; e3ezTp\ 6&Tz' OWD 02/ 2-4883 PCT/EPO | /10956 Lactic acid bacteria capable
of reducing an individual's tendency to develop allergic reactions 5 10 15
20 25 So\gﬁﬁzﬁhﬁgent invention pertains to novel strains @trlsgii®@saci d
bacteria that are capable to reduce an individual's tendency to devel op
allergic reactions. In particular, the present invention relates to novel
strains of lactic acid bacteria that express pol ypeptides incl uding

t ol erogeni ¢ peptides and the use thereof in reducing an individual's

tendency to gic reactions. The inventi ins to food

or phar mceuﬂmwm'lmmwg%ti ons containing said m cram‘k\mgmmmmmr active

fractions thereof. ies are inappropriate react o) e i mmune

+ systemto a vari &%f substances (allergens). General |l y'*Phdi vidual s do

not generate a substantial inmune reaction against substances regularly
encountered in senv : ] whi ch

* non-reactivity ?J%%ggg\r%tfdﬂ{ﬁgﬁgétﬁ#&?}l?)ﬁ%ﬁ@@#é&%n?h%ﬁ@%&l%ﬁ%c ani smof the

i mune systemitsel f. Howeverto dévebsp allgraid Asheionisli tion the inmune system

does not fulfil said suppressing activity (designated tol erance) resulting

in & specific imune reaction against the allergen - the allergic reaction.

Al l ergic reactions involve the release of biologically active conpounds,

such as the inflammati on nedi ators histam ne, |eukotrienes and enzynes,

f rom pamt ipedsbt in¢@itloR peltBind ky/ nd¥RSs ktr&ifd bSladticladia baRbid thaf ARBWapsld BSrediicy

sur roundi ng tissue ané) vascul ar structures. Mast cells are dispersed

t hr oughislivideals temdengy dudevelap slangic wpadtions. da aptidulas, therpredeat svantion relatpeto

o o e RO B BUERE P bR el BB e AR R o
phay maaR) @@ thadeol ARAFIALOINAS -anlifdividgaRa@hdentP R0 AeVdISH alérgicn@hMicA¥at e fiveht®dd NY
fromallergy has increaséd, which is often attributed to an ever increasing

at nosphkspipertpins | tatfood ot abaredcdyfical cpmmsiians tcogtagrsg sl microaorgenisma e dictive
consunpti on o{lﬁpr tei naceous material is deened to contribute to said

devel gg‘?‘?&tﬁ?n,s“ e?)ﬁrti cular to the grow ng occurrence of food allergy. In
addition, the deficit in mcrobial infections WO 02/ 2- 4883 PCT/ EPO1/ 109S1
2 encountered in devel oped countries has been suggested as anot her possible
cause fAdlergitseare rinappacperiate reattogms of thesipanwse systeadtcad Verdy ef sarsthneese(alibenks).

i nt ol erance. of. son i nd have beco uite common. The nmpjority ' S of the
af #gct nF‘ﬁHVv‘i“aWﬁ‘?&@ﬁ@“ﬁé@ﬂ*&%“&“%‘%H}%‘i‘f’ce TEACHoRagR faﬂ@é‘%{‘?fsésg‘{l%lfﬁbh
consti HeRhRrQ inf RO SSvilinhitnf R sia 8h 6£Rjod%h téﬁﬁﬂ, WhidH ln@l?-' %ti@i‘t’f{% deemed to
devel opi ng reactions to 1 ngeste ubst ances V\?‘II ch” are su ];I cilently serious
t o r eqbenrmeiniydiuedd asupEmtsirgnmedhanisecefithe yaanae aysten nself Hiswemenihed itpaired he
maj or cause for food intol erance reg}ié&es A n the 10 absarption of sugesta ces
by t he SBR{oR the IEPENAGHREM (o R0, | SHA| PRPIEEUNE REMERE (designalsipiolerapet he

gastroi i pal i 1 ble L adjvi _Thi > ti i
deened r%ﬁggr ?@g %l{eg{}nfcdgl?géﬁ gi&gﬁét) gg%llhés}sth\eé \%\%?‘%% I Fﬁée:dllf[%léc I ggé{ﬂi \,/;,EEE c:mt
(P&0er seaetiond .invdliO8Ry relense of hiblogeslly aetiteramimpoinds] 2stich Chaaitlseo in@dmmbtion
(1990) Scared. J. of Gastrqenterql. 25, 321; Hol]lander_et al., (1986112 An(im
of | nt MegiRiors (jstamings ) leukptrenes aad: enzymaeniiom perticwlan opily, mpnlpmagerply an
cells i . : [ S ol
account TS a3 B RRARE Mt wrl CackhiE Sobor Rl NG Gt dfipified

i nf | amiabighmuanbe ddivdgile tissuecwhitst Hasophile |circaliateatwithin( the SAjcul amaystein. Rewn. a
172, 315). The_manifestation of food allergy may inyol ve substanti al Ity any
ti ssue SPHHENFR Op GYSALs BIA(RS [gf antibodies the copPeHRdYMediglopsareiygleased from farget
gaskr oi { 1 rach i i t he major site of absorption for 20
of ?’gndin%?gédS??Qlﬁ?é@%%%ﬁgéﬁ%ﬁgh@@ﬁ%{%m of food allergies are manifest
in the digestive tract itself, but mght also affect other tissues,

including the skin and airways. In the art different approaches are,
pr oposdl the nasle dhe Juumbeypf individualsi suffesings Gom alleray s ipgreesed, sligh iHpfemch

. ains at EAVANY . i i ' f h a
Lo o (aPBkel AT b0, 0L Hmdefiedt REAATN EallBE B B0 Bl e RO
banni n@gxidhded oatbuaintion Be rREhacebteiRRtial isafdem@l ity @bixtribitdai 6 haidQleéloEﬁlehﬂen

cause of such problens. A probleminvolved often resides in that the

spaS8i f irartiHiar de fiesraving: egstrencsl af Seaseallergyn In pdditiens teadaficl in sjerohiel fpetions s
frequently not known so that in nobst cases it is not clear which conponent
shoul d be 30 selectively renoved. WO 02/ 2. 4883 PCT/ EPOL/ 109SC 3 In

US-5, 480,660 is reported that the onset of the allergy in patients with
allergies to wheat may w be alleviated by elimnating or reducing, from
flour, proteins having nol ecul ar wei ghts of not




nore than 30,000 Da and proteins having a nol ecul ar wei ght of between
50,000 to 70,000 Da. 5 In JP 11 04 67 21 there is disclosed a nethod for
reduci ng WwHealdger geneicity of a protein containing food petrgposicossherein
the food material is mxed with wheat flour and the m xture is baked for
more than 3 minutes at 180 C. In US-4,293,571 the preparation of a
hypoal | er geni ce conposition is described, wherein a 10 protei naceous

mat er i ancohmntérd® i dértofed cautyids Bhy/bded sh@aiei®b anothBepdseitie tdusg for@e increase
hydrol ysed proteins are subjected to coagul ati on by heat treatment followed
by an witatapiq diseases. on step to elimnate the coagul ated material and

macr opepti des that m ght constitute allergens. In US-5,039, 532 anot her

* process for the preparation of hypoallergenic food material is disclosed,

15 wherRjod afleydi€syandrsvei €6od iBtdlstah@CdfednekinEaVEEoc6mb Yiite loyiron. TRE majolity
t hese nethods of treating the food material or even excluding it fromthe

" dai Py difethe affsated dndiyidypls\have bepre fends tocenhibii an prtgleranse to seriain qonsljtuendyof r e

cvent ugPe SRUE R gl B Jhe Porio%: s e fhink e KRR G T a1
of the \ivﬁl@hx}e%ﬂ@ﬁciexﬁly@eﬁéﬂt@%cpﬁ%&ﬁma@éntfoh.eati ng 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

t. US 5,192 750.d ib f N t ' to. bl
e’ mucBoot g idos poh Suelel 04D e e 2665 tor Snd CERGRBRe iR e
al lyer g%ox?ﬂgn b suBRtaRE :lﬂ' RO HEEY tHhatAE hbBRallyAGERIdEA RBhikR a&é‘?hp@%,{'%’lszorbed by

approach of treating allergy vaccination of individuals against 1g
mol ecul the gasirciniggianmt tractvinisedeeptithie ndiwidedle This ygkabsogptoh ivslsemedid dertvadiom

b hils. To thi, d,. 97/ 31948, i fi tides f

Vacc! nefalists BHBE (RS SHintETGn (i BRPSLYR 00 GIFRENS ForidPSSECR | O GRFPBHeTSh o
f th L&, i ' ' hi.

edi at o2 CRpTuadr ({PTESARP S AR key BF 0T, HiftdSt PERS(PRS) Ain. of ot

reacti ovied. 105, 883) (Theaesently tithaitificl eapavity \of dpithélial oulls lining ke &Y Stacimovprotess
eventual ly formantibodi es directed-to said, | gE nol ecu] es WO 02/ 2883

PCHAEPCRIATIEssRt antigsntRight also deqoynt forthetragrsiye of impropenianyresactiong leading to
However ,  .Sai r i t ag apt. i f or med
oy exribinepREet B AR oD CapREP R A00 oD whltfolREL 198 ) (ha
the natural defence nechani sns of the individual may be adversely

influenced. ~ S In EP 99200130.5, a patent application owed by the present
appl i cahite mamifestations! fond glterghmey inobie sithetantiadlyiany tiseus cthe hpdy. digetiise of its

di scl osgd. h al l ergenjc.co Ltlon .l S..proposed that contaj .

non- al | lg{rj ceér?fsg,%@)? t8Hs ?“ve e#%ftrﬁi}lg% glﬁ?/ls%é%ct pl? {kgilryn%né g}rlff g?d J%rngi?eo?f gﬁ sfor%é%mai;%r no
acizd basffehdaipdsubktah@RSMaaHf tie) §haae6mk 6f Rl dldezied arelRarifSPRCHE \dezestive tract

al l ergenic protein. Al though this conpgsition provides many advant ages over
the pri Wlfagvt might alse affeqt offier tissugs, incleding theiskiniand aiyays.ogeni ¢ pepti de, 10
whi ch has to be produced for each batch de novo. Therefore, there is a need
inthe art to provide inproved neans for treating allergy. An object of the
pr esent Ini thy eRdifidteitippRbENS afcsiofeseditd trodt QU T8 pattidhla® fomPdlkrgyl 5 The above
obj ect has been solved by providing novel lactic acid bacteria strains that
are capable to reduce an individual's tendency to develop allergic

re ions. The novel l.actic acid bacteria ress a .pol ypept.i t ha .
narBour 0% ok g 25 i g e silio? o AR el eatBRA AR S st dow
confi gugigdrgieNpétbniidleist RIIBEQTCTHIS RSP bedsthidved SByRilGEng t &€ baidd |thd Yood or
preserved and may thus be 20 processed and recogni zed by the individual's

i mrune esmpanents| tereef fespgtively, mhich wouldobs theheaysei ofasychs prpblemse A groblem

« peptides cpntained i.n t.he,respecti.ye fractions, of e (3,25, act ogl. | i,n
i of y el DR retifes i T0HRE SBEAING anideie et folEreel i e RRgl it

resul t spfafdial Refeqikhthy AR IKA6RHDItRat R RiosU@S 4T RINA R1dat @B dHOebIpoRemahb@dDe

+ experinents. 30 Lacti'c acid bacteria, in particular Lactobacilli and

Bi f3Mobsaiectively removedbeen shown to nodul ate the




i mmune system w thout |eaving their |unenal habitat by produci ng nessengers
(cytokines) involved in the regulation of the i mmune system Lactic acid
bacteria ri gger the production WO 02/ 2- 4883 PCT/, 93¢ 5 of
pro-infl \an?gésfscytokl nes, such as IL-8, TNF-a, MCP-1 ané)%ﬂcisﬁ g

rat her pronote the productl on of inflangration inhibitory cytokines, such as
TGF-13 (Blumet al., {1999) Antonie van Leeuwenhoelc 76, 199), vm'th

| mpor t aRtys-BRIsLEBD i oftEd aifa¢ tﬁwoﬁsla@ome Bi&BFHE BatRintPRith aqlfaﬁglés%e@&daﬂﬁiay

i mune "honeostasis and the epithelial barrier integrity (Pl anchon et al
(1999) b al[éaidtecﬁb?hhsmwmgmledlﬁtﬁ')g, ftaamﬂnmr, @notbips haviap mdeculasweightsof ot

| act obaci | | ate hown to ert a, ressiv
It ogeEPHRLELI GGP By BITOR BB ok ek v eied] DLber a0 000 G700 R
Appl. Environ. Mcrobiol. 65, 4725). Lactic acid bacteria (LAB) may be used
for heterol ogous (over-)production of proteins and 10 peptides with systens

* to pernntJexpressidi dfera 19‘ drseliogmi ganethbd faxdradnciap rthmﬂlemlnelicmy @draaprodein or

epi somal plasm d el ements_(see_e. Kui pers et al 1997) Tibhtech 15, .
140) . reriaiing foodsmpienials MICKI e Pod MalpEa S@e}fc%mtmwh éBWiﬁﬂdztBe FRIEIHES
surf acesy, i t b adj uvanticity associated wth nuranyl
pepti des resulnt?(i)ﬁjr%éﬂ %ﬁ%%bdé%t#éggl?can degradation. 15 Further, it has been

shown that certain Lactobacill us strains pronote antigen-specific inmune
responses, particularly in the A class (Maj amaa et . al (1995) J. .
Pedi at rin B84.#%ehtle ths prqna{aiwn aé%?alletg?@lqenwmsztgpnofs Iﬁ‘ﬁ??élhe gwherein a

conp| e te

rralnllr?!t e n%eﬁer&(%?ﬂ{sh% ? 1tefggr ?Lfbiléc\’e?l ggﬁ ° #rgéc{g%mb | fsre%}v ﬁ{(%t glregv diEbl#ocal
i nfl ammbing areambjeord ton@apdatich bafﬁeuﬁh@indeﬁukﬂlb)ﬂeﬂsb}aﬁﬂ vlghfiaatorobtep to

i mmunol ogi cal effectors that 20 enhance nucosal nenbrane perneability due
to tisstlBnigaiedlrecoagnlatedanatemnl and mastRpeptides shat mightcoastinigHlisrgeA®tchani sm | gA
mght limt further absorption of bystander antigens and thus abrogate
anaphyl actic reactions nedi ated by anti bodies of IgE and 1gG isotypes.

Mor eov e, U$-3339 G@Q'ahb!heﬁ%%@es@ F6Hthe Eg@lﬁﬁrah@n BPhydhilerenit Mo dmattal is Aikcsed,

| FN-gamma by i sol at ed 5 cells ern et al. 2991) Int. J.

| nh$not wbereina WMOdIRéM]WtGdTFRn@mm hydeolysisen shown to i nhi bi t

TNF- al pha rel ease of intestinal nucosal nmast cells (Bissonnette et al.,
(1995) Tilt. Arch. Allergy hnnunol. 107, 156). Increased |IFN-garrinma

secr et i pg, AllGREsePmehons oﬂ%ﬁﬁxf%ﬂieafooﬁfrﬁ@c@ﬁzﬂ &f evEhexaluaigy (tHeémanel qfailPasd o
et al., (1994) | mmunol o and consequently counteract the

per rreamwentu}llyi ipsevedier badg'ﬁeulhuenrammda singo dhey tegugcy digtgevisiont asipdly involving

e omn D TGRiEtE e el Mo et B e R o i SetBhRede Pe By
di efpar yg@% Sk harvaasial al | ergens. WO 02/ 2-1t883 PCT/ EPOL/ 10956 6 Duri ng

t he exteéensive studies leading to the present invention the inventors have
t herefore devised neans to conbi ne the advant ageous properties of lactic

aci d bagt a Wtht nt i of.. t ol erpgeni ¢ etldesto erate a
power T i e ebptpih,ob BT, Bed ek S HRY FifoRireas SreafiBriS o fafands
al | er gi @ain@atihl GRS intSstilR® InfhitF sdd thab 364 E hilet dsoeéa&mmdmw rloN Pad. G Qs

i nvention preférably bel ongs to t he Lact obaci | group Or Bifidobacterium

gr oup orespest USchHt¥Ls5 Gdesabesdhe usesofmiragetyk gﬁmsamhye tdenplbledhd myposalie fcgpmthps
aci dophi,l us ohnsoni asser i . .casei acasei .
or | SecE Rt er R rabiaTon af o alBRREnT B e iy anyiormal SRENEEEI er ogeni o
pept| de, which is a peptide derived froma given protein causing allergy in

an individual generally has a size of about 200 to 6000 Da and is a peptide
capabl eAtoordinguoeydt cdreitieen cappeach exd’streating t dilergyr vdceimation rafnirﬂhiidltalsi gaisst IgE

e ariplnE e A TR o e ey Sl i oA i O°
Ol e 0SS RERidpEs ol perRREORS Dibchidibl Al £54RIo! VAR e Binfensiona

. peptide is ins reconbi nant neans i1nto a poly pept| e synthesized in
t he3d acd:onfommtldnlmrts ef therng wiviledulg) dnyrpapglobidinsdyvdivedeindbe eslese of tie mediators

exogenepus. t bact um The tole nic peptide is jnserted, i ch a
way tha’cnvpltvegsmpF s ER °Bn° t RreCTgler ?‘fﬁ[ué atg% r?aé'@ﬂ?%l g'Sr %%Faéﬁ%{ B‘G
pol ypep. Yotk

% ypepiydﬂﬁd&% %ﬁg%{r%esgﬁgm%m ROAMUIR et B ELEHEAPYS LA @M@&lms
met hods well known in the art. For exanple the commercially avai I abI e
vectors pNz124 (Platteuw et al., (1994) Appl. Env. Mcrobiol. 60, 587),
p&Kl 2 (Wal ke et al., (1996) FEMS M crobiol. 138, 233,) or pGthost9 (Maguin

et al., (1996) J. Bacteriol 178, 931) nmay be used for episomal expression.
Ye_t, haV| ng |n 25 m nd the superl or stabl I|ty of chrormsorre |nt egratl on,

Y .




5 cell wall anchored protease. The nature of the polypeptide is not crucial
with the proviso that the tol erogenic peptide may be inserted such that it
is accessyBlogri@s the inmmune system However, once a suit glrgropi®@sogeni c

pepti de has been identified it is well within the ordinary skill to arrange
the tol erogenic peptide in 10 such a logation. To this end, the skill
person will consult three dinensional nodels of the pol ypeptides, into

whi ch thent glaerage ffgﬁ Bﬁﬂ%g@o&ﬁiﬂso g}ae sbdvefgdde danevdrasat Qhletfiot? Marbors the

information wll deSign a cofrespondi ng reconbi nant protein. In a preferred
enbodi ndisadviitege thabthe amibbdies fynredt make sxlabie cessrectdity witr ethar inamgegldbulit he
cell 15 wall of the bacterium such that t t.ol er ni c_peptide j
' const an‘flﬁife%FM?téHe pefural deisacs mechiegisms (’?ﬁtﬁ lF@ﬂvéﬁlg AY be ngqegé‘“?lgerﬂ:éfli ved
fromfood material causing allergic reaction. Yet, it is not essential that
its am no acid sequence corresponds to that found in the native protein,
" but SanyIn?BP [96p00186.5s aqiatsnt @pplévatiog osseé ivyithe pyestiteappéivantawhivh s indt getcheence
and , possibly three dinensional conformation as the startjng peptide or a
der i vedP'pbishsse il raothes rapprash vk idiselasedi i ypoalieraenic gompreition s prepased dhat
i.e. in L ' ; ' . W i . t he
gi ven pootais 8 abEAELRE, leddufly @b RAP BRGrialidigD g bl i Yagh
peanut , aey atdéa8t@etolctdgehic pEptile o518 aghpedtivetiyrgemiy phéteine Mlithefgtthissdodtpodision
e.g. f3-lactoglobulin, bovine serumalbumn or casein. In order to identify
t ol er ogievidep 8y @dvantages Avee thganrior afpit dy sti] difficylhiepligin the tplerogenis nephids. ed
to e i i of about 10 to 50 % and the residual
enz@n&tﬁéﬁg?'%%f/q%q{;(ﬁlc;éﬁg&s%g%rg%t elg%g(r?ﬁ/omure is inactivated by e.g. heat
treatment. The protein hydrol ysate solution is clarified and further
purified if desired. The peptides thus obtained are separated by e.g.
submi t t Theyefors these ista need iwthg apirte proyideinipsevedmaesnadon tresting allenglig it t hr ough
a chromat ography col um. WO 021 24883 PCT/ EPO1/ 10956 8 Subsequently, the
fractions containing different peptides are tested for their tol erogenic
propert ARSbj¥t éaRé {;&%ﬂt*ﬁ%ﬁ@n BHerIoie FBYid3RA BlovidiRg bilths @Bshsani mal s, such as
mce are fed with the respective peptide fractions, and subsequently, are
i nmifni zed with the allergen and the response 5 thereto is neasured, such as

% Cho. THY e obiAGt 2% ke AHPCT 5 B Cibhe oV B A P HEntn e Benebife

ani mal ' &dﬁ@ﬁﬁﬂ&%i&lﬁn&f t%%@énc?%&é&%ioptﬂﬁr TeREEIR, TROndveflactiPcifl $aR6Sd é)%ftﬁesss

peptide (fraction) e determ néd. ce a tolerogenic peptide and

am no agipdlypepfidenthet harbolmsentolepgdrie geptide DiA-thatthe ripecifit stquanbe and possibly

pol ypept i to be expressed in the lactic acid ba riumis inserted, b
onat | cousgnizar afgP I turai ol Wy i SRBEY R PR IGHE Moy dihy &p
Vet ds pRpekstE il YelbiRezei Wy HBRHNIRNMAL REmiNABRALENces and expressi ng
proteins in mcro-organi sims are described in Sanbrook et al., A Laboratory
Manual Cold Spring Harbor (1992). 15 The present invention also relates to
a food ﬁ’gtﬂf%ggr maceuti cal conposition containing at |east one of such a

r econbi ®fi c acid bacterium The bacterial strain may be included in
t he conposition in an amount ranging from|05 to 101z cfu (col ony form ng
unit) per g of the material. Likew se a supernatant of a culture of the

| acti c Pi. dcshowbah¢ primany eequancesadil peptifiesacintzined inetheofesparyive dractimisustettie iz
t he conpositiopn. . The food cqnposition may be m |k, yoghurt, curd, cheese,
fer%n?g‘ﬂtoﬂiqbﬁégl}hmrpb’zbf&s%tl??érbﬁ@ﬁ?l@éseﬁ?éﬁ@@@%?oﬁl‘iﬂsé cream fernented cereal
based products, m |k based powders, infant

Fig. 2 shows the results obtained with tolerogenic peptides/peptide fractions in various

experiments.

30  Lactic acid bacteria, in particular Lactobacilli and Bifidobacteria have been shown to modulate the
immune system without leaving their lumenal habitat by producing messengers (cytokines)

involved in the regulation of the immune system. Lactic acid bacteria do not trigger the production



formul ae or, in case of aninmals, pet food. 25 The pharnaceuti cal
conposition nmay be in the formof tablets, liquid bacterial suspensions or
prepar at iWwg96Q4pri sing parts of the bact er i a, such as mepemErihfse! | wal
fraction obtained by |ysing the bacterial dells and collecting the cell
wal | conponent, dried oral supplenents,swet oral supplenents, dry tube
feeding or wet tube-feedi ng 30 The route of adm nistration for t he

phar mac %%g@tanﬂﬁﬁﬁlgf réelés? c?lra"él b’ﬁ\IF@XVIéi’SL %Gﬂf‘é%ir but r%er?p%&é%%ﬁe

PCT/ EPO nve bn al’'so envi sages” vactl I'si'ng
t he baqsxﬁﬂuo@oﬁfofhﬁﬁnﬁﬁﬁs&ﬂﬁmimgné Siin&! SR TEB(BAm ef b, (bagmexntma&an be
inlive form or may be attenuate I .e. weakened in their growth

' pot ent ilageuwiehhagks76, et99)AsV1ﬂarlm90Rb¢nttlmllbammeaardplg itheer ma}'nt@mfmc@ @f| batla the

har b t f t t d

oasi 1y Bkl i Puitheracth a8 B SMrta Bt Bodsetty (PlHalidh v ff Llod?Y. L8

" conponepkgid. hme(sfs? Ehfsidtehtly) WrilJaBiAFRAES f)f”lzicﬂﬂfacilh IHésdgRhAed Was Ishy@R tth ON
without Iimting it thereto.” Exanple 1 10 Isol ation of tolerogenic peptides

a) | sol exeiton sunprmmel afﬁ@t @nmgog@kmdmed girobigtation (i gronynucdesar dekls Hossiceti al.,
- di st n nof 515 (ww. To the resulting

soI ut i [ﬂ9§§@4’p{r ‘?@6‘ 9‘}91 ({zélgﬂﬁgded usi ng an enzyne/ substrate (E/ S)

ratio of 1/100 (ww and the solution was incubated at 40 C, pH 7.6 under

constant stirring. After 1 hour the sanme amount of enzyne was added to

yi el d aldctinadcid bad¥ria LAB)oMmaP/bE0sed| foc etdrologowsa $ovep)produetbnf of pammshand4
hours and the enzyne was inactivat.ed P heat treat g}

st t hRePfidayitly ﬁYStem?etOd?Pe"ini‘te@XPWﬂ?W el y{narign ﬁﬁ%&%ﬂ §n§5{9§’é"c‘f8@ﬁ‘c 1P ation or

| yophi | gKl [ I

prepar aéplﬁgogn%%}ag{r}rg% %fgg’?naelil %Sc%én E'g ﬁ’%cf'n?caﬂ glsgl9 )J‘i‘&l%e%{e fﬁ lg@gl? X Xuc acid
fracti obeteniar kaveld poteadal tcﬁmglongefmmnselbmnfacé‘s tamd2 Sx it nm mtmmc écﬂjuozmtmhput
240 to 272Q Da)._ The individual fractions were nanofiltered, diafiltered,

di al yze#fsodgad wﬁlzsnurwpfhpcmt@éareawang fremaeptidoelygandsgradati®mber at ure unt i |

use. The fractions were al so characterized for their peptide content using
reverse phase H gh Performance Liquid Chronmatography (HPLO). In total 15
frardi opgtler,lit -hak bogn Watwn abatl @efaRdLsd6Haaillnk a8 Pro/ole hitigeaapRaie inniune
peptides (T) indicated. FractionsFl F2F3F4AFSF6F7F8FOF19F11F12F13F14F15Masses
( g) 5213responses, partisylarly 4 the7izd. dess (Veiamsr ) 8k, (4895)0p Pedial. Gesirqeateed TIr12HT9

TlZTloT%).’;;.l%hQ %)abﬂgﬁr oft Kuman Ig K?’ o-lr_r%p?Iexed t% atﬁljge;[sl %o activate complement may be of

importance in the maintenance of the integrity of mucosal surfaces. This would prevent local

inflammatory reactions including influx of leukocytes and release of immunological effectors that
20  enhance mucosal membrane permeability due to tissue damage. In addition, through this immune
exclusion mechanism, IgA might limit further absorption of bystander antigens and thus abrogate

anaphylactic reactions mediated by antibodies of IgE and IgG isotypes.

Moreover, lactobacilli have been shown to potentiate the production of IFN-gamma by isolated T
25  cells (Halpern et al., (1991) Int. J. Immunother. 7, 205). Recently, IFN-gamma has been shown to
inhibit TNF-alpha release of intestinal mucosal mast cells (Bissonnette et al., (1995) Int. Arch.
Allergy Immunol. 107, 156). Increased IFN-gamma secretion might prevent detrimental effects of
TNF-alpha (Hernandez-Pando et al., (1994) Immunology 82, 591), and consequently counteract
the permeability disorder associated with food allergy. For instance, impairement of the intestine’s
30 barrier against antigen uptake in atopic eczema may be the key determinant in exaggerated

immune responses to common dietary and environmental allergens.



T21 T21 T11 T10 T11 T11_1 18724724 WO 02/ 2-4883 10 PCT/ EPOL/ 10956 The
pepti des were isolated and sequenced. The sequences thereof are indicated
in Fig. XYy3bhads Peptides proofed to be tolerogenic, in @ichfeheidose
experinmentations, which are described in detail in Pecquet R Bovetto L,
Maynard F, Fritsche R, Peptides obtained by tryptic hydrolysis of S bovine
B- 1 act ogl obul i n induce specific oral tolerance in mce, J. Allergy din

| munol Drfphe extefdbissthdied feadiB itd thelpRésehtdnténtion theRNEROFsHaVE tHee oM dehisby
way of ‘reference. b) Synthesis of tolerogenic peptides 10 Three tol erogenic
pept i dagseass t0 Tomhine dholadyintage@scproperties Of lactic weid Thartemie with nthe footentiah of he

above reference as . ,well as contr ol .peptide 13 were chemcally .. ..
- Synt het PEEFENIe IRBRAS 1A RGeS PO BarHE Tedvcesa iR GBI L  hdiyidughs
extra Q4SichOiokatds Afraib sdagfome! ow. T6 CFKIDALNENKV SR 1 S 84 91 T17
CNKVLVLDTDYKKYS 92 100" T6/ T17 CFKI DALNENKVLVLDTDYKKYS 20 84 100 T13
* LIVPOTMKSRC ' 1 8 2S ¢) aninml testing, For assessing the tol erogenic
propert,j.es.of. the varjiaous peptides fenale Balb/c n.ce were,used, obtaiped
P o1 IR eehincettd aptentie W e eyt it Brdu SRR ety oHABS & 486 on
a mlk ' . Ma¥alt ' ani
neeks o SCPRRUSS gllp o RNBRNaD Bbul oF IRE R RSy SR R pe Ry
body wedegived frowathie @ueursnefui taxidophidisy &s fodbdsdr3i, ILagusgliobutasei, dngaxmnsed og L.

amount s of t | fferent peptides obtained under a) above. Control mce
were f g€ g{ﬁg{@}qr%ﬂ f‘)@’aﬁ%’e%"e@)ﬁch a diet all mice were immunized
wi tfy >3l act ogl obul i n and oval bum n (grade V, Sigma) as a non related
antigen in order to assess the specificity of the i mune response. A

del ayedTheyfoterdganiy peptislel witichyis @vmptidd derived fddh angiserB pfotginrcaosing dllétgy days
after the system c chall enge by conparing the thi&k,ness of the left rear
f oot padindiyidugl gensrallighas e ssizer ploabawndAD 2a1G09R. Do snd 38 aspeptide capahde to induce

i nmuni ' . 02{ 2+t . . i :
per) Epch iiBs b st B8 e, ¥ rhnictiderived, n eddion, olerepes vl benduced
t hi ckneasy fateipl hivingetheestinte/ antigenitd dé@Aninate thahr thiat atpresdntd, by ahé apedfiby
taki ng the spleens, that were pool ed according to group treatnent.

Spl Bnociplerogepisc pentide piso Melle Apcpidingates Higs presend ipsertion s peptideaish mgetédoby The
: . rer et | 4 : . :
st ecoomBRRC RS Ibfo o BolpENTE' hufBit A S TR Bl dAbEby etich

respect polgpeptis@ iy Hbhdobdnéoe o2 WHxeetebils tc0theabubieritin. “Theatoiiogehid géptideviel s

were determ ned both in serumand intestinal sanples. d) |IgE anti Eody
assays eertedeins siolint afal ithat eid tip maesented ofs thee periphearyitadths rkgseng yeeomtyinant

duplic aﬁoﬁyﬂe%ﬁdéa Hich_tﬂ‘gfi{ r%%f B9 lre%ggrlliize% bayntge immune system.
20

The polypeptide may be expressed in the lactic acid bacterium according to methods well known
in the art. For example the commercially available vectors pNZ124 (Platteuw et al., (1994) Appl.
Env. Microbiol. 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 expression. Yet, having in
25  mind the superior stability of chromosome integration, this way of doing could be prefered for
the recombinant gene coding for the respective polypeptide. For integration into the
chromsomome homologous recombination may be applied by e.g. using an recombinant gene
from Lactic acid bacteria, containing the tolerogenic peptide and replacing the endogeneous
gene. Yet, methods for introducing recombinant genes into a host's chromosome are well within
30 the skilled person's skill.

The polypeptide may be a protein normally expressed to reside within the cell, but may well be a



anti-oval bum n 1 gE anti bodi es using ELI SA. Pool ed sanpl es of 20 non

i muni zed m ce were used as negative controls. The titers were determ ned
by cal cul@pipgdshe dilution of the sanple, that gave tw ceclfigopmss bance
of the negatlve control. The titers were expressed as the 1ogl0 of the

reci procal of he dilution. 15 e) cell cultures Spleen cell solutions were
honogeni zed in PBS and purified. The cells were co-cultured in the presence
of 13-1 gﬁ&’@%ﬂa't Rs QécrBBy | hﬁgﬁﬂﬁk%&mbﬁu&imﬁ rdrtthé’tti@cinﬁd%éﬂ‘ iftonhe(deBHkall Ny
(Amerstam”™ 20 Zurich) was added during the last 6 hours of culture and the
pl at es thescef, mathvibe pmﬂ camtmnmgathwée;togqmcsmpmda beiagilogateddnithe exgracgtulansectionon

i ndi ces_were cal.cul ate t bl ank-substracted t ontrol

| ovel s TARTes 36 BRIk OIS 40 Ko, otk Sp Shp RSP BT IoR P PEY PP dait

cul tur egeh &flr)o é&k@&@ﬂ%ﬁlabﬂ&%ﬁ@edoxbé’m‘éﬁﬁbr S Rlasd 6@6a'cféﬂo§lﬁs éﬁ/@-tlzﬂ%{@ bfbté?ﬁlair hdes
25 The synt hetl c peptides were analysed for their tolerogenic capacity in

* the %ar@ﬂtvwlhanchmgde)rmum Follow ng results were obtained: ' , IgE titer
(Iog) e :;':. (test/control) "'~ ~"" 1'~" 1~ |i " . .~ ~
Spl! cer|~lytr|pI|ooyte ~S, 1 ., ' ~ ~l (testlcontc~bl)" ," ' ~ 1 I' I

~ ““‘J - The nature Mf%é ﬂ&%\ﬁ)‘ﬁ% $Snot cnﬁllal w1fh t}’le g)rowso thiaf fh%%l’éﬁ%'eﬁtﬁ rp%f)id'e may be

~2 67 /m@er&ﬁ&u&i(ha# fTis- acb@bﬂzﬂeTfor ‘thb ﬂmhune $yStedd Hov@ev&ﬂ(bn@é@ sﬁitablé Tolefog&lﬁc
[.3.391.7 W QO 02/2.4883 12 Stimylatio
I ndex mntldﬁk%sé?ﬂeeaﬁg tl@%ﬁﬁs wsﬂévl PPy s tmérae&ﬁwtgg iplerogepic perfdsdR

pepfq deg @h%? 1dcBEME OF kl=1nli§' 'ﬁ}]eoél{?ﬂ ch%f- RN A Qoﬂ_suﬁeﬁh}ee"&ﬁﬂéngﬁﬁﬁt B8eI¥ M hieS

pept i de 6 suppresse response n contrast, peptide T-13,
t he conpalgeptidese prito aehictriihe mletogemd peptideria Ito belimseaat end basBil 6n skotambidrenafion
Constructjon, of reconbinant polypeptide 10 The peptides T6 and T17

i dent i f VHHISSigna&omssRondingreeQMbiBrAtPEYelo| er ogeni ¢ properties, were fused
with a cell surface anchored protease to be displayed at the surface of a
bacteria. As a negative control peptide T 13, constituting part of the

N-t er m huspreferted-dndidagémbli tesombinanisgdypebtiddsure sedréted ot brecaranpedhr the cell

pr ot ease ﬁabove) was that of Lactobacillus bul garicus, the sequence of

whi Eh waal p‘Efb thes heeteripmGspaiie that ethea folerogensn spepidgais t eustsntly 1 prgsentass 4o 365
Thi s pr%tv characterized as a 2000 anmino acids protein, being
conpose ofo a l'eader peptide of 33 ami no acids (pre-region) responsi ble for
cell export of the enzyne, followed by a series of 154 am no acids
(pro-region) which is responsible, upon cleavage, for the activation of the

pr ot eol Vhg folerogenic peptide is derived from food material causing allergic reaction. Yet, it is not
essential that its amino acid sequence corresponds to that found in the native protein, but any

20 peptide sequence having essentially the same amino acid sequence and.possibly three
dimensional conformation as the starting peptide or a derived polypeptide therefrom which

exhibits essential the same results, i.e. induces a reduction in the allergic response, will be

suitable for the given purpose.

25  As preferred sources for tolerogenic peptides milk, soja, peanut, crustaceen, fish, meat, sesam or

whey may be mentioned, such as e.g. B-lactoglobulin, bovine serum albumin or casein.

In order to identify tolerogenic peptides the allergenic material of interest is first subjected to an
enzymatic hydrolysis to a degree of about 10 to 50 % and the residual enzymatic activity in the
30  protein mixture is inactivated by e.g. heat treatment. The protein hydrolysate solution is clarified
and further purified if desired. The peptides thus obtained are separated by e.g. submitting the

solution to a precipitation treatment or passing it through a chromatography colummn.



20 activity of the enzynme and 700-800 am no acids for the active site. The
subsequent region (around 1000 am no acids) has been suggested to play a
role in Rp80§ﬁﬁggficity of cleavage and transport in the ¢hlepai/ 196
generated peptides and to also span the cell wall. The protease is cel

wal | anchored by its carboxyl end with 8he | ast 200 am no aci ds being
responsi bl e fox the specific covalent binding to the cell wall

pepti dogl ycan structure. 25 The protease gene was first anplified with its
pronoter by using the follow ng two primners:

5' - TTTTRhERNEGLY, T ARCTRCATACCIOT@ g (differente peplides preotestedr forf theire tolerngenic
carrying a BanH site) 30 5' - ATATTATCT. JTGAATAGATTCGCC- 3' ., (do treamthe
. Fhor ! nSpBertiEney 15k thain 25 enimR HRGieL 10 <P ABTA S GHFD & s & G with the
02/ 2. 1 : h it | j . '
T L e e B B B e P i
* had Yeethextigis sheaduretl duch heby ackange s theatutayappearanwe o1 by spbcifically nadabyring IgE
i ntroduced by el ectroporatio irto pl asm d-free (beia-gal act osi dase El\nd
pr ot easEViie ghtheaBmalacibe Sselistolesegenic peptign Saptioqs gl gedicg dheimpts endencys
t he cl . e ?ﬁ@é‘@ﬁ '
pol ypegﬁﬁg%&ggélﬁﬁt% lger é({ayget%gern'l'gé glg I g\?%ép%'ﬂﬁfg ,%% e Sﬁ%naglg%o%:c%%ﬁ\?\n/aésd' cl eaved
wi th Nhel which is | ocated 50bp downstreamthe sequence of the cl eavage
site of _the I(ﬁader .peptide and Pvul, 800 by further downstream. A DNA
sequencBNeHINGOSHNC PrRIIdSAHM HENTBY apidisedusiice gaspbqea vep igdthioDING--sraueRoe Hfas
insgyte ] e El GE . i | I . i ch
wer D qole JELEHAS ol PEprbRl ih B ARIC 8 Halitrbills MechEl 85 FbAC RRein ok
once t higyo theepedy Rbiihig R theThRtetiaraRirEartibe Méthgdnaiel Relniges fbakesipuldtag
account _t hat upon Ilq?atl on to the protease gene the reading frame of the
r ecormbi RA¥ sqgpence and exirisingdpelsins 18 miproeoreanisme are| depegied pn Spmbraokds 8lnAs
effecte i O i imers containing the two restriction
sites. ﬂ%e %wa ﬁ%‘?\%?%%ﬁw\?\ggg@l eaved with the restriction enzynes.
In both cases the DNA fragnents were ligated to the protease gene and

introduced by el ectroporation into Lactococcus |actic and Lactobacillus
j ohksoniThe presenkdavsmtipn aise rplatesie @ feot 8ud pharmaganisel enmppsition qeajsinioe st astand

T17, respectivel hav.e en. depqsited on Septenber 22"a, 2000 under the
Budapes&%‘l&g&g} %ﬁb?%na?lﬁgaﬁ%céﬁciaf@&élcﬂg@eur and recei ved the deposit no. .
CNCM | - 2563 and CNCM | - 2564, respectively. Exanple 3 25 Transfornati on of

Lactococcus lactic and Lactobacillus jolznsonii For transformation purpgses
Lact ocotbaibadterial istaintmay be (nvitkied 3n the cosmiagitionds Janaanepunt cangingcfretnuld)” to 10

L ocossr i GoIoR rfins b3 Bt os FRSAL LikPakt b orrait i MEof 18 1gerg
GasRpk adi@Bac&ringm SY & 8&tveAthchbh fHefof BaylbBiisclddddaH iddotnpeiiodsed to

i nocul ate another culture broth (MRS) containing 0.5 M sucrose. After an
additional re-inoculation at 2 %into 200 mMm MRS + 0.5 M sucrose the

culture own to..an OD595 of...0.6.,The cells were collected by.

cont 11 807 At RO P ey 0 Btk yoghuy 450y oty apenteiomitss, il pased
PCT/ EPOferrh@@88 pddutdss ¥ eRes, FaaRnidd! dbrdd] Davdd ]Hf&u@é, AilkObddbd PowaeR! afantng
1 Msucrose and 2.5 mM CaCl 2, once withl/4 volune of a solution containing

1 M sucforgglae 2r5neheCi@nihalg et fded. pel | et obt ai ned after centrifugation was
resk/lgspended in 3.5 nm of a solution of 1 Msucrose, 2.5 MM CaCl2 + 0.459 m
87 gl ycerol (10 %final concentration). The cells were either be directly
used fofpd phidiREQIAREoRPoDor £:9F B8 iAlhe AR of Obleld FighldeGINSRP bbkAo)
(err)1 of gel.ls wer e n‘dl)xg% V&tﬁ %LO h 1060 ng %f %ﬁA’?‘iqn <5(err)1@s®o u?re)orand
t r ansf epreparationsocenprisig patsdofthe bacterd, esnth ap areadly dlme cell etll draction sbtinetl H00

S 22 RS s el D BB e

and the sy j ! - rs at the appropriate

. terrpera’?ure i[(iat %C@%E%@%ﬁﬁﬁﬁ%ﬁ?@ﬂgnd 37C for Lactobacillus

j ohB&onii. Wien is plasm ds (pGthost9) are used incubation is at 30C). 10
(err)l d 100 (err)1l aliquots, respectively, were plated on MRS aga

pl at es 3’5%{%9%?%%%% top thepharmsaeriical Preparaion is qrah§PW%§1§%he 8 Sal

pl asm dic DNA and 100 (err)l and 500 (err)l, respectively, upon
transformation with ligation m x. The




15 plates were incubated anaerobically for 24-48 h at the sane tenperature
as above. As a selection medium MRS with erythronycin (2.5 (err)g/m) or
VRS V"ith\bégé‘/ﬂﬁ%&n (5 (err)g/m) was used. 20 Exanple 4 Cppermphi/fnsef rat
anti sera and nonocl onal anti bodi es agai nst tol erogenic BLG peptides The BLG
peptides T6, T17, T6/T1l7 and T13 (outli%hed in exanple 1) were coupled to

mal ei m de activated KLH and were used together with Titernmax adjuvant to

i Muni Z@e ipésenf Beteibn A6d brtvishBedVacRich dongRistigtthe bRtIeAS of BEOprRSent ilediomt 2
weeks intervals up to 115 days after the first inmunisation were shown by
ELI SA ©bpathihereolahg bastariasmaybe ir live fomplocmsihe diesuatedtie. Peakeneddnttheir 13

anti ser SO, I t. W bot h e .native (ELILS h d tured (,SDS..PAGE +
- est or rpTbpRE i estibd Aol o e Mtanphoiiy e 80 R8T Ahiph e tdaReat
r ecogniof §nfefesBlsfmlP ®Rt Ahfisd. eXRE R8N oflaldtmdyhBe Sdagiga@,etaﬁ{edtr%e %ys%fg)me BAN ahd
lactic. The result are shown in table I. WO 02/2883 1S Table | Reactivity
© of ant isepegatingdhe diffepent compeemisthereafit i sera PCT/ EP01/ 111956 Anti serum
specific forT6T17T6/ 17T13Rat nunber A1A2A3B4B5B6C7C8C9D10D11D12T6
( ELI SA) ++++/ - +- NTNT- NTNT- NTNTT17 ( ELI SA) - NTNT+- - - H +NTNT- NTNTTG 17
(ELI SA)THe tHIWiHDER T e furfNENTLdBate Bl imoem IS ANRHIENIm MY it thttetdlat . BLG
ELI SA) ++++/ - +++%/ - - - - - - +++/ - Den. BLG ( SDS- PAGE +
WB+H- NT~- f - - NTNT- NTNT+/ - +++- 1 - 1- LI / T6 ( ELI SA+/ - - +++- NTNT- - - - NTNTLI / T17
( ELI SA -NTNI+ ------ NTNTLI / T13 ( ELI SA) - NTNT- NTNT- NTNT--- 5 ELI SA | OD490nm
(15 /37¢PMPIed 3.4 0.2-0.3+ 0.1-0.2+/- 0.05-0.110 - <0. 1NTnot testednat .

BLGgx qulﬁiﬂdﬂtgﬁﬂ)g%gp@ﬁ&ga) di ssol ved in PBSden. BLG3x cristallized BLG

(Sigma) diluted and boiled 1 n SDS sanpl e bufferLl NTReconbi nant Lact ococcus
| acti s bearing Lactobacillus bul garicus proteinase withl SBLG pepti de
i nsert arbwolaioadfgeptitielybr i domas secreting anti-BLG peptide nonocl onal

anti bodi es spleens were recovered fromthe i munized rats. The spleen cells
wer e f i . ; j thq_ ' by st
Found o & PecloBUGHANTS ER) Srol HiQbHcRhn 1. GlARA el BEQVolHRRRE o 4 Y4
popfil attwompe Tor deturssiilging isblution AFRCK Titeatsd appsin Wad Added ubiagi 815 endghrRysubgira
these cel|s was achieved using a cell sorter to guarantee the presence of 1
si ngl e (B rafie of 1 §0 (W@V)mngneew@tm was insybafed 1ap 148 gl 7. aipdereensipt
ant i bodqj: r [0 i i i ess
fhe ol rme: ARRE § 5ot e $8he bilolifh of MEHE b dacdl6 yidla Bdind) (95 Al PRI

r ecognilzetation aas coaithived fortmother 4 hoatyvnd the BazyinltewiLaoidiatal by Beid Ered@icnt
grown in a SO nl_culture and the cells were collected by centrifugation,

The cel($3 “Ger &uB) iosuap & 1egotions Rhel entiss tFyphs Jydiolysatsowan subsssuspidy Hiephidizrd s

{r 28 SR8 thPtetl pSHRRE BRERcls rtp Shnaly Y Pronliil b Rl RSBV R ot S
were | eédinwi thout lid for 24 hours at 37 C so that the wells fell dry. The
pl ates were washed 3 tinmes with TBS/ PBS until unbound bacteria were washed

out and the WO 02/ 2883

PCT/ EPQ%/ 3 I e_sub t .SUby Ki t t

i th T Sasas bl PRy el RIRER calghl e sBRuce B PSR R IR
cont ai nbog 240 tob2TH0EDaYliThe Ghéisidual fractichierdré ingndfiiRkdd] @safilieted digktphed . Bnin

wel I's were incubated over night at RT, using a dilution in TBS-Casein

coﬁﬁai AyoRpilezed aﬂlldllesecne@ dry ssupemdgEperajure upkl uier The faptdonsakere dlsorghasactarized
o Al . cqaes gt . ca
wer o adhe e sURE QRIAEuitnf R Hhes RO IRRT Rk gERtolbanbs) (D)

TBS- cadrittab b fitabtidhsqBMNL-a13) R@ré calldbicinemiimitly ad e M@jor TompoReivabd peptides ee
times with TBS and devel oped with ~PD/ H202 and read at 490 nm It could be
obser véd) M{igatadot h strains of Lactococcus lactic and Lactobacillus

. johnsortii showed a 10 positive reaction indicating that the tol erogenic
peptide is recogni zed by anti bodi es. Exanple 6

Fractions [F1 |F2 |F3 (F4 |F5 |F6 |F7 |F8 |F9 |F19 |F11 |F12 |F13 [F14 |F15

Masses (g) (52 (13911 [11.8(2.57(1.94{4.37|13.1|5.01[6.53(1.05{3.46{1.9 [2.67|28.8

T6 7 | 120\ T9 |115 (110

T10 | T10
— |T17 {T23 |T23 |— T21 | T12 T11 |T10
T18 T9 T24 | T24 T21 | T21 T11 |T11
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peptide




* anneal

Preparation of a rabbit antiserumdirected to the am no acid residues
472-659 of L bulgaricus prtB proteinase 15 The prtB target sequence (bp
1414- 197 0%96845 "9 am no acid residues 472-659 (anm no acipgy/ipiejose i s the
initiation nmethionine) was anplified by PCR using pVMD 114 as a tenpl ate and
the 20 upstream prinmer (prtBS -1414) ofjgsequence
5' - GCCGGATCCGECTTGEECGGTGCAGATG 3" (containing a 5 -BanH site), and
downstream priner (prtB3' -1977) of sequence
S - CGCAACCTTGTGCGAAGTIGITCATGEC-3' (containing a 5 -Hndlll site). 25 The
speci f i Thgaptidesowiere isolsted el ssqnaded sThegequacédNBerpof aratridisated ekl In- El ner)
usi ng 3¥cycl es consi st ng}ri n a denaturation step at 95 Cfor 30 s, a pr.iner
i NeflQussplidesproated iy bestglarpgemc, iy diferen expingntaiiops, Whicl aredesesibeddn

sec, fo 1 a 490 t . e VWO
021 2. aaiAFEbRhst A BE ST Maph 8 TERRER KOPSER: BhART by niniuroile o

© dNTBs (Bdvie Buh@odlShulfy wdued sgoific drabtole@indéi ih , miBe,ch Allert € limclfizh€nodd3000)
digested with Bandl and Hindlll, then subj ected to agarose gel .

el ect r oot sk whigh nefeseroris inaermeratad hesevaitioby W pbrefasersger ed from t he gel
(E.Z.N.A Gel Extraction Kit, Peqglab). 5 The purified anplification product
was |igated between the BamH and HindlIl sites of the pQE-9 E. coli

expr es sh)YByniesis of tdiédo eptideynstreamto a sequence encodi ng a 6-histidine
tag. 10 E. coli strain ML pREP4] was transfornmed with this vector and

expriesS st . - 0] .0 h i | BT j

nadet; e ekt Efids SRR L RECHRAR SIS

| ysed uitdee réferaice!iab veelt andi don@ob peftideuTen )werd\ chérpiaiby siiythatised weish dlahkinped
by centrifugation and was | oaded onto N 2+-NTA agarose 1 S beads (Q agen),
equi | i biesidaes fiem the BLG seqneneian yellis apiexs kys esidupasdistaddelaryne- t agged
protein. After a washing step at pH 6.3, the reconbinant protein was el uted

at pH 4.5. The materi neyt i ifh 100 MM Tris-d (pH 7.5),
qu?gti fied b gbi Ci nchﬁmpﬁ?@aéidw&w%say (Pierce) and its
conce

ntration adjusted to §4ng/n1 usi r?d the sane buffer. 20 The antigen was

emul sified inizonpl et aC NNl VI /TUDaAYK EndSadm ni stered by nultiple
intradermic injection to twe rabbits. hgpections were performed at day O,

14, 28 and 56. Final bleeding occurred at day 80. 25 Reactivity of the

i Lt TET VR SR a1 S S e

& . 51010 at t he| r Cel |

surface, and by i mrunobl ot 4ng, on the culture sup PRat ant of reconbi nant
Lc expressing a secreted formof the proteinase. WO 02/ 2- 4883

PCT/ EPOL/ 109813 18 Ori i AN TQ FMIUBNRESI ON) - printed on 21.09, 20D1
03:55:36 PM0-1 ~~ ~ Horm - PCTIR®1134 (EASIr7 Indications Relating to

Deposited M croorgani sns) or OGther Biological Material (PCT Rule | 3bis)
0-1-1 Prepared using PCT-EASY Version 2 . 92 (updated 01.03.2001) 0-2 ~
| nt%eX n 1t ication No. 0-3 ~ Applicant's or agent's file reference ~
$ 026 3 W

For assessing the tolerogenic properties of the various peptides female Balb/c mice were used,

obtained from IFFA-Crédo (L'Abresle France). The animals were all bred and raised on a milk
free diet. At the beginning of the experiments the animals were 3 weeks old. They received by
30 gavage native B-lactoglobulin (5 mg/g of body weight), various amounts of digested B-
lactoglobulin and various amounts of the different peptides obtained under a) above. Control
mice were fed saline water. After 5 days on such a diet all mice were immunized with B-
lactoglobulin and ovalbumin (grade V, Sigma) as a non related antigen in order to assess the
specificity of the immune response. A delayed type hypersensitivity evaluation (DTH) was
35 performed 21 days after the systemic challenge by comparing the thickness of the left rear

footpad, prior to and afier the immunization. 24 hours after the immunization the foot pad
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10%10‘V%&'f&%h-er %%v?lgl/s&t}rgéagrz f’%@f(%ﬁ&@ﬂce coding for the peptides of interest (up to 10 amino
10  acids) was inserted between the two restriction sites as two oligonucleotides, which were
designed such as to generate the two restriction sites at their ends once they are hybridized. The

design of the oligonucleotides takes into account that upon ligation to the protease gene the

reading frame of the recombinant protein remains open.

15  Insertion of larger polypeptides was effected by DNA amplification using primers containing the
two restriction sites. The amplification product was cleaved with the restriction enzymes. In both
cases the DNA fragments were ligated to the protease gene and introduced by electroporation

into Lactococcus lactis and Lactobacillus johnsonii.

20 Recombinant plasmid constructs comprising the peptides T6 and T17, respectively, have been
deposited on September 22", 2000 under the Budapest Treaty with the Institute Pasteur and
received the deposit no. CNCM 1-2563 and CNCM 1-2564, respectively.

Example 3

25  Transformation of Lactococcus lactis and Lactobacillus johnsonii

For transformation purposes Lactococcus lactis strain (MG1363, plasmid free) and Lactobacillus
Jjohnsonii strain Lal (available from the Institute Pasteur under the accession no CNCM 1-1225)
was grown over night in MRS broth at 37 °C in a GasPak anaerobic system. An aliquot of this
30 culture was used to inoculate another culture broth (MRS) containing 0.5 M sucrose. After an
additional re-inoculation at 2 % into 200 ml MRS + 0.5 M sucrose the culture was grown to an

ODsg5 of 0.6. The cells were collected by centrifuging at 5000 rpm at 4 °C for 10 min, the pellet
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IOLI %ﬁlﬁfbﬁ‘ &As Ia&&%%m%\ﬁx %gﬁsfv@as incubated for 2-3 hours at the appropriate

temperature (at 30°C for Lactococcus lactis and 37°C for Lactobacillus johnsonii. When ts
plasmids (pG+host9) are used incubation is at 30°C). 10 ul and 100 pl aliquots, respectively,
were plated on MRS agar plates containing the appropriate antibiotic upon transformation of
plasmidic DNA and 100 pl and 500 pl, respectively, upon transformation with ligation mix. The

15  plates were incubated anaerobically for 24-48 h at the same temperature as above.

As a selection medium MRS with erythromycin (2.5 pg/ml) or MRS with kanamycin (5 ug/ml)

was used.

20 Example 4

Generation of rat antisera and monoclonal antibodies against tolerogenic BLG peptides

The BLG peptides T6, T17, T6/T17 and T13 (outlined in example 1) were coupled to maleimide-
activated KLH and were used together with Titermax adjuvant to immunize rats fed on lactic
25  protein-free diet. Blood samples, taken at 2 weeks intervals up to 115 days after the first

immunisation were shown by ELISA to contain antibodies specific to BLG peptides.

Anti-T6 and anti-T13 antisera also reacted with both the native (ELISA) or denatured (SDS-
PAGE + Western blot) form of BLG. Anti-T6 and anti-T17 were shown to specifically recognize

30 BLG peptides expressed at the surface of the recombinant L. lactis, The result are shown in table
L
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37 °C. To the wel]s a rat antiserum containing antibodies directed to the specific peptides was

added. The wells were incubated over night at RT, using a dilution in TBS-Casein containing 0.2

% Tween 20. Subsequently, the wells were washed three times with TBS and developing

5  antibodies (HRP-conjugated goat anti-rat IgG) were added to the wells followed by an incubation

at 37 °C diluted in TBS-casein solution containing 0.2 % Tween 20. The wells were washed

three times with TBS and developed with OPD/H,0; and read at 490 nm.

It could be observed that both strains of Lactococcus lactis and Lactobacillus johnsonii showed a

10 positive reaction indicating that the tolerogenic peptide is recognized by antibodies.

Example 6
Preparation of a rabbit antiserum directed to the amino acid residues 472-659 of L bulgaricus
prtB proteinase

15
The priB target sequence (bp 1414-1977) encoding amino acid residues 472-659 (amino acid
number 1 is the initiation methionine) was amplified by PCR using pMD114 as a template
and the

20  upstream primer (prtB5’-1414) of sequence
5’-GCGGATCCGGCTTGGGCGGTGCAGATG-3’ (containing a 5°-BamHI site), and

downstream primer (prtB3°-1977) of sequence
5’-CGCAAGCTTGTGCGAAGTGTTCATGGC-3’ (containing a 5°-HindIll site).

25
The specific PCR product was obtained using Tag DNA polymerase (Perkin-Elmer) using 3
cycles consisting in a denaturation step at 95 °C for 30 s, a primer annealing step at 56 °C for
30 sec. and an extension step at 72 °C for 45 sec, followed by 27 cycles with an annealing step
brought to 60 °C.

30
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electrophoresis and the DNA bands of interest were recovered from the gel (E.ZN.A. Gel

Extraction Kit, Peqlab).

The purified amplification product was ligated between the BamHI and HindIIl sites of the
PQE-9 E. coli expression vector (Qiagen), downstream to a sequence encoding a 6-histidine

tag.

10 E. coli strain M15 [pREP4] was transformed with this vector and expression of the
heterologous protein obtained upon 1 mM IPTG-mediated induction of the culture.

The cells of a 1-liter culture were pelleted and lysed under denaturing conditions (8M urea).

A cleared lysate was obtained by centrifugation and was loaded onto Ni**-NTA agarose
15 beads (Qiagen), equilibrated at pH 8.0, allowing the binding of the 6-histidine-tagged

protein. After a washing step at pH 6.3, the recombinant protein was eluted at pH 4.5.

The material was neutralized with 100 mM Tris-Cl (pH 7.5), quantified by bicinchoninic acid
protein assay (Pierce) and its concentration adjusted to 1mg/ml using the same buffer.

20,
The antigen was emulsified in complete Freund’s adjuvant and administered by multiple
intradermic injection to two rabbits. Injections were performed at day 0, 14, 28 and 56. Final

bleeding occurred at day 80.

25  Reactivity of the antiserum, which was surprisingly strong, was confirmed both by ELISA,
on recombinant Lc expressing L. bulgaricus prtB proteinase at their cell surface, and by
immunoblotting, on the culture supernatant of recombinant L.c expressing a secreted form of

the proteinase.
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Claims
1. A bacterial strain of the lactic acid bacterium group, expressing a polypeptide containing

a tolerogenic peptide heterologous to said polypeptide, such that the peptide is stabilized
5 towards degradation by stomach/duodenal enzymes, and retains its tolerogenic properties

and is displayed at the periphery of the polypeptide.

2, The bacterial strain according to claim 1, which is selected from Lactobacillus or
Bifidobacterium.
10 |
3. The bacterial strain according to claim 1 or claim 2, wherein the polypeptide is selected
from a surface protein, an intracellular protein or a protein secreted by the bacterium.
4. The bacterial strain according to any of the preceding claims wherein the tolerogenic

15 peptide is derived from a food material.

5. A food composition containing a bacterial strain according to any of the preceding claims
or a supematant thereof.

20 6. The food composition according to claim 5, 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.

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

25 contained therein in an amount ranging from 10’ to 10" cfu / dosage form.

8. A pharmaceutical composition containing a bacterial strain according to any of the claims
1 to 4 or a supernatant thereof.
30 0O. The pharmaceutical composition according to claim 8, wherein the bacterial strain is

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