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SELECTI ON AND USE OF LACTI C ACI D BACTERI A FOR REDUCI NG

DENTAL CARI ES AND BACTERI A CAUSI NG DENTAL CARI ES
WBAWSGROIND OF THE | NVENTI ON CROSS- REFERENCE T@CREEADEM0S05

APPLI CATIONS This is a continuation-in-part of pending

U. S. Patent application serijal no. 10/353,407 filed

January 29, 2003, the discl olsure of which is

i ncorporated herein by reference. Field of the

SEIVWEMORMNDIGSE BFeDA CaicT A8 BACFERES FOR REDUCING
DERTRT RS AD BACTERPA CLGSING DENPALCARFEST' @

sStrarns, ald proaucts 4aria met nodas usrng Suctl Strai ns,
nmut ants, netabolites and conponents thereof for
treatment and prophyl axis of dental caries caused by
BACKIGRGAMBrOR TEEINVENTON ep t ococcus mut ans, and
ot her caries-causing pat hogens. Description of the
Rel at ed Art The oral caV|ty of humans and ot her
HIdEATIGNS| es of bacteri-a,

'nglt gg' nlgué‘is B%@H@r{uaﬁsn-ﬁisﬁzfr?%fﬁiséggﬁgﬁs Siaééi’lft apphcatlon serlal no.
er, |
10 P e eais Sng (P elhe A eloBE At Bbichds BEPPPESTHSGHY

refremsent ed the hypot hesis that caries is caused by oral
bacteria produci ng acids from di gestive carbohydrates,

Fi\?ﬁiogg m | | .d}lssol ve the hydroxyhepatite of the teeth.
confirmed in gnotobiotic rats, for
exanpl e, THidiavermiohrelhteOtoalse bﬁﬁ(ﬁrf;faﬂ@gerﬁb afithcarfogem@idctiy acid
of the nmutans streptococci group and secondari |
bapigeie sfiaibt A4 ProdBefp 2nd B RIS Seaip, ET R {ﬂbpgﬁ‘?s and
i Holcip;
oo B D ol B E e ckloP sy ] baktera
suclaas Sreeptacocasmeitind, ad adhalshnéserpuiag pathogens.
1986: 50: 353-380). There are seven bacterial species
within the group nutans streptococci, where

DSkAfiSOsBER sl ais (serotype c,e,f) are found in 90%

of all human
The oral cavity of humans and other mammals contains many different

species of bacteria, including a number of different species of Lactobacillus. Caries is a
disease caused by bacteria. Already in 1890, Miller in “Chemico-Parasitic Theory”
presented the hypothesis that caries is caused by oral bacteria producing acids from
digestive carbohydrates, which will dissolve the hydroxyhepatite of the teeth. It was later
confirmed in gnotobiotic rats, for example, that normal oral bacterial flora, primarily of
the mutans streptococci group and secondarily the lactobacilli group are involved in
caries production. These “acidogenic” species resident in the oral cavity are associated
with the presence and onset of dental caries (Locsche WJ, Microbiolog
Rev.,1986:50:353-380). There are seven bacterial species within the group mutans
streptococci, where Streptococci mutans (serotype c,e,f) are found in 90% of all human
isolates (Linder L., Oral Mikrobiologi 1996, ISBN 91-7205-037-3). There is abundant
evidence that the initiation of caries requires a relatively high proportion of S. mutans
within dental plaque. These bacteria adhere well to the tooth surface, produce higher

amounts of acid from sugars than other bacterial types, can survive better than other
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isolates (Linder L., Oal M krobiologi 1996, |SBN

91-7205-037-3). There is abundant evidence that the
wonodsiiatalen of caries requires a relatively hi gaT/SE2005/000805

proportion of S. nmutans within dental plaque. These

bacteria adhere well to the,tooth surface, produce

hi gher anmounts of acid fromzsugars t han ot he
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TVO 7Q1 Neer LIRS BF Q%Cté}ﬁcdtrg ﬁlhﬁasé&gat@él %@th@ﬁ@ﬁ%%ﬁgs‘?& ¥ dables

the progression of caries through dentin. These are
thxsegledatmsﬁease axs seferdlapeaidsadiliabradgcillusdanich efiromycessyiscosus.
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M@mbmdpﬁ ow &fr 200D |In dact saampianor das 1ap1EbaH ‘§aﬂ°}1% in gefjve, in
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est as a f
R e S
iscIBErbRMuaial dehth Ofhdie MRy Géﬁigﬁly qahagam&; (Fiyerbid ebalghl Pent.

cari ogenl c (Fitzgerald et al . Dent. Res. 60:

Reg16): §2%926,d ﬁl For a bacteria to be a primary pathogen
in e, Hakay %@ a?zg'on O‘E) r11'1‘@11% fbltma{tﬁnro?géﬁtﬁl%gm&ﬁﬂs

It haveaco i na ra of the required
reqlm&dalmt @trhiagd & c&nblhatmim‘f se\mg@f theabquitedchanactadstios €Liandet,

5B BB el bR EG AP TSR e

nudetsidnla HrBitddkueibe/o O thete abiiliiydo GueRlygRodiueb vicid dions
found in foods; and abjlity to_ contjnue_ acid

caphobretes Srind yiefpodsige abikiy tﬁrqomﬁmet?éldd%?&%rl% P Hoder low pH

in the dental plaque.

Dietary sucrose changes both the thickness and the chemical nature of plaque.
Mutans streptococci and some other plaque bacteria use the monosaccharide components
(glucose and fructose) and the energy of the disaccharide bond of sucrose to assemble
extracellular polysaccharides. These increase the thickness of plaque substantially, and
also change the chemical nature of its extracellular space from liquid to gel. The gel
limits movement of some ions. Thick gel-plaque allows the development of an acid
environment against the tooth surface, protected from salivary buffering. Plaque that has
not had contact with sucrose is both thinner and better buffered. A diet with a high
proportion of sucrose therefore increases caries risk. Thicker plaque occurs in pits and

fissures and, in patients with poor oral hygiene, near the gingival margin.
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Di etary sucrose changes both the thickness and the

chem cal nature of plaque. Miutans streptococci and
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5 GBI AR Bl ST AL SRR 4 M. o

ditArg RBSic@2dama s oRde, hatictlang tHriwphsdalls bppiicatibduridpeooth
bacteria, to reinforce the surface Istructure of the
bryshisghanshinreesing Salivery flopn asing msehaniel < ogyfluring vigorous

chQ\Qﬁl & élﬂran«%r Mo, , by chatd %gﬁ%ﬁg Ratichhaiee h@@'noﬂﬁy Whg drugs to

ude: s at c g the mcroflora,” using
enm;reaﬂswsuch as topical chlorhexidine and topical

. i de; ' f .d
ek 450 TR Rt AT
coffipbditiGithdes b Wﬁ%ﬁﬁﬁé produdid b§ a bidiediophags wedeifiesfor Streprococcus

Sor bi t ol artan, Xylitol: decreasing the frequenc
muggnsd 5k - ,{’@tenbﬁoﬂq %Q%Q%ﬁy (tfﬁ"@ﬁcg%m ehaloh ﬁ&q z? s} Lagz‘o acillus

zezgeﬁﬁe& inGel ﬁBJiﬁ’ie(‘i REoH8 ;geg@twa}’er%@rmehﬁgfd (RO Bh aﬂtlgda?toh its

I ng; and I ncredsing salivary flow, using
surfecta memmhzs thiemletrméntal suteptocmgca.l |bg@t¢1mau ﬂ-I@mEWSﬁgmt Ip, July 2002

P S S A B Sl S5 b
orfidSsnkEREes @M ahkiatvetkafey aﬁr@%l@i&uaﬁ@ndent al caries, f or

O o apeom ok kel i S Tl SEEE) s
beéﬁngiémo?é?it a%?tpﬁacotuﬁm ?11 ggl%d&fmé: Sﬁ&z;?ggotcl’us%bﬁkus)and/ﬁlnﬁﬁls

raln o
streptococci generally (Nase et al Caries Res. 35: 412-420, 2001). Further work showed

that use of this strain as a starter in fermenting milk did not influence the titer of
antibodies against human cariogenic bacteria that were present in the milk (Wei et al.,
Oral Microbio. & Immunol. 17: 9-15, 2002). L. rhamnosus GG differs from L. reuteri in
many ways, including fermentation characteristics and isolation source. Other
microorganisms that have been found to have inhibitory activity against the formation of
dental plaque include Enterococcus, Lactobacillus acidophilus V20, and Lactobacillus
lactis 1370 (Oh, U.S. Patent No. 6,036,952). In order to inhibit S.mutans, other work has
been done using so called “competitive exclusion” concepts. For example, L.reuteri

strain ATCC 55730 has been shown to inhibit S.mutans (Nikawa H. et al, News release
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zeae has been nodified through genetical engineering
to produce an antibody on its surface to neutralize
woOhersdeiziz ment al st reptococcal bacteria, (HamMMRCTSED05/000805
L., July 2002 issue of Nature Biotechnology ); however
this approach with genetical ]y nodified organisns
faces an unknown safety approval situation. In
addition, one strain of Lactobacillus rhamosus (ATCC
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Ty R A Sl n B B B it in
J aparr cmﬂie«b t8toiontpemeg abtrain ONberolercillads sqlivasius @S 1REsy. F8Bte Ltd.

01 rther work showed that use of this
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rment ati on aracterlstl cs and isolation
fosmﬂjmdhe 1n&stm¢s andoocoarigatly smehe irgt chaawed, reashmfilland ntouth of

have i.nhj bi tor ctivit alnt t he r mat
e aimalsoptRbiha Rl ol sdEhA3E s AR B See.for
ex@ﬁlgﬁ:(?@rﬂ IPatendROs. 5a3d 618 G438 R85, ,38%,953,03, 837,283 74hd (5$929,289.
Pat ent No. 6,036,952). In or der to |nh| bi t
Whetdit 5Hier! CSlh@ie SHRYIKUEE a%&bl%%ﬁméltwgﬁ Hithe gresenicp gfjglycerol,
t
thpy TR ihe MBI WA anCORRRRL S rolictin BNABRNS- i bi ¢
prSplmlaldmsfd@Nl kawa H. et al, News rel easeby Hi roshi e
n| v rsit 20 oduct
RS ltintahds 120920 AgtAR S prOdNE bLCuL
reﬁcfrtdd%@blﬁwﬁdutdﬂﬁycﬂﬁf’ I(Hal’chlJ,SA (e|L8| )Angayan‘atsee@Eei’mbﬁtd?matlonal
is c ans trains o

a
B Sery 6 20UDCOBIIIA (RyragUemEsicid EY il FoDissertation,
C { 9 | r

OSBRI Harhoa b MAREED. (SBUT! B0BC OBk O i
13h 481463l La}ctahaclﬂll,nmqillghng]hamt@ra nrsalef welhknown to have the ability to

. t r.oi nt est i nal and | tine
il e ARt Ayt e s AP B8 Al BRSetor BB g ot
méthsdliRghterdtigast m I k and mouth of healthy animals,

i ncl udi_n%1 humans. i.s known to have anti bacteri

al
act iMp¢iy binding prp‘r@}ns @f(énﬁs’rw@rl hgvesbegngslaied p@gdescnbed See, for
e%mé%gg Ug% g“ateﬁt ﬂ'§86, %88.5 LAX3b&ABus sRaids RaveHeen ?e[iﬁgrted to adhere

to various cell lines and host mucus. This has been speculated to be important for

probiotic activity and is derived from the concept of virulence factors in pathogenic
bacteria, where vast arrays of such interactions have been discovered during the last
decades (Klemm, P. and Schembri, M. A. (2000) Bacterial adhesins: function and
structure. Int. J. Med. Microbiol. 290, 27-35.) It has however not been so well known
that there are important differences between a Lactobacillus strains ability to adhere to
oral mucin and mucin from other sources, Some strains are good at adhering to both oral
mucin and other mucin, for example gastric mucin, others are only good at adhering to
gastric mucin but less good to oral mucin, others does not adhere well to any kind of

mucin. It is therefore a part of the selection method of this invention to use oral mucin to
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When L. reuteri cells are grown under anaerobic

conditions in the presence of glycerol, they produce
woOhersanidim cr obi al substance known as reut eri nPCT/SE2005/000805

( b- hydr oxypr opi onal dehyde) . Qther anti m crobi al

subst ances beside the traditional organic acids have

al so been reported such as "Reutericyclin" (Hdltzel,

A. et al. Angewandte Chem e International Edition 39,

+ 488 2000) and "PCA (pyroglutanic acid)"”

ﬁ:@ﬁ@beg %‘ Y D ssertation, Univ. of Helsinki , Mar ch
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“B activity and is derived fromthe concept of
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m&l%gso o) th@%éﬂ t ugﬁ%ﬁﬁﬁd?&lalfa@ﬁﬁw ﬁ’lrboﬁi?)ﬂqaﬁBﬁ %%Sd capabilities

crobi ol ) Tt has however
ofradherbgdn osab nwesil aridribemmbyt sh:acessﬂuhly ereaplet, requrmt dental caries.

It éﬁ 1&}1 Je(_S:F 85 T \Aﬁﬁtiv%ﬁ %Cptﬁcg b&‘ ?]f) | l IEIJC% rluﬂg sﬁg si!réuﬁy r&u?ants

our ces
m&ab#itsd drabipondigs Yordf, &ich&lﬂl’(g&e[geﬁg ftbrqarbpﬁﬂ‘a)@sr @l treatngdnn of
and ot her mucin, for _exanp gastrlc muci n, others are
“%ﬁ$?waﬁﬁﬁdﬁmhéﬂﬁ%mﬂﬁﬁﬁﬁ@nﬁ§§? oo ¥R hut | ess good

to oral @@H@I‘ Shjeddd Qﬁ’lra%lvgrﬁgg%s el baERES ﬁlll%bbar&lﬁ fRyAYthki nd

of nuci n. I's therefore a part of thé selection
foﬂewhxgcﬂlsﬂosutﬂ@dlappmdtddmm&a use oral mucin tofind the

best strains. Wile the pOSS|b|I|ty of effective

anti bacterial ac

characteristics by

inhibiting effects of L. reuterl str
Tl?e invention herein comprises strains of %actobaczllus that have been

selected for their capability of reducing the number of Strepfococcus mutans in the mouth
of mammals through inhibiting activity, including mutants, metabolites and components
thereof, in combination with good binding of the Lactobacillus to oral mucin and dental
plaque for preventing, reducing or treating dental caries, and products derived from said
strains, including agents for treatment or prophylaxis of caries for administration to
humans.

Other objects and features of the inventions will be more fully apparent

from the following disclosure and appended claims.
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ATCC 55730 and Lactobacillus GG ATCC 53103 are al so

known, and sone other lactic acid bacteria have been
wohkeisnmedito be anti-cariogenic, it was not prerCo8ERNS/000805

known t hat substantial differences existed between

| actobacilli strains in thEIé ability to reduce the

nunber of Streptococci nuta in the oral cavity and

thereby caries, nor that such strains could be

sel ephedr kb DESARSTEHRIGF FAEARVGNTION ARG PREEDRRED

to provide pbetter stral ns ot LactoaaC|||us WNi ch have

been selected f or i ' @Fr educe the

' ] K ant | l.
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deREH €4ried Badtérif) Campiisifg telBrod rﬁek@bﬁﬂéy orsmqms:ttu bf at Ieast one
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m&t‘&ﬁf &lddo08g bﬁ'ﬁir% ﬁﬁfa@teﬂﬁtcsqybﬁp kdcin¥R4 ﬂﬁ?éb‘yt;ﬁ@veﬁf reduce or

conponents thereof, i1ncluding agents for prophylaxis
trapt déntal aariesn Bud stremsiiedudes éomuMe@F?vWF ABCRRT4960r L. reuteri

0 umans. G » IAGE

M%‘gﬁ @m }é-z‘@u% 6%ec|;aéll¥ eiz ? #’I%Fgﬁ% ﬁgi‘éﬁ P §289)
andi IS @4:10&4 793 @QUC@WE@)C TﬁemtraﬁUMWlaﬁfe t'BttEe pubhc at the

| NVENTI ON The i nvention her | n comnprises tra ins
Amgpeapliee (uifdre ¢olfection, R askefie. égtgé%f; £ haviag been deposited
theRRABLIy Joy2@f3. r educi ng the number of Streptococcus

nmutans - in t e "mout h of mammal s throu inhibitin

activityp thmleadomgleﬂmdamdshermtth@mht tmg edfedts of Streptococci

onents. t in_co
ERY e Sharip b G Rt s PR Rl et i B el s o
wilblas Bépavday hitdyzitieimbibitieh 101 setretdmigigbotien taad c@ﬁpcbr&ﬁts in the
and products derived from sa ﬁ€|3tralns i ncluydi n

sua@eﬁtagt qtdhe grpwatent praias MsadieH PX 2meethad ofgeteaunipg fhe ATP
(a@%[&ﬁb ﬁriﬂh% yrele) q&eﬁé’f@ﬁ%toc@ﬂ? rm&tgﬁse@ﬁ@h adeb1diead sl @fﬁh the

e I'nv ntlons w | e nore fully apparent fromthe
tofab c¢1bvalwge df wieblo Sumetazan dellspipefihNddwel Hi ¢tsl. Demapl EDentistery,

qFZ%Cﬁl PT' pogl% -ﬂ)_%)l WGE Mﬁe%n%%%bﬁﬁ@zgﬁ I?llée[a?tsured using oral mucin

coated in microtiter wells (ref. Jonsson et al. 2001 FEMS Microbiol.lett. 204: 19-22). The

reason for also testing inhibition and adhesion by secreted metabolites and cell
components is that the present invention also could be used with non-viable cells or
parts of dead cells fulfilling the selection criteria.
The details of this will be more clearly understood from the Examples.

The product of the invention can be any product for placement in the mouth as a
preventative or treatment for dental caries, or for nutritional or breath purpose, such as
food products, dental treatment products such as mouthwashes or other specified health
products, chewing gum, lozenges and the like. Food products lending themselves
particularly to use in the invention include milk-containing products such as yogurt, and
also juices, drinks and the like. The dental treatment products that may be used in the
invention include toothpastes, liquid tooth cleansers, mouthwashes, anti-halitosis

products, and the like.
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EMBODI MENTS THEREOF The present invention provides a
product, for inhibiting the growh and activity of
wdeonisakixari es bacteria, conprising cells or PCT/SE2005/000805
net abolites or conmponents of at |east one sel ected
strain of Lactobacillus with; good antinicrobia
activity agai nst Streptococcus nutans and good bi ndi ng
characteristics to oral mucin and thereby prevent,
r edUurtR ddhcdntreidn fesdl@hedCRICkBacillt €N s SdrimRdthlolikdd Gk Hé’iﬁﬁonents
reuteri CE2-7F (ATCC PTA-4965), L. reuteri
th%rAqfe@qd?sleQr@@kymﬁﬁ@FSé% waqdapq gf thé yngentionidepends on the type of
F
BAEBRSin T ETEESE) Gl bpe Ul -
deatal treatmAnterodimt), Htpeis @suaﬂurpeef@abllee@ ha\@req(lﬂakehmﬂ abeyt 10°-10°

he last t havi n osi .t ed re on Jul
C‘%@) b%ﬁs‘fl‘mflwgt FS) S8 eis P ﬁie ﬂ%flﬁ@if L e‘%ﬁ"u‘%"ﬁ ap o about
al%mlbcpmge ®ishiBletand @hn B iRPtORREGEe dTHERY WilloBt /N aERed
y.traditional mcrobiological nethods with the

aff@a@tgeﬁhp Broduely yeylepbic chargcterississ Gisdlayoneramed.ihen the product
is ?@rpértdﬂ% 1RYic 368 ff&ﬁ‘ﬁgtagrS% \%ﬁ)‘&h&t fhe laﬂzﬂg 268 TRRRAAS) (Eﬁaér)l/(s)

he supernatant o test strai ns, neasur
used Wﬂifhdld:e e redwstimoildgprefembiTie s(ceaﬂmda:sltms for this particular

t hat l. l f St t t
polgiof o PRSPt etegion LTSN y Gpmaesl s of the
inventiohl Al be Q&(ﬂddsalthérf l%ffore Ut K@éﬁ@he fdrm&itatan. of Mrgéﬁct aif a level

Dentistery, £6 .. 31-37, 1998)
equtyAlens er?‘bE'étplé’b'llp @Ir“‘é @ewaéymgl&@dow pimeveas disgessad above.

coat
VL NP6 PR BF Eienibh S mPRIRAR ofr Bubalth
compendntsy af lebst bond that inmibit ad hﬁ]ssiebnteB)Lastebaceﬁzﬂcktram(s) or
tabol ites and | €9 nents.is that the present
e L A T
par (Thefrai @REf LakdBacilik | bi hétABolitdheore6Poidnth&redt 841 B an
The detajls of this will be nore clearly under st ood

additiyprmixesl iptedhpingeedientreor fpensiad inte pr eqqted; gnbmpioghct darmagas
kn8WY iPHRANGhr fo%ulaéiﬁf%muc:[snof‘t UtVt/*he?LSusﬂlg cells ?nd if

preventative or treat nt or caries,
prepatation iob thelselected famdton other podect 0§ ﬂtehnmtlon requlres a heating step,
the Lactobacillus strain(s) should be added after the heating. Once the selected
Lactobacillus cells are in the product, it is preferred not to heat the product to 60-70
degrees C or above for a longer périod of time.

The features of the present invention will be more clearly understood by reference

to the following examples, which are not to be construed as limiting the invention.

Example 1. Method of Selection of Strains

The selection of the Lactobacillus strains to be used according to this invention
can be done in the following three step manner:

a) Evaluation of inhibiting effect of S.mutans by cells of Lactobacillus strains

An example of a strain to use to measure the inhibitory effect is Streptococcus

mutans, ATCC25175 (available from The American Type Culture Collection, Manassas,
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food products, dental treatnment products such as

nmout hwashes or ot her specified health products,
wohewimngigum | ozenges and the |ike. Food prodBCTSE2005/000805

| endi ng thensel ves particularly to use in the

i nvention include nilk-cont% ni ng products such as

yogurt, and also juices, drinks and the like. The

dental treatnent products that may be used in the

\ T e _ ay | | |
V%,D“(‘a?%&;s g éégﬁﬁé ié‘jg‘?o%?ﬁft?%?iéés%%oy bt {15k Plelto it GBS €T S

, ant1-hali products, and the |1 Ke. The

supplemented with &b Bfyesslewirace (Pifer  6BBY).| Thegselisdrk banyested during

net abol.i tes or component.s ther eded for. .
ngRperpL Rt s B PaRiReba £Hboo REHERsH Plics it emsypmd
redubgeridy® thé sdraobuffen OTHe @1l andpendionfaré audfected tba Iowgasisist

(or the tinme of use in the nouth of a non-food dental
uliggsgniciAERCe [ GeRrete)dacistitl 4egropdeyysual |y preferable to

haven SGU1 MRl BRLITIA st@ROY brokirin MRS GFddh (158 H Ml HRFVERE during

units) or nore per daily intake of a product. Anmpunts
theigxpoperdiab growtipphie b perOrifugatian 463990 bigewathdd buine biéth phesphate

i.ncre ef fi cacy ;W t. adver ecting the
oo R RS R K BB R RERL RS H ) oo v
sefhe optidhiaientities diteebirteriabsugpaisions are ndas@ed iree1.0enl cuvette
acid ferpentation product, the lactic_acid . g
withe? e {ight Refh, gbdl Hhespspentiansds ¢ uﬁ?%m%nﬁ Rencspigdipaef 1.0x 10
cMO@ ol BiShakh¥)Ae standard cultures for this

particual ar purpose, and the anti-cariogenic bacteria,
or Tetiahibitotyesssayris cordponéat llowertbosusperfsiantad Si mrutars pieghithe

N A LR L Y

steHidc Midpatib&l@bthwvohehie/ 1 000uI0f addeglid BHI bideH € @S0 ml, vortex
di scussed above. Preferabl g t he fr oduct of the

mixpd Enterosecesisand drcubased for A0 siimat 3 ARt Widhgengle skaking. Asa

PRSPl 5P LML Bt g cone
tubssrfronehiardbaet/asf Afterwardsteach srspensidnhis washed by centrifugation at

ti-carjiqgenic .activity.. The strain(s), of .
180 s netace v B b i bl 5 Betep e Beige s g pount of
S. GARaRETIR Yo V] b ES M 8Ak ik Bbt@inkd ol BIISRing Thism 4.
kneaded into or coated on the product by neans known
inthe art for formulation of products of that type.
Wien using cells and if preparati ofFbfoftSharuswss nstleated with
Ldcowddcifus oil0@r product of the invention requires a
heating step,
% survival of S. mutans =

CFU of S. mutans incubated with PBS

The assay should be carried out with minimum triplicate samples. All the

numerical data obtained should be statistically analyzed.

b) Evaluation of inhibiting effect of S.mutans by metabolites or components of

Lactobacillus strains

Also used here as an example of a strain to use to measure the inhibitory effect is

Streptococcus mutans, ATCC25175 (available from The American Type Culture
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the Lactobacillus strain(s) should be added after the

heating. Once the selected Lactobacillus cells are in
woOhersppodect, it is preferred not to heat the pCOSBI5/000805

to 60-70 degrees C or above for a | onger period of

time. The features of the préasent invention will be

nore clearly understood by reference to the foll ow ng

exanpl es, which are not to be construed as limting

C(%i%%tlbrpmhksgg S‘R .gh '130??5 g%ﬁov&{)mﬁﬂp@i‘é&ée%@ Bloth (leco

rarn ese ectionh o aci’T'l'us st al ns
Dieit) $6d ) avppdemiénied wih O % yeasy exttaCtafDléca)h (’B%‘BYJ); dbe ndlstdn@

f ol i N hr ee st ] uat.
e i e e e PR By By BigR & foo x g, washed
twi@Ck@DPBS bhd fesadpeAdodsin At saxa mspffer The Belbduspénliond aﬂé%&bjbﬁed to
nmeasure the inhibitory effect is Streptococcus nutan

2 Iavcetensinsuliraseaiq dayice 19 Asperamkacienial aegssatry prd adinied @ el

co@é&ﬁ%ﬁ&ﬁQf‘lOSWﬁﬁﬁ‘s VA, USA). The isolate is grown in
trypticase soy broth (Difco, Detroit, USA)

supPhetwstdivethbuiillhs Orabn Bogyeasin MRS bagh (Ped)ckrv¢skERMying the

Th h
expiee 0wl far oy S et D Seddie e WRRRFR A R BR Y Bite
bufBtedaaling @BS; PEHNGIShnid Re-bidperidrttn thefshae bufflre cel |
suspensi ons_ are supjected to a lowintensit

ul t Phesemical deagifieokt B@%%@J SEPHRINS ﬁ\'eameaé@rgﬁ &yl dqul cuvette
leltf' § #Eﬁ?fghté%gl{ qhagie éu ﬁs’"ﬂs dehﬁe@{ooé’\ﬁndl Qoﬁ@%g{dﬁt(ﬂ 1 0x10®

arvest url ng the exponential growth
CEllibmlel(myuIc efmhe ldctrdpatillo suspensib@Gtesyaddgd te@shmtl af MR E bisith, fand

ineba R S oot B Bt Fecipraen) Shkae (s i ANS e dasbptiqn the

1a&t>betchﬁls*eaﬂ4 x@ﬁéralrema%g%ﬂﬁﬁlgaﬁ&l BR@HE8fIting sapdmBattiwas
cuvette with a t path, and t he suspen5| ons is

filtatpdi@orecized). 25 finhal concentratl on of 1.0 x 108 CFU

(colony. formn unt nhi ay i

Con BTt Rag S Beconfrrselidplie 0 BF belRnishonnt
S lhems Wapshel 80 1 0fmi 6?T9§¥%hh l WSmPB L ¥ stFendtintt BEeach tested

rati os of 100-0, 75-25, 50-50 and 25-75 in sterile

steaisnefilactehpatlli svas miksd, pndbingubated| foashin G 7 ?ﬁéwlthamcql lyaking
(1%5'1’pn?)r gtsg cgﬁtrcglCEhelleHlnsio%%%%ﬁ%%tans was mixed with equal volume of
MRS in the control tubes (free of supernatants from lactobacilli). Afterwards each
suspension was washed by centrifugation at 1000 X g, washed twice with PBS and the
amount of adenosine triphosphate of grown S.mutans was determined using the method

described in; Nikawa. H. et al. Journal of Dentistery, Vol 26, No 1, pp. 31-37, 1998.

.¢) Evaluation of adhesion capabilities to oral mucin of Lactobacillus strains

The Lactobacillus strains to be tested are collected. The bacteria are grown at 37°C
in MRS broth (Difco) for 16h. Plates are incubated in anaerobic jars under CO2+N,
atmosphere (GasPak System, BBL, Becton Dickinson Microbiology Systems,
Cockeysville, MD, USA).

Oral mucus as human saliva are collected, centrifuged, sterile filtered and coated

into microtiter wells as described. The mucus are collected in 200 ml ice-cold phosphate-
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m xed for ten seconds and incubated for 90 mn at 37C

with gentle shaking. As a control, the suspension of
we200pukens i s mxed with an equal vol ume of PBBCTSER(08000805

control tubes (free of Lactobacillus). Afterwards each

suspensi on i s washed by cen (ﬁifugati on at 1000 x g,

washed twice with PBS, and L ated on Ms agar to

determ ne the CFU count of S. nutans. The % survi val

B R0 (AP LI g oo

pes L0 abdf dbf,0Pandmutpplesmente@Rtithod.086 Tiweea A8 (PBSDbabertsulting

ith PBS Th, |.d_ b [ i th Jmind A
sufieiipn freR D e A JUORA TOAEpE Begs 2 BB gt
or§ e tethdi8 c8llAnd Phaktietlate/mawsr! AZ atlaltebniva mbdtn i® npadtic mucin

inhibiting effect of S. . nutans by netabolites or

(SigmepYHEAS)used. Thgerusleanyaup prepatetion isstoredsd 20s€d Themucyss

n.exampl e .of ' t.
Rt SR GepdeRtiRg b8 a8 TN AC I s pf g7 and
inuBuRH bbthBhi fQAicidtieer AvaHS i GEsineTY(180 (lipdruvetiPat | ect i on,
Manassas, VA, USA). The isolate is grown in tryptjcase

4 oyith slentrotapipp.cihe vl ass blocked AyithRippwishd e Ervess 40hfop iy and
th %%él[%? %Jasl%ﬁéﬁiﬁlclgB §'E‘ \ifgl?s) co(a’zg§% ]]3§-A1 grectﬁhél a5 @nfrols.
A ring pﬁq

arveste u he exponential grow ase by
centThiefstrgiad toohe tadted £0 @rowmmas peasthed, washed onvetih pRPBBhatad

r ended i buf f.er. ooel | ' .
o EBASRERBSh oL TS RER RS, TS b2 THSET 0o
to DISPET.$ & 1364 bidtfer A08K RBArRSmiRRSlitédsl batsdrRd susPertsiondik added to
concentration of 10s CFU nL. The test Lactobacillus

eagh wall And ncghaissroviennigREAYr ot Thewrllscy Washad ¢ dgres Vit B Hand
5, SRSl B ARG589, R
welld had Sjiedy ek binding speemtedioner the whalvsutfadefod the Welkin an BioRad

Gﬁ@%{g%hg gr}esﬁﬁllaéé:te(g iqﬁadﬁg@%g{egrﬁea}kulg’se %%e’ [EféA%ngll%eeasurements

are done in triplicate.

The Lactobacillus strains showing best results in both inhibiting of S.mutans using
Lactobacillus cells and inhibiting S.mutans using metabolites and components of said
Lactobacillus as well as best results in adhesion to oral mucin according to the assays,

are selected.

Example 2. Selection of strains

1. L. reuteri SD2112 (ATCC 55730)

2. L. reuteri DSM 20016 (DSM 20016)

3. L. reuteri MM2-3 (ATCC PTA-4659)

4. L. reuteri CF2-TF (ATCC PTA-4965)

5. L. reuteri MF2-3 (ATCC PTA-4964)

6. L. reuteri MF14-C (Culture collection of Biogaia AB, Raleigh NC, USA)
7. L. reuteri MF52-1F (Culture collection of Biogaia AB, Raleigh NC, USA)
8. L. reuteri MM7 (Culture collection of Biogaia AB, Raleigh NC, USA)
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with a lcmlight path, and the suspensions is adjusted

to a final concentration of 1.0 x 108 CFU m . 100 nL
wohodasheldiact obaci | | i suspensi on was added to 2POTSER008000805

MRS broth, and incubated at 37C for 48h with

reci procal shaking (120 rpn’h After the incubation,

the lactobacillus cells whe é renoved by

centrifugation, and the resulting supernatant was

0.7}y PpﬁoserﬁisZ(EAﬁcé@TMZw he i nhibitory assay was

conducted as ftollows. 100 nL t he suspensi on of
108Lmu@nsFMéT§@d%"ﬂA-t5@9Q) 0 L of TSBY and 1.0 nL of the

spernata tobacil i was
PR R RE o B3 AP PTG  A BRREr ocan
1zslnaman@o£ukzmmwcsesoa control the suspension of
S.mutans was m xed with equal volune of MRS in the
control tubes (free of supernatants from
| actinae kdubiy dhe aﬁ&x‘eeﬁs‘f@rpa%to%%zﬂﬁ HERANRE AR, %Qﬁgted
by centrifugation at 1000 x g, washed twice with
usgngdhe $edection griteriaof aldehlagn né St mupsm gmaihesm togn@hmucm the

A B gL S0 TR = AP S SRE5 A s
in pppth 1gﬁ.1|bﬁi11g o 9¥utams lll)sﬁ‘gd]aU@bhc?ﬂuﬁellagﬁtEBthmg S.mutans using
C ilities to or tuci n_of Lactobaci]lus strains
mefReo Ies G SARPPIGES LA ACoperile prupihas 'Igﬁstsreéle}r% ip aflaggion to
orﬁhﬁu&@ﬁéc‘%{zdlﬁ’% ®tRe %s%at@%el@&@c@ REsulYERSF f‘ﬂﬁ@ﬁttbn(a% gkﬁ)%)n in Table
es are incubated in anaerobic jars under
1, o respltsefradbeshmr ase gleagRaklablesx. em BBL, Bect on
Di cki nson M crobi ol ogy Systens, Cockeysville, ND,
USA). Oral rnucus as human saliva are coll ected,
centrifuged, sterile filtered and coated into
mcrotiter wells as described. The nmucus are coll ected
in 200 M ice-cold phosphatebuffered saline (PBS) (8.0
g Nad, 0.2 g KA, 1.44 g Na2HPO4-2H20 and 0.2 ¢
KH2PO4 per 1000 m of dH20O) and suppl enmented with
0. 05% Tween 20 (PBST). The resulting suspension is
centrifuged first at 11000y for 10 mn and then at
26000g for 15 mn in order to renove cells and
particulate matter. As an alternative nucin is gastrlc
mucin (Sigma, M 778) used. The crude nucus
preparation is stored at 20 C. The nucus
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material is diluted to approximately 100 ng m -1 in 50
ni M Na2CO3 buffer, pH 9,7 and i ncubated overnight in
wonersakidier wells (Greiner) (150 m per well) RCTAELD05/000805
with slow rotation. The wells are bl ocked with PBS
with 1% Tween 20 for Ih and1 hereafter washed with
PBST. Wells coated with BSA"are used as controls. The
strains to be tested are grown as per above, washed
THAICE thillbRIBASP %%52‘9% Sfeiﬁc%ﬁ@}llugl @tr&ﬁ’@@ ce {IPEL WeBhs with
=suppl enented wt yolween 20 (P and diluted t
supp6aants pssaldleHebcgfdfm amm&dleg to 1@née$¢uhcﬁ adaysi €% ol sbleg;pé)
bacterial suspension is added to each well and
i ncubat ed over night at 40C. The wells are washed 4

Stthiihmes W t h [RB®Igz and ¢HUgli ng| éR&p1 nefpmdlLh an i Releriéned
m croscope. | sitvevalpuf [fservivels  poerrddl of | Afihanoustfof @ fo riekie
wel I s had drff’eldaﬂst hieS-iqreli ngSimgtarfe astifedséver | sthie
whol e sur f @il he?#RSFy | hrin LB o e Ear®Do¢ 2000

Instrument (Bi oRad [Laboratories, Hefkules, CAl USA).
L. euerzglg §yren§6g+§8 arieg ﬁ?e 6.5 409' | cat 6. 644-1]- e
oba ns showi

act cillys strai ng_best fesults inlboth

i nhi biting jof S. nutjans using Lactobpacillus cells and
L repii B ng 1Sy ensbans| ami-lg nevaboki t es add.iconponant s
‘_ﬂlﬁ_sal_d_gact-gbaci llus as well as best resuyltsiin
Lreu nﬁ/{l\& to| oral nugcin according to|lthe assays, are
ec Exbifbe 2.7.@ed%ect | 6AEOF siradhgsi. L. -

reuteri au4112 (AlUC 557" O) 12— L Teuterr DSM20016
L kAOWcROE6) | 3. L. reuter ATCC PTA-4659) 4. L
reuteri CF2 17?5+@§ATC(1195 N 49(3%5”5*@g retitéri MF253

(ATCC PTA-4964) 6. |L. reutef _|\/F14-V (Culture
L%%erz%&bon 0501%'02?9 I?OE% R‘a‘Llle}l%B NC, @.8 7. L. S

reuteri Cul ture collection|of Biogaia AB,
Ral ei gh NC, USA)

L. reuteri MF14-C 9.0E+07 8.0E+07 7.0E+07 29644.3 -
L. reuteri MF52-1F | 1.0E+08 8.0E+07 7.0E+07 3120.7 -
L. reuteri MM7 2.0E+08 8.0E+07 7.0E+07 100110.0 -
L. reuteri ¥T1 1.0E+08 4.0E+06 7.0E+04 33743 S
L. reuteri FJ3 1.0E+08 1.0E+07 4.0E+05 11364.1 S
L.salivarius LS1 1.0E+08 8.0E+08 7.0E+09 502.8 -

L.rhamnosus GG 2.0E+08 8.0E+07 7.0E+07 16113.2 -
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8. L. reuteri MW (Culture collection of Blogala AB,
Ral ei gh NC, USA)9. L. reuteri FJI, "Prodentis" (ATCC

woO'Bdesa28Q) 10. L. reuteri FJ3 (ATCC PTA- 5290) . PET/SE2005/000805
salivarius LSl (isolated fromthe LS1 tablet by Frente
Ltd. Japan) 12. L. rhamosus, GG (ATCC 53103) In this

study the above |isted Lact
chosen to be eval uated using the selection criteria of
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vessel and heat it to 70 C to assure conplete

di sruption of the crystalline structure. Then cool it
wdaws/ k152 - 55 C (just above its hardeni ng pBCTSE2002/000805

G anul ation. Transfer Lactobacillus reuteri

freeze-dried powder to a D gsna hi gh-shear

m xer/granul ator, or equivafent. Add slowy during

approximately 1 minute the nelted Softisan 154 to the

ExafiOP A0th H&uﬁr?ﬂ"&fep%dlﬁ%"&g%}nhmpse?&fgdis. gipal massing

=trne rs requrred. Use cnop r1ng addition. 3
Wt Isitdwéxampld, Bnedieat 11y Paddestis”t (A C§T BRASAB9 )0 i5, selsated based

the granules thraugh a 1- | evi b i1 .
oS B P e EPRETCAT HF 8° rS B e bntoned
selREHRIH FxadpleMagkehgathé methoBYEbave dbies] nakaminhibXibe ahd mucin

sealed with a heatsealer to forma pouch, together

binging, injerercioadd theatrain to aishewing gam. LB £4 igater: @RIy rgrown and

N, E ! ¢ g _ bl et
Al oo i, b st o
t 0 &hestepgefmusxaimplend a ManGfacprimgpraness dirchewingrgumhentaining
final blen othe h er of a rotary.tabl ress._and
the e P dp el ¢ AR aRer ol Pf R st AR
enbdpshi@fors AIMPICRRS QhticaRinBUHgkntd atlea@h&rg and blercdoaponeht Yo s
are packed in alu-bags together with a drying pouc otf
chewingeymuprodycis a8 areriowy) it mgysbegised wihept agfs%ttqgé e efficacy
Of%cﬁgg&uc ind stored in a cool place at |east one week,
bef‘ore Tinal package. In-process controls, as is
1 st andar dMélting. et Sdfisen ¥54 @ASQAhOMBE Badidorhbirgoligrmgny) in a

BRSPS AL . T

coBPit fown to 52 — 55 °C (just above its hardening point).

2 Granulation. Transfer Lactobacillus reuteri freeze-dried powder to a
Diosna high-shear mixer/granulator, or equivalent. Add slowly during approximately 1
minute the melted Softisan 154 to the Lactobacillus reuteri powder. No additional
massing time is required. Use chopper during the addition.
3 Wet-sieving. Immediately after the granulation, pass the granules through a
1-mm sieving net by using a Tornado mill. The sieved granulate is packed in alupouches
,made out of PVC-coated aluminum foil, sealed with a heatsealer to form a pouch,
together with desiccant pouch, and stored refrigerated until mixing. The granulated batch
is divided for two tablet batches.
4 Mixing. Mix all the ingredients in a mixer, to a homogenous blend.
5 Compression. Transfer the final blend to the hopper of a rotary tablet press
and compress tablets with a total weight of 765 mg, in a Kilian compresser.
6 Bulk packaging. The chewing gums are packed in alu-bags together with a
drying pouch of molecular sieve. The alu-pouch is put in a plastic bucket and stored in a
cool place at least one week, before final package.

In-process controls, as is standard in the industry, are shown in the

following Table 3:
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Thernmoneter L. reuteri assay CMDO3 Appearance Visually
Cream colored with blue spots, convex tablets plain on
woaods/igides. Uniformty of mass 765 ng 5 % Ph. PEWSE2005/000805
the exanple herein, the selected L. reuteri culture is
t hen added as above at a | eyel of 107 CFU gram of
product, and the chew ng guntused by humans as a way
to prevent caries. The use of SOFTISAN(tm, a
hydr ogenated pal moil, enables the Lactobacillus cells
to be encapsulated in fat and environnmental |y
Tableoi.ect ed, and is another particularly uni que aspect
of the preferred enbodi nent of the invention herein.
IPGs st at ékkstibove, the product of th&imkvention may be
i n fornmMethodr t han chewi ng gum and standard net hods
of preparing the underling underlying product as are
known in the art are beneficially used to prepare the
1 product Aypettarcd nvent i on Cheak,Uimogendvs seletiect ed L.
reuteri Vighdliyre. Wiile certain representative
enbodi nents have been set forth herein, those skilled
2in the afdnyMdnbrer eadi |y apprgsigte that nodifications
can be ngde whidput departing fromthe spirit or scope
of the |nvent|on THE CLAIMS What is Clained Is: 1. A

bIO|OgI al culture o Lactobacillus reuteri
3strain ﬁjrélﬁg%{;%kgg " (ATCC PTA-5289). 2. A
e

bi ol ogi cal I'y pur ure of Lactobacillus reuteri

rain F - 52 .
4 stral A]pspe rancc‘Vlsua lly > 9%)ream colored with blue spots, convex
tablets plain on both sides.

Uniformity of mass 765mg+5%
Ph. Eur.

In the example herein, the selected L. reuteri culture is then added as above at a
level of 107 CFU/gram of product, and the chewing gum used by humans as a way to
prevent caries. The use of SOFTISAN™, a hydrogenated palm oil, enables the
Lactobacillus cells to be encapsulated in fat and environmentally protected, and is
another particularly unique aspect of the preferred embodiment of the invention herein.

As stated above, the product of the invention may be in forms other than
chewing gum, and standard methods of preparing the underling underlying product as are
known in the art are beneficially used to prepére the product of the invention including
the selected L. reuteri culture.

While certain representative embodiments have been set forth herein, those
skilled in the art will readily appreciate that modifications can be made without departing -

from the spirit or scope of the invention.
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3. ADbiologically pure culture of Lactobacillus
selected for its ability of reducing the nunber of

wekoEdpkaeccus nutans in the nouth for prophyl 8&TSEZ005/000805

treatment of dental caries in manmals using a

sel ection assay of inhibiting activity in conbination
Wi th good binding to oral mucins. 4. A product for
inhibiting the growh of dental caries bacteria,

conprising cells of at hegstrangsstrain of
Lact obacillus reuteri selected to have inhibitory

Whet i @ilaipeddsai nst cari ogenic bacteria in conbination

with good binding to oral nucins. 5. The product
according to claim4, wherein the at |east one strain

i 4. sebiaddgichllyrpar dutaregprfduprobadiBisteutey siain FJ1 “Prodentis” (ATCC
Lact ngggé% us reuteri strain FJI "Prodentis" (ATCC

pTA-F )-and Lactobacillus reuteri strain FJ3 (ATCC

P3A- &%ﬁﬁ’a%ca@ly phRECU R Tl cRBEQNIN Rtel QstralrBIN(ATCC PTA-
wherei n the product is a food product. 7. The product

acco3hg to claim 6 wherein the food product is

S %l g& tb?o(fo é;% (ﬂ&; ptupeec 1SORBLSH Mn& dﬁt%fedéfﬁrgig%szgpg 6k le\éucing the

puddi ozenge,
bi s Crumtber cﬂsrkapeocoe&mwﬁansj i t}menanhi fdrqmoﬁhylaitse)r freatthent of

acco | to.claim vvhere n.the foo oduct
cBlgh o i BASRSA R e lopion Seonuaph RS AEiYY o
cl a'd&rﬁnna)ﬂ@ﬁ"vﬁthrgobﬂ%nfdﬁfg%Bfa‘l’%ﬂéins' s yogurt. 10. The

product according to claim4, wherein the product is

déntAlpraduetdoninhibitireie growth of denjiad cprieschasteriacemprbing 0@1& of
C | al dé'agt on\é'flﬁgu 'ori}Ltangbcpc"zl?:gz gzta‘{a} z%ﬁl@ct:tg@ Bt ﬁ%ﬁﬁnbl‘go%y aé%iwty

ant [ agamst @glegemc bammarm som@namm wigh good birdipg Goarel mucins.
| east, one \lﬁact baC| |1 us reuter

cel | str
81 eBnedrodist PP RE R YRty B ay oag ahpatain s Seledfed from

cariwgg gfaug cbﬁsqgtﬁg lo® Ea@to‘bamwﬁ@hte?ﬁsu\é’idng@ﬂﬂiebﬁd’?QA'I@C PTA-
to orall nucins. 1 The met hod according to claim12,

wher8i8A), ahé Lactobasilbs repieri stainifh (ATGEePAé+-a290.r om

6. The product according to claim 4, wherein the product is a food product.

7. The product according to claim 6, wherein the food product is selected from the
group consisting of yogurt, jelly, pudding, chewing gum, lozenge, candy,
chocolate, biscuit, cookie, cheese, juice and tea

8. The product according to claim 6, wherein the food product is a milk-containing
product.

9. The product according to claim 8, wherein the food product is yogurt.

10. The product according to claim 4, wherein the product is a dental treatment
product.

11. The product according to claim 10 wherein the product is a mouthwash.

12. A method for producing a product that is anti-cariogenic, comprising adding to
the product cells of at least one strain of Lactobacillus reuteri selected to have
inhibitory activity against cariogenic bacteria in combination with good binding to

oral mucins.
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the group consisting of: Lactobacillus reuteri strain
FJI "Prodentis" (ATCC PTA- 5289), and Lactobacill us

woeusarisdigtrain FJ3 (ATCC PTA-5290). 14. The nmecis#2005/000805

according to claim12, wherein the product is a food
product. 15. The net hod accg&di ng to claim 14, wherein
the food product is selected fromthe group consisting
of yogurt, jelly, pudding, chew ng gum candy,

| pz q% Fnet l‘é&p&%ﬁfn to Blaftf 32 twhez &R lfﬁeeat 1GRE5R S train Y @ec@é?fjﬁ‘

t ea accor |ngtoca|m14 wherein the
f oodhqogrouqm chstngomLmztob@nlizw raivery spriodydt {ProdantisThETCC PTA-

R AT et
Whaerme mettlttﬁl deeerdingtto bﬁuﬂ 12 emliartin Itliee[ﬁbdm:lﬂis #Plood pﬁﬂuctlg
The net hod accordlngto ¢l aim 18, erelnthe produc

5. Thempthrdeacrordmg 10 vl dee Wesgein dreoload Repdpes I%Feéffqtﬁdlfzom the
ergpd Jonesth%?f%rg&ﬁ LS pe&dihS cBEWInE %ﬁﬁpé&ﬂh?tl%?engé‘

the produ met’hod according to claim 2
mhemhowletthévlﬂgalt,t@bhm ¢heess, edeland &gee encapsul at ed in a

h¥€9 RS odd acBSt dmg% clatd) 111 %4%18% food product is a milk-containing

product.

17. The method according to claim 16, wherein the food product is yogurt.

18. The method according to claim 12, wherein the product is a dental treatment
product.

19. The method according to claim 18, wherein the product is a mouthwash.

20. The method according to claim 12, wherein the Lactobacillus cells are
encapsulated in the product.

21. The method according to claim 20, wherein the Lactobacillus cells are

encapsulated in a hydrogenated palm oil in the product.
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