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proliferation of pathogens, suppress production of virulence factors by pathogens, modulate
the immune response in a pro-inflammatory or an anti-inflammatory way and influence the
25  hostin a number of other ways.

Prebiotics are defined as ‘‘non-digestible food ingredients that beneficially affect the
host by selectively stimulating the growth and/or activity of one, or a limited number of
bacteria in the colon that can improve the host health.”” Targets for prebiotics are usually
bifidobacteria and lactobacilli; however, prebiotics are often not selective, and hence

30  stimulation of beneficial genera or probiotic strains alone may be difficult to achieve. Since it
is difficult to find a prebiotic that is selective for certain probiotics, the inventor of the present
invention has discovered how to use specific substrate components (SSC) that indirectly will
supply specific probiotics with a source of energy and/or an external electron acceptor that
will increase the energy yield.

35 Lactobacillus reuteri is a heterofermentative lactic acid bacterium and is frequently

found in the gastrointestinal tract of humans and other animals. L. reuteri is considered an



i ndi genous organi smof the human gastrointestinal tract and is for exanple
present on the mucosa of the gastric corpus, gastric antrum duodenum and
il eum SewQ2bwi1sssanple U. S. Patent Nos. 5,439,678, 5, 4P8TBEXN12H85B82, 253,
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1,2-propanediol (1,2-PD) is a source of energy that can be locally produced by other

coexisting microorganisms and utilized, possibly in combination with additional sugars, by



found as a constituent in the pectin structures RGL and RGL1. L-fucose is
al so found as a constituent in the RAI| structure. Bacteria found in the
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Lynch MB et al., The effect of dietary Laminaria-derived laminarin and fucoidan on
nutrient digestablility, nitrogen utilisation, intestinal microflora and volatile fatty acid
30 concentration in pigs (J Sci Food Agric. 2010 Feb;90(3):430-7) have seen that pigs offered

diets containing fucoidan have increased Lactobacillus spp. in the proximal colon and distal
colon compared with non-fucoidan diets. Thus it is suggested that fucoidan may provide a
dietary means to improve gut health in pigs. The increased Lactobacillus populations in feces

due to a fucoidan diet have also been seen by J.V. O’Doherty et. al., The effect of dietary



external electron acceptor thus enhancing their activity. U S. Patent
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pr obi otiC. uc resen can be use enhance t he
act i vi teytepial klectrex asppter thus eglkneinig théir #aivigl s. This product can be used for
i nproving the host health. 10 Depending on. the used probiotic strain, the
product can pbe Ralet Nor. 9t afprdatestq Heppresitipisompristigs rakiptiaad 2 h, i nprove
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normal i'ze fecal consiste I nprove gastrol stin motility, treat
and/ or dcksedin thisfieedntionhodite selsasertamn gattatseor wskelcambatations &ihl pectin and

i - pat ic effect. The i d effi obj otics.
AP ov dartBnees ach-Liony Bl el EERFRG MR GRE b Bl Babes T ancai of (

|, 2- PD)racil BEndREX FSirod ofh@PaR AL enathindy) ated with certain specific
substrat e conponents (SSC) as described herein. The SSCs will ensure the
presence of InlRS Aatént Noh8,9g2$78 en invertsen nalisctased thatreladesi tndimeshed ¢f suppl y
certai r}‘)rebveétrllteuflgi Siiafar edas gc?ailtgg’%vitwittlf%ct]fduzs_aggits such as rotavirus, or diarrhea associated
with antibiotic therapies by using Lactobacillus. However in this invention Lactobacillus is
25  not associated with additional SSCs for better efficacy.
Nobody has hitherto disclosed how to enhance the health promoting effects of certain
probiotics by administering SSCs, together with a probiotic, e.g. L. reuteri, to indirectly
supply such probiotics with a unique source of energy and/or an external electron acceptor.
Oral administration of SSCs, with high content of L-rhamnose and/or L-fucose will secure the
30  supply of 1,2-propanediol and thus indirectly supply certain prebiotics with a source of energy
and/or an external electron acceptor. This will increase the local amounts of health promoting
microorganisms, e.g. L. reuteri, and provide better efficacy, making site directed effects

possible.

Even though it has previously been known to use for example pectin together with
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25 1,2-PD, administered alone or generated by the SSCs, may further be combined with
galacto-oligosaccharides (GOS) or other galactose containing saccharides to give an even
better source of energy for the microorganisms.

Heterofermentative lactic acid bacteria produce lactate, ethanol and carbon dioxide
using the phosphoketolase pathway (PKP). The PKP has poor energy yield compared to the

30  Embden-Meyerhof pathway (EMP). This disadvantage can be compensated for by addition of
external electron acceptors.

The inventor has surprisingly found out that by ensuring the presence of 1,2-
propanediol in the gastrointestinal tract, the probiotics will simultaneously be supplied with a

suitable external electron acceptor and thereby enhance the activity of the probiotic.



I n an enbodi nent of the nethod, the substance is adm nistered

simul taneously with bacteria having a pdu operon. 25In a preferred
enbodi nerwoab1zhssssnvent i on, the substance is adm ni st ePet/SEe@kio§020D t he
i ndi vi dual I n anot her preferred enbodi nent of the nethod, the

bacteria havin e .pdu- operon conprise Lactobacilllus reuteri

'n an enbodi HESCr AR ROy AT B RES TEass et B dd to t e
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deoxy igpenedinbyilhsesve asa goodgtacirgn aerepior gad sB0Ps waliebbyithe admisystdignol i n
t he ga%tfrsg'ﬁgt estinal tract of said individual. In an enbodi nent, the deoxy
sugar i s rhammose or fucose 5l n an enbodi nent of the invention, the

subst ance conpoidsesto(ap aspeanvitbe inviebjiod, acoabod (sproydat fon etlemcing tike hi gh

per cent age of . r hamimose, gaga r hairmose in cog\t‘}i nati.on with pectin, (e) fucose
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fuggse.indlidig) c&nm %ﬁi‘nf&%r&fg o BRI G0 shiH SREE dBNIWRRALLFStardcR h@fithe

enbodi ment of the invention, pectin having a high percentage of rhamose is
10def i mephces te bepreiabbhzedio 15%propamdod en thewgakiraigteStinafragt,of 8aid9nditidpal1l, 12,

13, 14 or 15% rhamase. . in.an odi nent_of the .invention, fucaidan having
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In a pred @phaty HRanétiRIized &) Abipipanedibhie tBébstdnt&tiniNficbaCdar i a havi ng
eron are Lactobacilllus renter!. 15rn an enbodi nent of the

the pduope ’ !

i nvent ilﬁfgyldtlﬁelnsiub@ﬂm@emsth&diﬁpm siear sdharpnasher fus@sei dual at a daily dose
of ,Q. 25-25 r .abl I . Een PN ion, the
sulStance i npBESEAY ol Rretiads ek PuAs RORBHST R bt (BB O her
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pdu- opdhenie dheprphingtion witheckined) BisaigRn §7YigS & htgglda@yce@a?@sp,f fugese 19T EBdxy

combination of rhamnose, fucose and pectin.
In an embodiment of the invention, pectin having a high percentage of rhamnose is

6,7,8,9,10, 11, 12, 13, 14 or 15 %

2 2 2 2 2

20  defined as comprising 5-15% rhamnose, such as 5
rhamnose. In an embodiment of the invention, fucoidan having a high percentage of fucose is
defined as comprising more than 15 % fucose.

In an embodiment of the method, the substance is administered simultaneously with
bacteria having a pdu operon.

25 In a preferred embodiment of the invention, the substance is administered orally to the
individual.

In another preferred embodiment of the method, the bacteria having the pdu-operon
comprise Lactobacilllus reuteri.
In an embodiment of the method, the substance is administered to the individual at a

30  daily dose of 0.25-25 g, preferably 1-2 g.

In an embodiment of the invention, the method further comprises simultaneously
administering a galactooligosaccharide or other saccharides comprising galactose.
According to a second aspect of the invention, a substance is provided for use in

enhancing the activity or increasing the growth of probiotic bacteria having a pdu-operon, in



sugar has the capacity to be netabolized to 1, 2-propanediol in the
gastrointestinal tract of an individual, In an enbodi nent, the conposition
conpri seswbaeotensmshavi ng a pdu-operon, in conbinati on WRCTISEE@Ep/0s262MOSE,
(b) fucose, (c) pectin having a high percentage of rhamose, 25(d) rhamose
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30defi ned as conprrsin ucose. | n anot her enbodi nent,
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0. 25- 2xompiratief ef dlahwmode, Zuapse and pectiAccor di ng t o anot her enbodi nent of the

i nvention, the above-described conposition.is for use in enhancing the
activity ort[P ﬁEF%@Q&H&n{ ﬂ'frret'hE;PH\RP‘ﬁo PEFHOMVES Ehig @F@Fmagmff}#qﬁ@nase 1s

SPqy- ORREAY ad RdnidrRingas | $QirMLRdsk N@kh b 864, 708, Aol nditgi gl BReEF
DESCRI PTI ON OF THE W NG 10Figure 1 is a graph show ng growth oft mnuch
DSM 17 9B8niaese ntndinfeindapdiviRSt Oiihehnventigh uoos daraialing 4 highe@progitape aldigicosean of

1, 2-PD,, gal act ose and a comnbi i.on thereof DETAI LED
DESCRH'd?ﬁﬁﬁx‘fﬁffoﬂﬁfé‘s’lnﬁ\%%ﬁQ %fﬁgﬁﬁEFERRED EVBODI MENTS THEREOF The
propanedi ol Thhipkdfénéd bddslent reRERE REThY sObstARE HBE Baddér@hRiCilie pdiNg t hem
for exanple Lactobacillus reuteri, enables growh on 1, 2-propanedi ol

(1, 2- POpers asnbaggbasglliceugil enabl es the ability to use 1,2-PD as an
exyernal el Efﬁ%lﬁ 9&88&%%8{ 8t the AERGoi @ﬁ’e{]%gtrangfis ta@rﬁirﬂt?r%g B He@%(cﬁ@itdh%%thas
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surprisingl enhancrnge a ai n probiotics,
usi ng claiy dode FPeS-19 g seflesdbiyat-@ conponents (SSCs) to indirectly support a
specific praobiotic organismwith 1,2-PD that nay be utilized as a source of
energy or adiahewRpdifmeaf ofhe tvieption dhepbsgtance is for use in qoypbingtion with,

SUbet 08 AEOLEIAL, A ML By syt on e substance 251
only. In andtdce]rding to a third aspect of the invention, a composition is provided comprising (1)
20  bacteria having a pdu-operon and (ii) a substance comprising a deoxy sugar, which deoxy
sugar has the capacity to be metabolized to 1,2-propanediol in the gastrointestinal tract of an
individual.
In an embodiment, the composition comprises bacteria having a pdu-operon, in
combination with (a) rhamnose, (b) fucose, (¢) pectin having a high percentage of rhamnose,
25  (d) rhamnose in combination with pectin, (e) fucose in combination with pectin, (f) fucoidan
having a high percentage of fucose, or (g) a combination of rhamnose, fucose and pectin.

In an embodiment of the invention, pectin having a high percentage of rhamnose is

6,7,8,9,10, 11, 12, 13, 14 or 15 %

2 2 2 2 2

defined as comprising 5-15% rhamnose, such as 5
rhamnose. In an embodiment of the invention, fucoidan having a high percentage of fucose is
30  defined as comprising more than 15 % fucose.
In another embodiment, the composition further comprises galactooligosaccharides or
other saccharides comprising galactose.
In an embodiment relating to the composition, the bacteria having the pdu-operon are

Lactobacilllus reuteri.



enbodi nent, the substance conprises two or nore conponents. Oa
adm ni stration of these carefully selected SSCs stinul ates coexisting

m crobes wo 2prxodssse | , 2- PD, which | eads to |ocally pro@aEsa2012/0202PD t hat
can serve as a source of energy or as an external electron acceptor for
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energy source or as an external electron WD 2012/ 115588PCT/ SE2012/ 050202
acceptor. The inventor of this invention has discovered that SSCs with high
anounts of L- rhammose or L-fucose are the nost effective when used to

enhance the activity i A f the SSCs used in this
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invention are carefully's egar he amounts of L-rhammose
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5-15% r hammose. These fractions of pectin wll, when degraded, result in

nore rhamose than unfractionated pectin, which in the present text may be
call ed pectin, ordinary pectin, or regular pectin. A certain daily dose of
such preferred 10fractions of pectin, e.g. 2 g, will thus generate higher

amount s of 1, 2- PDpIST AR DESCRIFTROS O TR IVVESEON AND Of regul ar

pegsi n. Ordinary pecti pregyREDIOVIBOYRIENTS TARREOP! 7 ed toget her wi th
L-rhamose or L-fucose to indirectly and in the same nanner be advant ageous
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degradation. The inventor of the present invention has shown that 1,2-PD in
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hi gh amounts of L- 20f.ucose nmay bhe s SSCs in.the present .invention,
and pr eFRROLE §P‘3F1lf‘é’§”é°'?lP’é“c?‘ig6W§ orith Segita i E@%ﬁ%&z P POHEHT Of8NEY ucose.
These fya¢hi OASmaf elfdeRidaspi | |, when degraded, result in nore fucose than

ordi nary fucoi dan and thus generate higher amounts of 1,2-PD. L-rhammose or
L-f ucose al die SHyisalssbstireeud ewbrding heomsenSg8dsmett of iesiniventont thesubstance

25  1is a substrate. In one embodiment, the substance consists of one component only. In another
embodiment, the substance comprises two or more components.

Oral administration of these carefully selected SSCs stimulates coexisting microbes to
produce 1,2-PD, which leads to locally produced 1,2-PD that can serve as a source of energy
or as an external electron acceptor for certain microorganisms with the pdu-machinery, such

30  asfor example L. reuteri. The SSCs may be administered alone or together with the
probiotics.

The presence of 1,2-PD will improve the growth conditions for certain
microorganisms, moreover the inventor has found out that this can be further enhanced in the
presence of galacto-oligosaccharides (GOS) or galactose, as can be seen in figure 1.

35 The SSCs of the present invention are chosen for their ability to indirectly support a

specific probiotic with 1,2-PD, which may be used as energy source or as an external electron



O her SSCs, e.g. guns and ot her pol ysaccharides, can be used according to
the present 25invention if they contain L-rhamose, L-fucose or the |ike.
GQuns i nclwoep1usssare not limted to karaya gum and ar alpce/sgeom/ o5t her ,
some human m | k oligosaccharides (HMO s) from hurman breast m |k can be used

as SSCs in the present inventian. . Adm ni ing t.he SSCs of..the
ot esentet AN hET SRt AP TREO Pas R i e "HroEB g SpL |
r edden rhsRgdLe @5 LLAEosWRPIhYE nffst BIMENITY wiRHUE&! th@hhahcs RIRCAckivEy Bf 8dHagt i ¢ and/ or
30secures the {lgresence of an external electron acceptor that will increase

t he en@refjiotjdselderefioride Shame¢hig thisenvestian agcarafillysedgvtederith eagasds ¢ theai d
probioti c. . her, € fments and to support this effect it is
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abibity to WetlinspreferablPPertdde pravtbmidr @actiheni@isget higmgéreaithgsd of &- nunber of
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avail able at certain Tocations of the human G -tract, for exanple on the
mucosa safedhidy desst(R igg ofseplas peagasOrdisargpeetimgoudtilalde heinsedaiddemmstered
intestine., The.,invention herein therefore al.so nmakes it ssible to favor
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m crofl ora, inc nor ma CO-existing m crobes able to

conver tcobmaBSCwlith cirtZinfectin Eonsttuahts 0c. d Santderargiissseand ichiyctofonihaid
inventiaon herein to actively supply such co-existing m croorgani sns, e.(g.
Lact obadlliZepratenaswpeststis effeq thaienhancppihemtilisgiogqf dgﬁ?ﬂé%?qﬂ%aryb@fw% he
adm ni %E%i@epeugéggs seen in fi ﬁ%el products conprising the SSCs of this

i nventidh, aloné or 1In c&nbi fation with certain probiotics are preferably
formul at ed dscaidbialpretrablyagstaindracponsef fusadietompridimehilh keou® Bhie- pr oduct

can.be a food-suppl ene a pharmaceutical product. .or. the like. .In such a
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-ifucose alone may also be used alone as SSCs of this invention.
Other SSCs, e.g. gums and other polysaccharides, can be used according to the present
25  invention if they contain L-rhamnose, L-fucose or the like. Gums include, but are not limited
to karaya gum and arabic gum. Further, some human milk oligosaccharides (HMO’s) from
human breast milk can be used as SSCs in the present invention.
Administering the SSCs of the present invention, either alone or together with a
probiotic, e.g. L. reuteri, secures the supply of energy source for a specific probiotic and/or
30  secures the presence of an external electron acceptor that will increase the energy yield, thus
enhancing the local activity and efficacy of said probiotic.
In other embodiments and to support this effect it is further possible to add GOS or

galactose in order to increase L. reuferi’s ability to utilize 1,2-PD.

Depending on the target indication, a number of L. reuteri strains can be used in the



25The anount of the SSC should be in the range of 0.25 to 25 grans (g) per
day when using pectins with high anmounts of L-rhammose and/or L-fucose.
When usi rgoaororirsissat i on of regul ar pectin with separat @CISER@ansRe2 and/ or
L-fucose, the total anmount of SSCs should be in the range of 0.25 to 25¢g
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prefer .7Q: 3 Anot her option when using the invention hereinis
to al t%?%lﬁtlg\%glsgol?aeCtht%'he SSC and the probiotic together, and at one or

mor & occasi erstid,al-tawnoge Adtelffiidosé afeaeditng tb Quinee digestion, Y are degraded to
2012/ 115588PCT/ SE2012/ 050202 the SSC in_a kind of shuttle programto |ower
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machi nery.of the 5probiotics i.s prinmed with 1, 2-PD dur.i t he production of
the pr J61 iheielere 0 Faies Uriiasiklsdo EPer él&'_c-@l.r%ﬁﬁ#z e 188??336‘%%%’3%‘& or2- PD
or 10! y(éﬁﬁrﬁbl_e%@%sﬁ%ss%le?!eﬁ sGRR8bE 7. 9%kt AThEpBpibAc (it lhsr}ﬁﬁsimetté‘@#lﬁhtnﬁc;{h% and

cobalt are inportant for reuterin production) at the start o
f er mentatiiisihametorywiéert ofithiastianginttheilpagt eria. Wth this manufacture

desian, {00 LSS5k 085 Sl DR B SR e R R B
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adm ni stered SSC of the present invention. Another way of enhancing the
ef f i cadsgckoit nopmalloieung se-ekisdnSEobes ably tosabyarethe B8f WilihPBOS iv#lsgal act ose,

and.t he |j t Ok . n e inatieon o ,2-PD and gal act ose has
an SnedpurCRBRALE P BERnliDE e Eto SRR RN b ch:ARBT OLe
modi fi eaiticoRganint, € aangesbaniilils rhaambshy, 10 drutcipent fivatnskicldffechcy bf thee art,

it is not desired to limt the invention to the exact constniction and

oper at i*dRIEHERA S described, and accordingly, all suitable nodifications

o oo vl gy T BRIt of A B LA I SRRSO e
of a saehah peahdtaisarareteradyposiudtedasdtablet, cepsuby, potvdgesabient ondhielikpect i n,
R X Y ARG S S M SN SN E .
type USPSRRO thd I Gl P plobrfiicTeed Mbul dFfea @8 hinoBAC ulBkiént 38 ERR the wanted
effect of the specific strain, now also considering the enhanced effect by the SSC. Such levels
are typically, but not limited to 10E+4 CFU to 10E+11 CFU per day, preferably in the range
of 10E+6 CFU to 10E+9 CFU of L. reuteri.
25 The amount of the SSC should be in the range of 0.25 to 25 grams (g) per day when
using pectins with high amounts of L-rhamnose and/or L-fucose. When using a combination
of regular pectin with separate L-rhamnose and/or L-fucose, the total amount of SSCs should
be in the range of 0.25 to 25g per day. In both cases, the daily dose of 0.25-25 g may for
example be 0.25,0.5, 1, 1.5, 2, 5, 10, 15, 20 or 25 g, preferably 1-2 g, such as 1, 1.25, 1.5,
30  1.75or 2 g.. The ratio between the regular pectin and either one of L-rhamnose or L-fucose,
or the combination thereof, should be in the range of 95:5 to 0:100, but preferably 80:20 to
20:80 and even more preferably 70:30.
Another option when using the invention herein is to alternatively feed the SSC and

the probiotic together, and at one or more occasions following the first feeding to feed only

10
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O BR8P SR Ao BE by i) £ BEMLAARSE | sachet

10The conposition is um num ags as In
EXAMPL Herdh ditbantioh ap wylenetitarisaibhh dhcteon tWith ﬂngmammﬁantpasdetm gnntheffrekeze-deerd er i

together w.th aI agt%%F %osacchay des and%ghannt ose,. 15The co SI tionis

made ofoacteria to SEKRAP NAPEHST Prenar o M EIHSKAHSHS th

Net per |n%ﬂ§1)amaﬁﬂ1s enﬁaﬂc’eﬁ%m Gg of {hBhR mﬁ%ﬁln@H'WﬁMqrt%eenhar(c'é)the KRdeqy of

Bi ochem cal s "GibH, rmany) containing 10E+8 CFU L. rettter| DSM

17938 /thesahmgtsteT‘trbS%@wﬁti@mrtsmt lllSeIftIOIIll Adothpt wasabitnnhammg theleffﬁmgs ofithei n
reuteri__strain This

Exanpl n ctur.
exanpl 48U RIS gt Mt P i B0 S e bTe g S0 SRSy Ut or
wi th aghdtviad &ﬁntﬂﬁhifoﬁi&ﬁ‘hlleD)ﬁnd?Bﬁcﬂééé Hﬁchnhmek]%&e@rbenéﬁtr@i N /eamrithen be used
when produci ng the 25sachets of exanples 1-3.
growth.
15 Since numerous modifications and changes will readily occur to those skilled in the
art, it is not desired to limit the invention to the exact construction and operation shown and
described, and accordingly, all suitable modifications and equivalents may be resorted to,

falling within the scope of the invention as defined by the appended claims.

20 EXAMPLE 1
Manufacture of a sachet containing a composition of L. reuteri together with pectin,
rhamnose and galacto-oligosaccharides.
The composition is made of:
L. reuteri DSM 17938: 10E+8 CFU / sachet
25 Pectin (GENU® pectin (citrus) type USP/200, CP Kelco France SARL, France): 840
mg / sachet
L-rhamnose : (Rhamnose monohydrate L-(+), Kaden Biochemicals GmbH, Hamburg,
Germany) 360 mg / sachet
GOS15 (VIVINAL®, FrieslandCampina Domo, The Netherlands) 800 mg / sachet
30 The composition is filled at ambient temperature into aluminum foil bags as known in
the art with desiccant (10 cm x 12 c¢m, using packaging material PET12/PE/ALU
12/PE/PE+desiccant/PE from Alcan) in a LAF bench (Holten Laminair Model S-2010 1.2
from Heto-Holten A/S, Denmark). To each bag, 2 g of powder with L. reuteri, pectin, L-

rhamnose and galacto-oligosaccharides is added using the balance XP-600 from Denver

11



Ferment ati on nmedi um conposition Dextrose nono hydrate 60 g/ 1 Yeast extract
K AV 20 g/1 Peptone Type PS (of pig origin) 20 g/1 30D anmoni um hydr ogen
citrate 5wQR20128a8i88m acetate (x 3 1120) 4.7 g/1 D pot apsirsERt1pasern
phosphate 2 g/1 Tween80 0.5 g/1 Silibione (anti foanm) 0.14 g/1 WD

2012/ 115588PCT/[.S / 0502 esiums ate 0,.10.9/l nganese.sul phat e
0 05 o Pt G h At ASG ey  arisaugio] Bt ieh dad sl BRRRRF e P
medi umsPaRaQRei e edeFA40am oK etRinBaih IFB1iBdsc R ¥ieREdhBCE RIS l@as kase (of
bovine origin) 33 % 10Gel atin hydrol ysate (of bovine origin) 22% Sodi um

gl ut améteemay. /0 Mal todextrin 11 % Ascorbic acid 11% 15Producti on steps
of freeze dried Lactobacillus reuteri powder 1. Twenty m of the
ferpentati on mediumis inocul ated Wﬂ@ﬁ m of freeze-dried Lactobacillus
renter' powder from a worKking cel F 3. The fermentation is per f or med

I C .

2 g L-rthamnose: (Rhamnose monohydrate L-(+), Kaden Biochemicals GmbH,
Hamburg, Germany)) containing 10E+8 CFU L. reuteri DSM 17938 / sachet

10 The composition is filled into aluminum foil bags as in Example 1.

EXAMPLE 3
Manufacture of a sachet containing a composition of L. reuteri together with galacto-
oligosaccharides and rhamnose.
15 The composition is made of’

1 g GOS15 (VIVINAL®, FrieslandCampina Domo, The Netherlands) and 1 g L-
rhamnose: (Rhamnose monohydrate L-(+), Kaden Biochemicals GmbH, Hamburg, Germany)
containing 10E+8 CFU L. reuteri DSM 17938 / sachet

The composition is filled into aluminum foil bags as in Example 1.

20
EXAMPLE 4

Manufacture of a primed L. reuteri strain

This example describes how to manufacture a freeze-dried powder of L. reuteri with
activated pdu-machinery. The primed L. reuteri strain can then be used when producing the

25  sachets of examples 1-3.

Fermentation medium composition

Dextrose mono hydrate 60 g/l

Yeast extract KAV 20 g/l

Peptone Type PS (of pig origin) 20 g/l
30 Di ammonium hydrogen citrate 5 g/l

Sodium acetate (x 3 H,0) 4.7 g/

Di potassium hydrogen phosphate 2 g/l

Tween80 0.5 g/l

Silibione (anti foam) 0.14 g/

12



2. Two 1-liter flasks of the fernentation nmediumare inoculated with 9 ni
cell slurry 20(fromstep 1) per liter of nedium The fernentation is
per f or redwat208nc5$88r 20 - 22 hours without stirring or PHTSERR050202 €.

static. 3. The two one liter cell slurries fromstep no. 2 are used
to inocul ateMthe .600-§it r'o Y, s&el containing 600 liters fernentation
medi um  The YSFRHPTRIRE & (g% fornmed at 37C for 13 hours with

stirring andptdag@RtsiPhateMotye start of the fermentation the pHis 6.5.
The pH 25control starts when the pH drops bel ow 5.4 using a 20% sodi um
hydr oxi de sdiing subphaterheptpbydegardie/i s set to pH 5. 5. 4. The fourth
and final fewg;gp(tlgtion step is perforned in a 15,000-liter vessel with the
i noculation TromStep no. 3. The fernentation is performed at 37C for 9 to
12 pours with stirring and pH control. At the start of the fermentation the
pHis 6.5. The pH control starts 30when the pH drops below 5.4 using a 20%
sodi um hydr%i %e sol ue':dj.on. The pH control is set to pH5.5. 100 MM
gl ycerol is &4 éf(fngr’I" H€" £ i nal phase of the fernentation, just before the
cul ture reaghgent e250hbRN@FYighiase) The fernentation is conplete when the
culture reaches the stationary phase, which can be seen by the reduction of
the additi ongof t he s?di um WO 2012/ 115588PCT/ SE2012/ 050202 hydr oxi de
sol ution. RSGYMY %™ iters of the sodium hydroxide solution is added to
the 10, 200 IikRks(SThotRdioga)d3600 liters of inoculumduring the
fernmentation. The cell slurry fromthe final fermentation (step 4) is
sepfr at ed atGelg® hydirelgsate(cd bewine origong2éent ri fuge from Al fa Laval. By the
first centrifugation the,yplume of the cell 5slurry is reduced fromroughly
11,730 Iitersd B EBEF 2P TS Vol une s vashed wth 1200 11t ers of o
pept one ( Pepigin®leridd,1 %r t hana) solution in a 3000-liter vessel and is
separated again before the mxing wiwth the cryoprotectants (see below . The
washi ng sterﬁsﬁpltblfp ‘p“é‘bllbl% is perforned to avoid any freezi ng-point
reduction in the freeze-drying process. By the second centrifugation the
volune of the cell slurry is reduced to 495 liters. This 10volune is m xed
W tI 156 kg Rbdidiiancteps pf feesetdrivid Isetobatitins vauterd polnderoughl y 650 |iters of
the cell slurry. The cell slurry is.punped to 1000-|iter .vessel.

s Thisaty I{ﬂr%fﬁéfogﬁf@@%raw PRgiupY s 5@4@9 yigh §~|6amlt of frecsEried At the

The vessel i

freeze-sdu DGRt Aleri FoVA: Monta Woh&ﬁ? @i bdlt&ifeThe RIMEANidSis PRHERLAR €ach
plate in 15the freeze dryer. The maxi num capacity of the freeze dryer is
600 | i tagrodtleaat @ 78C forebfce2s haes mathbutsitiommg/onvgl oorgral ¢ et dtatewwn away .
2. Two 1-liter flasks of the fermentation medium are inoculated with 9 ml cell slurry
20 (from step 1) per liter of medium. The fermentation is performed at 37°C for 20 — 22 hours
without stirring or pH control i.e. static.
3. The two one liter cell slurries from step no. 2 are used to inoculate the 600-liter
vessel containing 600 liters fermentation medium. The fermentation is performed at 37°C for
13 hours with stirring and pH control. At the start of the fermentation the pH is 6.5. The pH
25  control starts when the pH drops below 5.4 using a 20% sodium hydroxide solution. The pH
control is set to pH 5.5.
4. The fourth and final fermentation step is performed in a 15,000-liter vessel with the
inoculation from step no. 3. The fermentation is performed at 37°C for 9 to 12 hours with
stirring and pH control. At the start of the fermentation the pH is 6.5. The pH control starts
30  when the pH drops below 5.4 using a 20% sodium hydroxide solution. The pH control is set
to pH 5.5. 100 mM glycerol is added in the final phase of the fermentation, just before the

culture reaches the stationary phase. The fermentation is complete when the culture reaches

the stationary phase, which can be seen by the reduction of the addition of the sodium

13



The cell slurry of Lactobacillus renter” has a dry matter content of 18 %
and is freeze dried for four to five days. During the freeze-drying
process, wbeoprasssere in the process is between 0.176 nipar/SEQu12/080202 42
nbar. The vacuum punp is started when the pressure reaches 0.42 nbar. The

PRT (pressurjzing test) .is ed t [ mne n th conpl ete.
¢ ho MRt pdionr R st o F s it idh PSR OG0Bl HERT fiecr a0
secondg, 200 eitds OF BS8ialahid VO RRSHef iA6EXMYRENS the fermentfa¥AbI nati on of 1, 2-PD
and gal act ose generat es a synergistic effect enhancing the activity ofL.

rettteri The cell sluprgrftasn theSgNl fermrataien (stapotins separated 4tileeC MRSe Bt dt h (wi th
no gl ucgse, And ‘f?x{t{ g%%)o Allflﬁ"L%d%bag?r?e #lst dnfifh gat S tﬁ{%lug%'q%?ﬁ 0%§_(0.3% or

acorrbrnarono teria were 7C. L.

ret bt erslurgriovetiuced from rpugld e ne.g301itdpotohl 200 liZerP I agblgak actvashed suthpr2osi ngl 'y
showed a significantly hi 8her growt h t han the@(&rﬁ&gh on the separate
subst arré%rgo gpe@erﬁ Pebtong {ir2d. Prthanghsolytion im 3 B3¢ 2ofl OSTPHRAEXAVMPLE 6

E;( aEI_)l ( JJU d eg{%?ﬁ]ﬂﬂe%@r €dants gsea bgl% kfnd \9a§}1 &éﬂ%{}ﬁ ?thlgfsfé ivity

nt e escrr hr s appl Itat’1 on
possi blleperﬁ>rmlet1ecrs aadi @ athfreszaghipdist mﬂucmoarmltlea ﬂee(zedqheg pr/éb):esm th sachets

where L. enter/ i.s excluded but . othe nuf act ur ed r di .to
exanpl e 1 (éytﬁefe@rdrﬁntaf%ﬁ99rrhévr9 %fﬁrﬁ” s du g%&reriréceﬁ t83§§ foddinot
redgce JhlignEkhnhict LRRY 196 k% of FHRWr&S ot@&gntr%}ﬁtﬂoﬁ"l\,@ Feabh FolchB IMANErs &P e
Sachet Ais admnistered to the recr pient at day 1, at day 2 and 3 the

reci pi eall Slusrygl ven sachet B. This adm nistration scherre is repeated during

t he vvholetr n eriod. 10 E 7 |Int t|n ization ill vivo
- hunang 10 SO dugRS SR Bt WKt i Bro B RbEohe
reut ertfre,gk@a@llagwlgaﬁthe same L. renter' adm ni st er ed together with SSCis

made in a clinical study. 12 healthy volunteers are 15divided into two
groups (A and th) frogzerinsing atant expethn Sliters efgbhogdl dupy isgavigs o saek elajein t he
powder C Q of

to\ggt h éﬁ%@%%@%&ﬁﬁ%}ﬁ%@ﬁ %}ga#f%fgé?ﬂegze (ﬁg& 3 15(5(5 Ht% andl‘ail SERERE cell

gal act @h@iylx@ﬂr&ﬁé@‘t&fdvdﬁﬁvay@ oup B receives the sarre L reutert strain but
none of the _above SSCs. Both groups are given 10E+8 CFU reutert per

day during @dedsys! urrypf lqe%zﬁflrl{hé%rer/e”ehﬂaﬂw mﬁebrom%rem?{arnddéﬁ@ﬁrezau on
by str 2§ f&H &N H Ry O

During the freeze-drying process, the pressure in the process is between 0.176 mbar
20  and 0.42 mbar. The vacuum pump is started when the pressure reaches 0.42 mbar. The PRT
(pressurizing test) is used to determine when the process is complete. If the PRT or the

increase of pressure is less then 0.02 mbar after 120 seconds, the process is stopped.

25 EXAMPLE 5§
Combination of 1,2-PD and galactose generates a synergistic effect enhancing the
activity of L. reuteri
L. reuteri DSM 17938 was grown in modified MRS broth (with no glucose and
citrate) with addition of 1,2-PD (0.3%), galactose (0.3%) or a combination of the two. The
30  bacteria were grown for 24 h at 37°C. L. reuteri grown in the presence of both 1,2-PD and
galactose surprisingly showed a significantly higher growth than the growth on the separate

substances as seen in figure 1.
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20t ogether with the SSCs is made by fecal sanple exam nation at the

begi nning of the study, and after 30 and 60 days of the treatnent period.
Fecal 1. wenverf15388 counted and the fecal amounts of gr@ap/SR2@ngds@oar e
conpar ed. A significant increase in the fecal amounts of L. reuteri
IS seen in patients where L. reutﬁé%l{ﬁ, iczig ni stered together with SSCs,
conpared to patients where L. reu L% adni ni stered al one, as seen in

table 1. Th@m@%gg@@rs@gﬂegwﬁam%bw@g average | ogi o CFU per gram of feces
SEM Table 1 study groupL. reuteri count &Jn)beforeda 30day 60 gr oup

A (6)N. D. 5. Fhagksys tlge erthancegrastipityBo{ b)rumyidnguced b 4hesSS(Cs depsgabed in s
2012/ 1%%%@&15%4‘[%?395]3%19 é)oa%‘%%la%‘fﬁle '¥§chets of example 1 (sachet A) with sachets where L.
5  reuteri is excluded but otherwise manufactured according to example 1 (sachet B) in a shuttle
program. This shuttle program does not reduce the efficiency of L. reuteri and may lower the
treatment cost.
Sachet A is administered to the recipient at day 1, at day 2 and 3 the recipient is given
sachet B. This administration scheme is repeated during the whole treatment period.
10
EXAMPLE 7
Intestinal colonization in vivo in humans
A comparison between the intestinal colonization by L. reuteri alone and the same L.
reuteri administered together with SSC is made in a clinical study. 12 healthy volunteers are
15  divided into two groups (A and B) with 6 participants in each group. Group A receives the
powder sachets of example 1, containing a composition of L. reuteri together with SSCs in the
form of pectin, rhamnose and galacto-oligosaccharides. Group B receives the same L. reuteri
strain but none of the above SSCs. Both groups are given 10E+8 CFU of L. reuteri per day
during 60 days. The quantitative evaluation of intestinal colonization by strains given alone or
20  together with the SSCs is made by fecal sample examination at the beginning of the study,
and after 30 and 60 days of the treatment period. Fecal L. reuferi is counted and the fecal
amounts of group A and B are compared.
A significant increase in the fecal amounts of L. reuteri is seen in patients where L.
reuteri 1s administered together with SSCs, compared to patients where L. reuteri is
25  administered alone, as seen in table 1. The values are given as the average log;o CFU per

gram of feces + SEM.

Table 1
study group L. reuteri count
(n) before day 30 day 60
group A (6) N.D. 5.5+0.2 5.8+0.3
group B (6) N.D. 4.2 +0.3 45+0.4

30
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1. A nethod for enhancing the activity of probiotic bacteria having a
pdu-operon, in the gastrointestinal tract of an individual, conprising

adm ni st ewpDreg12a115888st ance to sai d i ndividual, 5which sulpsTsEe@2/05201 he
capacity to be netabolized to 1, 2-propanediol in the gastrointestinal tract
of said individual. 2. The nethod im1, wherein said substance
conprises (a) rhamose, (b) fucosefeééﬁhﬁectin havi ng a hi gh percent age of
rhatmose, (d) rhammose in conbination with pectin, (e) 10fucose in

conbi nation with pectin, ;0 fucoi dan having a high percentage of fucose, or
(g) a donbnethed &m eghang o selivity pd psebletiubastasiaihaving pdutepersy, Hodeof claim 1
or 2, ] ce -l.s.adm nister S] S| I teria
i ng ASsShRalsaF Rt o b Xl Ee S Al oM b RRR R o Ml ThgRBRAE '
bacter ivehittastibs@nédieas phkticappeityoid bean@ibdzed act ohacpankdibl i thefist®iritestinal 5.
The net hod of  any preceding claim wherein the substance is admnistered to
t he indWﬁﬁ@ﬁﬁNJQ&aﬂh@Ldaily dose of 0.25-25 g, preferably 1-2g. 6. The

nmet hod of any preceding claim further conprising simultaneously

adm ni stering a gal actool i gosacchari de or other saccharides conpri sing

gal act @s&he 2fisthod At slinatlandereiosai disbstancecdnaprcesn (r) rhen@st, () fucosy, (¢)ncr easi ng
the growm h of . rogigtic bacteria havin ﬁ%ﬁgu-o eron, i.n th )

gast r oPREWRIHE 2 bieh PTCoRtaGHOF HATYP th 4D ARG TS EREPRAREn WERPPIEe©a deoxy
sugar trh@se ASorhBBatiARAER btinO(fPR1HREARMNihg Qq{éigéhope}ce%m%@%?ﬁ%gé, ok (ym the
gastrointestinal tract of said individual. 308 The substance of Claim?7
conpr i somyinagapn phemmoses, figdope indcpssen. (¢) pectin having a hi gh percent age of
rharmmose, (d) rhammose in conbination with pectin, (e) fucose in
conbination with pectin, (f) fucoidan having a high percentage of fucose,
or (9) jaThOmRtHMAIFRMIMI driPanheseh thbUGHscalid Ainfaitdrédd simWhneously with

2012/ 115588PCT/ SE2012/ 050202 9. The substance of any one of c?ains 7-8
wher ei haethea hadngs pau ABRYPRg t he pdu- operon are Lactobacilllus reuter
10,,5The substance of any one of claims 7-9, which is admnistered to the
inélvidual at a daily 5dose of 0.25-25 g, preferably 1-2g. 11. The

subst aric&hemetivd vty pfecediag Blaind -ikkreinhh€hadtsialaringske pdu-opsron b@hpide W t h
gal act ool i gosacchari des or other saccharides conprising gal actose. 1012 A
conmposiltFERC B3 #¢¢ig bacteria having a pdu-operon and a substance
conprising a

5. The method of any preceding claim, wherein the substance is administered to the individual

20  atadaily dose of 0.25-25 g, preferably 1-2 g.

6. The method of any preceding claim, further comprising simultaneously administering a

galactooligosaccharide or other saccharides comprising galactose.

25 7. A substance for use in enhancing the activity or increasing the growth of probiotic bacteria
having a pdu-operon, in the gastrointestinal tract of an individual, which substance comprises
a deoxy sugar that has the capacity to be metabolized to 1,2-propanediol in the gastrointestinal

tract of said individual.

30 8. The substance of claim 7 comprising (a) rhamnose, (b) fucose, (¢) pectin having a high
percentage of rhamnose, (d) rhamnose in combination with pectin, (e) fucose in combination
with pectin, (f) fucoidan having a high percentage of fucose, or (g) a combination of

rhamnose, fucose and pectin.
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deoxy sugar, which deoxy sugar has the capacity to be netabolized to

1, 2-propanediol in the gastrointestinal tract of an individual. 13 The
conposi t iwo 20f2/1abmw8mM 12, which conprises bacteria havi ngCa/SEeu208e0DNn, in
15 conbination with (a) rhamose, (b) fucose, (c) pectin having a high

t f.rh , (d h ' nmbi nati.on. wi th ti f
" Conts AGE FUNHEL A et o Toor s REvRg R e Bl dyetel 70

fucose,r Rlobe&)ina re@pRi nati on of rhamose, fucose and pectin. 14. The
conposition of claim12 or 13, further conprising gal actooligosacchar des
or other 20saccharides conprising gal actose. 15 The conposition of any one

of cl ai 2-14 wherein the.bact eri.a havi-ng, t-he, pdu- aperon -ar .
Chct onal T S phAeaE shid Br ST ST L RN i S ARG GO RE LA ot dajly ¢

whesei Rlobdef GRHSE anpiefdrsblpnesgnt in an anmount such as to give a daily dose
of 0.25-25 g, preferably 1-2g. 17. The conposition of any one of clains
12-16 for use in enhancing the activity or increasing the growth of

pr obi 0tiiCTRAGHEfhd S e B B OPEH Which T APBSATLRBIMLGH LAl tract of an
30i ndi vi dual .

galactooligosaccharides or other saccharides comprising galactose.

10 12. A composition comprising bacteria having a pdu-operon and a substance comprising a
deoxy sugar, which deoxy sugar has the capacity to be metabolized to 1,2-propanediol in the

gastrointestinal tract of an individual.

13. The composition of claim 12, which comprises bacteria having a pdu-operon, in
15  combination with (a) rhamnose, (b) fucose, (¢) pectin having a high percentage of rhamnose,
(d) rhamnose in combination with pectin, (e) fucose in combination with pectin, (f) fucoidan

having a high percentage of fucose, or (g) a combination of rhamnose, fucose and pectin.

14. The composition of claim 12 or 13, further comprising galactooligosaccharides or other

20  saccharides comprising galactose.

15. The composition of any one of claims 12-14 wherein the bacteria having the pdu-operon

are Lactobacilllus reuteri.

25  16. The composition of any one of claims 12-15 wherein the substance is present in an

amount such as to give a daily dose of 0.25-25 g, preferably 1-2 g.
17. The composition of any one of claims 12-16 for use in enhancing the activity or increasing

the growth of probiotic bacteria having a pdu-operon, in the gastrointestinal tract of an

30 individual.
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