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(54) Title: COMPOSITIONS FOR CONTROLLING BACTERIAL COLONIZATION
(57} Abstract

A composition for controlling bacterial growth/colonization is provided. The composition comprises an enzyme, an anchor molecule
coupled to the enzyme to form an enzyme—anchor complex, with the anchor being capable of attaching to a substrate proximal to a bacterial
colony. The attachment to the substrate permits prolonged retention time of the enzyme-anchor complex where the bacterial colony is
present to increase the effectiveness of the complex. The invention is also for a method of controlling colonization of bacterial plaque in
the oral cavity, as well as 2 method of forming a composition for controlling the proliferation of bacterial colonies in the oral cavity.
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disease., In_addition, results from clinical studies show a correlation
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disease represents a major worldwide health problem. The disease
20 is a result of the accumulation of dental plaque at the gingival
margin. There are two broad classes of periodontal disease which
roughly approximates the degree or severity of the pathology:
gingivitis and periodontitis.
Gingivitis is an inflammation of the marginal gingival
25 tissue due to the accumulation of dental plaque. For the most
part, gingivitis is characterized by redness, swelling and
bleeding of the gingival tissue. The extent and severity of
these characteristics indicate the degree to which the disease
has progressed. Periodontitis is characterized not only by the
30 inflammation of the marginal gingivae, but also by loss of the
attachment of the periodontal ligament, loss of alveolar bone
and loss of the epithelial attachment due to apical migration.
The pathological consequences of these physiological losses is
the formation of a periodontal pocket, which can become
35 infected, and thus be the source of bacterial infiltration into
the host. The progression of established gingivitis to an
advanced lesion may well lay the foundation for periodontitis.
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absolute requirement for bacterial plague before the seguence of
20 these conditions progress and develop into advanced periodontal

disease. While there are secondary systemic and external factors

which affect the extent the disease, the most important factor,

and one that provides the greatest promise of being

controllable, is the relat:.onsh:.p between bacter:.al plague and
25 periodontal disease.

- The disease begins its progression through an accumulation
of bacterial plagque at the gingival margin. As the pathology
progresses; there is chronic inflammation of the gingiva and
periodontal ligament, with subsequent degeneration of wvarious

30 gingiva-tooth structures. The chronic inflammation is
exacerbated by calculus formed from mineralized plaque at the
various +tissue interfaces and in the periodontal pocket.
Epithelial tissue migration into inflamed and necrotic areas can
engulf plaque structures, resu:_lting' in abscesses accdmpanied by

35 purulent exudate. The final and most severe stage of periodontal
disease is the resorption of alveoclar bone and the eventual
exfoliation of the tooth. '



oral cavity, the tinme of the day, age of the patient and the status of
the general oral hygiene of the patient all contribute to the
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pellicle. Once the bacteria have attached to the surface of a
20 structure, they aggregate, .develop colonies and plaque begins to
form. .

There are well over 100 different bacterial species in
various dental plaques. This variation in the types of bacteria
is influenced by diet, salivary components and bacterial

25 interactions, to name a few. The location of the plague in the
oral cavity, the time of the day, age of the patient and the
status of the general oral hygiene of the patient all contribute
to the implications and consequences of dental plaque and
periodontal disease. Consequently, it is not surprising that

30 plaque is a heterogeneous collection of bacterial communities
attached to the tooth providing a vast array of biochemical and
physiological consequences. Two major pathological conditions as
consequences are periodontal disease and dental caries. '

Enzymes as therapeutic agents present unique possibilities.

35 However, some of the early oral pathology research using enzymes
was based on the assumption that they would be bactericidal to
colonies of organisms found in plague and therefore would act as
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teaches of plragidence time within the oral cavity was not identified as an
important issue. There is no indication that the design of these
20 in vitro studies even identified this important variable. ' These
in vitro systems, that demonstrated activity of enzymes in
reducing plaque, did, however, identify other important factors.
These other factors included: (1) possibly more than one enzyme
may be necessary; (2) dgreater specific activity of the enzyme
25 may be required; (3) a more appropriate enzyme may be required;
or (4) a combination of enzymes may be more effective.

Plague itself is an extremely complex mixture of various
components, namely, macromolecules, living and dead cells (whole
bacteria and sloughed epithelial cells from the host), cell

30 fragments and various other contributions of material from both
the host and the bacterial flora. The pioneering work on the
chemical aspects of plaque focused on the carbohydrate or
polysaccharide (PS) backbone of plaque. This was an ideal place
to start because the PS backbone not only served as a structural

35 element for the plague matrix, but it also served as a
carbohydrate food-store for the growing colonies of bacteria.
Most of the research on PS was centered around determining the
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pl aque alteration. A glucanohydrolase is combined with a phosphate
carrier group such that the enzyme itself has increased affinity
for the surfaces of the teeth. The modified glucanohydrolase
20 enzyme covalently crosslinks with the carrier, in the presence
of a reacting agent such as ethyl chloroformate, and has an
increased binding capacity to hydroxyapatite components of the
teeth. ' - .
U.S. Patent No. 5,490,988 (Beggs) relates to the -delivery
25 of therapeutic agents to a target site. The patent teaches a
highly specific process whereby an antibody fragment is able to
bind to a target site through antigen-antibody binding, and
provides for a therapeutic agent to be connected onto the
antibody fragment through an additional peptide appended to the
30 antibody fragment. The product is thus constituted by the
antibody fragment, the peptide and the agent.

Examination of the published clinical protocols for
evaluating enzymes shows that there were two reasons why the
selected enzymes did not completely exert their desired effects,

35 even though limited clinical efficacy was seen: a. the enzymes
were not modified so that they would be held in the oral cavity
for an extended period of time; and b. the oral rinsing was done
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concept s erably be inplenmented for effective control of
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I nvention nodifies selected enzyrresd n a manner that they will have the
capability of limting plaque or its corrponent s. The enzynes sel ect ed
are preferably. ones that specificall rade sacchari des.
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bacteria, thus avoiding any bacterial imbalances. T
The invention provides for the selective control of
proliferative bacterial colonization and is, therefore, aimed at
prevention rather than treatment. The invention is not dependent
25 upon bactericidal activity in the oral cavity which eliminates
(a) potential imbalances in normal bacterial populations e.g.,
overgrowth either in the oral cavity or at other, remote
locations in or on the host; (b) the requirement for comnsidering
systemic responses of the host which can be either immunologic
30 and toxic; and (c) the need for delivering the active agents
below the gingival margin. The emphasis is thus on bacterial
adhesion, specifically in the oral'cavity.
The modified enzyme is preferably be attached to selected
#anchor” molecule(s) to be retained in the oral cavity. The
35 retention of the enzymes in the oral cavity is preferably
maximized by coupling the enzymes to specific molecules that
will adhere to the structures and existing biofilms within the



activity shoutd be present after coupling. - I'n anot her aspect,
the invention also provides a method to determne the extent to which
the sel ect eWOaN¥*Modi fied 10 enzynes inhibit oral bact &ISTS¥REue growt h
inan in vitro test system and in vivo. The sel ected enzynmes which
maintain this enzymatic activity after being coupled or derivatized to
"anchor" nol ecul es are suitable for use. to inhibit plaque grow h. 15
The pr OdUCbra:Qf cati1g. iEAYERALIN adWEyitybshoultee® madhtainednexteesathéy,

take the form n,g i) %@'lg'gﬁ&ﬂ_famhtm{ Qﬁeufﬁ?gcé’és of B&thddiRy The

nodi fi ed enz e oral Tinse are |nthe or al

cavity duri ﬁ@l%tc‘i‘?drree‘bﬁﬂ'ﬁssé:l" V], Spegt 18 ﬁﬂeﬁg%f"ca‘fmleg ifiﬁt 8R® P | ow.
In additi owhollhedestmoyt lhhe obnzymatict @etivity raelt(hguqhtbt eiﬁmosmmg
during slseephRg) sdBY REOMW GG may e edaededpperbasbd o6 t bee t batpapayti c

enzynes to %arrgc]%rjgsses eta%e '&Egmb'e%@é@l&é" al;ngﬁlﬁ,él g&s 'fzy“]atlc '

Thi s invent ara plaque:

t he one han@Ctpm%(j’@ﬁPédf%@é?§e%‘i:|@r¥t&§ 2“3}191615‘81‘er| a and pl aque are
retained in the oral amthey, abpéct ,orthehdnventizithalshapdovides s giekhodult to

retain poteny a&ét—%r}ﬁﬁé aﬂﬁét ldxtent %e%chsuﬁth a§e:ﬁ£&)éﬁesandl mddi¢ieaal
cavity. This para rr§¥ u1§_ dvant a S C%nfMt% ptal
pl aque By gﬁ??ﬁﬁes mbé' Ec?rea}} BRY ?t’é"sa]t REARITE tralaf acteria
use to 30 @ysten, pard oimarivo. dﬂ@e@?éecf-e‘é enzymes wWRACh; mpintadn H8re (o
surfaces in dnkome¥d (ha:\t!ﬁrytyl rafiteirs baimeqt icwnpled grod | demtivatized to
consi derati q ﬁ‘ r'beﬁxtglgéxYJ?é% ﬁ r& N6 iRART & a'}torann?sé‘e‘i.@sSﬁ{h\ibhéeaplaqueOf

M 1n

increasing re I on e oral cavity of anti pl aque
conposi tion 9r°§ﬂﬁce it is only by extending the 35 retained tine of
the conussition inride mrodhctavefy that invengdon mene Y | tnpedo not

ef r ectively d&:@!ﬁ@é‘éu@ aghRe hitid ddpm SNehe oral BitidepWALLEe mYNPesSidddoas spend

1YY Rt Befhdd T 1 e gzph e 7 prateenly,
retained in the oral cavity durlng a time when salivary an

_ mechanical agitation is low. In addition, the length of
20 retention time (six to eight hours during sleeping) may provide
an extended period for the therapeutic enzymes to carry out

their desired biochemical reactions.

This invention addresses the paradox with respect +to

dental plaque: on the one hand, pathogenic factors such as

25 bacteria and plaque are retained in the oral cavity, but, on the
other hand, it is difficult to retain potentially therapeutic
agents, such as enzymes, in the oral cavity. This paradox may be
used to 'advantage for controlling dental plaque by giving
selected enzymes the specific trait that the bacteria use to

30 cause periodontal disease i.e., the ability to adhere +to
surfaces in the oral cavity. In this invention, significant
consideration has been given to the important and necessary idea

of increasing retention +time in the oral cavity of the
antiplaque composition, since it is only by extending the

35 retained time of the composition in the oral cavity that it has
the ability to effectively prevent plaque buildup. Where
antiplaque compositions spend only a very short duration of time



For achi eving bacterial kill, a short retention tinme may be adequat e;
however, with the novel concept of altering and limting the structural
ar chi t ect ur &obadebe bacterial colony 5 growth support nedia, a |onger
retention t| nme may be requir ed. Previous res&SFURBRES educe or

el i m nate periodont al di sease has, gr t he nost part, been ained
directly at elim natl ng the bacterl a, only little research has been
directed 1 2teontrp | 1] na hact .environment, The present.

i nvention 10" at e ﬁﬁ? iy 3ht§b lrbsgf%% A B THyndELoR Yermi Lamiginghe sane
ti me maintai ?ﬁrnga%h’t?éﬂl&ﬁcé’aﬁﬁ%ﬁbﬂ hislhdar j dushexty afekengiobatins i may bein the
oral cavity.adbguasatr didwengr} hevigthanite ynodelpl aghceptndos alltbfidd Ndnghe
amount  of eXTLirﬁQﬁhb”'tﬁé &@rﬁémara Qas&%g of thet Qgcééé%lofc#lgg

bacteri al canggz ntrol trol

t hr ough t‘rhe %nzy ?‘1 éh °ﬁ?ﬁF reteb'i’dﬁ’e%@% Y PReTSIRIERE on.
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i nventi on, ej?lr&gtg ?gﬁéﬁéﬁé 8%19& OFZQY ”%3? eﬁ;es?ﬁf?gp'éaﬁ rt?e?ﬂ lre"t%‘? al

cavity; # fangrellang té‘@h@ﬁﬁ?%‘-a@l evirongents t Beg ROASSHE nEMMENsAoR he 25

enzyne- abt hoxtteepps eko ofortili rhacnerdal odlemyaighewtiedeliinet ke the ehmé

cavity; HrglRiftdhidg ssfmm:be Ny %etbﬁl%éygﬁmehef mmk% of

th t | t
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conpl ex of t%’é“ltmgl ﬁV%nW@Hﬂt V\ﬁénem‘ﬁﬁﬁiéﬂliib polusacehptidd nbadkbobect eri al

col ony netier | xiden ohetbealbacgerial coloniePETAnl B DESGRICPTEAN @ﬁls

The presgnt é&h\{:‘%&fl' 88n thQp&ﬁﬁ%vEQ LRtSidh Sc%eaksymaeel%y%ﬁposmbg th fig Of al
cavity. Unli mcorptg}g}l ?’b e_and nascent enzynes in entidrice
or oral ri nsper(c 8Fe Tné"ef 18P

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic view of the enzyme-anchor complex of the
20 invention, when attached to a tooth;
Figure 2 is a schematic view of the enzyme-~anchor complex of the
invention, when attached to a pellicle or other surface in the
oral cavity; :
Figure 3 is a schematic view of a further embodiment of the
25 enzyme-anchor complex of the invention, when attached in the
oral cavity;

Figure 4 is a schematic view of the enzyme-anchor complex of the
invention, when attached to a bacterial colony matrix in the
oral cavity; and

30 Figure 5 is a schematic view of the enzyme-anchor complex of the
invention, when attached to a bacterium in the bacterial colony
matrix in the oral cavity. '

35 The present invention proposes to retain selected enzymes
in the oral cavity. Unlike incorporating free and nascent
enzymes in a dentifrice or oral rinse (where the effects are



9 only transient), enzynes are allowed to have a prol onged

opportunity to carry out their desired biochem cal reactions and

benefi ci al eodenswoby nodi fying them so that they can bepcrwussseisas ned _
within the oral cavity. In addition, the specific 5 enzynes are preferably
selected to mnimze toxic responses in 9 the bacteria so as to nmaintain
the normal bacterial bal ance and at the sane tine not adversely affect
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of dental capkesectivéhbiofilmsgafomgxampldaciher ramyuiiredi pekl xlerose to
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i nvol ved okal t heavakymt | @adof mbalt caFhes. pralitrilatiya, dackgrazbecus
mut ans al so g6ESnIHAE6f CadsbcdAad CRitlp v pabing ftrtike Ohélenzymek! at@ by
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t akes pl ace RPFW?Panffot kB¢ b%ﬂ,ztyé'rei'%“‘frf%t compled SHontIBR AEETEhetent al
pl aque. 15 structurgseinng® obht grotiyyacifuibidéng trhee buiddup oy pleaushe
backbone for eXtenCBi:‘ieb@@&ﬁdu@ mi@hf9 ZRd | Plegill Glte WBEHgiZeda@gr Be@hgd, 1S

the obser vabl.ge LhldineSogBLged 85 BhEdErmallohe or, slRhySaachad | demaf e no!

a requirenen | ONeerin bacteria to
the tooth' sCa&iRgends, ba??%u“m uE gl H7RS, AUCTASE SRy PIRduGEt fRPT iRt Tor
col oni es regatalzslismhefr the| esbive| eicpobisdacpdpuliatden it the soral| kely
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in the formatlon of dental carJ.es. In ad J.tJ.on, Streptococcus
mutans also uses sucrose to enhance colonization of the oral
flora by using the sucrose-supported substrate pool to produce
25 polysaccharides that are complex and water insoluble. This
scenario most likely takes place with many other bacteria that
are colonized with the dental plaque.
The insoluble polysaccharide- structures provide the
backbone for extended bacterial colonization which, when
30 aggregated, is the observable film recognized as plagque. While
polysaccharides are not a requirement for initial attachment of
the “pioneering” bacteria to the tooth’s surface, the
colonization and perpetuation of colonies requires these
insoluble  polysaccharides. It is likely that complex
35 polysaccharides, by their insoluble nature, not only cause
colonization and proliferation of the initial bacteria, but may
also shield the bacteria from therapeutic agents. Consequently,



10 this invention may be used in conjunction with agents that

result in bacterial kill, either specific or non-specific. Restricting
and cont 9il 9 t he anount of insoluble pol%saccharl des, and
ultimately bacterial colonization into 5 plaque, has VBRI al eff ect
for the prevention and progression , pf periodontal disease. One of
t hese conpl ex, I nsol ubl e polysaccharides I's glucan. The enzymatic
degradati on n ther e.qne e. objects hi

i nventi on. this %vearltli%ﬁ Ill‘ars’i’v g%&%r 3\% S5 Ir’ul':!"'lc'ncowrrlr(ict(g’s|‘—;t‘qe %i &laﬁet hod
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struct ur es Restitietdnql ceod tyconfiinldinghi bthes t lamobtit | dyF of insoluyblaque

which is a pEGASIBRNrRIACUr 8Rd U1RBnhLeRET Ibaele@ffall col%h%ﬁ@ﬁ I iabbi ting
prol i fer@t [ Vfa bact er | al co%)e ati 9 e fle avol | stortion of
t he ni crobi BréaeEsl o§§7 2parah el 15 arr%ﬁ%ect he 95HUE% lﬁf@t"@ FHan s@dins. In
gener al ,  avPFeHLg§sion tﬂafct Perigdqndal| afdisnaseni fone | 9fdehasghl eomezxuse of
t he pot £mdclalbleopobysaconaiiids 0fs OgnwanuNiThei enbatitdki @egﬁ@dm:mﬁ
whi ch may bge %.%Qgeﬁ Cthe-'r-gfofé)'mgs?f 'ﬁ{é %Pé&f‘s g"@ﬂé ﬁﬂvéxgrg&%

acter tralns in

retain the normal relative ratios var i ous i al

the oral cavity. FBRedBVentieR é’d‘?g?'ﬁ?% i r CmesiEion and, gt gr i n
strai nslof immohiddeericerthin ducaniudedrasingusenzymest ko cwinfiaces tahdr eof

will be snmagtfictures inTlGedoysl OpaRidy.Of ri¥eciidibses t ond NEUNEP blfe

25" i ncr casBHR nRERh (fF7 A nbOEeld | BRnbel: Mol oud | peBpRRcAT! 1Y 101

enzynes nusti$Ra#&n Inhipiting aIPrEéHQR?tIlBﬂgé}acﬂ'—Sr oﬁﬁ%‘?‘h’ﬁa"—mnt mey r
i nt ended .acw¥elin.avolilde angc déatseckicat @ft ithve migeolnfalt leeology eoz ybadanca t he

oral caystyambdd east rﬁrmhaqu@a&\érhhm témlhae in Beh&sACChavdAngackbone
ety 03| t [ O@l the. inventi eI I t hus

of the pla LhX.
desi gned ?%acgg} fli P§$a]taé:1a | oh r esi dengsuf-able bec?'l"lse enzymalg1 in the
or al c aRPtaptigd §°§p|d?"85cﬁr‘i"ﬁ:3’ol%S°E|E‘?W§?~?E+%gba%erééuplspﬁg ofhe
appr opri at ewteirdy mefsbe wathogenianctier ‘compbeitilon wifi e vinvenbiod seeks

to retain the normal relative ratios .of the various bacterial
20 strains in the oral cavity. Bowever, the absolute numbers of at

least certain strains of the bacteria will be reduced because

the colonies thereof will be smaller. o
The development of a mechanism to increase the enzyme'’'s

residence time in the oral cavity provides the opportunity for

25 increased clinical efficacy. To achieve this goal, effective
enzymes must remain in the oral cavity longer to accompllsh
their intended action. The increased retention time of the
enzymes in the oral cavity will control plaque by limiting the
polysaccharide backbone of the plaque matrix.

30 The composition of +the invention 4is thus designed to
facilitate a longer residence timé for the enzymes in the oral
cavity. This approach involves derivatizing, or coupling, the
appropriate enzyme(s) with an “anchor” molecule which will bind
to structures in the oral cavity with the “anchor” portion of

35 the derivatized enzyme-anchor complex. The anchor molecule will
be specifically chosen to bind to, for example, existing plaque
or the acquired pellicle that covers the tooth. Due to the



to structures in the oral cavity with the "anchor” portion of 35 the
derivatized enzyne-anchor conpl ex. The anchor nolecule w | be
speci fical lwyoedmsen to bind to, for exanple, existing plregusssriessOr the
acquired pellicle that covers the tooth. Due to the
11 relatively rapid turnover of epathelial tissue, the nucosal
tissue layer within the oral cavity is a less preferred choice of a
bimr;didng si t gelhtivaiyt hedpideterridgiiern ol aﬂﬂﬂxariaple|dii59%h8,_ the mdﬁ!%sﬁ%e
enmbodi nment, .t n t t yphat . Vi t hat. _has
been shown tté'\égxég_e% ‘ect i%h??l %g?\tar%q'l %fﬁvgtg’z_eﬂg A%%r%%%ﬁ?%‘%é’edﬁhro Uctur al
backbone of 95 & RAENUMG Eth &b@Bgetrer thgh‘r”é’ém&ﬁdﬂﬂq“enﬁﬁf RallésleThe six |
resul ti ng enzyne-casclembodimerdonpiwex canzymest asitthd tihe atypen ofi terzymasicsyst em
tccr)]n_t ai g‘_b'ﬂgb_alc_ti$ﬂy \@a(ttnaagaia?é}acstn%hat?mb tfmta_ | cqiv&loﬂl][ %ﬁttféﬂligﬁ 2hacss

eir abi | i n e,an imt i roliferation | ndi ng
to the plag ﬁégh%%&%%c a%%“ﬁg“g%#dPSF e of eé’égg'ée 8fe t‘i‘f@neeté’d to
pol ysacchar ith&eackIRherss BateqUlg§ue. Thh e sti%en Igaplbingh o enzyre-@anepPExes
are assesse@ohplexds nacal teftedaty and 1pt vitZedtedtS systdieCeSHRIINIngS

Reference i $.78ge {MriadUb§steriandnd Rbsd hﬁg% ?MQ%F% to MU&L their

schematical ly.LlJustrate the gnchor-e ne. ¢o ex he I.nvent1 on.
The dra\/ﬁ%ngg%é#'étlﬁiffgfgﬁﬁﬁ% @%gb?e?ﬁﬂﬁéﬁlﬁn%‘f Frelirerafion; by RLAng e
to scal e andoar &bfor plRAust r aRd vecpugingsedydrolyria/. ¢leafagereof, there is
E hown a tootpalFSadutisirigea Isdvkbane 20k 12:he01915tﬁxesur'i'ﬁé‘s€é 12nzym&-@neAyr lg of
acteria w t . t i : tached on
t he surfacetc%‘a%)%‘é@ aﬁf{eﬁg stS S(S)%%d ?ééﬁ(r‘lélg%é %% glmf;flec%u ea%g,oﬁu%ﬁgﬁéygge an
adhesion  PepEPIFde. An inmobilized enzyne 18 is attached to the anchor
nol ecul 4516, and tRefegeober ispiadall to 1Biqumesi rincnd iZ ek ettey mra®ings,

Tz gget hertfow&nesmhmmlﬁgaﬂ@ tHe ahBRoAHIYhe COGREIRx of ERADI ex
conpetes .

T e I LI
at t achment . BREJARFSRARY EO AR Sfofcale apgdpare afie¥ yil UsETakiNmePurPosfer ci ses
its catal ytionleffEgtFigudehd, there is shown a tooth 10 having a surface
20 12. on the surface 12, a colony 14 of bacteria within a matrix
is attached to the tooth 10. Also attached on the surface 12 of
the tooth is an anchor molecule 16, which may be an adhesion
peptide. An immobilized enzyme 18 is attached to the anchor
molecule 16, and the anchor molecule 16 and immobilized enzyme
25 18 together form the anchor-enzyme complex 20. The anchor-enzyme
complex 20 competes with the colony 14 for attachment to the
surface 12 of the tooth 10 and thus reduces the potential
substrate sites for colony 14 attachment. Additionally, and most
importantly, the enzyme 18 exercises its catalytic effect on the
30 colony 14, degrading the plaque matrix and/or polysaccharide
backbone. In Figure 1, the termination 22 of the matrix by the
enzyme 18 can be seen. The colony 14 will thus be severely
impaired in its ability to expand. Furthermore, the anchor-
enzyme complex 20 has significant retention time on the tooth
35 surface 12, thus providing more than a temporary obstacle to
plaque matrix and colony 14 proliferation.
Another embodiment of the invention is shown in Figure 2.



30 colony 14, degrading the plaque matrix and/or pol ysacchari de

backbone. In Figure 1, the termnation 22 of the matrix by the enzyne
18 can be S@S%/lsgﬁae colony 14 will thus be severely inmpaired in its
ability to expand. Furthernore, the anchor- enzyme EGHPPERHD has
significant retention time on the tooth 3p surface 12, thus providing nore
than a tenporary obstacle to pl ague matri x and colony 14 proliferation.

Anot her enbod] ' 0N .l in_Fiqure 2. _.

12 I'n thi rs@{i fs ggr'%'s&g'l b%ﬁﬁéscg?%ggé 3‘%‘&5 ?g §6Se™? A 58 b PAVRave
been accordeﬂeef’hea‘g%epef erftiden BNCP h NIRRT Rhrh ol rithe  embodimeni i n

Fi gure 2, thehewotin Fighre 2,1 Xheatsoohkr surfawepdRl| has ecthereofdat pelticab t he
Ie_niyme at t achesto THeide | dheC ledizy Wb gbulé}fésudﬁﬁe pePeRtiddes,nilh Of ffeand the
i ke, may.pr r [ tut et ... .anchor, or.a separate.anchar .

nol ecul e %reg%( %?ﬁgél Fgg%%élge%ggrrgﬁe Liksyy Moy 3588.1& ot constityye fhg o 4,
a detail of 3PErePFaf IWAFAFenBRFHCr MPlpgule pre@dshpchaddouthegenayaevi dual
bact eri a 44.mayn behingednbodi nent, the 10 anchor nol ecul e 16 of the conpl ex

20 attaches (o {he:Rapidirey, a addihl br &nfad ihfrﬂi;a%ag?%% kbe
matri x can ear, . seen. In Figure 5. the anchor 16 of the conplex
20 attaches ghocwnd i f‘%%]ﬁ%}ngnl?‘gwamﬂait %?%134£ 4 FhEf coPhedipgnty,, the

It is wlhi n2adhers@ppecwie ti§ ©fi thenecompilaxo 20eaphachashdol Bheechagariadnchor "
conpl ex to imsariger and phky secthngtider dEDrafli 88 matE€HZYERS 88 heledrhgn

t hose .whi ch Mi{.ol%zepi%ﬁr@_esr,a%egla%eaeé lfhé’?' g%r g@%ﬂ&? spal, deqrade

fruct ose-based sacchari de enzyne . e glycoproterns etc.
The conpl ex %ﬁﬁ%gaél% é’x?e‘f‘f’bf’teng’f‘of"cmlf‘i%6‘955%%&4'“anchor" nol ecul es
that mmc exterioft28s celthiqythgcssope bhcthkis aineniion oterexpasddithect

corrpﬁt itisve enzynbi—f’lﬁid;@rbemplbi)aﬁ etﬂ@:@&d&@%lgrs'éceﬂiﬂi@-ﬁ dAKES. ]
Further, 12¥ReS ORhEY TRYn! e PLQk: S an L) s that
mmc the ba%terl al attacg?néﬂ Qgﬁbggsdéggﬁhg&ﬁrgﬁ%or%’g" (&gﬁ%ldr?es ﬁl%'Ahgan be

adsor bed ont® DacPRFYIGS SORF LRIFadRFrurtesgrpasey polysaccharide enzymes

that hydrolyze glycoproteins etc. The complex could also extend
to cover ligand-based “anchor” molecules that mimic exterior
20 cell surfaces of bacteria so as to create direct competitive
binding between bacteria and “anchor” enzyme complexes. Further,
the complex may include receptor-based “anchor” molecules that
mimic the bacterial attachment sites so that “anchored” enzymes
-~ can be adsorbed onto bacterial surfaces that -are already
25 adhering to plague. Finally, anchor molecules comprised of

polypeptides that are known adhesion molecules may be used.
Purification of potentially suitable hydrolytic  enzymes
(polysaccharide hydrolases, glycoprotein degrading enzymes,
etc.) may be carried out to achieve higher specific activity and

30 a more focused specific type of reaction.

Thereafter, procedures for detémining the extent or
degree of coupling between the enzyme and “anchor” molecules may
also be carried out, thus establishing the number of *“anchor”
molecules attached to the enzyme that will provide the best

35 combination of enzymatic activity and degree of binding.

It will be appreciated that any effective enzyme which

prevents or reduces bacterial colonization may be used in this




25 adhering to plaque. Finally, anchor nol ecul es conprised of
pol ypeptides that are known adhesion nol ecul es may be used.
Purificati oWWPP& ential ly suitable hydrolytic enzymes PCTUsSgIbSssacchar i de

hydr ol ases, gl ycoprotein degradi ng enzynes, etc.) may be carried out to
achi eve hi gher specific activity and 30 mgnore focused specific type of
reaction. Thereafter, procedures for determning the extent or

degree of coipbdntgohet veesEddapignzyae grshp' aﬁﬁhoé fm{sequn&&hnauave aal SO

be carried o erl%icesécﬁ:lithh'cﬁg h 8r<§i‘§§té% re ag%&i)rn nce . e CLIA
attached to t e &ng ngy |1 praqvi é I nati on- of
enzymatic acPRAYS? éﬁ cf’e%?&é'l%? biPH i Agoup fa‘zlllta"‘*”l thei ByqedY8h% e at ed .
that any effchenivalebppde whathlink peistdess whiclkdafesr et dvidablysis

col oni zat  onré@ien Useshds) t Baf exist as separate chemlcal -entities.

13 inve I: ﬂ'ﬂ:‘redpr gﬁ@%)lefhlcha m Z% J.nven’EJ.on l\%yve a
hydr ol ytic actlon rol ases used“S| hce t particul arly
y y

effective. Tﬁ?%e%ﬁe&uﬁrf’ cPP?tSfe’gmf‘h %yﬂ?%l%&lllé’wb‘l‘g' es"@ﬁéﬁ?%af BofR®s t hat
i nk noi et espzmscrthatt eileavre dstarolbpafls; Flymdgtionchemage, epaymesxi-st as

separate cheghésd édymesethat clEA®S ChéRIE AHALTRTeMiotha MK Qm@.edaﬂm this
I nventi op, mﬂé %sacch?ﬁfz%eesm ed LLOMONG OLy gé)vragﬁgfcor} ?Y%ch’c:%?w N3 ases

- those dl eave est€r bon ge enz s -

those enzymeS1eHERIc| e SPEYBRds YHRHE ar PUOLAHEE | n ¥Q go-thend Fpbstrate

pol ysacchari ¢esactapther calimmenitiegam gbon®naleayage whpre dehebenbstrate

?' eav![ ngt) eQZyd@ant ) WAEr @ot Br |8§n~ aéfa aﬁﬂ}ﬁrldéugfe%iﬁtnﬁ enzymes;
react an 0 eavag he .subst r

(react ant% i éé‘%@(}{lcgﬁ,&?gﬁ&hé) aﬁﬁ dri ]d’é% °§\‘}‘ T gﬁig,‘-"ffesl?%osphorus—

car bon- ck boHlBEﬁﬂ?ncl Ba%gglemwe E@A&uﬁwagen pheleavages #d r ogen

bond cl eavagarborsphbsphonusr bgad cleawdge cl eavage; and

car bon- phosphor us lzsaeﬂoflxsa\éag@es and structuragcm Jﬂ@g@ﬂ!ﬁ h%“Qn Ctures
for anchorin

n the or Vi t se cte
number of di g?e?ge (oral e caé’t“éﬁofn?%s aiegeé’[tegulf%’élﬁv\f’“ r % &’%ﬁ
protei n fragRR¥RICTARE, R fﬁép?‘F’élé’?lOW- :

20 A. proteins, protein fragments and polypeptides

a. naturally-occurring

b. naturally-occurring, but modified

c. synthetic polypeptides .

i. using naturally occurring amino acids
25 ii. using synthetic, non-naturally occurring amino acids

e.g. D-amino acids, B-substituted amino acids, alpha, alpha-
disubstituted etc.

d. charge prevalence

i. cationic (basic amino acids)
30 ii. anionic (acidic amino acids)
iii.neutral (aliphatic' amino acids)
e. any combination of the above
B. saccharides and oligosaccharides
a. mnaturally occurring e.g. glucose, mannose, galactose,
35 rhamnose, fucose, fructose, sucrose etc.
b. naturally occurring amino sugars e.g. glucosamine,
galactosamine, N-actylglucosahine, N-acetylgalactosamine,



a. naturally-occurring b. naturally-occurring, but nodified C.

synt heti c pol ypepti des I . using naturally occurring am no acids 25
ii. using 5%;@&{? , hon-naturally occurring am no acids % D-am no
acids, B-su %®d anino aci ds, al pha, al pha- di smﬂs?s(ﬁ' 8 etc.

d. charge preval ence i. cationig,(basic amno acids) 30 .
anionic (acidic amno acids) iit.neutral (aliphatic amno acids)

e. any conbi r;]%hkgﬁen(}f ngda@‘?ﬁ‘ﬁm acid l§_{51(gchar| des and ol i gosacchari des

a. naturally occur rhannose gal actose, 35 rhamose,
fucose, fructoSe, %'HE’FG%% ef cmn-natur%ul’ r?&FBF’éFPg/ sageharidesy andnamino
sugars e.g. sughrosani ne, gal act'osam ne, N-act yl gl ucosam ne,

N-acetyl gal act osajll N@gters of sugars e.qg. sugar—organlc ac:.d esters etc 14
neuranmeni ¢ acid, siali n- nat ur al |

occurri ng° sacchart descae%maq"l??o combing, ?‘égarg "af p?“‘"‘éé‘? PRLYPEPEY

e.g. sugar-oreganliylﬁélieﬂlﬁsﬂ]éﬁc@%?’éellﬁ ii. chenmically conbined sugars
and prot ei ns/gpot;ymﬁmdesns/proeegglmambhet ic glycoproteins C.

G ycoprot ei ns/ gr %@&@axwr&cumngae gnaéilésaéllry 9&&;& sl Bgce- 9. elastin,

| ectins etc. ﬁg etic %:lf 4 naturall¥
occurring 10 Bl'ycopsryd’ttgﬁ c7prot edgl ycaff&+++e9p, JRUgRLLY g ©ccurring

nat ur al | y0 o@éwwmelesgpmtgpgilmwel in, cerebr05| de, gangl i osi des
etc b. psyelywilipiasg. nodified natural glycol; lipids through sonme 15

chemi cal proceguren§£u¥ara§ e%E@ﬁfElﬂﬁat'oa aEbﬁEHdd%QeP{n r@éﬁ%%roside,

gangliosides etc
b. synthetic e.g. modJ.fJ.ed natural glycol; 1:Lpz.ds through some
15 chemical procedure such as esterification, amidation or similar
chemical process
E. Lipoprotein e.g. chylomicron, Very Low Density Lipoproteins
(VLDL), Low Density Lipoproteins (LDL), High Density
Lipoproteins (HDL), etc.
20 F. Lipids
a. non-polar, mnatural or synthetic e.g. triglycerides,
cholesterol or other plant or animal sterols, etc
b. polar, natural or synthetic e.g. phospholipids
{phosphatidyl serine), etc
25 G. Cell fragments and cell ghosts - segments or portions of
exterior bacterial or animal cell walls or membranes that would
mimic live and viable bacterial or animal cells for the purpose
of securing an enzyme to the surface within the oral cavity.
H. Non-biologic, polymeric materials
30 a. homopolymers e.g. polyethylene glycol (PEG), etc
b. copolymers e.g. styrene-butadiene polymers etc.

The connections between the anchor molecules and the
enzymes may also take a number of forms. These connections may
thus be chemical, chemisorption, or covalent bonds, including:

35 amide (peptide); ester; glycosidic (sugar linkages); and/or
ether. The connections may also be physical, physisorption such
as: van der Waals attractive forces, including lipophilicity;



chem cal process " E. Lipoprotein e.g. chylomcron, Very Low Density

Li popr ot ei ns (vLDL), Low Density Li popr ot ei ns (LDL), Hi gh
Density WOpPHEMSot eins (HDL), etc. 20 F. Lipids PCHUSIBRHA6 pol ar,
natural or synthetic e.g. triglyceri q,,es chol esterol or other plant
or animal sterols, etc b. pol ar nat ural or synt hetic e.g.
phosphol i pi ds é}ﬁ)hosphat | dg er/ etc 25 Cell fragnents and cell
ghosts - sedth&TEe-oRarssy (34hFacEons/ing F%‘f*r’(?rnsbadf‘g?‘?%'r“%relfﬁ?‘ﬁa?t%cl

wal | s or rrentbmestim wod/er hydragen ddnding ankholndihe Hydecopnildlcioy ani nal
cells for the purmeseonnec@ioxﬁewﬂvﬁena&nenmoko&fh&wrém@r%ﬁm t he

oral cav! LY. comp1eh! ? gT.mg fitate B%y@eecmhﬁﬁ;%réﬁal gadiey WBAY YOS

st yr ene- but a‘a‘fpéﬁé hgt csame as thoge c]drﬁ?@ét i $hs Wi, weercedi@ganchor
nol ecul es arpzhnalgeaph- Trenrllymasemweartsomgtk:ee B mfribe atawiongss. tidmsds
conlnegt | ONS dFRYm in ga@n&qccmw 2 @Bsghs&reotslowm&{ st\Aalsﬁefaé@&%S

i ncl udi ng: s C sugar

and/ or 57he hga%f(; nec |or"'ilss %a °3T’ ’og%%1 gl@%ﬁ‘ FBhPE; §BP£H‘%& such
as: van der %a!“%c%atlr a‘é‘ﬁs&‘@'f(ﬂn@esan i ﬁ%‘l‘hﬁﬁ'ﬁ@@%oﬁﬁﬂ’l@i t§2 attached

15 Dhargerebar gertat t pachonEhzyingt eranpleens32 i rompdise: ehact amsiozt i

i nteracti O“Spozac'i%oﬁz; @Yrﬂf %e'&n ﬁ}&vtlbﬂchb'd'f}geﬂ&)’ qEopRi éﬁéﬂo‘i:)lsurface
The connectlons nchor "of the ex and the

surface subst¥&F aﬁ\? tﬁn ﬁ’efﬂ%erb gauRI~ \ﬁgul ams 5t?‘tey\5/}’{3%\1f’?a¢eb§°t?féi &ne as
t hose |i st ecrrichorhenzymec eahprrtion Afs akfy dishbeVieved dhat erheret will der @ 3 of

the draw ngsgrdaltefetéfidency To@WRhéNcESHIHLNC bbowsBO tie HhRhé ap&rtidnwhi ch
IS a S“risac%d 'lmd th&hg.?&{tﬁl %*‘PéiLX d§4“1¢1> %Seh%ft Qﬂ&hcngﬁc%tl' Qgpg,zakﬁ#fieche d

appl i ance t1ssue or-enzy

10 thereto. theTHé‘teéﬁEﬁb?n FELRen (,tt?ﬁplaé‘ﬁh°§2P°EE+ﬁ¥’r|%%s° ahhe
portion 34 sewnyas eompiex p3r endntB6. sulisretes3Anisinuirer 1dkelnce be of

the physical type.
There will be a greater tendency for the connection between
20 the enzyme and anchor to be of the chemical type. The
interaction of the anchor portion of the anchor-enzyme complex
will more likely be of the physical type. '

Example

25 An embodiment of the invention involves selection of two
enzymes known to have activity on degrading the polysaccharide
backbone of the dental plague matrix. Two such enzymes are:

1) o-Glucosidase EC 3.2.1.20 ; {[(1—=3) 3-glucanohydrolase].
o -Glucosidase is commercially available. While the enzyme shows
30 greatest activity toward ®~-1,4 glucose linkage, it will also
hydrolyze o-1,2 and o-1,3 1linkages. The enéyme will also

hydrolyze c-1,6 linkages, but only at a very slow rate.

2) Dextranase EC 3.2.1.11 ; [ (1—=6) 6-glucanohydrolase].



i nterface 38 between the conplex 32 and the substrate 30..-and 'an
anchor-enzyne connection 40. It is believed that there will be a

greater te or the connection between the enzyne | 36 and

t he anchor mg@?ﬁ“%% 34 to be of the chem cal type, whil ePBffBég?;%gélant eraction
bet ween the anchor portion 34 of the ancghor- enzynme conplex 32 and the
substrate 30 is nore likely to be of t he physical type. There
will be a gr n o) cli .20 _the nzyme and
anchor to r%%t&é?é%qﬁ% %)ci Ién{:%a %Cfcljg/gg au?%gagfé' i n é‘%agf‘lz%e e?% S anchor
portion of tHacgse alesnksinregnprlnsacchanidds fhate dxek dliykdsk cpfl,bhe

physi cal type. An enbodi nent of the invention

Exanpl e 25 /

i nvol ves sel ecti on™@fY tgﬁggarch%gﬁggrmmet BLYCAR SEEEFHRSy agn%ddgtAadi ng
t he polysaccharide | kbone of.the dental ague matrix. Two,suc
enzymes are:an% & i) (% re?-gc@'hcr}gissi a%%%etﬁ&%&??%’ﬁ i é??]oéfil\g'l &6
3- gl ucanqhydg o] gsel s 1l -3 | e.l ®rcial Ly avai .
Wil e t hcegj’_qeg%;ine%%%agego ﬁgélléa e%t(}'%g%g?% tdf%s §§é/art?%erer&r']l- 16’11?' lg';’b( gg%ie
linkage, it gkl tBbS§iucan ifvéd&@hbrfzﬁ as® "t 1 d1»3Nd €54 ] -aha3x hlbkages.
The enzynme wll alsSo hydrolyze [err]-1,6 |inkages, but only at a
very sl ow r dtimkages givds tDexgilaearseitE(®radcRirdg kdharactérigtifsrrib)is
6- gl ucanohy di?! #88dm whether ?lucan length or %;qcan branching is importar
Dext r anase |§oral cEQPTEr Ci 15}{%‘;’ |olnabl e g Ql S g)r_lgyneeclo%aveihe tvg(l) ucose
mol ecul es from pol'ysacchari des tRAE Bre |1 ARAd f‘err]-ﬁ,%g. r

10 commercially available enzymes were selected: «o-Glucosidase,

providing cleavage activity for ®-1—4, ®-1—+2 and a-1—3 i.e.,
cleaving at branching points in the glucan structure; and

Dextranase, which will provide cleavage of &.-1-»6 linkage i.e.,

cleavage at lengthening linkages. : )

15 These enzymes will be separately coupled with each of the
following “anchor” molecules: 1) a basic polYpeptide e.g.,
Lys-Lys~Glu-Lys-Lys or some similar basic polypeptide; 2) an
acidic polypetide e.g., Glu-Glu-Lys-Glu-~-Glu or .some similar
acidic polypeptide. .

20 Teichoic acids and lipoteichoic are important bacterial
cell wall components for binding. These components are also
associated with phosphate esters which would present an anionic
character to the exterior portion of the bacterial cell surface.
For this reason, the “anchor” molecule, Lys-Lys-Glu-Lys-Lys,

25 which is a cationic species, would be attracted to the bacterial
cell wall. '

Since available evidence suggests that the bacterial cell
surface is anionic in character, it is reasonable to suspect the
colonization of bacteria on to portions of plaque that are

30 principally cationic in character. Indeed, if there are regions
or areas of cationic character associated with plagque, the
“anchor” molecule, Glu-Glu-Lys-Glu-Glu, which is an anionic
species that would be attracted to the cationic regions of



Many researchers describe the glucan structure as [err]-1[err]3 and
[err]-1[er d ucan has al so been described as having [err]-1[err]4 and
5 [err]- Y{"e"?ﬂﬁ 9% linkages. Froma structural perspectYGI&SoyB636] -1[err]6
| i nkages give the glucan its length and the [err]-1-[err]3,
[err]-1-[err]4, and [err]- 1[err]2 anages gives the glucan its
branchi ng characteris . hot known whether glucan |ength or

gl ucan br anBhAH | g"’?%&ﬁ 3n9°°d chpdfe. pacterial  col oni zati on. For
this reason, théddinborna)lygomreakierdragedyaidmblathenzjerseMeraarangait ed:
[err]-d ucosigas @haracte/sa¢hdafoniceheay agsy aelb¥i 4y ditheles rduhhksté] 4,

[err]-dlerrig o Lant Lalhed 2 dne ancnor wilaAMENdoalpDlangil g beints i

t he gl ucan structur nase, e of
[err]-1[®r rfgcqulhfg@gl?x @ttaches. .| oqyage at | engt henl ng |i nkages 15
These enzynes wi | [Thee ragpanate| 9f cobqpiaed alittdacedols of as hehe baéid | fo ng

"anchor" lm)hﬁéhﬂﬁ%g seldctdeas ?ﬁz?ﬂéé/ PEPYaFSohs gorgann.c E¥?ucl:'é{ﬁ'eg Yalygs Lys or
sone sinila Si ypeRL aci di ¢ polype

d u-d u- Lys&éJIa VRgJ( rT& sﬁ?n Igélr factoy jifer ot%‘b’%ﬁahie af?"(?%hme“t

Tei choi ¢ -acHeevgTd Pessegaéh&d@ea%enu motltoarﬂolmezeuqt of plaght ak$e
conponehos hay mvuiwagfa&’tmsa aﬂhﬁponhahScl@a:@eab‘thactuﬁﬁS‘dl@)hat edrhag h

phosphat e eg%&sfnw eﬁé“&eéﬁbx@l QQ' %or théh%&ﬁﬁir% L Lo
exterior poyiion.of the act er sur I'S" reason, the
"anchor " #%%f[ﬁ tda Koo E ‘1 ggluggn)mngh R@QHecatHPUﬁY%r'spE’Eﬁ

woul d be at W‘a!ﬁ]edm?@lamiémba%‘?fér apterlalcepinmg in plagque ddgisnceot
avai | abl e epretude stigge Mindihqimddhanhens eforakbnsphds thatSaFd aemnkstadi oni C

in chargstegq éﬁecﬁleemabl-emmc%gege%& %nﬁiy an%t@ége%bgf R te“ a

on to portions of plaque that are bri nci pa fionfc in charac
| ndeed, if tRETE8Pe regions or areas of cationic character assom at ed
Wt h pI aque, the The '‘eagyhes "and| anchers (et Ghut Lys- Ghiis Cegample ciilils an

ani oni c pEqiRRee $ikhabriviitidel cefiymaC WAL @hk hBotaidiQll ¢otegi BRSadf
charge~-binding capability.
20
Synthesis .

The synthesis part of the derivatized enzyme-anchor
conmplexes invqlves coupling of each “anchor” molecule to the two
individual enzymes. The basic polypeptide Lys-Lys-Glu-Lys-Lys

25 is coupled to the two enzymes 'through the free carboxyl group of
the Glu residue and there is some coupling through the #“C”
terminus of the polypeptide. The acidic polypeptide
Glu-Glu-Lys-Glu~Glu is coupled through the free amino group of
the Lys residue and there is some coupling through the #N*

30 terminus of the polypeptide to the two enzymes.

Purification of the six derivatized enzyme reaction
products may be carried out by molecular size exclusion on
column chromatography. The purified coupled enzymes may be
assayed and compared to the underivatized enzymes to determine

35 any changes in enzymatic activity as a consequence of the
coupling procedure.

The six anchor-enzyme complexes produced in this example,



17 pl ague, woul d be a good choi ce. Addi tionally, or
alternately, any other densely arranged | i pid character such as

m cel | es serve as either a substrate in the oral cavity or the
anchor nol e%ﬁl%“?%’ which the enzyme- 5 anchor conpl ex AFTHY@ES

The rationale of charge attractions, as e basis for anchoring

sel ected enzynes to various organl C structures in the oral cavity, may

be one facto r However b o1 dhesion in
the col oni zalT ongng?&?%se afa a%gﬁgg ‘—mdn\‘?(r)l RPN t?‘l’?éa{’?%? &lar ge
attraction at®dn&he %s—m—?-g §}6%‘69“f|8rb?1bt *e'Pnsﬂﬁﬁyc*Ei’e pERpiAMiibe POY t he
bi ndi ng of oswitable pactedir tfompaiesdaghany dee( gbedaAnForndx4ilplgye the
Hovever th roceaafét@é ﬂmlaawraﬂbqu agt e&é’és,bkngla&déazahéqg@ QBSS not
precl ude o] nﬂB gtrreq aﬂ qNE) ’E)’é’y i hat .are connecte

specific t dbul eEMPANPUEAFECTE AL APETIEY B A and anmer.

i nventi on. dental care.The AfhzynepBenid &ndl8r313@199601 om & Imodificaribe wil |
produce si X ¢iegren@iti zed enzymes with the potential for a broad

char ge- bi ndi ng Cap%ﬁélﬁés\ic 39 ac:.d%)éné%% tJ.des, wh ch a-nr ec %&é};ﬁg‘?f}épart

of t he derlvatlzed enz anc Xes 1 nvol Ves cou ng o

"anchor" ol ¥@aH1aPLe 14 %Smp e fIRR \ﬁ%&?e%nmgath’}?é b &SPESHIH G pept i de
Lys- Lys-1® u-&gntucky, 28re | symmgsb-eddt of¢theexamplenzpyea wvhriatglont b€ fhee
car boxyl gr osgyi@fphase txmha:u me%bdaeaﬁmgt ﬂSE@rlaissﬁHF BePWBkA Nei thbheugh

the " C' @%’E‘éﬁgémn- h& %(f t’p0| yp%}%?ﬁneq rggrié"fﬁlho gCI dl ?1 Q@'&Q{,ﬁt | de

A u- Glu Lys- uTs ‘coup rou&ﬁ) e Lys
resi due and Haié@rdal sshopid (R?@EPF AfFayRe for Wltyerﬁ?nll%cetﬁfsame
pol ypept i de &ay.t,heotdescriby nasexpected reactidhirpdodaats ortel the six

deri vat i ged enZyWTﬁéaeﬁtﬁiés, m@.&ﬁdue&sam@a Q@mﬂ\‘é‘b&hf Owal%ﬂel ghal ar
si ze excl usion golum, ¢l Qma%__ tg gﬁ%}/ ur | ﬁ% Ig zymes
may be a%asya&eed PG %%n%n? g t O th e \?d‘f’?? et m ne
35 any charffs Werthdnghem: Pdochamiogls y Fr&QhO%ﬂocoN%eqméchéls‘bf behased
coupl i ng procadwae. purification. Tthesi En2ymeds0 wheok Yean Geuked eandowhdosed in
this exanpl §gay not be commercially available can be isolated and purified
20 from tissues and organisms, using standard procedures. A
retained portion of each enzyme, too, should be analyzed, only
if necessary to determine purity. Such purification analyses may
be important depending upon the results of the in_vitro
experimentation. These analyses may be conducted using the
25 retained portions of the enzymes.
The enzymatic activity should preferably be determined
both before and after the derivatization (coupling) reaction and
this can readily be accomplished |wusing, for example,

4-nitrophenyl-o.-D-glucose in a standard assay procedure.

30 The basic polypeptide, Lys-Lys-Glu-Lys-Lys may be coupled
to each of the enzymes using a modification of the procedure
described by Williams (1981). [Williams, A. and Ibrahim, I. A.
“A mechanism involving cyclic tautomers for the reaction with
nucleophiles of +the water-soluble peptide coupling reagent

35 l-ethyl-3-{-3-dimethylaminopropyl]-carbodiimide (EDC).” _J. Am.
Chem. Soc. 103, 7090-~7095(1981)]. This procedure  uses



18 or conpl exes of other enzynes and. anchors, may further be tested

in the in vitro systemprior to clinical application. Any sui tabl e
procedure fwooseas99 ng nay be used, for exanple, the RoTalsespuese of Dr ake
I Drake, D. R, Vargas, K., Cardenzana, A. and 5 Srikantha, R "Enhanced
bact eri ci dal act|V|ty of Armand Hammer 1% dental care." Am J. Dent. 8,
308-312(1995)] or a nodification t her eof . The basic and

aci di ¢ pol yperettads3- hiHogrby Laymnepsray} jrcarbodiigidab| EDEbr asanphe from
Pepti des | nteds\qmtmgnalgeni.ouumw Ebe-adfivalieat saknoxydr §roypidiesiaetn EK&

exanpl e, ép@ili@n(ég \Jeﬁﬁ as tHOkl gb%&f’l% HE%V\B hpdym TRESES LR

naterlals na | C ver, a, retalne pOFtIOﬂ

S
of each star g"fu %enﬁf’ ’gﬁéuggnprx@f EPUBISA e g?&y%l%ﬂrﬁli?*t?ﬂ as
necessaryb th@ enzynes, mnbecte}wélﬂpéca@xﬁerbaodson products, etc. 15

The enzynes, whichmaee abmo:orpmygep&idé avaihadh£198061u-c108Y Rey PWLhased
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can be isol aaed aontmgpn, fWFedL20 {Couplingssamsibodies dpgamises diraster

Et andalrdmgrm&sﬂimatm% " mro%bahneggggrtn%n@fn eachmszym,mb@p% shoul d
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2"yt B roopaute SRE° R eal GRiiR UR BV (ak vSLF 3 e EERY O
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exper i ment at ABpe ?ﬁ‘é%% a‘-ﬁ&l"ys‘&e "béCeefé‘ﬁH%té’é uﬁﬁl‘hg pokEpenFidedt a’r%ed
portions of tiveanzdnee. an aldehyde &na ahsynebupledttyi tyeslkiped damine
preferably bg gﬁ;se;,mgﬁg enzymggt h before and after the derivatization

I t di hed, ,
§8?“pe'x2 |Leac BB Ry P, BRIRGC 6 er Y REARAT R 2750 our o

Thevqia@me Fbey p@bﬂ%@ldsyé'ﬂ[lyhoﬂ unpiecules, nhhexse wddplhed a to
each_ of the @idy nMefciesiyngfabyopiidduetsi pPodicddie hpweeesiUurihere wilkbcaisdwed by
Wllians (19§%>a widle 'aaaa*fs aiﬁﬂ | PN i Pes! ofAI:he molefuiBE Na¥h 88h1ar

1

i nvol ving ¢ tauto rs reaction wt
9 y wlgiech w:. ow a clean-up procedure using, for

20 example, HPLC with a 3000 PW column for a separation based on

molecular size.

The purpose of this separation step is a “clean-up” of
the reaction. The clean-up removes unreacted polypeptide
“anchor” molecules, polypeptide mixtures resulting from the

25 “anchor” molecules that reacted with each other, and the desired
product of enzyme-"anchor” complexes. There may also be a
number of desired enzyme~"anchor” complexes, 'depending upon the
number of- “anchor” molecules attached to the enzyme. It is not
considered necessary to separate enzyme-"anchor” complexes into

30 discrete fractions depending upon the number of “anchor”
molecules; rather, all types of enzyme-”anchor” complexes may be
tested and clinically applied collectively. Separating the types
of enzyme-"anchor” complexes into discrete molecular entities
may, however, be carried out where it is considered appropriate.

35 Where desired or considered necessary, the clean up
procedure may be validated by defining and setting the column
(HPLC) operating conditions. Sample runs may be made with: 1)



nucl eophi |l es of the mater;soluble pepti de coupling reagent 35

1- et hyl - 3-[-3-di net hyl am nopropyl ]-carbodiimde (EDC)." J. Am Chem
Soc. 103 7090-7095(1981)]. This procedure use

19 1- 3“[9193‘7’ 189 [ - 3-di met hyl ami nopropyl ] - carbodi i m dzpa("éfﬁlss‘;as t he
coupling agent. The EDC-activated carb | group of Qu in the

pol ypepti de (as vveII as the car boxyl group fromthe "C' term nus end of

t he pol ypep ou o f roup on 5 e
form ng covg1 % awede gone pi ¢ ahdfio ]%hm Yof &"?peﬁf’%dg’) ™ .
G u- G u- LysTererigny, mHERpPTBe Wlth%‘Bup‘F"@:l pedEEian o’r’ft [RRZERS y nREt BRI g
nodi fi cat i ofimd/fidaction mmbesdfioe thetsadr |plnetle:try vﬂlshaaneeegn(lﬁaamnder . _
[ O Shannessype Defined op aﬁ& A1t Wnd--that WRYP! DT ddpRedi fsn dfOr site

directed_10 |mmb1aIn|c al j, mole u%gch Oeéo . , B| oc%r} gsa@{g ??gélt?B?,) In

this proéed e, the ree amne group am ne
group from mAEEcukes, ofFae gBZKHe @9 EEF-W%?G{ZP e9r jcpupled enpyEesed to an

al dehyde and then coupled to the free am ne groups on the enzynes. 15
In both of Hev%pkjséaf or derivativization reacti-ons i nvol vi ng t he
pol ypepti de”"anchqr

ecul es, there wll wi de vari et
by- products produd&d®T h‘éﬂe%ﬁmﬁﬁlef‘gpw‘ﬁt’ﬁ%othe 95%9“}%5%5%
anong t he spyethesfisefcengimecanckoy rearpdereas may beidgtermioed cin vﬁf’, I_Dal | ow a
cl ean- up presethiradsHgl Mhe b0ch 2Assagx fsPdascerBed pelck.a 3000 PW col umm for a

separation based gfyjeordlOhEE Ubdledidf for, savivary TiSpRU! BOSC Ofnidh o

separation t reacti cl ean US reanes

ste
unr eact ed pEJFV%ep?# dﬁtrepwﬁ’aﬁ‘g%rwtafﬂﬂ eaé‘l? é%c“ﬂﬁ‘f’x&f’e"pt‘ﬁfémﬁi‘ﬁt&
resulting feems)hevidSh 'agaclrecvgmireasc A shidhatplaguet formiingh bagteris.her ,

and t heig es BéEﬂva oﬂi:@ﬂtl C:Ercﬁ(f HhieZ %@Eecﬂé@ hegpu1aeieh .be sHiheatE® al so
be a Endfuniost Seaichon SPLLIST 33984}%59919% the
eC eS a IS NnoO

nunber of

consi der ed ﬁ@%]e%%*'—&f"ys?%“%ﬁéi t%“é"ﬁ'z?ﬁet %rﬁﬂ?&?‘" 1’6%\’6{“@@%1%4?6'3@‘15
di screte fsbotk mdutilepernidiinge ppeparedhdy comiyaringothe saiiver samples

with the greatest population of the identified stains (20 - 25%
20 of the total samples taken).
Thereafter, the following solutions are prepared:
a) Enriched Sucrose Broth.

b) Positive control solution of 20mg/ml of chlorhexidine,
a known inhibitor of plague formation. '

25 c) The two test-related controls may be the underivatized
enzyme i.e., enzymes without “anchor” molecules.

d) The 8 treatment solutions (6 test solution and 2
test-related controls) may be prepared with Enriched Sucrose
Broth as the solvent, giving stock solutions with concentrations

30 of 10, 1.0, and 0.lmg/ml.

Procedure
Sterile glass slides are placed in 50 ml test tubes
containing 39 ml of Enriched Sucrose Broth. The <tubes are
35 inoculated with 1 ml of stock inoculum (saliva) solution. The
tubes are incubated at 37°C under 5% CO, for 24 to 48 hours,

until visual evidence of plague formation appears. The slides



nol ecul es; rather, all types of enzynme-"anchor" conpl exes may be tested

and clinically applied collectively. Separating the types of

enzyme- " an®ieep189%oNpl exes into di screte nol ecul ar enti tRCEQSIs21656ny

however, be carried out where it is congsjdered appropriate. 35

Where desired or considered necessaryz,1 the clean up procedure may be

val i dated by defining and setting the co]um .(HPLC) operating

Conditions.agﬁuﬁﬁq?vp nstﬁ@&ﬁ@ﬁgr déomp?ﬁﬁnq)solutlons of fresh Enriched

20 t heSesrosee Babtime(3R)mlt Ho SAchbrtesy dubke) atondiichnd 8) ofethe

reaction m xpprcprat8odést heoRfdohi @8 @laBAZY M™he RESSIHJ Wdlutions may

time/fracti RQYQL{%J%eEo%ﬂ{wihﬁtél g{sqt&i) . W |1 be determ ned under t he
I't1rons Wi

defi ned operating con all ow separation-of 5 free
"anchor"3 nol ecul &4, NO RRATEAt TATdQet s ZmBAghed Sycrese brothpp| ecul es,
free enzyme and déni Pasitzioe centtmipl ed 20zgfed. chlorohekidiiet r o Assay

Prior to clinical ;3pebheadl Ofb1aBA ebf eeddvsRness18f PNYankd 1y nthesi ged
enzyme- anchor cog‘gl exes maF\g"be determined in an in vitro assay. One
such assay P8/Me@r|aRPAreRsx-Glucosidase g hiects are screened for

ZaL!Vary out put ang @oﬁ'}:ﬁ%‘l rela't@&e\:?C’%r%{n%%EQCQ&P% W@gz arl-dh_l.r?
ctinonyces vjscosus (plate, count s ich are recogni zed as hig

pl aqueﬁl(gr Fﬁ‘%}d“%bggfe?é%orfg SXPFFAPFSBut put from the sel ected popul ation
may be stinul at ed3) Tegly tneakmerthA,néBtand2€r { 3| Pexiranagefanghexhior
carbowax. The, 1.0 andled eg/sanliva will serve as the stock inoculum

solution. This S Lt i AR a | nd .saliva
(h Fhorse GRathbith Y| 2Bl BRT1F hekoRREN Halnton 00! ! Da0s

ST oS e il g S gy PoPul ot on of fhe TdentiT e s{afie, (2
sol uti ob% are prefheedglass. slides Zpm@Em i cisedtSer ogespeehiye dosing b)
Positive cosplwlions! Hbi Qippebx20aIV ofé KdUQr hetéylidi® then femobedNand
i nhi bi t or 0£iﬁ§é395§ &fﬁﬂﬁ#giﬁﬂ-a clean Enriched Sucrose Broth.
The slides may then be placed in fresh Enriched Sucrose
Broth and the tubes incubated in the same manner for 24 to 48
20 hours. The amount of plaque is recorded (photographed) for each
treatment and the plagque from each slide is harvested, dried and
weighed.
The enzymatic activity of both enzymes before and after
the derivatization is determined, as well as the efficiency of
25 the reaction clean-up. Visual observation is made of each test;
photographs are taken of each treatment (combined triplicate
test of each treatment as a single photograph), and the amount
(weight) of plaque formed in each test is determined.
In the selection of enzymes, anchors and the coupling
30 methods and procedures, a number of factors should be taken into
account to provide the most effective enzyme-anchor complexes.
some of these are as follows: The enzymes and anchor molecules
selected should always be the most appropriate for limiting a
bacterial colonization matrix. More than one enzyme may be
35 npecessary to cause a critical limitation of the polysaccharide
backbone for plague formation.



25 c) The two test-related controls nmay be the underivatized
enzyne i.e., enzynes wthout "anchor" nol ecul es. d) The 8

t r eat ment ions (6 test solution and 2 test-rel aLrols) nmay
be prepare ﬁ#bﬁggnriched Sucr ose Broth as the soldgﬁﬁg glv%ng st ock
solutions with concentrations 30 of 10,51.0, and O.1ng/m . Procedure
Sterile glass slides are placed in 50 n1 test tubes containing 39 m of

Enriched Sucrose Bpotdycehlieat %ﬁ%an@afeé%f bRAcYILA ﬁ ﬁgeltl[%e[eg% rgit ock

i nocul um (saliva) solution. bes. are_incu C under

5% CO{err] Ybr ¥4 f8°%g Jfky Fequire uﬁ?FFeﬂ‘?&gF e@?‘ﬂ’éﬁﬁ;@'ofz
formati on ap:pz;@bgal Tadanre duy the oral cavity will be ma.mtalned ' and 3)

are renpvedghd rakel enserl dfo adoersy sEddksons e FHREN akN Bl EEE dremovedUCT ose

Broth (359 rrh, gg g}a}hgg X%@)#ﬁf‘ﬂ%ﬂs rraem{l%&e appropriate test |

solution is a ave the follow ng

conposi tion: 1) No treatnent control - Enriched Sucrose broth
2) Positive control - 20 ng/ M chl or ohexi di ne 3) Control related
to treatnents 1A, 1B and 1C - 1.0 ng/ M un-"anchored” [err]-d ucosi dase
4) Control related to treatnents 2A, 2B and 2C - 1.0 10 ng/n
un-"anchor ed" Dextranase 5) Test treatnents 2A, 2B and.2C (3
Dext ranase-"anchor"): 10, 1.0 and 0.1 ny/m. 6) Test
treatnments 2A, - 2B and 2C (3 Dextranase-"anchor"): 10, 1.0 and 0.1
mg/m . 15 The glass slides remain in their respective dosing
solutions for approximately one hour. They are then renoved and ri nsed
by di pping in a clean Enriched Sucrose Broth. The slides may
then be placed in fresh Enriched Sucrose - Broth and the tubes incubated

in the sane manner for 24 to 48 20 hours. The anount of plaque is recorded
(phot ogr aphed) for each :



treatnment and the plaque fromeach slide is harvested, dried and

wei ghed. The enzymatic activity of both enzynes before and after
t he derivaybsaisbn i s determ ned, as well as the efficipenuyoseiss@5 t he
reaction cl ean-up. Visual observation is made of each test; phot ogr aphs
are taken of each treatnent (comnbined ©@8iplicate test of each treatnent
as a single photograph), and the anopunt (wei ght) of plaque forned in
each test iczagmser m ned. In the selection of enzynes, anchors
and the coupling 30 methqadssapfoPr ocedidres, acBHERAN AL fact piseshiayl d be
taken into caunt. to. provide. the nost effective enzyne-anchor

conpl exes. gromgg‘r‘fgmd‘flz?ﬁ%s%cg}“@rh%l%l | ows: The enzymes and anchor

nol ecul es sel agtenZY®Roul d al ways be the nost appropriate for limting a
bacteria col oni zaii efAch®t I indleddliee ddiple@nacenehdeeitymderdS fopRcaasary to
cause a Cridd 5ok bidHd A1, e BRLUSALIAG' dpanie RaClRORMIMY <0l adue

formati on. )

potential FUFYRBLEARE BFOFHIA ERVRMATHRTIRL ¢Mr ol d: 1) it does not
requi re bact eri cvkkteinathe¢ \attbhachm@)t yeochel substyiateopemdiitisapeeiomgend t he
oral cavit YreMehtid® $ideNb2i 886, Siymd)-anchd &dniphek | WEe¥E eheaguetsganf fects

ielni Enhﬁa]trbgstcoq_toﬁi1§%Ire§gm_/_ed 5 fromthe oral cavity are mnim zed or

d. 23
2. A composition as claimed in claim 1 wherein the enzyme is
selected for its ability to degrade a colonization matrix.
3. A composition as claimed in claim 2 wherein the

colonization matrix includes polysaccharides, and the enzyme is
15 selected for its ability to degrade the polysaccharides.

4. A composition as claimed in claim 1 wherein the anchor

molecule is capable of attaching to any suitable substrate

within an oral cavity. '

5. A composition as claimed in claim 4 wherein the anchor
20 molecule attaches to the tooth surface. _
6. A composition as claimed in claim 4 wherein the anchor
attaches to a pellicle on the tooth surface.
7. A composition as claimed in claim 4 wherein the anchor
molecule attaches to a bacterial cell wall.
25 8. A composition as claimed in claim 4 wherein the anchor

molecule is a ligand based molecule designed to mimic exterior
cell surfaces of bacteria thereby creating competitive binding
between bacteria and the enzyme-anchor complex with the surfaces
in the oral cavity. '

30 9. ‘A composition as claimed in claim 1 wherein the surface
in the oral cavity is a plague matrix.
10. A composition as claimed in claim 7 wherein the anchor

molecule is a receptor based molecule designed to bind " to

bacterial attachment sites so that the enzyme-anchor complex can
35 Dbe adsorbed onto.bacterial surfaces.

11. A composition as claimed in claim 3 wherein the

polysaccharide is glucan.

_
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CLAI MVB: 1. A conposi tion for control |l ing - bacteri al
growt h/ col oni zati on conpri si ng: an enzyne, 5 an anchor
nol ecul e coupled to the enzyne to form an enzyme- anchor conpl ex, the
anchor bei myoess#sl e of attaching to a substrate prBEINIsL2K68 a
bacterial col ony, wherein theggattachnent to the substrate
permts prol onged retention tinme of the enzynme-anchor conpl ex where the

bacterial 105 col ogy bémﬂUsfiEEBﬁ as c&amedAﬁpmqaw 0§ aéné}.legeﬂe én

claim1 wherein the en IS sel ected for r ad
col oni zat i orPHEERFRRATL 3ls 3 APelRRRIserts oﬁmd °‘“§’?§f rre%grfeﬁatécgl ap 2

wherein t heuxturew%mazlat dbrenRet P?--‘kgc?'n@PGdE%lY[?éW%%R:J@?&M des, and the
enzyne i s 1513.sel ent edmpawitiba abi tiajméd :degﬂaﬁiﬁ Bhehetd s aeh @nkzgas .

4. A GOMQSIal AS o€ h?&f@ﬂaée“h&lrﬁigf“ t%naémﬁgc hor mol ecul e

i s capable o attach| tQ ol sub s r at an oral
cavity. g %o it PB L% ¢ }c?’é‘leﬁe& elr?] Z’hﬁﬁ%?' ﬂ‘et FEZEM®hor 20
mol ecul e at tm:h@@lt?@t@ne fredt Hthaur gaowp 00n888t1ng AcEpnmedierases as ferai ned

in claim4 WMgtb&anmas- gLyid19¢ € Sclcavagd Céhdyiles , Ofot NE1da00hb
surface. s thAeCq O%Jﬂdo%a ﬁﬁbél ”%Eh 2;%19%&‘&&11&%1%@&[ Lk BofgCchor

nol ecul e attacrhes to a bacter al npositiQgn as
cl ai ned Yh cFigavRrge wRRFEIST? tIP@PHh%o‘P“d clparags | ergyRey P’P@ﬁ‘?lcp’[ﬁ?éﬁs

nol ecul e desaxgmetihé 0 swbatTatext dreactant) ;catdrbonriiioogent Hradt ecieavaber eby
creating condifiymesVanbrdin substhatdeehefaGhe) ﬁsaﬁ&taep@*@@i@ﬁ avghor

compl ex vi t bl 3l 68%ace clflublf & éﬁlongéﬂ'ﬁaﬁ pRa Qieavag GEARRSLTT ON

as claimed in aim ace e oral
pl aque mat riBalide bepd cleavagg,ERrYRas: @§0§pl§arh1§dn+ifarq9|eg| kprd fet he
anchor 15 nedzymeke sudfar+micopgen Daeed cldayagee encgmegneantlo drnbon-t o
bacterial atgiRpHBRLs %Otngscféh‘;a[@@teﬁmnzyne anchor conpl ex can 35 be

adsor bed ontp, bacterial surf.aces A co osition S ined in
claim 3 whidein & Remeositig gesc%zm% in g sreih the anchor
molecule is selecte from the group con51st1ng of proteins,

protein fragments and polypeptides, being from one or more of
20 the following groups:
a. naturally-occurring;
b. naturally-occurring, but modified;
c. synthetic polypeptides
i. wusing naturally occurring amino acids

25 ii. using synthetic, non-naturally occurring amino
acids, D-amino acids, beta-substituted amino acids, alpha,alpha-
disubstituted;

d. charge prevalence; and
i. cationic (basic amino acids)
30 ii. anionic (acidic amino acids)
e. any combination of the above.
16. A composition as c¢laimed in claim 1 wherein the anchor
molecules are saccharides and oligosaccharides, the saccharides
and oligosaccharides being selected from the group consisting
35 of:
a. naturally occurring such as glucose, mannose, galactose,
rhamnose, fucose, fructose, sucrose;

//’//
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24 12. A conposition as <clained in claim 3 wherein the

pol ysaccharide is a heterogenous and conpl ex aggregate and m xt ure of
many di ver SEOWBYE- and pol ysacchari des. 13. A coREHYSBRIAS as cl ai ned
in claim3 wherein the enzyne 5 selected is a hydrol ase having hydrol ytic
activity. 14. A conposition as cl & ned in claim13 wherein the enzynmne
Is selected fromthe group consisting of: esterases, for cl eaving ester.
bonds; gl ycol ytik: ct %Eyeﬂ‘iﬁ‘?‘f‘érs‘:“gf GIPPe FVIRES  Such R sIIIRASaRERef ound
in oligo- agdlgwiogamindari dat-aciyhgiudasadin®, cl edvagpiydgayastsysapépe; de
bond cl eavageuedieniBSaddts’ eiRl 0¢ @idig; . are the substrate (reactant);

car bon-ni trogen pon g 3| e e substrate.(reactant) is
not a protein,; a‘g‘l dgyﬂﬁgcéﬁy?rrl d%org F%\gggjé% né§%‘%€€mgars&§’ %85%%%5 n %%d

cl eavage® en2PHR 8ugars h4heaPond cl eavage enzynes; phosphor us-nitrogen
bond cl eavage 15 enaynesstexs| blirsugansggsugaordanidt exddgesssrzgnesd and

car bon- phosphor yg ,bond eheayediyeNZy Mesonbined 14  sfghATPOSI L4 as
clainmed in ¢l atl_hm 1 vvhfrei r11:.t he arhchor R m)iecul e i s selécted fromthe
group consi BFPTRISY PRIYRERTAESS and syprhetic glyGenratelnd. 0| ypept i des, bei ng
from one or 1#er & ofom@psithenf gs| GArAagedr dnpslaim 1 whereip, the anchor

nat ural hy- oR6léddleg; are  glycoprioteins Afraltb¥gDedans!, | R@lebtéd MeLhd | €KE

c. syntheti &gg-'gﬁ% . i. using naturally occurring am no
acids 25 ﬁr&% ?'lé uglfngg{;r_s:g/nt hetic, non-naturally occurring am no

acids, D-ami no dti #TURRALY. OF n% 4R A &lastin:, 18ephaSal pha-
di substituted; b. synth¢tichamsgehpr @sal emddfiedid naturally occurrim@tionic
(basi c am nglfgdﬁ@);egﬂs/pmteoglycaﬂsi,. ani oni ¢ (acidic am no acids)

e. any i@”bgﬂ?t ';P“c&ﬁpésilﬁiéﬂ?%@- claimed: iff g:‘igﬂgs'lt '&gréin%ﬁé”% chdl €1 i m
1 wherein the_ anchor nmol ecul eS are saccharides and ol'i gosaccharl des,

t he sacchar Pgtecules arg Hiyrglintds, seieeted,&rRy e greun Fovsisthed ffsup
consi sting 35 of. naturally ogcuneing,akhgh cax wphingomtelingascetabroside,
mannose, gahakdisBides; dndammose, fucose, fructose, sucrose; -

b. synthetic or modified natural glycol; 1lipids through
20 some chemical procedure such as esterification, amidation or
similar chemical process.
19. A composition as claimed in claim 1 wherein the anchor
molecules are lipoprotein selected from the group consisting of
chylomicron, Very Low Density Lipoproteins (VLDL), Low Density
25 Lipoproteins (LDL), and High Density Lipoproteins (HDL).
20. A composition as claimed in claim 1 wherein the anchor
molecules are lipids selected from the group consisting of
a. non-polar, natural or synthetic, such as triglycerides,
cholesterol or other plant or animal sterols; and
30 b. polar, natural or synthetic such as phospholipids
(phosphatidyl serine).
21. A composition as claimed in claim 1 wherein the anchor
molecules are cell fragments, cell ghosts or segments or
portions of exterior bacterial or animal cell walls or membranes
35 that mimic live and viable bacterial or animal cells for the
purpose of securing an enzyme to the surface within the oral
cavity.
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25 b. naturally occurring am no sugars such as gl ucosani ne,

gal act osam ne, N-actyl gl ucosam ne, N-acetyl gal act osam ne,

neur anmeni ¢ @gigﬂm”%i alic acid;. c. synthetic or pEPDsoRA N ¢ ally
occurring sacCharides and 5 am no sugars, such as . esters
of sugars, sugar-organic acid esters; agg . chem cally
conbi ned sugars and prot ei ns/ pol ypepti des and synthetic

I Lol B B hhpodiRIPOY (il GnidiRn G ShithBid VRS Shindde

anchor 10 rml ecul e rgg rotel ns r ot eog‘#/cans Sel.ec romthe
group consi SPRRGUIFS are non~biglogig,, pei¥pegicy adgc riedecked sErop

| ectins, the gropp copaisieing of uchpolamerm)dmﬁheds rettywene¢+butaddens ri ng
gl ycoprot e| ri,'yipﬁ@,g@ogl ycans. 15 18. A conposition as clainmed in claim1l
wherein 2?nchgrcom oéﬁ'ﬁ:ﬁ“' 85S¢ %gm&i yﬂ)léf)a{&s sg'hh%ggeq__hf romthe gsroup

. consi st ng 0 P Hhaftr § y occurri ng, such as spﬁl ﬁﬁﬁweel
cerebrosi de OL—Glucgah‘éﬁﬁ%m des; and . synt hetic or nodifi ed
prqlceduq:%esuch as

natural gl ycgl [ gh.2 .
esterificat .ngn L ¢ 'gé?él SH QS glglilrgn ar cﬁiem ca preggess SRZYHY LA
conposi tion D&é‘tﬁ?’bﬂ%d in cI a| m 1 wherein the anchor mol ecul es are

| i popr ot ei n 25el eat edmposinivhe agy oelaimedsiiat iclgiaf 1 whexleyhorher anchafery Low
Densi ty 1l Phet@idISs( ¥Lbddic ke gy 25 Lipoproteins (LDL), and High

Density Lipqproteins 28 cl ai ned

os t.i o nclaimil
wher ei n t he “@nch rcoméos%%lg%ulag < Pﬁ#p:f' Ebt d"hfeFSmlf’hghargﬁf)lc
consi sting gPlypeptide ig LYWEOGHP'LWaPWPaI or synthetic, such as
triglycerides. A chepesitcion ay dllalieedpliantlaim ani widreinherhbks anehsk 30

b. I h hol d
pol ar dg{&%b’ﬁf& €0k M&%egwypﬁg% as phosphol i pi ds

(phosphat serine {ion_ as clained in aim1l wherein
the anc bl EOIPRRitieR 25 I R s C1R | 2 HEReTeig, tb@gﬁ&%{i’s" or
portions of polypeptiidehde t @hu-GFluckysailwelleel | wal s or nenbranes 35 that

mmc |live @9d vhabbfpdsdetioni aé elaididmah e®hiss f GmelrBEn the substrate
comprises micelles. :
30. A method of controlling bacterial colonization comprising
20 the steps of:

forming an anchor-enzyme complex comprised of an enzyme
selected for its ability to degrade at 1least portion of a
colonization matrix, and an anchor, a portion of which is

coupled to the enzyme to produce the complex; and

25 selecting the anchor based on the ability of said anchor to
attach to a substrate, to thereby increase the retention time of
the enzyme-anchor complex in close proximity to the matrix.

31. A method as claimed in claim 30 wherein bacterial
colonization is controlled within the oral cavity.

30 32. A method as claimed in claim 31 wherein the colonization
matrix is a plagque matrix, and wherein the plaque matrix
comprises polysaccharldes.

33. A method of form:.ng a composition for controlling the
proliferation of bacterial colonies, the method comprising:

35 selecting an enzyme based on its ability to degrade the
structural component where bacterial colonization occurs;

!
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pur pose of securing an enzyme to the surface within the oral cavity.
26 22. A conposition as clainmed in claim1l wherein the anchor
mol ecul es AYRXABM2 bi ol ogi ¢, polymeric material s sel ect eBCTPWIMRIES6 t he group

consi sting of copolyners such as styre e but adi ene polymers. 5 23. A
conposition as clained in claim 1 wher 21 he enzynme is [err]-d ucosidase.
24. A conposi tion as cl ai med | aim1 ere the enzy S Dext r anase.
25. A conpositi &F &sta‘-%ﬁ?e&“f: ’E:I“E’Ilﬁf’& noR h’et%lﬁ'c"%%tlldm FevRt&l e i s

a basi ¢ pol ypephe deelected) gnzyme odip)s i thadn the Enaymedretaigisaieffdstivere in
t he lbafs' Cd enzyitipepictdeity les- dé(fra@eu-ﬂlﬁ& é—ﬁ’ﬁ}ctural zzzompor%rﬁ:grrpﬁﬁ tion
as claine ¢ n aci

pol ypept | de, H“l@rab‘gi&c‘y&ue fﬁk‘glsl%{]leboeﬁ'g Qé}eac’tr?ggg%ﬁ 1{1 ala#flﬁll Xter gﬂ:ia(flhe
acidic 3 b%l%/ﬁé‘ﬁ?f‘ﬁ%t‘? §r a@q}:;@lucolonggmm, @dposi tion as

clai ned i n cl ai mouphing cthe dmshgl;lbemd a&nzyme toopnrdmsam éfdymesanchor 30. A
nmet hod of ces %1@x| i ng bacteri al coI oni zati on conprising 20 the steps of:

form ng an c I rlsedo 28D enzy sele ed for
its abi Iityg‘?o egra emiz;it %ggst n$ %12 Ef%tl ﬁ?"kg and
an anchor, Er@érfﬁﬂféﬁl‘?ﬂ %Péﬁt‘\‘%lal COMu;ﬁsednt@Q lradneamikyto produce the
conpl ex10 anss25 a method adfeconbgol YimganolsnizZaaion N daddeetddl iphiqeé Hai d

anchor 10  yhe &iradC Ba&f?tf‘ wﬁ}é%ia&aiﬁ O¥e i Go2aSE H?ﬁn enﬂﬁﬂeon g'lma

ek Epe

of t he enzrreacor co%gxm se oximty tot% :
A met hod as™%l ?‘}?&8 i FocPRi APSBennRPtackedatren; the 9r°‘1?o|°6ﬁ’??i%‘f’r‘l:9n %
control | ed 9¢klhiwall heceddawathinagments, cell fragments and cell ghosts.
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30 32. A nethod as clained in claim31 wherein the col oni zati on

matrix is a plaque matri X, and wherein the plaque matrix conpri ses

pol ysacchar‘rl ? A nmethod of form ng a conposition for controlling
erati on of bacterial col onies, the nethod EERFFFSPhg: 35

t he proli

sel ecting an enzyme based on its abiljfy to degrade the structural
conponent where bacteri al colonlzatlon occurs;

27 sel ecting an anchor L ased on its ablllty to couple

to the selected enzyne such that the enzyne retains effective enzymati c
activity to degrade the_stxuctugal conponent, the anchor nol ecul e

further being sel ected<{qr Qs ability to atfach 5 0 a substrate proximal
the bacterial coloniza nf and 4 727 co pli ng <he anchor and enzyne to
produce an enzyme- anchg QP €X. ®4. A Nmethod as clained in

claim 33 for controf§lifg N, O)rirfrer alpi on of back&rial colonies in the
oral cavity. 10 23 i thog of ggaef ol/l i ng calonization of bacteri al
pl aque in 41 0 mm[‘.’] ENzZy g dSpecific for degrading
pl aque s coupgpd/ 0 /al Anghor/ s EA ot -r YN group consi sting of
cell wall, cell (Mall fragnents, cell fragnent d cell ghosts.
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