Cys Thr Asp Pro Ser Gly Ala Ser Ala Pro Cys

To achieve this, the cloned protease was cleaved with Nhel which is located 50bp downstream
the sequence of the cleavage site of the leader peptide and Pvul, 800 bp further downstream. The
- DNA sequence coding for the peptide of interest (supra) was inserted between the two restriction
sites as two oligonucleotides, which were designed such as to generate the two restriction sites at
th_e_it ends once they are hybridized.' The design of the oligonucleotides took itlto account that

upon ligation to the protease gene the reading frame of the recombinant pi'otein remains open.



10 The anplification product was cleaved with the restriction enzyrres. In
both cases the DNA fragnents were ligated to the protease gfegg

i ntroduced by el ectroporation into Lactobacillus johnsonii anple 2

Tr ansf or g g@RsaIb2 Lact obaci | | us johnsonii For "transfor mati ppTRPHHNESSE

Lact obacillus johnsonii strain Lal (available fromthe Institute Pasteur
under 't he accessi on no. CNCM 1-1225) vi@és grown overnight in MRS broth at 37
Cin anaerobic conditions. An aliquot of this culture was used to

| noculpjecarky dﬁhﬁ(ﬁhcﬁ édlﬂ:'t wasl SleEvRdowRE e f&ﬁ@naﬁoéﬁz%i& N bBthOcdybsS e PRA
After an additional re-inoculation at 2 %into 200°-mM MRS + 0.5 M sucrose
t he cutagmentswaere digated to theaprotds® gensfand irodriced by electunporation linte dnetdvbaygillus
centrifuging at 5000 rpmat 4 C for 10 mn; the pellet was washed tw ce
with i?ég une of a solution containing 1 Msucrose and 2.5 mv CaCl2-

once with %volume of a solution containing 1 M sucrose, 2.5 mM CaCl 2) and
the pellet obtained after centrifugation was resuspended in 3.5 m of a
sol ut iExangle 2 Msucrose 2 5mMMCaCl 2 + 0.459 ml 87 % glycerol (10 % ft nal
concen ratlon ghe C were either directly used for transformation or
f r 0z eriTapsiormstion pf Lagmy “@ latiohBiddhtion 40 Al of cells were nixed with 10 -
100 ng of DNA (|n <5 Al .volunme) and transferred into an ice-cold 0.2 cm

el ect ﬁmmfmaﬁw@mseptﬂas@baeﬂlu@wr@@m Zfrain 121 Fakailable from theohubtibute

1 W EBICHT BT SRS ST B eRCA LA s En Syrrieat e pRsebrel sof 348
v My EES
hours aﬂﬁer@ﬂi@ conditibng Xh 231&@ ot of fid dittSwad BRASS ilotalale (1%%9{11@} Sl vhR

agar plates containing appropriate antibiotic. The plates were
i ncube(h/ﬁ%S)anm&mhg@eﬂ M stiarose2 Afteg ah additiphal redneculatigreat2 % nt@ 200 ind MR SAs a )

selectl S Wi th chlo ni ¢ ed.. . Exanpl.e .3
Cenor 31 Bstoss e Culie gs efBrs /81 (Dsw O s 4 Hh ot ol ip e o7 Arpisising
again a . S
ol br o 3000 <l 4 DEPII:C1 /B RS G SRR RSB 1 Yl Bl

( Prt Biconfdadhg1iM soerose agd Qv eTaClghdnce 'witiR%: boluinde of a 4@lufion vortaibhpPh M
anaerobic system An aliquot of this culture _was_used to inocul.ate_ another

cul t urSBCI98S 4 mgacazza #nd iths prilch obtamed aRerreptrifggation Was resusnendgisin 315 md(9€
2005 Llsotution of 1 M sucrose, 2.5 mM CaCl, + 0.459 ml 87 % glycerol (10 % final concentration).

The cells were either direcﬂy used for transformation or frozen at -80°C.

For the electroporation 40 ul of cells were mixed with 10 - 100 ng of DNA (in <5 pl volume) and
transferred into an ice-cold 0.2 cm électroporation cuvette. Pulses at 200 Q, 25 _p.F , 2.5 kV in ice-
cold 0.2 ‘cm electroporation cuvette were applied. To the cuvette 1 ml of MRS +20 mM MgCl;,
2mM CaCl; was added and the suspension was incubated for 2-3 hours at 37°C. 10 pl and 100 ul )
aliquots, respectively, were plated on MRS agar platés containing the a‘ppropriaté antibiotic. The
plates were incubated anaerobically for 24-48 h at the same temperature as above. As a selection

medium MRS with chloramphenicol (10pg/ml) was used.

Example 3
Generation of antisera against the proteinase PrtB

To generate antisera against the PrtB rabbits were immunized subcutaneously with Lactobacillus
delbrueckii subsp bulgaricus strain ATCC11842 expressing proteinase B (PrtB). Bacteria were
grown overnight in MRS broth at 42 °C in a GasPak anaerobic system. An aliquot of this' culture

was used to inoculate another culture broth (MRS) containing 0.5 M sucrosé and the culture was



.grown for 5 hours-at 42C until an OD595 of 0.6. The cells were collected by
centrifuging at 5000 rpmat 4C for 10 mn, the pellet was vva

with 10m t hen resuspended in 2 mM PBS. Rabbits We

three ti ng&g(ﬁ(z%/@s{égo W8 weeks intervals with 1.5 m PBS resuspen &s?%and
-seven days after the |l ast feeding rabbi1t were bled. Serumwas purified six
times on 2x109 Lactobacillus johnsonii (Lal). Exanple 4 Generation of

- ant i seiggoRd Fr S hodrd &t &Fmﬁy;ﬁm@ﬁsg@o@f@ 788 cdifs Q@Wdﬁ%@t@a%eﬁﬂﬁx 8ok at beooTT
and the E4 m.notopes rabbits were I muni sed subcut aneousl her

pol yoxirpm- aﬂl"@fonl@pm,dbﬂpa]lan ovasowashed wisé withnimi@BS anql ﬂwmsilspemdcdknszhnl e

| i nmpet cyanin (KLH). Rabbits were imuni zed fou sat weeks
i nter vm&t&mﬁ 63 Ehrea timesat twaygeeﬁf thds3 PHJP?&

‘ar_‘ﬁ isep%aggég&%g@&l &’dé)ﬁ a?' f H'%S@diofsg We)‘? Bﬂgom v Ot?ﬁr?ﬂ}d six tlmes on

ni mtoﬁglﬁL&tbme;phﬁaﬂﬁ@aby ant i bodi es I n order to déternine, whether
the lactic acid bacteria express the m notopes in a nanner so as to be
accessi bl e by and recogni zed by anti bodi es, bacteria either containing the

PrtB gm!ﬂlteQOut any nodification, or containing the reconbi nant gene

. (codin for the s4 or the TT m notope respectively) were grown in

25nil  MESEneFationUfahiiicRd agdddekt e Tmlaﬁﬂmémmetoges Bacterial cells were
harvested by centrifugation at 3000 x g for mn at 4C, washed with 5m

ot X R st dEanet bR Tt ol AR B4 BBl Bes b w U SRHRRE By
and 15%%%1@&%61?&55&”9‘{‘ L 0 QHﬁsftﬁfct Bt ¢4 nSiddrhpd EofjuBated with ole

0. lfy% | ycerol,” 07 05% bronophenol blue). 201 ali quots wer € Separ at ed

SDS! rl;dlmuydmng(&LH) &h’omqshwsmslmm(lﬁiz@ Iime)m(ee%tahww tweelisriiotervBlss and

0.5MT Cl pH d ' 25 T mv buf f

a 105'&15# Whrabled SRR S 4t oty ot Sriosioph T PRLFIS PR PES AR

Mannhei: m, it [ 1 ul
ronbr s R R chm‘%%?a%ﬁ%‘?éf@% SEpfAoRO AR o plifiefbrdl L' 00¢ Ve r®C

transfer the nenbranes were bl ocked with PBS/ 5%8SA for 2hrs at RT.

| mmunobl ots were incubated with either rabbit anti-TT serum (1: 1000) or
ant i - PA%ample§ )G 2005 WD 02/ 086102 PCT/ EP02/ 02326 12 serum (1: 2000)

over ni Q%teéﬁon%'frﬂﬂﬁiotj)ﬁ‘bqﬁ%tiﬁgof;%'}ot%%%y%ﬁ&di@ét h a 1:1000 dilution of

hor se-

In order to determine, whether the lactic acid bacteria express the mimotopes in a2 manner so as to
be accessible by and recognized by antibodies, bacteria either containing the PriB gene without
any modification, or containing the recbmbinant gene (coding éither for the €4 or the TT
mimotope respectively) were grown in 25ml medium containing 10pg/ml chloramphenicol.
f } Bacterial cells were harvested by centrifugation at 3000 x g for 15 min at 4°C, washed with 5ml
~ TBS and recentrifuged. Finally the baéterial pellet was resuspended in 450 pl Trié-buﬂ'ere_d saline
(TBS: 25mM Tris/HCl pH 7.5, 0.8% NaCl, 0.02% KCI) and 150pul 4x non-reducing sample
buffer (80mM Tris/HCI pH 6.8, 2.5% SDS, 0.15% glycerol, 0.05% bromophenol blue). 20ul
aliquots were separated by SDS- polyacrylamide gel electrophoresis (SDS-PAGE) (6% actyl-
amide-Bis, 0.5M Tris-HCl pH 8.8) and run in a 25mM Tris, 192mM glycine buffer (pH 8.3) at
100V for 60 min. The gels were stained with BM Fast stain (Boehringer Mannheim, Germany) or
transferred electrophoretically onto nitrocellulose membranes (Protran BA 83, Schileicher &
Schuell, Dassel, Germany). After transfer the membranes were blocked with PBS/S%BSA for
2hrs at RT. Immunoblots were incubated with either rabbit anti-TT serum (1:1000) or anti-PrtB



radi sh peroxi dase conjugated goat anti-rabbit 1gG | munoblots were 005
devel oped with 4-chloro-1- naphtol for 2 minutes. As shown in H §. \iﬁzlg

coul d be observed that reconbi nant Lactobacillus johnsonii showed specific
bands usiwg ¢bfagsi@PPropri ate anti bodies for detection, indi epirigpdhig t he

s4 and the TT mnotopes as well as the proteinase PrtB was produced by the . -
reconbi nant bacteria in the correct c ormation. Exanple 6 ELISA to

detect surface antigen expression on Lactobacillus johnsonii (Lal) -

Tr ansf cermer (h2000)rovernighteat ®Dwand dinonbatedHfor Bhrs =0 RT et airtr 1006t diluhion gof Hagdend

chl oranpheni col , . Bacterial cells, were _harvested by centrifugatign . at_ 3000 x

g for I£$ Pergiidage conjiagaied SO Fpi- it Jmannehlotvere Gawwg At ﬂ;ﬁhqxe—l-

bact er i ek | ¢ resuspended in 9001 TBS. and 1001 0.5M bi carbonate

buf f er %ﬁ'@f&zﬂs’@?"szRm hal f-wel | plates (Costar, Canbridge, MAY-were
coated overnight at 37C with 50 | bacterial solution per well

(approxi mately 108 bacteri a%‘. Coating efficiency was assessed using TTd at
a conce¥ hawpin diig. 108/ 9auld be observied that regembirant Jestopaeidlus jolerenij sshgwed

washed wj . BS,O. 1 %, Tween- 20 unt.i.l £0 ~bacteria.were.left. \Vel]s r

b1 oc ke dPHiBeBERLY e ok SEpfonrie, Heloadiéh G S eEheT (MR ot i ed Fpd Be°rT
rabbi t maiRidtopel SCHWeID R theffroidake PHB fw’a@.d;rnb&@&dt b thed r&bdnitfihatiUadferia in the
anti bodies at a concentration of 10 g/m Tor 4h at 37C. After washi ng siX

ti mes workctRBSf@mBtiomween- 20 plates were incubated 1.5h at 37C with a 1;
1000 dilution of horseradi sh peroxi dase' conjugated goat anti rabbit 1gG

Pl ates were washed six times with PBS/ 0.1 % Tween-20 and devel oped with

tetr anmfayhieszi di ne (TMB; Fl uka Chemie AG Buchs, Switzerland). The i
‘reacti On was stopped wth 1M H2SO4 and absorbance val ues were neasured at )

450 rumrIShng fkcbhirfibe AR oxpdBbACH IR lIGE RhBRReaI P L zer | and) . A T

are illustrated in Fig. 2 anti-TT and anti-s4 antibodi es specifically

recognized .t he Jive, reconbinant Lal expyessing, TT and.c4 m nptopes

|l oA Rd | Wbtertho WFiRo  BRED RYSBAERE ot U # PR p GRYBRIDR dRuE/E)

surfac .%hﬂifrm ulcljaélfﬂt EE. t@fiﬁl%ﬁﬁs w%'ﬁ%?%@&ﬁbﬁ&h%g&éoﬂﬁm g%)lo%h g% 4“' C A

bacterial sttain of the lactic aci act errum gfoup, expressing a surfacé

pol ypeptastied with 5Sml TBS and recentrifuged. Finally the bacterial pellet was resuspended in 900pul
TBS.and 100ul 0.5M bicarbonate buffer pH9.6. Costar EIA/RIA half-well plates (Costar,

Cambridge, MA) were coated overnight at 37°C with 50 pl bacterial solution per well

-

(approximately 10® bacteria). Coating efficiency was assessed using TTd at a concentration of
10pg/ml as coating antigen. Plates were extensively wé.shed with PBS/0.1% Tween-20 until no
bacteria were left. Wells were blocked in PBS/5%BSA for 2h at 3;7 °C and incubated with 50 pl
of either rabbit anti-TT serum or affinity purified rabbit anti-e4 serum IgG antibodies at 2.1_ ' _
concentration of 10 pg/ml for 4h at 37°C. After washing six times with PBS/0.1% Tween-20 o )
plates were incubated 1.5h at 37°C with a 1:1000 dilution of horséradish perOiidase' conjugated
. goat anti-rabbit IgG. Plates were washed six times with PBS/0.1% Tween-20 and developed with
tetramethylbenzidine (TMB; Fluka Chemie AG, Buchs, Switzerland). The reaction was sfopped

with 1M H,SO, and absorbance values were measured at 450 nm using an ELISA reader

(Molecular devices, Basel, Switzarlaﬁd).

As are iltustrated in Fig. 2 and 3 anti-TT and anti-e4 antibodies specifically recognized the live
recombinant Lal expressing TT and &4 inimotdpes indicating that the two mimotopes were

expressed and dispoayed on the cell surface of the'bécteri.a.



mhkgg ains a peptide sequence m mcking at | east part of a

cbhr 4#%§b onal epitope of an |gE nol ecule, wherein the surfag % Pt EfR)o0o:
is the cell surface anchored protease of L. bulgaricus. 10 j TN@?g'gferla )
strairn according to claim1, which is selected from Lactobacillus group or
Bi fi dobacterium group or Lactococcus group, and is nore preferably derived
fromthe groups of L. acidophilus, L. johnsonii, L. gasseri, L. casei, L.
paracasei or L. reuteri. 3. The bacterial strain according to any of the
precedi ng clains, wherein the peptide 15 sequence is derived froma
sequence selected fromSEQ ID. No. 1 to SEQ ID. No. 19. 4. A food
conposition containing a bacterial strain according to any of the preceding
clainms or a supernatant thereof. 20 5. The food conposition according to
claim4, which is selected fromthe group consisting of mlk, yoghurt,
curd, cheese, fernented mlks, mlk based fernented products, 1ice cream
fermented cereal based products, nmilk based powders, infant fornulae or pet
food. 6. The food material according My of the clains 4 or 5, wherein
the bacterial strainis 25 contained therein in an anount ranging from 10
to 1012 cfu / dosage form 7. A pharnaceutical conposition containing a
bagt eni al A haLRAESRLR ALk Qa@iY 2l Bddferivih 3tdth, éxf,&sﬁng ANENRER patfiFdptide -
17-04- 2003 2 15 AUG 2005 EP0202; 8. The pharnaceutlca conposition

accor gvhigh contdind apéptiddseqionce Immhalztrgr atdkass pagiof a confommitiomad dpitbpe @ifrani n
an anmount ranging from 1010 to 1012 cfu / dosage form 5 9. Use of a

bact edgBImetecale: whersinthegsubacenpolypeptide s thengell sedage prehared psetegse ofibn
of an tggstable carrier for the treatment of allergy and/or prevention of
t he oﬁgég Y¥Sal l ergic reactions. 10. Use of a food or pharnaceuti cal

conposi tion according to any of the claims 5 to 8 for 10 the preparation
of an ingestable carrier for the treatnment of allergy and/or prevention of
e gnset Tie badieridi strafieacéirdirg toraNRED vHEI-Ts deléctédFodd Dacidbatll38EbAR

or Bifidobacterium group or Lactococcus group, and is more preferably derived from the

groups of L. acidophilus, L. johnsonii, L. gasseri, L. casei, L. paracasei or L. reuteri.

3. The bacterial strain according to any of the preceding claims, wherein the peptide

15  sequence is derived from a sequence selected from SEQ. ID. No. 1 to SEQ. ID. No. 19.

4. A food composition containing a bacterial strain according to any of the preceding

claims or a supernatant thereof.
20 5. The food composition according to claim 4, which is selected from the group
consisting of milk, yoghurt, curd, cheese, fermented milks, milk based fermented products,

ice cream, fermented cereal based products, milk based powders, infant formulae or pet food.

6. The food material according to any of the claims 4 or 5, wherein the bacterial strain is

25  contained therein in an amount ranging from 107 to 10'? cfu / dosage form.

7. A pharmaceutical composition containing a bacterial strain according to any of the

claims 1 to 3,

AMENDED SHEET



SEQUENSg!l STI NG <110> Societe des Produits Nest16 S.A. <120> Lactic acid
bacteria as.agents for treating and preventing allergy <1?10§8&§5842 31;40>EP0202\
<141>2001- 03- 02 <160>19 <170> Patentln Ver. 2.1 <210> <212> PRT
<213> Hono sapi ens sapiens <400> 1 Ile n Hs Arg Ay Tyr Trp Val 15 °.
<210> 2 <211> 8 <212> PRT <213> Hono sSapi ens sapi ens <400> 2 Arg Asn Hi s

Arg Ay Tyr Trp Val 1 . 5 <210> 3 <211> 10 - <212> PRT <213> Hono sapi ens
sapi.ens <400> 3 Arg Ser Arg Ser Ay Ay Tyr Trp Leu Trp 1 5 10 <210> 4

s _
211>3_10 The pharmaceutlcal composition according to claim 7, wherein the bacterial strain is

contained therein in an amount ranging from 10'° to 10'? cfu / dosage form.

5 9. Use of a bacterial strain according to any of the claims 1 to 3 for the preparation of an

ingestable carrier for the treatment of allergy and/or prevention of the onset of allergic

reactions.

10. Use of a food or pharmaceutical composition according to any of the claims 5 to 8 for
10  the preparation of an ingestable carrier for the treatment of allergy and/or prevention of the

onset of allergic reactions.

AMENDED SHEET



~ PCT/ EP02/ 02326 1 15 AUG 2005 WD 02/ 0861Q2 PCT/ EPO2/ 02326 <2123 g’gﬁggﬂ(}&
Hono sapi ens sapi ens <400> 4 Val Asn Leu Thr Trp Ser Arg ilLa Ser y 1 5 10
<210> 5 <212> PRT <213> Honmp sapi ens sapi ens <4Q{5py Asn
Leu bror Tirip% "é@rs‘}‘%rzg Ala Ser Ay | 5.10. <210> 6 <211> 10 L
- Honp sapi ens sapi ens <400>sSookaice Aststiee Thr Trp Ser Phe Gy Leu Gu 15

10 <210> 7 <211> 10, <212> PRT <213> Honp sapi ens sapi ens <400> 7 Val Asn

Leu ProJi@ Sebi&ihe ol Yo lQi Wesd1 & s1R), <210> 8  <211> 10

<120> Lactic acid bacteria as agents for treating and
preventing allergy

P

<130> 80284

<140> .
<141> 2001-03-02

<160> 19
' <170> PatentIn Ver. 2.1

. <210> 1 S -
Cy <211> 8 '
/ <212> PRT
<213> Homo sapiens sapiens

<400> 1
Ile Asn His Arg Gly Tyr Trp Val
1 - 5

<210> 2

<21il1> 8

<212> PRT

<213> Homo sapiens sapiens

<400> 2
Arg Asn His Arg Gly Tyr Trp Val
1 - 5

je—e

<210> 3

<211> 10

<212> PRT

<213> Homo sapiens sapiens’

<400> 3

Arg Ser Arg Ser Gly Gly Tyr Trp Leu Trp
1 5 o 10

<210> 4

<211> 10



<212> PRT <213> Honop sapi ens sapi ens <400> 8 Val Asn Arg Pro Trp Ser Phe
Gy Leu u 1 5 10 WO 02/086102 <210> 9 <211> 10 <212> PRT <2]135 A@@tﬁﬂﬂﬁ
sapi ens sapi ens <400> 9 Val Lys Leu Pro Trp Arg Phe Tyr Gn Val 15 10 .
<210> 10 weodbhssh® <212> PRT <213> Honp sapi ens sapi ens <4@Gyeph@odk Trp
Thr Aldwg%s dy Tyx.dy Arg Met 1 5. 10 <210> 11 <211> 7 <212> PRT
<213> >sBRt ens sapi ens <400> 11 Ay Thr Val Ser Thr Leu Ser 1 5 <210>
12 <219213p Hegfol ZapPRE s2iidnsHonp sapi ens sapi ens <400> 12

<400> 4
Val Asn Leu Thr Trp Ser Arg Ala Ser Gly
1 : 5 ' 10

. <210> 5
1 <211> 10
<212> PRT
<213> Homo sapiens sapiens

<400> 5
Val Asn Leu Pro Trp Ser Arg Ala Ser Gly
1 5 : 10.

<210> 6

<211> 10

<212> PRT

<213> Homo sgpiens sapiens

<400> 6
Val Asn Leu Thr Trp Ser Phe Gly Leu Glu
1 5 . 10

<210> 7

<211> 10.

<212> PRT

<213> Homo sapiens sapiens

Ja—

<400> 7
Val Asn Leu Pro Trp Ser Phe Gly Leu Glu
1 5 10

<210> 8

<211> 10

<212> PRT

<213> Homo sapiens sapiens

<400> 8
" Val Asn Axg Pro Trp Ser Phe Gly Leu Glu

1 5 10



,Leu Leu Asp Ser Arg Tyr Trp 1 5 <210> 13 <211> 7 <212> P '<3éﬁ§ ggnn

) saplens sapiens <400> 13 An Pro Ala Hs Ser Leu-Ay -151 i\ 3

PCT/ EPO2/ 02/ 086102 <210> 14 <211> 7 <212> PRT f99598

sapiens: s‘géﬁé&séggow 14 - Leu Trp Ay Mt dn Ay Arg 1 <210§ 15 <211>

. 15 <2125;#RE <213> Hono sapi ens sapi ens. <400> 15 Leu Thr Leu Ser His Pro
H's Trp Mg, Lgu Asn H's Phe Val Ser 1 5 10 15 <210> 16 <211> 9 <212> PRT

<213> Fb 2sgg\lens sapi ens _

<213> Homo sapiens sapiens

<400> 9
Val Lys Leu Pro Trp Arg'Phe Tyr Gln Val
1 5 10

<210> 10

<211> 10

<212> PRT

<213> Homo sapiens sapiens

<400> 10
) - Val Trp Thr Ala Cys Gly Tyr. Gly Arg Met
) 1 5 10

<210> 11

<211> 7

<212> PRT

<213> Homo sapiens sapiens

<400> 11
Gly Thr Val Ser Thr Leu Ser
1 : 5

<210> 12
<211> 7
<212> PRT
7 <213> Homo sapiens sapiens

<400> 12
Leu Leu Asp Ser Arg Tyr Trp
1 .5

<210> 13

<211> 7

<212> PRT

<213> Homo sapiens sapiens

<400> 13

Gln Pro Ala His Ser Leu Gly

-1 5



<400> 16 Ser Met Gy Pro Asp A n Thr Leu Arg
PRT <213> Hono sapi ens sapi ens <400> 17 . Val
18 <211> 126

1 5 <210> 17 <211> 6 <212>

Asn Leu Thr Trp Seg_
<212> PRT <213> Honp sapi ens sapi ens <400> 18 1 AUG 2005

|5 28060>

PCT/ EPQ2/ BXB023086162 15 AUG 2005 WD 02/086102 a= dn Val Ly éﬁﬁp Edb £ u Ser
Gy Prody Leu Val Lys Pro Ser du PCT/EP02/02326 1 5 10 15 eu Ser

Leu Thr

Cys Thr Val Ser Ay Ay Ser lle Ser

Ser

Ay 20 25 30 Ay Tyr Tyr

Trp Thr Trp Ile Arg G n Arg Pro Ay Lys Ay Leu Gu 35 40 45 Trp Ile Ay
Tyr 11e<338> T¢yr Ser Gy Ser Thr Ser Tyr Asn Pro Ser 50 55 60

<211> 7
<212> PRT
<213> Homo sapiens sapiens

<400> 14
Leu Trp Gly Met Gln Gly Arg
1 5

<210> 15~

<211> 15

<212> PRT

<213> Homo sapiens sapiens

f.

<400> 15

Leu Thr Leu Ser His Pro His Trp Val Leu Asn His Phe Val Ser

1 5 10

<210> 16

©<211> 9

<212> PRT
<213> Homo sapiens sapiens

<400> 16
Ser Met Gly Pro Asp Gln Thr Leu Arg
1 5

<210> 17

<211> 6

<212> PRT

<213> Homo sapiens sapiens

<400> 17

- Val Asn Leu Thr Trp Ser

1 5

<210> 18

<211> 126

<212> PRT o
<213> Homo sapiens sapiens

<400> 18

15

Nt



Leu Lys Ser Arg Val Thr Met Ser Val Asp Thr Ser Lys Asn @ n Phg %gg 70575
80 Ser.Leu Arg Leu Thr Ser Val Thr Ala Ala -Asp Thr Ala Vval Tyr . Tyr 85 90
95 Cys Ala Arg Qu Arg Ay GQu Thr Gy Leu Tyr Tyr Pro Tyr Tyr Tyr 100 105
110" 1 l,e me@o2Re10rp Gy Thr Gy Thr Thr Val Thr Val Ser SePCT/EPBR/R3YW 125
<210> 19 <211> 112 <212> PRT <213> Hono 'sapi ens sapi ens <400> 19 du Leu
Val ~ Val Stphyalahiys prey APy gt Sva| Clge PraGyy Seau Bpb Igisy Prp (Fer1GB 10 15 Ser Ile
Thr Ile Ser Cys Thr A§ Thr Arg Ser AspovVal Ay Ay Tyr 1520 25 30 Asn Tyr
Val Ser Trp Tyr dn A@n His Pro Ay Lys Ala Pro Lys Leu 35 40 45 Met lle

Tyr Aspri¥atbeSeer Asdh Ahg Y0 TREMVAE Feathy S0y §8P AlUsBN&ser581p5 60 Ser Gy
Ser Lys Ser Ay Asgp Thr Ala Ser Leusgfhr Ile Ser Ay f4gu 65 70 . 75 80 A n
Ala Gu Asp Gu Ala Asp. Tyr Tyr Cys Ser Ser Tyr Thr Ser Ser 85 90 95 .

ély Tyr Tyr Trp Thr Trp Ile Arg Gln Arg Pro Gly Lys Gly Leu Glu
35 ' 40 45

Trp Ile Gly Tyr Ile Tyr Tyr Ser Gly Ser Thr Ser Tyr Asn Pro Ser
50 55 60

Leu Lys Ser Arg'Val Thr Met Ser Val Asp Thr Ser Lys Asn Gln Phe
65 - 70 75 80

Ser Leu Arg'Leu Thr Ser Val Thr Ala Ala-Asp Thr Ala Val Tyr Tyr

Cys Ala Arg Glu Arg Gly Glu Thr Gly Leu Tyr Tyr Pro Tyr Tyr Tyr
100 g 105 110

Ile Asp Val Trp Gly Thr Gly Thr Thr Val Thr Val Ser Ser
115 ' 120 ' 125 '

<210> 19
<211> 112
<212> PRT
<213> Homo sapiens sapiens

<400> 19 :
Glu Leu Val Val Thr Gln Pro Ala Ser Val Ser Gly Ser Pro Gly Gln
/ ) 1 5 10 - 15

Ser Ile Thr Ile Ser Cys Thr Gly Thr Arg Ser Asp Val Gly Gly Tyr
20 25 30

Asn Tyr Val Ser Trp Tyr Gln Gln His Pré'Gly Lys Ala Pro Lys Leu
35 ¢ 40 45

Met Ile Tyr Asp Val Ser Asn Arg Pro Ser Gly Val Ser Asn Arg Phe
50 55 60

Ser Gly Ser Lys Ser Gly Asn Thr Ala Ser Leu Thr Ile Ser Gly Leu
65 70 . a 75 80

Gln Ala Glu Asp Glu Ala Asp- Tyr Tyr Cys Ser Sexr Tyr Thr Ser Ser
85 90 95 .



