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Reagents and Methods for Mineralization of Teoth Enamel

5
CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priovity from U.S. Provistonal Patent Application Seral
No. 62279 418 filed 182016 and PCT application PCTAUSI016/013301 filed January
13, 2016, the contents of which are 1ncorporated heveln by roference.
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BACKGROQUND
Accomulation of various chromogensidiscotorants, for example, food and
tobacco that come into contact datly outo tooth swrfices and their subsequent penetration
o deeper rogions (dentind, caose tooth discolorstion. Fuethormawe, the process of

1§ sging, discase, trauma, certam medications, certain congenttal conditions, aud
environmental effcets can also cause weth to become discolored. Although discoloved
teeth donot-causehealth problems; since twight white teetrare weually considered o be
cosmetically desirable, thore is a great deal of mtorest n developing compositions and
methods for whitening tecth.

20 There are several tockagues for whitening or Meaching of teeth.  Profossional
whitening methods, alse known as “in-clinic”™ whitening stratogivs, are considered
presently as the most effective mgthods. These in-clivic whitening steategies typicatly
involve the application of high-concentration peroxide products (up to 35%:) and other
abrasive chemicals to the discolored area. These pevoxide species penetrate the stained

28 arca {up o underhving dentin layer) and dissolve the acanmulated discolornng agents
through an oxidation process. To achieve desired effects more quickly, such oxidation
reactions on teeth ave often assisted with external faser light apphication, which heats up
the reaction site and thereby increases the rate oxidation reaction. Furthenmore,
utilization of tiantum dioxide up 1o 1% is often preforred to facilitate these photo-

38 catalytic reactions. Other n-chinic whitening tochuiques involve superficially removing
the enamel tayer with abrasive mstruments or pumice followed by treatment with
additional caustic agents.

There are several drawbacks of these in-clinic techniques. First of all, the
ahrasive chemicals and peroxide agents causes engmel denuneralization and results with

35 tecth sensitivity. In most cases sore/injured gums as well as bad taste of the prodect
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itsolf canse anich discomfort to the pationts. Purther, pationts are roguived to make
clinic appointment o get this medical service.
Other existing products for at-home usc contain considerably fower

concentrations of active oxidizing agents and, thus, are generally less effective thaw ine

pac -

L

chinic whitening strategies and products. Therefore, dramatic whitening effect can ondy

be achieved by the repeated applications of these reagents for several weeks, These

restoents offen assisted with bleaching teavs (night~guard) in order to beiter localize
hicaching products and, thereby, maximize the whitening effect. However, even though
thest at howme produets contan active whitening agents 1n Tower coneentrations, sinnlar

10 side effects as those associated with professional treatments are very common. In
addition, there ave painton, at-home whitening products, also know as “tooth
varnishes™, as well as whitening strips intended fo ehnunate the need for dental trays.
However, these prodects reqoire more Hequent applications, wsually 3-times ina day, @
complete whitening procedure. Fiually, among the variety of at-home use products,

18 whitening toothpastes and gels are the least effective form of whitening products due o
their short contact time with the tooth swrfaces: Although bleaching agent additives
augment the effectivensss, the whitening effvet is primarily as a rosult of removal of
surface stains via mechanical actinn of brushing and other polishing mgredients (for
example, silica particles).

20 Dental caries s one of the major public health problems and 1135 a highly

prevalent discase among the global population. Incipient canes and white spot lesions

{WSL) as well as hypersemsitivity, are the earliest chinjcal evidence of enamel

demineralization and dental caries. Dental cartes securs when tooth enamel 1s exposed

to acid produced by cariogenie bacteria: As g result, acid diffuses into surface enamel

$ay
45

and dissolves hydroxyapatite (HAp) mineral. Dug to its non-regenerative nature, enamel
is unable to heal and repair stself post-demineralization. Traditionally, fluoride (F) has
boon wsed as the koy agent in provention of canes. Fluoride Amctions primsanily s
topical mechanmisms, It is belicved that fluoride forms a thin layer of new but harder
auneral, navoely fluorapatite (FAp) which is meorporated into the existing HAp mineral
3 on the tooth sarface. There s a trend of enhancing the remineralization effect of
fluoride with calcium and phosphate supplementation in high dsk individuals. Although
controversial, the use of fluoride products remains the primary treatment modality for
cavies provention and renineralization, with mmjor lmitations regarding the efficacy of

these products for the reversal or prevention of dental caries. Fluoride dolivery systoms,
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therefore, are not sefficiont to overcome the high canes risk espeenally in vounger and
clderty population.

There is presently e wnimet need for tooth whitening and nineralization methods
and products that reduce or eliminate the veed for concontrated, abrasive oxidizing
agents and attendant side effects such as demineralization-assoviated tooth sensitivity

and gom Hpe dnjuries,

SUMMARY OF THE INVENTION

Herein we provide methods and compositions for whitening teeth where the
natral color of weeth s restored and wproved wpon by generating newdy formed thin
minsral fayer on discolored tooth surface using oue or more bionincralizing
polypeptides. Herein we also provide methods and compositions for nunerabizing teeth.

in @ first aspect, the present application provides a method for whitoming teeth,
comprising administering 1o a subject in need thereof an amoeunt effective 0 whiten the
fweth of a biomineralizing polypeptide. I sonwe enbodinents; the method for whitening
teeth comprises adnunistering to a subject in need thereof an effective amount of a
composition comprising a blomineralizing polypeptide. In some embodiments, the
bionuneralizing polypeptide romprises an aming acid sequence selected from the group
consisting of!

{WRASITDKTKREEVD )y tADPI; SEQ ID NOTY,

{(POYIN(L/ESYRKMSHSQAINCT/VIDRT A by (ADPS] SEQ D NOI3)

{(LPPLESMPLSPILPELPLEAWPAT ). (ADPS SEQ ID NOTTY,

{(HPPSMHTLOPHHHLAPVYPAQOQPVA/HPQQPMMPVPGH/QHSM TP

(B0 (ADPT: SEQ ID'ROE),

{SYENSHSQAINVDR T (shADPS SEQ IDNO:16),

{SYEKSHSQAINTDRT) .0 (sADP3 SEQ ID NO24 ), and

12-42 contiguons aming acids of (HPPSAOHTLOPHHELAPVVPAQ

OPVAMPQOPMMPVPGH/QHSMTM T/DOH K (ADPT, SEQ 1D NSy,
or a functional equivalont thereod, or any combination thoreef. In some embodimenis,
the blonuneralizing polypeptide comprises the amino acid sgquence
(PGYIN(L/FISYEKAN) SHSQAIN(T/VIDRTA )0 (ADPS; SEQ IDNO:Y), or g
functional eqavalent thereof. In some embodiments, the bionsinerahizing polypeptide

comprises the amino acid sequence (PGYINFSYENSHSOQAINVDRTA L6 {ADPSH;

PCT/US2017/013492
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SEQ IDNO: 15}, or o functional cquivalent théreol., Insome cmbodiments, the
bimincralizing polypeptide comprises the amino acid sequence
{SYENSHSQAINVDR )0 (shADPS, SEQ D NOLIS), or a functional equivalent
thercof. In some embodiments, the bromineralizing polypeptide comprises
(HPPNDHTLQPHHH{L/DPVVPAQQPVIAMIPQ
QPMMPVPGIH/QIHSM TR T/HQH ;0 (ADPT, SEQ 1D NOUIE), 12-42 comtiguous
amino acids of (HPRSTIHTLOQPHHHL)
PYVPAQOQPVIA/DPQOPMMPVPGH/QHSMTPCI/DOH )L (ADPFT), or & functional
equivalent thereof. In sonie smbodiments, the omineralizing polvpeptide comprisesan
aring goid sequence selected front the group consisting oft
(HTLOPHHHILMPVV )L (ADPL; SEQID NG )
(VPGIH/OMHSMTP(I/DOH e (ADP2; SEQ ID NG
(HPR{(S/THTLOPHHH(LAIPY V)50 (ADP4: SEQ 1D NO:16):
{(PAGOPYVIA/DPOOPMMP) 0 (ADPY; SEQ IDNO2 LY
(HPRE/TIHTLOPHHHL/DPVVPAQOQPVIA/MPOOPMMPEVRGHIQIHSMTP
{TAOQH e (ADPT7 SEQ 1D NOHISY:
HTLOQPHHHLPVV) .0 (ADPIM: SEQ ID NO:2);
{(HTLOPHHRIPY V0 (ADPIH; SEQ ID NO:3);
(VPGHHSMTPTOH . (ADP2M; SEQ D NOS)
{(VPGOQHSMTPIQH . (ADPIH; SEQ ID RQG:6);
(HEPSHTLOPHHHLPVY) o (ADPAM: SEQ ID NG Y,
{(HPPTHTLOPHHHIPYV 0 (ADP4H; SEQ 1D N2
(HPPSHTLOPHHHLPYVPAQOPVAPQOPMMPVPGHHSMTPTOH b
{ADPTM SEOQ ID NG9y,
{(HPPTHTLOPHHHIPVVPAQOPVIPQOPMMPVPGQHSMTPIOH . »
{ADPTH; SEQ 1D NO:2(y,
{(PAQOPVAPQOPMMP ). (ADPEM; SEQ 1D NOQ2) and
(PAQUPVIPQQPMMP) Lo (ADPRH, SEQ 1D NO:23);
or a functional equivalent thereof, or any combination thereof. Tn some ewbodiments,
the biomineralizing polypeptide comprises an amino acid sequence selected from the
group consisting of!
{WPATDKTKREEVIN 14 {ADP3M; SEQ ID NO:8); and
{WPSTDKTKREEVD}.1o (ADP3H; SEQ ID NO:9),
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ora functional cquivalont thereof, ora combination thereofl In somwe embodiments, the
biomineralizing polypeptide conwprises one or more fusion peptides, wherein cach of the
one or more fusion peptides independently comprises twe or more amine achd sequences
selected from the groap comsisting of
(HTLOPHHHIL/MPVV ). (ADRY, SEQ ID NO:1);
(VPG HHSMTPE/DOH e (ADP2; SEQ 1D NQ:4);
(WPASYTDKTRREEVD ) (ADP3, SEQ ID ROTY;
(HPR(S/THTLOPHHHI/MPVY Y (ADP4; SEQ IDNO: )
POYINL/E)SYERNISHSQAINCUVIDRT A (ADPS! SEQ D NOU3)

10 {LPPLFSMPLSPHILPELPLEAWPA T (ADP6, SEQ I NGO T,
(PAQQPVIAMPOOPMMP) 1o (ADPS; SEQ IDNO21 Y
(HPR{S/THHTLQPHHHL/DPVVPAQQPVIA/DPOQOPMMPVPGOIOHEMTP
{TMOHY o (ADPT7; SEQ 1D NQ:IRY
{HTLQPHHHLPVV 0 (ADPIM; SEQ ID NO2Y

18 (HTLQPHHHIPY V) (ADPIH, SEQ 1D NO3Y,

{VPGHHSMTPTQH e (ADPIM, SEQ 1D NQU3Y,
{VPGOQHSMTPIOH 0 (ADPIH; SEQ 1D NO:6),
{(HPPSHTLOQPHEBLPYV by (ADPIM, SEQID NO: L L)
{(HPFTHTLOPHHHIPYV )00 (ADP4H; SEQID NO:I2)

20 (HPPSHTLQPHHHLPYVPAQQPVAPQQPMMPVPGHHSMTPTOM) 0

{ADPTM; SEQ 1D NOA9Y,

(HPPTHTLOPHHIIPVVPAQOPVIPOQQPMMPVPGQHSMTPIQH ) 10

(CADPTH, SEQ ID NCx2o0y

{(PAQQPVAPQQPMMP),.1o (ADP8M; SEQ ID NO:22); and

(PAQQPVIPQOPMMP)i.qu (ADPSH; SEQ ID NO:23Y,

ov a functional equivalent thereofl In some embodiments, the blonuneralizing

L

]
N

polypeptide further comprises a floorescent agent. In some embodiments, the method
turther comprises applying light to the toeth of the subject, thereby further whitening the
teeth, In some ernbodiments, the light is selected from one of a diede laser; a PAC hight;
3 aad a halogen light. In some embodiments, the wethod further comprises adnunistering
at least one cloaning agent to the teeth of the sulyect. In some embodiments, the method
further comprises sdministering hyvdrogen peroxide, carbamide peroxide, tuantum
diaxide, sanc-hydroxyapatite particles, zivconia powder, or any combination thereof to

the teeth of the subjeet.
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In a sccond aspoct; the present application provides ax oral care produdt,
comprising at least ong onuneralizing polvpeptide, at feast one caloiun fon source, and
at least one phosphbate wn sowree. The oral care product can firther comprise at fegst

one cleaning agent. by some envbodiments, the at Jeast one cleaning agent is selected

L

front the group consisting of hydrogen peroxide, ttanium dioxide, carbamide peroxide;

nano-hydroxyapatite particles, zivconia powder, or any combination thareof The

calcium ton souree i generally any calcium salt. In some embodiments, the calcham ton

source s selected from the group consisting of caleiur acetate, caloium carbonaie,

calcium citrate, calcium chloride, calcium gliconate, caleyam glycerophosphate, caleiam

10 lactate, and calcium phosphate. The phosphate ion source is generally any phosphate
salt. In some embodiments, the phosphate lon soarce is selected from the group
consisting of ahominum phosphates, calcrom phosphates, potassivm phosphates, and
sodiom phosphates. In some embodiments, the oral vare product is sefected from the
group consisting of toothpaste, toothpowders, mouthwash, gel, dental floss, bgud

18 dentifrices, dental tablets, topical gels, wroches, chewing gums, dental pastes, gingival
nassage creams, gargle tablets, lozenges, tooth trays, tooth varmshes, and foud
products. In some embodiments, the blominceralizing polypeptide comprises an aming
acid sequencs selected from the group consisting of’

{WPAMSITDETKREEVD )0 (ADPY; SEQ IDNOTY,

20 (POYIN(L/FISYER/NSHSQAINCT/VIDRTA) L0 (ADPS; SEQ ID NG 13)

(LPPLRSMPLEPH FELPLEAWPRATY 10 (ADPS: SEQ ID NOIT); and

(HPP(S/THHTLOPHHHI/DPVVPAQOQPVIAMPOOPMMPVPGH/QIHSMTP

{FEQH o (ADPT SEQ 1D NOHISY,

{SYENSHSQAINVDRT)1.40 (shADPS; SEQ ID NO:16);

{SYEKSHSQAINTDRT haoe (sADPS; SEQ ID NO:24); and

12-42 contiguous amino acids of

{(HPR(S/TUHTLOPHHHL/PVVPAQQRVIAM

POOPMMPVRGEHQIHSMTPIT/NOH L (ADPT: SEQ IDNOEY

or g functional equivalent thereof, or any combination thereof. In some

$ay
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3 embodiments, the biomineralizing polypeptide comprises the amino acid sequence
{(PGYINFSYENSHSQAINVDRTA L (ADPSH; SEQ 1D NOI S, or a functional
cquivalent thereofl In some cimbodiments, the biomineralizing polypeptide comprises
the gmine acid sequence {SYENSHSOAINVDR T Yo (shADPS; SEQID NO:16), ora

fumctional equivalent thereof. In some embodiments, the biominerahizing polypeptide
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comprises (HPPSDHTLOPHHHL/APVVPAQQPVIALIPQ

CPMMPVPGEHQ HSMTPITMOH )0 (ADPT; SEQ ID NOUIEK), 12442 contiguous
aming actds of (HPP(SMMHTLOPHEHL/PVVPAQOPVIAD
POQOPMMPVPGIH/QHSMTP (T/DHOH) 10 (ADP7: SEQ 1D NO: 1K), or g functional

cquivalent thereof. In some embodiments, the blomineralizing polypeptide comprises an

L

amino acid sequence selected from the group consisting of!
{(VPGHAQMHSMTP{TDOH .0 (ADP2; SEQ 1D NO4)
(HPPG/MHTLOPHHHI/DPYV 1 (ADPY; SEQ 1D NOH,

16 {(PAQOPVIAMPQOPMMP} 0 (ADPE; SEQ D NO21);
(HPR{S/THHTLOPHHHE(L/DPVVPAQOQPVA/DPOQOPMMPVPGIH/NHEMTP
(/) Q0 (ADPT, SEQ 1D NOL 1B,

HTLQPHHHLPV V0 (ADPIM, SEQ IR NO:2y,
{HTLQPHHHIPY V). (ADPIH; SEQ ID NO3),

& {VPGHHSMIPTOH 10 (ADPIM; SEQ D NGAY,
{(VPGQHSMTPIOH 0 (ADP2H; SEQ IDNO6y,
{HPPSHTLOPHHHLPY V.o (ADPIM SEQ 1D NO ),
{(HPPTHTLOQPHHHIPYV .6 (ADPAH; SEQ ID NO:12);
{(HPPSHTLQPHHHLPYVPAQQPVAPQOPMMPVPGHHSMTPTOM ) 10

20 {ADP7M; SEQ 1D NO:19),
(HEFTHTLOPHHHIPVYPAQOQPVIPQOPMMPVPGOHSMTPION Y e
{ADPTH: SEQ ID NO:20y;

{(PAQOPVAPOQQPMMP) 0 (ADPRM; SEQ IDNG22), and
{(PAQQPVIPQUPMMP)y50 (ADPSH: SEQ ID NO:23);

or a functional equivalent thereof, or any combination thereof.

$ay
45

by avother aspect, the present application provides methods for ruineralizing
tecth, conywising adonnistering to one or mors tecth of o subject in noed thereof an
effective amount to mineradizg teeth of v palypeptide comprising or consisting of the
amino acid sequence selected from the group consisting of!

36 {SYENSHSQAINVDRT L. 5hADPS, SEQ ID NO:16)
{SYEKSHSQAINTDR  Jiaqe (3ADPS; SEQ 1D NOZ4),
{WPIASITDKTRREEVD e {ADP3; SEQ ID NG,

(PGYINILF IRV RKMNSHSQAINCTAIDRT A e (ADPS; SEQID NO:13y;
{(LPPLESMPLSPILPELPLEAWPAT) 1o (ADPS; SEQ 1D NO:17);
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(HPPSMBTLOPHHH(L/DPVVPAQ
OPYVIAMPQOPMMPVPGIHIQHSMTE  (FQH L0 (ADPT: SEQ 1D NO: I8 and
12-42 contiguous amine acids of (HPPS/THTLOPHHHIL/DPYVPAQ

OPVIALPOOPMMPVPG/HS MTPCI/DO) 116 (ADPT, SECQ ID NO:1Q);

or a functional equivalent thereof, or any combination thereof,

L

In various embodiments, the polvpeptide romprises or consists of an amino acid
sequence sclected from the group consisting off
{VPGH/QMHSMTPT/ L0 {ADP2; SEQ 1D NO:4);

16 {(HPPSIMHTLOPHHHL/DPY V) e (ADPS; SEQ 1D NO: 10y,
{(PAQQPVIAMPOOPMMP ) (ADPS; SEQ IDNG21Y
(HPPS/THHTLOPHHHL/DPVVPAQOPVIAMPOOPMMPVPGHANHSMTP

{TAOH )10 (ADPT: SEQ ID NO:18);
HTLQPHHHLPVY V.o (ADPIM SEQ ID NO2Y,

18 (HTYLQPHHHIPVV )L (ADPEH SEQ TD NO:3),
{VPGHHSMTPTQH e (ADPIM, SEQ 1D NQU3Y,
{VPGOQHSMTPIOH 0 (ADPIH; SEQ 1D NO:6),
{(HPPSHTLOQPHEBLPYV by (ADPIM, SEQID NO: L L)
{(HPPTHTLOPHHHIPY V). {(ADP4H; SEQ ID NO:12)

20 {(HPPSHTLOQPHHHLPVVPAQQPVAPQOPMMPVPGHHSMTPTO )0

{ADETM: SEQ IDNO:19)

(HPPTHTLOPHHIIPVVPAQOPVIPOQQPMMPVPGQHSMTPIQH ) 10

{ADP7H; SEQ ID NO:20y;

(PAQQPVAPQQPMMP),_1s (ADPSM; SEQ ID NO:22); and
(PAQQPVIPQOPMMP)i.qu (ADPSH; SEQ ID NO:23Y,
{(WPATDKTKREEVD 10 (ADPIM; SEQ 1D NO:B); and
{WPSTDKTRKREEVD oo (ADPIH SEGQ I NG9y,

ara functional equivalent thereof, or a combination thereof

]
N

In various embodiment, the polypeptide comyprises a fuston polvpeptide

ezl
i,

3 comprising two or move of the aminoe acid sequences selected from the group consisting
off
{SYENSHSQAINVDRT) . (shADPS, SEQ ID NO:16);
{(SYEKSHSQAINTDRTh.a0 {SADPS; SEQ IDNO:249)
{(HTLQPHHHIL/DPVV) 0 (ADPL SEQ ID NO:1);
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(VPGH/QHSMTRT/DOH) 10 (ADF2; SEQ ID NO4);
(WP(A/S)TDK TKREEVD 0 (ADP3: SEQ ID NOTY:
(HPP(SITHTLOPHHELAPY V)50 (ADP4: SEQ 1D NO:10);

(PGYIN(L/F IS YE(K/NISHSQAINCT/VIDRTA )1« (ADPS; SEQ ID NO-13);
(LPPLESMPLSPILPELPLEAWPRA D)o (ADPE: SEQ ID NO:1T):
(PAQOPVIA/DPQOPMMP),. 16 (ADPS; SEQ ID NO:21Y;

L

(TG (ADPT, SEQ 1D NORY,
HTLOPHHHLPV V)10 (ADPIM; SEQ ID NO:2);

1 {HYLOPHHHIPVYV) 40 (ADPIH; SEQ ID NO3);
{(VPGHHSMTPTOQH 0 (ADP2M; SEQ 1D NOSY;
{(VPGOHSMTPIQH )y (ADPIH; SEQ ID NO:6y;
{(HPPSHTLOPHHHLPVV) » (ADP4M; SEQ ID NI Y,
{HPFTHTLOPHHHIPVV .0 (ADRP4H; SEQ 1D NO: 12y

18 {(HPPSHTLOPHHHLPVVPAQOQPVAPQOPMMPVPGHHSMTPTOH 10

{ADPTM; SEQ 1D NO(19Y,

{HPPTHTLOPHHHIPVVEAQQPVIPQOPMMPVPGQHSMTPIQH), .10
{ADPTH SEQ 1D NOR20);

{(PAQOPVAPQOPMMP ) (ADPEM; SEQ 1D NO22) and

20 {(PAQOPYVIPQOPMMP)0 (ADPRH; SEQ 1D NOQ3X
or # functional equivalent thercof.

In other embodiroents, the polypeptide may be used as a single copy of the

polvpeptide.

3 turther embodiment, the method fether comprises admimstering to the

$ay
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subject at least one calohnm jon sourcs and at least one phosphate ko sowrce. In various
embodiments, the caloium fon source may be selected from the group consisting of
calcium acetate, calohom carbonate, calcium ciiraig, calcium chloride, calciam
sluconate, calenws glyceraphosphate, caleium lactate, and calcium phosphate. In various
other embodiments, the phosphate ion source may be selected fromw the group consisting
3 of alununuem phosphates, calcium phosphates, potassiwm phosphates, and sodwum
phosphates. {n ong ecmbodiment, the method comprising adnunistering a formulation of
the polypeptide, at least one salchan ton sowree and at least one phosphate ion soures,

wherein the formulation has
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{a} a O’ concentration ranging between about | mM and sbout 2 M, or
betweer sbout 1 M and about 1M, betweeon about 1 mdl and about 0.5M, between
about 1 mM and about 100 mM, botween about 1 mM and about 30 mM, between abowt
P and about 1M, between about 2 mM and about 8, bebween about 3 mM
and about 7 oM, betwesn abowt 4 maM and about &, or betweon about 4.5 mM and
about 3.5 mM,; and

by  a RO concentration ranging between about £.5 mM and shout 2 M, or
between about 4.5 mM and about 1™, between about 0.5 axd and abowt 8.5M, between
ahout 0.8 M and about 100 mM, between sbout 6.5 mMand about 30 mM, hépwden
about .5 M and about 10 mM, berween gbout 0.5 mM and abiowt 7 mM, or between
about T mM and about & miM, between gbowt 1.5 M and about 5 mM, between abous 2
m and about 4 M, or between shout 2.8 mM and about 3.5 mM.

The methods may forther comprise admitistering fluoride to the subjeet. In

arious embodiments, the fuoride may be prosent v the formulation at between about
between about 38 parts per nullion {ppin) and about 20,000 ppey, between about 30 ppm
and abont 10,000 ppm, between sbout 5 ppiy andiabowt 3000 ppoy, between about 58
ppo and about 1000 ppo, betwoen aboat 30 ppr and about 300 ppm, or about 73 ppm
and ghout 400 ppm, between about 100 ppm and about 300 ppm, between about 134
pm and aboat 230 ppmy, or abowt 200 ppo.

In other embodiments, the polvpeptides and any ton sources andfor Huoride arg
administered in 3 formudation, and the formulation sy be, but is not limited 1o,
toothpaste, toothpowders, mouthwash, gol, dental flogs, Higad dontifrices, dontal tablets,
topical gels, troches, chewing gums, dental pastes, gingival massage creams, gargle
tablets, lozenges, tooth trays, tooth varnishes, and food products. In specific
cmbodiments, the formulation may comprise a lozenge, a gel, or mouthwash.

hrother embodiments, the polypeptide 15 adounistered in a formulation and 18
prosent o the formulation ata concentration of between about 0.0 mdM and sbout 0.5M,
or between gbour .81 and about 0.1M, between about 8:.01mMV and sbout 50 mM;
betweest about 01T mM o about 20 mM, or between abouwt 1.1 M 10 about 15 mM, or
between about 0:5 mM o shout 12,5 wM, or between about 8.8 mM and abowt 18 mdd.

in one embodiroend, the subject is one suffering frow denuncralization of
cnamel, typically characterized as incipicnt carious lesions, of one or more tooth. In
other embodiments, the subject has an incipient carious lesion, tooth hypersensitivity,

and/or white spot lesion (a chinical condition that is a resalt of demineralization of
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enamel), and the effective amownt 15 an amount that s offcotive to treat the wopient
carious lestons, tooth hypersensitivity, andfor white spot lesion.

in a further aspect, the invention provides polvpeptide consisting of the amino
acid sequence of

(SYENSHSQAINVDRT )10 {shADPS: SEQ ID NO:16); or

{(SYEKSHSQAINTOR D) y.16 (sADPSISEQ 1D NO24),

In another agpect, the nvention provides oral care products, comprising

L

{1} {(SYENSHSQAINVDR D (shADPS; SEQ ID NO:16); andfor

{SYEKSHSQAINTDR T (sADPRE SEQ ID NO:24);
i by at keast-one calohnm win souree, and

{cy  atleast one phosphate 1on smgree.

I various embodiments, the calerom jon source may be selected from the group
consisting of calciom avetate, calchum carbonate, calcram citrate, caloiwm chloride;
calciun ghiconate, calcium glvecrophosphate, calemnt lactate, and calern phosphate,

15 Inyvanous further embodiments, the phosphate ion source 18 selected from the group
consisting of alominem phosphates; calenun phosphates, potassiurm phosphates, and
sodhon phosphates. In various further embodiments, the oral care produet has

{1} aCa™" concenteation ranging between about 1| mM and about 2 M, o
botvcon about 1 mM and about 18, between gbout 1M and about 0:3M, botwenn

20 abowt I mM and about 1 mM, betweeen about 1 M and about 30 mM, between about
1 mM and about 10 o, betweert sbout 2 mM and about 8 mM, hetween abowt 3 mM
augd aboat 7 mM; bebween abowt 4 M and about @ mM, oy bebween about 4.5 mM and
about 5.5 mM; and

S e S . " - - - n ) - :
{1}  a PO cobcontration ranging betweet about 0.3 mM and abouwt 2 M, or

$ay
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berween sbout 05 md and about 1M, between about 8.5 mM and about .50, betwesn
about 8.5 mM and about 100 mM, between abowt 8.5 mM and about S0 mM, between
about 0.5 mM and about 10 mM, bebween abot .5 wmiM and abowt 7 M, or between
about 1 mM and sbout 6 mM, botween about 1.5 saM and about 5 M, berween sbout 2
o and about 4 M, or bebween abowt 2.5 M and about 3.5 mML

36 In o further embodiment, the oral care prodoct may firther conprise fluoride. In
various non-Hmiting embodiments, the fluoride may be present in the oral care product
at between about between about 30 parts per million {ppn1) and about 20,000 ppim,
bepween about 30 ppny aud about 13,000 ppm.  between about 30 ppm and about 5600

ppm, bebween about 30 ppox and abous 1000 ppm, betveeen about 30 ppm and about S8G
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ppny, or about 75 ppm avd about 400 ppm, between abowut 1D ppm and about 300 ppm,
between about 130 ppm and about 250 ppm, or about 200 ppm.
fn various cmbodiments, the oral care product may be selected from the group

consisting of toothpaste, toothpowders, mounthnwash, gel, dental Boss, hawid dentifrices,

L

dental tablots, topical gels, troches, chewing gums, dental pastes, gingival massage
creams, gargle tablets, lozenges, tooth trays, tooth varnishes, and food producs, In
specific emmbodiments, the orsl cave product comprises & lozenge a gel, or mouthwash .
In other embodiments, the polypeptide may be present in the pharmsceutical
composition at a concentration of between about .0 hnM and about M Or batween
10 about 0.01mM and about 0.1M, between about 0.0 mM and about 30 M, between
about $.01 mM o about 20 mM, or botween about G md o about 15 mM, or between

about §.5 mM o about 12,5 maM, or betweeen aboot 0.8 M and about 10 mdL

BRIEF DESCRIPTION QF THE DRAWINGS
18 The foregomg aspeets and many of the attendant advantages of the described
technology will become more readily appreciated as the same become better anderstood
by reference f the following detailed deseription, when taken in conjunction with the
accompanying drawings, wheret
Figure 1 depicts a tooth (2} befure and (b) after sectioning vertically as described
20 in Example 2.
Fignres 2{a) to 2{g) depict various sections of a tooth after staining as deseribed
in Example 2. Figare 2(a) shows one half of a sectioned tooth after the stabming.
Figares (b}, (¢} and {d) show different views of the eft quarter of the tooth that was

sectioned frof the half woth. Figures 2{e), (I} and (g} show differens views of the tight
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quarter of the tooth that was sectioned from the half tooth,
Figure 3 shows the left goarter {control} and the right quarter of the tooth {test
tooth) as described in Example 2.

Figure 4 depicts a line profile analysis of a portion of the onginal tooth (before
staining), 4 portion of the tooth afier staining, and 8 portion of toth afier staining and.
3 remiveralization, as desortbed 1 Example 2.

Figure § depicts a tooth before staining, a side-by-side conpanison of a stained
tooth portion with 3 3-rounds renuneralized tooth portion, a side-by=side conparison of
a stamed tooth portion with a 4-vounds remineralized tooth portion, a side-hy-side

comparison of a stained tooth portion with & S-rownds remineralized tooth portion, and a
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side-by-side comparison of a Statmed tooth poriion with o T-rounds remmeralized tooth
portion, as described i Example 8.

Figure 6 shows a ling profile analysiz of the footh befowre staining (Bar A), the 3-
rouhds remineralized-tooth (Bar B), the 4-rounds remineralized tooth (Bar O), the 5+
rouhds remineralized-tooth (Bar ), and the T-rounds remineralized wooth {Bar E), as
described 1 Example B,

Figure 7. (a) White spot lesion was aetificially crented by exposing a window on
tooth surfhce for devaineralization; () Groups 3 & 6 sanples were exposed 1o shADPS
sohution for 10 minutes at 37°C; (¢) Samples were then incabated in VA PO or
Ca™ PO solutions for | Hour at 37°C: (d) New nineral faver was characierized by
SEM/EDXS.

Figure 8 Face-on (a.b) and edge-on (d) SEM tmages and BDXS analyses oy of
Group T Negative Control, Face-on (e, and edpe-on (b SE images and EDXS analysis
() of Group 2: Ca™* and PO, casly. insets in 2b and 21 show cnamed rods and HAp
plate-hke crystallites exposed on the surface of damaged cnamel as a result of
denuneralization. The insetpaveds are ! punx i

Figure 9. Face-on {(ab) and edge-on (d) SEM images and EDXS analysis (o) of
Group 3 H00ppm F + Ca2+P0,3~. Face~on {e,f) and edge-on (1) SEM banges and
EDXS analysis {g) of Group 4 20,000ppm F + Cal+PO,3~ | Insets in 3b and 31 show
toosely packed nanospherical particles {of din. ~20-30 nim} as a vesult of F deposition.
The mset pancls are L umx | pum,

Figure 10, Face-on (ab) and edge-on (d) SEM images and EDXS analyses (o) of
Group 5: shADPS + 1100ppm F + Ca’ /PO, Insets in 4b show loosely erystallized
regions of accatmulated 100-nm dia. spherical nanoparticles on the swivce. Fave-on (o)
and edge-on (1) SEM images and BEDXS analysis () of Grougp 6: shADPS + Ca PO
Insct 4 displays a highly uniform, plate-fike HAp crystallites within nowly formed ()
mineral laver in shADPS + Ca¥ /PO, treatment, The inset panels sre 1 pmx { pm
no reatment negative control {group 1) (a—c), high concentration F ireatment {group 4)
{d-), and peptide treatment (group 6} {g-1)

Figure 12. {a) Atonue force mueroscope unages of the surfaces of the
mineralized layers in samples from Group 2 (eft) where there is no apparcot nuneral

faver on'the lesion and Group 6 {right) shoveing a clear boundary botween the lesion and
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wevwly forimed mineral Taver (arows). (b)Y Harduess (et and elastic modalus (nghty of
the expenmental groups used here as measured by napoindentation, 1> 20,

Figure 13, TEM bright ficld images (lop — low magrnufication, and nuddie, high
magnification) and coresponding sclected diffraction pattems (hottom row) showing the
mdices of the diffractions peaks. Al top row bages were recorded at the sane
magnifications, and middle oney were alse at the same high magnification, therefore
nueron size marks are the same for top row and also for the puddle row. The panels
correspond 100 (a-¢) No- treatiment negative control, Group 1) {d-f) Group 2 Ca and POy
ions only; {g-1) Group 3, low Fluoride concentration {1,100 ppm); (-0 Group 4, High F
concentration {20,000 ppm}), (mro0) Group §. shADPS + low F concentration
(1. 10ppm), and {p-r) Group 6, shADPS5 only.

Figure 14, Schematics of {a) microhardness and (b) nanoindentation tests.

Figure 13, Stained tecth before & after whitening froatmenis using commarcial
versus biomineralization methods. {(a-¢) The unireated, tea-stmned group {baselng), HP~
based whitening products. by CRESTH 3D Whitening™ steips (d&e) containing 14%
HE, and by OPALESCENCES Whitening gol containing 30% HP (i&g) The ol
shads was increased compared 1 baseline by 5.7% and 6.8%, respectively, Compared to
the tea stained teeth, not only was whitoning 15 increased with peptide-treatment (hé&i}
by 4.6%, but also with the benefit of remineralization. The SEM images in the nsets
display the details of the tooth surface showing the effects of etching effect of the
conmercial products resulting in the rough surface i (e} & (g} while new mineratized
layer formed by the peptide treatment in (3}

Figure 16, Reprosontative SEM fmages of hypersensitive teeth sarface before
{ first and second ronws} and after (third and fouwth rows) peptide guided ronuneralization

tfreatment.

DETAILED DESCRIPTION
Al references cited are herein incorporated by reference o their ertircty. Within
this apphication, unless otherwise stated, the techuigues ntithzed may be found inany of
several well-known references such as: Molecudor Cloning: 4 Labovatory Manual
{Sambrook, ez af., 1989, Cold Spring Hacbor Laboratory Press), Gene Expression
Fechnology (Methods in Enzyviandogy, Vol 183, edited by D). Goeddel, 1991, Academic
Press, San Diego, CA), “Guide 1o Protein Purification”™ in Methods i Ensymology {VLE.

Dieutsheer, ed., (1990 Academic Press, tne ), PCR Frowends: 4 Guide to Methods and
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Applications (ongs, er ol 1990, Avadenyic Press, San Diego, CA), Cudrire of Antmal
Cells: 4 Mamwd of Basic Technigue, 2 Fd (R Freshuney. 1987, Liss, Ine. New
York, NY), Gene Transfer and Expression Protocoly, pp. 109-128, ed. E.J. Murray, The

Humana Press Ine, Chifton, N L}, and the Ambion 1998 Catalog (Ambion, Austin, TX).

L

As ysed herein, “about” will be understood by persons of ordmary skill b the an
and will vary 1o some extent depending upon the context in which # is used. if there are
uses of the termy which ave not clear o persons of ordinary skill in the avt, given the
context in which 1t is used, “about” will mean up o plus or minus 10% of the particular
term, of may mean plas or minus 10% of the partioudar torm,

i As used herein, the singalar forms “a7, “an” and “the” include plural reforents
unless the context clearly dictates otherwise. “And” as used herein s interchangeably
used with "or” unless expressly stated otherwise, Recitation of ranges of values borein
are nerely intended 1o serve as a shorthand method of weferring ndividually to each
separate value falling within the range, unless otherwise mdicated herein, and cach

18 separate value is incorporated into the specification as if it were individuaily recited
heram. Al methods desontbed heromcan be paforimed in snyvesaitable ordar wiless
otherwise indicated herein or otherwise clearly contradictod by context. The use of any
and gl examples, or exemplary language (for example, “such as”) provided herewm, is
intonded merely o better iHominate the embodanents and does not pose a hmitation an

20 the scope of the claims unless otherwise stated. No langeage in the specification should

he construed ay indicating suy non-claimed clement as essentish

All embodinenis of any aspect of the described technologies can be used in
combination, unless the context clearly dictates otherwise.

i a first aspoct, methads for whitenng teeth or for mineralizing teeth, are

$ay
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provided, comprising administering to a subject in need thercof an amount effective to
whiten teeth or to muneralize teeth of 2 biomineralizing polypeptide or pharmacentical
composition of oral care product of any embodiment or combination of embodiments of
the technologies. The methods can further comprise admiunistering at least one ealeiom
iow source and at least one phosphate 1on source to the subject. The calchum ton sogree
3 and phosphate ton source can be co-administered or sertally admimsterad. The caloiam
ton source and phosphate ion source can be adininistered hefore the biominerahizing
polyvpeptide, concurrently with the biomincralizing polypeptide, or after the

biomineralizing polypeptide.
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Asshows horéin, the inventors have discovered that biominevalizing
polvpeptides can be used to whiten teeth and o romineralize tooth enamel. While not
being bound by a speaific mechasm of action, the mventors believe that the

polypeptides divect mineratization of dental lesions o form a “dento-mimetic™ mineral

L

tayer, which also serves o reduce dental hypersensitivity and bacterial infiltration. It is

further believed that some of the polypoptides exert thedr activity via binding to

hydroxyapatite (HA) surfaces on the tooth to kinetically promote re-muneralization,

occhuding of dentin tubules o prevent/limit stimulants from reaching the tubules, sudfor
rebuilding lost mineral to oreate 3 physical batrier against bacteria. The tnventors

i further demonstrate that orystalline suneral layer can be fonmed on enamel lesions in the
presence of Ca™"and PO lous together with polypeptides of the invention ander
physiologically viable conditions. The inventors also demonstrate that the methods can
promote lver-by-laver noneralization, Lo more layersas the treatiment 18 applied
showing that the sumber of fayers increases, The mventors further demonsirate that use

18 of the polypepiides of the mnvention allow the delivery and incorporation of fluonide tons
fto the remineratized fayer vven at F concentrations much lower than those used in
current dental practice and products. Thus, the invention provides & groat inmprovement
over previousty reported methods for treating dental disvase.

The methods of the present application have a number of attendant advantages.

20 The desortbed methods cleav stains present on woth surfaces i addition to re-
mungralizing tooth surfaces. Withowt clearing stains any re-mineralization would create
incipient festons on the tooth, The desoribed methods Tead to whitened and smooth
tooth surfaces in conrast to conventional whiteners which may lead to uneven tooth

surfaces, with “hills” and “valleys™
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As used herein, a “hiomineralizing polvpeptide” is any polvpeptide capable of
generating a hydroxyapatite laver on a tooth in the presence of calohum tons and
phosphate ions. Several bionneralizing polvpeptides are described in PCT application
No. PCLAISIHEZAND6H, which 1s incorporated heramn by reference v its entivety. The
calctum sons are present due to at least one ealeium low source. The caloionion source
3 can generally be any caloium salt. Hustrative caloium ion sources mebade, but are not
limited to, calcium acetate, calcium carbonate, calcium citrate, salcturn chioride, caletum
gluconate, calcium glycerophosphate, calcium factate, and calonum phosphate. In some
cases, combinations of more than one calcium: fon source may be used. In some

smbhodiments, the calennm ton souree s not caletom phosphate, The phosphate tons arg
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proseat due toat least one phosphate lon source. The phosphate ion soarge can
ceneratly be any phosphate salt. Hlustrative phosphate ion sowrves melude, bt are not
fimited o, aluminum phosphates, calonum phosphates, potassin phosphates, and
sodium phosphates. Calcium phosphates include monocalciunt phosphate, dicaloium
phosphate, and tricalcium phosphate. Potassium phosphates inchude monopotassion
phosphate, dipotasstum phosphate, and tripotassivn phosphate. Sodiom phosphates
inchude sodium dihvdvogen phosphate, sodium hydrogen phosphate, and irisodhum
phosphate. In some cases, conbinations of more than one phosphate ton source may be
used. In some embodiments, the phosphate ion source is not calcrum phosphate.  The
concentration of calcium ions can generally be any concentration, such gs about .1 M
to about 1w In various fiwther embodiments, the calchan tons areused at a
concentration of betwoen about 1 mM and about 2 M, or betwoen about T mM and abowt
M, between about T mM and about 8.5M, between about T mbd and about 1080 mM,
hetween about T oM and about 36 mM, between abomr T i and abont 10 md,
botween about ¥ M and sbout & mbdd, between'ghow 3 mM and about 7 mM, between
about' 4 mM and about & wdd, or betwoen about 4.3 mM and abowt 3.5 mdd. In various
further embodinments, the phosphate ions are ased at & concentration ranging between
about .5 M and about 2 M, or between abowt 8.5 oM and about 1M, bebwesn abowt
4.5 mM and about 0.5M, between about 1.5 mM and about 100 M, between about 0.5
mdd and abod SO md, betwesn about 315 b and about 18 M, bebween about 0.3
7 and shout 7 oM, or betweenabout 1 el and sbout 6w, hetween aboart 1.5 oaM
and about § mM, between about 2 M and sbowt 4 mM, or between about 2 3 mM and
about 3.5 mM. The ratio of calcium fons to phosphate fone can generally be any vatio,
such as about 3:3. In varicus embodiments, higher lonic concentrations may be wsed
when gel formulations are employed Un non-limiting canbodiments, 0.1 M or mawe),
winle Jower fome coneentrations may be used when solution formulations are employed

{in noo-Hmiting cosbodiments, 30 mM or less)

In some embodinsents, biomineralizing polypeptides comprise or consist of one
or more amelogenn derived polypeptides (ADPs).

h one embodime, bionuncrabizing potypeptides comprise or consist of

{WPASITDKTRREEVD Y (ADP3; SEQ ID NGy,

{(PGYINILF S VRN SHSQAIN(TADRT A Y e {ADPS; SEQ 1D NO11 3,

(LPPLFSMPLSPILPELPLEAWPRA D {ADPS SEQ ID NO Ty

17
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(HPPSMHTLOPHHHLAPVYPAQOPV{A/DPQOPMMPVPGIQHSMTP
{FDOH 0 (ADPT SEGQ ID NO:SY

{SYENSHSQAINVDR D)L (shADPS, SEQ ID NOIs);
(SYEKSHSQAINTDRTh.q (SADPS, SEQ 1D NO:24y; and

12-42 contiguous aminoe acids of (HPPSTIHTLOPHHHL/DPYVPAQ
QPVIA/DPOQOPMMPVPGOIOHSMTPUT/NO . (ADPT, SEQ ID KO 1E),;

or functional cquivalents thereof. {n vavious ersbodiments, the reciied polyvpeptides may

L

bepresentin 1, 2,3, 4,5, 6,7, 8.9, or 10 copies, or ranges such as 2-10. For example, a
tetrapeptide can beused that contains four consecutive copies of ADP6. In some
ng polyvpeptides comprise or consist of two g more of
the ADPs or functional equivalents thereof. In some embodiments, the biomineralizing
polypeptides comprise one or more fusion peptides comprising or consisting of two or
more of the ADPs or finctional eqpavalents thercofl
As used herain, ¢ “functional equivalent” of o polypeptide 15 oue that retains the
15 biological activity of the polypeptide in treating dental disease, and includes one or more
s acid substitntions, deletions, additions, orinseriions. Tnvarious ambodiments, the
functional equivalent is at loast 50%, 5854, 60%:, 65%, T0%, 75%, 8%, 88%%, 90%,
1%, 9%, 93%, 4%, 95%., or move identical to the recited polypeptide. In some
cothodiments, the fimctional equavalent is a shortened version of an ADP described
20 herein
In another aspegt, the mvention provides a polypeptide consisting of the amine
acid sequence of
(SYENSHSQAINVDRT ) GhADPS; SEQ ID NO:16) or
{SYEKSHSQAINTDRY hae (3ADPS; SEQIDNO:24).

The tnventors have discovered that these polypeptides of the invention have

$ay
45

significantly enhanced agueous solubility compared 1o other ADPS polypeptides
deseribed to date, while retaming the mmeralization divecting properties of ADPS.
Thus, the polypeptides of this aspect of the invention provide a significant Buprovenient
over previous bionuneralization peptides. The polypeptide may be presentin 1,2, 3.4,
3y 5,67, & 9, or 10 copies; i one specific embodiment, the polvpeptide 1s present in one
copy. While the polypeptides cousist of the recited amine amd sequence, the iveation
further provides fusion proteing comprising a polvpeptide of this aspect of the invention
fused to another polypeptide, formulations comprising the pelypeptides of this aspect of

the mvention and one or more calonen and/or phosphate ton sowrces, and vanous oral
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care products comprising the polypeptides of this aspeet of the invention, as described
herain,

As used throughouwt the present application, the torm “polypeptide™ 15 used m s
broadest senge o refer to a sequence of subuni amine acids, whether naturally ocowrving
orof synthetic onigin. The polvpeptides may comprise Lamino acids, Deamino acids
Ewhich are reststant to L-amino acid-specific protoases invive), or a combination of D-
sud L-smwino acids. The polvpeptides described herein may be chemically synthesized
orrecombinantly expressed. The polypeptides may be linked to other compounds o
promote an ncreased halBhife bnvive, such as by PEGylation, HESyiation, PASylanon,
or glveosylation. Such linkage dan be covalent or non-covalent as s understood by
those of skill i the art.

I one embodiment, the methods comprise adnunistering a polypeptide
comprising of consisiing of the aming actd sequence
{(POYIN(L/EYSYE(R/NISHSQAINE/AIDRTA ) (ADP3, SEQ IR NG 3 ora
functional equivalent thereof. In an alternative embodiment, ADPS comprises or
consists of (PGYINFSYENSHSQAINVDRTA) .o (ADPSH; SEQID NG5}, ora
functional equivalent thoreof, [n another alternative embodiment, ADPS comprises or
consisis of (PGYINLSYEKSHSQAINTDR YA ¢ (ADPSM; SEQ ID NO ), ov a
funetional equivalent thereof. In vet another aliemative embodiment, ADPS comprises
areonsists o ISYENSHEQAINVERT 1ae (hADPS: SEQ 1D NG:I6), or 2 functional
gquivalent thereof. Dan sltermative embodiment, ADPS comprises or consisis of
(SYEKSHSOQAINTDRT ) (8&DPS; SEQ ID NQ:24) or a functional equivalent
thereof. In various embodiroents, ADPS ADPSM, shADPS, sADPS, or ADPSH Is

present in 1,2, 3,4, 56,7, 8.9, or 1 copies, or ranges such as 2-HE bran altemative
cmbodunent, ADPS, ADPIM, shADPS, sADPS o ADPSH is present in | copy. Invet
another alternative embodinent, the ADPS corprises or consists of ADPSH or shADPS,
proferably 1o one copy. In vet another altomative embodiment, the ADPS comprises o
consists of sADPS, preferably in one copy. In some embodunents, the biomaneralizing
polypeptides comprise or eonsist of o ov more of the ADPs or functions] equivalents
thereof. Iy some embodiments, the blomineralizing polypeptides comprise one or more
fusion peptides comprising o consisting of two o more of the ADPs or functional
eguivalenis thereof,

In another embodiment, the methods comprise administening a polvpeptide

comprizing or consisting of the amino acid sequence:
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{HPP/THTLOPHHE/DPVVPAQQPV
{ADPOOPMMPVPGIHABHSMTPINOH )50 (ADFT, SEQ ID KO 18}, or a
functional equivalent thereof. Inauembodiment, the ADPT comprises or consists of
(HPPSHTLOPHHHLPVVPAQOPVAPQOQPMMPVPGHHSMTPTOM )16 (ADPTM;
SEQIDNCR19y
(HPPTHTLOQPHHHIPVVPAQQPVIPQOPMMPVPGQHEMTPIQH 1 (ADPTH; SEQ
IDNG20), or a functional equivalont thereof. In various cmbodimenis, ADP 7,
ADPTM or ADPTH s presentm 1,2, 3,4, 5,6, 7.8, 9, or 10 copies, or ranges such a8
-1 Inoan embodiment, ADP7, ADPTM, or ADPH7 15 present in | copy. In another
embodiment, the ADPT comprises ot consists of ADPTH in ong copy. In somg
embodiments, the biomineralizing polvpeptides comprise or consist of bwo or move of
the ADPs or functional equivalents thereof. In some embodiments, the biomineralizing
podypeptides comprise one o more fuston peptides comprising or consisting of two or
more of the ADPs or functonal equivalents thersof,

in a further embodiment, the polypeptide for use 1 the methods comprises or
consists of the aming acid sequence WRASTDRTKREEVD e (ADP3 3EQ 1D
NO:TY, or a fusctional equivalent thersof In an embodiment, ADPY comprises or
consists of ({WPATDKTRKREEVD e (ADPIM SEQ ID NOS) or
(WPSTDKTERREEVD yan (ADP3IH SEQ {D NO:9), or a fimetional equivalent thereof,
I vacious embodiments, ADP3, ADP3M, or ADPIH v presentin 3, 2, 3,4, 5,6, 7, & 9,
ar 0 copmes, ov ranges such as 2180 In an csbadiment, ADP3 ADPIM, or ADP3H s
present in 1 oopy. Inanother ombodiment, the ADIP3 comprises or consists of ADP3H
o one copy. In some embodiments, the blomineralizing polypeptides comprise or
cousist of two ot more of the ADPs or fimctional equivalents thereof. In some
cmbodiments, the bionineralizing polyvpeptides comprise one or more fusion peptides.
comprising or consisting of two or more of the ADPs or functional equivalents thereof.

Invarious further embodiments, the polypeptide for wse iy the mcthods
comprises or consists of a polypeptide selected from the group consisting of selected
from the group consisiing of!

{(HYLOPHHELAPVV 1., (ADPL SEQ IDNO: Y,

(VPGH/QWHSMTP(TNOH) .10 (ADPZ; SEQ 1D NOwy;

{(HPP(SIMHTLOPHEHL/DPY Vi (ADPS; SEQ 1D NO1Oy,

{PAQQPVIADPOQOPMMP .0 (ADPS; SEQ D NG21Y

(HTLOPHHHEPYY 00 {ADPIM: SEQ 1D NO 2,

20
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(HTLOPHHHIPV V)4 (ADPHH; SEQ 1D NOu3y,
(VPGHHSMTFTOH),..¢ (ADP2M: SEQ ID NO:S),
(VPGOHSMTPIOH )10 (ADPIH; SEQ 1D NO6);
(HPPSHTLOPHHHLPVV), (ADP4M: SEQ ID NO:11):
(HPPTHTLOPHHHIPVV),..o (ADP4H: SEQ ID NO:12);
(PAQOPYVAPQOPMMP), 1o (ADPEM: SEQ ID NO:22): and
(PAQQPVIPQOPMMP),..0 (ADPRH; SEQ ID NO23);

L

or functional equivalents thoreof
In vanous embodiments, the vecited polypeptdes may be presentin 1, 2,3, 4.5,
i 6,7, 8, %, or 10 copies, or ranges such as 2-10. 1n some embodiments, when present in
more than one copy, the copies are contiguous o cach other. In some embodiments, the
polypeptide for use by the methods comprises a fusion of two or more of the ADPg
desenbed berein or fanctional equivalents thereof
Each ADF and functional cquivalent thercof has is own distinet kingtic profile
15 snd may exhibit a fast or slow kinetie profile. For example, ADPS has a fast kinetic
profile whereas ADPY has aslow kinetic profile. In some embodimints, the
biomineralizing polypeptide comprises or consists of at least one ADP with a slow
kinetic profile and af least one ADP with a fast kinetic profile. In some embodiments,
the biominerahizimg polypeptide only comprises or consists of one or muwe ADPs with
20 fast kinetie profiles. In some embodiments, the bionsneralizing polypeptide only
comprises or consists of one or more ADPs with slow kmetic profiles. Fast kinetics
refers to fast mineral formation, such as immediate nuneral formation, whilo slow
mineral formation refers to mineral formation over a period of time, such as gbout 3

fmnetes to about T howr. In some entbodiments, a first bionuneralizing peptide having

$ay
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faster kingtics can be used in combination with a second bronunsealizing peptide having
slower kineties,

In some embodiments, the polypeptides of the mvention or the polypeptide for
use 1y the methods further comprises at least one fluorescent agent. o some
embodiments, the polypeptides of the invention or the polypeptide for use wn the
3 methods comprises a polypeptide covalently linked to at feast one fluorescent agent.
Hlustrative fluorescont agonts include, but are not lmited to, fluorescein, 6-FAM,
rhodamine, Texas Red, California Red, iFluor394 teframethylthodanune, a
cavboxyrhodantne, carboxyrhodamine 6F, carboryrhodol, carboxyrhodamine 116,

Cascade Bhue, Cascade Yeollow, coumarin, Cv2®, 938, Cy3 88, Cy3R, Qv SRy
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CyT®, Cy-Chrome, DyLight® 350, DyLight® 403, DyLight® 488, DyvLight® 549,
DyLight® 594 DyLight® 633, DyLight® 649, DyLigheR 680, DyLight®: 750,

Dy Light® 800, phveoerythrin, PerCP (peridinin chlorophyli-a Protein), PerCP-Cyi5,
JOE {6-carbony-4", 3 dichlore-2' T-dimethoxythuorescein), NED, ROX (5-fand -6-)-
carboxy-X-rhodamine}, HEX, Loaifer Yellow, Marina Bloe, Oregon Green 488, Oregon
Creen 300, Oregon Green 314, Aloxa Fluor® 330, Alex Fluor® 430, Alexa Fluor® 485,
Alexa Fluor® 532, Alexa Fluord® 346, Adexa Fluor® 368, Alexa Fluor® 5394, Alexa
Fluer® 633 Alesa Fluor® 647 Alexs Floor® 668, Adexa Fluor® 684, T-amino-d-
mcthvicoumarie-3-acetic acid, BOBIPY®R FL,, BODIPY® FL-Br2, BODIPY® 530/550,
BODIPY®R 358/568. BODIPY®: 630:650, BODIPYR 650/665, BODIPY®R R6G.
BODIPY® TMR, BODIPY® TR, and conthmations thereef,

The subject may be any subject whose eeth conld be whitened or remineralized,
incloding st ot hunited fomammals. I varioss eothodiments, the mamaal s a
human, dog, cat, borse, cow, sheep, goat, pig, of other pet or foodfdairy smimal. Inone
embodinent, the subject 15 a human, 1o one embodiment, the subject is suffering from
dempwratization of enamed andior dentin of ong or more tooth.. For example, the subjret
may have one o more of incipient cartous fesion, tooth hypersensitivity, and/or whits
spot lesion, and the eoffective amount administered is an smount of the polypeptide and
fons of Caand POy that is effective to treat the one or mors ncipiont carious losion,
tooth hypersensitivity, andfor white spot lesion,

As used herein, “tooth whiteoing™ and “dental bleaching™ have wdentical
meanings and can be used biterchangeably. Tooth whitening and dental bleaching refor
to decrgasing the amount of chromagens or discolorants present tnor on a tooth. In
certain embodiments, footh whitening refirs to restoring a tooth to its original color. In
certain other embodiments, dental bleaching refers to whitening a tooth bevond #s
vatural, original color. Tooth whitening niay be measweed using methods known to
those skilled in theart. In some cmbodimonts, tooth whitening is measured using
comparative shade guides. In sooe cmbodiments, tooth color and tooth whitening are
measured using @ colorimeter, such as a tristimudos colorimeter. Such instruoments can
be used to weasure the color of the specimen {tooth) swrface quantitatively. The CIE
“LEa*h* color system is cornmonly used b the coromoercial and seientific erature &
quantitatively measwring teoth color (See Yiming, J. Fsther. Restor. Dend, 150533341
(20031 The system uses ane funinance parsoeter and two color coordinates to specify

a point on a chromatioity diagram. The "L vahse corvesponds to lighiness, the 87
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value corresponds to-red-green,-and the "B value corvesponds to vellow-bhee. - & change
in the color of a treated tooth can be caleutated as AE g = (ALY + {Aa®) +{(AbH* V)
The value can generally be any value, and in sone cases have a minimum valie fimited
only by the detection Hont of the instranient used to take the measwoments.

As used beorein, “nminerahizing” or “ronunerahlizing” ave used interchangeably, and
mean mineral laver formation on damaged enamel. Thus, subjects in need of
smncralization are those that bave damage to the enamel that can benefit from the
smnerahization methods of the mvention. The methods may result i any amount of
mineralization, as any such mineralization provides & therapeatic benefit o the subject.
In various embodiments the mineralization may result in production of a mineral layer at
teast 1 pm on the tooth enamel; n other envbodiments, the methods result in production
of a wineral laver at Jeast 2, 3, 4, 5,6, 7.8, 9, or 10 pm on the tooth enansel. In one
cothodiment, the mineral layer produced on the cnamel comprises a dense mineralized
layer contaiming hydroxyapatite, also known as hydroxyl apatite (Hap). In other
embodinents, the newly formed muneral laver 18 ilegrated with the underlying enamel.

Asused herein, unless othehwise described, an “smount effective™ or Veffective
amount” refers to an amount of the polypeptide that is effective fur whitening teeth
andfor for mineralizing tocth. In some ombodiments, the “amount effective™ or
“effective amount” means a concentration of abowt .01 mM to about | mM of the
polypeptide. Thisincludes a concentration of about 8,05 mM to about 0.5 M or about
0.1 mM to about 0.5 mM. In some embodimernts, the concentration i about (0.01_ 603,
0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10, 0.15, .20 .25, .30, 035, 6.40, 0.45,
0.50, 0.55, 0.60, 0.65, 0.70, 0.75, 0.80, 0.85, 0.90, 0.95, or 1 mM, including incroments
thererty, of polypeptide;  Ih a chinical setting, higher concentrations of polypeptide {for
examyre, about .6 mM o about (0.8 mM) may beused. In g howe use setting, lower
concentrations of polypeptide {for example, about .01 md to about 8.1 mM} may be
used. In one embodiment, the polypeptide 1s adounistored in a formmdation and is
prosent in the forrmolation at o concedtration of about 8.01 mM to about 20 wM; n
vartons further embodiments, the polypeptide is present in the formulation at between
ghout 0.04mM and about 0.53M, or between about .01 and about £.1M, between
about 0.0hmM and about 50 mM, between about 0.01 mM 1o about 20 miM, or between
about 0.1 vaM o gbout 15 mM, or between about 8.5 oM 1o about 12.5 mM, or betwesn

about 0.8 mM and about 10 mM. In some embodiments, the “amount effective” or
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“effective-mmount’ refors to an amount of a composition conyrising the pelypeptide that
is effective for whitenmp teoth andfor for mineralizing toeth.
The methods may firther vomprise administering fluoride to the subject, In

various embodinents, the fluoride way be present in the formulation at between about

L

St ppm and abowt 20,000 ppmy, or between about 30 ppny and about HLOBE ppm,
bebegon about 50 ppm and about SHHE ppm, bebween about 50 ppm and abous HIMY
ppm, between about 30 ppin and sbout 500 ppm, or about 75 ppm and about 400 ppm,
hetween about IO ppm and about 300 ppro, between about 150 ppm snd about 250
ppim, or about 200 pprn. The exanples demonstrate that use of the polypeptides of the
i mvention allow the delivery and incorporation of flusride fons into the remineralized
tayer even at Huoride concentrations much Tower than those used in current dental
practice and products,
The polypeptides are typically formudated as a pharmaceutical compeosttion, sach
a8 those disclosed herein, and can be administered via any suitable route, including
S orally, parentally, by inhalation spray, of topically in dosage unit foramulations
containhny conventional pharmaceutically acvoptable carriers, adjovants, wnd velicles:
In an embodiment, the pharmaceatical compositions and fonmalations are topically
administration, such as i the form of ointments, fotions, creams, pastes, gels, drops,
spravs, Bouids and powders. Conventional phanmaceutical carrigss, aqueous, powder o
20 oily bases, thickeners and the like may be inchaded.
In cortam preforred enbodunens, the polypeptides are debivered by placing the
polypeptides 1o contact with a tooth surface and applying a light source 1o the tooth
Without being bound by theory, it is beheved that 8 light source can inerease the rate of

twoth whitening andfor for inineralizing. Such light sources can include diode lasers,
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PAC lights, and halogen lights,

b certain preferred embodiments, the polvpeptides are delivered by placing the
polypeptides in contact with a tooth surface also in the proasence of at least one cleaning
sgent. Exmoples of cleaning agents include hvdrogen peroxide, carbanude peroxide,
tanium dioxide, sano-hydrogvapatite particles, ziveonia powder, and combinations
3y thereof.

in cortain preforred embodiments, the biomineralizing polypeptides are present
i a gel or other phannaccutical composition, as deseribed hevedn, placed in a mouth

guard and apphed 1o the teeth of a subjoct overmight. Soch repeated overnight
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apphcation of biomintralizing polypeptides can have especially beneficial whittning
ancdior for mineralizing effects.

Simdlarly, the biomineralizing polypeptides deseribed herein can be applied to
the teeth of a subject as 2 mouthwash, toothpaste, or tooth varmsh on a daily basis to
similar effect.

In some embodiments, the pharmaceutical compositions weed in the methods
deseribed berein comprise at least one bomineralinng polvpeptide and a calcinm jon
source. In some embodiments, the pharniaceutical corppositions used i the methods
described herein comprise at least one biomineralizing polvpeptide and 8 phosphate fon
source. In some embodiments, the pharmaceutical compositions used in the methods
desertbed herein comprise at least one biomineralizing polypeptide, » caleium jon
source, and a phosphate 1on source.

Dosage regimens can be adjosted to provide the optimom desired regponse {for
exanple, 2 thetapeutic or prophylactic response). A suitable dosage range may, for
instance, be about .1 pg'ke 1o abowt 100 mg/ke body weight altermatively, it may be
about 8.5 ga'ke to sbout Mmg'ke sbout 1 pedke to sbout 25 mgte, orabout S peky
to about 10 mgkg body weight. The polypeptides can be delivered in a simgle bolas, or
may be adndnistered more than onice (for exanple, 2, 3,4, 5, or more times) as
deterniined by an attending physician

Invarious other embodiments; the heterologous polypeptide provides added
Auctionalily, fir exanple, when the fusion polypeptides ave used to whiten sndfor
aunerahize teeth, Exermplary such beterologous polypeptides inchude, but are not timited
to biomineralization-promoting polypeptides {that is, any other polypeptides that are
asehud for controlling of promoting onuncralization). As will be vndersiond by those
of' skill in the wt. the recited heterologous polvpeptids may comprise or consist of the
full Jength protein, or functional polypeptides derved therefrom. Such heterologous
polypeptides are known to those of skill i the art. A recombinant fuston profein can
comprise the ADP polypeptide and at least one hoterologous polypeptide.

In a further aspect, pharmaceutical compositions are provided, comprising one or
mote polypeptides, recombinant fuston proteins, or compositions with a
phanmaccuticatly acceptable carrier. The phanmaccutical conpositions can be used, for
cxampie, in the methods described herein. The pharmaceutical composition may

comprise iy addition to the polvpeptide {a) at least one lyoprotectant; (b) at least one
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sucfactants (o) at loast ong hulking agent; {d) at least enc tomicity: adjasting agent; (e at
least one stabilizer: {f) at least one proservative; andior {(g) at least one buffer,

in some cmbodiments, the butter in the pharmaceuntical composition is a Tris
bufter, a bistidine butfer, a phosphate buffer, a citrate buffer, or an acetate buffer. The
pharmaceutical composition may also inclade at least one Ivoprotectant, for example,
swerose, sorbitol, or rehalose, In cortain embodiments, the pharmaceutical composition
includes at least one preservanive, for example, benzatkonium chloride, benzethorium,
chiorohexiding, phenol, mecresol, benzyl sleohol, methylparaben, propylparaben,
chlorobutanol, o-cresol, p-cresol, chlorocresol, phenylmercuric nitvate, timerosal,
benzoic acid, or various mixtures thereof. In other embodiments, the pharmaceutical
composition inclades at feast one bulking agent, such as glyeine. In vet other
embodiments, the pharmaceutical composttion includes at least oue surfactant, for
cxample, polysorbate-26, polysorbate-4, polvsorbate- 60, polysorbate-65, polysorbate-
84 polysorbate-85, poloxamer-188, sorbitan monolsurate, sorbitan monopalnitate,
sorhitan wonostearaie, sorbitot monoaleate sorbuan wrifaurate, sorbitan wistearate,
sorbitan tricloaste; or ey contbination thersof. The pharmacautical composition may
also include at least one tonicity adjusting agent, for example, a compound that renders
the formidation substantially 1sotonic or isoosmotic with human blood. Exemplary
tonicity adjusting agents mohude sucrose, sorbitel, glycing, methionme, mannitol,
dextrose, inosttod, sodium chioride, argimine, and arginine hydrochlide. In other
cmbodintents, the pharsaceutical composition additionally includes at least one
stabihzer, for example, a molecole which, when combined with a protein of interest
substantially prevents or reduces chemical andfor physical instability of the protein of
mterest in tyophibeed or fipad form. Exemplary stabilizers include sucrose, sorbitol,

The polypeptides may be the sole active agent 1n the pharmaccutical
copyposition, or the composition may further comprise one ormore other active agonts
suttable for an intended use, including but not lunted to antinterobiad polypeptides
{ishibiting bacterial infection), other bionuneralization-prowoting polypeptides {that is,
any other polypeptides that are useful for controlling or promoting biomineralization),
msrgantic material-binding polypeptides, three-dimensional scatfpld-forming
polvpeptides, collagen, chitosan, amphiphilic peptides, protet-binding polypeptides,
engmelin-dernved polypeptides, muftelin-derived peptides, statherinederived polypeptides,

dentin-derived polypeptides, bone sialoprotein-derived polypeptides, osteocalein-
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derrved polypeptides, osteopontir-denived polypeptides, protoing with carres indabitory
activity, casein, and bone morphogenstic-derived polvpeptides.
The pharnaceutical compositions deseribed horein generally comprise a

combination of a compound described berein and a pharmacestically acceptable carrier,

L

diluent, or excipient. Such compositions are substantially free of non-pharmaceutically
acceptable components, that is, contain amounts of son-pharmaceatically acceptable
components lower than pernutted by regulstory requirements. In some embodiments of
this aspect, if the coropound 1s dissobved or suspended in water, the composition further
optionally comprises an addinonal pharmaccutically aceeptable camer diluent, or
10 excipiont. In other embodiments, the pharmaceutical compositions described heroin are
sofid pharmaceutical compositions (for example, tablet, capsules, lorenges, and so on).
These compositions can be prepared in g manner well knownin the
pharmaceutical art, and can be admmistered by any soitable route. It an crabodiment,
the pharmaceutical compositions and formulations gre designed for topical
15 adounistraton, and may nclude cintments, lotons, creams, pastes, gels, drops, sprays,
Heyuide and povweders. Conventional pharmaceatical cardlors, aqueous, powder or oily
bases, thickeners and the Iike may be necessary or desirable.
The pharmaceutical compositions can be in any suitable form, ncluding but not
limited to {ablets, pills, poveders, lozenges, sachets, cachets, elixirs, suspensions,
20 eowldsions, solutions, syvrups, acrosols {as g sobid or in & lguid medivm), ointments
contang, fo exanmple, up & ahout 10% by weight of the active covopmumnd, soft and
hard golatin capsules, sterile ijectable sohutions, and stevile packaged powders.
In cortain embodiments, the pharmaceutical compositions comprise at feast one

cleaning agent in addition to the biomineralizing polypeptides. These cleaning agonts

25 can include hvdrogen peroxide, carbamide peroxide, titaniam dioxide, nano-
bydroxyapatite particles, ziveonia powder, or combinations theveof. The pharmaceutical
compositions can also include abrasive agents; soach as silica particles. In some
cinbodintonts, the pharmaccutical compositions further covepuise a calciont o source, &
phosphate on source, or both,

34 In one embodiment the pharmaceutical compositions are in the form of an oral

care product, mcluding but not mited to toothpaste, toothpowders, mouthwash, dental
floss, hquid dentifrices, dental tablets, topical gels, woches, chewing gums, dontal
pastes, gingival massage creams, gargle tablets, lozenges, and food products. Thus, in

another aspeot, oral carg products ave provided, comprising any embodiment or
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combination of embodiments of the pelypoeptides, redombinant fusion proteins, andfor
compositions. Such oral care products can be used, for example, in whitening and/or
mineralizing tecth. In some embodinients, provided herety are oral carve products
comprising at least one bionunerabizing polypeptide, ot least one caleiunt ion source, at
teast one phosphate jon source, and at {east one cleaning agent. The calehun 1ons are
present due o af least one calctem fon souree. The calctuny fon sourcs can generatly be
sy calcium salt. THustrative caleim ion sources include, but are not linyted to, calchum
geetate, calcim carbonate, calowum cirate, caletum chlovide, calchum gluconaie,
calcium glycerophosphate, calcium lactate, and calciiom phosphate: In some cases,
combinations of more than one calcium ion source may be used. In some embodiments,
the calcium ion source is not calcium phosphate. The phosphate 1ons are present due fo

at least one phosphate ion source. The phosphate ion source can generally be any

¢
phosphate salt. Ilustrative phosphate ion sourcesinclude, but are not Hmited to,
aluminum phosphates, calcium phosphates, potassiuin phosphates, and sodinn
phosphates. Calcium phosphates include monog¢aleium phosphate, dicalennm phosphate,
and tricalonan phosphate. Potassiom phosphates inclade monopotassiuan phosphate,
dipotassivm phosphate, and tripotassiun phosphate. Sodium phosphates inchude sodinm
dilivdrogen phosphate, sodiwm hydrogen phosphate, and trisodium phosphate. In soine
cases, combinations of more than one phosphate o source may be used. Insome
conhodiments, the phosphate lon sourcs ts not calciom phosphate.  The concentration of
calehno wons can generally be any concentration, such as sbout 0.1 mM o about 160
M. In vartous further erwbodiments, the calciant ions ave wsed at a concentration of
between about T oM and about 2 M, orbetween about T miland abott 1M, between
abiogt | mM and about 0.5M, between about 1 mM and about 100 mM, between aboat 1
mM and about 50 mM, between about 1 mM and ahout 10 mM, between about 2 mM
and about 8 mM, between about 3 M and about 7 mM. between about 4 mM and abowt
& mM, or between about 4.5 wM and sbout 5.5 mM. The concentration of phosphate
tons can generally be any concentration, m the range of 0.5 mdl and abowt 2M. In
vartons further embodiments, the phosphate foag are used ab a concentration ranging
between about .5 mM and about 2 M, or between about 6.5 wmM and about 1M,
between about 0.5 mM and about 0,5M, between about 0.5 mM and about 100 mM,
betweer gbout 0.5 mM and about 30 mM_ between about 0.5 01 aud abont T8 mM,
between about 8.5 mM and abowt 7w, or between about 1 maM and about 6 mM,

bebween about LY miM and about 8 wmiM, between about 2 mM and about 4 mdd, or
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beteocn about 2.8 M and about: 3.5 mM. The vatio of caleisin tons to phosphate 1ons
can generatly be any ratio, such as about $:30 In a fiether embodiment, the oral care
product may further comprise fluoride. In vanous non-limiting cmbodiments, the
fluoride may be present in the oral care product at between about between about 50 parts
per muthon (ppry) and about 20000 ppm, bebween about 30 ppm and about 10,000 ppm,
bebeeen about 50 ppm and about SBHE ppm, bebween about 30 ppm and abous HIM
ppra, between about 0 ppin and sbout 500 ppr, or about 75 ppm and abouwt 400 ppra,
hetween about IO ppm and about 300 ppro, between about 150 ppmn and about 250
ppmy, orabout 200 ppomy. In further embodiments, the oral care products comprise at
lrast one hiomineralizing polvpeptide, calcium, phosphate, and one or more of hydrogen
poroxide, titamom dionide, carbamide peroxide, nano-hydroxyapatite particles, and
zivconia powder.

Several exemplary embodiments of the present application are sapunarized in

Table i

below,
Table 1
Product Type Formulation Use area
- Whitening gel with Fast ‘Gl In-clinic Power Bleaching

nuneralizing Polypeptides

Whitening gel with Fast el In-clinic Power Bleaching

mineralizing Polypeptides & Laser

light
Whitening gel with Fast | Gl In-clinic Power Bleaching

mineralizing Polypeptides &

custondized ray

Whitening gel with Regular Gel At-home fast Bleaching
mineralizing Polypeptides & Laser

fight

Whitening gel with Regular Gel At-home fast Bleaching

nuneralizing Polypeptides & Laser

hight
Whitening gol with Regular (el At-home fast Bleaching

nuneralizing Polypeptides & Tray
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Product Type Farmulation se area
Whitcning toothpaste with Regelar | Toothpaste At-home Daily Bleaching
nuneratizing Polypeptides
Whitening toothpaste with Mild Toopthpaste At-home Daily Bleaching
mineralizing Polypeptides

¢ toothpaste with Mild iuuthpaste At-home Daily Bleaching

minerahizing Polypepudes & 2-3%
HOy
Whitening toothpaste with Mild Tonthpaste At-home Daily Bleaching
annerabzing Polypeptides & 2-3%
carbamide peroxide
Whitening Toothpaste with Mild Toothpaste At-home Daily Bleaching
mineralizing Polypeptides

' iie’hitaning solution with Mild Mouthwash Athome Dai by Bieaéhiﬁg
mincralizing Polypeptides
Whitening solution with Mild Mothwash At-horme Daily Bleaching
mineralizing Polypeptides &
chimeric AMPs (separate)

As nsed by this table, “fast” refors to a rapid single shot whitening troatment,
“regular” refors o a chindcally viable chatrside treatment time period, and “mild™ refers
to over the counter consumer products,

Al of these aspects/embodimonts disclosed herem can be combined with any

ather gspectiombadiment, anless the context clearly dictates otherwise,

EXAMPLES

Example 1. Polypeptide Svathesis

eMIRG amclogonin was croated o deseribed proviousty by Moradian-Qldak ef
ad G Struce. B, 2000, 1311 027-37). The ADPs wore synthesized by standard solid
phase peptide synthesis techmgue on Wang resin using Frooe chemistry and HBTU
activatton. CSBio 336s (CSBio, Mendo Park, CA, LIBA)Y mutomated peptide synthesizer

was used for the synthests, The reseliing resin-bound polypeptides were cleaved and
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side-chatn-deprotected using Reagont K foifluoroacetic acid
‘hicanisole M0 phenoliethanedithiol (87.53:5:3:2.5)) and, precipitated by cold ether.
The crude polypeptides obtatned were purified by roverse phase high performance liquid

chromatography up 1o 3 >98% purity {Genunt 10g C18 110A cohann}. The magses of

L

the punficd polypeptides were checked by mass spectroseopy using a MALDETOF

mass spoctrometer (Broker Daltonics, Billerica, MA, USA).

Example 2. Experimental Ia Figro Procedures of Re-mineralization Using the
Peptide Solution on Rat Tooth

16 Rat tecth {molars) were ointained froum sacrificed rats (for example, Sprague
Dawley rats, age 3 weeks or older) from amimal facilivy, collected, and stored in H30%,
alcohol. Prior to the re-punevalization experiments the teeth weve stored 1 1% bleach
for 24 howrs. The teeth did not have sofl tissues or plageesariar. The teeth were then
dried in an incubator in air at 37 °C for 3-6 hours 1o produce dry surface. The root s

15 and scenton the crown were removed vertically using a diamond blade. Pictures were
fakorrwith camera attached 1o optical microscope. Exposed denting sites i the one halt
of the sectioned tooth were etched with 35% phesphoric acid (Ulttactch ™) for 60
secomds (1o facilitate the stain intake). The ciching gel was removed by rinsing the
sample with distiled water for 3 minetes. The staiming solution was prepared by boiling

20 2 gofteain 100 ml of delonized water for § minetes, and then conded dovwn to rowan
tenperature and filtered. The tooth sanmple was soaked in the stabung solution and
incobated at 37 °C at 150 ypm for 24 hours. The tooth was removed from the statning
sohution and sonicated for 3 seconds in devonized water {sonic bath) to remove the

excess anoutt of fea particles attached to tooth extrinsically. The one half of the
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sectimied foath was cut vertically mio half again to form fwo quarter sections of the
tooth. A second set of pictores were taken with camera attached to optical myeroscope.
One of the quarter pieces was stored in 24 mM Tris Butfer (pH: 7.4} for controf and twe
other one was used for jo v re-mineralization. The portion used for fa vitro re-
nuncralization was submerged into peptide solution (600 by containing a wineralization
3 polypeptide in & 48 well plate and imcubated for 1 minutes at 37 °C. After incubation,
the mincralized tooth was placed in 3 now well, 400 1 of 9.6 mM CaCl; and 400 yl of
5.6 nM KHPOs were added o the well and quickly mixed with a pipetting the solution
up and down. The tooth was incubated 11 the nunerabization soluton for 16 hours at 37
“C. The mineralization polypeptide was SYENSHSQAINVDRT (shADPS SEQ ID
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NG 18 The quarter portion of the toath wineh had been exposed to the polvieptide
sotuton, calcium ion sowrce and phosphate ot source was ohserved to be lighter in
colot than the control

I cortainy experiments, mineralization was repeated with a fresh polypeptide and

mineralization solution for the second round of re~-mineralization.

L

Example 3. Experimental fa Vigre Procedures of Re-mineralization Using the
Peptide Solution on Human Tooth
A caves-froe human tooth was sterthized 1 1% bleach solution for 24 hours

10 then removed and vigoroushy rinsed with deionized water. The root site was removed
and the crown sectioned vertically using o diamond blade. Pictures were taken with a
cmmera attached to an optical microscope. Figure 1{a} shows the original tooth before
scotioning vertically: Figare 1) shows one half of the original tooth that was
sectioned.

18 The exposed denting sites were ctched with 35% phosphorie acid (Ultracteh ™)
for o0 seconds (o facilitate the stamn intake). The etehing pal was removed by rinsing
the sample with distilled water for 3 miinutes. The staindog solution was prepared by
boifing 2 g of tea in 100 mi of deionized water for § minutes, which was then conled
down to room tomperatare and filtered. The tooth was soaked i the staining solution

20 and imcubated at 37 °C at 150 rpm for 24 howrs. The tooth was then removed from the
stating solution and sontented for 30 seconds 1o detonized water {sonic hath) to ramove
the excess amount of tea particles attached o tootl extrinsically. The sectoned tooth
was cut vertically in half again to form two quarter seetions of the tooth. Figares 2(a) to

i} show vartous sections of the tooth after the stalrung. Figure 2{a) shows the one hialf
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of the sectioned tooth after the staining. Figures (b), () and {d) show differant views of
the left goarter of the tooth that was sectioned frow the tooth. Figures (e}, (1) and (g}
shove ditferent views of the night quarter of the toth that was sectioned from the tooth.
Axcan be abserved frove Figures 2(a) to 2{g), brown stains from the staining schution
wiere formed on the surfsce wud below the surface of the tooth. The left guarter of the

3 woth was stored in 24 ;mM Trig Butfer (pH: 7.4) for control and the vight quarter of the
tonth {test tooth) was used for & wire re-mineralization. The test tooth was submerged
o peptide solution (600 by contaming arolrersiization polypeptide in 2 48 well plaie
and incebated for 10 nunutes a0 37 °C. After incuhation, the tooth was removed and

placed into to & now well. A minerslization solution of 400 ul of 9.6 mM UaCly and 400
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pl of 5.6 mM KHPO was added and quicklyimixed by pipetiing the sohtion upand
down. The test tooth was incubated in the mineralization solution for 16 hours a3 37 °C.
The mincralization polypeptide used was SYENSHSQAINVDRY {shADPS; SEQ 1D
NQO:16). Figore 3 shows the leftguarter {control} and the right quarter of the tooth {fest
tooth). As can be seen i Figure 3, the right quarter which had been exposed to the
polypeptide sohation, calciem ion source and phosphate lon source appeared lighter in
cotor than the left guartter {control). In certain exporiments, mineralization was repeated
with a fresh polvpeptide and wineralization solution for the second round of e~
nnnerahization.

Figure 4 shows # ling profile analysis of a portion of the original tooth (before
staining), a portion of the ooth after stdning, and a portion of tooth after staiming and
renunerabization. The bar chart in Figure 4 shows the Mean Pixel Intensity (MPh
analveed using Imagel™ software on images of the tooth at before staining, after
statning, and after siaining and remineralization. A zere MPY indicates completely blagk
while one hundred MPI indicates completely white. As can be observed from Figure 4,
the portion of the toath that was stained and had subsequently undergone the
remineralization treatment showed a higher MP! than the original tooth and the tooth
atter staming. Therefore, the romineralization frestment with the polypeptide solution
and ion sources resulted in improved whiteness over the original tooth and the staingd

tooth,

Example 4. Mineralization Polvpeptide Solution Formulation
An exemplary solution formulation of o mineralization polypeptide described
herein consisty of Teis baffer pH 7.4, Callly ay the calotum ion source, KHPO; as the

phosphate ton sowee, and the mineralization polypeptide.

Example 8. Mineralization Polypeptide Gel Formulation
An exemplary gel formulation of o nuneralization polypeptide doscribed herein
is a8 in follows:
Table 2

Tngrediont Weight %

Agueous 1.6 mM shADPS polypeptide

Agueous 960 M CaCly >0

33



WO 2017/123986 PCT/US2017/013492

ingredient Weight %

Potassivm sorbate 0.3

Propylene glyeol (PRG)

el R

Loy

Glycerol {glycering

Cellulose Gum

orbitol (68%% ageeous soluting)

stmethicone (antifoam) 0.5

Example 6. Mineralization Polypeptide Tablet Formulation
Anvexemplary tablet fornmudation of a nuneralization polypeptide deseribad
hercin is as follows:
Table 3

Component Weight (mg)

Ly

mincralization polypeptide, calcium tons, phosphate ions

sprayv-dried lactose SuperTab®R 118Dy

magnesiwm stearate &

tale

Example 7. Selation Mineralization Appreach
The root site of an extracted hurman tooth was removed and the crown portion of
HY  the tooth was sectioned vertically fnto halfl A thin laver of enamed wag removed from
one half of the sectioned tooty sach that the dentin layer 18 exposed without completely

removing the enamel on the tooth. This allowed imaging of the ename] surfaces after
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the mineralization expermment without the problonrof sugface reflection, and providies a
mare paratiel surface from which to compare the whiteness resudts. The sectioned tooth
was fixed onto a glass slide with cpoxy, Initial color measurements of each of the four

sides of the sectioned tooth were obtained using a Minolts Chroma Meter OR-200

L

{Rontca Minolta, Tokyo, Japan), according to manufactorer mstructions, using & white
background and 3 black background. The sectioned tooth was incebated in g
nuneralization polypeptide solution for 10 minutes ot 37 °C and then in a solution with
calcium rons and phosphate tons for 2 hours at 37 °C. Color measurements of sach of
the four sydes of the smmple were taken as described mtially. The sectioned was rinsed
10 with deionized water and the remineralization process (incubation in polypeptide
sotution, incubation in sobution of ton sources, and ninsing with deionized water) wag
repeated for a total of 25 rounds. The nunerahization polypeptide was
SYENSHSEQAINVDRT (shADPS, SEQ I Nk 163 Results of the expeniment showed
that whiterniess of the tooth enamel improved with each round of remincmlization.
15
Example 8. Solution Mineralization Appreach
Human tecth, donated by the University of Washington School of Dentistry
{Seattle, WA, USA), wore selected for their clean, smooth surfaces. The teeth were
sterifized in bleach, cut on a dismond blade to remove the root, and halved. A thin layer
20 of the enamel sueface was then cot on one of the halves paralicl o the previows cut, such
that the dentin layer could be seen without completely remsoving the enamel on the
tooth, This allowed imaging of the enamel surfaces after the mineralization experiment
without the problem of surface reflection encountered in proviogs experiments, in

addition to a more paraliel surfyce from which to conpare the brightness or whiténess
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results, The cut cnamel side of the tooth sample was then sonteated i 2 water and
polished on diamond shery smooth out the surface for magng. The sample was then
cut into gaarters, with the lower half selected for o tetracycline experiment beecaase of
the even distribution of dentin coloring in the lower quarters of the tooth sampls. The
samples were thew stalned in 10ngfml tetracyeline solution for five days.

33 During mineralization, using a Y6~well plate, one of the staived halves wag stored
m 1200 gl Tris (24 oiM) 35 a negative control, and the experimental sample was
mcubated in 150 pl. shADPS (0.8 mM) at 37°C for 10 minutes. The experimental
sample was then rinsed of excess peptide with detonized water and then stored 1n 500

gl Catlly (9.6 mM), towhich 600 gl monobasic KH:PQ4 {376 m} was added. The
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woll plate containing both the contral and expenmental samples was then storedat 37°C
for about 24 howrs for nuneralization t ocour on the wreated stamned tooth sample.
The remincralization process (incubation in polypeptide solution, incubation in

sotution of Ton sources, and rinsing with delonized water) was repeated on the

L

experimental sample for a total of 27 roands. After 27 rounds of mineralization on the

caperimental sample, the tooth wags inspected for changes in brightness qualitatively.

The stwined negative control was polished to expose the original enamel stain n order jo

compare the whitening sffect of the peptide nusneralization. Figure 5 shows pictures of

the tooth before staining, a side-by-side comparison of the stained negative control

i sample with the experimental sample having threg rounds of romincralization, a side-by~
side comparison of the stained negative control sample with the experimental sample
having four rounds of remineralization, a side-by-side comparison of the stained
negative control sanple with the experimental sample having five rounds of
remineralization, and & side-by-side comparison of the stained negative control sample

1S with the experimental sample having seven rounds of renuneralization. Figure 6 shows a
Hne profile analysis of the tooth betore staining {Bar A, the 3-rounds repaneralized
tooth {Bar BY, the d-rounds renineralized tooth (Bar O, the S<rounds remmeralized
touth (Bar D), and the 7-rounds ronineralized tooth (Bar E). The bar chart tn Flygare 6
shoves the Mean Pixel Intensity (MPD of the tooth at the various stages.

20 The results are as follows, showing effective whitening fromuse of the

hionunerabization pephide:

Table d
Assay Mean Pixel Intensity Bar in Figure 6
No staining or 70.22 £ 1.57 A
revommeralization
After 3 rounds H9:47 £ 2.96 B
""""""""" After $rounds | 7011292 C
After 5 rounds 70.79 £ 1.96 D
After 7 rounds 74.47+2.13 E

As can be observed from bars {B) to (B) in Figee 6 and the mean pixel Intensity
2% vahus inthe table above, whiteness of the stained tooth improves with repested rounds

of remineralization.
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Example 9. Biomimetic Tooth Repair: Amelogenin-derived peptide permit in
vitre rentineralization of human enamel

White spof Jestons CWSLY and incipient cartes on enamel surfaces are the earbiest

L

clhinical outoomes for demineralization and caries. Hleft untreated, the caries can
progress and may cause complex rostorative procedures or even footh extragtion which
destroys soft and hard tissue architecture as a consequence of connective tissue and hone
toss. Crrrent clinieal practices are insufficiont i freating dontal caries. A long-standing
praciical challenge assoviated with demmeralization related to dental diseases is
1 incorporating a functional mineral nucrolaver which is fully integrated mnto the
molocuhar structure of the tootl in repairing damaged enamel. This study demoustrated
that small peptide domains derived from nagive protein amelogonin can be atthzed to
constrpot nuneral laver on damaged human enamebin vire, Six groepy were prepared to
carry out renineralization on artficially created lesions on enamel (1) No treament, £}
15 Ca™ and PO only, (3) 1100 ppo fluoride (FY, (4) 20,000 ppm F, (3 1100 ppm F and
poptide, and (6} Peptide alone. While the 1100 ppm F sanple (indisative ot common F
content of toothpasts for homecare} did not deliver F 1o the thinly deposited nuneral
{aver, ngh F tost saople (indicative of climeal varnish treatment) forned maindy Caksy
nanoparticles oo the surface. Fluonde, however, was deposited in the presence of the
20 peptide which also formed a thin muncral layer, which was partially crystallized as
Huorapatite. Among the st groups, mnly the peptide-alime sample resulted in
remineratization of Farly thick (1 pn dense miveralized lver contabuing plate-ike
HAp rosembling the structure of the healthy emamel The newly formed muneralized

laver showed integration with the endérlying cugmel ay evident by cross-seotional SEM
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iaging. The approach has potential utility in future clinical impleracndation as 3 new,
biombmetic remineralization reatment in dontal health cave,

Dental caries is one of the mator public health probloms and it s a bughly
provalent discase amoug the global population. Incipiont caries and white spot lesions
{WSL) as well as hypersensitivity, are the carliest clinjeal evidence of enamel
M demineralization and demtal cardes. Dental caries occurs when tooth ensmel i exposed
to acid produced by catingenic bactoria. As a result, acid diffisss into swrface cnamel
and dissolves hydroxvapatite (HAp) mineral, Due 1o its non-regencrative nature, enamel

is unable to heal and repair itself post~-demineralization.
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Traditionally, Buotide (F) has beonused ax the key agent in prevention of caries,
Fluoride functions primarily viv topical mechanisims. 1t is belicved that fluonide forms a
thin fayer of now but harder mineral, namely fluorapatite (FAp) which is incorporated
mito the existing HAp miveral on the tooth surface. There is a trend of enbhaneing the
renuncrshzation offeet of Huoride with calctom and phosphate supplementation in high
risk individualy, Although controversial, the use of fluoride products remains the
primary treatment modality for canes prevention and reouneralization, with romjor
hnutations reparding the efficacy of these products for the reversal or provention of
dental caries, Fluoride delivery systems, therefore, ave not sufficient o overcome the
high cartes risk especially i vounger and eldery population.

Although dental caries is g preventable infoctious discase, oral health promotion
and prevention can fail due (o many factors. The advanced cavitation of the carioos
fesion necossifates restoring the tooth with materials such as metals, composite resing
and ceranics to replace the lost enamel or, even, dentin, However modem dental
materials to repair cavitnted carious lesions are not compatible with biological tssues at
the lesiondrestorative nurderial intorface mainly because of then phvsical forystaliography
andd morphology ¥ and cheomical differences (slemental compositions and phases)
compared (o the natural tooth structire. Although treatment of carly caries lesions by
the application of various types of nano-stzed HAp or CallOy with or withowt F has
recnived considerable attention, their clinical validation is still lacking. Low solubility
of the caleiam phosphates, particulardy in the presence of fluoride jons is the main
difficulty with the clinical application of remineralization. No clinical remineralization
system has emerged to promote blonimetic enamel subsurface remineralization i vive,

incorporating g Ruetions! and biomimetic mineral layer to the molecular
structure of the tonth to repair damaged enamel fissue has been a long standmp
challenge. A better understanding of peptide-guided remineralization on huran tooth
and, therefore, the ability to control the mineral {aver properties, with no, low or highF
content, has cnormious clinical froplications to restore enamel and other denal hard
tissues. As g major step towards this overarching goal, the objectve of this study has
been to develop an in vitre, cell-free, natoral remineralization model on avtificially
mduced coamel fesions Because of these unigue biomineralization characteristic and s
short and simple sequence, ADPS has been used in this rescarch as the sotive ingredient
i solution for the formation of mineralized layer for the purpose of repairing arnficially

formed defects on the serface of enamel. The work presented herein could eventually
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form the foundaton of doveloping climical treatiments for the restoration of carly stage

Cavities, ¢.g., incipient canies, white spot lesions and hypersensitivity,

MATERIALS AND METHODS
Besign of Amelogenin-Devived Peptides, ADPs

L

The ADPS poptide was pencrated using a procedure that was developed for
designing protein derived peptides as deseribed previously. Briefly, 7-AA and 12-44
long hydroxyapatite binding peptides (HABPs) were expeninientally selecied using the
¢Te~and 12-phage libraties (New England BioLabs Ine., Ipawich, MA, USA),

10 respectively. Next, the 180 amine scid-long hnan smclogenin protein (fMI80) was
divided into 7-A 4 and 12-A4 long segments and each segpment was compared with all
of the 155 experimentally selected HABPs. The regions with high similarity scores from
T-AA and 12-AA long sepments were overlapped and those comeiding high stomlarity
regions were chosen ss the putstive strong binding regions. These computstionally

18 deternuned high similanity regions were then refined 1o design the ADPs by protemn

struchure prediction, T jou-binding domaim predictions, and meta-functional signatare
analyses. Two soparate assays were developed fo characterize the ADPy: Solid binding
aftinity to HAp and mincralization in aqueous solution. The prediction in the binding
assay was 100% while the biomineralization assay resulted in some surprises. Relevant
20 tothis study, although ADPS fsone of the weakest binding peptides, it has the fastest
nmungealization kineties, very close to that of fdk-length amelogenin. Because of this
proporty, ADPS has been used for developing muneralization on lman teeth, One more
sapect of ADPS is that its full length, 25 &4 15 difficult to solubilize i water. For dus,

we eliminated the six aming acids front the aming end and alanine from the carboxyl
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endd, while keeping the charged amino acids fintact that are thonglt to mittate
mineratization. The originally designed ADPS was generated from mouwse amelogening
for shADPS K i the sequence was replaced by N, where ™5 stands for “short”™ and “h"
for “human”. The shADPS peptide was synthesized by sohid phase peptide synthesis
€SB0 3365 {CS8Bio, Mento Park, CA, USA)Y antomated peptide synthesizer aud purified
3y by reverge phase high performance liquid chvomatography. The masses of the purified
peptide and its purity wore confirmed by ustng MALIMH-TOF mass spectrometer (Bruker
Daltonicy, Billerica, MA, USA} Molecular characieristics of the shADPS peptide used

i this work are Histed in Table R
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Semple Prepariition und Tese Geoups:

Exmracted tosth with no visible white spot lesions, caries, or any other kind of
restorations were collected from dental clinics around the King County area (WA, USA)

and disinfected 1o 1% agueous bleach sohations. Prior to the experiments, the teeth

L

dental sealer wnder a Hght microscope.

Farmation of drdficiad Lesions
Eoamel was demineralived o create artificial lesions o pnpue white spot lesions
10 andfor meipient cavies, The feeth were covered by lacquet leaving g 4oy wide squaic

window in the enmmel close to comento~enanel junction. The exposed areas of 4xd mm

PCT/US2017/013492

were cleaned to remove visible blood, gross debris and soft connective tissue using &

enamel were roated with a cockinl of scetic actd/CaChAKH POy for 2 weeks o

establish ap to 200 pm desp artificially created non-cavitated white spot lestons {WSL).

Samples were then divided into control and test groups. Test groups were treated either

15 with peptide, fluonide, or combination of both {Table §)

Table 5: Experimental Test Groups and Mineralization Treatments.

Fest Groups Treatment #of
samples

i Mo Trentment 5
Mispatiig Contied}
Chronged (Ot and PO | 4.8 o Ot 288 ] PO, L howy o)
el
(g3 L100 ppm F fvomoon Huoi g
Low conceation By it

« 1 henyr
QGeoeap-d, 0,000 ppan F{deniad varaish 5
{High concentration ¥} saroemrationt A 8 b Ca LER el
OGS, L hosy
Cirovps$: Fo o Peptide, 10 mirgsios 5
L ADES with dow L DG ppa Foed R el
consordradion ) PO, Fhowe
Qroup-&: b GRedd Popiche, 18 ot 5
haldPsy TSmO 2E M PO, T Eoe
Peptide Dexign and Synthesis
2 The peptide shADPS, shortened ADPS, was genorated wsing 3 provedure that

Y o @ . . . v . i 3%
was developed for designing proteiy-derived peptides, as deseribed previoushy™ (see

also short synopsis of the procedure n Supporting Information). The peptide (Table 6)
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seas synthesized by using an actomated solid-phase syathesizer {8336 X, C5-Bio,
Menfo Park, CA, USA) through Fnoo-chemistry, In this procedure, in the reaction
vessed, the Wang resin (Novabiochem, West Chester, PA, USA) was treated with 20%
piperidine in DME to remove the preloaded Fmoc group. Next, the mcoming side chain
protected amine acid was activated with HBTU (Sigma-Aldrich, St Louwis, MO, USAY
dimethylformamide (DMF, Sigma-Aldrich, 8t Louis, MO, USA) and then transforred
into the vessel where 1t was incubated with the resin for 45 min. After washing the resin
with TOMF, this protocol was applied for the addinion of each of the next amino acids and
synihesis reaction was monttoved by UV-absorbavce at 301 mn. Pollowing synthesis, the
resulting resin-bound peptides were cleaved and the side-chain de-protected using
reagent-K. | TRAAoanisole/H,Ofpbenol’ ethanedithiol (87.5:5:5:2.3), Sigma-Aldrich, 5t
Louis, MO, US A} and precipitated by cold ether. Crude peptides weve purified by RP-
HPLO with up to >98% purity (Geound T CIR TI0A columm). The sequence of the
peptides was confirmed by a MALDE-TOF mass spectrometry with reflectron {RETOF-
MSYon an Autoflex B (Breoket Daliontes, Billerica, MA, HEBAY

Table & Moleaular characteristics of the peptide shADPS.

Peptide Sequence MW pl G.RANVY. Net
Charge
shADP NVBETY | 17207 .36 <1273 i
{SEQ 1D NO:16)

*Bokd font AAs are polar, uncharged residuss; underined residucs are hydrophobic;
itslicized residucs are charged residucs
GRANVY. is grand average of hydropathy {sce web site gravy-caleulator.de))

Re-pineralization Pratocol

Prior {o remineralization, samples requining peptide treatments {Groups 3 & 6)
were mgubated 030 4L of G.8mM peptide dissobved i 56w Tris Buffor Solution
{(TBSY {pH: 7.4} for 10 minutes a1 37°C. Next, weatmend samples were exposed to 38
mM TBS contaming Ca™ ¢ PO, (Groups 2, 5)or Ca™/ PO,™ / F (Groups 3, 4, 6} at
concentrations as disted i Table 3 for 1 hour gt 37°C then rinsed with de~iontzed (D5

water, dried by forced air and stored at room tovoperature until characierization.

Sample Characterization by SEM and EDXN dnadyses - Inaging and Elemenial

Compasition
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After rée-tinnoralization experimonts were compleed, secondmy electron tnaging
{SEL in the scanmng clectron microscops {SEM) was used to characterize the surface
morphology and to show the thickness of newly formed miners! layer i cross-sections
where applicable. Specimen preparation for SEM involved cotting a notch on the back
side using a low speed saw (IsoMet™ | Buehier, Lake Bhuff, IL, USA) before they were
subjected to WSL formation and remineralization as deseribed above. After
remineralization step was completed, specimens were rinsed with D water, air dried
genthy (<5 PST), then carcfully frachwed into 2 preces along the noich, One of the
fractured pieces was mounted on a SEM studywith the mineralinng sinfsce facingup for
maging the surface morphology and second piece was mounted with the cross-seotion
facing up to show the thickuess of nuneral layer. Mounted specimens were then stored
w vacuum forat feast 2 howrs o remove residual motsture which were then sputter
coated with S-rum thick platinom (SPESputier Module Coator, SPI Supplics, West
Chester, PA, USA). SEM chargeierizanion was performed using an FEL Sirion
nucroscape (Sivion, FEL, Hillboro, OR, USA) operating at 10KV acceleration voliage.
The chemical conposition was measured by an onboard energy dispersive Xevay
spectroscopy (EDXS) systom (X-Max™ Si drift detestor with AZtecEnergy software
package, Oxftord Instraments, Abingdon, Oxfordshive, UK. The measursnents for cach
group ware pooled from 3 specimens per group. The average values and standard

deviations ware calculated and expressed as the mean + standard errop.

Sroctwesl Chapacterization by Travsmission Micraseopy (FEM)

After renmneralization steps were completed, TEM samiples were collected by
carefully shaving off the top most surfacs of the remiveralized layer from the artificially
created white spot lesion using a cleant razon blade, The shaved particles were
suspended in HI0% cthanol, and the suspension was drop-casted onto a carbon coated
TEM arid, which veas then vacoum dried before TEM charactertzation. TEM bright
tield imaging (BF) imaging and selected arcas diffraction wove carried out using s FER

Tecuai {FEL, Hiltborp, OR, LISA} operating at 20(keV.

Mechanical Froperties Characterization
Similar to SEM specimen preparation, tooth samples wore notched from the back
of tooth before renunerabization, then fractuved along the notch. The specimens were

then mounted in & room temperature-cure epoxy, and the cross-section of the fracture
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was polishod to 6.1 po finish using diamond lapping films (Allied High Tech Products
inc., Rancho Donunguez, CA, USA). Nanoindentation measurements were made using a
Triboindentor nanoindentation system (Hysitron fnc., Minneapolis, MN, USA} in air.
Hardness (Fy and elastic modulos (8,3 were determined by the software accompanying
the nanoindentation anit™ ™ In order 1o obtain the valoes that were not indentation
vidame dependent, maxinngy indentation depth for all measurcments kept ag 12404 10
am. Al repovted H and F, values were averaged over 30 measurements,

In additon to nanoindedation measurements, microhardness was also performed
on the surface to quantitatively assess the pechaniond propertics of e mineral lavers
with larger arcas and volumes including the underbving enamel as a compasite. Vicker's
micorhardness was performed on at room temperatore waing Vicker's indenter on a
Wilson Hardness Tukon 1202 microhardness tester at Hikg applied foad {IHinois Tool
Works, Lake Blaff, H.}. At least 20 measaromenis per group were recorded for

obtaming an average and statistical analysis.

RESULTS
The incubation of samples in demineralization cocktai! exposed cnamel rods on
the surface of the samples before the re-nuneralization treatment was undertaken, as

shoven in Group {~Negative Control (Figure 8a-b). Elemental chemical analysis of the

surface by EDXS gives a ratio of Co¥ /PO, 1.56 20,12 (Figure 8c). As seen in the
cross-soctional view of {Figure Bd), well aligned snamel rods of ~3 pum dizveeter extend
to the exposed surface where they display HAp erystallites constituting the rods. After 1«
hour of exposure to ot /PO solution, no substantial re~mineralization was observed
on the samples i Group 2. Considering that the boprings of cname! rod renwained visible
as shallow depressions o the enamel surface (Figure 8e-f) mny possible deposit of solid
material, possibly the result of Ca™" and PO, ions reacting 1o fornt an amorphous
deposit, remained extrenely thin, In fact a very thin (<21 wm} layer is barely visible in
the SEM image of the cross-sectioned sample showi in Figure &k Blomental analysis of
the surfice by EDINS gives a ratio of Ca¥ PO 1,45, possibly indicating a mixed

mineral composition (Fiawre 8y also see Table 7).

Table 77 Elomental composition analyses of the renuineralization test groups by EDXS.
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Tust Remineralized Laver Possible Minerad
Group Cad s Formaed
HCewel | L3gs0A2 -1 astoty | Only HAP
2. bens omly L5004 - 3282002 Apwsphows Cx-P
teansition phase
LlowF LEGRAS | 3658529 | 874015 | Us-PF transition phass
+ Caly

4 HighF SA240.86 ¢ 0480T | LIHBS Mutnly CaF,

S Lawe FoPeptide | 1o00811 | BNOT8 | 034015 FAP -+ some (OaF,

& Peptide anly LEG12 - .56t 13 Qaly HAPR

In Group 3 {low concentration fluoride}, 1100 ppm F was apphied m the presence
of Ca™ and POLY fons. The concentration of 1100 ppm fluoride corresponds o the
§  concentration of the most conunondy used toothpaste avatlable over the counter for daily
home care.™ The analysis of the SEM images recorded from the surface suggests non-
uniformiy deposited laver with g fine (<1 ) roughness compared to the surface
formed without the fluoride in Group 3 (Figure Sa-b). A detailed analysis of the surface
structure, €.¢., al higher magnification image in Figure 8b_ reveals fine nanoparticles of
Wy diameter 20-30 non The cross-sectioned sanples revent a new laver with a thickness of
about 1 pm covering the surface of enamel 1 the leston (Figore 9d). The clemental
composition analysis from te surface revealad prominent peaks of Ok, Pre and Cag
as well as o smallpeak corresponding to Fi,. Ca'F ratio givesa valuey of more than 30

whule the Ca/P ratio is close to 1.70 (Figure Y¢).

Sy
L

b Group 4 {high concentration fluoride), 20,000 ppom fluoride (concentrations of
most comsonly used dental varmishes) applicd with Ca™ and PO jons. The analysis
of the SEM images recorded from this treatment displaved significantly difforent suwrface
topopraphy, structures, and clomental composition gs compared (o the samples ia the
previous groups of non-fluoride or low concenation F weatment, Alliough at low
20 magnifications (Figure 9¢) the sorface appears fairly smooth, higher magnification
{Figure 91} rovealed small sphenical particles of 100-200 mn diameter covering the
overall surface {indicated by swvow in Figure 90, The SEM secondary glecivon images
recorded from the cross-sechioned samples reveal anaboot & micrometer-thick new faver

an the swrface of the teeth (Figure 8h). The BDXS spectra received frons the susface

o
L

gives a high concentration of Fi, peak, the most prominent among all the peaks mn the
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spectra from this grovp of samples (Figure 9g). The guantitative analysis of the speora
from the sanples prepared m this group exhibited the C/F ratio of 0.48 (Table 7).

fa group S {(the peptide with low concentration fluoridey shADPS was applied
with 1100 ppm fluoride slong with Ca™ and PO,T. The swface microstructure of the
sanyes carvied out by SEM showed fairly smooth surface with about 1-2 g thickness
{Figure 10a~d}. Ensmel vod mprints remaingd visible in the lower magnification image
(Figure 10a). Higher magnitication image of the sample surface, however, extibits two
different surfsce morphologies {see insets in Figure 10h); somewhat lnoscly deposited
nanoparticles of 30-100 wo disncter and dense structure composed of rod-like
nanoparticles of fow tens of nanometers 1 dusneters with the diamsterfongth aspect
ratio of 173, Elemental analysis of the saraples from this group revealed faitly noticeable
Fiw penk in addition o highly prominent Cag. and Py, peaks with the clomental rao of
Ca'F, 8.7 (Figure 16c).

In the Group 6 (ShADPS + Ca™ /PO, the SEM images in Figuee 10e-f give 8
continuous faver of plate-like ervstals growing from the surface of the underlying
enanel lesion when the surface is exposed to agueous peptide plus Ca™ /POy
Compared to the negative control {Group-1) or fow concentration flaonide treatment
{Group-3), the coaned rod imprings i the face-on tmages are no longer visible,
mdicating that the new puneral layer 1s thick enough to mask the exposed enamel rods
{Figure Hie-f), The cross-scction bnage i Figure 10h shows 2 10 pm thick continuous
renunerahized laver with faiddy smooth surface opography. Elemental analysis of the
samples from this group revealed prominent Cag, snd Py, peaks with a ratio of 1.54
+{112; this s close to ideal fonic ratio of 1.6 in HAp composition (Figure 18y; Table 7).

To further analyze the structural characteristics of the mineral layers in
experimental group, imaging and diffraction analyses were carned outon samples by
using transmission clectron microscopy. The TEM samples were prepared by gently
shaving fragments off the surface of tooth specimens. Group 1, which recetved no
remineralization beatment, cnamel fragments were amalyzed. As shown i Figwe 11 a~
¢, textored clongated HAp crystals of 30 — 530 nm were encountered, typieal of those in
cnanel rods in healthy enamed tissee. In the case of high concerndration F freatment
{group 4), gencrally round particles CaFs i the range of 100 - 250 nm v diameters
were ohserved {(Figwe 11 d -~ 1), Ou the peptide treatment group {group 0}, large

particles (n the shoven projection) of HAp were found (Figare 11 g~ 1) possibly
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corresponding to plate-shape mineral particles, s noted that groaps 2,3 and 3, had
structural charactoristios similar to those of group 1 were discovired (data no shown
here but displayed in the ST section). 1t should be noted, bowever, that i all cases, it was
challenging, but not impossible (as demonstrated i Fig 11 above) to differentiate 1'}36:1
newly formed crvstallites from those HAp ervstalhites iy the anderdving enamel.
Mechanical properties of the mineralized layvers were determined from two 1ests.
First, the microhardness test was carried out using 8 Vicker's indenter loading on the
smncratized tooth surface. The hardness for the negative control group (Group 1), 1.6 no
trestment was 1301 & 104 HV10. Tios was the baseling figure representing
microhardness of the surface of bare artificially created WSL which other experimental
groups compared against. As the reference, the microhardness tests were also conducted
oy healthy enamel and bealthy dentin, away from the mineralized sourface, and displayed
ity Table 8. Ag shown in Table &, values for groups 2 1o § ranged between 129.6 4 14.8
HVI0 0 1337 £ 129 HVI0. Student’s t-tost between group 1 and cach of these groups
revealed no statistically sigeificant difference {p > 0.08), Microhardness of group 6 bad
shghtly ngheraverage value of 1406+ 113 HV L Student’s t-fust against group 1
revealed signifivant difference with p < 801, The results indicate that the
icrahardness values of group 6 as well as the rest of experimental groups fell between

that of enamel and dentin,

Table 8 Vicker's microhardness of all experimental groups, n'z 20

Test Groups Havrdness
{tHYVI MPay
Group 1 {Negatve Control} 300+ 104

it

Group 2 {CaPOy Ondyd 33544 148

Group 3 {Low Cone. B 1296+ 138
Group 4 {High Cone. £y 31944133
Croup S GhADPR + Low Cone, FY 13374129
Group 6 {shADPS) & ERVE A & IR
Healthy Enmmel SHG3 4 364
Healthy Dentin 833 530
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Socond mechanical tests ware conducted at the nanonster-saale by
nancndentation which not only provides harduess (M) values but alse elastic modudus
{E.), and the test could be carried out spatiafly selected regions as the test facilitates
scamned surface mages. Therefore, manoindentation tests of ol the experimental groups
were conducted in cross-scctioned geormetry, 1o, indentor divection is parallel to the
surface {(as opposed to vertical in microhardness tests). The results ave tsbuolated in
Figwre 12, Sinnlar to the trend shown in the microhardoess data, significant differences
were not encountered between group 1 {no treatment negative control) and each of
groups 2 through 5 both bavdness and reduced elastic modalus, p > 008 1o all cases.
However, observed here again, the average hardness and elastie modulus for group 6
were higher than that of no treatment group 1 with bardnese 0f 223 4 8,23 GPavs. 2,10
4036 GPa, p = (.02 and elastic modulas of S3.6+4.7 GPava, 851 43 GPa, p=
8,02, Not surprisingly the healthy enamel and dentin had respectively higher and Tower

satues of both hardness and clastic modult compared to the experimental groups
pvolving remineralization. In conclusion, the mechanical properties (H snd E) are

higher than those of dentin, bat lovwss than the healthy enamel.

DISCUSSION

A natural, colbfreg, biomimetic model was developed to re-mincralize aritficially
induced lesions et human enamel using a 1 S-amino seid long amclogenin~derived
peptide, shADPS, along with properly tuned fonic concentrations of Ca® RO i vire
i the presence and absence of lower and higher floonide content which were chosen
based on the valoes in the frequently used present dental treatments.

There arg drastic differences i the surface characteristics among the 6 groups.
Frest of all, the surface of the artificially deminerslized enamel displaved enmmel rods,
which appeared up 1o 3-um diameter depressions exposed on the surface (Figare 8a-b
and Figure 11a-e). Other prominent feature on the sarface was the fine strueture of the
mtividual rod-shaped HAp crystaliites of a few tons of wn thickness of which make up
the enamel rods. However vaniations in the microstructure of the avtificially
deminerahized enamed wore observed on different tooth samples. As g resoltof
demineralization, the ename] rods of some specimens were nrore prominent than other
samples due to individual differences in tooth siructure and cross-section orieniation
shich explains the differences in their apparent local morphology and composition on

the surfaces of the teeth samples.
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When tonic precursors ave used alone {Group 2}, this resalted ea thim (<1 )
taver with a highly porous morphology. The composition was off stoichiometnie, Le.,
CalP ratio of <1 .5 which misht be due to the formation of calctom-phosphuate transition
phases {Table 7 and Table 9}, We next studied the effect of fhuoride on muneral

§  formation which was examined under two different fluoride won conditions, 1100ppm in
Group 3 and 20,000 ppm in Group 4, whach were specifically chosen to mimic the
fluoride concentrations of evervday tooth paste and olindcal fluoride varnish used inthe
chinie, respectively. Close examination of the surface structures of the teetl in these two
treatynents revealed difforent worphotogies. Fimst of all, fluoride peatments resalted in

10 aggregates of nanoparticles i Group 3, and a thin mmeralized layer; about L wmnm
Group 4. The layers were composed of wanoparticles which were about an order of
magnitude smadler v Group 3 than tn Group 4 samples, 20 nm versus 20 nm,
respectively. The application of fluonde in dental care produnts primandy focus on

renuneratization that is aided by fuonde or incorperation of fluoride into the existing

amd:
L

HAp structure, desirably forming fluorapatite (FAp). i this respeet, the resulis of the
clemental snalyses obtaied from the Ruoride-treated surfices are quite intriguing. The
Group 3 samples, with low-F, presented hardly any F peaks in the EDXS spectra, giving
Cafl ratio of almost 40, The clemoental composition analysis of the sample surface
displayved relatively high relative peaks of Ok, Py, annd Cag a8 well as & somall peak
MY corresponding to Fio (Nag and Cly peaks are fromw the treatment solutions). Possible
sources of the low F concentration mught be explained either due to the fonostion of
very thin laver of the depousited solid on the surface resufting in the signals originating
from the underlving bealthy snamel as measured in the mugjority of EDXS or duc to the

very low imount of F ncorporated into the newly fmmed surface layer, The huck of

)
[

sufficient elemental compaosition of Fin thenewly formed laver may wiply that majority
of Fwas not delivered to the desired mineralization site on the cnamel surface in the
poptide-free samples. The presence of nanopartcles deposited on the swrface forming a
thin layver, thevefore, nmay be due to ¥ reacting with excess Na i the buffer solution
forming Na¥

34 I Group 4, the rosults fom ficoronand edge-on ymages ilastrated that thenew
layer s predominantly composed of aggregation of spherical nanoparticles. Considering
the ideal CadF ratic of 0.5 in CaF; {Table 9, and Figure 11d-f TEM rvesults), the sphevical

pasticles wight be CaFy mincrd. Another major difference w this group was the valug of
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Caga P ratio, whichwas more than 3.0, BEven constdering that some of the Ca tons
might be contingd in CaFy, this ratio still indicates onuseally high concentration of Ca
trapped i the newly formed layer on the enamel surface. CaFy s 2 highly stable
compound that could form under the experimental conditions of this study. Instead of
the intended apatite compound, the mineral formed wn this group was most likely
calenam fluonde. Although the wdeal ratio of Ca/'P s 1.6 for HAp (Table 3), neither of
the F-aglone samples revealed such concentration ratio. The significance of this result
mncan that Fealone was not delivered 1o the tooth surface and, a3 3 conscquence, was aot
weorporated o the enanel or rvenuneralized structure on the surface under the
gxperimental conditions, The question romains therefore that during the clinical and
everyday applications of fluoride whether the same formation takes place, 1., Caby
materialization instead of incorporation of F into the HAp mineral within the woth
structure,

in the last two groups of test samples (Group 3 and 6) shADPS peptide was used
as part of the procursors during the renuneralization experiments. In Group §,
reminerahizing peptide shADPS was apphed in the presence of THE ppm fluoride.
Under low concentration of F, the spherical particles had a tendeney 1o form island
aggregates as opposed to being widely disseminated on the demmeratized enamel
surface compared to the sanwe fluonide concentration without shADPS in Groep 3.
Enansel rod imprints remamed visthle 1o the lower magmification image (Figwre Hab)
although these are less promineat than those of no-treatment samples (Figure 83-b). The
resulting nuneralized structure prosented two morphologies: the first one was clusters of
50~100 nm diameter spherical nanoparticles acercted non~uniformly on the surface; and
the second stractare was primarily composed of highly dense nanorods. There was
considerabiy miore provunent Fpeak compared 1o the vo peptide samples, with an
overslt Co/F ratio of 874 = .78, This explaims that there was considerably morg P in the
ouneral formed with the peptide and low fluoride treatment compared to the low
fuoride concentration ealy, (Ca/F = 36,9932 93 IY the presence of EAp s considered,
L6, comresponding to the dense nimorods, the deal ratio of Cat s 5.0 (Table 7), then
the rest of the fuoride in the nuneral layer could be accounted for the formation of NaF
nanoparticles. Considering that the observed Ca/P ratio reflects either HAp oo FAp
stoichionsetry (Table 7, the conclasion coudd be drawiy here that the now mineral was

tormed o the teeth surfaces by partially incorporating F in the presence of peptide. The
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praseaceof F could be explained n, at loast, two ways;-cither the fluoride was
meorporated info the nowly forming HAp mineral replacing OH partially or both HAp
anct FAp were formed on the surface. In both cases, the offeet of peptide appears to be
wecessary to incorpovate flooride into the strseture since i the absence of shADPS, very
tittle orwo Fwas found in the renunerabized Javer. This may mean that the materials
wsed in the current treatments, .., pastes, gels, varnish, and solations, woald contain
poptide as a means to effectively muneralize HAp and but also as a camier for Fro the
newly mineralized laver and effectively incorporating into 1t

In Group-6, n addition to caloiam and phosphate precursors, shADPS pepude
wias mchided in the solution. In this gase, a thick (710 um) remingralized laver formed
on the surface composed of plate-tike erystal morphology. Conswdoving that this crystal
habit 1s specific to HAp among the calctwm phosphate polvimorphs aud the observed
Ca'P ratio 1s 1.56 which 1 close the ideal HAp composiiion, the shADPS peplide was
capabic to form a newly mincrahized layer composed of HAp orystallties (Figare 11g-a),
demonstrating the romineralizing capability of this peptide as well as layer formation
covering the damaged enamel on the humdn tooth surfice.  Measoring microhardness of
cach experimental group on the surface was 8 way o assess the mecharnieal propertios of
the nuneralized swrface of the cxperimental groups versus no treatment negative control
group ina loading direction refevant to functional dentition loadimg while using the
Iwest possible Vicker's indentation load maximize the contribution from the
nunerabsation layer. Bven with thig lowest oad, however, the Vicker's indentor was
tikely to be penetrating through the thin mineralized layers in groups 2 — §; this explains
that there are no measurable differences discermable among these groups and the no-
treatent negative control group. This explanation s finther supporied by the SEM
chservations which showed mneral lavers in growps 3 through 5 were i the order of g
fow pm (perhaps as thin as 1 amy, and with some discontinaity. Because the mineral
tayer was much thicker i group 6, not only a real difference in nucrohardiess was
detected compared to the negative coutrol group, 111 revealed that wway significamtly
harder, though only shightly. The small mineral taver duckness can also explamm no
detectable difference by nanoindentation in cross-soction between group I and groups 2
- 5. Tt ig indeed challonging o discern the mineral laver and underlying WSL in groups
2 to 5 when performing the measwrernents.  The higher Vicker's hardness in the peptide

tneralization groap {group 6) compared well to the control group {group T Comdnnied
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with the higher bardness in cross-soction oriontation, measored by nancindontation,
suggests that the new lavers formed i group 6 samples were harder than the underlying

padan

artificialiy created WSL enamel.

5 CONCLUSIONS
The present & vigro study demonstrated that crvstalline puneral layer can be

formed on artificially created fosions on human enamed in the presence of Ca™ and PO
tons under physiologically viable conditions by using shADPS a 15-A& long
amelogenin-derived peptide. This study also showed that the presence of

Y hiomineralizing peptide, shADPS, allows the delivery and incorpovation of fluonide ions
into the remineralized layer oven at fow ¥ concentrations, providing an opportunity for
dental health products o incorporate both elements iy some olinical or svervday utihty

settings.

oot
LA

Sapplesmental Data

Relevant Componnds wmong Ca, P, Fand O

A'set of possible compounds that may forpr vnder the experineatal conditions discussed
here upon the mineralization ave Histed in Table 9 below, with relevant elementad
concentration ratios, For example, Ca/P ratio for HAp 18 353=1 6 and for FAp, Ca/P s

20 31=3, Insome cases, e.g., fons only test groug, {Group 2, shuce most of the

&
remineratization products on the surtace of enamel are a result of deposition, mnstead of
remineralization, a variety of transition Calcium phosphate solids may form, all in their
amotphous, and, hente non-equilibrinm states. In other words, these are lanctically
trapped phases rather than being thermodynamically stable compoands.

18 Table & Relevant Compounds of Ca, P, F, O and Na.
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Campound Formul Cat® {OF | Oafd | Ne¥F | NP
V§\§}:‘%§P&X§-‘é§§8§i§&\, BAP Ca P00 169 - NS - -
Oegaenicinm Phosphste, QCP Ca MR SHO 133 - QIR

Fhuorspatiic, FAP CadPOOF 187 o0 1 042 - -

Sodbn Fhwaide, NaF

Ma-monofluorsphosphats, MEP Na,PQF - - « 0§ 200

Supplemental TEM Data
Structural and phase charaetenization of the samples from all groups were
5 ondertaken by transmission electron nucroscopy inwging and diffraction analysis. Thig
is heesuse xevay diffraction characterization requires large enough volame with 10s of
pm mass thickness and larger spatial sampling, 100s of pms or larger areas. Since the
minerakized layer is thin, a fow pms in all other group samples to 1 wm or so in group &
samples using the peptide, TEM has been used to provide the most eritical data,

10 diffraction and phase wdentification. The TEM samples were prepared by gently shaving
fragrents off the surface of tooth specimens onto carbon-coated TEM grid to prepare
and ensure clectron-transparent soctions. Al of the TEM data is included in Frgure 13
helow for completeness (while only 1%, 4™ and 6™ columns of data were presented in
Figwe 11},

18 While the no wreatment sample {a-¢) shows plate-like crystals of HAp that
probably constitute the enamel rod, typical of the sound enamel tissue, the satuple
prepared with only the Ca and PO4 jons show only cither small particles or struchures
that possibly correspond to the underlying enamel in the artificially lesioned swface.
Low F and high F sample display chusters of nanoscale pasticles and larger particles with

20 100 nn dmmeter or larger, respectively, These rosults are consistent with the
ohservation that while the smaller particles are NaF the larger particles in high F sample
ave CaF2, a¢ shown in the diffraction pattern. Finally in F + peptide containing sample,
the surface miverabization display larger, elongated particles of HAp erystallography bat

with random erystatlographic organization (1.¢., more complete ditfraction rings) while

o
L

the group & samples displaved HAp crystallites with abigned organization, rewimiscent of
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the HAp plate-hike particles within the enamel rods., again corroborating with the SEM
and EDXS results. Taken together, the most successful laver formation was
accomplished using the peptide involving procedure with the resultant mineral Iayver
being crystatline and HAp in Groap 6 and possibly a FAp+HAp mixture in the <hADPS

+ F case of samples, e, group 5.

Micrehardness Testing and Nanoindentation Experiments

Microhardness and nanomndentation diffor 1 both loading range and
measurement method as shown in the schematic ¥ Figure 14 and, for these reasons, both
werg used in the present work to assess the mechanical durability of the remineralized
tayers on artificially formed lesions on intact human feeth. In the case of microbarduess
Vickers indenter), the measurement was @ static one in that the load was apphied,
released and hardness was obfained by measuring the post-indentation projected arca of
the indented regron {foot print). This method therefore provides information about only
the plastically deformed response {(plastic deformation) of the matetial. Furdwermore the
foad applicd in this stody was 10 ky, lowest allowable by the instrument. Wath this load,
the nonung! plastically deforresd depth was approximately § um, comparable fo the
thickness of the group 6 samples (shADPS treatment) but much deeper than the
aineralized layer of rest of the wreatment groups. I addition, the actual bxteraction
depth (fong-range strain) during indentation was significantly deeper than § pm. Hence
net positive comiribution from the underlying srtificially formed lesion on enawel (white
spot fesion, WSL) in the microhardness measturement was expected.

For groups 2-5, which mineral layers were significantly thinoer than 8 pm, the
underlying WSL enamel was expected to have the predominant effect on the hardness,
and therefore, no statistical difference was detectod betsveen the group 1 (no treatment
controb} and groups 2-3, while shight increase w hardness was detected 1o group 6
comypared to group L

Nanowmdentation, on the other hand, can bandie & mueh smaller applicd load,
e.g., in the range of 700 to R00 uN; this range of loads to nwintain 3 nominal total
indentation depth of approximately 100 nm (<01 pm in indentation width) reasonable
depth for both the WSL and mineralized layer regions. The method provides a dynamue
measwrement with the indentation system tracking continnously foad vs. depth during

the indentation process providing a Force-to-depth (F-d) profife of the mechanical
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response of the sample, tncheding bislogioad hard issues such as enamel; dentin, and
bong. The hardness and slastic modulus were extracted from the {incar extrapolation of
the unloading curve (see Figure 14h). Hardness obtained by this methed contains partial
clastic deformation as well as plastic deformation. With small tndentation depth and
footprint, indentation characterization of the nuneral laver ondy was possible in crogs-
soction for the group O samples where mineral lavers were more than 5 g thicks Al
other treatment groups, reliable nanoindentation characterization of the layers could be
partially sccomplished because of the thin, and in some cases, discontinuous natural of
the lavers. It should also be noted that the nanmmechanical properties of the srtificially
created lesion were also determined, with valoes sivalar {o those of the mineradized
fayers. Regardiess, the complete nanoindentation values are tabulated n Table M where
gach value represents more than 20 mecasurenents per sample.

Table 10: Tabulated nancindentation vahwes, 0% 20:for cach group.

Test Groups Hardness (GPa) | Elastic Modualus ((Pa)
Group 1 { Neg Control) SH 036 ST 43
Grong 2 {Ca PO Onba) 23T 0357 346363
Group 3 {Low Cone. 1) 16+ 038 53.6462
Crroup 4 {High Cone, ¥y 208+ 038 S4.0+ 6.5

sronggs 3 {(aRADPS + Low Cone, £} L

Graup 6 {shADPS) Uaver)
funderiving enamel}

v 1

Sourd Enanel 384

Example 10, Laver-by-Laver Mineralization by Peptide in Selution Formulation
Swnonary:  Using sADP peptide (SEQ 1) NO:24) in agueous solution, repeated
remineralization in separate cycles produced layered nuncralizaton that is fully
wtegrated into the existing enantel structhure on lnuwan- tooth in vitro. The implication of
the results is that repeated use of dental products in a variety of formulations could
produce lavered grchiteeture of the ranineralized structure on the surface of e oeth
The procedure and the products can thus be incorporated in dental health care products
inchuding mouth wash, whitening solutions using peptdes, tooth pastes, gels and other

refevant defivery systeins such as dental trays and retainers.
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Materials & Merbods:
On extracted human footh, the entire tooth was painted with facquer (nail polish) except
a 3 mm by 3 mm window onenamel, This window was subjected 0 eiching then
remineralization. The following steps were then carvied out:
1. Etch enamel surface agueous solution of 2. 2mM KHPO, 2.2 md CaCly, and
SmM acctic acid at pH 4.5 fir 2 wesks, changing solution every other day, to
create white spot lesion (WSL) of pH 7.4 Tris buffer via a laborstory squecze

hattle for 3 seconds,

2

Soak in 100l of 0.8 ;M sADPS sohuton at 370 for 1 mimutes then blotdry
witl tissue papss.

3. Soak in 600 mi of 4.8 voM CaCly + 2.8 ;M KGHPO v pH 7.4 Tris bafferat 37C
for 1 hour,

4. Drip ringe with DT water for 20 seeonds then blot dry with Kimwipe™ sheeat,

i

Repeat steps 3-4-to add more nineralized favers.

Resudty & Discssions - Tmaging Aunalysis: 4 distinetive nuneral layers of approximately
2 mm thick new mineral favers were formed atier 4 repetitions of Steps 3-3 inthe
mineralization procedure.

1. CadP of new nuineral lavers is 143 + @015, closer to that of GCP
Stoichiometeie CafP of OCP = 133, HAP= 167

2. Ca/P of underlymg coamel is close to that of HAP

Conclusions: The sound enamel and the newly formed lavered mineral have the same
microstructure with well integrated tterfuce, resulting in mechanically stable bonding.
The mineralized multilayer and the sound enamel have similar chemical compositions,

mdicating chemical integration, and therefore stability.

Fmplications.s Poterisial dpplicetions:

1. Renuneralize enamel surface via dental tray (also called mouth guard or
retminers ) user places peptide solution or other types of formudations {paste, gel, creamy,
varish} in the dental tray that would conform and fit onte the toeth, for example, betore
bed or even during the davtime between meals (afler brushing), Repeat x nomber of

nights/days 1o build up new nuneral layers to achieve desired thickness. Potential
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treatment for hypersensitive toeth, ineipicat caties, white spot fesion, and, in general
preventive, daily dental health care

2. Mouth rinse, mouth wash, teeth whitening: User tinse mouth with the peptide
and munerabization solution for x time after brushing to build up riveral fayer. Thig
procedure can be a preventative treatient ov remineralization repaw treatment for

hvpersensitive teoth, incipient caries, white spot lesion, as well as for whitening teeth.

Example 11, Side-by-Side Comparison of Peptide (sSADPS)-Mineralized Whitening
versus Commercial Whitening Products.

The effect of whitening has been compared using the methods of the mvention
with sADRS (SEQ 1D NO:24) 1o the hydrogen peroxide (HP)-based treatments that arg
froquently used in the narket. These are over-the-counter and in-chinic products, Lo, a
whiteming strip and a gel, with madlovet and high hydrogen peroxide contents, 14% and
30%, respectively. The specific commercial products used are CREST® 3D Whitening
strip and ULTRADENT® OPALESCENCE". The reasons for the cholee of these two
products 15 as follows: The first product, whatening sirip, was chosen to represent a wid-
tevel HP content that is comemeraally svatlable as OTC product for everyday wse. The
ued, the second produi, contains very high amount of HP, which represenis the olinical,
chair-side whitemng appheation. The team considered these two products that are
svailable in the market as good choices for comparing with SBSUs devices, containing
wuncralizing peptides, sADPS, which mchede chair-side treatment(s) using dental tray
and take-home produgt in the gol-form.

Procedure:

The whitening products weore used avcording o the manufacturery” dircctions.
For the strip, the product was applicd to the pre-stained tooth for 30 nuns gnd pecled off
Then the samples were rinsed with water for 1 min to clean the surface of the tweth from
any residues from the strip. In the case of the second product, the gel was apphied to the
pre-stained teeth for 1Y mumutes and then cleaned by rinsing veith swater for T mimsge. in
the peptide-renuneralization case, the stained teeth were ncubated with sADPS (SEQ 1D
NQO:24) peptide solution (1.8 mM) for 10 nuns, followed by soaking in the artificial
sahiva (for 1 he) that was supplemsented with 4.8 mM Ca aud 2.9 mM PO, fonic

concentrations.
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Agnalysis & Resulis:

The samples treated with whitening products or with the remineralization method
were prepared for optical imaging for color change and also for surface characterization
with scanning electron microscopy. The images of the teeth samples were recorded
using a Hght optical microscopy technigue vnder compact fheorescent Hght. The
recorded mnages were digitized and exsntned with fmage-J Line (NIH Software) for
guantitative analysis of the color change (3, 4, fand ). The cross-sectioned samples
were prepaved for SEM exapnnation of the wternal as well as surface stnuctive of the
feeth, and the resulis are shown in Figare 15 (o, g, and ¢, plus thewr insct images).

The image in (8} shows that the tooth sample after toa staining hag a darker
shade, which was then used as the basehine value of the tooth shade v subseguent
gxperiivienits. The whitenibg strip increased the shade by 3.65% while the gel treafment
by 6.77%. Sinular trend in wintening improvement of the shade was also observed
the mineralization, which produced 4.64% incerease above the baseline value. A careful
examination of the siwfaces of the feeth ost samplcs (nsots of (&) and {g)) exandned by
SEM reveal ciching of native cnamel which appear as rough surfaces becaase of the
demincratizing effect of the HP based strip or gel produsts. The peptide-troated tost
sample, on the other hand, produces a newly formed romineralized swrface (inset
tmage (1)), Therefore, peptide-based treatment has two simaltancous effects: whitening
as well as renuneralization, strengthening the enamel and, hence, resulting in healthior
teeth.

The manufactarer of the commuercial prodacts cantions users of the increased risk
for tooth sensitivity and gum discomfort, both of which we tlinically ativibuted to
enamel degradation by hydrogen peroxide (see the caution label on the right of the
figuve above) Avcording to CREST® and ULTRADENT® there are no ingredients in
their products that safeguard against caamel degradation due the action of the active
ingredient, hydrogen peroxide, which while whatening the teeth, also adversely removes
the existing nuneral from the surface of the teeth with potentinl

In conclusion, the renineralization approach undertaken by the methods of the
mvention appears 0 he supanior o commercial products. While the use HP-based
products result i whitening, this is achieved at the expense of a subtractive process i
which demiveralizing of the tooth surface causes loss of dental pissue with potential

fong-term adverse dental health conseguences,  The peptide-based approach of the
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proseat anvadion, oven t the ease of wwhutian merthadology produces comparable
whitening o comumercial products while also restoring the mineral structurs towards

better dental health,

Example 12. Treating Dental Hypersensitivity

Summary: The materials and methods for treatung dental hypersensitivity fiobve
forming & mineral laver on the teeth with the ensmel (erown of the teeth) removed
exposing the dental tubules. The sewly formed mineralized faver oecludes exposed
dentinal tubules in thig pepude-based approach fornung a mechanically snd thermally
stable muneral stracture covering the tooth danged sarface. The approach mvolves,
first, creating artificial lestons by removing enamel by chentical etching 1o exposs
undertying dentin of the extracted huroan tooth fo mimic hypersensitivity conditions.
The samples were next treated with peptide-guided mineralization resulting intens of
micrometer-thick new layer over the damaged dentin. The stability of the newly formed
Iaver were then mechanically and thermally evaloated vsing nanomechanical testing and
thermal-cyehing, vespectively, The results demonstrate that exposed dentinal tubules are
successfidly occluded by mechanically snd thermally stable minerd laver. The methods

of the invention described herein offers a unique sohgion to deptinal hvpersensitivity.

Backgrownd:  Dental hypersensitivity (DS} is oue of the most conmmon diseases in the
United States, affecting the majority adalt popalation, The discase ogours when enamel
faver, crown of the tecth, wears off exposing the enderlving dentin tubales. Nerves He at
thi base of these dentinal tobiles and when externally wriggered, c.g., cold, hot, acid,
basic conditions in the salivay, produce a sharp pain at the root of the tooth, Current
approaches include desensitizing nerve ends by blockmy the axonic action via potassium
salts, hnuting the permeatnlity of dentinal tubules using synthetic adhesive sealers, ¢g,
NaF, biosctive glasses, oxalic acid and glass ionomer cements, or formung coagulates
mside the twbules using protein cross-linker agents. Chintcal validation for thess agents
ix still lacking and their short durability against daily tooth brushing, various foods, or

drindang of avidic beverages makes their scelusion effects memuplete.

Metheds: Extracted human teeth samples were collected from Lhnversity of Washington

chimcs, The enamel tissue was cot out the using low speed saw on a perpendicular
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direction to the underlying dentin tubudes. Noxy, the smcar layer on the dentin was
removed by polishing dowat to (.1 um finish and etching for 10 seconds using 10% aitrie
avid solutton. For remineralization freataient, samples were soaked into 200 ul of .8

mM sADPS peptide (SEQ 1D NO:24) solution and incubated for 18 mimutes a1 37°C,

L

Next, excess peptide was removed by blotting and the sample was soaked in 24 ywM Tris
Butfer sohution sepplomented with 4.8 ;M Ca and 2.88 mM PO. fons for | hour at
370, Following the remincralization treatiment, sivoples were rinsed with deonized

water, dried in air and characterized with scanning electron microscope

1 Results & Dscussions: The teoth samples for mineralization were produced by
removing the enamel tasue and performing a series of polishing and etching. As s result
as shown in Figure 16 (first and second rows) dentin tebules ave clearly exposed.
Following the 1 hour by vitro peptide remineralization treatment; these exposed dentin
tubules are successfully oceluded with a newlhy-formed nuneral which s 1o the form of a

18 continuous ~8 wn layer penctrates down to tubules for ~ 223 wim deep (Figure 16 (third

andd fowrth rows)

Conelusion & Significance: We developed a peptide-based aqueous mingralization

methodology o treat dontal hypersensitivity by forming a continpous minerat faveron
20 the exposed dentin of homan twethy in vitro. This biomametic treatment provides a

unique solution to dentinal hypersensitivity whach can be used ¢ a platform technology

for in- ¢limic and over-the~counter hypersonsitivity trestiments.

While centain arnhodinents bave been illustrated and described, it should be
13 understood that changes and modifications can be made therem in aceordance with
ordmary skill o the art without departing from the technology v s broader gspeciy as
defined in the following elaims.
The smbodiments, tlustratively described herein may saitably be practiced in the
absencs of any clement or elements, Himitation or Hmitations, not spectfically disclosed

bk

30 herein. Thus, for example, the tenms “eomprising,” “including,” “containing,” ete. shall
bo read expansively and without hinntation. Additioually, the terms and expressions
employed herein have been used as torms of description and not of limitation, and there

is no mntention in the use of such torms and expressions of excluding any equivalents of
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the featores shown and described or portions thersof, but i is recognized that various
madifications are possible within the scope of the claimed technology. Additionally, the
phrase “consisting essentially of " will be understood to include those clements

specifically recitod and those additional elements that do vot matertally affect the basic

L

and novel characteristivs of the claimed technology. The phrase “consisting of” excludes

any clemens not specified.

The present disclosure is pot 1o be limited i torms of the particular embodiments
deseribed s application. Many modifications and variations can be made without
departing from 15 spitt and scope, s will be apparent to those skilled i the art.

18 Funcnonally equivalent methods and compositions within the scope of the disclosure, in
addition to those emumerated hevein, will be apparent to those skilled i the et from the
foregoing deacriptions. Such modifications and vartations are intended to il within the
scope-of the appended clatima. The present disclosare i to be Honted only by the terms
of the appended clmns, along with the full scope of cquivalents to which such claims

19 wre eninled. Tt is to be understond that dus disclomuwre 15 not limited to patticular
methods, reagents, compounds, or conpositions, which can of corse vary. R also to
be understood that the erminology used herein is for the purpose of desenibing
particalar embodiments ondy, and is not intended to be Hmittng.

In-addition, where features ov aspects of the disclosere are described in terms of

20 Markash groups: those skilled in the art will recognize that the disclosure s also thereby

deseribed i terms of any individual member or sebaroup of members of the Markush

group.

As will be anderstood by one skilled in the @t for any and alf purposes,

particelarly by terms of providing 3 written description, all ranges disclosed heremn also

$ay
45

cnvompass sy and all possible subraniges and combmations of subranges thereofl Any
tisted range can be casily recognized as sufficiently desertbing and enabling the same
range boing broken down into at least equal halves, thinds, quarters, fifths, tenths, ete. As
8 non-thiniting example, cach range discussed herein can be readily broken down sto a
ower third, muddle thivd and vpper third, ete. As will also be understood by owe skilled
30 bthe art all language such as Yup 1o, Tat least,” Vgreater than,” “less than,” and the like,
metude the number recited and refor 10 ranges which can be subsequendly broken down
mto subranges as discussed above, Finally, as will be understood by one skifled in the

art, a range includes each mdividasl member.
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Unless othérwise mdicated, to the extent that definttions of terms used herein
ditfer between this application and references that have been incorporated herein m thow
entirety, the definitions of tenms used herein presented in this application take
precedence over the definttions preseated iy the reforences incorporated bergin,

Other ernbodiments are set forth by the following claims,
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CLAIMS

Weclamy

1. A method for mineralizing teeth, comprising administering to one or more teeth of a
sphject in need thereof an effective ampunt to mineralize teeth of a polypeptide comprismgor
consisting of the amino acid sequence selected from the group consisting of)
(SYENSHSQAINVDRT), o (ShADPS: SEQ ID NO:16);
{SYEKSHSGQAINTDRTH. 0 {(sADPS; REQ ID NO:24)

(WP(A/SITDR TEREEVD) o0 (ADPI SEQ 1D NOTY,
(POYTN{L/F)SYE(R/NISHSQAIN{T/VIDRTA Y10 (ADPS; SEQ 1D NO: 13,
{(LPPLESMPLSPILPELPLEAWPRAT )¢ (ADP6 SEQ ID NO:1T);
(HFP(SITIHTLOPHHELAPVYPAQ QPVIADPOOPMMPVPG{HQIHSMTP
{(F/DQMH ¢ (ADP7; SEQ ID NO:18); and
12-42 contiguous amine acids of (HPP(S/TIHTLOPHHHL/APVVPAQ
OPVIAMPQGPMMPVPGIH/QHSMTP{T/OH )0 (ADPT; SEQ ID NO:18);
o a functional equivalent thergof, or any combination thergof.
2. The method of claim 1, wherein the polyvpeptide comprises or consists of the amino acid
sequence (SYENSHSQAINVDRT hoe GRADPS SEQ 1D NO:16), or a functional equyvalent

thereof,

3. The method of claim 1, wherein the polypeptide comprises or consists of the amino acid
sequence (SYEKSHSQAINTDR T L0 (SADPS; SEQ ID NO24), or a functional equivalent
thereod,
4, The method of claim 1, wherain the polypeptide comprises or consists of an amino acid
sequence selected from the group consisting of:
(HTLQPHHRE(L/DPVY) 0 (ADPL SEQ D NOtY
(VPGHAQHSMTRPI DO e (ADP2; SEQ 1D NO);
(HPR{S/THTLOPHHHL/APYV )0 (ADP4: SEQ ID NO:10),
{(PAQOPVAMPQOPMMP )0 (ADPE; SEQ ID NO21Y
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(HPRS/THTLOPHHBAAPYVPAQQPVIANPQOPMMPVPGHYONHSM TP

(T 0 (ADPT: SEQ 1D NO:18);

HTLOPHEHLPVV )10 (ADPIM: SEQ 1D NO2);

(HTLOPHHHIPV V)0 (ADPIH; SEQ D NO:3),

(VPGHHSMTPTQH) 10 (ADP2M: SEQ ID NO:5);

(VPGOHSMTPIOH s (ADP2H: SEQ ID NO:6);

(HPPSHTLOPHHHELPY V), (ADPAM; SEQ ID NO: 11X
(HPPTHTLQPHHHIPVV), 10 (ADP4H; SEQ ID NO: 12},
(HPPSHTLQPHHHLPVVPAQQPVAPQOPMMPVPGHHSMTPTGH )y (ADPTM:

SEQ 1D NO:19):

(HPPTHTLOPHHHIPVVPAQOPVIPQOPMMPVPGOQHSMTPIQH) Lo {ADPTH; SEQ

3 N 20y

S.

(PAQOPVAPQOPMMP i (ADPRM; SEQ ID NQ:22); and
{PAQQPVIPQOPMMPY. s (ADPSH; SEQ ID NG23),
{WPATDKTKREEVD} 10 {ADP3M: SEQ ID NO:R); and
{WPSTDKTKREEV DY {ADP3H; SEQ 1D NG,

ot a functional eguivalent theveof, or a combination thereof.

The method of any one of claims 1-4, wherewn the polypeptide comprises a fusion

polypeptide comprising two or more of the aminoe acid sequences selected from the group

consisting oft

(SYENSHSOQAINVDRT )55 (shADPS; SEQ ID NO:16);
(SYEKSHSQAINTDRT).10 (SADPS; SEQ ID NO:24)

(HTLOPHHHL/MDPYV V)0 (ADP1; SEQ ID NO:1Y;
(VPGEHAMHSMTPIIDOM s (ADP2: SEQ ID NO4):;
(WP(A/S)TDK TKREEVD) 1 1¢ (ADP3; SEQ 1D NO:7);
(HPP(S/TIHTLOPHHHLAPYV )00 {ADP4: SEQ 1D NO:10);

(POYIN(L/ESYE(R/NRHSQAINCT/VIDRTA J.1e (ADPS; SEC 1D NO: 1),
(LPPLESMPLSPILPELPLEAWPAT)..c (ADPE: SEQ 1D NO:1T),;
(PAQOPVIADPOOPMMP) ¢ (ADPS: SEO D NO:21L

(HPP{S/DHTLOQPHHH(L/DPVVPAQOPVIA/DPQOPMMPVPGH/QYHSMTP

{T/DOH )0 (ADPT7 SEQ D NO:18);
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HTLQPHHHLEVV)Li0 (ADPIM: SEQ ID NO2),;

CHTLOPHHEIPVV . (ADPUH: SEQ ID NO:3):;

(VPGHHESMTPTOH)w 10 (ADP2M: SEQ ID NOS):;

(VPGOQHSMTPIOH )0 (ADP2H: SEQ ID NO:6),

(HPPSHTLOPHHHLPY Ve (ADPAM: SEQ ID NO: 1Y

(HEPTHTLQFHHHIPVV )50 (ADP4H: SEQ ID NO:12);

(HPPSHTLOPHHHLPVVPAQUPYAPQOPMMPVPGHESMTPTON )10 (ADPTM;
SEQ 1D NO:19):;

(HPPTHTLQPHHHIPVVPAQQPVIPQQPMMPVPGQHSMTPION), o (ADPFTH; SEQ
1D NO:20Y;

{(PAQUPVAPQUPMMP);.10 (ADPEM; SEQ ID NO:22); and

(PAQQPVIPQOPMMPY 10 (ADPSH; SEQ 1D NO:23):

ot a functional equivalent thereof,

5. The method of any one of claims 1-4, wherein the polypeptide is present in g single copy.
7. The method of any one of clatmes 1-6, further comprising adnymistering to the subject at

{east one calctum ton source and at least one phosphate 1on source,

8. The method of claum 7 wherein the calcium fon source 1s selected from the ‘group
consisting of ¢alctum acetate, calenan carbonate, calctum Citepte, calctum chlonde, calenam
sluconate, calom slycerophosphate, caleiom lactate, and calctom phosphate.

3, The method of clam 7 or & wherem the phosphate 1on source 1s selected from the group
consisting of aluminum phosphates, calenuy phosphates, potassiumn phosphates, and sodnan
phosphates.

10, The method of any one of clanms 7-9, wherein the method comprising admmistening a
fornudation of the polypeptide, at least ong calerim 10n source and at least one phosphate 1on
source, wheretn the formulation bas

{a} a Ca’' concentration ranging between about 1 mM and about 2 M, between about
mM, between about 1 mM and about 50 mM, between about | mM and about 10 mM, between

about 2 mM and abowt § mM, between about 3 mM and abowt 7 mM, batween about 4 mM and

about & M, o betweeny about 4.5 mdM andaabout & 5 mM: and
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(b a POs concentration ranging betwesn about 0.3 mM and about 2 M, between
about 0.5 mM and about 1M, between about (1.5 M and about §.5M, between about 0.5 mM
andrabout 100 mM, between about 0.5 mM and about 30 mM, between about 0.5 mM and about
10 mM, between gbout 0.5 mM and about 7 mM, or betwesn about 1 mM and about 6 mM,
between about 1.5 mM and abouwt § md, between about 2 mMand about 4 mdd, or between
about 2.5 mM and about 3.5 mM.
11, The method of any ong of claims 1-10, wherein the polypeptide 1s detectably labeled.
12, The method of any one of claims 1-11, wherein the method further comprises
administering Huoride to the subject,
13, The methad of any one of claims 10-11, wherein the formulation further comprises
fluoride.
14, The method of claim 13, wherein the fluoside is present in the fornudation at between
about between about 50 parts per million {ppm) and about 20,000 ppm, between about 50 ppm
and gbout 10,000 ppm, between about 50 pprvand about 5600 ppm, between about 50 ppm and
about 1000 ppm, between abouot 50 ppm and about SO0 ppm, or about 75 ppm and about 400
ppn, between ghout 100 ppm and about 300 ppm, between about 150 ppm and sbout 250 ppin,
or about 200 ppm.
1§, The method of anv one of claims 10-14, wherem the formulation ts selected from the
group conststing of toothpaste, toothpowders, mouthwash, gel, dental floss, baqund dentifrices,
dental tablets, topical gels, roches, chewmng gums, dental pastes, grgival massage creams,
gargle tablets, lozenges, tooth frays, tooth varmshes, and food produocts,
16, The method of any one of claims 10-14, wherem the formudation comprises a lozenge, a
gel, or mounthwash.
17 The method of any one of claims 1-16 whersin the polypeptide is administered m 2
formulation at 8 concentration of between about §.01mM and about 0.5M, between ghout
0.01mM and about 0.1 M, between about 0.01mM and about 50 mM, between about 8.0 mM o
about 20 miM, or between about (.1 mM to about 15 mM, or between about 0.5 mM to abowt
12.5 wiM, or between ahout 0.8 mid and about 18 mbd.
18 The method of anv one of claims 1-17, wherein the subject is one suffering from

derineralization of engnwel of one or more tooth
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19, The method of claim 18, wherein the subject bas an inciprent canwous lesion, tooth
hypersensitivity, and/or white spot lesion, and wherein the effective amount 15 an amownt that is
effective to treat the incipient cartous lesion, tooth hvpersensitivity, and/or white spot lesion.
20, The method of any one of claims 1-19, further comprising administering at least one
cleaning agent to the teeth of the subject, inchading but not limted to hydrogen peroxide,
carbamide peroxide, titanium dioxide, nano-bivdroxyapatite particles, zirconia powder, or any
combmation thereotf.
21, The method of any one of ¢laims 1-20}, wherein the subject 1s a mammalian subject,
meclading but not Himited to @ human subject.
22 A polvpeptide conststing of the amine acid sequence of

(SYENSHSQAINVDRT e GhADPS SEQ IDNO 6 or

(SYEKSHSQAINTDR T (sADPS SEQ ID NO:24).
23 A fusion protein comprising one or more polypeptide of claim 22 fused ®© a heterplogous
polypeptide,
24, Anoral care product, comprismg

{a}  the polyvpeptide of claim 22 or the fusion protem of claim 23,

{b) at least one calcium ton source, and

(¢}  atleast one phosphate fon source.
25, The oral care product of claim 24, wherein the calcium 1on source is selected from the
group consisting of calcaum acetate, calciwm carbonate, calonum citrate, caloium chiloride,
calenon gheconate, caloram ghycerophosphate, calonuy lactate, and calonan phosphate.
26, The oral care product of elatm 24 or 25, wherein the phosphate 1on sonrce is selected
from the group consisting of alumimum phosphates, caleion phospbates, polassium phosphates,
and sodiam phosphates.
27, The oral care prodact of any one of clanms 24-26, wherein the oral care product has

(1) a Ca®' concentration ranging between about 1 mM and about 2 M, between about
mM, between about 1 mM and about 50 mM, between about | mM and about 10 mM, between

about 2 mM and abowt § mM, between about 3 mM and abowt 7 mM, batween about 4 mM and

about & M, o betweeny about 4.5 mdM andaabout & 5 mM: and
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{11} a POs concentration ranging between about 0.5 mM and about 2 M, between
about 0.5 mM and about 1M, between about (1.5 mM and about §.5M, between about 0.5 mM
andabout 100 mM, between about 0.5 mM and about 30 mM, between about 0.5 mM and about

e
)

10 miM, between about 0.5 mM and abowt 7 mM, or betwesn about 1 mM and about 6 mM,
between about 1.5 mM and about § mM, between about 2 mM and about 4 mM, or between
about 2.5 mM and about 3.5 mM.

28. The oral care product of any one of claiins 24-27, further comprising fluoride.

29, The oral care product of claim 28, wherein the fluoride is present in the oral care product
at betiveen about between about 50 parts per million {ppny) and abous 20,000 ppm, between
about 50 ppm and about 10,000 ppm, between about 30 ppm and about 5000 ppm, between
about 30 ppan and about 1000 ppm, between about 50 ppm and about 500 ppm, or about 73 ppun
and ahout 400 ppin, betweean ghout 100 ppm and about 300 ppin, between about 150 ppm and
about 230 ppm, or about 200 ppm.

30, The oral care product of any one of clains 24-29, wherem the oral cave product 1s
selected from the group consisting of toothpaste, toothpowders, mouthwash, gel, deotal floss,
figuid dentiftices, dental tablets, topical gels, troches, chewing gums, dental pastes, pingival
massage creams, gargle tablets, lozenges, tooth travs, tooth varnishes, and food products.

31, The oral care product of ¢latm 30, wherein the oral care product coraprises g lozenge, a
gel, or mouvthwash .

32 The oval care product of any one of clatms 24-31 wherem the polypeptide is present m
the pharmaceutical composition at a concenteation of between gboot 8.0 TmM and about 0.5M,
between about ¢.01mM and sbout 0.1M, between about 8.01mM and about 30 mM, between
about .01 mM o gbont 20 raM, or between aboot .1 mM to shont 13 mdE or betwaen about
0.5 wmM to about 12.5 miM, or between ghout 0.8 mM and about 10 mdL

33, The oral care product of any one of clanms 24-32, further comprising at least one cleanmg
agent.

34, The oral care product of claim 33, wherein the at least one cleanng agent is selected from
the group consisting of hydrogen peroxide, titanium dioxide, carbamide peroxide, nano-

hvdroxvapatite particlgs, zirconia powder, and any combination thereof.
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