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WD 02124883 PCT/ EP01/10956 2 1 MAC 2005 In US-5,480,660 is reported that

the onset of the allergy. in patients with allergies to wheat may W be

al l eviated by eliminating or reducing,, fromflour, proteins having

ol eculf_awovﬁ}zgﬁ?s of “not nore than 30,000 Da and proteins having a ~

mol ecul ar e ght of between , 50,000 to 70,000 Da. In JP PCTHEPOYI0MBE there - -
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coagul ation by heat treatnent followed by an ultrafiltration step to
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The abaove object has been solved by providing novel lactic acid bacteria

strains.that are capable to reduce an individual's tendency to deverop !
al l ergi owigpelegg@dns. The novel lactic acid bacteria expres ol ypeptide |
t hat harbours a tol erogenuc peptide such that the speci fi‘i‘—‘?@%‘&?}@?‘%ﬁ and )
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The lactic acid bacteriumto be used in the present invention preferably

bel ongs to the Lactobacillus group or Bifidobacterium group or Lactocooc;gu _—

getup, and is nor e preferably derived fromthe groups of L. aci doph| l.us,
L: johnsW 2/24883 gasseri, L. casei, L. paracasei or L. Iggi/Rbdisiof of
human or animal origin, respectively. . 10 . The tol erogenic pep? SM which
is a peptide. derived from a given pro#ein causing allergy in ax®i AR dl 1]
general ly. has a size. of about 200 to 6000 Da and is a peptide capable to
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| actic acid bacterium which pol ypepti de may be endogeneous or exogeneous ’

to he.b The tol erogenjc peptide is. inserted,-in such a way that .
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colft d wabrh@ﬁqh;tprbdmcedfheeachbamhdeﬁmo gene coding for the respective

pol ypeptide. For integration into the chronsonone honol ogous reconbi nati on
may be applied by e.g. using an reconbi nant gene from.Lactic acid 37
bact er THerefosd) tigird) I t he endogeneous
gene. Yet, met hodiss%é?a?‘}lﬁh?(ﬁlfg ﬁcghérfce *nan%gggé{etgeﬁ%ﬁggﬂggﬁost S
chrormsorre are well within 30 the skilled person’'s. skill. The pol ypeptide

may be nor ex ressed tQ reside within the cell, but may wel |
be a %ﬁ&%ﬂ%ﬁ Biseeiore yesidegprproyisting sishyayagansde that is

- sely et ed by the lactic -acid bacteriumor that is inserted into the cell
~wall thereof, with the part containing the tol erogenic peptide being
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Tn a preferred enbodi nent the reconbi nant pol ypepti des are secreted or are
~arranged in the cell - 15 wall of the bact eri um such. that the, tolerogenic
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essential the same results, 1.e. |nduces are
r espore¥periments. be  suitable for the given purpose. 25 As preferred sources
for tolerogenic peptides nilk,- soja, peanut, crustaceen, fish, neat, sesam
or whey may be nention. ed, such as e.g. !3-lactoglobulin, bovine serum
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hydr ol ¥ & Toepletion of fig ipmmuie systia. L%ﬂhtcwexdtmtmm@mtfmmitheamdwn =

. peptides thus obtained are separated by e.g. submtting file solution to
a precipitation treatnent or passing it through a chromatography col um.
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2R4883in an animal nodel. To this end aninals, BOLEPESIMECE are

cont ai nlwg) different peptides are tested. for their tolerogenic properties.

by testi
fed with'the respective peptide fractions, and subsequently, are i-nmuni zed
with the allergen and the response théreto is nmeasured, such g ]bMAR 2005

change in the outer appearance or by specifically measuring IgE levels in

t he alnﬁmpsinﬂmmatoneemhnm, etalrasgkrst ta‘me@h {Mﬁ’l 1»am:tt}lvzntﬁ(ﬁﬁ?{yylHtut1 raties g ?(ﬁnét)’@?he

ani ma ea ai ns e allergen, so tha e respective
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" pol ype%fdlugve to bgse;pressedqn* ﬁhﬁt "3 ]'{ reoacl &aﬁgggt Flrﬁﬁnfega?%sgfr.lbé’ﬂl Ek}e

genet i Btastinilrimeninechomeostasis and el:naeepﬂxéhﬂggai@er integriby (Rlafidhon Rt QI S1D99RT.T &l -

Metdo ques for mani pul ation . sequences and expr€ssi ng
pr ot e?ﬁé‘gf‘ﬂ ﬁrg)gh#)'o aqfél 6‘3@@?%@@9 of 183 hemoggnates Avasashomat to y
Manual exeqy & rbd%ﬁze"@ﬁé&?r éce-ﬁr@- ; Brﬁf‘d}'{‘of@’%%{é n al ?15 e%?tegahtg

a food -and armaceut | ca Teron CoAtRI ng
recontﬁlﬁﬁ?&ApmcEm\urcmclvﬁcﬂnhnﬂess ums)The bacterial strain may be included.in
the conposition in an ambunt ranging from 1US to 1012 cfu (colony form ng
unit) per g of the material. Likew se a supernatant of a culture of the

| act h b | uded.
he. comag, 864 badeds TN oy Hh Bkt K5 1 SHRS (QRESBmTRICH of Hiteiscan
f fOmerpeptides witk systanhtolmesmit expfessiorof stbragﬁ@uﬁé Basell @8 &&cﬁﬁé@oﬂaﬁﬁﬂ@g&@&h or

_cereal b%%gag rod Cfggl’ m ) k based powders, "infant = formul ae or, in case of
=ani mal ?® &6{3’&3 Ris(semeenkuipges ¢4l G&ﬁ?ﬁbmtm lssawaeFurthet,Hsacnoramd of
t abl et Opybvd a 0 con pr.i Sin arts of
t he ba%cfadrdlaa su%%sas é‘rrle{roeF&B@(I%(gas‘%:ug%ﬁal £W3Q§¢e diagfﬁgﬁt ‘""“c agl"s' t he
bact erasaocmedwuhmdamylﬂmﬂedmﬁlﬁﬁgﬁeinl peptilidglgciivgeidatio ﬁ!rl ed oraI

suppl ements, wet ‘oral supplenents, dry tube feeding or wet: tube-feeding.
30 The route of administration for the pharmaceutical preparation is oral,
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present i nventi o SO envi sages vaccli nes
pr esenpspmnparnuumy ipthetIgA. cldse (MafambAet g Q1 995)a. PRYiake Galtrdentéfoll Nufl 2@r
may b%ééa ﬁguat @ﬁ e weakened in their growh potential if desi red-
parts AgA jqopplexed de| antigeny toyactvate rvgﬁmmﬂnenmm@elbe mﬁ ,
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ex arrpllaﬂammatomjereachmssncladmgtﬂmlm of/letkdcytes \and helehse 6frﬁﬂd1ﬁtﬂ>ld§ca§ Eﬂ‘é&hﬁ that
E%rrpl 10 Isolati op of tolerogenic peptides.
nhance mucosal mem rane 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 antibodiés of IgE axid IeG isotypés.

, MoreOVer lactobacllh have been shown to potentxate the productlon of IFN-gamma by 1solated 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 eounteract |
~ the permeability disorder associated with food allergy. For iﬂstance, 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.




a) Isolation of peptides 220 g B-lactoglobulin (Signa.) was dissolved in

bi-distilled water at a concentration of 5 15 (ww). To.the.resulting

.....

solution TPCK treated trypsin was added using an enzyme/ substrate *‘(”FJ(S)" :
ratio of i W w) and the solution was incubated at 42%&@ H 7.6 under *

constant = stirring. After 1 hour the sane anount of enzy 148%d to ,
yield a final (FJS) ratio of 2/100. |ngubation was continued f@r 1 aMAR hzEs 4
hours and the enzynme was inactivated by heat treatment (85 C, 5 m n§ to _
stop t ImRyih I fhsi ’tb':f(ﬁn r i YeRi S Warcrs

| yophi i ze%&%é and \%EE%SIU -t |%1% t%ée)%l;elg%?c pr oﬁgltggm\lm%?%ggeparé?%éééflw&d

pr epar aeance tac kowhineotie agtvantageoms quopertiéscof faetic nacid bactiefis awien thep ppteiialcof
fractigogs. wer e ob%gi ned, rgngi ng from about to 23 ami no aacids {from

about JAFOBBIOPERIASS)IO EpRErale &POIETAL 2genh ia FegNee BB c¥eth mpBIiRg ap drdividual's

di af i | {@uetby 1oAY 288 gicA8alddng> Lyophilized and stored dry. at room
teggerature until use. The fractions were also characterized for their

pep?i de content using reverse phase Hi gh performance Liquid Chromatography

“(HPLC In total, 15 fractiops (F|, .- F15) were col]ected containing as the °
e or . SBfgBenpeut BakhER oobe shed i fhe respat Invention preteably belongs to. e

F ' K 3 is
b A O L5 b8y, et

Enr i chdedhetfirao NeTgoupO o1 0Taddophilus, L. johnsonii, L. gasseri, L. casei, L. paracasei or L.
peptide-T17T23T23-. 1, 9TZ1T12T21T21T1l T10T11T1l - T18T24T24 WD 02/24%$83 . 10

PCT/ EPSHTHSSCI RURaRRE  OFEI, IFSPARCHYR!Y: were Tsol ated and sequenced. The

seggences thereof are indicated in Fig. 1 Various peptides proofed to be

tol erogenic, i n_‘diffe’r ent experinentations,-which are ~descnbed in detail

i n Pecdbetolerog@uc peptide, whitly isca gepfide Ferived fromRy gieptprdiein chismpraidrgdyyin ar 25

ctryptic favdrol ysis..of. bovine _B:lac Iowoi( I nduce spegific oral |
tol er ah%@%g‘?ﬁ rgleeg?.lly._hamal sizg pf @by i‘ﬁﬁ{%g g\%@% lslggpgqcinga,p%itewnduce

- ref er epgigrance dt 1a8Y BAhGhRALRAGHIWHCHY isWYived. th SiGHBRS | cﬁ]QQ £d

tol ero~cni c peptides 1% Three tol ero‘gésnl cvpeg{lﬁges ‘g’f‘ } I - gg@%gﬁ%u | nto

(BLG W8y matgrial nhhvitgy they sarei ahtigenit i determinanh dham iaterepedsentedi by the smcifias a

control ,pepti.de T.3 were . chem cally synthetised wy.th flanki.ng.residues from

£ nd® oL (oIBBERpS deprd, 55 ol (Eocerdng o e et Sivaftion s/ pepyide ib dhiswiea 1Y 20

6 CRKidd0tablihift/ Sieani4ild a polypeptide synthesized in the lactic acid bacterium, which
polypeptide may be endogeneous or eXogenedus to the bactenmn The tolerogenic peptide is

insexted‘ in such a way that it is presented on the periphery of the resulting recombinant
polypeptide such that it may be recognized by the 1mmune system. |
The polypeptide may be expressed in the lactic acid bacterium according to methods well known
in the art. For ckample ﬂ'xek commercially available Vectors‘pNZ1.24 (Platteuw et al., (1994) Appl b
~ Env. Microbiol. 60, 587), pGK12 (Walke et L, (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 prefefed 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
géne. Yet, methods for intr_oducing recombinant genes into a host's chromosoﬁie are well within
30 the skilled person's skill. ' |

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




T17 CNKVIL VL DTDYKKYS . 92 100 T6/' T17 CFKI DALNENKVLVLDTD YKKYS 84 100 T13

LLIVTQTMKSRC 1 8 25 c~ aninmal testing For .assessing the toterogente
_properti e @gbdye vari ous peptides female Balblc mce were used, . obtained
from|FFA Credo . (L' Abresle France). The animals were al PCHERBVHENGS r ai sed

on amlk free diet. At' the beginning of the ,experinents trﬁaiap’m\m@% |
9

were 3 weeks old. They received by 30 gavage native B-|actogl obulin(

of bodpolypépside Jthatviarseoreted | {egﬂnj' L qgl.obul i n_.and var.i ous

. armun?y of -the differenté?o%%%gg g‘g?g{i%%e ung}e?%té;iQAWSblg‘a ’%%ﬁice{ln‘i"@b
vere f &IWithgpae containing the telayogenin peptidbeingloehted i the &R adiEar| 92%5& zed
wi th BRagh %%“ébl %ﬁ% ovtal um n,(grgde V, Sigma) as a non relat e(i ant gen
in order)'t@ asse 59? e "% p&c ?i‘@?‘?y'go&et RECSERiIvention pase spepN)\ pigplgy dadtaty pe
hyper séshyidtogendsy oeBalaltatd Rshep I 21-days er the, )
yp ZEnasy of! % si?ﬁse(, iy e?’éf El% Jl&g g?g?%%n(rs t°1'?>fé£§}’ef H{B@Fb%rtﬂ _

syst¢ em ¢ chal | enge by conparing the thickness

priéor ?eg‘%aﬁa%ﬁp@ﬂnrﬂ@aqmm zation. 24 hours. after -the inmmunization the'
foot pad WO 02/24883 11 PCT/EP01/10956 21 MAR 2005 thickness of the
animal s were neasured (expressed in O thickness (mm). Subsequently, bl ood
~was t dRem dtmmmfalhépﬂ}r'p@' tide 8¢ hettid Ywititte 1k e t hat wer.e pool ed
accordi ng, t.o %;Oljp. Treat nent. Spllp%‘%}g@g}g‘gg%?@k%%???%e%%?e\g’ﬁdﬁm
vere d@?&??f‘d Fagh fhs itelseceps b_tqofolr Theeinim lumsysm_ H?m%,n@,%ﬁvgeg]f Stab le%lé.ir&gg%giécy
colle : denpestinal .sanpl es were_ individually frozen at

u % | C’%’gr ?%lrg%ra&né%}é %&gmﬁﬁé %ﬂ%g@@@{lﬁ%ﬂ&ggg‘gpgry skiit to_aprange thedplsmgenin peptideind

a - oueh bulucatiod. dfo ltkiy &ind, YW &illl SeRioH -~ QN . : intestinal
sanpl es yﬂlng ant i body assays 10 'T?ee gg‘r‘ﬂ%ﬂgﬂgﬁmpﬁ% ?ﬁé%q%%j&? r%fﬁﬁ ut
=g nd CPOF tidesamto R _ e ffolerogenic peptide is to be inserted and based on such information

* will design a corresponding recombinant protein. | ‘

In a preferred embodiment the recombinant polypeptides are secreted or are arranged in the cell
15 wall of the bacterium such that the tolerogenic peptide is constantly presented to the
environment. | | '

The toleroggnic peptide is derived from food material causing allefgic reaction. Yet, it is not
essential that its amino acid seqﬁence 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. v |

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 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
andiﬁ.lrther 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.



up cate for anti-I3-lactoglobulin and. anti-ovalbunmin IgE antibodies using

1~LI SA. Poal ed sanples of 20 non Immunized M Ce€ Were used as mnegative
controls. The titers  were determ ned by cal cul ating the dilution of the

sanpl e, vw@i/z e twi ce the absorbance of the negative control. The titers -

wer e expressed as -the 1o0gl0 of the reciprocal of he dil HCT@NOI/IKBS&eII

cultures Spleen cell solutions were horgpgeni zed in PBS and purijie The _
cells were co-cultured in the presence of J3-lactoglobulin or 2 ]' %AR 5&5
phyt ohemaggl utinin A Tritiated thymidine (j~iJ-Thy (Arersham 20 Zurich) -
was added during the last 6 hours of culture and the' plates were harvested.

and ana3u QQﬁdentby thei finctidnat camainiagn iffedent t | f§S
cal cul étoed as Be ra o of bI ank- subst racfﬁ?ﬁd%éeisdtrggﬁé g%o%?rw{oqugemc
expres ttW ?SBFH % mvdsl Tots put atimdlspsuchrais pice aleded With4he's -

f1 tol esspaciveipd ﬂ&@ﬁa&;@ r aglg ratlon ot ptldes 25 The
synthetic pepti des vverengnﬁﬁhys \? 1 &y %ﬂb}ﬁ%&a@ P’(l f’d‘esnme
par ent / thesgto mfwured; dedh asfbylal mgwnﬁwwtéﬁapﬁﬁﬁﬁu&tﬁﬁy%ﬁgmﬂcﬂy méasumg IgE
LV+ . r=~= .
1‘“”9;3? ais Asfa result, tolerogenic peptxde ﬁactxons will redu.e the animal's tende;cy

to react agamst the allergen, so that the respective peptide (fraction) may be determined.

Once a tolerogenic peptide and its amino acid sequence has been verified the DNA-sequence of

IQ the polypephde to be expressed in the lactic acid bactenum is inserted by ‘genetic engmeenng
into the gene codmg for the bacteria protein camer Methods and teehmques for mampulatm s
DNA sequences and expressing proteins in micro-organisms are described in Sambrook et al A :
Laboratory Manual Cold Spring Harbor (1992).

15  The present invention also relates toa _feo'd and pharmaeeuﬁeal composition containing at least

~oneof such arecombinant lactic acid bacterium.

The bacterial strain may be included in the composmon in an amount ranging from 10°to 1012
cfu (colony forming umt) per g of the material. Likewise a supernatant of a culture of the lactic

20  acid bacterium or an acuve fraction thereof may be included in the composition.

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

25
The pharmaceutlcal 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 feedmg or wet tube-feeding.

30

The route of administration for the pharmaceutical preparation is oral, but may also be nasal.
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The present invention also envisages vaccines, comprising the bacteria of the present invention v
or parts thereo£ The bacteria may be in live form, or may be attenuated, i. e weakened in their
growth potentlal. if desired. As parts of the bacteria, primarily the cell wall harboring the antlgen

of interest shall be applied. The cell wall may be easily obtained by lysing the cells and
5. separating the different components thereof,

The following examples further illustrate the invention without hm1t1ng it thereto.

Example 1
10 Isolatien of tolerogenic peptides

 a) Isolation of pgp" tidgs
220 g B-lactoglobulm (Sigma) was dissolved in bl—dlstllled water at a concentration of 5 %
15  (w/w). To the resulting solution TPCK treated trypsin was added using an enzyme/substrate
(E/S) ratio of 1100 (w/w) and the solution was incubated at 40 °C, pH 7.6 under constant
snrnng Aﬁer 1 hour the same amount of enzyme was added to yield a ﬁnal (B/S) ratio of 2/100.
Incubatlon was contmued for another 4 hours and the enzyme was mactlvated by heat treatment
(85 °C, 5 mm) to stop the reaction. The entire tryptic hydtolysate was subsequently lyophlhzed

20 and the resulting pept1d1c products were separated by preparauve ehromatography on a cationic
resin.

15 different pepﬁdic fractions were obtained, ranging from about 2 to 23 amino acids (from
about 240 to 2720 Da) The individual ﬁ'actlons were nanoﬁltered dlafiltered, dialyzed, agam‘ |
25 Iyophlhzed and stored dry at room temperature untll use. The fractions were also characterized
for their peptide content using reverse phase High Performance Liquid Chromatography (I—IPLC)
In total 15 ﬁ'acuons F1 - F15) were collected containing as the major component the peptides
(D md1cated ‘

t
‘

Ftaetions F1 F2. F3 |F4 |F5 |F6 |F7 F8 |F9 [F19 |F11 |F12 |F13 |F14 |F15
Masses(g) (52 (13.9]11 11.8]2.57 1.9414.37|13.1(5.01]/6.53|1.05 34619 [2.67|28.8

: T6 T20 | T9
vEmif;’:d — |m17 |23 123 |— T21 |T12
Pep T18 T24 | T24

T10 {T10
T11 |T11

T12 | T10
T21{T21 |

34|

T11 |T10
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The peptides were isolated and sequenced. The sequences thereof are indicated in Fig, 1
¥arious peptides proofed to be tolerogenic, in different experimentations, which are described in

detail in Pecquet R, Bovetto L, Maynard F, Fritsché R., Pepticies’ obtained by tryptic hydrolysis of
bovine BQlactoglobulin induce specific oral tolerance in mice, J. Allergy Clin Immunol (2000) -

105:514-21, which reference is incorporated herewith by way of refetenCe.

b) Synthesis of tolerogenic tldes

Three tolerogenic peptldes of B-lactoglobulin (BLG) T6, T17 and T6/T17 as 1dent1ﬁed in the

above reference as well as a control peptide T13 were chemically synthetised ‘Wlth ﬂankmg
residues ﬁ'om the BLG sequence, as well as an extra Cys residue, as listed below:

. T6 CFKIDALNENKVSR
- 84 , 91
T17  CNKVYLVLDTDYKKYS
92 100

T6/T17  CFKIDALNENKVLVLDTDYKKYS
S 84 T 100

'TI3  LIVIQTMKSRC

¢) animal testing
For assessing the tolerogemc propertles of the various peptides female Balb/c mice were used,
obtamed from IFFA-Crédo (L'Abresle France). The ammals were all bred and raised on a milk

free diet. At the begmnmg of the expenments the animals were 3 weeks-old._ They received by -

gavage native B-lactoglobulin (5 mg/g of body weight), various amounts of digested 8-
lactoglobulin and various amounts of the different peptides obtained under 'a)v above. Control
mice were fed saline water. Afier 5 days on such a diet all mice were immunized with 8-
lactoglobulin and'bvalbumin (grade V, Sigma) as a non related antigen in order to assess the
specificity of the immune response A delayed type hypersens1t1v1ty evaluation (DTH) was
performed 21 days after the systemle challenge by comparing the thickness of the left rear
footpad, prior to and after the immunization. 24 hours after the 1mmurnzauon the foot pad
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15

20

25

thrckness of the animals were measured (expressed in A thlckness (mm)). Subsequently, blood
was taken from all mice, followed by taking the spleens, that were pooled accordmg to group

freatment. Splenocyte specific proliferation assays were performed for each group. The intestinal
contents were individually collected. Serum and intestinal samples were individually frozen at - |

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

d I antibody assa:

The serum and intestinal fluids were diluted and assayed in duplicate for antl-B~1actoglobulm and

anti-ovalbumin IgE antibodies using ELISA. Pooled samples of 20 non 1mmumzed mice were

used as negahve controls. The titers were determmed by calculatmg the dilution of the sample,
that gave twice the absorbance of the negatwe control. The titers wetre expressed as the loglo of

the recrprocal of he dﬂutron

e) cell cul '

Spleen cell solutlons were. homogemzed in PBS and punﬁed. The cells were co-cultured in the

presence of B—lactoglohuhn or phytohemagglutmm A, Tnuated thym1d1ne ([SH]-Thy (Amersham
Zﬁnch) was added dunng the last 6 hours of culture and the plates were harvested and analyzed
by scmtrllatlon countmg Stimulation indices were calculated as the ratio of blank-substracted
test and ccmrol levels expressed as the mean cpm of [ H]-Thy mcorporated by tnphcate cultures.

The synthetrc peptldes were analysed for thelr tolerogemc capaclty in the parenteral mouse

model. Followmg results were obtained:

2677339 0.1
3407339 092
3207339 1.70
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PCT/ EPO/ 10956 2 1°MAR 20057 One can see that synthetic peptide T- 17 reduced' -

bot h Igﬁxﬁ gﬁuctlon and T -cell proliferation whereas peptide T-6
suppr ess

Construction of reconbi nant pol ypepti & The pepti des T6 and

in ex h| b|t| ng tol erogenic properties, were fused with a cell
surfa%gp%‘héﬁ"

a negative control peptlde T13, constituting part of the N-term nus of
13-l actogl obulin was used. 15 The cell surface. anchored protease (above)

was t e @i deadhajtsg!ntﬂehclqaebﬁtﬂﬂmlmté&uceﬁ%tﬁQ%E’?P&ﬁmﬁﬁn‘%ﬂﬂcf‘ cwg ralithatished
in Glhert et A | 99~J. Bacteriol, 178, 3059-3065. This protein was,
whereas peptide T—6 suppressed only the T cell response. In contrast, peptlde T-13, the control

5  peptide, did not mduce oral tolerance to BLG.

Example 2
B Construction of recombinant polypeptide
10
' The peptldes T6 and T17 1dent1ﬁed in example l as ex]nbltmg tolerogemc propertles were fused
w1th a cell surface anchored protease to be dxsplayed at the surface of a bactena. As a negative
control peptlde T13, constltlrtmg part of the N-terminus of B—lactoglobulm was used.

i
o

15 Thecell Surfaoe anchored protease (above) was that of Lactobacillus 'bulgaticus" the sequence of -
wlnch was published in lebert et al, (1996) J. Bacteriol, 178, 3059-3065 Th1s protem was
charactenzed as a 2000 amino aclds protem, being composed of a leader peptlde of 33 ‘amino
aclds (pre-regxon) respon51ble for cell export of the enzyme followed by a senes of 154 amino

: actds (pro—regxon) whmh is r&spons1b1e, upon cleavage, for the actlvatlon of the proteolytlc

20 actmty of the enzyme and 700-800 amino aclds for the active site. The subsequent regxon
'(around 1000 amino acids) has been suggested to play a role in the specificity of cleavage and
transport in the cell of the generated peptxdes and to also span the cell wall. ‘The protease 1s celi E
wall anchored by its carboxyl end Wlth the last 200 ammo aclds bemg respons1ble for the specific .

covalent binding to the cell wall pept1do glycan suucture
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)

‘tMesgatedic Eymph dodeat the surface of a bacteria. As

% the T cell response. In contrast, .pepti @6TEPIB1095h1e y |
control 5 peptide, did not induce oral_tolerance to BLG 10 afrwﬁg -
% en?P |ed



characterized as a 2000 anmi no _acids protein, being conposed of a |eader
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-as t Waafihd (o - wWhich were . designed such as to generate the two
restricti o%' S| tugg&%tﬂeg%’fl%ﬂ)&emg‘@m%ﬁre hybridi zed. The design of

the ,oligonucl eotides takes into account .that upon. ligation to .the
ene_t he reading franme of the reconbi nant protein remains open. 15

pr.Qt ease ‘
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ver e |dagestthel DNA drdgneenty WeRAEEatEE R thaoteie’ SaGRAd Rrogh&aty lofition! Nt O
Lact ococcus | acti i‘?a'nd Lact obaci | | us jrl%%nsonégii. 20 lRecorﬁiangﬁ?g‘Eﬂ%ygm qr
const rIt ' Eetasachus daail apd dagiopesiliesiokasoniid T17, respectively, have been.

~ deposited on Septenber 22nd, 2000.: under the Budapest. Treaty with the
Institute Pasteur and received the deposit no. CNCM T 2563 and CNCM |

2804, Resombirtany playmidoanpuets ToRiprifing/thé pepiRles 5 2id 29! ASP&EVEly! ?&Iei BeeNd
Lact obaci I.] 1 &}_ghnso ii_For transformation purposes Lactococcu$ lactis
strai ?&Eﬁg temahers23 e 2000uptler she Bydanest Treaty whiths thei InstituteaPastevaland

2o (avai lra@irdthOddobs bn@fﬁ' ! ¢ [ he_accegsi on no CNCM | - 1225) |
““was. gr own o.veraar?ik)glﬁ'%1 in &%rs(g)?%&g#ﬁgwf ?ﬁlg »’ée_%gg% Y-anaer obi ¢ system An
aliquot of this _ ' o . _

Ekample 3

25 Transformaﬁon of Lactococcus lactis and Lactobacillus johnsonii

For transformation purposes Lactococcus Iacti.g 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 éliquot of this
30 culture was used to inoculate another culture broth (MRS) coﬁtaining‘ 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
ODsos of 0.6. The cells were collected by centrifuging at S000 rpm at 4 °C for 10 min, the pellet



30 culture was used to inoculate another culture broth (MRS) containing 0.5
M sucr ose. Aft ers=san --addi ti onal re-inoculation at 2 %into.200 M MRS + 0.5
M sucrose the culture was grown to an (ODs9s of 0.6. The cells were .f
col I ect egydporgit ri fuging at 5000 rpmat 4 C for 10 mn, f,@f IJQ%‘; W
02/ 24883 14 PCT/ EP01/10956 2 1 MAR 2005 was. washed once wth. ~/ vol unme of
a solution containing 1 Msucrose and &5 mM CaCl2 , once wit® 1aMARI2085
of a solution containing 1 Msucrose, 2.5 nM CaClzZ) and the pellet obtained

after wagwashddwaas | WES, L fhtainid g %’j‘% dhabi N M
sucrose, 2.5 mM C;alglvle”—];1 ¥ O.lg%g%ﬁg&g@%/ﬁg yce g}w d%é%ﬁgf con@%ﬁl’fﬁﬁ‘%n),..
The ceMith ‘asolumeioffasohtiiondiontniing/l Mesdrdse, 2.5 mMCaCis)cmdahé ﬁﬂl@ bbtained aftet

~ -80C. Eor .the.el ectroporation 452“ of cells were mxed with 10 - 100 ng of
DNA ( featrifugation was respspended i Jroml el solutionof | Mesucrse, 25 mM£2GletOAS9mat i on

cuvett gy HulghRerdht (1908 2 - (D J.GecC 2 CH) e oporatisn
cuvette were app??i'(elg) 4gﬁ?ﬂe§%d§\%%u§nji\%@oéfeﬁ&%% g %M@ﬁgﬁ%&{y %%da;ﬁ‘i\/l
CaCP ~ (wansformitiou onfidzemat -80%ensi on was i ncubated. for 2-3 hours at. the

appropriate -tenperature (at 30C for Lactococcus lactic and 37C for
Lactobacillr~,s johnsonii. Wen t. plasmds (pGthost9) are used incubation

s at Fefiho clBirbpition 401 oftlisivelehnixECRRETL- 10z of IR (M 85 AfvHinlfha
-agar plates containing the appropriate antibioti€ -upon transtormation of
pl asni Hiansfened intecantic-cold (2 dmétloporaapavicits. PulseswpR00 LI, Y RIFAV Bicwd t h
ligati g& r&g TPe 1’<gra§| ates were incubated anaerobically for 24-48.h at

the saff@ld G%smelesirpperation gyvsite weresapplied ' kacthe sHvetisdl Wfﬁé‘ﬁh@.@%bﬁﬁ&wci n-

(216 9sa . : 1) & s, piseds 2 2 e
Gener at ?1(1)\%1_ (%Flr at. %gglé@g%%%onog gﬁaasl mé’ééﬁ%‘gg.&g%%g‘%&ésﬂhg| %PB%?F%
BLG pe pmipgenuréhet BORC pfep adresoctis 1dctis,and 63 TPLT fanDactdBaciitust fohnsshii, WEsR D! €
1) were,cou Iegﬁ_&loﬁg;al.el m deactivated KLH and were used together with
Titer nﬂl@s’ﬁﬂi%@ o§td) Avenasd Acubation et 39°C). kG uk and 309 1 raliqrots, wespastively,

Bl ood sapo KA ctat B : ~aft he. first

I muni sat | %ﬁ%ﬁ sho%ﬁ%@fﬁﬁg :%gg\tan%{ggfct)%tad a?? ﬁ&bg‘ﬁt{‘f)é%@?%@@?g‘é@i I cfo%%%ts
'E)ept i dplasmidic " DNr6 amddiOQpl andl3M gintesisse tieelle m)nrt]gmsfoeﬂ?ﬂbﬁ hrimghtibﬂmiﬁalc‘lﬁé/ e
ELL SA) . or denat ured, ( SDSPAGE + stern. bl ot ormof BLG, Anti-T6 an

an #-T %M%%MW%@" #@%h@é@@m@t@@mﬁé@Pﬁs expressed at
the surface of the reconmbinant L. lactic. The result are shown in table L

WO 02/24883 15 S 10 1S Table | Reactivity of anti B-Iactoglobulin peptides
“anti sea a selection medium MRS with erythromycin (2.5 pg/ml) or MRS with kanamycin (5 pg/ml)

was used.

20 Example 4 . ,
Generation of rat antisera and monoclonal antibodies against toleméenic 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 adjuv_aht 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 bofh 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 _




2 1 MAR 1005 Antiseruns ific forT6T17TtiJ17 .T13 Rat Al A2ZA3B4BSB6C7
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(Si gul a) diluted and b0| I'n Pf’% €S AUSEEMhi nant Lact ococcus
| actis : bu! Sh i :Cﬂ“ f,,;r oteinase with PBIG peptide
. insert -@;tmgﬁggpuu ng try o RS pcr .. afti~BLG pEO7 de Inpnocidnal
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cel | s WETH (ELSAY TYE PR FoF g oo o5 N ok NT 4 o chii NDdsNT and
a first |[TOUELRR) TR e o [.tﬁ',i‘:ijlj:ih:r calfon-ofl MWE[|| ND
popul at { PREOBRPUCI NG T LIMETgetyF 60T rtiNI,l? an,:lgwd cl go¥hg NT
t hese cENdts BAN Ve PSITY \c_r'n_:lfo_te.__t ;"gunr:.t <! thﬁ rriqpnﬂ\a gf
1 singl mamp%!%%rp S Petegtiant—o—telberede et ildHs {hy
anti bgd €WB) n E)%erA tof det erm pe, et t?ﬁft he”lfacti c\jgltv:i b c"’(e |"3"‘ex‘bl’ess
t he tol FLIOYEELISAPEPt | dES/I N 2 L SONTY T be—apcessibte—by &.1..
recogni ZIAIPELISK) bodi S paat €N | CEnyarrm llg_tilc__1 corbirradt -g‘:'h‘lil;vﬁg{
grown i (LIAISEISA)CUT T Ul e_apar (&S LS [VREF Y /P | ectEaY R R],
The cell's were subsequentTy washed TWO UTTES Wt 5S6—mt—TBSand—t+he—eeH| s
__ﬂweﬁe evenELlEhI/pm90nm(15'/37°C) . o
>0.3
++02-03
+ 0.1-0.2
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10 - <01
: NTnot tested ‘ ‘
nat. BLG 3x cristallized BLG (Sigma) dissolved in PBS
g;}l'r BLG 3x cristallized BLG (Sigma) diluted and boiled in SDS sample bufer
Recombinant Lactococcus lactis bwnng Lactobacillus bulgaricus proteinase with

15 o - - BLG peptide insert

Eor producmg ‘hybridomas secreting anti-BLG peptide j:nohoclonél antibodies spleens were
recovered from the immunized rats. The spleen cells were fused with myeloma cells‘ aécbrding to
standard techniques and a first round of screening already allowed the idenﬁﬁcaﬁon of cell
20  populations producing either anti-T6 or anti-T17 antlboches Clbning of these cellé was achieved

. 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 containing the
recombinant gene were grown ina 50 ml culture and the cells were collected by cmtﬁﬁ.xgation._
The cells were subsequently washed two times with 50 ml TBS and the cells were éventually
30  suspended in 6 ml TBS. 75 pl of the suspension was transferred into éwell (half 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 unbound bacteria wére washed out and the




30 suspended in 6 M TBS. 75 | of the suspension was transferred into a

agvel | (half well flat-bottom ELISA plate) and the, plates were left vmthout )

lid for 24 hours at 37 C so that the wells fell dry. The plates were *

washed 3wigigiBggsyi th TBS/ PBS until unbound bacteria were m ciut and the

PCT/ EPQ /10956 W) 02/24883 i 6 PCT/ EP01/ 10956 2 1 MAR ?
subsequent |y subjected a bl ocki ng treggment with TBS-casein (1.5 /1MARO?0[}5
hours at 37 C. To the wells a 'rat antiserumcontaini-ng antibodies

di r ectypslistwerk 36b well s ngybat ed'

over ni t?t at - S%aﬁgrlt{\gﬁg di aq??)n treaé@@gsa %o lﬁeg/g’!f%\t/t@é‘ﬁ

Subsed7ele. To therwelleh irat. anumrmnmmng lantibodids difssted fotthI |§§e<§ﬁ tfalg%ng
oat .anti-rat 1gQg were addedtotRewe

? gltlr ov@gﬁg?h% %%Pﬂ&lﬁ*‘% VGS?“ t afiRYy hsing a diutimein BB S Gasein confaining 0.2

cont alo;al'pgee,pg e TBS and’
devel oped wit hed%%/%%ﬁéhtépéhrea W:J{é,% ‘8&{ V}ﬁ%@ EIEF% @%@%%Pmsot h
st Pai rvgumm:samoomugaxbagmat antivoat IE@Y weiremided ustheetvmsqandwaiw\aﬂmau a8 )
p03|tl%§ ?%ga n@ ating that the tol erogenic tide is recogni zeg by
ant | e %@@p&a‘ﬁqﬂoﬁ’m&%lﬁt Véﬁ?Pl rkhe wellewersiwashed he
am no tﬂ%bﬁﬂ@%ﬂppg t ei nase 15 The prtB
target sequence, (bts)%%‘lu 15?%) enco%ﬁ??gldza&?rltdﬁ%y’dadgl 36%1

acid nunber 1 is the initiation nethionine) was anplified by PCR using

. plVvi D# ui‘%b { e -‘_. nd the 0 upstream pruner (prtBS -1414) of
seque ¢ PR THamS QS FECREPAH Cne'@ﬂﬁ@&?fﬁ F@IIH?EMMFHM‘M%@Q)

arld G%é'ﬁéghdﬁ'ﬁ% %@%&%;%Lm?&,ﬁal ni nnémae%byﬁﬁ)cﬂdlﬂ" site): 25 The

speC|f|c PCR product was obtai ned using Taqg DNA pol ynerase (Perkin- Ehner),z;_:
usi ng xgﬁ(}:ﬁgqes consisting in a denaturation step at 95 .C for 30 s, a *
pri me ng step at 56 C for 30 sec. and an exten5| on step at 72 C

30 w8 BTYIIRY SRR edts B Wi UG e 7268 8 R Bugebicis

prtB protemase

15 . _
The prtB target Sequenee (bp 1414-1977) encoding amino acid residues 472-659 (amino acid
number 1 1s the 1mt1at10n metlnomne) was amphﬁed by PCR using pMD114 as a template
andthe |

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

downstream'pfimer (prtB3’-1977) of sequence |
5’-CGCAAGCTTGTGCGAAGTGTTCATGGC-3’ (containing a 5’-HindIII site).
25 ’ a
~ The spec1ﬁc PCR product was obtained usmg Taq DNA polymerase (Perkm-Elmer) using 3
cycles cons1st1ng ina denaturatlon step at 95 °C for 30 s, a primer annealing step at 56 °C for o
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

resi dues 472-659 (am no




1 1 MAR X0.05 after desalting. and renoval of prinmers and dNTPs (H gh Pure
PCR'Product Purification Kit, Roche), the sarYrple was digested w th BasHl .
‘and Hi n%m n subjected to agarose gel electrophoresis and the DNA < .
. bands ot |n{er ést were recovered fromthe gel (E Z N A REVEPQ3095%ct i on
Kit, Peglab). The purified anplificat itén product was |igated bet ‘@anSQREZU%
BanH and Hindlll sites of the pQE-9 E. colt expression vector (Q agen),
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T _

centri 18} J - | oaded onto Ni 2+ NTA agarose i5 beads (Q agen),

equi | |%#%%8839%m al l owi ng. the binding of the 6-histidine-tagged

prgtein. After a washing -step at pH 6.3, the reconbi nant protein was
~eluted at pH 4.5 The material was neutralized with 100 nM Tris-CZ (pH 7.5),

quant i Theeputtified amiptificativmprodact was bigaed ibetvieenithe (BiRNT @hd FHAdI Sites of the

conceﬁétlﬁn alglj usted to I ng~nl using the .same buffer. 20 , The antigen

was eRPE1% Feepf gxpression veator(Qiagen)s downstreamn b a sequendaienceding ads-histidine

mul ti % intradermic injection to two rabbits. Injections were perforned

at day U, 14, 28 and. S6. Finat bleeding occurred at- day 80. 25 Reactivity

of the antiserum which was surprisingly strong, was confirnmed both by

ELI SA,  on reconbinant Lc expressing L. bulgaricus prtB proteinase at their

cdPl Jur rekestraimdMi§ [pRERWInwiab otransformedn wifte tisis| veoter Gudesxpitaiin Of the

=reconhi nant . Lc expr.essin secreted formof = the proteinase. . WD 02/24883
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0.3Applicant's or agerrt's file referenCe80263 wo 1The§i_n i cations nade

bel ow/ &ieared dysateavag cqitained dbyncantrifiiggtion smfisywaoioaded onto Ni**-NTA agarose
15 Tbeads ’(Qiagen), equlhbrated 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.

5

The material was neutralized with 100 mM Tris-Cl (pH 7.5), quantified by biéinchbﬁinic acid -

protein assay (Pierce) and its concentration adjusted to 1 mg/inl using the same buffer. |
2. | o _

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 s(roﬁg, was confirmed both by ELISA,
on recombinant Lc expressing L. bulgaricus priB. proteinase at their cell surface, and by
immunoblotting, on the culturga supem_atant of recoﬁ_ibina_nt Lc expressing a seéreted form of
the proteinase. |
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yoghurt,- curd, cheese, fernmented mlks, mlk based fernen

cream  er S displayedat the.periphsrioekithe polypentidebased powders, infant formul ae
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15 - peptide is derived from a food material.

5. A food composition contéinix_ag a bacterial strajn accordiﬁg to any of the preceding claims _
or a supemnatant thereof. ' : | ‘

20 6. The food composition according to claim 5, which is selected from the group consisting
of milk, yoghurt, curd, cheese, f_ermented milks, milk based fermented products, ice ﬂ
cream, fermented vce’real based prodilcts, milk based powders, infant formulae or pet fooa.. }

7. The food material accordmg to any of the claims 5 or 6, wherem the bactenal stram is
25 contained therein in an amount ranging from 107 to 10" cfu / dosage form.

- 8. A pharmaceutical composition containing a bacterial strain according to any of the claims .
Ito4ora supematant thereof. _ |

30 9. The pharmacentical éomposition according to claim 8, wherein the bacterial strain is

contained therein in an amount ranging from 10' to 10" cfir / dosage form. L



