WO 02/ 24883 * 166166* Lactic acid bacteria capable of reducing an
I ndi vi dua\w%‘n[/@ﬁﬁ’ency to devel op allergic reactions The ph ”Ewﬁ'%i ora
pertains to novel strains of lactic acid bacteria that are capabl - 4.dMAR £ 0
reduce an individual's tendency to. develop allergic reactions. In
particular, the present invention relates to novel strains of lactic acid

bacteria that express pol ypeptides including tolerogenic p ' t he
‘'use thereof in reducing an individual's tendency to devel o@ﬂw Mﬂm “‘
reactions. The invention also pertains to food or pharnac

conposi tions containing said mcro-organi sns or active fracti ohH$!%hereof .
‘Al l ergies. are inappropriate reactions of the imune systemto a variety of
substances (allergens). 15 CGenerally, individuals do not generate a.

subst antij al i nmiReticagid bgstexigeapable obreducing andgdivideal'stevdemeyer ed in t he
envi ronnment, such as pollen or,f material ich non-reactivity is
deened to be mainly due to atglﬂﬁggggﬁﬁﬁgw&gﬁ%% of the inmune. system
itsél f. However, in an inpaired .condition'the immune system does not
fulfil said suppressing activity (designated tolerance) resulting in a
specific immune reaction against the allergen - the allergic reaction.

Al lergig 20 reactions involve the relea of bi.ologicgally active, _
conpoun ,Prgifaﬁmggnq«?pep SéWMﬁ%@ﬁ#f&%ﬁhﬁé?mlcéﬂq%ﬂ reduce #hg
enzy nesSndibidaNPRAIdRY 18" dev8lbb SilefFid laktidms AP Bivent;

granul ocytes, into. - s_yu_r“rgund#ngc{?%s-t%u%%‘ggt%ﬂa?@f uc u?gi's‘)fll_ﬁ{?ansfel%tgf fos
are di geekyrhing off lactitrecitl habteria thiit\axgreas polypsptides\ihélhdingtokaypehicspeptides  bgd e
within ghe vascul.ar _system Upon a_ sequence of events involving IgE
ant i-bo&f‘%gs“t T8 %Sﬁﬁ%@wﬁw‘%ﬂ aﬂ@%m&gg 8&*/@?%%&1%&@@90&025&%?@@%
endi ng diy hedtaRlioto 68! R Y eRAGH ifi Bl od Q&;@ i i

I ndi vi dualg suffering from aceergy oggx?osﬁkg?%g&;% , \%T%ﬁﬁlus 0 génﬁ%s or active
at t ri burastionsatheweofver i ncreasi ng at mospheric pollution caused by e.g.
exhaust gases. Also, an extended consunption of proteinaceous naterial is
deened to contribute to said devel opnent, in 30 particular to the grow ng

oceur I eReinf ; - 0 W1 ficif . t0 Mm-crobia
i nfections ; a{e’g%%gé&ﬁt%(ﬁ%& %&%@%@é %@X %&S%g% (allergens).
endéuntGenemllynindiwiddalp do nobgenierdte s stibtantial imfhiGe @dclon agaiaRKubAndRe Tog iy
cause for the ncrease,  of atopic diseases. ) . L

N e_nqo_unt_er In the environment, such as pollen or food material, which non-reactivity is deemed to
be mamly duetoa si;ppr_ess_ing mechanism of the_'imr__mme. system itself. However, in an impaired

.condition the immune system dqes not fulfil said suppressing écﬁvity (désignated tolerance)

resulting in a specific immune reaction against the allergen - the allergic reaction. Allergic

20 reactions involve the release of biologicaliy active. compoun.ds,. such as the inﬂaxﬁmation
' mediatorshistamine, _leu_k_ou'ic_ncs and enzymes, from particular cells, mainly mast cells and
basophil granulocytes, into- surrounding tissue and vascular structures. Mast cells are dispersed
throughout the indiv_idﬁals tis_su_e whilst basophils circul#te within the vascular system ‘Upon a
sequence of events ihirolvin_g IgE éntibodies the éorhpounds/mediators a're released from target

25  mastcells ending up in pharmacological reactions.

In the past, the mumber of individuals suffering from allergy has increased, which is often
attributed to an ever increasing atmospheric pollution caused by e.g. exhaust gases. Also, an
extended consumption of proteinaceous material is deemed to contribute to said development, in

30 particular to the growing occurrence of foo_d allergy. In addition, the deficit in microbial infections
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Food al | ergi es and even food intol erance of sonme kind have becone quite .. : .
conmon. Qs ﬁ%%#ty 5 of the affected individuals have been found to =~ - "+
exhi bit an 1881 ance ‘to certain constituents of foods wi tRFTAEROMI0956 T
percent of the popul ati on even devel opi ng reactions to mgestedzst?@“frzg&fﬁ
which are sufficiently serious to require medical attention

years ey, at maj or cayse for food.intoleran
resi des~ |%&'hn&e&]%gdm%%§%8§&5lﬁsﬁsg éﬁ‘&%&g %’BBW‘FI‘?&‘E”&'P &ﬁéﬁ“’ﬁﬁ#spy
excl udedf atupiccdiseases. however, absorbed by the gastrointestinal tract in

suscepti bl e individual s. This mat - absorption is deenmed to derive fro- _,
defects in the tissue which |ines the di gestive tract (Peters et al.

1088 | .. (1990) Scand, J.
e F38d allersfds 258 Wy L psratce ofofe Kind haiyecams dvite compmon. The rﬂnawsy
883)5 Tiog theaffestbd inddeiauhlkimade HREAFHInG & e)&ﬁ’chf Eﬁ'xﬁt@ler&f‘ée' B éépﬁfn”@w‘s&%eﬁ‘s of

tract to process 15 and present antigens m ght al so account
triggeri forfsowith mbewip® peroentiof theepapilation ¢vendieneloping mactiots! toringdsted nsubstdnces

all er gl C mbel. | al | munoL Rev. 172, 315). The

mani f est § ﬁﬂb gé\"ﬁ%'“",yéf’ﬁ‘%‘fs%r?ﬂi’fﬂﬁ?fg@jé UeM98t antial Iy any tissue in the
body. Because of its |arge absorptive area the gastrointestinal tract is
likely to be the major site of absorption for 20 of fendi ng substances. Mny

of t hfe @mwm cmdsdl idetcea hhie mpuatedathet 'ﬂnrmijesbailsi& fgh&'odd ﬁﬂl‘@lemheck trésg&ds in the
its ut i SO a r tissues, ingludin tesman

air Forpi stameﬁiwiﬁ? b%é)b&éh%‘ﬁ asrpally exe B .are, bawever) absgiaed by
arti cu r d.| f ce

of the S‘?"{ %‘?83%‘."‘?“&%5?}%‘“? SusGBRA Bl &%ﬁﬁﬁmﬁéﬁ& SIo e °

r educed defeoisin theeytissee wbivhdmel tHeydiléstive tragt (Pételdast Bl.\Q 9BELCHR qdoﬂ'}astroenterol 2,
whi ch woul d be the cause of such

f t I
or ol o 27AOf08 b (19005 s o astmeniaes. 15, 32 clolangln psl, (19B6RADG Gt

known ot 30588 ?%?ré‘*g@ IERBEA ol G 3F enifial bls ik BN et orousss
sel bEt i und presentautigens WigHOAI9 3 SuinGdt ﬁe(ﬁél%g%ﬁﬂé of i, eﬁiﬁﬂn@ﬁ&@wﬂoﬁs leadwg to

US-5, 480, 660 .i s -reported that the onset o he aIIer in patients wt
al | ergi 8 ian apdallepgic entrome 4Campha]l of el (1A99) Ingnmolrﬁdudﬂz,galﬂr om
flour, prote| ns having nol ecul ar wei ghts of not nore than 30,000 Da and
protel ns- havi ng a nol ecul ar wei ght of between 50,000 to 70,000 Da. In JP 11
04 67 2Thememéfeitatioh sﬁfmwegyrmawﬁﬂomrmsmggny B! lb%gs&gy ﬁe&éﬁg@Bf

xe

protein, confaining food material, wherein the Tood materia
wheat f 1%58¢ aBSAPtiveoaien ihersastraintestingl dractis lisely toHmn ti® miajrt sit aff abBHtion for

US-49 293 ; poal i ce composi.tion is descrlbed
wheri nogeidint sehoBlERs NP6t e shbeRrLot Rpl aliEies e Homireiy LS dleestve o

t r eat neitself, baemighralsoiaffect mﬁmkspin\tﬁﬂdag&w&maﬁdaﬁ%wm ected to

coagul ati on by heat treatnent followed by an ultrafiltration step to b

elimnate the coagul ated materi a_I and nmacropeptides that m ght constitute
al l er _9?ﬁ§m¢ art djﬁ‘erent approaches are proposed to treat allergy, in particular food allergy.

25  One such approach aims at modifying the source of the allergenic material itself such that its
allergic potential is reduced. This may be achieved by limiting or banning the food or
components thereof, respectively, which would be the cause of such _problems. A problem
involved often resides in that the specific antigenic substance (allergen) in the respectwe food -

material is frequently not known so that in most cases it is not clear which component should be
30  selectively removed.



Jn w-S,%gg?éésgnot her process for the preparation of hy%ﬁ@ggﬁ%c f ood

material is osed, 15 wherein a whey product is subjec ymati.c
hydrol ysis. Yet, all these nethods of trgating the. food nateri al of MAR1T005
excluding it fromthe daily diet eventually prove to. be difficult in
pract i cgn UB-54801686Ys fepaéd thaflie! 5 ' \Z i Iy
restrictlive neasures aegd nagmeg/lgnotd&gﬁ/ﬁ’@ﬂhggpgg?li?héﬁedqtpugﬂht%?eﬁofdgﬁ%ﬁ&agr

i nhi bi t berrdleviatrdchy eliminating onréddusing fiwm Adiny iptieteins havidigl heleenlar aefuhenenet
treating foad and food .intolerapce is directed to_restoring. and

mai nt ai %&%é@dﬁ@% P?fgpfgt%@gm& %/mgﬁ‘ehla{ Waieht eihetupens @000 tog Pal |y
‘may not pass. In this respect US 5,192,750 describes the use of N-acetyl

gl ucosanmi ne to enable the nucosa to formthe 25 necessary barrier to
trandm $8iJ8n1bf04f 6D @1athkrer isedisclased 4 anethod e redagingethe f dlleggdneltity AFCH pRoteia-

to yet another roach of treating allergy vaccination of individuals
agai nst W@@%%@Lﬂl Eﬂqlswéﬁr ¢ &pdmnterial is mined withiweheat flgyeandthe sruixivee is

cells awk&ﬁﬁ?%rhﬁmn-g%fnﬁrﬁ? a?pgbg 97/ 31948 proposes specific peptides
for vaccination that resenble in their three dinmensional 30 conformation
parts of the IgE nolecul e, imunoglobulins involved in the release of the
medi atoi‘z U#nvol ved in the regulation of allergic and inflammtory

reactio 1493, 7dnthei prsparetien of e hypeallegedicsl campnsitionriaideswiped.cwherein a

evemsua | s i rected-to,said .ol ecul es WD 02/ 24883 4
s po pidfgaaete Jhabil i SuBlebB 151 hiadtisly teimgBRt i, wS3piiRe g kolvsed
s&avengetbtejris uiey Gubjected Go T0agIALIMADY Hedt &rbtmeRl FAROWRAL KO &n I kIBAfiTAARoOn step to
anti bodi gs .forned may exhibit cross-reactivity with otHer inmmunogl obulin

cl asses elimingle theoagilated material antbmaexopeptisien that mighteonstitutei altrgensiual may be
adversely influenced. 51 n EP 99200130.5, a patent application owed by the

present applicant, which has not yet been published, still another
appr oac In Us-51089,532 &sbthei prodeeator BidfithSrai H) hﬁ&géﬁc %&Pﬁﬁﬁrﬁaf{g%scl sed,
contains_a non-allergenic, extensively hydrol ysed protein materia and? or a

f r e&5 anherein pavhsy productisgubjected tosenzymatit bidrotysisni ¢ peptide of the
respective allergenic protein. Although this conposition provides many
advant ages over the prior art it is still difficult to obtain the

t ol er og®et,Calp Hish %cthodh%ﬂ\&é&ﬁhghﬁé 168d ati1 i Cen [kl ilbﬁ'Bﬁh‘.Fg Slaﬂ?vcﬁet

Therefore, there is a need in the art to provide inproved neans
t r eat i n§venthabyprovado dsj difficultfint practinee simae they\require diet irevision; asuallyi ideelving

provi di pg: . @ 1S.sc The aboye . obj.ect . has .been.sol ved b roviding .
ovel 1 Seicr HstichydRRaPured endAfy, RYGIY Aefeblme ARy 6F i m Rl be cipeiha
I Nd2¥i dgrowth of thelimdiyddap devel op al l ergic reactions. The novel l|actic acid

bacteria express a pol ypeptide that harbours a tol erogenic peptide such
that the specific sequence and possibly '

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

According to yet another approach of treating allergy vaccination of individuals against IgE
molecules is suggested which inhibits the triggering of mast cells and basophils. To this end, WO
_ 97/31948 proposes specific peptides for vaccination that resemble in their three dimensional
30  conformation parts of the IgE rﬁolecule, immunoglobulins involved in the release of the mediators
invqlved in the regulation of allergic and inflammatory reactions. It is conceived that the
individual's own immune system will eventually form antibodies directed to said IgE molecules




Rt e T

configuration of the tolerogenic peptide is retained, the stability ,
preserved H$y thus be 20 processed and recogni zed by the individual's
i mune system In the figures, Fig. 1 shows. the primary se 0336
peptides contained in the respective fragtions of the f3- 25 Iactoélbbﬂ”{qmw
hydrol yzate; vertical bars represent disulfide bonds; Fig. 2 shows the

results alyned wi t-het ol ero | c..pepti des/ pepyi fractiqQns in various
exper i ne%. hglg iavé\actﬂ%]c:‘, %‘Hggl‘%lﬂé& &° ¥ %’cﬁ%&ﬁvﬁt&cﬁﬂ a&eaﬂi haggors the
Bi f i dobadissiviaitae vitut BRLitTHAIMS fhitn Al leleﬂﬁﬁﬁﬁﬁ ew,,;,, B i

| eavi ng their Igrrenal habitat by produg?ﬁgbgehgossgrfgers cyt oﬁ@nes %':dIrJ\%lgPl\)}énd
i n the réawseashenthst the maturahdefence mechamismsaafithe individhis avtydre aiveselyaiflicht@yer

t he producti on WD 02/24883 PCT/ EP01/ 10956 5 2 1 MAR 2005 pf
pro-inflammtory cytokines, such as IL-8, TNF-a, MCP-1 and GW CSF, but

rathes PEORD 5 ar . i : e : ) h
as TGF 13 'Bltggﬁ)%lthgast’ B lf(Hliégﬂgité’*’B %@%ﬁidg’@nﬂi %gg’gﬁeﬂ%ﬂ‘%g ‘ﬁ%@‘a‘)%%f‘ﬁe? Bech
i npor t anpub » tilli anvdher exppradich dis tdisclosed.nAe hypoatiergénio ot dmpdettion 13t proposed! that
i mmune hgneostasis and the epitheljal barrier .integrity | anchon_et at,
(1999) J°° a&%ﬁ‘@%&ﬂc’ @ I}Sl‘@i)} LY@BB@?&PWW ﬂatmaélanéé%%ﬁgq minocisichbasis
| act obacgidd 4 Wﬂ&?@g@ni@aﬁeg t | V, f .
m togen-?ﬂrﬁ‘dﬁ(l:ed proliferati‘o 82?%%3%%%& ceﬁzﬁé&q{(@%@gl ggugﬁfﬁ%ls 8‘%@5‘?@3“
Appl . Erptovides midng radbantdges @ver $iefjor drbittis stilhdifficilees obtain thd\Blerogsnidpeptiaed
for lE)etergil gous (over-)production of proteins and 10 peptides wth
systenms YV °§ °tb°eBFBﬁl ffor-eagh balch de ap¥h gene based on chromosonal
~integration or episonial plasmd elenents (see e.g. Kuipers et al., (1997) .»
Ti btech 15, 140). Further, Lactic acid bacteria have a potential to e
col oni zeTharefoss these/isfaamed in thedriets prdide Mprovéd héds Fobdtiatlietdyt Y

associ ated with nmuranyl peptides resulting from peptidogl ycan degradati on.

15 Further, it has been. shown that certain Lactobacillus strains pronote

ant i gen- 80 egieki & i r AL L h G ly..in the 1gA class (M ama
et at, (199@) 7. dﬁéegiugaéthrtﬁ@@?@@%@‘%ﬁ%%% ,gs'é%sﬁ‘.“%‘fﬂse inability of
"humdd 1 gA conpleed to antigens to activate conplenent may be of inportance

in the i ntenance of the integrity of nucosal _sur;faces.. Thi'_s woul d prevent
| ocal i %’H%PW hag been %ﬂi&edql?kmromdng navel lagtioacid badtoriy strains that arelcapable tof

i | agirsal . af fect on osal _nesbr ar i ity d
totT s Rt anndS Rt ety €0 B erely SR e R BN RS etk sfress
| gA ni gha polyperitide that arbovs o @lérogerid pt Odasiﬂsrmﬁnmb%eéiﬁn&qhm& A PHISHE

anaphyl act i.c. reactions nedi ated by, an ies of I1gE and 1gG’i sotypes.

Mor eovercOnpguRtem of the talstagepicepeptidovis netgined; dha stabiity nregarveiliend omayothus be
| F | : . ) t 1991) Int. J.
I m’\'r?g 2?&?&%@%@%@% ﬁ? I@&P@&éﬂgjgéwﬁ%' 1 a%’%%% ghovvn) t on

. . AR,

In the figures, | 3

Fig. 1 shows. the primary s_e(;uénces of peptides contajned in the réspective fractions of the B-
25  lactoglobulin hydrolyzate; vertical bars represent disulfide bonds;

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

30 Lact_ic 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




i.nhibit TNFo@bp4sesr el ease of intestinal mucosal mast cells gEBEpAnGest € et
al., (1995) Int. Arch. Allergy Immunol. 107, 156). Increased ] FN-ganma

secretion mght prevent detrinmental effests of TNF-al pha (Her na'zd‘FZMER‘%Bﬁ
et al., (1994) I|Inmmunol ogy 82, 591), and consequently counteract the

per meabigi.ty ;- c}ﬁ&’& a ' TRed aldce- _ch

I npai rer#ef?%&:)@at&ﬁ%gl tésti nég'. gsu%g(fwgltz'i'rl’gf| er agai nsgﬁ%%&sﬁigj@gﬁgefgmﬁ%ﬁ%c
eczenn paydustion bé inflaynmistionr inhibitoty ¢ytoldnes) gshodscTIGFiRBlGS dtad.p(1998BAhtdnie van
common di etary and_environmental allergens, WO 02/24883 PCT/ EP01/ 10956 6 2
1 MAR 206suwerhosk 160190 ¥dth Jmpertant; implicatiensnipearding ¢he masiatenanagyef bptn the

the i nvept.qE. lsed. s tQ.c ' t he adyant u

ot oper t el ARt BGEE0ASS B W Ghiondfiltaid SAERL Gptof LA GRS F. cot
pept Sdei’liyﬁioﬂelﬂ; 5% @oﬂbﬁm@iﬁgﬂorﬂgﬁﬁﬁinis&aﬁ&ﬂ @€ FactbbRYIEhdthdgchates wHs shown to
i ndividual's tendency towards allergic reactions. 5 The |actic acid

bact er i $%eEt Buppressiveaffech enpnisegemt-induned rprobiferasiont ef awinpniveleamneplls tBesshet al.,
Lact obagi S .or B.fido terilm group or Lactococcus group, and is
nore pr #éeérd;lﬁr&i'%vﬁ%‘e ‘frPgW?taG%esg##Ups of L. acidophilus, L. johnsonii,
L. gasseri, L. casei, L. paracasei or L. reuteri, all of human or ani nal
origin, respectively. 10 The tol erogenic peptide, which is a peptide _
der i ved Liactienagidgbacseri (DAB) rmay bsi wsgd foir | eteyplogousa(overAgiodudtier ofj gmeteis! and

has si.ze.of ahout 200 to 6Q00 Da.and.is a peptide capable to induce

t ol éf’an@@E@ﬁj‘@w#%tﬂ@e&ﬂgﬁépﬁ??mw 8f farrigh ppe g%seééani nogomal JHegration or
tal er anGpighidal plAEmid HldaRstst rd gﬁwg i b @R Cactic aci
dét er m (r\?ghst t han t hat reprs e(g‘seenggﬁl{g@%%héeta%b Cl 15] gﬂﬂ%tgaf 3?’2?% 'eﬁl Cc ﬁe%afcflgeacgls
wel | . Adacteriarimve a pbientialetoeoslonize enticosal sinfaweneptd eghibit armdetrinsic adjuvanticity
reconbi nant . ns, i nto ol,y peptide synthesized. in the lactic acid

bact eri L?ﬁ?"“’wge Wmﬂﬂrﬁ‘ﬁ%ﬂéeﬁﬁ?ﬂﬂggﬁm%@yﬁn deggagiatios to t he
bacterium The tol erogenic peptide is .inserted in such a way that it is
presented on the periphery of the resulting reconbi nant pol ypeptide such

t hatl5i t Fwethet)dt hes been  shenivib yhat lverthimLavtotzigillue rstraiti promate lantigdi-spdeificbiyniene
expressed in the I,g@tic aci d bacterium accordi n_ggto net hods_ wel I known in

t Ihe ar t FeSPOPSeS,parprdann i Be el class (Mpamagict aby d 992t RediagnGasaroquearak Navwy 28
(1966)  Fenk TREmaphlly of kAl 1A joobtexslib. piligeds 1o WA G Confitemens gy po of

Bact eri imipofififte i3thp maintehanaesefitHeointegpitys offmhucoxdlr ke fices) . ThiS twould prevent Mocal

25 m nd.the superior stability of chronpsome integration, this way of doing
could b q.l_gpéfz)garqagﬁmns including influx of leukocytes and release of immunological effectors that

20  enhance mucosal membrane permeability due to tissue damage. In addition, through this immune

D

exclusion mechanism, IgA might limit further absorption of bystander antigens and thus abrogate
anaphylactic reactions mediated by antibodies of IgE and IgG isotypes.

. Mo_réover, lactobacilli have been éhown to r;\otentiate the production of IFN-gamma by isolated T

25  cells (Halpern et al,, (1991) Int. J. Immunother. 7, 205). Recently, IFN-ganima has becn'siaown 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 K
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 exaggérated

immune responses to common dietary and environmental allergens.



t-he recombi nant gene coding for the respective pol ypeptide. For i"ﬁifegrat,'ron"
into the me honol ogous reconbi nati on may be applied by e.g. v
usi ng an r‘ei’?;i(’)(B |§nHa}ﬁt gene from Lactic acid bacteria, cont aF T /ERP1(18056

t ol erogeni ¢ peptide and repl acing the engogeneous gene. Yet, net h?dﬁ%ﬁo@ﬁ

I nt roduci ng reconbl nant genes into a host's chronosone are weII Wi t hi 8

t he ski Ibggn I b e ]
expressed to rg; ?rlhln % (,gq P tyeoﬁl%%éng%f%ﬂ Exsénvge% bzve%ﬁ%rg re devised
PCT/ EPO 1189856 aoxﬁbmemaaoaﬁamhywer@ks b ictib SackP Ghétkal with H{bepdt@ﬁt’iﬂcof
acid bacteriumor t is inserted into the cell wall thereof, wth

part conAFOReRIS Pepl %rt% BeREAlec2 pewerfilcagent mrqdueape@vmmam andividuhlsr

sect i on. tenddad A EW. 4 des to be used in the present invention are
pepN, pepX, Igct aa?%smcf’rﬁgérogenase or B-gal actosi dase, or a nenber of the

clas® of bacteriosins or S-layer protein or a 5 cell wall anchored
proteaseTle ﬁre nature of the pol ypeptide is not crucial with the proviso
‘that thel#%actsaaid aﬁ@ppméom in rtbe mreagnt dnventiont preferibly deloagsitol the

for the" once a t.abl e tol erogenic epti de ha
been |dent|¥|eg M % feﬁu?]hﬁmlﬂs’gqlr COREYS, Wﬁﬂ’a'ﬁr r‘%gmf‘lhﬁm efals’ly
t ol erogedmved)ﬁptn tlle(ﬁrﬂulﬁbfsﬂcdbuﬁ) Vzﬂﬁsﬁm nsomi, t.lh' SO Ch&i Sl‘f(ﬂah\z/# X t

I C

wi |l consult three dinmensional nodels of the olfypepti des,

t ol er ogdirteripalhof hpman; ox anime! erigin,respectively. based on such i nformati on Wil I
desiygn a corresponding reconbi nant protein. In a preferred enbodi nment the .
reconbi nant pol ypept.ides are secreted or are arranged in-the cell 15 wall

of the Ui telerogentesdbtids Mwhichas e Peptidd s p&&ﬁ:' e p d&?&é%ﬂ%h% gﬁﬁg?%ta?d )

to the envjronment. The tol erogenic peptide 1's d erical
causi ng iBfividual geneealbst hama smto phout 20Add Gmsbmtandllstdﬂpépﬂde&apiblémo andbe

oot i oo ‘QEnnEE MRS Ey 1R prdl, SO Wipch s Baisd, i wfion, oleempiemil esagduced to
Gor  ve Wmmnaldhmﬁlﬁeaéw% SYehe H@t@nﬁﬁ o e,k rPﬁeﬁe sang res%lc‘f"lﬁc

derived pol ypeptide therefromwhich exh essentl
i . e 13j ndelexigenic  peptide | asnwiell. ﬂwo@ngetogﬂ[c pm@nrmeentxunl thib peptidd isatisertéd by

the |v 25As refere our ges, f ol er ogeni eptides mlk
S0j ag pegcr?%ﬁl&%iu p fypﬁé’é@ %ﬂﬁ r vdi%y 6 @ﬁr@ﬁ@ﬂbﬁedwwhch
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identify tolerogenic peptides the al r'st
subj ect dnserted 4n suehza/m ﬂ:ahyltlrwlpyesestedoomﬂtbegeﬁph@jf cﬁ‘bmetre%ﬂtm reéonibiaad

-t he. cact Vi rotein mxturersrnactlvated
by e g i:{rﬁ)g@htlrea ll’ h’)’ FOUR SRt i on i s clarified

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 Micrqbio_l. 60, 587), pGK12 (Walke et al., (1996) FEMS Microbiol. 138, 233,) or pG+host9
: (Maguln et al,, (1996) J. Bacteriol 178, 93 '1) 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 introdueing 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



and furth fied if desired. The. peptides thus obtained separ at ed
by e.g. su %B#Hs&ig the solution to a precipitation treat nePrﬁalrlﬁ'Fmﬁ ing it

t hrough a chromat ography col umm. WO 02/ 24883 PCT/ EPO1/ 10956 8 221] NFAR 2005
Subsequently, the fractions containing different peptides are tested for
their tobRpesiff SRSLEN t ' ani T .t hi
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speci i CAPIPETe0k POIYPSPYdes fo digepsed; jn (the BueseRt| Mvention, ares pepN, pepKerlogtetei c

pepti de gbj LepRse W A- t | : [ to react jadai nst. the -
al | ergen, Eﬁ% hat (%li‘hdeh?lg@gééig%%&geaplg%@eoﬁg gg'gl?on ac%vsxgg °E|§f183%ﬁ{’ﬁ‘§8‘_n Bice
a t obPer cgltmiall apalptrediproterdei t s anmi no aci d sequence has been verified the

DNA- sequence of 10 the pol ypeptide to be expressed in the lactic acid
bacteriumis inserted by genetic engineering into the gene coding for the

bact eri [- o : . i f0 nipulatin .

S cquencane SR B 88 ol Hont s 108 SR o8 iR LS ek e o be
Sanbr oolmsettedabuch that it dbasceisably fibihddmniilecsySiim. HowtVeb Wnce hRRthble 18lefd}enic
relates to a food and pharnaceutical conposition

present i nycgtrllt ion al so, t : ) C
cont ai nPFRJd¢has bgen identiiedit isswelhwithindbe prslinariskilliotarenge the telexogenic paptidtia

(' ony 108885 1ol Ao et 8 B8 e mbP i I vl Broo B oo s8Rl

a,super palypegtides, iatocwhichthe @flerbpéhid p&itide is 608 fhsertbR aAEbasedoR 'sudindSinhatdon
fraction thereof may be included in the conposition. The food conposition
may be Wil designggerrespoading recombinaat proteinent ed mil ks, milk bast fermented
products, ice cream fernmented cereal based products, m |k based powders,
dinfant fornulae or, in case of aninmals, pet food. 25 The pharnaceuti cal
conposi i apreferedembodindeat {Hereedibihaf |p%1}§)cp{_i&£kuérg sB3Eieq ok ate AHHREN R ffEScel!
pre gratlons conprising parts of the bacteria, such as nerely the cell wall
f rad?i o2l phithe dbasferiumy ssugh that thedolerogenicigieptideris coristantlyi prysanted del the
wal | com dried oral supplerments, wet oral supplenments, dry tube

f eedi ng or vve‘enttube-feedi ng. 30 The route of administration for the
pharmaceutical preparation is oral, but nay al so be nasal. WO 02/24883-
PCT/ EPO1/ 10956 9 2 1 MAR 2005 The present invention also envisages

vacci nedhe delaagesicrreptide i deriend; frorf fopdl engterialecrusingvallergio weaction.p¥et, st is not
ook ert gesEA 1R b dei Sedulnte doiresponds {8’ thaf found in the Bave protein, but any

20 peptide sequence having essentially the same amino acid .s_equence and , possibly - three
dimensjonal 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. 8-lactoglobulin, bovine serum albumin or casein.

In order to identify tolerogepic 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 column,



grow h potential, if desired. As parts of the bacteri a, primarily the cetl
wal | har bogj antigen of interest shall be applied. The cell wall may *~
be easi | yogg@fzh@é by lysing the cells and ‘separating the BFTERII&Q9S6 ’
conponents thereof. The follow ng exanplgs further illustrate the i;n@ ?tz@g
without Iimting it thereto. Exanple 1 10 Isolation of tolerogenic p g [

a |Isolation of peptides 220 g B-lactogl obuli.n (Sigm) was dissolved in
bi-distill-ed water at a concentration of 5 % 15 (ww). To the resulting

sol ut i onSutReiuentiyatthel frictions Ncontisning ddiekertht NSbpides ey N4t DRE M BLE i
ratio of_ 1/ 1%0 ‘()vv/ wziu?nd t he sol uti%n was ircubated at 40 C, pH 7.%)@%@&“"
const ant PORETHES Y, psting them in ancapimelaoded ko thisend anihalspsighms nrice ard dediwith the

yield a fdl : rap f 2/100. ncubati on,wgs .continued for another
A hour sty ol Rlckng anf oouonlhoate Ssiiziced i e llerepn g hegosmonye
to stop theets Bagédsored in I f ' - S nt.l.

| yophilized 20 and t heﬁiréggglﬁ?iarc]‘.gaﬁpggg{i?ﬂﬁﬂ%ﬁﬂg@ﬁ%@@?ﬁgﬁ%?%@%ﬁg IgE
pr epar at levels émtherarimaisaph p resultatoderogemiv peptide SractionSwill fedlereik apRmils dérfidency

fractio e_abt.al n rangi.ng..from about "2 to 23 am no acids (from
wbout 240 15 S Rbhy et 300 o repertiie ephife CchienivaR br fetemeited.
diafiltered, dialyzed, again 25 |lyophilized and stored dry . at room
tenmperature until use. The fractions were also characterized for their

pept i de @esn &:tplerggenie peptiderand ifshensino lakcigisefaerice hanbesn Verifleddh€DNABEQRHIP BT
(HPL{p - thleroﬁo!_}ﬁ)%ﬂlg 1? éract i%\s §11F| - .F15) were, co|lected containing as the
maj or conpon 9519, Bp FFRIgEsed farhe laghic. a¢id acterium 1s inserted by genetic engincering

Fracti 7 1F ' : L. . . . o
() o5 aw, BaTsehd caling oP T Uellelh phélohr Gaibd MBI Bt tochmiapes for mapimlatie, )
T20 T9 IPNAtdequentes TabeRRessinptdteis iR FliorbldrgAtishe 2k escribeld8A Sambrook et al., A
1247241 2 L5tk Manual Cold Spring Harbor (1992).

15  The present invention also relates to a food and pharmaceutical composition containing at least

one of such a recombinant lactic acid bacterium.

The bacterial strain may be included in the composition in an amount ranging from 10° to 10*2

cfu (colony forming unit) per g of the material. Likewise a supernatant of a culture of the lactic
20  acid bacterium or an active fraction thereof may be included in the composition.

The food composition may be milk, yoghurt, curd, cheese, fermented milks, milk base J
- fermented products,_ ice cream, fermented cereal based products, milk based powders, infant
formulae or, in case of animals, pet food. |

25
The pharmaceutical composition may be in the form of tablets, liquid bacterial suspensions or |
preparations comprising parts of the bacteria, such as merely the cell wall fraction obtained by
lysing the bacterial dells and collecting the cell wall component, dried oral supplements, wet
oral supplements, dry tube feeding or wet tube-feeding, |

30 |

The route of administration for the pharmaceutical preparation is oral, but may also be nasal.



9, WO 02/ 24%832@ssBCT/ EPO1/ 10956 2 1 MAR 2005 The pepti des WBEPEPRHased and

sequenced The. sequences thereof are indicated in Fig. 1 Various peptides
proofed to be tolerogenic, in different 8xperinmentations, which ade] MAR 2[]05
described in detail in Pecquet R Bovetto L. Maynard F, Fritsché R

Pept i dedhotpresent ihvisntiorr 3196 ieavisags @hmﬁnes %mpﬁsxhg \thélsa&eﬁ@sf 243 g}&éht &vbﬂﬁ'&hc €
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b Reskh Th J f

B attofoba foreifBl- 3 gFeacabFRle St st el ol &ﬂ-wﬂfﬁé%:gfé@% sntigen

refer en@é interast | shalh beaappdietlr The peflt el hap Becesil ?l’@ﬁhﬁ@cﬂ halel s Wd D
flan resid ei&romthe BLG sequence, as well as an extra Cys residue,.
as It “6%!%6&]1 ent pompppantidherqfy/SR 84 91 T17 CNKVLVLDTDYKKYS 92 100

T6/ T17 CFKI DALNENKVLVLDTDYKKYS .84 100 T13 LIVTOIMKSRC. .1 8 25 c¢) ani nal
testing For assessing the tol erogenic properties of the various peptides
femal e Bhtfiolbowingex Bsu&ﬁﬁrm@mﬁlm@mv%ﬁﬁﬁﬁdvﬁﬁ& @ngﬂﬂ ﬁljtkét& esl e France).
The aninmals were all bred and raised on a m.lk ee |e§; t 'e begi nni ng
~of the experinents the animals were 3 weeks ol d. They recei ved by 30 gavage
native ?‘hﬂﬁ&?gl obulin (5 ng/g of body weight), various anounts of

di gest e BUHSCt ogl obulin and various anounts of the different peptides

obt &0 nesolutidtrofadleripenis peptidts' 0 nice were fed saline water. After 5 days
on. such a diet all mce were imunized wth B- | actogl obulin and oval bum n-
ggrade V,.Signme) as a non related antigen in order to assess the

speci fi lafipn ne response. A del ayed type hypersensitivity

eval uati on (DTH) was 35 perfor med 21 days after the system c challenge by
conpar i nmrgha.lmb b &vak r mﬁg t ter

i nmuni zat i Qn. ours af rﬁt e%%ﬁﬁzlgt?igﬁ&t ?VB‘EC%’%& ft goﬁ%ﬂon of %m;

). To the resulting solution TPCK treated trypsin was added using an enzyme/substrate
(E/S) ratio of 1/100 (w/w) and the solutlon was incubated at 40 °C, pH 7.6 under constant
stu'rmg After 1. hour the same amount of enzyme was added to yield a final (E/S) ratio of 2/100.
Incubation was continued for another 4 hours and the enzyime was inactivated by heat treatment
(85°C,5 min) to stop the reaction. The entire tryptic hydrolysate was subsequently 1yoph1hzed-

20  and the resulting pept1d1c products were separated by preparatlve chromatography on a cationic
resin.

15 different peptidic fractions were obtained, ranging from about 2 to 23 amino acids (from
about 240 to 2720 Da). The individual fractions were panofiltered, diafiltered, dialyzed, again

25 lyophlhzed and stored dry. at room temperature unt11 use. The fractions were also characterized
for their peptlde content using reverse phase High Performance Liquid Chromatography (HPLC)

In total 15 fractions (F1 - F15) were collected containing as the major component the peptides
(T) indicated.

1
'

Fractions (F1 |F2 |F3 [F4 |F5 [F6 [F7 [F8 |F9 |FI9 |F11 |F12 |FI3 |F14 |FI5
Masses (g) 52 [13.9[11 [11.8]2.57|1.94[4.37(13.1]5.01|6531.05|3.46[1.9 |2.67|28.8

Enriched T6 | T20 | T9 -
|peptide | — |17 |T23 123 |— g o1 |71 | T12 | T10

T18 T24 | T24

| T10 | T10
121 |T21 | TP T2 |y |2 |—
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performed for each group. The intestinal” contents were individually _
collected. Serum and intestinal sanples were individually frozen at - 80 C
until performance of the respective assays. Anti-B-lactoglobulin IgE and

ant i - ov &lteeptidesiwdre iselattSandequetcb e Then@Gudiotd thirkos RedndieRdd iftRs| i nal

sanpl es..,M | gE anti body assays 10 The serum and intestinal fluids were
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honogeni zed in PBS and purified. The cells were co-cultured in the

presence of B-lactoglobulin or phytohemagglutinin A Tritiated thym dine
([3H-T i6 Bfblerogki hgky was added during the last 6 hours of
culture and the plates were harvested and anal yzed by scintillation
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adm ni stration, of synthetic peptides 25 The synthetic peptides were
15 droen thoty ;

T

anal ysedesidiesifrom thetB])G sequences ax wpl @5 ay extra Cyrepidnerasdistad bdowe  nodel . i
Fpl lowing results were obtained: ;=~:Sp~'ai~i:;l; ~~~QnSZ:~ ~4~1:r|~~r~
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15 84 | o1
T17 CNKVLVLDTDYKKYS
' 92 100
T6/T17  CFKIDALNENKVLVLDTDYKKYS
20 84 100
I3 LIVITQTMEKSRC
' ' 1 8
25  ¢) animal testing

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-
lactoglobulil_l and various amounts of the different peptides obtained under a) above. Contro}
mice were fed saline water. After 5 days on- such a diet all mice were imniu'nized with 8-
lactoglobulin and ovalbumin (grade V, Sigma) as a non related antigen in order to assess the
specificity of the immune feéponse. A delayed type'hypersénsiﬁvity evaluation (DTH) was

35 performed 21 days after t.he. sjystemic challenge by comparing the fhiclcnéss of the left rear
footpad, prior to and after the immunization. 24 hours after the immunization the foot pad
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thvléness of thé animals were measured (expressed in A thickness (mm)). Subsequently, blood

was taken from all mice, followed by taking the spleens, that were pooled according to group

treatment. Splenocyte specific proliferation assays were performed fer each group. The intestinal

contents were individually collected. Serum and intestinal samples were individually frozen at -

5 80 °C until performance of the respective assays. Anti-8-lactoglobulin IgE and anti-ovalbumin
IgE levels were determined both in seram and intestinal samples. '

d) IgE antibody assa

10 The serum and intestinal fluids were diluted and assayed in duplicate for anti-8-lactoglobulin and
anti-ovalbumin IgE antlbodles using ELISA. Pooled samples of 20 non immunized mice were
used as negative controls. The titers were determmed by calculatmg the dilution of the sample,
that gave twice the absorbance of the negative control. The titers were expressed as the loglO of
the recrprocal of he dxlutlon

15
e).cell cul

Spleen cell solutions were homogemzed in PBS and purified. The cells were co-cultured in the
presence of B—lactoglobuhn or phytohemagglutmm A, Tritiated thyxmdme ((*H)-Thy (Amersham,
20 Zﬁnch) was added durmg the last 6 hours of culture and the plates were harvested and analyzed
by scmtlllatron counting. Stimulation indices were calculated as the ratro of blank-substracted
test and control levels expressed as the mean: cpm of [3H]-Thy mcorporated by triplicate cultures.

25 The synthetrc peptrdes were analysed for therr tolerogemc capacity in the parenteral mouse
model. Following results were obtained:

Xy .-',.-"’;4’-‘..-'«'13.?- e e

5 24 330 T 053
2677339 0.31
3407339 | 092
3207339 1.70
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‘One can see that synthetic peptide T-17 reduced both IgE production and T cell proliferation
whereas peptide T-6 suppressed only the T cell response. In contrast, pepnde T-13, the control
5  peptide, did not induce oral tolerance to BLG.

Example 2

Construction of recombinant polypeptide
10 - . '

The peptides T6 and T17 identiﬁed in example 1 as exhibiting tolerogenic propertiés were fused
w1th a cell surface anchored protease to be d1sp1ayed at the surface of a bactena. As a negative
~control peptide T13, constxmtmg part of the N-terminus of 8-lactoglobulin was used.

\
i

15 The cell surface anchored protease (above) was that of Lactobacillus bulgaricus, the sequerice of
whlch was published in Gilbert et al,, (1996) J. Bacteriol, 178, 3059-3065. This protein was
charactenzed as a 2000 amino aclds protem, being composed of a leader peptlde of 33 amino
acids (pre—reglon) respons1ble for cell export of the enzyme, followed by a series of 154 amino.

. aclds (pro-regmn) Wthh is responsible, upon clwvage for the actwauon of the proteolyhc

20 act1v1ty of the enzyme and 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 peptldw and to also span the cell wall. The protease is celi e
wall anchored by its carboxyl end w1th the last 200 ammo acids bemg responsible for the spec1ﬁc .

" covalent binding to the cell wall pepudoglycan structure.

25 |
The protease gene was first amplified with its promoter by using the following two primers:
5-TTTTGTGGATCCTTAACTTCATAGCACG-3’
(upstream the promoter of the gene, carrying a BamHI site)
30 © 5-ATATTATCTAGAATTGAATAGATTGCC-3’

(downstream the rho-independent terminator of the gene, carrying a Xbal site)
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13 PCT/ EPO&/ 10956 ? 1 MAR 2005 The, anpljfication product was cleaved with
BamHl arft ot thegreambinantprotein Repaing OPEN. bact eri a vect or pNZ124, t hat

had been digested with the sane restriction enzynmes, and bventually
i ntroduced by el ectroporation into plasm d-free (beta-gal act osi dase and

pr otléas dusartieraof larger palypeptives was leffetied by DNA antplificatiorDiisih$ prif@ts coatashihg tief
the cloned pratease was replaced by the sequence of the peptide /
pol ype’p{l?v&é'gﬁlfwt?_%sét}e%s 1¢ apap 8n Bradyrtswas ¢leaved gyithythe restdation epzymes. da beth

W th Nneasedthé DN 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 I-2563 and CNCM 1-2564, respectively.

Example 3

25  Transformation of Lactococcus lactis and Lactobacillus johnsonii

For transformation purposes Lactococcus Iacti.g strain (MG1363, plasmid free) and Lactobacillus
Johnsonii 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
ODsss of 0.6. The cells were collected by centrifuging at 5000 tpm at 4 °C for 10 min, the pellet
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Budapest. Treaty with the Institute Pasteur and recei ved the deposit no.
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Lact ococtordhe S]@?ﬁ@%ﬂ.@bﬂcﬂf&éﬂ& WerRs|naiK WﬁhllOFdrOOtmf@NAr(m <5l polnme} arsd
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accessi ogold 0.2 Medtrdpotation WARHE b kiide e TY @B cubéid Rl B MRS 3l 203AnEMgt,

- GasPak anaerobi c system An. aliquot this 30 culture was used to
i noct at dmbh Slafdr wesiladded apd dhe spsyRSSion ovesaincubated for %43 mouxssa thé.f appropainte
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PCT/ EPO1 2005 was washed once 2 VO ti o
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sucr pse, pldted witd indibhted: alﬁgfb%ﬁ: forﬁ%_e,f?l?h%ggg#ran elétfnl nal abgodicentrat | on).

The cells were either be direct ornatlon or frozen at
-80C. For the el ectroponti.on 40 I of cells were m xed W|th 10 - 100 ng of.

DA T B8 alsels RS Mot S0 S nyom . S kst s Jikls it Eomamyei 6 g/

el ectr opeashige@n cuvette were appli.ed. To the cuvette 1 m of MRS +.20 WM
MB02) 10 2nM CaCl2 was added and the suspension.. was incubated for 2-3
hours at the appropriate tenperature (at 30C for Lact ococcus |actic and

37C id)r kggmlc))ﬁq'cl | lus johnsonii. Wen t

Generation of rat antlsera and monoclonal antibodies against toleméenic BLG peptides

The BLG peptides T6, T17 T6/T17 and T13 (outlined in example 1) were coupled to malemude— -

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



pl asm.ds (vp)G+host9) are used incubation is at 30C). 10 | and 100 |
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15 Tabl e JH?E&EM')iv of | and| B-1 he+odl obYI WD [pEwif des|amfiferd — | NT | NT
PCT/ EPO1/ {ISGEHERISA) VAR 2D05 | NTAhINTS ¢r wm|spedi 14 of Tor [6 LI 7[Tel 17— TI3NTaTNT
number Al ADATENERISA)7 C3CDDBA0D NTI p+e+1/NF- IFNT A5 A
LI SA. NTNT+- - +1+ NTNT- NTNT T6/.17 QOUSA) 4- | - f NTNT+NTNT-T - ++_+- T T1I3 @ LSA
- NTNTNTNT- WSAWDW(}SMG) BLG USA#+#++/ - +4++1--- - == ++
: ++02-03 '
+ 0102
. +-0.05-0.1
10 - <0.1
' NTnot tested :
nat. BLG 3x cristallized BLG (Sigma) dissolved in PBS
den. BLG 3x cristallized BLG (Sigma) diluted and boiled in SDS sample buffer
LT . Recombinant Lactococcus lactis bearing Lactobacillus bulgancus proteinase with

15 | _ ' - BLG peptide insert

For producing hybndomas secreting anti-BLG peptide monoclonal antibodies spleens were
recovered from the immunized rats. The spleen cells were fused with myeloma cells accordmg to
standard techniques and a first round of screening already allowed the identification of cell
20  populations producing either anti-T6 or anti-T17 antlbodles Clomng of these cells was achleved

. using a cell sorter to guarantee the presence of 1 single cell per well.

Example 5

Detection of tolerogenic peptides by antibodies
. 25 - | |

In order to determine, whether the lacﬁc acid bacteria express the toierogenic peptides in a
manner so as to be accessible by and recognized by antibodies, bacteria contammg the
recombinant gene were grown in a 50 m! culture and the cells were collected by centrifugation.

The cells were subsequently washed two times with 50 ml TBS and the cells were eventually

30  suspended in 6 ml TBS. 75 pl of the suspension was transferred into a well (haif well flat-bottom
ELISA plate) and the plates were left without lid for 24 hours-at 37 °C so that the wells fell dry.

~ The plates were washed 3 times with TBS/PBS until unbbund bacteria weré washed out and the
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t he tolerogenlc peptides in a manner so as to be accessible by and

recogni three ipesmithiTiS end dexebped mith QPDATOQrapdirerd at@0ombi nant gene were
grown in a 50 m culture and the cells were collected by centrifugation.
The cells were subsequently washed two tines with 50 m TBS and the cells
wer e evmouﬁﬂ,e/ot?ser@umwﬁf%da{hs%ﬂﬁac%@&cuﬁaém%d%&uaw,ﬂm&mow eda
transferred into a well (half well flat-bottom ELISA plate) :and the pl ates
wer 40| efpositive feaction MdaUDgﬂutﬂEUObragbnﬂpeplld@wuhmmmébmhubocﬁal dry. The
pl ates were washed 3 tines with TBS/ PBS until unbound bacteria were washed 4
out and the WO 02/24883 : £

Example 6

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

15 - |
The prtB target sequence (bp 1414-1977) encoding amino acid residues 472-659 (amino acid
number 1 1s the 1mt1at10n methxomne) was amplified by PCR using pMD114 as a template
and the

20 upstream primer (prtBS5°- 1414) of sequence
5’-GCGGATCCGGC’I'I‘GGGCGGTGCAGATG-3 (contammg a 5’-BamHI s1te), and -

downstream primer (prtB3°-1977) of sequence
5’-CGCAAGCTTGTGCGAAGTGTTCATGGC-3’ (containing a 5’-Hmd111 site).
25 '
. The speclﬁc PCR product was obtained usmg Taq DNA polymerase (Perkm-Ehner) using 3
cycles conmstmg ina denatura’uon step at 95 °C for 30 s, a primer annealing step at 56 °C for o
30 sec. and an extension stepat 72 °C for 45 sec, followed by 27 cycles with an annealmg step
brought to 60 °C., |

30



16 PCT/EP01/10956 2 1 MAR 2005 wel |s were subsequently subjected a blocking
t reat nent wool24bH- casein (1.5 g/l) for 2 hours at 37 C Tgedbb® s5S @

rat anti serum contai ning antibodies directed to the specific peptides was
added. The wells were incubated over nidft at RT, using a dilution4h MAR 2009
TBS- Casein containing 0.2 9% Tween 20. Subsequently, the wells were washed
three tiAfees desilling Bod 2esodal6f i MmdPaNTPS ¢HEsh PHRFPCRPrédatieshrifRation Ki
anti-rat Ig% Wer-ger added to the wells followed Dby an | nc[ﬂ?’gtia%n' a’&&?nglt’
di | ut ed Roghelzghe ssuiple suasudigested owitlaiBamil and HitdTlie her? Gubjebied vie! dgarader gel
washed -~fhree, tinmes wth nd, deyel oped with OPD/ H2Q2 and read- at 490
vyl EBhorens and e PREA BaRan of fpigfert wore Fexavsrad Bom M roUEAN A. Gel
Lact obagyklakgéd® Liap$howed a 10 positive reaction indicating that the

t ol erogeni c pep%g%lshbf'ecogni zed by. antibodies.. Exanple 6 Preparation of
a rabbit antiserumdirected to the am no acid residues 472-659 of L

bul garicus prtB proteinase 15 The prtB target sequence (bp 1414-1977)
encodi nd hgrhusifiedcarap oduct-wapligated betvwerencthe BarhHI andiRintlHE sites of the
initiati hi oni ne) was anpl j{.i ed by PCR usin MD114 as a_tenplate_ . and
e 20 BRBE o extEdssiy vastet (Qiagsm)flowtirunL i » sequence encoding a o-histiding
5' - GCGGHILC TGEGCGGTGCAGATG 3" (containing a 5 -BanH site), and
downstream priner (prtB3'-1977) of sequence 5'-CG '
CAAGCTTGTGCGAAGTGTTCATGGC- 3" (containing a 5 -H ndU site). 25 The specific
PCR &roduct was obtai ned using Tag DNA pol ynerase (Perkin-Elmer) using 3
cycl@s &orealsstain MLY, [PRERAIr was dransfamedt with - this ovector sndaexpression of the
anneal i p at 56.C for 0 sec. n_extensi Qn ste t 72 C for 45
o, 1 olPietiEBa nrobis opBinag tner M AT T metelRndte gt Do stfrec, "0 vio
02/ 24883 PCT/ EP01/ 10956 17 2 1 MAR 2005 After desalting and renoval of
primers and dNTPs (H gh Pure PCR Product Purification Kit, Roche), the
sanpl e Whe csllgefaddliter chitBenwtte pelldtdd anihlysédranderdenefirtg dondititns ¢8K1 ﬂf&a?
el ectrophoresis and the DNA bands of interest were recovered fromthe ge
(E. Z. N. A clegred 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 'lmg/ihl using the same buffer. |
2. - | . .
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
bleéding p'cc_:urred at day 80. | | |

25 Reactivity of the antiserum, which was surprisingly strong, was confirmed both by ELISA,
on recombinant Lc expressing L. bulgaricus priB proteinase at their cell surface, and by

immunoblotting, on the-culturt_a supernatant of recombinant Lo expressing a secreted form of
the proteinase.
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Claims 5 1. A bacterial strain of the lactic acid bacterium group,

expressing the cell surface anchored protease of Lactobacillus bul garicus,
said cell surface anchored protease of Qlsimisobacillus bul gari cus contai ni ng

a tol erogenic peptide heterol ogous to said cell surface anchored protease

of Lactobacillus bulgaricus, such that the peptide is stabilized towards

degr gdatfi,on bx bak W ' ks 0

properties and i sﬁnggfagggg@gg&gtﬁ% feerd?l% ﬂ%{(’% %ﬁ?&ﬁ‘g *‘?c‘ﬁ{ ‘%g A& anchorcd
anchor ed pr otprateasendf Lazetbabillus bulgarichs lsgidrcelt uﬁrfac% andhisted PEGtEdse Df Leckodubillus
according to claiml1, whigh is @?l ected from Lact obacillus or

Bi fi dobact er i3¥8ar Tfﬁ‘sé’omFHEn&)&ctP ogenicspeptide heterelogousgtar said repllosurfane anchored
preceding cl rdRasthoF CLESBUCIES BLBIAPLE such that the peptide is stabilized towards

degradation by stomach/duodenal enzymes, and retains- its tolerogenic properties and is

10 displayed at the periphery of the cell surface anchored protease of Lactobacillus
bulgaricus.
2. The bacterial strain according to claim 1, which is selected from Lactobacillus or
Bifidobacterium.
15
3. The bacterial strain according to any of the preceding claims wherein the tolerogenic

peptide is derived from a food material.

4, A food composition containing a bacterial strain according to any of the preceding claims
20 or a supernatant thereof.
" S. 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.

25
6. The food material according to any of the claims 4 or 5, wherein the bacterial strain is
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
30 1 to 3 or a supernatant thereof.
8. The pharmaceutical composition according to claim 7, wherein the bacterial strain is

AMENDED SHEET



peptide is derived froma food material. 4. A food conposition contai nFiR§1d095€
bacterial strain according to any of the preceding clains 20 or a

supernatant thereof. 5. The food conposition according to claim4 szmﬁ

sel ected fromthe group consisting of nmp{k, yoghurt, curd, cheesg,

fermented ml ks, mlk based fernented products, ice cream fernented

cereal based gendeined therain irkarbameuht paggihey fromi 10° %0t 1 0P wfivlesige foraet f ood. 25

6. The food material according to any of the clains 4 or 5, wherein the
bacterial strain is contained therein in an amount ranging from 10" to 10"

Ctrai n axoor a% Bt a Bactdlidl BRERECHIGN S8 Bl 58S 33 e BaBar theresd for
8. The phar mathe prépacdtion@fansndes@bleaatidrdorthe beawhelit OF dllerpdier €i n t he

bacterial strain is AMENDED SHEET EPO11095E 21 contained therein in an
amou rangi ng from 1010 to 1012 cfu / dosage form 2 1 MAR 2005 9. Use of

bact | i i { f th | ai 1t 3 t t
Chercor 10 “UREOEs RS0 BhAthacPulh cipadaitiont atoling 1 anvcot the Slmed tadfor gre
allergy. 5 10preptin ofed iagshiatle BEHAEIRS 88 éabnefiUMRBIgyl 0N according to any

e

of the clains 1 to 8 for t preparation of an ingestable carrier for the
treatnment of allergy. 11. The use according to claim 10, wherein the

ity i 1 i h I . 10 . 6. 12, A [
compr 5119 o TERE Rty (a0 bR S sophebtiehs oliiFeteled e sraor the

partl® theredqfasalkbutk3. The vaccine according to claim12, wherein the cell
menbrane fraction of |ysed bacteria are utilized. AMENDED SHEET -

12. A vaccine comprising a bacterial strain according to any of the claims 1 to 3, or parts
thereof. ' |

15 13.  The vaccine according to claim 12, wherein the cell membrane fraction of lysed bacteria

are utilized.

AMENDED SHEET




