ORAL CARE METHODS AND SYSTEMS [0001]This application claims the benefit of United States
Patent Application Serial No. 61/027,437 filed February 9, 2008, and also claims the benefit of United
States 5 Patent Application Serial No. 61/027,442 filed February 9, 2008, and United States Patent
Application Serial Nos. 61/027,432; 61/027,431; 61/027,420; and 61/027,435 all filed February 8,
2008. FIELD OF THE INVENTI@WRAL[O00RT METHODSANDBISY 8THMEBods of measuring relative
levels of cariogenic and arginolytic bacteria in the mouth, e.g., as part of a dental care regimen using

iti isi basi i idinf ACKGROUND OF THE INVENTION
7o 100031Arg b and SHe R4 BEIAB B o Gh Ao S SR e
believed to hslve 6lgoifictatt hided Rebimagnh200L cavitydsomdsinmsathd femtéfiserfsStivitgdimesercially

available arginine;b se]ld tgothpastes are gﬁ r)ﬁn roClude,c inin viStat gwhich
contain %rgi%%teagn§%%lcci#%ﬁ ?ggr agr%r?' %g@ ] tfée i/ﬁéjge é)fgﬁrcyrgg m%m%%‘?ﬁ%’l’?fg ag é‘?‘?’lficant
role in the dRattop ApplieRion Geritie Nandbil/ @R AJ4B2alh/2TdEl 6 FOR %200 phad i6 A2 1H4%M all
hypothesized.th signifi ctor in the beneficial effect of arginine is that arginine and other basic
amino acidsqufaﬁﬂftggbme b%el‘lﬁ;ﬁ({(?by certain types of bacteria, e.g., S. sanguis which are not cariogenic
and which compete with cariogenic bacteria such as S. mutans, for position on the teeth and in the
oral cavity. The arginolytic bacteria canlU&E&. BrgiRihel AN EIRNTEabic 25 amino acids to produce
ammonig, th %rais’ the pH of their. enyironment, while cariogenic bacteria. metabalize sugar to
produc%alact@&aC| ,Whllpc%stélrl]‘})sn Poo?o{/vee(laart?ﬁeop%%g%war%e gemi Fgfflz%v?hfe%%lgtf%lﬁ?ﬂlﬁ)gt%WIeading
to cavities [0Q0b Jirginoilytiochastih tinh thee mowtfjciegt \asyprtinudhitodd¢h@ltymeeotdinflenalising the

mouth, e.g., }g{{poinsecthe Q Siiilgnaal_ %%actmentoagcq &011 %gitoorrsgljgfg}‘lf&ctiveness of 30 treatment of
patients. [00 roug out This Specification the word "comprise”, or variations such as "comprises" or

"comprising", will be understood to imply the inclusion of a stated element, integer or step, or group of
elements, integers or steps, but ndB ACKGBIOSINDOOENFTEND ENId0iNinteger or step, or group of

elemer1§, imﬁ%ﬁ or S‘I\ergﬁiine and other basic amino acids have been proposed for use in oral care

and are believed to have significant benefits in combating cavity formation and tooth
sensitivity. Commercially available arginine-based toothpastes are DenClude® and
ProClude® containing CaviStat®, which contain arginine and calcium bicarbonate.
[0004]  The type of bioflora in the mouth plays a significant role in the development

20  of cavities and in oral health generally. For example, it has been hypothesized that a
significant factor in the beneficial effect of arginine is that arginine and other basicr amino
acids can be metabolized by certain types of bacteria, e.g., S. sanguis which are not
cariogenic and which compete with cariogenic bacteria such as S. mutans, for position on
the teeth and in the oral cavity. The arginolytic bacteria can use arginine and other basic

25 amino acids to produce ammonia, thereby raising the pH of their environment, while
cariogenic bacteria metabolize sugar to produce lactic acid, which tends to lower the
plaque pH and demineralize the teeth, ultimately leading to cavities
[0005] It would be useful to have an efficient way to monitor the type of bioflora in
the mouth, e.g., to determine the optimal treatment and to monitor the effectiveness of

30 treatment of patients.
[0006] Throughout this specification the word “comprise”, or variations such as
“comprises” or “comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.
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1 10006A1Any discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is not to be taken as an admission that any or all of these matters
form part of the prior art base or were common general 5 knowledge in the field relevant to the present
invention as it existed before the priority date of each claim of this application. BRIEF SUMMARY OF
THE INVENTION [000613]In one embodiment the present invention provides a method to assess the
bioflora of the oral cavity comprising measuring levels of arginolytic bacteria; 10wherein the levels of
arginolytic bacteria is assessed by measuring plague ammonia production levels. [0006C)In another
embodiment the present invention provides the use of a basic amino acid, in free or salt form, for the
manufacture of n{é@éaientAoy dishessaingOdatinaaits, uva, sthieilsvbode:qratiztestyr Bigfigia comprise

gle\iated Ie\gils ?mﬂ%ﬂfﬂé‘eﬂl%@@d‘é@Eﬁtﬁ&ﬁf@eﬁé@ﬁ@&ﬁﬁdﬁ&ﬁ%‘@ge g&i&@&%‘wéﬁéﬁ%&%‘ _afgti”?'hyﬁc
acteria and/or vels g ue ammonija produc as measure a method according to the
present inventio QK\%%.B%ES fil%ﬁg}ﬁgr%ﬁ rgﬁ ment #w%qggéé’é‘ﬁ{ ﬁg?ﬁfo?{_ gr%?/iﬁoégrﬁoﬁgf_ﬂﬁa?fo?
cosmetically%nh RHgiafe b Aeldariprartiothesesens inyratianmeii suisted tebordherriootyf the oral
cavity using a melteafzechlam of thisapplisatitinvention, and if indicated by the presence of elevated
levels of cariogenic bacteria and/ogRiEyREUNSIRIEY L PHENINVERT JRSENCE Of low levels of
arginolytic bacteigyfgs|o" \3H di¥ SRRRIRAY f.6 IR MPURRGI Y AST Mkodd ARk he ™"
product Compn&%ﬂ)ﬁotr? g%cth%rgga Oce%/cl;{y (I:gmrp?n'esigg Sr’n%fztast?rgxr% levels of arginolytic bacteria;
10 wherein the levels of arginolytic bacteria is assessed by measuring plaque
ammonia production levels.
[0006C]  In another embodiment the present invention provides the use of a basic
amino acid, in free or salt form, for the manufacture of medicament for enhancing oral
health in a subject whose oral cavity bioflora comprise elevated levels of cariogenic
15 bacteria and/or elevated lactate levels, and/or low levels of arginolytic bacteria and/or
low levels of plaque ammonia production, as measured by a method according to the
present invention.
(0006D)  In another embodiment the present invention provides a method for
cosmetically enhancing the oral cavity which method comprises measuring the bioflora
20  of the oral cavity using a method according to the present invention, and if indicated by
the presence of clevated levels of cariogenic bacteria and/or elevated lactate levels,
and/or the presence of low levels of arginolytic bacteria and/or low levels of plaque
ammonia production, administering an oral care product comprising a basic amino acid
in free or salt form.
25 [0007] The invention provides quick and simple methods for assessing the
bioflora in the mouth,
[0008) In a first embodiment, the invention measures plaque ammonia production
levels to determine the relative population of arginolytic bacteria.
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25 [0007)The invention provides quick and simple methods for assessing the bioflora in the mouth.
[0008]In a first embodiment, the invention measures plaqgue ammonia production levels to determine
the relative Pépeafids2arginolytic bacteria. WO 2009/100262PCT/US2086/H8328?/f88%$5)in another
embodiment, the invention measures plaque lactic acid levels to determine the relative population of
cariogenic bacteria. [0010lIn another embodiment, the invention uses the polymerase chain reaction
(PCR), for example quantitative real time PCR, to characterize the bioflora in the mouth, e.g., in the
plaque or saliva. 100111In another example, the invention uses reverse transcriptase PCR (RT-PCR)
to characterigeittie biofletain-thebmiouth, égigianthe plaguesgrlsalivait 008 24rtanother embodiment,

antibody propes, ¢.,dfUareseent apiifedy.Rrebas Aig.Hsed to characterize the bioflora in the mouth,
e.g., in the plague or saliva. [0013]'For example, the invention quantities levels of at least one

carioggnic l_:)p;r:ts}ja, aﬁmhg&t_;maahmstenaﬁgjrma:lwm_::zbamtefmﬂe.go};@ctﬂgikte%héﬁ@@&z;ﬁikﬁn @adther embodiment,
the patient is, assessed,ysing, Q06.9fhe feieqoind.metheds. And eatmentaresgibeg.accordingly.

plaque or saliva.

{0011} In another example, the invention uses reverse transcriptase PCR (RT-PCR) to

characterize the bioflora in the mouth, e.g., in the plaque or saliva.

[0012} In another embodiment, antibody probes, e.g., fluorescent antibody probes are

used to characterize the bioflora in the mouth, e.g., in the plaque or saliva.

{0013} For example, the invention quantifies levels of at least one cariogenic bacteria,

e.g., S. mutans, and at least one arginolytic bacteria, e.g., S. sanguis.

[6014] In another embodiment, the patient is assessed using one of the foregoing

methods, and treatment prescribed accordingly.

[6015] The methods of the invention are particularly useful to detect potentially
damaging changes in plaque ecology and to allow corrective treatment before there is

measurable or significant demineralization or damage to the teeth.
{0016] The invention thus provides methods to enhance oral health,, e.g., o
a. reduce or inhibit formation of dental caries,
b. reduce or inhibit demineralization and promote remineralization of the teeth,
¢. freat, reduce or izhibit formation of early enamel lesions,
d. reduce hypersensitivity of the teeth,
2. reduce or inhibit gingivitis,
f. promote healing of sores or cuts in the mouth,
g reduce levels of acid producing bacteria,
h. increase relative levels of arginolytic bacteria,
i, inhibit microbial biofilm formation i the oral cavity,

;. raise and/or maintain plague pH at levels of at feast pH 5.5 following sugar

challenge,
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[0015]The methods of the invention are particulary useful to detect potentially damaging changes in
plaque ecology and to allow corrective treatment before there is measurable or significant
demineraliz¥@RW8Y/#¥RfEge to the teeth. 100161 The invention thus providBGhEFIaY 3 Ehance oral
heal h,, e.g., to a. reduce or inhibit formation of dental caries, b. reduce or inhibit demineralization and
promote remineralization of the teeth. c. treat, reduce or inhibit formation of early enamel lesions, d.
reduce hypersensitivity of the teeth, e. reduce or inhibit gingivitis, promote healing of sores or cuts in
the mouth, g. reduce levels of acid producing bacteria, h. increase relative levels or arthnolvt i. inhibit
microbial biofilm formatieniindhr@kalcavitistraise and/or maintain plaque :pH at levels of at lea pH 5.5

following suagr challenge, k. reduce plaque accumulation, I. treat, relieve or reduce dry mouth, m.
whiten teeth 1. Ttreat, relieve or reduce dry mouth,

m. whiten teeth,

n. enhance systemic health, including cardiovascular health, e.g., by reducing

potential for systemic infection via the oral tissues,
o. immunize the teeth against cariogenic bacteria and their effects,
p. clean the teeth and oral cavity and/or
q. reduce erosion of the teeth

comprising measuring the bioflora of the oral cavity, e.g., using any of the foregoing
methods, and if indicated, administering an oral care product comprising an effective amount

of a basic amino acid or salt thereof, e.g., arginine.

[0017] The invention further provides the use of a basic amino acid, in free or salt form,
for the manufacture of medicament for enhancing oral health in a subject whose oral cavity
bioflora comprise elevated levels of cariogenic bacteria and/or elevated lactate levels, and/or
low levels of arginolytic bacteria and/or low levels of plague ammonia production, as

measured by a method according to the present invention.

[6018] The invention further provides a method for cosmetically enhancing the oral
cavity (wherein such cosmetic enhancement may include e.g. making teeth whiter and/or
reducing halitosis) which method comprises measuring the bioflora of the oral cavity using a
method according to the present invention, and if indicated by the presence of elevated levels
of cariogenic bacteria and/or ¢levated lactate levels, and/or the presence of low levels of
arginolytic bacteria and/or low levels of plaque ammonia production, administering an oral

care product comprising a basic amino acid in free or sait form.
DETAILED DESCRIPTION

Plague Metabolism —~ Ammonia Production

{0019} The ability of dental plague to convert arginine 1 ammonia is a marker of
arginolytic activity, Certain bacteria have the ability to convert argining 10 animonia, just as

certain bacteria can convert sugars to acid. [t is beneficial to increase the relative
concentration of arginolytic species because these bacteria create conditions that are

unfavorable for proliferation of cariogenic bacteria, which favor acidic conditions and
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n. enhance systemic health potential for systemic ; 0. immunize the teeth against eariogethe bacteria
and their effects. p. clean the teeth and oral cavity and/or g. reduce erosion of the teeth comprising
measuring (OB HRthe oral cavity, e.g.. using any of the tbregoing m&Q&dS28P¥¥dicated.,
administering, an oral case product comprising an effective amount of a basic amino acid or salt
thereof, e.g., arglnirfe, 1001 71The invention further provides the use of a basic amino acid, in free or
salt form, tbr the manufacture of medicament for enhancing oral health in a subject whose oral cavity
biollora comprise elevated levels of eariogenie bacteria and/or elevated lactate levels, and/or low
levels of arginahic haetetin andiorscoiadeists cfplagque mmmeniahpioduetidnuasaiegsured by a
method according 0. the presentavenian. 0043 Thelnventen Jurtbarpyides amethod for

cosmetically enhancing the oral cavity (wherein such cosmetic enhancement ma%/ include e.g. making
teeth whiter SO SRR G HANBSIS DM IR EonipReda KSaiRG tremidista of the oral
cavity using a:methogd actordirigiie thépiesentinventiqn]. ahdtitindicatédidy thespresence of elevated
levels oi eafsggo%g%?e*&@gsﬁgmg&l9@@&%@%@@@e}a&%rl@e{@elﬁmmj%mgm%%QMQW levels of

arginolytic bacteria and/or low levels of plar%ue ammonia production, administering an oral care
product comBHSITRY A H AR Srin BRatId i RARICaY SEIY FEiRg arginine o ammonia e R 'E D DESCRIPTION
PlaquelxmiacProgduction A0 TR abllity ¢identabplaglie:iovconvértarsininectocdammonia is a ma

'a have the ability. to,GonYSEE BEGINING 1P ARMARIRINSLREARIRIRRARIRNACRICQRVEMRUgars to acid. ft

is- beneficial to increase the relative concentration of arginolytic species because these- bacteria
create conditfdrs tHAt4P R Evorable for proliferation of cariouenic bacteria, which favor acidic

conditions angh,if\creags aries.lisk. Pall.Hse af.arolbing s peciedn aatesashift in the plague

ecology that favors arginolytic bacteria in an analogous manner that frequent consumption of sugar
creates conditlEHE At I QL Brodu IR A ARERMPHIHELTS d @it [&'dibable of

neutralizing acidsfaacbhetdsimaintaiivneuhiahptaguei pkhoNe utrakpfivtb ngitickkoghreanare favorable to
nonpathogenig bagcteria; Meastienentohammenia Riesicticnmeasyesthe santibution from all the

bacteria capable oficonverting arginine to ammonia. This is in contrast %) the real time PCR method
(further deschBBY-DetoRySHRICH %’éi‘}rlé‘égé%ﬁ‘@%ﬁt?&%@ﬁ"@?‘?é’fé&[frg?h R BEEfMa and does not
diginguish bebweemmmetaiblivally activeliipantinddtive (daad)dbactetia s@03204 Ammonia detection

kits are availghle GommerGials.e-Se IR Riagnestic, Ghemicals Limited (Rulibid sGR to ITLCUSLIFC
ammonia production.. The principle (Or the uanéific:ﬁt' n and determinadtion is that almmonia is known

e
to react with RIPHALRE SHALE A SRETHTR SF R STinamids AaERiRS Thtim AL SH 88 phosphate
(181ADPH) teifommpllcaglotaphate sidrNABRIITHE feattiondglcatalyzed by glutamate
dchvdrogenaseThe decrease in absorbance at 340 inn due to the oxidation of N.ADPEI is proportional
to the innmohl&/EBRCERIF ARSI BIG(d €4Mples are collected tiller a predefined treatment protocol. In

SOITIO appligadigns, plague,is;harvesied fram.snamel.arHAR Shesimensmeuated en g retainer, In

other applications, plague is harvested directly from ;be teeth. o ,
of arginolytic bacteria, lactic acid serves as a proxy to measure the levels of cariogenic

bacteria. Subjects have plaque taken without morning oral hygiene and without eating or
drinking from the previous evening. They rinse with a 10% sucrose solution for 2 minutes.
After 8 minutes, plaque is collected by scraping the tooth surface(s). Plaque samples are
collected on ice in preweighed tubes, and the plaque weight is determined. The analysis
includes adding ice cold water to the known amount of plaque samples then heating the
samples to 80 deg C for 5 minutes to kill the bacteria and to release all acids before the
samples are cooled in ice water for an additional 5 minutes. The samples are then centrifuged
and the supernatant is filtered. The lactate concentration is measured using Capillary

Elecirophoresis.
Plague Ecology by Quantitative Real Time PCR

{60221 Quantitative real dme PCR (Polymerase Chain Reaction) is a highly sensitive



Plague ecology IT Lactic Acid [00211Just as the measurement ot. aanssoaia level: serves as a prosy
to measure the levels of arginolytic bacteria, lactic acid serves as a proxy to measure the levels of
cariogenic DYE@/Bi%kcts have plagque taken without morning oral hygietfeTantPHiréEr8Eating or
drinking from the previous evening. They rinse with a 10% sucrose solution for 2 minutes. After 8
minutes, plaque is collected by scraping the tooth surface(s). Plaque samples are collected on ice in
preweiglied tubes, and the plague weight is determined. The analysis includes adding ice cold water to
the known amount of plaque samples then heating the samples to 80 deg C for 5 minutes to kill the
bacteria andntesrelefageraifvacid8\defdre dlid Barplelstatércoaledinicawaterdor @mddditional 5

minutes. The,samples.are: her.centfl.anddhesHrsmatantis filered J be lagialescangentration is
measured using Cag!lary Electrophoresis. Plaque EcologyReal Time PCR ./OOZ%,lQuantitative real

rime PCR (PSRREr3SE ERaIT RE Righil S80Y $aesHecst %{é‘é’ﬁfﬂ%}?ﬁ@bﬁﬂ&t BRSENAIBNA isolated from
dental plaquisass€a:tooquaitifyi thé totaldevels ofibacteriasisincectheiamdakitptOMN s directly related

to the amount bagteria Rrssent Bealime.REGR IS recoanized-py:gouesnmentosganizations such as
the Center for Disease Control and the FDA as very Qowerful and se,n%tj‘yg Atgf;h}pcf'%ue. Taking
advantage of tiE RhEUNERE i cPSEd i SAE 8 a}éﬁil“()ré'f’%‘sc‘féﬁ‘ei’f’ Brébes dre désigned to detect total
levels of oralibastaries of spesific bécteriaslichdy Siemullansior Savanguis: DtAtisokited front the
samples of plague,Qt.salivamisampifiethRydbs pelyimerase ghaibdeactiannithe iaroruay of DNA
increases equngqtilall%yyweag cycle of th? ECRﬁr.eag;l[on. The tﬁ?gqig_ue}}sﬁrefgr(gq to as "real
timebecause thé FEACHSH 1§ TSWEd i Tl time tiToligh the use of luGrescent report. molecules. lii
one embodinsent ofibelirxéntiorrn®SVHREG rédry is wobehaSYRE raportingahsiekulencThis molecule
fluoresces sirpnalyv-Upea coRFdIntHIGRWIRSaulestranded BiwAviuABLHicatien isxachieved by setting
a fluorescent threshold and using DNA standards at \'/\FI’I u%ca%r{‘écentr%& s to defermine die number

of cycles nee QU TEALH The thredhoid “fhe more DN ,&esﬁ)r‘)esen ,ut%régsmé IRF number of DNA cydes

are needed tauiesctvthertiireshlde@onmmdscianRe af Tirle PER4nstrashdmdendddalisble from
numerous mapkfasiurgSaUHR as.Rechedliagnostics: [A023IRIaque samples.asadiarvested CTOTII
enamel or hydioxyapatie specimens with known. and sonstant surface arsa. Standaydigation of
plaque collection s critical because. the amount of D present Is directly reiated to how much plaque
is collected. Righindisproptiate to use plaque mass as a means standardizing total bacteria measured
by veal time ‘%?} begause the two quantities are signillcanfiy correlated, The results reported as ng,
DNA per mI.@ a sticsg %ﬁ‘ﬁ“’ﬁ’aem ek\%gifgngéia‘jﬁc“fﬁei%? ﬁ}gnc’félr%gﬁ Fg}t?odﬁ d({)lrt_éLSr?fbﬂ%{l7:‘3ﬁléentration). For
total bacteri&ravtwerfactoranNa i ieetforfaaiiziising thledasjdier dd treatH dntas factors.
Differences aggcansigsregisignificantif.adiffarence imdetsctadiahseanniidense-dpnek For specific
bacteria such as S, mutans or S. sanquis.. a.two f%tgrﬂANCOMA iﬁ on,dycte Hﬁing the total bacteria
[o use l’z]lgue 1188 a8 & me&n? stand M‘B.lg 129 acteria measure ¥ rea tzmr: . . .
as the covariate, The tota amount of specific bacteria as it relates to the total bacterial population is a
more relevaiesake B plagusiecsiotyHeath, Tooketin b paitturareiiBbEIiBHt Bf'the invention. S.
annum is measadsas; a.ey kerrdancriioge DIRity.Grcanatnas s CRosen decattsediisiawell accepted
risk factor assoriated in e niiatan el dental earies, Wik, QUL Gl RIdUGIg: Ragteria are involved
in the caries process"S" annans is known to p‘iayﬁa si,cant role artlc(:ularfly In the initiation and early
stages of thetierfeniEcprossissd H BHe ambadiffercef tHeEHERAfOrT, S edHgtde s ERbsen as a
marker for aghiftitooheaithiemplasgue.eeslagy hegause s Sanguisde s bactetimkadwigo exhibit a high
level of arging ytic activity (apility,to conyert argining o, ATmenia Rlagye: scplogy, WLRT:PeR
100251Reverse transcription PCR measures RNA transcripts in a sample. The RNA is
bacterial population is a more relevant marker of plague ecology health.

{0024} In a particular embodiment of the invention, §. mutany is measured as a marker for
cariogenicity S, muians is chosen because it is a well accepted risk factor associated in the
initigtion of dental caries. While other acid producing bacteria are involved in the caries
process, S mutans is known to play a significant role particularly in the mitiation and early
stages of the cariogenic process. In one embodiment of the invention, 3. sanguis is chosen as

a marker for a shift to healthier plaque ecology because S. sanguis is a bacteria known to



isolated, the transcripts converted to cDNA using reverse transcriptase, and the cDNA is amplified
using PCR. The advantage of RT-PCR is that DNA-based methods for the detection of oral bacteria
are unable Qet8Mieestne viability of those species. Because oral bacteri& GF&M8¢Y®i# found in
biofflm communities, the DNA of dead bacteria can be retained within the biofilm architecture for long
periods of time following killing. Other methods, such as fluorescence-based viability assays (TrEve
Dead kit, Molecular Probes), can detect whether or not organisms have compromised membranes, but
do not directly detect specific species. 10026.1Reverse transcription real dine PCR is ibus a method to
guantify the wiaiblesorganisenst af gnspecific: sppecigsoftorab bactetianpresentdthin in a complex
community. m.RNA has a relatively short halflife. and theredbre is indicative of recently active

bacteria. We 4t deveidpet! dpeties-specific primers to the elongation factor /4 This gene is not

significantly fggulateduby. grouih phasenrmesia or.enrenmental condiions #hereby minimizing
spurious effects on detecied numbers of bacteria. Using A ggrega ti 2 tibacler actitioncccioncomitans as

our test orgaffistad-visoiity<airfe FeREES 0 FiReHPEB U TN S BN ahd BRE FHAIR bacteria may he
detecied whenpas dewsiag PORD Wﬁéh&t@ﬁ@;’gﬂﬁfﬂif presentarmviabledAdditionaly,d¢he method allows

reliable Idenyficalion Bl Ine.pIESENCE he ARlnamYRRtersAmIANS NEaparies:fopuiations

containing up to Six flerent spemes of bacteria. Calculated bacterial concentrations correlated closely
to values estfFETEIISARSYBNToW T b amesyitasie-Lde! doh i Aeye This assay
represents adneans piistidypingitheetelogy bf spegificcosganisats!withip thingomplex environment of

the oral cavi, i /LINeLIRNFIEAEANRNGE Aot Decomen avallabiepimais g e developed to a

wide variety of oral bacteria. Bacterial Levels by Fluorescent Antibody Probe 100271A caries
diagnostic kﬁ‘i@ﬁﬁé‘é‘d‘%&%’éf@étﬁﬁ%"%‘?‘ﬁ?é‘%ﬁ@@ﬁ%ﬁ%@%bé’é‘fé‘?&lﬂéﬁﬁélwﬂt‘mﬁ and/or for a
non-canownieetyPesedirs. csanguis. |n saliva through the use of monoclonal antibodies. The particular
antibodies used are specific for the species of bacteria and have a fluorescent dye attached to the

antibody. THé9&8kels Srbaetdracap Be eeibetl By niessurmbpthe amitntsriiifescence that is
emitted. EXAMRBLES Examfie dddeabiione RGRiigpmeasuireiiotal plague bactetiaylen 100281Levels of

total plaque gﬁfésfﬁ%s( 9&895?%%9%%?!@'3%'[%é%&%%%ﬁé@%%%‘é&@&wQ&Qtff@a’%& jdoothpaste
formulations, using the procedures described supra: Total bacterial DNA S. tumans DNA S. sang'.D
6.091 We have deve oped species-specific primers to the elongation factor suf. This gene is not

significantly regulated by growth phase, media or environmental conditions, thereby
minimizing spurious effects on detected numbers of bacteria. Using Aggregutibacter
actinomycetemcomitans as our lest organism, viability differences in mixed populations of
live and EtOH killed bacteria may be detected when as few as 20% of the organisms present
are viable. Additionally, the method allows reliable identification of the presence of A.
actinomycetemcomitans in mixed species populations containing up to six different species of
bacteria. Caleulaied bacterial concentrations correlated closely to values estimated based on
ODq:0 for the same cultures (= (1.96, <1% difference). This assay represents a means of
studying the ecology of specific organisms within the compiex environment of the oral
cavity. As further genetic sequence data becomes available, primers can be developed toa
wide variety of oral bacteria.

Bacterial Levels by Fluorescent Antibody Probe

{00271 A caries diagnostic kit is used to detect the level of a cartogenic type of bacteria,
e.g., §. mutans and/or for a non-carfogenic type, e.g.. S sanguis, in saliva through the use of
monoclonal antibodies. The particular antibodies used are specific for the species of bacteria
and have a fluorescent dye attached to the antibody. The levels of bacteria can be detected by

measuring the amount of tlaorescence that is emitted.



0.00622 1.126 6.01S 0.09903 107 3.781 0.0599S 1.291 j00291The arginine-fluoride formulation is
et-leen-y to reduce total bacterial plaque loads, and S. numins (eariogenic) plaque loads. while
enhancing 3VQ2AUI8MZin.olytie) loads. Example 2 Ammonia_prodyglipp REBE1 MRS
production is measured in subjects using different toothpaste formulations, using the method
described above: Ammoniapm) 250 ppm fluoride1.97 formulation (control)

EXAMPLES
Example 1
Real time PCR to measure total plague bacteria levels

6028} Levels of total plaque bacteria (micrograms bacterial DNA/ml) in subjects is

measured using different toothpaste formulations, using the procedures described supra:

Total bacterial DNA S, mutans DNA S. sanguis DNA
250 ppm fluoride 6.091 0.09622 1.126
formulation {(control)
1450 ppm fluoride  6.018 0.09903 1.107
formulation
Formulation having 3781 0.05998 1.291
2% arginine
bicarbonate and 1450
ppm fluoride
[0029] The arginine-fluoride formulation is effective to reduce total bacterial plaque

loads, and S. mutans (cariogenic) plaque loads, while enhancing S. sanguis (arginoiytic)

loads.

Example 2 - Ammonia production

{6030] Ammonia production is measured in subjects using different toothpaste

formuiations, using the method described above:

Aunmonia level (ppm)
250 ppm fluoride 1.97
formulation {control)

1450 ppm fluoride 1.79
formulation

b
-
~ad

Formulation having
2% arginine
bicarbonate and 1450
ppm fluoride



1450 ppm fluoride1.79 formulation Formulation having2.77 arginine bicarbonate and 1450 ppm
fluoride 100311Ammonia productionin plaque of subjects using the arginine-containing formulation.
Example 3 Qe2i¥deMfévels 100321Plaque lactic acid levels are measurdtf i SSA4332&Ing
capillary electrophoresis as described above, showing that lactate is significanity increased in the
presence of sucrose. Plaque Sucrose hallenged Pla.ue Lactate ninolling) I.. 72it0.371

[0031] Ammonia production is significantly higher in plaque of subjects using the

arginine-containing formulation.

Example 3 - Lactic acid levels
[0032] Plaque lactic acid levels are measured in subjects using capillary electrophoresis

as described above, showing that lactate is significantly increased in the presence of sucrose.

Sucrose
§ Challenged
Plague Plaque
[actate 1.87 7.82 £+ 0.37
{nmol/mg)

Example 4 - Real time PCR / RT-PCR

{0033} This invention combines the principles of reai-time PCR detection of bacterial
species with the use of messenger RNA (mRNA) as an indicator of biological activity within
cells. Following purification of mRNA from a bacterial sample, reverse transcription real
time PCR is used to detect and quantify specific bacteria within a simple or complex
environment. The invention covers the sequence of the primers as well as the mRNA

identification method and its application.

10034] One function of DNA within viable cells is to code for the synthesis of proteins.
DNA codes for its corresponding mRNA strand which is then used as the instructions for
assembling finished proteins. Unlike DNA, mRNA has a very short half life (seconds to
minutes) and is only present in cells that are either viable or very recently killed. Whereas
DNA is present in cells in a fixed number of copies, mRNA levels are often changed in
response to the conditions in which a cell exists. Expression of different proteins may be up-
or downregulated in response to temperature changes, growth media, growth phases and other
environmental conditions. Therefore, if the target gene is not carefully chosen, it is possible
that fluctuations in environmental conditions will be falsely read as fluctuations in population
viability. To avoid these effects, the present invention uses elongation {actor w, the gene i,
as the target sequence. This sequence has previously been used as a marker because little or

no alteration in fuf expression has been observed under different experimental conditions.

[0035] Real time PCR uses the basic chemistry behind polymerase chain reaction (PCR}

amplification of genetic material and couples it with real time detection of fluorescent labels



Example 4 - Real time PER f wr-veR f0033.1lbis invention combines the prineipJcs of real-time PCR
detection of bacterial species with the Utie of messenger RNA (mRIN.A.) as an indicator of biological
activity withWW@ef8Y/féving purification of MR NA hum a bacterial sample GEJEYZWHB I3 Fiption real
time Pat is used to detect and quantify specific haetcria within a. simple or complex environment. The
invention covers the seiwcnee or the primers as well as the mRNA identification method and IES
application. 1003410ne function. of DNA within viable cells is to code for the synthesis of proteins.
DNA codes for its corresponding nilltNA strand which is then used as the instructions for assembling
finished proteinssddnlikenDNAMRNAhasuaveryf shoet hadf difen(sesondsitenmutesharidis only present
in cells that aye ellferviable.ony e eesniokiled Wheieas ANAsRLesentinalisdn a fixed number

of copies, MRNA e vels are often changed in response to the conditions in which a cell exists.
Expression o fersipratamsmmmsrps dostondirayy it bopon te o ¥arpsattire changes,
growth medigy growtephases and ithesre nvrdmmentakeonditions:idherteld i Aifthedariget gene is not
carefully chogen, i 5,assible eal ustuations.n enicanmenial condiiensavil b fajsely read as
fluctuations In population viability. To avoid these effects, the present invention uses elongation factor
tu, the gene BOTHE T ETSEYGEN CE M TIHEREGU SRR RS PretRBI AV eds0SE as a marker because
little or no altetatiqrinynfiexpiession-haswbeenhobgesedssnderdifferentéxperimental conditions. as a

mechanism gf.dyaatiiaag heNmREnOLGRRIRS LA AN AR SRAtPACERIReN after each

amplification cycle. The simplest of these methods uses SYBR Green |, a fluorescent probe that
intercalates §B§’6ﬁ‘i’cally into double stranded DNA (dsDNA). increasing levels of SYBR Green
fluorescence dhetefore,correlate o areater coneenialans PLASRNA, \Whan s dsincluded in a

PCR reaction primed USL”%BSPeCiﬁC genetic sequences, the increase in fluorescence corresponds to
an increase HHENRIHE B EEEL 6 A& Py Sl 2B dsgtRs ity CHHaEy ERMIIBEE at which the
signal crosses:adissdetesmineddntensity dhreshelddanibé covdlatechtothensoncehtration of the
genetic sequenea in.the, startinnaleiah AR3RL Rk deyelspmentiotisalfime:RR technology has
made it possible to detect ag%’guantlfy sped he biological, species rapidly and with H high degree of

accuracy, COAVEISFRAAYSBEL FoF R HcREGH ST BUATARL Lpakds s iRt Ued&iopment, of
primers to thed¥ariahlernegipactidhe: D @ncoding the h68uibosoraltsubaditndhis:sabunit is critical to

bacterial replication andits.seAURNGES: thergiRtg.nabigRglly mutated. the detection of los rDN.A
sequences specific to a particular species can facilitate the detection and enumeration of a single

bacterial spgoigsiwithiniacompliex gaviverment:c10Q37INIT WIS arefidesighidibased on the
sequences of off genesirom RuRlicaty.avallabie dairhasasdNalionaheeeterfargigieshnology

Information and the Los Alamos Oral Pathogens Database). Sequences are aligned using thi2 DNA
Star Laserger satram sy ARG roTtre s SRg i R &N s (a4 4 fRERT e E 8 gion of greater
divergence iMexdéptonmiakimize therlikelibost of spetiesspeciiicitycoRiimmrsequenice® are selected

based upon gnalysis infarmation avallable.fiomithe-Rache RIagnerticLightGyelglRrobe Design

software. Primers,ﬂcov}ered_byrthis(in\_/ention inclugle not only thos _alrg%d gi%sig!ned and tested, but all
primers to thi&4GERRE PEEISA H BRI T A g RE Oy 38 LTSt BN TS Mated 6P samples using. an
appropriate Ri¥Aasolationskit eratheiRiAcgolativhmethodlyAnyprefelyadsraethorifor RNA isolation

can be used, Busifigd.RNAvisdieaied 2dieswith sRPsaRbale TTNast: treatment reagents. This step
degrades any contaminating DNA within the RNA prep and prevents the acquisition of false positives.

_Ted RNA igh##) revésse Rtansciibedddrge (@DNA) mateculer e rdShlting oBR Atistamplified and
detected using S¥BR Green. Asidaualit.certokiardhe.crupistesemaval ok NArviaLeal time PCR

reaction can hg run Wlth_oyt_ theg reverse tran§criptign step. PCR products aotzitﬁa}in din ghe absence of a
reverse trandtription PEECHBREHISE B TFRFESORSE ESHEATRIAAHRY DN step degrades any

contaminating DNA within the RNA prep and prevents the acguisition of faise positives.
Isolated RNA is then reverse transcribed to generate a complimentary DNA (cDNA}
molecule. The resulting ¢cDNA is amplified and detected using SYBR Green. As a quality
control for the complete removal of DNA. a real time PCR reaction can be run without the
reverse transcription step. PCR products obtained in the absence of a reverse transcription

reaction must be the result of contaminating DNA.
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WO 2009/100262PCT/US2009/033287 100391A standard curve is generated by performing the real
time reverse transcription PCR reaction on RNA samples isolated from cultures containing known
amounts of WRAWYA&?a. The second derivative maximum value for eachP(rTdUIEAMERSTS plotted
against its known concentration of bacterial cells. The second derivative maximum of amplification
curves of RNA isolated from unknown bacterial samples can then be compared to the standard curve
to determine the concentration of viable organisms within the sample population. This data would be
valuable information in deterring the effects of antibacterials and active molecules on the ecology of
the oral envifargient. 400401 hevolewhigprimeepainis:designechtoantp/ifyacZa8base pair region of
e 1o’ generam.Aggre %@ﬂ%&%&;&&%&@&éwy&’@@t%?@F&H%%I%S%%%Qﬁﬁf&@%%eqUenceT- ©
%GCLGAnNnealing name(kcallmol Temp,_ForwardA_ACIDACGTzGOTAICAC 3

49.0556.25-PT 5855 - REVEFSES TOTAINGE AKERTETABTS 15726 80106 15 F4bfe 1. Properties
of primers designegfamitutntificafioniofrilk NAcaxpressiomofdutitnuractinopiyiceiemconutans.
100411Thesg primersarg ised o, AmRIRNRNAIzgiated irom, hothpare, GHltures;af A.

witimnoyeetemcomitans and mixed populations both with and without A. dentionnaadenicomitans
included. ThE¥HHSUIH HAtHCHIEPTR FOREEBHEHD Bt RIS SEENR &)™ cycle number are
shown in the graphicaf Bigureslvdundiguntudhidweatenseprésénts thanegtive Contraltands "Aa" is the
positive contfol of pUIE A ACIDOTVSSIRMSAMIARS GHI R Mix 1" was purified fiom a population
containing Prevoltella intermedia”Streptococcus sobrimis. Streptococcus oralis, and Acanornyces
viscosus andoshould, therefora e negatieifacamplificatipitwitt? $Heseppiimeis: SMix 2/ is from a
population containing A, actnomyceismeRnNAIANS, LORYIOMaNAs Streptococeus gordonii
Streptococcfl’s nuaans, and Streptococcus sanquinis and should be positiveamplification of A.
actinomfootfinicortruanis. 100421This graph demonstratesthe mix con. is amplified with a similar curve
to the positive control.. the

Primer Sequence Ta (°Cy  %GC  AG Annealing
name {kcal/mol) Temp.
Forward 53" e AAGCGCGTGGTATCAC - 37 49.05 36.25 ~27.56 55°C
Reverse 5 - TGTAAGGAACACCTA — 37 31.32 40,00 -20.15 55°C

Table 1. Properties of primers designed for quantification of mRNA expression of fufin A.

actinomycetemeomitans.

6041} ‘These primers are used 1o amplify RNA isolated from both pure cultures of 4.
actinmoycetemcomitans and mixed populations both with and without 4.
actinomyeetemcomilans included. The results, in particular the relationship between
fluorescence (F1) and cycle number are shown in the graph of Figure 1. In Figure 1, “water”
represents the negative control and “Aa” is the positive control of pure 4.
actinomycetemcomitans culture, “Mix 17 was purified from a population containing
Prevoltella intermedia, Streptococcus sobrinus, Streptococcus oralis, and Actinomyces
viscosus and should, therefore be negative for amplification with these primers. "Mix 37 is
from a population containing A. actinomyeetemcomitans, Porphyromonas gingivalis,
Streptococeus gordonii, Streptococcus mutans, and Streptococcus sanguinis and should be
positive for ampiification of 4. actinomycetemcomitans.

{00424 This graph demonsirates that while the mix containing A, actinomycelemcomitans
is amplified with a similar curve 1o the positive control, the mix lacking it follows the same
amplification curve as the water control, indicating that these primers are able to accurately

detect 4. actinomycetemcomitans from within & mix of RNA species.
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amplification curve as the water control, indicating that these primers are able detect A
ocanomycetemeomitans from within a mix of RNA species. WO 2009/100262PCT/US2009/033287
100431 The WHISPHLA3e primers to accurately detect and quantity only viBERURWEYABRSbrganisms
is determined as follows. A known concentration of A. actznomyceteThcornhtans cells are killed by
suspending in 80% ethanol for 15 minutes. The bacteria are then pelleted by centrifugation and
resuspended in fresh Brain Heart Infusion broth growth media. The ethanol killed bacteria are
incubated overnight at 37C. and examined for growth to confirm that no viable organisms were
remained. Th@ethandttkiledibactetia atexthen aixed)inidefinedqatios; withwialkle organisms and

reverse transcription ved by real time PGR is performed. g, amplification,of these samples is shown

in ¢ 2, which shows the amplification of RNA from mixes of live and dead A.
autinorneetefeBtHAHE OOAYIDREEHAE tHETB e ol s tHd Popurtions 0 88 5S tBifiplates for this
reactipn conta'tme@ ﬂﬂetmelmalbgumb‘e@ghﬁongaami:sgmsmatﬂeﬂ amplificatidruisigbsenved in samples
containing mare, viable, pragnismsaindicatinghal ihisassawds ableia.detectvighle organisms within a

mix of both live and dead bacteria. Additionally, the melting carve of these samples, as shown in

Figure 3, indicataeethisr & aivB e CRIehBdAM I HbE & ST ih SR RIBE sReH dEhonstrates the
high specific&gcmfimeealseamixﬁtgw&&mmow’&a widltinglpeaknanalysisrofeprodustsiampli lied from pure
and mixed cylthres; @f A AEIROBNESICMEAItaNS . hperoxgiaR AEbess eurves lpdicates thai a single

product is being amplified from all samples. Table 2 shows a. comparisan of expected and calculated
number of o#d%‘ﬁf's?n%"}i‘ﬁ%élll@&ise@eszlﬁlﬁHg‘f‘ﬁ%ﬁf\;é{?éWBf@é?"ﬁegrﬂﬁféeE‘Q 85t8d viable CFU Calculated
viable CFU 00865 0@x107i134 a 10' 50%

[G044] Despite the fact that all of the populations used as templates for this reaction

contained the same total number of organisms, earlier amplification is observed in samples

containing more viable organisms, indicating that this assay is able to detect viable organisms

within a mix of both live and dead bacteria. Additionally, the melting curve of these samples,

as shown in Figure 3, indicates that a single, identical product is amplified in all samples,

which demonstrates the high specificity of the assay. Figure 3 shows a melting peak analysis

of products amplified from pure and mixed cultures of A. actinomycetemcomitans. The

overlap of these curves indicates that a single product is being amplified from all samples.

Table 2 shows a comparison of expected and calculated number of organisms in selected

standard curve samples.

Sample Expected viable CFU  Calculated viable CFU

100%  5.00x 107 534x 107
50% 2.50x 107 228 x 10
40% 2.00x 107 2.54x 107
30% 1.50x 107 118 x 107
20% 10D x 107 1.07 x 107
10% 5.00 % 10° 4.06 x 10°
5% 230 x 107 2.96 % 10°

Table 2. Comparison of expected and calculated number of organisms in selected standard

curve samples.

{0045] Based on the known concentrations of the viable and killed starting cultures, the

approximate number of viable organisms in each population is calculated and used in

11



2.50x107 1.28 a 10' 40% 2.00 x107 2.54 x 107 30% 1.50x107 1718 x 107 20% 1.00 x107 1.07 x 107

10% 5.00 x10' 4.06 x 10" 2.50x106 2.94x
WO 2009/100262 PCT/US2009/033287

conjunction with the second derivative maximum of each amplification curve to generate a
standard curve. The results are shown in Figure 4, which illustrates a standard curve and
linear regression of the standard curve generated from the amplification of known
concentrations of viable and dead A. actinonmycetemcomitans. The v value of the regression
line is 0.96.

[0046] The ¢ value of a linear regression line indicates the closeness of fit of the
regression equation to the observed values. An ¢ closer to 1.00 indicates that the observed
values match closely to the regression line. For the example above, the r* value of the
standard curve is 0.96, indicating that about 96% of the total variation observed in the line is
due to actual measured variation in the samples and that this standard curve can be used to

calculate the concentration of viable organisms in unknown populations.

[6047] In practice, in a single experiment, the concentration of viable organisms
calculated based on this standard curve is not significantly different from the actual
concentration added prior to RNA isolation and differed by <20%. These data indicate that
this assay represents a rapid, accurate means of detecting and quantifying viable organisms of
a specific species within a complex population of organisms. This represents a potentially

powerful tool for analyzing the effects of treatments on orai microbial ecology.



Table 2. Comparison of expected and calculated number of organisms in selcctcu standard curve
samples. [00451Based on the known concentrations of the viable and killed starting cultures, approximate
number of viable organisms in each population calculated and used in conjunction with the second
derivative maximum of each amplification curve to aeneratea standard curve. The results are shown in
Figure 4, which illustrates a standard curve and linear regression of the standard curve generated from
the amplificatioh.8fMbwn concentrations of viable and dead A. acunoewnenmi uris. The r2 value of the
regression line is 0.96. 00461The r value of a linear regression line indicates the closeness of fit of the
regression equation to the observed values. An r2 closer to 1.00 indicates that the observed values match
closely to the Yegreséionelined foastessdkamiplbosd ot &) alesattoaxitye eohnhe snghnassucing eie 8,06, indicating
that about 06 é}@ﬂggm@bgagﬁgon observed in the line is due to act tail measured variation in the samples
and Thai this atandard curve can be used to calculate the concentration of viable organisms in unknowit
populations. 10047 1vereictites ifeeelsinflcgipelytiemaassidoicansesserh by vingsuoifhmitagisecalculated
based on thisﬁmﬂ(g %Maiiénqg(/aignificantly different from the actual concentration added prior lo RNA
isolation and differed 'iv O These data indicate that this assay represents a rapid, accurate Means
ordetecting and quantifying viable organisms of a specific species within a complex population of
organisms. This repregeri i apteRlallinPaviikiosh iR AnAl AAGRRTERIT dnmingdnon ora
microbial ecology, CLAIMS 1. A method to assess the bioflora of the oral cavity comprising measuring
levels of argif@iSigtidlacteria, wherein the levels of arginolytic bacterial is assessed by measuring
plague ammonia progelian puele, s The dsiier o slainid furhercommyisingaaasyriagdgyels of
cariogenic bacterial, wherein the levels of cariogenic bacteria is assesséd by measuring lactate
production levsplugiomlevalsthods of claims 1 or 2 comprising using quantitative real time PCR,
guantitative RT-PCR, and/or fluorescent antibody probes to quantify levels of at least one cariogenic
bacteria and/or at least one arginolytic bacteria. 4. The method of claim 1 wherein the arginolytic bacteria
includes S. sahguis. THe THethqethet elpinint DivAerempiieittistenrupaidiiig irtalutier P ERitans.

quantitative RT-PCR, and/or fluorescent antibody probes to quantify levels of at least

one cariogenic bacteria and/or at least one arginolytic bacteria.

4. The method of claim 1 wherein the arginolytic bacteria includes S. sanguis.
5. The method of claim 2 wherein the cariogenic bacterial includes S. mutans.
6. A method of any one of claims 1 to 5, wherein the method detects potentially

damaging changes in plaque ecology before there is measurable or significant

demineralization or damage to the teeth.

7. Use of a basic amino acid, in free or salt form, for the manufacture of
medicament for enhancing oral health in a subject whose oral cavity bioflora comprise
elevated levels of cariogenic bacteria and/or elevated lactate levels, and/or low levels of
arginolytic bacteria and/or low levels of plague ammonia production, as measured by a

method according to claims 1 or 2.
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6. A method of any one of claims 1 to 5, wherein the method detects potentially damaging changes in
plaque ecology before there is measurable or significant demineralization or damage to the teeth. 7. Use
of a basic amino acid, in free or salt form, for the manufacture of medicament for enhancing oral health in
a subject whose oral cavity bioflora comprise elevated levels of cariogenic bacteria and/or elevated
lactate levels, and/or low levels of arginolytic bacteria and/or low levels of plague ammonia production, as
measured by a method according to claims 1 or 2. 8.A method for cosmetically enhancing the oral cavity
which method,compris i igtlor CaVity. !Sg ) t cordi claims 1 or
2, and if indi(%ted byﬁrﬁje[{ﬁggjr%g %%ﬁ é@ﬂ%%@ﬁgﬁfgﬁho@éﬁn%@ cteru’[lE gn%%&%e@ﬁ%g%tate levels,
and/or the preBexsceiog ibe hiakiseon bl rashltravity tesiadamtethishatsoeléngr tolalimsaien@nrgi@roduction,

and administeingan AERLGAfIRARLUALEIPRIALA BASICE SRR IER A SAH Bevated
lactate levels, and/or the presence of low levels of arginolytic bacteria and/or low levels
of plague ammonia production, and administering an oral care product comprising a

basic amino acid in free or salt form.
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