METHOD TQePREDI CT ACTI VE GROMH OF BACTERI A ADHERED TO A SURFACE The
prese@t/{nvention generally relates to mcrobiral replication factors and
proceSg®s .for.inhibiting or enhancing growth of m croorgani sns. One process.
i nvol ves treating or.~.controlling a bacterial infection caused by adherent
bacteria attached to or on surfaces. Another aspect of this invention
particularly relates to a process to treat or control infection of adherent
bacteria on surf aermoofo PROIET ALTIVE! GioRT OF TBACTERPK! AGHIRER B SHRFALE T
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of indwelling foreign devi u ) ants, artificral heart
val ves or cat heR®¥al §5Fadrgpetdaagteria to assay the composition.

Still another aspect of this invention relates to a
method to control active or rapid growth of adherent
bacteria using a composition which initiates or starts
active growth of bacteria.

Background of the Invention
Treatment and control of bacterial infection
has been a principal focus of modern research. The

introduction and widespread use of antibiotics has
provided the medical practitioner with a variety of
powerful tools to treat and control bacterial infection
in patients. In spite of the vast amounts of research
undertaken as well as readily available pharmaceutical
agents to combat bacterial infection, the problems of
treating and controlling bacterial infection are not
solved. For example, the widespread use of antibiotics
has led to the development of strains of pathogenic
organisms which are resistant to most Commonly used
antibiotics. In addition, the increasing number of
immune-compromiced patients has created new challenges
for the medical practitioner. Furthermore, medical
Practitioners have long recognized that the presence of
indwelling foreign devices, such as dental implants,
artificial heart valves or catheters, predisposes a



patient\toﬁ%acterial I nfection and conplicates the treatnment and control of
infecti'Qqn related to such foreign bodies. It is certainly expected,
howeverke t hat 'the inplantation of devices will continue to increase as
advances are nade in both biomaterials and inplantation nmethodol ogies.. In
spite of this expected increase in the use of indwelling biomaterials,

ef fecti ve net hodol ogi es and phar nacol ogi cal “agents useful to treat and
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has been observed and reporte acteria, are adhered to surfaces
are significant| pelbpielentes 2gq phererralamicat ggents usebrbitiorEmsetwhi ch
are not bound toagdSsobhBESL Haeteflanpssocbapddmiahvthehuss eof rthdelt i on are
nore susceptible antj biotics when conpared .t cteria which are adhered
to surfaces. Thug\%ggﬁl et gﬁ&i ﬁ&rﬁ?n{rﬁé %vraolclégggé used by bacteria to
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addition, mcrobjal grow S 1nportant” in stinmulating growh in a
popul ati on of cebpsteyial infestation of such surfaces is not well

understood. Even though bacteria are prone to infest
the surface of nearly all accessible articles, little is
known about control of such bacteria on these surfaces
or about the factors contributing to the growth of such
bacteria on such surfaces. |

Mechanisms thought to be significant in
dévelopment of bacterial biomass on accessible surfaces
include (1) adherence of indigenous bacteria to specific
receptors of enamel pellicular surfaces; and {(2) growth
or cell division of adherent bacteria. It is thought
that growth of adherent bacteria is very slow.

It has been observed and reported that bacteria
which are adhered to surfaces are significantly
different from bacteria which are in a solution or which
are not bound to a surface. For example, bacteria which
are in solution are more susceptible to antibiotics when
compared to bacteria which are adhered to surfaces.
Thus, an understanding of the processes used by bacteria
to grow on or adhere to surfaces is necessary to
successfully treat or control bacteria infections °
related directly or indirectly to surfaces.

In addition, microbial growth factors important
in stimulating growth in a population of cells or



3 initiatj'rjg growmh in an individual cell have not been identified or well
charaeterized. The identification of microbial growh factors from
bactegtal cells grow ng on surfaces or in suspension could be inportant
tool s*for enhancing the growh of bacteria or inhibiting the growth of
bacteria in suspension or on surfaces. Cearly, there exists a need to
understand and to predict bacterial growh,on the surface of bionmaterials
as well as control the proliferation and netabolism of adhered bacteria

a?]som ?t ed with tﬂgﬁ_@t@geewfﬁd,?h #@gq_;ﬁitlﬁqtdagmhéu Chave moitf peand f
characterize mcrobial_  gro C sQ that .bac on surfaces
or suspension c%%l«gﬁgﬁnﬁ’éd"% fﬁ}ﬁ%ﬁ%&”@& '#5 A‘?’ﬁﬁe‘%ﬁﬁﬁ%ﬁ?’f‘oﬂ The
present inventi aticuobialegrawtinvidctodsutfivom bactériabared lisdgroiwingdon

probl emms curt entdy [3539CHA" A Mddbrdd/seal 03418! pECRSAIAMI BBEL oA 0T oW

on surfaces becaus rmned that” bacterial growth on a

surface of a nateahaaring %\gltwfde@én@éﬁtter@)ﬁl@%sl%iw 'ﬁ%‘ebacterl al
popul ation apprg%%ﬁ afdsa@eéﬁ@%%p% F@ﬁs%hhoﬁ%@m@dsproportlon of

actively growin cteria to viable bacteria, bacterial growh is
unsubstantial . Put anot heteawhy Q@%W&Fspﬁoﬁ"??‘g eXRhand (&Ml i sm of
bacteria which age @dheaed:&&mrafla@e@wah bnoﬁhé&mﬁ&beabﬁ i-ndependent of

both t d t, t

o ovi des. aaBroﬂésté'f“?gemﬁﬁD A6 i pacbepEaBlithd wad i RARERh SO0
surface which i mettatietisheftasihereld becseniai n@swiaﬁeﬂ vpsputhesen density
of viable bact efnhﬂePSaiQe SA“rrfe%‘ae l-EBe@x‘iﬁE’Qafé NHd 8 fyl Gak popul ation

density with a secon I on densit avi n‘g a stimilated or enhanced

proportion of aEPﬁFéF?e’@f%ﬁM“Hg’Ilﬁ’i’étaér Béf"i"b'hvf% X &L Pacteeialcond
popul ation, pretescpbhYoriswi fders by elspbariod(fadMe enhanced or '

inhibited.

Summary of the Invention

The present invention provides a novel solution

to the above identified problems currently associated
.with treating or controlling bacterial growth on
surfaces because it has now been determined that
bacterial growth on a surface of a material is density
dependent. Unless an adherent bacterial population
approaches a density associated with an enhanced
proportion of actively growing bacteria to viable
bacteria, bacterial growth is unsubstantial. Put
.another way, substantial proliferation and metabolism of
bacteria which are adhered to surfaces of biomaterials
are independent of both time and nutrient supply.

Thus, one aspect of the present invention
provides a process to predict when bacteria will exhibit
active growth on a surface which includes the steps of
determining a first population density of viable
bacteria on the surface. Then comparing the first
population density with a second population density
having a stimulated or enhanced proportion of actively
growing bacteria to viable bacteria in the second
population, preferably at a demsity of about 400,000



4 bacterj”‘a/m*r{err] to about 6,300,000 bacteria/mjerr]. Active bacteri al
growth can be predicted when the first popul ation denhsity is greater than

t he gecond popul ation. The nethod can preferably be used to nmeasure the
growh of bacteria on surfaces. The proportion of actively growing cells to
viable cells in a population may be readi]y determ ned using the processes
described in Exanple 1, below. Still another aspect of this invention is a
process to preﬁhctema'/amizdtérw:ﬁﬁses i300,10000bavtdirf /e Ct exdtaivan- a surface
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ratio of actxvely growing bacterla to viable bacteria on

the surface, and predicting active bacterial growth on

the surface when the ratio of actively growing bacteria

to viable bacteria is between about 5 x 107*:1 to about

20 x 107%:1. Preferably, the ratio of actively growing

bacteria to viable bacteria is between about 20 x 107%:1

to 40 x 107:1.

The invention also includes a method for
inhibiting bacterial growth on a surface by controlling
bacterial growth so that the population density is
maintained below the population density associated with
an enhancement or stimulation of the proportion of
growing cells to viable cells in the population (i.e.,
density dependent growth). The bacterial growth can be
controlled by limiting the contact of bacteria with
adherence promoting agents such as carbohydrates or by
modifying the hydrophobicity of the surface.

In addition to the methods referred to above,
the present invention includes compositions and methods
for controlling or treating bacterial infections. Thus,
this invention includes a composition containing a start
microbial replication factor, SMR factor, which will
initiate or start the processes of active growth of



|n|t|abe or start the processes of active growth of bacteria which are
bourd - to surfaces and, when isolated, has a nol ecul'ar weight |ess than 3000
as geasured by size excl usi on menbrane filtration. The isolated SVR factor
is also resistant to autoclaving, freezing and |yophilizing. A conposition
containing SVMR factor may be prepared by formng a culture of sanguis
streptococci and isolating extracellulars material fromthe culture matrix
when the bacteria are in an active growh phase. Both suspension and agar
cultures of RATFEFdaswhighortr dound hes SUFLares (and pihesr dspdated, SVR
fA %tc OE)e Pr eI Q{aseﬁsgtlanabafﬁaﬁfw@.?@&erleass &ﬁhudsoﬁ: wrnfélarsweatb Ic?: <N3hOa| |5|5 235
posi : or ne ui coli :
The presence Eb‘fzesﬁﬁcgﬁéﬁ? W%’é‘er etig‘lt% éfl r{ﬁ?ed‘s&;aﬁﬁa SKRt hods
i ncl udi ng codbambmngsthbsdmfésxsnunh mongunatkmvzngAMﬂneehangeand deposi ted
on a saliva- g chip, incubating the bacterial cell-coated chip,
and determ ning ac |ve romﬂh by incorporation of radiol abelled nucl eotides
by the bacterial cell3 @eBRR%HPN Fonkalndng MR dactioremaynbexanpl e 1.
Q her et hOd%ax%@&réﬁt nIth':rﬁL&xgsM?chQFmQél bfoéhxig‘iﬁ.'sU%QrE?%&é'éd:@Q an increase

in the proport of activel dt surface in the
presence of §ﬁﬂ &8ﬂ%§€%ﬂgt%ﬁgg%éﬁiﬁéygFoﬁa ?r 5PPa%ﬁ8t°F}€%F%d with SMR
The cells camamelgrﬂhemoﬁhé|hacumrugrauenégaamuﬂxhue growphepeasdl y S.

gordonii Chaly %E: &Pio.f%%a L a@ i PLpEd @%ta%#“a strains having an

i ntegrated bacterla repor er control pronot er whose
expr essi on |§t€QBF@¢¢E§¥H%FQeﬂﬁﬂi&@eéanbﬁ E%#Haqﬁﬁéﬂphoéaﬁﬂ%lso be used. The

SMR factor cgacébso bprémekém s&rﬁ&hBOSftpactw:rﬁaiacuhaepsoportIOn of
?g: : \C/)elo%/ gr OWIgoQ' ogfl lsstéain ekll‘éc Bepogoi%pw 59905 { égngeaq_y toa
S. sanquis) or E. coli 149 ATCC No. 55535.
The presence of SMR factor may be readily
determined by many methods including contacting the SMR-

containing material with bacteria deposited on a
saliva-coated enamel chip, incubating the bacterial
cell-coated chip, and determining active growth by
incorporation of radioclabelled nucleotides by the
bacterial cells according to the method described in
Example 1.

Other methods for determining SMR composition
include measuring an increase in the proportion of
actively growing cells immobilized to a surface in the
presence of SMR compared to a population of bacteria not
treated with SMR. The cells can be gram positive or
gram negative but are preferably S. goxdonii Challis
ATCC No. 35105. Transformed bacterial strains having an

integrated bacterial reporter gene under control of a
promoter whose expression is coordinately regulated with
cell growth can also be used.

The SMR factor can alsoc be used in a method to -
increase the proportion of actively growing cells to
viable cells in a population, preferably to a ratio of
about 5 x 107%:1 to 20 x 107%:1. A stimulation of



about & x 10[err]: 1 to 20 x 10[err]:1. A stimulation of 6 m crobial
growt h”processes could be inportant in many industrial and diagnostic
sit@ations. This invention provides a nethod of increasing the efficacy of
anttm crobi al agents by contacting bacteria with the antimcrobial agent
and SMR factor in order to initiate active growh of the bacteria. The

I nvention al so provides a nethod for |dé%t|fy|ng agents that inhibit or

enhance a SMR,{ard0Ia1 AERRK % Eeh@@é 5uf§WBef§ﬁ%8£t§£$'Vﬂ oul d be

novel chenot hera eutlc agents. gents t hat enhanc actor e ctivity
coul d be ot heil &% ADGoiddnggPeiih $HMAENSThe i nvention al so provi des

for a genetlc cassettq-rarsdlhﬁréﬁai@ﬁ@@bmwal memubdm &f ifdre@sahed genetic

cassette. net| cassette i ri s sequencé codi ng
for a bacterl qAsY Q& n@niﬁﬂﬁég?Q%gil§§ §%s o ?ﬁﬁd@hd DNA sequence
that hybri di zb@ctqrzai odrth mhepantxmmtcﬁaraéoﬁgah‘gsen@)@ﬂe@cdmn in
coordinately &gl actoe(ln‘ﬁ."tg.gt@aﬁf:€£+§l AR Be (R ﬁ@&&ét }.dil sequence

functions to integrate t eﬁgenetlc cabsetie or portion thereof into the
gene in the b'-‘é?ﬁe‘ﬂ"@lnté-ﬁpo §8nRroVidass o MRERCH aE9% ridantdifyings have the

geget l ChCaSS&itj@xﬁsnttQQ&aE.ﬁﬂlbﬂtooi: henHarlec & SMRCf&dﬁB}SOmg%htal | ocati Ion 4
under the co 0 .pr se expLes i oordinately regul ate
with cell grontvé%‘ "f"rfl%%tlgaﬁg? E l'gactté‘r l§§ éé acllnbss glar‘l;eg‘e used in a method
to neasure nichesisitilergpeuthci agemts pr dgente thatirnenseoSHBMRatbator by
moni toring t%ﬁﬂ%ﬁs%gﬁﬂd%eté&@?%ﬁélahxé%éf flﬁz‘%"}‘m E&BQHEQ per cell

per unit tinme. Brie scription o Draw ngs_ Figur e I's a graphic
representation of actifhbe ZRVRRHLRA Q%ﬁQtQFP§4@ﬁ§|§PRH%M9%&§§%5I i mpl ant's as
popul ati on appiseatihesanddehshs foried Dackaeiervixipfaniliotieq2ab@, 000 -

3,200, 000 [1%k %]L ggggg a/ erﬁLtlc cassette is comprised of a

first DNA sequence coding for a bacterial reporter gene
linked to the 3’ end of a second DNA sequence that
hybridizes to a gene or portion thereof whose expression
is coordinately regulated with bacterial growth. The
second DNA sequence functions to integrate the genetic
cassette or portion thereof into the gene in the
bacterial chromosome. Transformed bacterial strains
have the genetic cassette integrated into the bacterial
chromosome at a location under the control of a promoter
whose expression is coordinately regulated with cell
growth. The transformed bacterial strains can be used
in a method to measure microbial growth in the presence
or absence of SMR factor by monitoring the expression of
the bacterial reporter gene product per cell per unit
time.

Brief Description of the Drawings
Figure 1A is a graphic representatioﬁ of active

growth of bacteria on in vivo dental implants as
population approaches a density. of the bacteria of about
2,500,000 - 3,200,000 [10°%%*] bacteria/mm’.

Figure 1B is a graphic reﬁresentation of the
saturation of enamel pellicular binding sites which



Figure-1B is a graphic representation of the saturation of enarmel

pel Li cul ar binding sites which 7 occurs during the first 2 through 8
“hous on in vivo dental inplants. Oral flora saturate these surfaces at a
density of 200,000 - 630,000 [10[err] - 10[err]] per mierr]. Figure 2 is a
graphic representation of active growh of bacteria on in vivo dental
inplants in the presence of sucrose, glugose or water as a bacterial

popul ation approaches a density of about 2,500,000 - 3,200,000 [10[err]]
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S. gordonii allis strain A De 51 { rept ococcus
par gsanqw s ‘% )appcfoﬁﬁcgﬁ?cgade Eg?gﬁt%dsﬁ];ho S 'ag a function
of cell |nput3;ﬂﬂ0aﬁmmeﬂﬂp°‘ﬁrgubacﬁérta sents the binding of
radi ol abel | ed S gordonii g@ablkg ftéfaéh¥nggE Qﬁtétf$h o105 as a

function of cell input per aces: reacti-bind maleic
anhydri de actqQ%ﬂﬁﬁ}%@@l9§t§P§ﬁé E%?b#?[ﬁ@ﬁﬁ8§l€[§ﬁr¥§e(Wﬂ%ﬁhﬂ?n Rockf or d,
L) 5 mul orerfdntd1p apldabasehb@él | rdddatpweeh bolisim asstddhsty1VWash ELI SA

strip wells &£ G&%%!(Cbrnlng, NY). Figure 6 represents the incorporation of
[[err] H net E:\l] ym dine into S. gordonii Challis strain ATCC

Figure 4 is a graphic representation of active
bacterial growth on the surface of bovine enamel, VISIO-
DISPERS light-cured composite dental restorative (ESPE-
‘Premiexr, Norristown, PA) and SILUX restorative (3M, St.
Paul, MN) as the population density on any of such
surfaces approaches about 2,500,000 - 3,200,000 [10%%%2)
bacteria/mm’.

Figure 5A represents the immobilization of
radio-labeled S. gordonii Challis strain ATCC Deposit
No. 35105, (*) and Streptococcus parasanguis PW213(e) to
maleic anhydride activated plates as a function of cell

input per mm’

Figure 5B represents the binding of
radiolabelled S gordonii Challis strain ATCC Deposit No.
35105 as a function of cell input per mm? to three
surfaces: reacti-bind maleic anhydride activated
polystyrene strip plates (o) (Pierce, Rockford, Ill);
Immulon strip plates (¢) (Dynatech Labs)} and Easy Wash
ELISA strip wells (e) (Corning, NY).

Figure 6 represents the incorporation of [*H-
methyl ]~-thymidine into S. gordonii Challis strain ATCC
Deposit No. 35105 in the presence of isolated SMR factor
{(*) and control Todd Hewitt (TH) media (O) as a function
of the time of incubation of SMR or TH. Arrow depicts




Deposit No# 35105 in the presence of isolated SMR factor (*) and control
Todd Hewi tt (TH) nmedia ([err]) as a function of the time of incubation of
SMR or #H. Arrow depicts 8 time of harvest in the preferred in vitro
bacterial replication assay. Figure 7 represents the genetic and physi cal
map of plasm d pMSP16Sany. This plasnid was constructed by ligation of a
fragnment of DNA honol ogous to an internal sé&gnent of a streptococcal 16s

rRNA gene into pRQ200 as described herein. Figure 8 represents the
post ul at ed struct%ﬁ%?(ﬁf(H%ﬁ8ﬁ§§oﬁﬁlt?%]@?%?PrS?dg%Ed%ﬁﬁgé terdadont ai ni ng

a pronoterl ess amdpisicgden hesag.to a 16s rRNA pronoter (indicated by P)

follow ng integration of P16S Lato e | S .chr b
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of time bacteri a igtiernalhspomenthah e $Lreptacretald 165:ERN8, g8per &RF@ growt h

on a surface. ActirgR09" @t Be8brPBed Aidr@ins directly related to popul ation

density. Density dependent . growt s associated wth.a_ stinuylatjon or
enhalncgment o:‘ %/he Bropor?ii r%fpa‘%ﬁﬂli?éfe?%érmﬁ |?\g,§s é’llﬁ‘ézefilng?ﬁ’éc' VERIAE cel |

popul ati on. The phxpavsbmal ofbDiXtof .y ggrdonii Ghalllldst gonhainimpea of

viable cells in | ' r gi a s, but |
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cel lular DNA Thdéisdimatedin B Hlewiagetagratienpp§pBREPLRSHRY gr owi ng

cells to viable gatbSth8SthdBLid &Mb%@m@fb}gf}@ﬁioﬂggbﬁsvké@ézﬁ!bﬁ%iforﬁf
about 5 x 10[err]:1 to 20 x 10[err]: 1, preferably 10 x 10[err]:1 to 40 x

10[err]: 1. Density dependent
. Detailed Description

The present invention discloses processes to
treat or control the growth of bacteria which are
attached or adhered to surfaces of biomaterials. The
present invention provides processes to determine under
what conditions and at what periods of time bacteria
will exhibit enhanced, stimulated, active, or rapid
growth on a surface. Active growth of bacteria is
directly related to population density. Density
dependent growth is associated with a stimulation or
enhancement of the proportion of actively growing cells
in the wviable cell population. The proportion of
actively growing cells to the number of viable cells in
a population can be determined by a number of methods,
but is preferably measured by incorporation of a
radiolabelled nucleotide into cellular DNA. The
stimulation or enhancement of the proportion of growing
cells to viable cells results in a ratio of growing to
viable cells of about 5 x 10™%:1 to 20 x 107%:1,
preferably 10 x 107:1 to 40 x 10*:1. Density dependent
active growth can be achieved when'a natural

lpredominantly streptococcal population of bacteria
having a size approaching 1-2 microns has a population
density of approaching about 400,000 [10°°%] bacteria/mm’



active growt h can be achieved when a natural predom nantly streptococcal
popul at'i on of  bacteria having a size approaching 1-2 mcrons has a
popylation density of approaching about 400,000 [10[err]] bacteria/mferr]
9 to about 6,300,000 [10[err]] bacteria/mierr]. Preferably, the population
density approaches about 2,500,000 - 3,200,000 [10[err]] bacteria/mferr].
Furthernore, the present invention provides mcrobial replication factors
whi ch are agents or products that initiate or start growth or replication

rocesses in bagtef] | atd na ng{ﬁ l,Gatd.ans 18581 C i al
Iroepl I cation fa?ﬁofgéb%%rér{ia%d@odrﬁ]ilﬁovkr éeérg%r{g@t'i o(r?sréand pé?i'ogggof tinme
when bacteria mepulakionidensitiyvapgroashes \iavsd2.aP8.BP8vrded for

determ ning thg, agdiyed v Qf- M-y dalcderigpmntati on factors on cells and for
i dentifying agents that_inhibit or eghance m.cr.obi repli catéon factors.

bi al .
Met hods are al so provi deF FGEMPEPagt ﬁepﬂ?%?’btbilé’lvepébﬂlcgf?%h $%ctors to
enhance or i nhmbetobizl afepllicatdohhfactens fbded arei agentspensi on. Novel

bacterial strains.c tigl i, Ln_a . u ' l,al growth
in the pr esenc@gggua %te%re%ae% ﬁlﬁg}%b‘l’gl %%%%nﬁgggfgis%sﬁ'ﬂé%ﬁ%éﬂt i on al so
provi des genet processas tigs hacteriansf varkatinanst apdamodéficationfond i c

cassette comoritﬁﬁie gm{dé%cg}igg\éeégﬂé‘ﬁﬁfﬁn coubivea sl periibasbhtiel dwporter

gene linked to t econd DNA sequence. The, second. sequence
provi des for réb%nﬁﬁﬁééﬁiﬂﬁsaﬁ@diB?Eb?%ﬁiQﬁ1?ﬁietWgeﬁehé?Fﬁrl%dgggﬁf; into
the bacterial ghroPDSBR dle Yrovehtl i metiwdistareaprévbded foonoter whose
have a genet | cSRSSORITN FRLAPRY BB At dpiRedtoPpBLIGARIS P IEY ool
i ntegrated intfatterdant exldls ehdofios oidentidaringhagenhs r bhabfinhidbddnot er
whose expressigp L, 6008 iinalpli¥1 " £op1 £t 8% 0 eRceskl . Or@¥kRods aklee reporter

also provided for using the microbial replication

factors to enhance or inhibit microbial growth on

surfaces or in suspension. Novel bacterial strains can

be utilized in a method to measure microbial growth in

the presence or absence of microbial growth factors.

The invention also provides genetic cassettes

and transformed bacterial cells. A genetic cassette

comprises a first DNA sequence coding for a bacterial

reporter gene linked to the 3’ end of a second DRA

sequence. The second DNA sequence piovides for

recombination and integration of the genetic. cassette

into the bacterial chromosome at a location downstream

from a promoter whose expression is coordinately

regulated with cell growth. Transformed cells have a

genetic cassette including a bacterial reporter gene

stably integrated into the bacterial chromosome under

the control of a promoter whose expression is

coordinately regulated with cell growth. The reporter

gene functions as an indicator of the proportion of

growing cells in the bacterial population. Methods also

are provided for measuring microbial growth in the

presence or absence of microbial replication factors.

As used in this document, the following terms

have the following meanings.



gene functions as an indicator of the proportion of growing cells in the
bacterial popul ation. Methods al so are provided for neasuring mcrobial
growh in the presence or absence of mcrobial replication factors. As used
in tthis docunent, the followi ng terns have the foll ow ng nmeani ngs. 10

Vi abl e Bacteria nmeans living bacteria which wi'll grow in the presence of a
suitable nutrient- containing media. Typjgally, an aliquot or sanple
containing bacteria is added to a nutrient-rich agar medi um and the

bacter adi n thﬁ al i quovlaméaﬂs;&b @lgiraen@rawnlﬁb@gmmb riof whiﬁhﬁri a " f
contained int S e readil eterm Yo @QUNLiNg the nunber o
col ony formndw ﬁg%ﬂhFEh ¥ RT BIESFe %ggrsuﬁégﬁae é?r SPEi abl e bacteri a,
however, does cuntqmnmugdmeany i rifygrircatlilyn nelallqut(pnasqmp&efic state of

growt h t hat S%ﬁ%@en aéf@é/rﬁﬁ id kel %vsnnﬁﬁf?ent 'H%h xg“ apl e bacteria

I ncl ude dor mant and actively grow n act a. Actively
G owi ng Bact eriesiivenasdhihe haclieria La whech h‘i‘é’tr r?ra Sraélpéﬁl 3Py brief or

Shoré per: 0]9 QfrdwnTe mnewﬂmﬂkeﬂoaﬁt e:rak:%br@eldbsnﬁﬁﬁd a.rp@hleoéaﬁ;_fala@ﬁlvﬁ or
rapid proliferati me sm_gro and re i on conpared to the
rat e of prollﬂﬁ%agﬁbﬁ hﬁf %ﬁﬁinsgt&yhcgﬁ ﬁﬁgﬁfﬁ ®5b%%r ved for
dor mant , | at ertolenys fowimg ruoviitisg wmabhsgrmwwetﬂge g . ngTbeImsnm. be
measur ed by '%%vlgb%{e Bl %élclﬁea%%w'e'i}e;@u”@@ésOﬁoﬁ”pilyvﬁd%eg{é?eper uni t of

time when growmng in ture or suspension.” \Wen b ria are in the

exponent i al pﬁﬁ@mﬁtivawﬁlﬁﬂ%ﬁe aaSBBﬁber‘hgsttqtr?e ofa rBEtR SRl at ed
based on the %@Mﬁa@:ﬁe:&h@ Winoﬁtvha@iﬁexﬁahlnfé perrhual tvﬂéble rre An -
c

increase in the ortlo tiv V|ab

popul ati on cafaf ﬁ ?e’r‘r‘r‘f 6@’ }%Be%'egiﬂcgﬁgrtt"ﬁrg o?‘%‘é’r’}% act i vely

synt hesi zi ng BN& dylﬁaubantqnﬂaypeptlde Total cell

Actively Growing Bacteria means bacterial cells

which are in a relatively brief or short period of time
in which bacterial cells enter a period of active or
rapid proliferation, metabolism, growth and replication
compared to the rate of proliferation, metabolism,
growth and replication observed for dormant, latent or
slowly growing cells. Actively growing cells can be
measured by looking at an increase in number of viable
cells per unit of time when growing in liguid culture or
suspension. When bacteria are in the exponential phase
in liquid culture, a doubling time can be calculated
based on the change in the numbers of viable cells per
unit of time. An increase in the proportion of actively
growing to viable cells in a population can be
determined by measuring the proportion of cells actively
synthesizing DNA or RNA or polypeptide. Total cell
mass, polypeptide, RNA and DNA are functions of growth
rate. See Physiology of the Bacterial Cell: A Molecular
Approach, eds. F.C. Neidhardt et al. (1990) Sinauer
Associates, Inc. at pages 199-202, 216-220. The
proportion of actively growing cells can be measured by
measuring the amount of cellular DNA synthesis with the
labelling technique as described in Example 1.




mass, pol ypeptide, RNA and DNA are functions of growh rate. See Physi ol ogy
of the Bacterial Cell: A Ml ecular Approach, eds. F.C. Neidhardt et al.
(1990) Sinauer Associates, Inc. ‘at pages 199-202, 216-220. The proportion
of actively growi ng cells can be neasured by neasuring the anmount of
cellular DNA synthesis with the | abelli'ng technique as described in Exanple
1. Pat hogeni ¢ Bacteria nmeans any gendra, strain or type of bacteria
which will have a detrimental_ clinical inpact on a patient where the
detrimental effect istatRPIPim Fasterdapheass Y FRDg oftrain her presence
011: qulelsi r ed typet ofi mcmﬁoq&nﬂc@ﬁgﬁ.’at hgﬁgna Cdéa@;:ﬁn@rnrtalaefuk tO t Eose
of ski in t_an vie _heen descri in reference textb such as
Medi cal M cr})"gl o%gyﬁ?l %ﬁﬁ%ﬁ%’%d&@ﬁr&%%% Ry ﬁr%g@ﬁge’ss dZ%P Edi ti on,
John C. Sher tPsupdesingd haroeajiall growbh enbte sthenprésencénst, New York,
b aundfnsbond (iRledNGIPRERABENLELLY HfathotRBGL bfceghgra strain or

type of bacterlab var rom pat 1 ent nary skil

inthe art, ASRe ’é?wnrfé’y @ Pf Hgf-H‘rr%%et%écrtsﬁ@éil have gareri a

detrimental | ylesmpﬁméd axsme&e@caatesﬁwké haidh havmegiég undergo undue
testing or CXRE I d ﬁ T aII bacteria

will detrine . =
relatively bEdigwpnM'JQMMOCUOShebamse(eduﬁorka(19B®nnnlsi¢nmﬁ) on biomateria

surfaces |s ﬁ@ﬁlfé}ﬁ%gd%ed Fp-be H&Lr%oset JBDt gly . ang mpy begheneficial to a

patient. tunlstlc Bacterla are m Cr oor gani Sins A ar e usual I 'y
conS|dered n tha &AL 8996+CFFX1?§MF\ﬁHﬁﬂh§%§egBGFr@kwﬂtRi¥n ©xuse di sease

or infecti onty;ie tdfebabeaehapﬁﬂlﬁciﬁdy amﬁs patikhe bodya®ientl, t Baegeneral
host def ense {%ﬁkﬁ%.ggﬁ Ak ﬁlconp%onls ortunistic bagterial infections
are known to fhose of TsRITTi At 2 RE¥RXSE  HBRY, ¥bed in textbooks
such as Medidsflemmineowhat ogyecifiedantmria detrimentally impact a

specific patient without having to undergo undue testing

or experimentation. It is also understood that not all
bacteria will detrimentally affect a patient and that
the presence of known, relatively benign or innocuous
bacteria (i.e., normal flora) on biomaterial surfaces is
not considered to be detrimental and may be beneficial
to a patient.

Opportunistic Bacteria are those microorganisms
that are uswally considered non-virulent or of limited
virulence but that can cause disease or infection if
they reach protected areas of the body or if the general
host dgfense mechanisms are compromised. Opportunistic
bacterjal infections are known to those of skill in the
art and have been described in textbooks such as Medical

- Microbiology, cited supra.

‘Population Density means the nmumber of viable
bacteria which are adhered or attached to a specific
area of a surface or in a known volume of a liquid. The
population density of such bacteria may be determined
using well known culturing, plate counting methods and
vital stains.

Biomaterial means articles having surfaces
where viable bacteria may adhere, attach or stick.



Popul atii on Density means the nunber of viable bacteria which are adhered or
attached to a specific area of a surface or in a known volune of a |iquid.
The gpopul ation density of such bacteria may be determ ned using well known
cul turing, plate counting nethods and vital stains. Biomaterial neans
articles having surfaces where viable bagferia may adhere, attach or stick.
12 Suitable biomaterials include a variety of materials such as resins,
restoratives, suinvabdet bSomailal sOrinedde asvaSiutynods matekuses. t he exposed

surfaces of I glL.s j ch contact bacteria .contai i n_fluids.
Adher ence Prg%§?%nggAﬁ%§#%§¢;£§%§° Eé??ﬁrs?gégﬁéhggédegeggg%dﬁﬁositions
whi ch pr onot e ceragaagncSunfaoss lincyudesbibe cexposed suhéaces aofach or stick

to a surface. mésiaeisnsewﬁ&pm%sh%téaenbace@ﬁﬁ dHRtRE halSip SUbst ances or
conpositions “ﬁ'ﬁg may be usedto nodify the surface properties of a
material in ofddidfe suppress or inhibit the ability of bacteria to adhere,

attach or. stick to a Adhadenceabronotang. Adéntd ndansohatérRexd j cation

whi ch i 11 enfibeEandd i FhpoBRTRonBOvR1cn Mol BE B I o
actively growehglity|af bacderspRtoasdberactattiach o ekidvk el on a

popul ation of ghaeses] al cells, an increase in the proportion of actively
growing cells to viable, cells is seen, preferably with a ratiq of actively

growi ng cells to viablAdhezepse; fupPREes RIBEsoMeaRS RatLBLadGrerr]: 1 to
20 x 10[err]: sibstdrcdscion tappby et yogs MhIEh nayCbudesedars afdddlfycel |
o 1 o oy "Ehb, S54SR EChL P LB BhgALY o of DN and
growt h peri odseppresas @ri anhibitsthe¢talbhility of bacteria to adhere,

attach or stick to a biomaterial surface.

Start Microbial Replication Factor, SMR factor,
means any agent, agents or a combination of agents which
will enhance, stimulate, initiate or start bacterial
cells to become actively growing cells. When SMR factor
activity is examined on a population of bacterial cells,
an increase in the proportion of actively growing cells
to viable cells is seen, preferably with a ratio of
actively growing cells to viable cells in the population
of about 5 x 10™:1 to 20 x 107:1. The term "actively
growing” includes bacterial cell division as well as
increased cellular metabolism, production of -DNA and RNA
or other biclogical responses which are associated with
an active growth period of bacterial cells. It is
understood that a variety of extraneous factors such as
type of media, concentration, ionic strength, presence
of ions, reduction-oxidation potential, viscosity,
conduction capability, and other biological agents will
affect the observed activity of SMR factor.

Dynamic Contact Angle means a measurement of
the interaction of a surface or modified surface with
water using a Wilhelmy balance according to the
methodology set out by the manufacturer (the Wilhelmy
balance is commercially available form Cahn Instruments,



understood that a variety of extraneous factors such as type of nedia,
concentration, ionic strength, presence of ions, reduction-oxidation
potential, viscosity, conduction capability, and other biol ogical agents
will affect the abserved activity of SMR factor. Dynam c Contact Angle
means a neasurenent of the interaction of a surface or nodified surface
with water using a WI heiny bal ance accongling to the nethodol ogy set out by
t he manufacturer (the W1 hel ny balance is comercially avail abl e form Cahn
| nstrunments, Moddl MUGQBBEKMEBE£1t6§;r¢ApS fNR»reH&EIWQIative

hydr ophobi ci ty, A nodi f | ern1n d by this
met hod. | mmblrf}lpcizr %hégc% AngY ’6%\%? erl a C%@%ré?ﬁ]- Selodt gched to a
surface. | mobigtiermined bﬁnthnslndEh@dndlng of bacteria to a surface using

chem cal or bi ol ogi cal Iﬁﬂ@ﬂif;éé‘&hsé(gté?iae'n@aﬁﬂhﬂéﬁﬁéﬁaoﬁrhiﬁﬁpﬁké bound
anti bodi es. Adherent bacteri a neans cteria attf%}e to conpatib

surf aces u5|ru}%ﬂ¥$§géﬁ55§ hadheR | ASURARRY bAER RN FaBt eri a
associ ated w tlhloﬂ.bhﬁéaﬁﬁﬁdlﬁglcéﬁrb&été:ﬁ@rﬂcﬁﬁ Serfady adicly Fhanscal

‘pol'ypepti de whic rabl y not nornall nt bacterial host
el | Puet hor % Rl AgETrs nchiAp wieht canvanie” o2 ShBPREEcaror of
actively growlupndebhtibdditegencidheaxhmt Haasenistmasstsubalcterifunct i onal
character | sti G dfiahegafs b@oﬂrigé‘t;atfé' saa%:ﬁée‘énﬁéi&&' &ad I?b ugl growth.

Genetic Cassette neans I on of at |east erent DNA
sequences, pr &ABegaNE - haﬁ??&ﬂcﬁ#qQQQ&ﬁ MQﬂﬁétP%EEErRQJaFGPﬁ#étﬂﬁlYlB¥ genetic
I nformati on. SuiFapelt egrated neans that the genetic cassette is linked to

the bacterial chronpbso so _f hat replicate nd transn1tted to
progeny bacteria EE terlii Reporter %%ne 5&0&%&% means

polypeptide which is preferably not normally present in
a bacterial host cell whether actively growing or not
and which can serve as an indicator of actively growing
cells. The gene product has a structural or functional
characteristic that can be measured as a function of
time or growth,

Genetic Cassetté means a combination of at
least two different DNA sequences, preferably having
different functions, to form a unit of genetic
information.

Stably Integrated means that the genetic
cassette is linked to the bacterial chromosome so that
it is replicated and transmitted to progeny bacteria
along with the bacterial chromosome. Integrated genetic
cassettes have a very low frequency of reversion
relative to genetically engineered plasmids, preferably
about 10~ to 107,

A Second DNA Sequence that hybridizes to a gene
or portion thereof is one that shares sufficient
sequence identity (preferably 90-100%} with a
complementary region of the bacterial chromosome to form
a stable, éouble—stranded hybrid DNA molecule when the
hybridizing sequence is introduced into the bacterium by
transformation. Hybrid molecules formed in vivo between
cloned DNA sequences (preferably 500-5000 base pairs in



along with the bacterial chronpsonme. Integrated genetic cassettes have a
very | ow frequency of reversion relative to genetically engi neered

pl adhi ds, preferably about 10[err] to 10[err]. A Second DNA Sequence t hat
hybridi zes to a gene or portion thereof is one that shares sufficient
sequence identity (preferably 90-100% wilth a conpl enentary region of the

bacterial chrongnps to forma stabl e, douhl e-stranded h | d nol ecul e
when t he hybriggggﬁg)égah c &SE ?ﬁtf?ﬁﬁﬁﬁé}% H?BEEﬁ% ?ﬁﬁﬁ%ﬁﬁeﬁnfﬁ °

t r ansf or mat i onthelybatteridle chiremotomerat ispedifdchboortiond .oned DNA
sequences (preferably 500-5000 base pairs in 14 length) can be used to
integrate genetic cassettes into the bacterial chronpsone at specific

| ocati ons. Met HREROGS QX AFeGlCRing ACtiVE - BAGLeria g B Surface The
present invent gapgsescl oses that the proliferation and netabol i sm of

bacteria whi ch™are bou to surfaces are in endent .qof both tine and
nutrient supply and that*SsRERSER e+%%e’tfd&neg§§°§???5 rfgiats%‘ﬁi ficantly

proliferate orpnelibfetdatieniahdsmetsisohicsnt efi hhicpeyid athioh apprbacids a

popul ati on dengit J?§§% i d,w ' H¢EQ£ r atura
surfaces. In v?%ﬁ%% e ?%%tlﬁgége%§%§%%¥%g§?§ ounégﬁﬁwégggn‘ﬁally every
part of the nafeRRIY dd ghakdsuplhtadhrredRacteria atidlpome%ent t hey

i nevitably attefgiitieaaehor préDi LSS Rmetalhd BOAS unTelsBodRe and processes

for controlli such hacterta have a w_de range of plicability.
Specifically,rﬁhﬁq RﬂPBhaB}%“aiﬁﬁﬁﬂﬁcﬁﬁé ¢ ?ﬁﬁi%gigg §§9s¥ﬁ%lude dent al
bi omat eri al s, asmbweldtiedgwirtlli dehs ey idependenhegrajeiit @in aatiunali cal

i nstrunments whi,gheLure in contact with fluids such*as sera, body fluids,

ot her pol ypepti de-, gf¥cop[otein= or carbohydrate-containing fluids as well
as free-living n view of the fact that bacteria are found in

essentially every part of the natural world and that
when bacteria are present they inevitably attempt to
adhere to accessible surfaces, methods and processes for

(2524 tete S

controlling such bacteria have a wide range of
applicability. Specifically, surfaces which are
accessible to bacteria may include dental biomaterials,

~ indwelling medical devices, other dental and medical
instruments which come in contact with fluids such as
sera, body fluids, other polypeptide-, ¢glycoprotein- or
carbohydrate-containing fluids as well as free-living
bacteria. Surfaces found in the home, work and
industrial environments are susceptible to adherence of
bacteria.

The examination of biomaterials found in the
mouth or oral cavity serves as a readily available model
to study the behavior and properties of bacteria adhered
to surfaces. Surfaces contained in the oral cavity are
readily accessible and the oral cavity includes a wide
range of bacterial genera and species which have been
found to be detrimental in other protected areas of the
body. For example, it has been reported that certain
bacteria which are present in the oral cavity are
capable of opportunistically infecting the endocardial



bacterita. Surfaces found in the hone, work and industrial environnents are
suscepti bl e to adherence of bacteria. The exam nation of biomaterials found
in the mouth or oral cavity serves as a readily available nodel to study

t he behavi or and properties of bacteria adhered to surfaces. Surfaces
contained in the oral cavity are readily accessible and the oral cavity

I ncludes a wide range of bacterial generss and species which have been found
to be detrinmental in other protected areas of the body. For exanple, it has
been reported $¥ehacCePEathepheasti shigh aernadlyrisenrotechedoaneacavity

are capabl e ofampre uebeilyCcakbyiidf ecld Ngst A6t angneandi al 15 surface of
the heart which r]:orrral lﬁ{g if’ a Erotected ar ea ancla__is usual Ly sterile, i.e.

i s not typicalYSPEERHPANPAaPEICEyWLFh hactepidt TS $4PE ®fpe of endocar di al
infection is esplocaztiialpinbeetboncid @sppaiakly mroblphasi€dfawth prosthetic
heart val ves. ..l Le C Lyl tipl acterig genera and
strains throu %‘l}te}ﬁf[thé’ %B%%gfgéﬁv? acg&‘%ﬁ?ﬁ%%@&ﬁagaaﬁ?ﬁ' aslarbener ally
rel ated envir &H®¥ne$, the presaneetaf theamubpimed bagherpa ogemszs arxbd to

eval uate, tfe%ttraﬁﬁscﬁﬂiéﬁh&i‘@tﬁ{é %@QE@I%U&&WB@CEE&%@%O ral cavity

will readily trg sfer to the evaluation, treatnent and_contr bacteria
adhered to sufface8s| FeReFRtlhFrelated PRELEYMENGE t hE L \a%RATHEA |
Furthernore, ithatsmetisedexqed imebddidlesSusddans evataate plerdat Rakt eri a which

contact sera r flul al exhi bit densj dependent growt h
phenorren:t Si m%gg;gg lf%é@%rejhaa\lja:‘qgfer&dsggc%(‘é‘::’ipalgeisoﬂlﬁz{:#% ‘?”?‘P@' &aéﬁlté’gvi ty.
Addi tional |y, vihé neadicds tarahgfieor dosthe diwdluasédn ntidrtsnesypeainid cat i on
will be adapt abhersD ¥ Alatalcnid ragmre&dt&wfggayafﬁéﬁeﬁ Ghgd to

surfaces outsige of eijher the or cavity or n 1 nportant factor to
consider in tf the body or the environment.

Furthermore, it is also expected that.surfaces
accessible to bacteria which contact sera or other body
fluids also exhibit density dependent growth phenomena
similar to the behavior of bacteria found in the oral
cavity. Additionally, the methods and processes
disclosed in this specification will be adaptable to
evaluate, treat and control bacteria adhered to surfaces
outside of either the oral cavity or body.

An important factor to comsider in the
development of methods and processes which impact on
bacteria is the need to selectively target pathogenic or
opportunistic bacteria without detrimentally'affecting
benign or beneficial bacteria associated with normal
flora. The efficacy of antimicrobial agents may be
significantly enhanced by contacting pathogenic bacteria
with both a specific antimicrobial agent and start
microbial replication (SMR) factor because it is well
known that bacteria are particularly susceptible to
antimicrobial agents when they are in a period of active
growth but may be unaffected by antimicrobial agents
when they are in a dormant or latent growth period.

One method for targeting growth of pathogenic
or opportunistic bacteria is to contact bound bacteria
with a specific antimicrobial agent in the presence of a



devel ognment of nethods and processes which inpact on bacteria is the need
to selectively target pathogenic or opportunistic bacteria without

det #i mental |y affecting benign or beneficial bacteria associated with
normal flora. The efficacy of antim.crobial agents may be significantly
enhanced by contacting pathogenic bacteriéa with both a specific

antim crobial agent and start mcrobial replication (SMR) factor because it

is well known {hate Qﬁ.@z‘%&:&él%@pﬁééﬁféﬂ 3ak¥os UscantinRue Bglﬁﬁ't' m crobi al
agents when they are in_a period o aCtlveﬂaM‘gpgé‘t t\;be Unaf f ected by
antimcrobial % Lo, dpi hE?ea?“%"‘?‘H:’é’ndoF- HE wahtefPafy owt h peri od.
One net hod f oradlengsiti bgcgepih hard nmiﬁe@g.snmt oto @mrdmiupobial bacteria is
to contact bou ct |t i £ bi a ent in the
presence of ag&@% ? ?a#‘ca%%it 3& g’ég\% ae%t orbuggW?h%rUt bei ng
meant to lim taltheﬁéﬂmeﬁﬁr_bﬂ]ﬁ} t8i423 Ha48Rl @rtréthcrneeénel bacteria are

nonresi stant txn+aRieFbekaPi %h n @ﬁrhﬂg@.sﬁe@)sl%&mwh gt es.
Qustina et al., Bronateria rown et ., Antim crobial.
Chenot her apy, % :kreyn( IQB’B? t}@ cﬂlﬁlﬁlalr&t @O‘ii%l"ﬁﬂﬁ\n? t; gnbibidieleyr i mary

modul atgrbof ErrﬁﬁlbhotIPaﬁl@é eflic %bh@ﬁ@ﬁlﬁarquéﬂelrabmgnb?rﬁﬁ@i@cv bef
targete y cqntacting,the acterla R n ant crobi.a nt .specific
for the type 53???885?1?% otfﬂ%"refﬂtﬁl gf‘ﬁé catn?rlfné 5 aala%%l al

replication fapecifas €escthdadgdecoi pathéxam@l_r npgot_:tuxmslhm t the
i nvention in 3a%WaY, aﬁd'é foé:,iro%‘i%:dL i—gg {4408 o equLAL! 20 ﬁsz%&ct e growth

woul d i ncrease the proportion o nic or opportunistic eria that
are suscepti biherednt heWhhke Mk W&F b@ehtmitatheiBY 8Bt A0 ddedny specific

for pathogenswagd 2ppos thaliidved haatetha signka@Wohoot hasgivef skill in the
art and are d %g%}e)ed i Interenal I\/%/Edl ci ne t4th Eg ditor, in Chief Stein,
Mbsby- Year T’ IRSHeES VB8 RFTPIEARA ShnPRthegenic or

opportunlstlc bacteria that are susceptible to the
antimicrobial agent. Antimicrobial agents specific for
pathogens and opportunistic bacteria are know to those
of skill in the art and are described in Internal
Medicine, 4th Ed., Editor in Chief Stein, Mosby-Year
Book Inc., St. Louis, Missouri or Wilson et al.,
Harrison’s Principles of Internal Medicine, 12th Ed.,
Vol. 1, Eds., McGraw-Hill, Inc., New York, NY. _
Alternatively, it may not be necessary to take

into account the presence of benign bacteria or normal
flora in selecting an antimicrobial agent as-.certain
protected areas of the body are considered sterile, i.e.
not typically contaminated by or with bacteria. These
-protected areas of the body include the interior of the
eye, the pericardial sac including the heart, internal
organs, bones and muscles, and the brain. For
controlling pathogenic or opportunistic infection in
these protected areas of the body, an antimicrobial
agent including a broad spectrum agent can be
administered with a microbial replication factor.

Methods of the invention also include
predicting when bacteria bound to a surface will exhibit
active growth. The method involves determining a



Harrisan's Principles of Internal Medicine, 12th Ed., Vol. 1, Eds.,
MGawH |1, Inc., New York, NY. Alternatively, it hay not be.necessary to
takd into account the presence of benign bacteria or normal flora in

sel ecting an antim crobial agent as certain protected areas of the body are
considered sterile, i.e. not typically contam nated by or with bacteri a.
These protected areas of the body includ¥ the interior of the eye, the

pericardial s ' L.n rt. internal,organs, bones and nuscl es,
and the brai n?%lii(;';rl% o%{tr gf‘l&?ﬁgtl%%t ooé’é’ﬁis:‘go’grabfo;?&g’r"t‘ﬂﬁi gFggsi'ﬁ‘Pect ion in
t hese protect &-ableasedlst hr bheypopulathon nis risisireasedeht aboutids ng a broad
spectrum agentyoen be adehpi %?f;e]@b-“éf.h %gniaﬁﬁ&?é edteR)d cation factor.

Met hods of the anintlon al so include predicting when bacteria bound to a
surface will SHTBIALLCR| O AfbiNely sReviRG (K6d 1EndB| dcBoPetatrinmiaf) a 17
dens: ty at whbebtebsa pi@p@éﬁshmy Qfep@hﬁw'[xﬂg ©ricles thstV&ébéﬁthié S i n] t he
popul ation isg4l to about 5 x.1 rrj: 1 to ut 20 10[err]:1. An
enhancenent osegg?ﬁgﬁggi O?P%fcad'btﬂr\?éwgg% ﬁgpgg}liggi.gnao% "gﬂ i on of
bacteria i s dbasteyiaepthlenthilitcacthvs giowthty fThe detepostieth @fe can
predi ct when ) tl C ' ' exhi bi tive growth. The
proportion of agc??gglf%%%%%?g% ggt%f‘%};ll%bpﬂghggl F}g ?#%%&lhoé}sl ons treated
with various h§eated Wit aandicusobgants eplchcasi icrekiaks can be conpared.

The deter m nakepDi®at PP Waitods daAShé Yedipa¥kabl e bacteria bound to
xarpl o, the bact er i a e BEEBIEER FmPabalEt o, S atat ol y di i Ut ed.
pl aced on sui viable reditarianbobatieto asuk facest raly Use raraipl ishedn o
e oo ST BY LG gl BLELEAALIY A ga.tener o
© the bacteria may be removed from a surface,
appropriately diluted, plaéed on suitable media,
incubated and counted using well known methodology.
Alternative measurements of determining population
densities are known to those of skill in the art. This
allows the determination of viable bacteria population
~densities which is the most accurate dental plaque
population density measurement to date.
" A method for determining the proportion of
actively growing cells in a population contacts an
aliquot of a sample concurrently measured for viable
counts per measured area, with an excess of labeled
nucleoside. Typically, the length of contact time is
less than the minimum cell division time. Incubating
bacteria in the presence of the labeled nucleoside will
result in incorporation of the label intoc the DNA
(and/or RNA) of ‘those viable cells which are actively
growing. The amount of incorporated labeled nucleotide
may then be used to determine the number or portion of
actively growing bacteria compared to the viable
bacteria in the sample. The ratio of active growth
based on viable count can be compared between samples of
different viable cell surface densities.



al l ows it he determ nation of viable bacteria population densities which is
the nost accurate dental plaque popul ation density neasurenent to date. A
met Hod for determining the proportion of actively growing cells in a

popul ati on contacts an aliquot of a_ sanple concurrently neasured for viable
counts per neasured area, W th an excessygof | abel ed nucl eosi de. Typically,
the length of contact tinme is less than the mninmumcell division tine.

| ncubati ng bacteria inTheelpbetedcruaiiectlhide | mdens sulaceedi deomi | | resul t

in |ncorporat|gﬂlﬁgbfé1 uE%Hglaﬁ&tﬁgﬁjﬁid@k@h§é¥§Ué¥iJ§§A%h9% ;R?agev'able

cells which are act |ve e anbu | ncor por a | ed
nucl eoti de may ?%H“%’é 48 dt9ocm'@%mnaﬁeapmomﬁa edor t Poktadfleacti vel y

g][ ow ng bact ermb@mmﬁrednépu%flerwl&beﬂaczgﬁarﬁi iy T"%Q%Smt Yes U&el rati ]9
of active gro ed on viable cqunt ca ared between sanples o
di fferent vi am%gh%"éiagsgff]éﬁ% TR ﬁ fle‘$ 88%hucl®oti de may be
sel ect ed frompxefeatred pabébed amtb],@pttudedimea alambm:lel vés[métlndl-have been

nmodi fied to cogla ARPTOR irat Suitable | abels may include
radi oactive |i ga.il lc"iﬁ?'axﬂﬂd é Sggojfrh | abel s known to the skilled

practitioner. A preferFBg i-mmépe@f |ﬂjéﬁb§1&dnm%§h¢@txﬁer[ met hyl -
[err]H] - thym dﬂnﬂeﬁ: dd 1ae§nim> viBB1bNsAcEeF A iign of a | abel ed

| eotid [ - ) ble b cterla |s |IIustrated
"Fo 1A Ih tr%ﬁaaiel i Aot FRR 9B B WU o6 | 4
I ncreased greaﬁdmvaéytcmommg)lbacctelrhadmaaﬁedf g’z‘eEGIDyOaOé) the3, 200 000 :
[10[err]] Wasxﬁ%@;gg %fj[il% s %'ft be§oé%%th§” ﬁ%ooﬁé’ omﬁﬂe“” or

greater than 6, 30 thefe was eve actl er gr ow ng
bact eri a. Exar?’,ﬂseaEPE%&’%ﬁ é%é@éﬁ%’@’eﬁfbde@ﬁ Fhé%ﬁ&%e&@bs[@nd]techm ques

used to gener@t:egﬁ:aewlﬁtﬁxaih@momoﬁogwo‘f $}AchéRe 3ned Nenowetbedyof the

I nventi on,

bac%@ %lvely growing bacteria. Example 1 contains a
description of the processes and techniques used to
generate the data shown in Figure 1A.

In another method of the invention, bacterial
growth on the surface can be controlled by maintaining a
population of bacteria below a density associated with
stimulation or enhancement of the proportion of actively
growing cells to viable cells. Various surface
treatments can either enhance or inhibit adherence
and/or growth of bacteria on the surface. Inhibition of
adherence and/or growth of bacteria to surfaces can be
obtained by limiting the contact with adherence
promoting agents such as polypeptides, glycoproteins and
carbohydrates. Alternatively, growth and/or adherence
of bacteria to surfaces can be inhibited by coating the
surface with a hydrophobic substance, preferably a
substance that creates a surface having a mean dynamic
contact advancing angle in the range of about 60-130°
and a mean dynamic contact receding angle greater than
about 20°. Suitable examples of such compounds include
commercially available products such as SILUX
restorative (3M, St. Paul, MN) and VISIO-DISPERS
composite (ESPE-Premier, Norristown, PA) and agents



growh on the surface can be controlled by nmaintaining a popul ati on of
bacteria below a density associated with stinmulation or enhancenent of the
praportion of actively growing cells to viable cells. Various surface
treatmrents can ei ther enhance or inhibit adherence and/or growth of
bacteria on the surface. Inhibition of adherence and/or growh of bacteria
to surfaces can be obtained by limting ##he contact w th adherence
pronoting agents such as pol rot ei ns and car bohydr at es.

5 \S/pe tides, dl gco‘g I
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i nhibited by coggd.ng the surface with a hydrophobi c substance, preferably a

substance that creates syurfa hawl 9;] igy L.C . ¢ct, advanci ng
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angl e greater theadngosporavfenr¢f [Bethubtdletiypidinefinte lactdvedynds

i ncl ude comrer%':oaiilwg BuatbAbh e e yehs RedSHeWnteshonat i ve (3M St.

Paul , MN) and O DI SPERS coppasite (ESPE-Prem er, Norristown, PA) and
agents 19 oﬁ"s“csda&?éd iﬂﬁﬁf%.%% &5‘?3 LXPAseso£0; waten, JGHRRSE 7, 1992.
For exanple, MYwwerdser 2phsind |ih vikbst raicsodend s RaOWROEAb® DT
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[methyl -[err]H athym dine into actively grqw.n ria taken fraq
I mpl ant ed bov:ﬂr?éle g PE?}P?%%%% .agfﬁgées%"r%\q%eng?%&é% l@&p AT qﬁ?t er,
gl ucose or sud.598,0PAs+nd, 260 ,3000.[ 181 Ok el sappaneashed, bthannumtesr ence

pronoting agenys. aé%iwgy Wﬁd Yact8Psa drdiatdcal@y09hcreat PO, GRD
[10[err]] is approached, the nunber of activel row ng bacteria
dramatical |y itfcPESSEYPeRIR Exppdei pedthis gédi?agﬁi%h%t@q ndi cat e

that the incrdaseeaset e tlepirhpgdogkbwel dfadaetieiksidedepsiridntordensity
Adner ence. proREPeAsY abihc IR tEy, S (et eBkerd MR B o
density is re&shedseutghiccors oy yaker cartdhgrentec prohet kg sigentast

can accelerate the time that a population density is

reached but do not significantly affect the density at

which an increase in rapid growth is seen.

In another example, Figure 4 graphically
illustrates the incorporation of [methyl-ﬁH]~thymidine
into actively growing bacteria taken from enamel, VISIO-
DISPERS or SILUX restorative materials concurrently
placed in the mouth. VISIO-DISPERS or SILUX are of
materials having hydrophobic surfaces. Again, as the
population density of 2,500,000 - 3,200,000 {10°°%] is
approached, the number of actively growing bacteria
dramatically increased. As described in Example 4,
these data indicate that the increase in rapid growth of
bacteria is independent of surface, and dependent on
viable cell density. However, hydrophobic surfaces can
inhibit adherence and/or growth of bacteria by
inhibiting the number of bacteria adhering to the
surface and, therefore, the population density may
remain below the level associated with density dependent
active growth.

In the various embodiments of this invention,
the population density of pathogenic or opportunistic
bacteria on a surface is treated or controlled to



which an increase in rapid growth is seen. In another exanple, Figure 4
graphically illustrates the incorporation of [methyl-[err]H -thymdine into
acta vely growi ng bacteria taken fromenanel, VISIO DI SPERS or SILUX
restorative materials concurrently .placed in the nmouth. VI Sl O DI SPERS or
SILUX are of materials having hydrophobi2 surfaces. Again, as the
popul ati on densit 500, 000 - 3,200,000 [10[err]] is approached t he
nunber of actﬂ)%"r'%)/"adlnoﬁbﬁgp‘b&‘&aé:r ion é?&%ﬂ’c%tfl'ﬁth PEFESTEY. %lso‘ﬁescrl bed in
Exanpl e 4, thesiee dm;mtydwn@&@ ddmaﬁtyhgroﬁeneﬁ@emsamam d DEmsEty

bact t b d it
ovever . hydr oEaEns, srenth th & RAPEeTEEREr I " S oF il or -
bacteria by i nhidimicmgns his rurdeasity appreadhingitdei ngnge ahahoutf ace and,
therefore, the d:u)g,gbap@m]d%@tuwgﬂhzr %gaﬁgoggl 9%6&%0565?% soci at ed

with density dep€ tive gro evarlous s of this
i nvention, theP3sdHELE %na&élnsp‘r'?/fq}fabd-éirhég nEiEY ¥hAMOUENI stic bacteria

densi fSrL?C?h'f IR mﬁi‘?éé%dn’s“. BBt beer ved.
Densi ty depend‘é’ﬁﬂen F'B%W]S%ﬁ’vyd*‘“ﬁﬁe&éﬁa PzBT %ﬁ ut 1-2 nicrons
|b S ?e??gﬂrir{emr aegbgmt gs%raabgeteziabq:dpdl.ﬂ(}{t,mocappﬁiaﬂre]s] a and

ac

pref erably, IIciJgr‘llg'lgf'y o?ﬁenboluspg %8% %‘%loCia J% l‘?%%%%gg&aéé(ﬂgeﬁﬂt

bacteri a/ mi ergrrPWt | trenpotls at epmnwRiqainn (hokveen Bhe tinddmidupl s

present ly bel !Iﬁ\é%drwa&h% 3dniechesd %h@%eﬁ 'anaé'@W@WhaLROPN ation
density assoc h densit ere gonmuni cati on

iated wi depe
bet ween the i ﬁ&evpﬂﬁ‘é at oo Whe € q? qg%ta\éﬁs PPHEP%WS‘E’( d(ﬁ“sé?}i’l ve growth
I n the popul atiisonaivbeindgd delagt ehe aderpumy aisisocideaditith sleminyai ned

bel ow the den%e%&n&éﬁf’céx%%%,v“tﬁg gfélsé&tyisite communication is not
sufficient to effect concerted growth of bacteria.
Thus, until a density associated with density dependent

growth is approached, the detrimental effects of
pathogenic or opportunistic bacteria due to growth or
metabolic agents are insignificant or maintained at or
limited to acceptable levels.

Microbial Replication Factor (SMR) Compositions

The present invention includes a microbial
replication factor designated start microbial
" replication (SMR), processes for obtaining SMR factor
and methods and processes for controlling active
bacterial growth using SMR factor or derivatives
thereof. SMR factor initiates or starts the processes
of active growth or replication of bacteria.
Importantly, SMR factor initiates or starts the
processes of active growth of bacteria even though the
population density of the bacteria is below a demsity
associated with a stimulation or enhancement of actively
growing cells in vivo.
When activity of the SMR factor is measured on
an bound bacterial cell population, an increase in the



dependent grow h, the prerequisite comunication is not sufficient to
effect concerted growh of bacteria. Thus, until a density associated with
dendity dependent growth is approached, the detrinmental effects of

pat hogeni ¢ or opportunistic bacteria due to growh or netabolic agents are
insignificant or maintained at or limted to acceptable |evels. Mcrobial
Replication Factor (SMR) Conpositions Thd present invention includes a _
m crobial replication factor designated start nicrobial replication (SWR),
processes for RERRYTHIRG ShROTaEing ceddsnEonbirbif Fedlscégsseer or

control ling acdmgaredcwethatharevddd rts bido BME-dwitic0 tells 086 | Y Hd1hNES
thereof. SMR fact.ar .initiates or. starts the processes. of. acfive growh or
replication ofceéa}d,st & 59n€ﬁ%gr‘f’htrﬁela§?d9?)??‘f %qunsl ﬁ’?t PacteTH? - starts the
processes of &xueferahlypywt bhefphomiréion efegraviogiceibs populaien density
of the bacterliig B8l QVear fP5Y 'poRRSRCk a1 P4: 1 £d) aBoBt! JY) 21104, 01
enhancenment of actively growng cells rn vivo. Wen activity o fne SWR
factor is neadifce®reRoEhion Ak arewiagi aellbe|to pdghilat ¢ehls apan e ease in

the 21 propRiterfiin88 &6 eGR4I préPiciall.e eaRl Badtos et camRared with

t he proportion of growng cells to viable cells i.n control, untreated
popul ati ons of"‘stE?"éFFil? rFRAYES by Tﬁtg’p%i"t ﬁ&ﬁcﬁﬁ"g‘fo}/ﬁ ng cells to
viabl e cells iExamplesi D avidatiout 5 X 10[err]: 1 to about 20 X 10[err]: 1
The proportion of grow e vy abl e cells.ca Jg.ned as
descri bed previously. V\% faaéc%oc%r Enggtil)%i%tsio%a?egféﬁeg%%%ﬁgés?%y@éd by the
met hods descr ceddfree Bupginatantanf aativwNy fgxowdngedctariasol ated in the

bacterial cel bibegrspne) ot Hackbrandy W Vi dén@WirRgq bactiaid a. Preferably,
SMR factor may be identified in the extracellular matrix surroyndi ng
sangui s strepF&EBEﬁ?%lular matrix surrounding sanguis streptococci. .

A particularly preferred bacteria is S, gordonii strain
Challis ATCC deposit No. 35105. The SMR factor can also
be produced by other streptococcal strains including §.

gordonii strain 12 and S. gordonii Blackburn as well as
by E. coli strain 149, ATTC Deposit No. 55535. E, coli
strain 149 been deposited with the ATCC, Rockville, MD
on January 7, 1994 and given Accession No. 55535.

SMR factor can be isolated from cells as

follows. Sanguis streptococci or E. coli cells are
incubated in a buffered media. Both suspension and agar
cultures of bacteria are useful in the preparation of
SMR factor. As the cells are cultured, extracellular
material surrounding the bacteria is collected. When
the extracellular material is contacted with bacteria in
an in vitro assay, the SMR factor in the material can be
determined by the measuring an increase in cellular
constituents associated with growth per cell per unit
time. 1In addition, SMR factor activity has also been
identified in saliva extracts taken from volunteers
having a natural bacterial éopulation present in- their
oral cavities. '

The SMR factor can be isolated from cultures of
gram positive and gram negative cells. The isolated SMR
factor has a molecular weight less than 3000 as



A partiicularly preferred bacteria is S. gordonii strain Challis ATCC
depgsit No. 35105. The SMR factor can al so be produced by other
stréptococcal strains including S. gordonii strain 12 and S. gordonii

Bl ackburn as well as by E. coli strain 149, ATTC Deposit No. 55535. E. coli
strain 149 been deposited with the ATCC ,,Rockville, MD on January 7, 1994
and gi ven Accession No. 55535. SMR factor can be isolated fromcells as
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actively growing cells to viable cells in the

population, preferably to about 5 X 107‘:1 to about 20 X

10721,

In an alternative method, a bacterial strain

having a bacterial reporter gene under the control of a

promoter whose expression is coordinately requlated with

cell growth as described herein is used to assay the SMR

factor. A bacterial strain such as S. gordonii MSPB812,

ATCC Deposit No. 69528 is contacted with the SMR factor

for a time sufficient to initiate microbial growth

processes. An increase in the proportion of actively
growing cells can be measured by incorporating [methyl-
3H]-thymidi_ne into DNA. Alternatively, the increase in
actively growing cells can be measured by detecting an
increase in the amount of the bacterial reporter gene
product per cell per unit time after exposure to the SMR

. factor compared with the amount of bacteria reporter
gene product per cell per unit time in control or
untreated cells.

Methods of Using SMR Factors
SMR factors can be used in methods to inhibit
or enhance the growth of bacteria. Agents that inhibit




an untrieated popul ation of bacteria. This nmethod can al so be used to
determ ne the effective anobunt of a SMR factor to stinmulate an increase in
thefproportion of actively growing cells to viable cells in the popul ation,
preferably to about 5 X 10[err]:1 to about 20 X 10[err]: 1 In an
alternative nethod, a bacterial strain having a bacterial reporter gene
under the control of a pronoter whose eégression I's coordinately regul ated
with cell growth as described herein is Used to assay the SMR factor. A
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contacted with the, SMR factor for_ a tine sufficient to initjate m crobial
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or untreated cel]s. Methods o I ng, SMR Factors SMR factors ca used in
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gents at in | e.nhov erapeutic_an cr obi conpounds
whi ch can be ﬁgtiF%?Fqﬁ?é&?gﬁﬂaéggrghﬁe??ﬁi?gé?ralI?rﬁéégﬁﬁﬂﬂy.ghﬁ many cases,
SMR factors chacter usedd besaddutl ate qrowhhnedéa) hesppaidliyothbaet eri a.
Many types of, hagte]i jsedei pudndust ri p. ﬁﬁ@&ﬁg. Ition of SMR
factor may iﬁ%rea;é FﬁgﬁﬁﬁgFg_gf %%%ten%h o?h?héee ICIéﬁ@%QOt growi ng the
bacteria. |n BtRFEMNIGE 95oRthaénokhe madiapBagorbley £of G warddeE,

especi al | y t hot#gnosis of infection. There are many other examples
where stimulation or enhancement of microbial growth may
be beneficial.

. The invention provides a method for stimulating
microbial growth. The steps of the method involve
contacting a microbial population with an amount of an
SMR factor effective to enhance the growth of the cells,
i.e., increase the proportion of actively growing cells
to viable cells in the population. The effective amount
of SMR factor for a particular bacteria can be
determined by conducting a standard dose response test
using a method such as descfibed in Example 7. An
effective amount of SMR factor is that amount that may
provide a ratio of growing cells to viable cells in a
population as high as 20 x 107%:1, .

The SMR factor can be contacted with bound
bacteria or bacteria grown in liquid culture. The SMR
factor can be left in the culture medium and may be
added from time to time as media components become
depleted or if the bacteria are grown in a continuous
culture systen.

A method is also provided to identify agents
that inhibit or enhance SMR factor. The steps of the
method involve contacting a population of bacteria with
a SMR factor and an agent suspected of inhibiting or



used in diagnosis of bacteria. The stinulation of mcrobial growh in the
media nmay allow for an earlier diagnosis of infection. There are many ot her
exafpl es where stinulation or enhancenent of microbial growth may be
beneficial. The invention provides a nethod for stinulating m crobial

grow h. The steps of the nethod invol ve gontacting a mcrobial popul ation
with an anount of an SMR factor effective to enhance the growth of the
cells, i.e., ierndramgingtbhe paopioritiyowfoSMAcfavikdy tgr feirmga cetdazeado vi abl e
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anot her microbial growhe fia¢katioANalso provides a genetic cassette
comprising' a first DNA sequence coding for a bacterial
reporter gene linked to the 3’ end of a second DNA
sequence. The second DNA sequence is hybridizing to a
gene or portion thereof whose expression is coordinately
regulated with cell growth. The gene is located in the
bacterial chromosome. The second DNA sequence in the

cassette functions to provide for recombination and
integration of the genetic cassette or a portion thereof
into the bacterial chromosome. Integration of the
cassette into the bacterial chromosome provides for
expression of the bacterial reporter gene product under
the control of a promotef whose expression is
coordinately regulated with cell growth.

A bacterial reporter gene product is a
polypeptide having a structural or functional
characteristic which can be measured. 1In this
invention, the bacterial reporter gene product functions
to identify cells which are actively growing. For
example, if a bacterial reporter gene prodﬁct is an
enzyme, the expression of the bacterial reporter gene
product can be detected by measuring the enzyme
activity. Alternatively, the bacterial reporter gene
product can be measured by a change in the



I nhi bi i on of the proportion of actively growing cells may indicate that
the agent may be useful as an antimcrobial agent. Genetic Cassettes The

i nvéntion al so provides a genetic cassette conprising a first DNA sequence
coding for a bacterial reporter gene linked to the 3' end of a second DNA
sequence. The second DNA sequence is hy?gidizing to a gene or portion

t hereof whose expression is coordinately regulated with cell growh. The
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Sui tabl e exanpiyaasy aghgkial reporter gene

DNA sequences coding for bacterial reporter
genes can be obtained using standard methods as
described in Ausubel et al., (Current Protocols in
Molecular Bioloqy, Greene Publishing Associates and
Wiley Interscience (1987). The DNA sequences coding for
a specific reporter genes are commercially available in
plasmids or can be obtained by reference to published
methods. For example, a DNA sequence coding for a
bacterial amylase was obtained in a plasmid designated
pRQ200 from Dr. Ron Yasbin, University of Maryland,
Baltimore, Maryland, constructed as described in Lane et
al., Gene, 100:225-229 {1991). The DNA sequences coding
for a bacterial reporter gene product are preferably not
present in the genome of the bacterial host cell and
therefore are preferably heterologous DNA sequences
obtained from other species or genera of bacteria.

DNA sequences coding for a bacterial reporter
gene can be amplified using appropriately designed
primers in PCR or by subcloning into a plasmid that can
be amplified in a bacterial cell. Once amplified, a DNA
sequence coding for a bacterial reporter gene'can be
combined with a second DNA sequence hydrizing to a gene
or portion thereof whose expression is coordinately
regulated with cell growth to form an expression




productss are enzynmes such as anyl ase, [err]-gal actosi dase,

chl or anpheni col -acetyl transferase, and luciferase. A preferred bacteri al
repdrter gene product for S. gordonii Challis ATCC No. 35105 strains is
anyl ase as S. gordonii Challis ATCC No. 35105 does not have endogenous

anyl ase activity. DNA sequences codi ng fojs bacterial reporter genes can be
obt ai ned usi ng standard net hods as described in Ausubel et al., Current
Protocol s i n Myagaetae, Bi m@gﬂhrﬁmesaqbéhwim cAnbofibat wistiarthah | ey
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sequence is to provide for recombination and integration
of the genetic cassette or a poftion thereof into the
bacterial chromosome. Bacterial cells preferably have
the genetic cassette integrated into the chromosome at a
location that is under control of a promoter whose
expression is coordinately requlated with cell growth.
The second DNA sequence can target the integration of
the genetic cassette or portion thereof to a specific
location in the chromosome by selecting a secon& DNa
sequence that hybridizes to a gene or portién thereof
whose expression is known to be coordinately regulated
with cell growth. The 5‘ end of the first DNA sequence

‘encoding a bacterial reporter gene is linked to the 3’

end of the second DNA sequence.

The second DNA sequence hybridizes to a gene or
portion thereof whose expression is known to be
coordinately regulated with cell growth or a random DNA
sequence in the bacterial chromosome of a selected
bacterial strain. Preferred bacterial strains include
streptococcal strains such as S. gordonii Challis ATCC
Deposit No. 35105. Genes whose expression is known to
be coordinately requlated with a selected bacterial
strain are known to those of skill in the art such as




sequence. The first and second DNA sequences can be conbi ned by net hods
known in the art such as described in Exanple 10. A genetic cassette of the
i nv&ntion al so includes a second DNA sequence |linked to the first DNA
sequence. The second DNA sequence hybridizes to a gene or portion thereof
whose expression is coordinately regulated with cell gromh and is | ocated
in the bacterial chronosonme. The functioh of the second DNA sequence is to
provide for reguyiiEona] R | JURY 2hhaNgohed ARG %iﬁ@é?:ﬁéfe or a
portion thereof into theggacterlal chronpSo cterial cells preferably
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University of Illinois/Champaign/Urbana, Champaign,
Illinois.

The second DNA sequence has sufficient sequence
identity to the complementary strand of portion of a
gene or random segment of the bacterial chromosome to-
provide for recombination and integration of all or a
portion of the genetic cassette into the gene or the
random location in the bacterial chromosome. Sufficient
DNA sequence similarity for recombination and
integration to occur is about 100 to 5000 nucleotides of
contiguous DNA sequence with 80-100% identity with the
complementary strand of the portion of the selected gene
or the random DNA sequence of the bacterial chromosome.
Preferably, the second DNA sequence has sufficient
similarity to the complementary strand of a gene or
portion thereof to provide a high enough frequency of
integration to readily detect integrants. Such
frequencies are preferably about 10~% to 107,

A preferred portion of a gene is an internal
fragment of the streptococcal 165 rRNA gene described in
Example 10. The second DNA sequence also preferably
contains additional DNA sequences of about 4 to 8
nucleotides long on both ends to provide for restriction



integration of a genetic cassette or portlon t hereof into the gene will not
di srupt an essential function of the bacteria and/or result in the death of
theftransfornmed cells. The DNA sequences of genes or portions of genes
whose expression is coordinately regulated with cell growh or DNA
sequences for random segnents of the bacigerial chronmpsone in a sel ected
bacterial strain can be determ ned by reference to scientific publications
or by searchi r@mv@tlieeseeqheamejaMSes‘.l‘ls%u(ﬁeqi@n@@nbénk at Nati onal
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The primers can then be used to amplify a chromosomal

DNA sequence coding for a gene or portion thereof whose

expression is coordinately regulated with the rate of
cell growth using polymerase chain reaction {PCR}).
Alternatively, portions of the selected gene can be
subcloned by standard methods including using
restriction endonuclease digestion and ligation into a
vector that can be amplified. The selected random DNA
sequences can be synthesized by automated DNA synthesis,
amplified using PCR or by subcloning. .

A DNA probe or primer useful in PCR is about 15
to 50 nucleotides long and has a sequence complementary
to the gene or portion thereof or the random segment in
the bacterial chromosome. The primer or probe can be
prepared by automated DNA synthesis. Examples of such
primers are the primers that are complementary to.the
DNA sequence coding for a 16S ribosomal RNA in
streptococcal strains as shown in Example 10. Other
primers or probes can be designed by examining the DNA
sequence of a portion of a gene or the random DNA
sequence. Preferably, primers and/or probes are
designed to be complementary to a portion of the gene
whose.DNA sequence is conserved in other strains of



restricti on endonucl ease cl eavage sites are known to those of ski |
art. The sequence at the ends can be the same restriction endonucl ease
recegni tion sequence or different recognition sequences. These sequences

al | ow one of skill

in the

inthe art to select appropriate restriction sites to

allow for cloning into a selected |l ocatign in a vector to insure that the
first DNA sequence is linked to the 3 éid of the second DNA sequence. Once
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Once a second DNA sequence 1s selected and
obtained, the second DNA sequence is combined with the
first DNA sequence so that the 5’ end of the first DNA
sequence is linked to the 3' end of the second DNA
sequence. This combination of DNA sequences can be
accomplished by standard methods of subcloning into a
vector such as a plasmid. The second DNA sequence can
be prepared with selected restriction endonuclease sites
at either end to provide for ease of cloning into a
plasmid. The first DNA sequence coding for a reporter
gene can already be present in the plasmid or can be
subcloned downstream from the second DNA sequence.

The vectors which are suitable for the
invention are wvectors that can be used to introduce the
genetic cassette into bacterial cells and to provide
recombination and integration of the genetic cassette or
a portion thereof into the bacterial chromosome.
Suitable vectors include plasmids and viruses. Plasmids
are selected so that they do not replicate in the
selected bacterial host cell so that integration of the
genetic cassette is favored.' Many vectors are
commercially available or can be constructed by
published methods. The vector preferably includes a

gene whose fence IS COﬂSEFVEd I n



29 bacteria. For exanple, the priners that are conplenentary to a portion
of a ribosomal RNA sequence were sel ected by conparing the sequence of
seviral 16S rRNA genes and identifying conserved regi ons of DNA sequence. A
conserved regi on of DNA sequence preferably shares about 90 to 100% DNA
sequence identity. A genetic cassette fuaother conprises a sel ectabl e marker
gene. The selectable marker gene is linked to the first and _second DNA
sequences us@&#??tiﬂlgnﬂﬁﬂkﬂf g§n8+ thoR¥ekaryednpdasnift d& Y€t or carrying
the sel ect abl proROYEFL AN doglceebadl £n NBdiy1e0806s are preferably
antibiotic resistance genes and are available in many commercially
avai l abl e vectors. Once a second DNA sequence S selected and obtai ned, the

second DNA seBaghexis

end of the fi &ﬁge%%quence S Ilnked to the 3 endof the second DNA
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favored. Mangenstdtocsssetteobsrefavoxieldy avail abl e or can be constructed by
published methods. Thayeglole f ¢f85a0k% LN &3 oduced into a

bacterial host cell using standard methods such as

calcium phosphate precipitation and electroporation. If

the bacterial cells are competent for transformation

such as S§. gordonii Challis ATCC Deposit No. 35105 then

the DNA can be mixed directly with the cells. After the

genetic cassette is introduced into the bacterial host

. cells, transformed cells are selected.
Transformed cells can initially be selected for

the presence of a selectable marker gene present on the
transforming vector. 1If the vector does not replicate
in the host cell, the transformed cells carrying the
selectable marker gene have all or a portion of the
vector integrated into the chromosome. Recombination
mechanism in many bacteria are known to those of skill
in the art. Recombination can occur as single or double
crossover events so that the amount of the vector
integrated into the chromosome can vary. At a minimum,
transformed cells have an integrated selectable marker
gene and a functional bacterial reporter gene.
Transformed cells also preferably also contain a
selectable marker gene.



30 sel.ectable marker gene. A preferred plasmd is the pRQR00 plasmd
described in Exanple 10. Bacterial Strains Having a Genetic Cassette Stably
| ntegrated Once a genetic cassette is prepared according to the invention,

it is introduced into a host cell. Preferably, the host cell is a
streptococcal strain. However, other bagjeria may also serve as a suitable
host cell. Preferably, the genetic cassette is introduced into the cell in

ahvegtor. Thle vect or Serf£itd Rfimed aéﬂer@d}i )beoaerﬁbﬁéddﬁ@ﬁ ti replicate in
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contain a selhymefsstnimgken gnrcease in reporter gehe product per
cell per unit time in the presence vs. absence of
microbial growth factors.

Specific examples of selection methods and

bacterial strains are described in Examples 10 and 11.
Of 20 transformants, 2 were selected for fu:ther
characterization. One strain that has béen shown to
produce a microbial replication factor is S. gordonii
Challis MSP812. S. gordenii Challis MSPB812 has been
deposited with the American Type Culture Collection,
Rockville, MD on January 6, 1994 and given Accession No.

69528. Another strain which produced more amylase per
unit time in actively growing cells is §S. gordonii
Challis MSP818. §S. gordonii Challis B2B MSP818 has been
deposited with the American Type Culture Collection,
Rockville, MD on January 6§, 1994 and given Accession No.
69529,

Methods of Measuring Microbial Growth

The bacterial strains having a stably
integrated expression cassette under control of a
promoter whose expression is coordinately regqulated with
cell growth can be used to measure microbial growth.

Microbial growth can be stimulated by inoculating the
bacterial cells in a medium containing all of the



31 Transformed cells can be screened for the expression of the bacteri al
reporter gene product. The assays for the bacterial reporter gene products
are*known to those of skill in the art. Transforned cells can further be
sel ected for coordinately regul ated expression of the bacterial reporter ,
gene product with cell growth. The expregsion of a reporter gene product in
actively transforned growi ng cells can be neasured in the presence or
absence of ni cresiizemgnbat for aanomtd ofi hyist padtarahlast haeterizor di nat el y
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and gi ven Accessi,on . 695 Anot her strain which produced nore anyl ase

per unit ti rre“lsﬁdaf:?llﬁ%"i‘i)‘rﬁ WnGCEE‘H%Yl%f & S&GF&oﬂlr?r@fa‘!]i is MSP818. S.
gordoni i Chal lrepl B2t MEPFHR:thhas abeshowte pias | Bxachpdiet 11 herhdrer i can Type

Cul ture Cblle Y ccession
o 60526 MoPRERrifY e, o00 SO X n, X R A R B Ra 000
having a stabFgpiieaigian dacsrprendi rcuhatast tf@ruﬂd’eme:mﬁfalclehta pr onot er

whose expressifgf tie %ﬁ;lhn@hewr r'@fglﬂt?inﬁﬁa"ﬁet Bnc_@hérégéwﬂﬁ %Ea be used to
measure m crobial qgrowh. robj a rowh c n be stjnul ated_by_ inocul ating

the bacteri al PERPPEE9D é’frréﬂf‘b't‘r‘? 56rﬂ %’}ﬁg‘:&l Ilso?:o Yiable cells in

the population. An increase 'in bacterial reporter gene

product per cell per unit time can be measured in a

population of bacteria in response to a start microbial

replication factor compared with an untreated population
. of bacteria.

Examples
The following examples are provided to further

illustrate specific embodiments of this invention.
These examples are intended to further describe the
present invention but should not be used to limit the
scope of the appended claims.

EXAMPLE 1 - Determination of Actively Growing
Populations On Enamel Inserts

Bacterial colonization of teeth in the mouth of
20 adults was studied using an in vivo model. Plaque
was examined in healthy adult subjects who continued
with their normal diet. (Selection criteria included
the absence of systemic disease, pregnancy or extensive
restorations. The subjects were instructed to maintain
a normal diet and oral hygiene; excluding brushing the
actual bonded test materials (see below) or rinsing with

any commercial mouth rinse.)



32 reqgyirenments for growth of this particular bacterial strain. Media and
conditions for gromh are known to those of skill in the art for different
bacterial strains. Gowh in the population can be nonitored by determ ning
t he‘anount of the reporter gene produced per unit tinme. Alternatively, the
bacterial strains can be used to neasure the activity of a start m crobi al
replication factor as shown in Exanple B. The bacterial strains are
contacted with a start microbial replication factor and i ncubated for a
time sufficient for thBogingvengmedt pieces shavingitde ngasipnedearen iof t he
proportion of Afhitveby MHOWeRE @eLdStiP pxell @oCelikScometigtaepyl ation. An
I ncrease in bacterial reporter gene product per cell r unjt tinme can be
nmeasured in a YEH5E BEPBALES iFati Rotesh .tﬁbngggﬁﬁ?t hiecr obi al
replication facsQr 1copparsed 2nist,hagd 216 ¥ eai tehdi rpamsitami encbésdwssd eri a.
Exanpl es The fol | owi ng. exanpl es _are_proyi t o, funth L1l ust e specific
enmbodi nent s of"%t ﬁﬁ\é\ntiﬁ(}%n%’}%i ?ﬁ‘sgsge %‘ﬁ%ﬁakse zfraeslillh’t g{ﬁﬁ lé[:% r%irt her
descri be the pessgatd usimntesypablushedomethodst. bEnggwed pbedénit the scope of
t he appended ¢l.ai - ' 4,00 ' Wi ng
CodsTouctilang boe1bELEL AR dle é@%b)f‘ﬂué(d P

Popul ations On Enane acteria zation of teeth in the nouth
of 20 adults fefaitubeler usifiedlaning Riacemasdelon | 4§8EBVRAF exani ned in

healtth_y adul lt sgx jaeﬁ; Stfé@(i)i@é%fs} Bﬂeé'xtxaﬂxé_i‘ viddj:@ neter ok ¢asfing &aJn@tct ion
criteria include e, absence .of systenjc .di sease,.pregna .0r__extensive
restorations. P?ﬁéoéﬁbf%&?%létﬁné?ﬁﬁ &3S i H'Pgl ﬁg?“%g)ri)ﬁﬁcegi et and
oral hygi ene; cexeredi witibhachierdal hpl aptelatereoneedvedstromitde al s (see
bel ow) or ringi,ngyVh kL2 GOMEET £i8) s MU, ndS@xhmined for viable

microbial composition, total viable bacteria, and-the

(D

proportion of the population actively growing using
methods described in detail below.

These data generated information on the number
of viable cells, the composition of microbial species of
those viable cells, a measure of the portion of the
population actively growing. Colonization of implanted
surfaces, or biofilm formation, is defined as specific
adherence plus cell division. -Mechanisms suggested to
be significant to the eventual plaque bacterial biomass
include (1) adherence of indigenous bacteria -to specific
receptors on enamel pellicular surfaces; (2)
coaggregation or adherence between bacteria'already
adherent to enamel {preformed plague) and other
indigenous bacteria {interbacterial adherence or
coaggregation); and (3) growth or cell division of
naturally adherent bacteria. Only the first mechanism
has been directly studied in vivo.

Based on data from these studies, natural
adherence can be evaluated, in two ways. First, the mean
viable counts per mm’ has been reported.. Liljemark et
al., Oral Micro. & Immun., 8:5-15 (1993). After 4 hours
in the mouth, about 1-2,000,000 viable cells/mm’ are
found. The second method of evaluating the contribution
of adherence to plaque biomass is exhibited in Figure




33 Bovi ne enanel pieces having a neasured area of about ten mmjerr] were
directly fixed to six contral ateral upper prenolars-and first nolars (tooth
nudpers 1.4, 1.5, 1.6, 2.4, 2.5, and 2.6) within customenclosures, so that
t he enanel pieces could be easily inserted and renoved using established
met hods. Enanel piece construction and enclosure in vivo are described in
detail below Follow ng placenent on 6 fteth per subject, the pieces of
enanel were | eft f Log. t] er| d uul pl aque. The
enanel plecesf%ove eéﬁg&ghgggcéﬁg?a qhéﬁ%gﬁggg'gg§§te3g$§% t he nout h
after 2, 4, BSawm%Qﬁspahbll@mrhmwgoﬁmﬁam@ ec obBeavedonposi ti on,

total viable pRe) Qidain;ians HOPr ARG sBbwb hﬁxa&?ﬁiﬂeagéﬂhé‘fé' vely

growi ng usi ng pet hodsS described i n detail bel ow. Thes at a erat ed
i nfor mati on ofittéfk argnerubrted hntyesy 1290 ﬁﬂ@ %Rﬁnﬁi?vppgn “nitér obi al

speci es of thms%‘]vwabbﬂec&éiﬁs m’rreamune arrdsponds tt®imwiitke popul ation
actively gr ow, Cblo |za lgpl gtgg sséfa es s%é 5I€fl| fornatlon
is defined as™ %é-B-‘QPH (S| MY EH P EIERY ehatlis suggested
to be significenk ﬂh@ephece@@nlual plaque bacterial biomass include (1)
adher ence of i ndi GeNOR3aLAkLId kel EroRCSkhl fat NGRIIGLT P SftaloPel | i cul ar

surfaces; (2), coaggregation or herence between bacteéria & adher ent
to enamel (prie tﬁFb@&mﬂdhﬁﬁ?nSPhEPtPnHPﬁemﬁﬁﬁ¥rS§cP¥r+%§?ﬁqﬁﬂ&'bacterlaI

adherence or emaggr egma@ﬁe ,ccami:e(ﬁ)vi@howtboﬂtuﬁﬂuls duyfaeorofof naturally
adherent bactegria I_r st necha‘i . been dirgcgéy studied in

vi vo. Based Oshtraag 8%’?%?11 {1?1 gagpuaeggr@ﬁa%é]afls%gﬁgr 2RE hr?e eval uat ed
in two ways. ﬁqosmlzeﬁecmragaa;bbe suuhece padhaatngr vhickscdisen ineport ed.

Liljemark et ‘|tm glgnglgé ﬁbggggg,_aﬁcﬁmg&u(glg%bufg%r 4 hours in the

nout h, about 00, 000 V|able cel rr]” are e second net hod
of evaluallruf kcﬁht?}bmu rad Micro. an un., 8:16-23 (1993).

Similarly, the in vivo adherence rate to implants was
measured. Liljemark et al., cited supra.

Given that about 33 million bacteria per mm’
form the plaque biomass by 24 hours, it is apparent that
cell division is a major contributor to plague biomass
in the first day of plaque formation. Adherence at
saturation to specific sites on pellicle accounts for
only 1.5% of the 24-~hour plaque biomass. Adherence to
enamel or due tc interbacterial adherence accounts for
about 10-20% of the plague biomass by 24 hours in the
mouth. -

These measurements of the accumulation of
indigenous bacteria do not measure whether plaque
bacteria were actually dividing. Growth of bacteria can
be studied and is apparent when the relationship between.
the actively growing proportion of the plaque population
is graphically illustrated based on viable cell density
of individual sites (see Figure 1lA). At a density
approaching 2,500,000 - 3,200,000 [10%“%?] bacteria/mm’,
independent of the length of time it took to reach this
density, there was a significant increase in the number
of actively growing cells. This large increase in the
number of actively growing bacterial cells at this



of adhgerence to plaque bionmass is exhibited in Figure 34 1B. By

exam ning each tooth location in 18 subjects, saturation of pellicle

bi ndi ng sites can be observed. This graphical representation shows that the
pelticle sites are saturated between 200,000 and 630,000 [10[err] to
10[err]] viable cells/mferr]. This corresponds to in vitro neasurenents of
avai l abl e salivary binding sites for thespral streptococci. Based on data
fromsimlar studies, the in vivo interbacterial adherence rate was

measur ed by i nsepuliatjoandersitypimiicatesyehat adidrentc dacitendasdsur f ace of

streptococci ( Q0. N0 t,0.di sp . C |

coaggregati on %J€%‘?éagdﬁgs§%§gvﬁﬁogﬂyza%§é Fﬁéé?%ér oédl%%tr(ra‘ra- ggg%f&ggofoact eri al

cl unpi ng i n- burdpdd) grewthek et al., Oral Mcro. and Inmun., 8:16-23 (1993).

Simlarly, the in vivoradhgs€iise toPb®nserhbB! &Md entd>seeantned. Lilj emark

et al., cited supra, G,ven, that about 33 mlliopn bacgteria gegmﬂerr] form

t he pl aque bi o‘rFE@@nﬁﬁ AR Y¥iyp vere ass folloven: Fnpmel. pipcEF FEn is a

maj or contri budxtrattedl bovinditwmEmds weret betfintd sipares pbagtie3 f:oE3mati on.

Adher ence at turat | t O SPECI L [ n Gl c ts for only
i %6{29}1 £5 [fiYorgeny dhﬁil?. pfrgé pietelCh3Hd

1. 5% of the 24-Hhour aque” bionw erence namne ue to
i nt er bact er i almeaguEpdneeing co FHEREFEPMEBAudigitalo®adipere pl aque bi omass by

24 hours in t hghHERELPunides S EIAMEETERNG Shd [N RRACYRUNAELPMLf | ndi genous
bacteria do not rreasurfo V\het{}cehr pl gque bacteri a, were _act ual I‘é di vi di ng.
Gowh of bact¥tfy 8hntlfe Wtidi ¥§ednd FUSLYpLPadn SRFEASERES rEA%& i onshi p

bet ween t he acfabwétyted com ey gtompombdeld of dmealgiagte pmpresdicn oifs

(oo Faur e A1 BERLEP SO 0e EREN Pabloatyr B eBanb Db HANT o e/ )

(see Figure 1A).

o6,
a de
bact eri a/ m{ eriere PrReesrhdatic of bahd shapeh pieas @ VISIGoRILo reach this

composite (ESPE-Premier, Norristown, PA) which was
applied to the facial surface of the maxillary premolar
and molar teeth. The composite was formed to be smooth
and continuous with the enamel of the tooth and the
enamel piece seated into the composite so that only its
surface was exposed. The enamel pieces were then placed
into the enclosures which were removable utilizing the
tip of a sharp explorer via a minute notch made during
fabrication of the enclosures. The enamel pieces fitted
tightly into their reépective enclosures preventing
plague formation anywhere except on the exposed surface.
The custom enclosures were then applied to the
respective teeth using a CONCISE orthodontics bonding
system (3M¥, St. Paul, MN).

The methods to measure microbial composition
and total viable cells were as follows. The enamel
pieces were placed in 1.0 ml prereduced anaerocbically
sterilized (PRAS) diluent (L. V. Holdman and W. E. C.
Moore, Eds. Anaerobic Laboratory Manual, Virginia
Polytechnic Institute and State University, Blacksburg,
VA, 124-127, 1973)) in an anaerobic chamber (Coy
Anaerobic Chamber, Ann Arbor, MI} and gently sonified
for 20 seconds (Kontes Cell Disruptor; Kontes, Vineland,
NJ). An aliquot of the plaque sample was serially



densi ty, there was a significant increase in the nunber of actively grow ng
cells. This large increase in the nunber of actively. growi ng bacteri al
cekls at this 35 popul ation density indicates that adherent bacteria do
not” divide or grow slowy, but instead enter a period of rapid growth. The
met hod to construct and encl ose enanel inplants in vivo were as foll ows.
Enanel pieces fromextracted bovi ne teebh were cut into squares about 3 x 3

X 1 mmw th 45;di t . [ re as (US| a
SHERE- TUM CA f‘g‘ﬁ% i PS%JFJ*‘? S(ﬂ%lﬁn:a%%@%%ﬁ“& . I‘S%’n’esw,ﬁwg R Stored in
distilled wat@BJat 4[err]C until used. Custom made encl osures were
f?bri Cﬁt edbpn ? SEI_ﬁnecmﬂﬂlraﬂioxiifbﬁhﬂien&fﬁibﬁﬁgm 'téillam;)s B@ieﬁ@Xi ljl ary arCP
of each subject. e e pi eces wer ress into a ball shaped piece o
VISIOFIL conB%%ﬁ"@%"Egggg?’?e‘?ﬁear,V%P%P’EPgmﬁ?e‘%vwghsﬁg@%ﬂp‘& ied to the
faci al surfaceedfa.t h&otraki thbrivgirlemanaerahdc npicrohtiedt loFfhewamonposi te was
formed to be gg¥;§ d i QUQU ' t zﬁgﬁ e and the
enanel piece éea e nlglalt gg?ﬁ%_%‘t Jﬁo%gl:@{xtgggog?ﬁg‘? o) ryq%taéﬁsﬁégg%g was
~exposed. The eontidinipgeBrrpiidase oY puacedBPhidlanebiedempsur es which were
(r]I errpvab!c ebU_t I $;¥§ﬁéﬂ& ]E htsﬁfcélpsﬁlfn% /S W)DT%DhQiﬁﬁri\ﬂa%ea B‘héé% eblgﬂftcﬁhh made_ t
uring fabric e.encl osur e_enane| pi s d tightly into
their respect‘?\ﬁeﬂc@ﬁgl 8@%‘?%’5“&%3’695?’56 B?Qﬂ]ﬁea‘f%roﬁﬁﬁﬁgnnghym except on
t he eX|to_osedt sChemical Thmpangst m.emhﬁsgrxe_)mcb iui;lg.baapﬂl i ed tol\/f hgt oa
respective ; | on - . Pau
MN). The net ﬁ%{ S r;ég&ﬁg]é&@%fr%ogﬁgl gcgr%%og%él)'on g%g ?%?g%mval(dgbl e cells
were as fol | dik@erphéceredf igicdeddngetbepfpeelrs £orphyrREM@RES educed

anaer obi cal | ygigig@kblli g ppARRASN 16i FHes8imédia \andiPrdi¥aiedld W E. C. More,

Eds. Anaerc“”égfi%g%ggéﬁ{é&gYaﬁ%QE’eXL&QLQLSB on SBA media.

Fusobacterium spp. were identified as round, entire,
smooth iridescent colonies on SBA media. Streptococcus

=~

Spp. were enumerated on Mitis salivarius (MS) agar
(Difco Labs, Detroit, MI) with 0.1% potassium tellurite
(Difco Labs, Detroit, MI) added. These plates were
incubated anaerobically in an atmosphere of 10% hydrogen
- 10% carbon dioxide - 80% nitrogen at 37°C for 2 days
and then for 24 hours aerobically at room temperature.
Adherent hard colonies, which would include the species
Streptococcus sanguis, Streptococcus gordonii, and

Streptococcus oralis, and referred to as sangﬁis
streptococci, were identified visually by colonial
morphology using a stereomicroscope and indirect light
according to known methods. Mitis streptococci were
round, smooth and creamy and included the species
Streptococcus mitis and non-adherent S. oralis colonies.
Mutans streptococci were enumerated on MS agar
and on MS-bacitracin media using well known methods.
The colony counts of mutans streptococci shown were the
ones highest on either of the two media used.
Veillonella spp. were enumerated on the modified medium
of Rogosa-SL agar (Difco Labs, Detroit, MI) and
identified by colonial morphology and gram stained




Pol yteghnic Institute and State University, Blacksburg, VA, 124-127, 1973))
I n an anaerobi c chanber (Coy Anaerobic Chanber, Ann Arbor, M) and gently
sonffied for 20 seconds (Kontes Cell Disruptor; Kontes, Vineland, NJ). An
al i quot of the plaque sanple was serially 36 diluted and plated (Spiral
Systens, Inc., Cncinnati, OH. Cultivation of the various bacterial
speci es was acconplished on a variety 3f elective and sel ective nedia.

Total cultiv na bi c cro r
suppl enent ed%B' g’é% aM&ﬁeﬁ %éoér)l ai ni ngq'?'Eg %glgééellféo agar (BBL
M cr obi ol ogy cBpsebats (BE0kegsvi | fellcm)ng snmréxautbpnnm dd¥sigagpon| ood,

0. 00005% menadhgngs b GIOEYBEm Nagyid LR @o(ﬁl&mﬁm@%%usal Conpany,
St. Louis, M) ncubate anaerobi cal ly at é seven days.
Dar k- pi grrenté lbmrdvme& Rédsinfect Jmmun ﬁg 3 Bre %r *phyr onones

gingivalis, Reeyeéltded ishper wete ceriitbritadion CRATEAgHY (@Ggdberus, were
n

enunerated o B a. Fusobacterium sp e f| S round,
entire, smoof §$%§‘c #F—giﬁ%hi%—e#’-%@%vﬁ% 2%?%%%?& S spp. were
enuner at ed oRepresentsaliveacoleny I\@p@geﬁrqnneﬁcb suliectDwerei £irst) with

0. 1% pot assi YLl |4t L8akPLSR % 01 supbbdudifidydendhese plates vere

I ncubat ed anaerobically 1 n an atnosp ere of 10% i/ en - 10% car bon
di oxi de - 80%@%’?&)@’@#%#‘98%@ ity Gntisergs kKARdLY RIRVAERABY hour s

aerobical ly g, r&‘?ﬂ‘g’éeﬁBﬁHéﬁU(%LMﬁr@nbfh@ﬁﬂnﬁpé@ﬁlm&nlpBgPh woul d
I ncl ude the ec es Stre t ococcys 3%3:? tococcus gordonii, and
St r ept ococcu ULLLFERE i, "%&r‘fﬁj G eft6Cocci, were

identified vkpenﬁdﬂpdbﬁntolEwmzﬂomngg@h&uggyL_sKngsemhﬂi@geon1croscope and
Lndi vect |1 98k ARGRICAL al O1INA g@%h%@%mgn;bés Sdedihaagect agie round,
non- adher ent Actinomyces edeontelsticus. Total cultivable anaeroblc

microbial flora {(viable cells) and total colony-forming

units of species were calculated per mm’ surface.

The actual number of actively growing bacteria
on the pellicular surface was measured using the
incorporation of radiolabelled [methyl-*H}-thymidine and
[c'*1-adenine. To this end, plaque samples were
incubated for 30 minutes, and the radiolabelled target
molecules DNA and/or RNA were extracted from the plaque
samples, and counted. As DNA synthesis occurs
throughout the life cycle of a bacterial population,
these nucleotides will label all actively grdwing cells.
Labelling DNA is also useful as it does not turn over
and because synthesis does not occur in non-growing
cells. By calculating the amount of incorporation of
{methyl-"H]-thymidine and dividing by the total number of
viable cells, cpm/bacteria can be calculated and this
ratio will reflect a change in the number of actively
growing cells as a proportion of the total viable cells.
Incorporation of radiolabelled nucleotide into TCA
insoluble materials ensures measurement of actual DNA
synthesis rather than metabolism of radiolabelled
nucleotides. The short period (compared to minimum cell
division time), use of excess [methyl-"H]-thymidine and




Mut ang streptococci were enunerated on M5 agar and on Ms-bacitracin nedia
using well known net hods. The col ony counts of nutans streptococci shown
wete the ones highest on either of the two nmedia used. Veillonella spp.
wer’e enunerated on the nodified nedi um of Rogosa-SL agar (Difco Labs,
Detroit, M) and identified by col onial norphol ogy and gram st ai ned 37
snmears. Haenophilus spp. were enunerated3dn nodified chocol ate (MC) agar,
foll owi ng incubation. in 10% carbon dioxide at 37[err]C for 3 days according
to known net hodS (rpfering and the rpreated| fif ingeoven dimmdn a
Actinonmyces sppanié€r enct)diRrapedvent&Hpilaqgaforhytbed waidd fdandage J. Cin.

M cr obi ol ogy, 15:253-259 82). Representative.colony types from each
subj ect were fPPs? !foe"sglea‘e%‘gp rEgc‘s%ﬁF‘PH‘eCeﬁrgr'ég%.b%é&gentIy t hese
strains were rpoptkatiansh anti sera kindly provided by Dr. George Bowden

(University of W nni p?@he%ggggf%g?@r@fj@ctivgﬁgl %édd}?xgégggFiXéi%g i nonyces

Actinonyces were specjated I nto ACtI nhonyces Visto i ng
naesl undii |1)2racas fOhlews . naBhe uirrerporatdoncefnonmyces odontol yti cus.

Total cul tivab|ge@iaerrablchyRididl Andf et -aubRbie i@@bl s) and total
col ony-form ng_upits of seem es.\yere cal,pulo tg? per m}:lL rr% gurface. The
actual nunber BFIGHARPACS éFOWh@E%)eI’JT% gﬁ A PGRAY guP r%8%r f ace was
megsur egr ;J]si Elgtiﬂr:&i ibramapdlaaglma_r{]um wl'mlidzdmgbm m;kim;ratahyhlﬁ.quot} Ic-id}ff E)?y?odi ne
?nnnugg[s, and t %%% idg}gsépieqﬁﬁit a’r%@t %%e?dgéf agﬁ&;‘ grﬁy%_f‘v\ere
extracted fronindthyd-agircthymiglicoe (4Ad088unChimmods Regpeaxgh Rxsiductscur s
throughout t heyhddia&Yeh81 Ofofp PAGHET idlospeRY! afl, Prandt ped'q-RHehERE | des wi l |
| abel all actlé?re?lfyﬂgr,zw ng cells. Labelli ng DNA |'s %I SO ﬁeful as it does
not turn over 440081 o AReRhAn Researsh BEINCES: AGHIRFRR ng celI's. By
cal cul ati ng t heeighusnt 106 .1 NTios pHiredll @dmelentration of nucleosides
when mixed with the plaque samples was 150 mCi/ml (100-
200 nmoles) [methyl-’H}-thymidine and 65 mCi/ml (200-250
nmoles [C“’]-adenine) . The plaque and radiolabelled .
nucleosides were mixed and incubated within the
anaerobic chamber for 30 minutes. Radiolabelled plaque
samples were removed from the chamber, incubation
terminated by the addition of 2.0 ml of cold (4°C) 10%

" (wt/vol) TCA and extracted for an additional 30 minutes
at 4°C. The precipitate was collected on Gelman GN-6
cellulosic filters ({Gelman Sciences, Ann Arbb_r, MI} and
rinsed 3 times with 5.0 m} of cold 10% TCA. The filters
were placed in vials, dried and scintillation cocktail
added for counting. Radiolabel incorporation was
expressed as [’H] or [C'] counts per minute (CPM) per mm
of enamel surface or per bacteria (as determined by
total CFU). Radiolabel was in excess. For example, if
an Escherichia coli cell contains 9 x 10" grams of DNa
per cell and 25% of the DNA is thymidic residues, then
over one million times the genomic equivalent of
thymidine of 10%° bacteria was added to each reaction
mixture. A million excess genomic equivalents of
adenine were added. The pulse labeling avoided the
difficulties of determining intracellular specific

z




[ met hyl--[err] H -t hymni di ne and dividing by the total nunber of viable cells,
cpm bacteria can be calculated and this ratio will reflect a change in the
number of actively growing cells as a proportion of the total viable cells.
| ncor poration of radiol abelled nucleotide into TCA insoluble materials
ensures neasurenent of actual DNA synthesis rather than netabolism of
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[ err]] - adenidE*XAbY 3d LFRLARNS li"lt‘f g%%‘? rR/‘?"FP\E}‘}‘?’ne%1"[']1?'rxa-°rﬁ4@$?131ot
di sruptive to wilsaguésédrimt ithe wagnd ahodtt oime perodel net hod to deternine

rowi ng bacterial popu i . t.,30f dv.ely.grow n
gopul a?i on are as Pofl%t\?\é/s. iiEeatl-li%glo%ig&?ﬁfﬁﬁ[—%ﬁﬁﬁfé% ﬂ] -tﬁym’ di ne
and.[ J err]] - X36kerda] e} Lks jathitheo deasity aehery Fepprabien wff e material of
Ege?,t imrr;ed b?ﬁb@&%@t@i@ﬂ&&d@ﬁg @G.'%%fsbbcmflﬁf?w[@bo]ﬂu Q?‘%’,to(ﬂg _.soni( L |5 egogl aque
: Wi a mxtuge O -[err]H. i ne :
nCi / mol | Reségpcﬂgé’r@{ﬂfct 5 ?‘ht éfhéﬁ%i%%ﬁp?,ﬁﬂ‘ F"’r%?ﬁ’éé‘lt,erl’-é)' and
Ke| eLr] ] - adeniThe teg#l lrdp'n{ ol { meAhpl sHir tRgaddind garodiable éégln@tﬁn )
Hei ghts, IL). ! ratl 0 [ enJnixed with the
pl i’igue sarrpl) egi\?\gsﬁl'g orf%%% ?ﬁg%lg%bggeoaﬁ%{%eg% I[rgr‘gﬂgy%]% [oé"rrn -t}chyn‘i di ne
and 65 nCi/m 202801¥5cemittasterdier r FheadbattryialThelbs atjuehend
radi ol abel | edgmy@h@ﬁﬂﬂ%sm@&@ g’wsﬂ ANgd 161 R3LBLe Vb £ Nirfkghe sapaer obi ¢
m e

chamber for 3 ut es. . Radi ol abel| ed, pl aqué sanpl.es were rénoved fromthe
chamber, i ncuBBeTHl SMEH ASt BUCEYSEnELARRN t5ish CBR/ BAGFeRiaMaso g0 a[ err] Q)
10% (wt/ vol ) E¥CH0Amt extdemstiey Bippraachilngtdlmal 239007000 &» at 4[err] C. The
preci pitate wasygP!dodctes 19N Et-mas, G\- ig filters (Cel man

Sci ences, Ann %r%(g'r ,O%K/I) é%d[rglﬁnsedJB t?%%géiv#{pﬁaagb m of cold 10% TCA.
The filters were placed in vials, dried and scintillation cocktail

TABLE 1

Comparison of 3H-thymidine Incorporation as a Measure of
DNA Synthesis in Streptococci In Vivo and In Vitro

(3H-thymidine cpm/
Density per mm?  bacteria) x

107
Overnight culture in [10° bacteria
Todd Hewitt media per ml. liquid] 2.5
Predominantly streptococci 200,000 - 630,000 3.7

adhering to enamel
at saturation?

Bacteria in dental plaque® on 2,500,000 - ; 20
enamel, SILUX or Visio- 3,900,000 (160 with
Dispers sucrose rinse)

Bacteria immoﬁilized to 625,000 5.4
maleic anhydride plates
and media®

Bacteria immobilized to 625,0000 80
maleic anhydride plates
and START®

a in vivo data, mean 80X of 16 sites

b in vivo data, mean B0 of 22 sites

c

in vitro assay, mean 80 of 35 experiments



added,for counting. Radiol abel incorporation was expressed as [[err]H or
[C[err]] counts per minute (CPM per nmmerr] of enanel surface or per
bacteria (as determined by total CFU). Radiol abel was in excess. For
exanple, if an Escherichia coli cell contains 9 x 10[err] granms of DNA per
cell and 25% of the DNA is thymdic.residues, then over one mllion tines
t he genom ¢ equival ent of thynidine of 4O[err] bacteria was added to each
reaction mxture. A nillion excess genonic equival ents of adenine were
added. The pul se | abel i ng avoi ded the diffi cuI ti es of determ ning

I ntracel | ul arEXAMRL ) 123] ¢ agi wiphati on because

each sanpl e Pu4eS 8 nbfie L OF BB YOl |od Incorporatlon of

[ met hyl - H[erﬁ?;LTHYWFgFWE_FHFUJ%aCTETTTH'Tﬂﬂig?%gg he density where

saturation of pellicuEaghbihepkghsiadidtsech Pakey éﬁéuf?‘ femab®®r - 630, 000

[10[err] - ié ikl paves ﬁbow;e Fthdy 10pevihe cqiamedcbeetes wéwetotal cpm of
r

on the aver & uax?c“éﬁ“sﬁ't e @"eéﬁﬁ#ﬁ%{%‘%‘ At ERSh i 1 ol Scel o in

on the avera
t he pl aque sawmiond premglars accdmbichg touthe mdtheder destéoibeyt aist h, such as
sucr ose rinsg%g&ggecgnibacterla was 160 x 10[err] at a density approachlng
about 2,500 0 3,200,000 cells [10[err % See Exanple 2. TABLE 1
Conpari son of 3Ht hy nEdperelments ama CORIREted Moxs Br BOBES A Byinthesi s in

Streptococci gubj¥tys wih | efidned (p’iléchY?éﬂIS’ifijﬁﬁi Deach tgupRicym] err]
a1 RIS 20 o SR TR 00 SO

medi a
200, 000 - 63(svdopose ffeq gldiersengy /iv) enahit srcroaeulwfvbn{Sigrja,Bacteria in

dental plaqueR ofogi 200l ir; ) every 29 minutes, for 1 minute,
for the 6-hour duration of the experiment. On day one
subjects rinsed with glucose, on day two with water, and
on day three with sucrose. After 2 hours in vivo, 2 of
the enamel pieces were randomly removed from their -
enclosures. After 4 hours, 2 more enamel pieces were
removed as above and, after 6 hours, the final 2 pieces
were removed and processed. Immediately after removal
from the mouth the plague samples were processed for
viable cell counts composition described in Example 1.

Sucrose is a known adherence promoting and
bacterial growth promoting substance. It vas expected
that in the presence of excess sucrose, that the
indigenous bacterial population would immediately show a
high level of active growth as they adhered to enamel
implants. It was unexpected to find that, similar to
indigenous plaques described in Example 1 under
conditions of normal diet, that the viable adherent
bacteria increased their level of active growth as they
approached the density of 2,500,000 - 3,200,000 [10%%
&3], It is not unexpected that the level of active
growth exceeded that of enamel implants without rinsing.

‘What is unexpected is that this increase occurred as the
viable cell density approached 2,500,000 - 3,200,000
[10%%¢3}, Additionally, it was unexpected that both



enanel ;. SI LUX or Visi o- 3, 900, 000 (160 with Dispers

sucrose rinse) Bacteria inmobilized to 625, 000 5.4

mal ei ¢ anhydride plates and nedia[err] Bacteria inmobilized to

625, 0000 80 nmal ei ¢ anhydride plates and START[err]: [err] in
vivo data, nean 80% of 16 sites [err] In vivo data, nean 80% of 22 sites
[err] In vitro assay, nean 80% of 35 gxperinents 40 EXAMPLE 2 -

Exam ning the Effects of Rinsing with Sucrose 3 ucose or Water on Cell
Growt h Ei ght Hawosky agduvater 4ring iy dngraasednithes nupheri efpated in the

study. Bovi neyciizeny Q}:@ﬁfﬁgV@éﬂsn:Dunt ed on the maxillary first nolars and
first and second prenolars according to the nethods described in Exanple 1.

Experiments were conducted for 6 hours on all 8 subjects with 6 enanel
pi eces per sHXAMPLE Fach Cordind of PepdltionDensitlt Usiflg rdn Of either

water, 10% gla-%g%né;u&;ggg %Eﬁe gll ycose w'v) or 10% sucrose (wv) (Signg,
St. Louis, X , for 1 mnute, for the 6-hour
duration of the experBoieine epamedy chipssvegedountedsen beeth glauicose, on day

two with wat frevagds Dy dEBeA{HRE (W ERaRHEE 0Se. sBiliBiors OHIrs in vivo, 2 of
t he enanel pi egeg we:[e randomy renoved fromtheir _enclosures. After 4
hours, 2 nor&CERA%FEY" O QeSO uRpTaLt AL LEIGE GReMICRLSC% rhours, the

final 2 piectslweukee erithjetvexed fprmedsatds) Cmiedinadeion bdddwateroval from
composi 11 on §a8ce AP BhopbriiohsPbEiEaEth bBtalpdll Bdfarellie br omt i ng
and bact er i aS@f butuf ficiesti 4 maket Sngel07 tMmaFhexpeteat that in the
presence of EY¥RESSLIEARNS Ray! Bt sbhBwhat less than 5 X 107 due to

the solubility of SOS in water at room témperature.

Only the clear supernatant was used.

Enamel pieces were incubated with the clear

supernatant of SOS for 30 minutes and then washed for 5

minutes with water to remove excess solution, leaving

only the oriented monomolecular layer of octadecyl

sulfate. Enamel pieces with bound SOS are called S0S-

enamel. '

Whole saliva, stimulated with parafilm, was

collected from two persons and clarified by

centrifugation at 10,000 x g for 10 minutes. -One mL of

the clarified and mixed saliva was then incubated with

enamel pieces or with SOS-enamel pieces and ihcubated at

room temperature for 45 minutes with gentle shaking.

Controls were incubated with phosphate buffer. Gibbons

and Etherden, Infect. Immun., 36:52-58 (1982). The

saliva-coated enamel pieces (SC-enamel) and saliva-

coated SOS-enamel pieces (SC-SOS-enamel) were washed

also with phosphate buffer. Gibbons and Etherden, cited

supra.

Enamel, SOS-enamel, SC-enamel and SC-SOS-enamel
were assessed for hydrophobicity in a Wilhelmy Balance
(Cahn Instruments, DCA-322, Cerritos, CA). The piece
perimeter was 17.84 mm. Time interval of immersion was
one second. Platform speed was 148.39 microns/sec. The



i ndi genous bacterial popul ation would i medi ately show a high | evel of
active growth as they adhered to enanel inplants. It.was unexpected to find
that, simlar to indigenous plaques described in Exanple 1 under conditions
of normal diet, that the viable adherent bacteria increased their |evel of
active growh as they approached the degflty of 2,500,000 - 3,200,000
[10[err] 6.5 [err]]. It is not unexpected that the | evel of active growth

exceeded t hatgpf aﬁr&lwnﬂa@ml ank §ﬁ.w fJP@nafnbmSéﬁw endfi@l ikgeHBBYPECtEd iS

that this |ncre ccurred as"the viable ce density _ ap ched 2, 500, 000
- 3,200, 000 [H} %% apgdqPEransresamy aee&s %&é&ﬁ&‘d ﬁegﬁs 41
gl ucose and water ri nﬂ‘lhngelflﬁeceassedscimernamremimea.cbnvehyvggovm ng cells.

P e EREHeP'roBhaPORH) b4 BBl Yo Ul o 405" SRET0SHPPT €510

Agent Bovi ne ST Wwer e noun revi ous described in
Exanpl e 1. SotaiNidods rendgmt Bleesmenty loffaBepieers @h gameémmh %h Chenicals

Co., M |waukgsiedds) o\ﬁesgsf-eﬁarﬁdl 6£n %%Bﬁ] éndTwhrdel ABi dedoypb&d and
wei ghed propaortions 33 io i um oct ¥ suI fate. Og{' suf£| cient to make 5
| ¢

X 10[err] M HhEXREP on%%?llﬁr%ﬁ 1F@st% han 5 X 10[err]
due to the sqﬂmhplel fyraht 565 aftemider 4at8;oa:tmri entphbarslre Té¥aY the clear

super nat ant e I S
super nat ant o g E%ﬂﬁu es%ghggéﬁ%n ma?h g %ﬁ%dﬁ%g with water
to renove ex@é@s\eéoaat descriked iiny Example hk. oﬁr@ﬁt—éﬂ howenotisthilear | ayer of

oct adecy! 5U|Ha%tt%r1§n{’-§€$m@hef@5méﬁ‘nt hwbed n@b@@oﬂr So§2eh&Hb15C5- enanel .
Whol e saliva, stinulat ed}\!#téﬁé)ar afl | m ‘f %Sect ed fromtwo persons and

clarified by VeZAlFi PRRRE #0, 6008x 394 At DSURFnERs. One nL of
illustrated in Fig. 3.



the clharified and m xed saliva was then incubated with enanel pieces or

w th SOS-enanel pieces and incubated at roomtenperature for 45 m nutes

wi th gentle shaking. Controls were incubated with phosphate buffer. G bbons
and Et herden, Infect. Inmun., 36:52-58 (1982). The saliva-coated enanel

pi eces (SC-enanel) and saliva- coated SOS-enanel pieces (SC SCS-enanel)
were washed al so with phosphate buffer. 4% bbons and Etherden, cited supra.
Enanmel, SCS-enanel, SC-enanel and SC; —eganel were assessed for

hydr ophobicity in a WI hel ny Bal ance n“I nstruments, DCA-322, Cerritos,
CA). The piece perineter was 17. 84 mpmhigfe i nterval of imersion was one
second. Platform speed was 148. 39 m crons/sec. The 42 dynam ¢ cont act
angl es for enamal%,?g@ enanel treated with SOS, amerrsC SOS-enanel are
illustrated in Table Z. The effect oil SOS treaged enanel3 on 1n vivo pl aque
formati on was conpared to enanel in tw subjects using a random pl acenent
of 3 pieces of emahel and 3 pieces @& SOS-enanel in cus@om encl osures as
described in ExaRe e 1. Each subject 0was exanm fed tw celf or pl aque
formation after 2, 4, 8, andn 24 hours. Total viable bacteria were
enuner at ed on t hédenanel and SOS- ednel - as d&Scribed 28 Exanple 1. Geatly
| oner viabl e bactR€ria (geonetric nea) were folind on SO8- enanel versus

enanel after 2, 4 —8-—and 24 hours__as jllustrated in Eig 3 43 TABLE 2
ENANMEL Angle CYCLE 1 2 3
SOS-ENAMEL
Angle __CYCLE
1 2 3

Ad 103 71 56

Re 13 19 22

ad 103 60 60

Re 28 33 34

SC-SOS—-ENAMEL

Angle . CYCLE

1 . 2 3
ad 87 4] G
Re 0 0 0
ad 68 51 49
Re 33 34 36

EXAMPLE &4 - Control of Population Density Using
Hydrophobic Materials

Bacterial colonization of teeth in the mouth of
8 adults was also studied using a similar in vivo model.
The 8 adult subjects used in this study were dental
students or professional microbiélogists. Pieces of
bovine enamel, SILUX restorative (3M, St. Paul, MN),
VISIO-DISPERS light-cured composite dental restorative
(ESPE-Premier, Norristown, PA) (each piece having an




Ad K 40 0 0 Re 0

0 0 Ad 64 35 29 Re

o 0 0 SOS- ENAMEL Angl e CYCLE 1

2 3 Ad 103 71 56 Re

13 19 22 Ad 103 60 60 Re

28 33 34 SC- SOS- ENAMEL Anéfe CYCLE 1
g 8 Adrea OanEQFt 10 mm?p ‘were dlrecggy and cond%r@@ntly 19 Re

33 34 ftixed tag mentmatagerabpronglags Paﬁuﬁlalf%ﬁnqj@rxguty Usi ng

Hydr ophobi ¢ Mat.ehinl cufiami @hbabsagégpl,—z;@i |1@rftoto{_-egalll_=yj_ tﬂgteggﬂlt[] ngjsects
dul t I sing,a,si vi vo, npde e

3sgd ?nm?ﬁlg §§r§§&€g§% % gﬁ %%ﬁﬁ%&(ﬁlaHPngiiﬁ%ﬁkﬁ ni cr obi ol ogi sts.

Pi eces of bovine enanﬁovmeLexameL?tw@aewye@ewuisunﬂ?amquaw;; from

Vi SI O D SPERSekt gt il 16MRASEA Cad dsRl 1663 £ ge;;&a\.f@l(eE?gbgngm er,

Norristown, PA) (each piece having a area err]) wer e

directly and & ﬂdﬂ“ﬁ%ﬁpﬁﬁ reséy P%ﬁQ?ﬁmaN@S&paP§$E§R§Nliﬁbmacura@d first
nol ars, wthueomptsgm FRALas UFeStoftd viee { ESPRLP¥aN 1M A0 No B8 s BEHA 0dS T O

were cut into

2332?2?% ©oacBAf LSRR T S OB BE Tkl 8 et o “The
conposi t e resfeormpdkedes a WD MIEBPHRSM EFRARESS reichydopodyst togends al
restorative (FFEetRaTof’ mabOF{dSIOM) st. Paul, MN) in which a

preformed bovine enamel piece was used to form a mold in

the EXPRESS polysiloxane material. The composite

material was applied to the preformed mold and a mylar

strip was pressed over the top to form a smooth and even

surface. The composite was then light cured for 40

seconds. The composite resin pieces were removed from

the mold, the edges finished and the surface area

measured. The outer surface of the pieces were polished

with medium and fine SOF-LEX disks (3M, St. Paul, MN) to

simulate composite material applied in a clinical

setting and to remove the resin rich layer. '

Custom made piece enclosures were fabricated as
described in Example 1. Cultivation of the various
bacterial species was accomplished on a variety of
elective and selective media as described in Example 1.
Enamel pieces were removed at prescribed intervals and
placed in 1.0 ml of PRAS diluent as described in Example
1 and sonified. The incorporation of [methyl-’H}--
thymidine and {C'*]-adenine into trichloroacetic acid
insoluble material of the timed bacterial plaques was
done as described in Example 1.

Fig. 4 illustrates that fewer pieces of VISIO-
DISPERS (ESPE-Premier, Norristown, PA)} or SILUX ({3M, St.
Paul, MN) showed a rapid increase of actively growing
bacteria because fewer pieces approached the population
density associated with stimulated or active bacterial



PA), and SILUX restorative (3M St. Paul, MN), were forned in a nodel nade
from EXPRESS vi nyl polysiloxane registration material. (3M St. Paul, MN) in
whi th a preformed bovi ne enanel piece was used to forma nold in the
EXPRESS pol ysil oxane material. The conposite material was applied to the
preformed nold and a nylar strip was.pressed over the top to forma snooth
and even surface. The conposite was thef |ight cured for, 40 seconds. The
conposite resin pi.eces.were reppved fromthe d, .the edges finished and
the surface aqxé%"&r%as pege gf’?‘l’ég%iﬁserw?ﬁr fooce g?é’f‘?%i 1é:cég‘a%ere pol i shed

wi t h nedi um senbnelngh§oFexindined kssip@PVithst WiPhelny NMdlancesiforl at e conposite
mat eri al applierthtiRednghi-Shist i SAL} 1 {R-ESAMME WIS oL pEBegd ch | ayer.
Cust om nade pieceleﬁclgsugggﬁﬁére fgﬁgigggéd as descrﬁ%gg ﬁﬁéé§é§nm e 1.

Cul tivation ofEXHFe VaFToESOhc B lalandpsai tearaatadt SFHURsh3, dita variety
ver o 1 omDved Bt ookl btk Do s andoD el T B e
were renoved at prescgibed. interval s an ed in 1. 0 i | uent
as describedegﬁm%%anpégeﬁ}%ﬂﬁ? HiFﬁ@dwe?ﬁe&%ﬁSOFﬁﬁfﬁﬁPgnaﬁﬁle

[ met hyl - [ er r mdlasuremhgntsli ot SanedylGcatel] warkeraseallbest r Endmedr oacetic aci d
I nsol ubl e matygr i;al, . of 2§ hegd agt ghi ag a as described in
Exanpl e 1. Fi1§.r' e 3k sg eﬂsﬂ%ghegt i gaeflzp‘wédeﬁfwavﬁ §$€§§%| SPERS

( ESPE- Pr eni ecOmREpEFRt DD (RA) 64) , SFELKISBIMDISPERSaapmpobtesHdwdd a rapi d
i ncrease of gepiye) ysmmwﬁ&tb%ﬁtt%éaz@.e@at@e75?\/\@(:-91&@28 approached the

Grout b ThoEBERFRERNR Uete (Abr B hycr SHHOM CoM4ATcRAML when exani ned
usi ng the W bhefayebararncaignd fiehatly el dyalhyrirophobiy titdh aei va- coat ed
1 1O DL SPEGEESED. ML e 0 () COBRR LM S
Speci fi cal | ySCtrHELWe arestiorrt] 6€) particfier) wengl eignificantly more
' hydrophobic than SC-Enamel, repeated measures ANOVA,
Scheffe f test. It was unexpected to find this
hydrophobic ”shine through", and that the deposited
salivary pellicle was presumably modified to mediate a
significant part of its hydrophobicity.

EXAMPLE 5 - Preparation of SMR Factor-Containing
Compositions

Compositions containing SMR factor were.
isolated from both suspension and agar cultures of §.
gordonii strain Challis ATCC deposit No. 35105.

Briefly, an inoculating scraping from an SBA plate

_ containing Challis strain (a lawn of cells were cultured
overnight on SBA) was added to a Klett flask (300 ml
capacity, one plate per 20 ml TH media), and the
inoculum (Klett about 25) was cultured in Todd Hewitt
media (TH media, Difco Labs, Detroit, MI} at 37¢C. After
the cell density started to increase (Klett about 26-
28), cell-free supernatant samples were taken at
different stages of growth: early growth phase (about
ten minutes), mid-log phase {about 60 minutes) and
stationary phase (about 160 minutes).



measurenents of 8 replicates were as follows: Enanel 16.1 (2..3), SC Enanel
4.99 (2.6), VISIO D SPERS conposite 23.5 (0.64), SC VI SIO DI SPERS conposite
14.1 (2.3), SILUX restorative 29.2 (2.7), SC-SILUX restorative 14.6 (0.89).
Saliva coating of all surfaces were significantly |ess hydrophobic than the
uncoated parent surface (paired t- test) Additionally SC SILUX restorative
particles were significantly nore hydrop%obic t han SC- Enanel, repeated

measur es ANOVA, Schef fmrfchée§tstkaimaarl%peeng éﬂ&dm wBi & hydrophobi ¢
"shi ne through” e de osited ivary licle V\?S presunmabl y

modi 11 ed to nuaTa a?t"g Br‘leF‘éaﬁ r%asrqraaei 1f§°ﬂ p"‘?ﬁﬁﬁ BLE5e EXAMPLE 5 -
Prepar ati on ofufsfifRehadnonb&bed afor neneChronas Bt msm&mmattumsn.nont ai ni ng

gor dont | st 1 o AT (R CEFRR b P O3, 90 AT Lo AR MAEREE o1 ng
scrapi ng fronfehlSHRTE| 5&@%%%%?## goeh &he %‘eg{-?amﬁ (a l awn of cells were
cul tured Over@éﬂﬁlﬂﬁ aSB&)z iegn agketect flon ,a FKI Bbiind asmovad®0ofl tig@paci ty, one

plate per 20 d t he inoc ett aboyt 2 s cultured
Pl ate Pt 20 Sy idP el a0 DS hof S el L ahothegRl te cultured
the cell densfoy csteahbeﬂ in IMGnJeaISEn(eldhar,taadbon&siZﬁralZ&%;J.ls:ekéré ree
supernat ant sggnles %gﬁﬁ? fy X y growth
phase (about ten m n\gﬁég){ﬁéﬁge%g%&]fgggﬁgigéﬁ 31 3?@@;9&?‘:{5 ationary
phase (about A&OMiAuEEEes) . 46 Further, strain Challis cells cultured as
a lawn on SBA plates mr@d&.ﬁt{ﬁﬁﬁd d1Ieemrihe A9eTe HaaliCasURkEGRs | NCubat ed

TH medi 2y A T8 SR PR O TR e ARt P A At Ol aRgye oo™ 10 T
centrifugati oras ddlatiedt (o, mn/mlngwmemsmfauehbuffer _
(Gibbons and Etherden, Infect. Immun., 36:52-58, 1982)
and filter sterilized. Using the above described
procedures, the following incubating fluids were made:
phosphate buffer {control), TH media {control),
saliva/phosphate buffer, early growth phase supernatant,
mid-log phase supernatant, SBA scrape cells, SBA plate

after scraping. . .

EXAMPLE 6 - In Vitro Initiation of Bacterial Growth
Using a Composition
Bacterial cell-coated bovine chips were

prepared from enamel chips as previously described in
Example 1. Custom made chip enclosures for the enamel
pieces were fabricated in sterile flat-topped
microcentrifuge tubes (1.5 ml., Fischer Scientific,
Itasca, IL) in Koflex rubber base (Coe Labs, Chicago,
IL). Whole saliva was collected from 2-4 volunteers,
refrigerated at about 0°C, clarified by centrifugation
at 10,000 x g for 10 minutes, and filter sterilized.
The mounted enamel pieces were incubated with sterile
saliva for 30 to 45 minutes, the saliva decanted and
sterile phosphate buffer was used to rinse 2X unattached

saliva.



cultured cells, the scraped SBA plates were incubated for one hour in 10 m
TH nmedi a, and residual cells were renoved fromthe nedia by centrifugation
(106,000 x g for 10 minutes). In addition, clarified whole saliva that was
collected fromvolunteers and refrigerated at about O[err]C was dil uted
(1:1, vol/vol) with phosphate buffer. (G bbons and Et herden, Infect. |nmmun.,
36:52-58, 1982) and filter sterilized. Wsing the above descri bed
procedures, the follow ng incubating fluids were nade: phosphate buffer
(control), TH nedia (&bst solivamam Eranelapietry fware &hehy growt h phase

super natant, Eéxpéféwwﬁlﬂﬁ% Sd ANy ra3BACREL BDE MIRID DepsBit PhGl e after
scrapi ng. EXAI\/P ration of Bacterigl Gowmh Using a
Conposi ti on B%l%]toesrl apréﬁﬁiyco%?‘é‘éﬁ%lwecHFBE“V%Y%W@&aFédT‘P‘%m enanel

chi ps as previiewitity mediar ('Tidnedi £X Difice LabgysbatmaingeMTIhi p el osures for

t he enanel pi r b e ] ts m ntrifuge
tubes (1.5 %gg&%r\sﬁ%hger&%c#%}h% f%cféli@'é'ggéj?ﬁl Eifgilr#c&%eg%'rﬁ%ggf base ?Coe
Labs, Chi cagcﬁflﬂh_l)x thotel bate \aupernadgintecend ¥+bml2of vheunt eers,

refri ger at ed xﬁ%“%agcplééé’d' i G‘adnﬁ)éz%%@h&iﬂﬂﬁ 't%Bea&oﬂQaﬂpﬁx g for 10

m nutes, and filter sterilized rmunte enanel

g S wer ncubat ed
with sterile %aﬁail\'}éfaf‘ﬁ?a%%dt%‘%?]m%s ﬁem%%ﬁqc\?ﬁta uge i%ﬁﬁj sterile
ph?)_sphate bufdcmtawasngSmﬁérzralnstﬁxlﬁmnaékecdm &l maomé x4y fore

sal | va-coat e €es_ \\er. v . gordonii straln
Chal lis ATCC mggg%eﬁlogg\’goﬁ% t%gl&)}‘%{glt%% bagf%ir%loyl re grown overnight in
Todd Hewi tt rmtaléffﬂﬁ-’sm:a thy ﬂma@ggengebﬁﬁquaW?remmderl a were °

t ageg 8' {ﬂ ect :cﬁf:ofnr gahéRent EURRMIon il X@E8cVbePodi 8. CUE] 0% ecauRer nat ant,
an (0]

% the tubes containing the adherent cells were placed
in an anaerobic chamber.

The bacteria-coated enamel chips were then
incubated in the presence of SMR factor-containing
incubating fluids in Example 5, above.

To evaluate bacterial growth the chips were
moved to a 24-well flat-bottomed chamber (Corning Glass
Works, Corning, NY) for subsequent incubation with
bacterial growth inhibiting oxr encouraging fluids.
Twelve enamel chip pieces were inserted into custom
fitted enclosures for each experiment. The test
materials fit tightly into the rubber base without
allowing bacteria to adhere behind or around them.

Growth evaluation consisted of a 2-hour
incubation time with various liquids listed in Table 3,
below, placed with 12 enamel chips. For each chip,
bacterial cell viability (viable cells per mm? surface)
was determined as described in Examples 1 and 2.

To determine viable cells, the chips were
removed, placed in 1.0 ml pre-reduced anaercbically
sterilized diluent (PRAS) in an anaerobic chamber (Coy
Anaerobic Chamber, Ann Arbor, Michigan) and sonified for
20 seconds (Kontes Cell Disruptor, Kontes, Vineland,
NJ). The plaque samples were serially diluted and
plated (Spiral Systems, Inc., Cincinnati, OH) on



m xture was placed in a mcrocentrifuge tube containing a saliva-coated
enanel chip. The mcrocentrifuge tubes containing bacterial culture were
spun at. 10,000 x g for 10 m nutes at roomtenperature. Foll ow ng
cenirifugation, the nonadherent bacteria were decanted from adherent S.
gordonii ATCC Deposit No. 35105 cells and the tubes containing the adherent
cells were placed in an anaerobic chamtf&r. The bacteria-coated enanel chips
were then in ' re e X = i i ncubati ng
fluids in Ex%ﬁlgﬁie&g‘?ﬂ%b%\r}g? B?oag\ggl ﬁa%eé'gg‘c% %ﬁ‘i?g{'a‘g@%ﬂrﬁfﬁg chi ps were
noved to a 2habe} |DetrgithoMIdnagachmedda. (Corning G ass Wrks, Corning, NY)
for subsequent incubation with bacterial growth inhibiting or encouraging
fluids. Twelve enanel chip pieces were inserted into customfitted

encl osures for each experinment. The RRUE Soterials fit ti ghtly into the

¥
rubber base wi thout allow ng bac&gﬁz‘gﬁ gthd{here behi nd or around them
G owt h eval uaf | cQnsist of - 'gﬁti i it rious
liquids Ii stja' Sk ?‘gbel%e;v'i 312099 Basddl Y ¥% r each
chi p, bacterj Labllity (via lls per m? ace) was
det ermi ned a%%f%%ﬁ?bég%?ﬁkaanpl espél'eoa(?\(g 2. To det er%!dlgfg viable cells, the
chi ps were renoved, ‘placed in 1.0 m pre-reduced anaerobically sterilized
di l uent ( PRAfY pditigh (@aaeggb?)c chanpergdgcoy Anaer obi c 1gggnber, Ann Arbor,
M chi gan) and sonified for 20 seconds (Kontes Cell Disruptor, Kontes,
Vi nel and, NJ3alikiayPhbaghaetsanpl es wey,00erially dil utedoand pl ated (Spiral

Systens, |ncByffdmcinnati, OH) on 48 suppl enent ed bl ood agar and
Mtis-salivarius (Difco Labs, Detroit, M) agar nedia. TABLE 3 CFU m®

Aft er Early~log supernatant 78,000 : 488%
Mid-log supernatant 41,000 256%
SBA scraped cells 98,800 618%
SBA p}ate after 34,000 213%
scraping

EXAMPLE 7 -~ In Vitro Assay for SMR Activity
In order to .evaluate SMR activity, another in

vitro assay was developed,

Bacteria (0.01-2.5 x 10’} were preferably bound
to Reacti-Bind™ maleic anhydride activated polystyrene
strip plates (Pierce, Rockford, I1l), at a préferred
concentration of 1 X 10° ml (200 zl per well or 2 X 10’
per well) according to the manufacturer and by
centrifugation for 10 min. at 30 - 35°C at 3000 rpm (PR~
6000 International). Alternatively, bacteria were
centrifuged {in similar concentrations, preferably 2 X
107 per well) onto Immulon (Dynatech Laboratories)
96-well plates or Corning Brand Easy Wash ELISA Strip
wells. Preferably, the bacteria are S. gordonii strain
Challis ATCC deposit No. 35105 and the plates are
96-well maleic anhydride activated plates. The
concentration of bacteria is preferably that amount that




| ncubating Fluid 2 Hour Incubation % Based on Buffer Phosphate buffer

16, 000 100% (control) TH nedia (control) 16, 800
105% Sal i va/ Phosphat e 40, 000 250% Buf fer Early-1og
super nat ant 78, 000 488% M d- 1 og super nat ant 41, 000
256% SBA scraped cells 98, 800 618% SBA pl ate after
34, 000 213% scrapi ng EXAMPLE 7 - In Vitro Assay for SMR

Activity In order to eval uate SMR activi49y, another in vitro assay was

devel oped. Bagiecia 4,158 20% 101 ebel d et Bk ssaling Gaypd to
eacti-Bind[err]| nalelc anhydride actrvated polystyrene strip plates
(Pi erce, RockFekipwing rengrifugasfions cenbawdehaete¥ih werel removpdrr]

(200 [err]l per well @he?wirhBhelBh-PPicVaMR) caRERIklMYY to the manufacturer
and by centrifupq%gion for 18 mn, ai 30 - 35Lerr]C at 3%00 rgm(PR— 6000

| nt er nat i onal JUPSARALARLS; 3B COBLTP L FUPSTRALARER (9T FAFPA AN RN 1 ar
concentr at i onsrepgaeitdoabl yefe Xt R8hesdded aro whél|welld @ndmimtabaténat ech
Labar at ori es) . 96-wel |, es, o0 rni an h | SA Strip wells.
Preferably, t%oeF b%efgf“épgggér%té-’gg? do&%gsﬁpgvﬁgﬁoaﬂvﬁzs‘? EIPCC deposit No.
35105 and t heriphuttess andiobabel leduhwdleaaidpdrveie adddedatedepl ates. The
concentrati ork%l}?@ctlgr hAdl él?&[ﬁégj\;\iﬁé&épg?%um Hitedh@hothed93§0vVers about

20-40% of the surface’area o : .. Jlowng centri fu%at i on, unbound
bacteria wer ¥ ¥HSFed. Afher Wehaeineabatsgn. ip) Hie IMeseSReaPhi hie super nat ant s
and control styEolaballéd ofiudBebeidss SMRepwapbs O washetdeahdethedded to

el 5 DAL B e AR LR 60 P Ll B cLig gt on o
time free cells in the SMR radiolabelled incubation
fluid were alsoc captured before washing on cellulosic
filters after incubation with nucleosides. From time to
time, bacteria were removed from plates and were TCA
‘precipitated and then analyzed for the radiocactivity in
the TCA insocluble material. In most instances, the
amount of radiocactivity incorporated into TCA insoluble
material was the same amount of radiocactivity detected
in plates without TCA precipitation. From time to time
plates were incubated for longer time periods.

Immobilization of bacteria to plates with
maleic anhydride was analyzed as a function pf the
amount of bacteria added to the wells per mm’.” Bound
bacteria was determined by binding cells prelabeled with
10 pci/ml [methyl-H]-thymidine. Liljemark and
Bloomquist, Infect. Immunol., 34:935-941 (1981). The
results are shown in Figure 5A. The results show that
the number of bacteria bound/mm’ by maleic anhydride
increased line;rly with the number of bacteria added to
the well. Binding of bacteria to maleic anhydride,
Immulon and Easy Wash strip plates was also done as
described. The results show the number of bacteria
increased linearly with the number of bacteria added to
the well, Figure 5B.

Incorporation of [methyl-H']-thymidine over time
into S. gordonii Challis cells bound to maleic anhydride




Exanpl & 1) and the cells were incubated for another 30 minutes. After the

I ncubation in the presence of the radiol abell ed nucl eosides, the wells are
washed and then added to scintillation vials and counted. Fromtine to tine
free cells in the SVWR radiol abell ed i ncubation fluid were al so captured

bef ore washing on cellulosic filters.after incubation wth nucl eosides.
Fromtinme to tine, bacteria were renovetd from plates and were TCA

preci pitated and then anal yzed for the radioactivity in the TCA insol uble
material . |nifp$he| RELEERES OF bRt PLoiseatiada SMRy faGLtoncgRrated into
T|CA i nsol uEI @xﬁ? gei 8) I@ssHdwen smreeF iaﬁn&tuns. OfTHe?Q'bGﬁSET;JsVéﬁMr defpet edbitn 4
pl ates wi t hout recipitation. From.tine to tine,pla were incubate
for | onger ti%eﬁepp _‘Pﬁ%ﬁm%fﬁ%a&ﬁ%fwﬁtpgﬁglgﬁ %ﬁt es with maleic
anhydri de wagprepakrgtzich astherfainct iaboutf at - fadduihcoéabacirertilee added to the
wel | s per ; ha,was, detek g Iyndi S

pr el abel edmvwx}'?ﬁg%gol%r m%cltnfér#e}g’r%/\?s)[ &%&nwﬁﬁ?ﬁgﬁeﬁé@ EI fg%‘rk and

Bl oomqui st, FRf Ehe. Iﬂ%ﬁfﬁﬂf’.? compgagRdowith pogtrolteellesifias are shown in
Figure 5A. There@sul ts show that the nunber of bacteria bound/ mferr] by

mal ei ¢ anhydride 1 ncreased linearly with fthe.n r of hacteria added to
the well. éi ndi ng of ﬁh"ct’é’ﬁ%"&%ﬁ’@i Bpaﬂﬂ?&&ﬁggﬁ'lwaﬁnﬁnﬁnﬁasy Wash
strip pl at esbeasda$ s gyajmiom ids Gheddriisbegiposkde tbeSMR t Sacstuaw ifnheimaber of
bacteria inc SESnd L) M r D £r4 d t he wel |
Fi gure 5B. I%%%_r%orﬁa%ll%gﬁ cJ)'fX:h[ %%ﬁﬁgﬁﬁg%]ofﬁﬁy?nﬁ%lf-r\%ﬁb'ge?ﬁ?ﬁi_;r‘rlgei nto S.
gordonii ChabPiinceives asherento plaqupcrenilpdirie as dgpquibede ipr esence or

absence of iggaddRsl SMRsf aCifuinctien bxadeisaty)l |shehawulds Girgure 6. The
results show_t hat af’tgpr 60 .m.nutes o |£cubat|on with purified SWVR
prepar at i on, SRR} 1 FAEUE A EXPBPYE i hrcr ease in the incorporation of

[ et hyl - H err]] -t hyniTheneesnldel iadézposdadhat the incorporation of

| [methyl-H’]-thymidine into plaque bacteria in vivo at a
density of about 2,500,000 to 3,900,000 [2010%* - 10%°)
is about 20 x 107 cpm/bacteria and incorporation into
bacteria adherent to maleic anhydride at a density of
about 630,000 bacteria/mm’ is 80 x 10™* cpm/bacteria.
The in vivo plaque bacteria at a density of 200,000 -
630,000 compared with in vitro bacteria at a density of
625,000 without SMR factor incorporated [methyl-H’]-
thymidine to about the same extent.

EXAMPLE 8 - Isolation and Characterization of SMR Factor

The SMR factor can be obtained from growing
cultures of streptococcal strains as well as E. coli
ATCC No. 55535. The preferred producer strain is S.
gordonii Challis ATCC No. 35105.

Methods for obtaining SMR from bacterial
cultures are described in Example 5. In an alternative
version, the following methods for producing SMR can be
employed. Inoculum was prepared by growing bacteria in
Todd-Hewitt media (TH) for 16-24 hours at 37°C
[anaerobically for streptococci, anaerobically or
aerobically for E. coli]. A mixture of 100 pl inoculum
and 2 ml TH media was prepared and placed on top of agar




to the>SWR factor conpared with control cells (see arrow). The
incorporation of [methyl-Herr]]-thymdine into bound S. gordonii Challis
expgsed to SMR factor in vitro was conpared with incorporation of
[methyl-Herr]]-thymidine to in vivo adherent plaque popul ation, as
described in Exanple 1, as a function of density. The results are shown in
Table 1 in Exanple 1. The results indicste that the incorporation of
[methyl-Herr]] -thym dine into plaque bacteria in vivo at a density of
about 2, 500, Ctka pdages -00BrpLerably s the agarrmgdisd svasbout 20 x 10[err]

cpn bact eri a af;sblea@%aar 8ibeA hghe, %h@%bfxﬁéﬁ“ﬁﬁ?@x the' ¢ anhydride

at a density about. 630, 000 bactefi a/ m erréjl
cpm bacteri a. iﬁ?& 1yPlE: pFHReah R4 &MPA-464 %Té!tymgf 200, 000 - 630, 000

conpar ed wi t tBialogiichdsbant ef i Benéx®, dansasy pifus625580agakt hDich§§VR factor

i ncor porated H e oyt anme ext EXAMPLE 8

- Isolation an C%é%gct e%%‘]’z‘% Jl:%lpny % éa‘&%’g‘?&ﬁ?‘sﬁﬁ féﬁ?%’r‘ E’ﬁn be

obt ai ned fromlfesnatively: LRE&I-OIG‘& ogpFBC durtih {Meaileskpsetnedl. as E. col i

ATCC No. S553relhe Phfafsled H%%;ssgg@ ! Ser1eBRp0pRy | Challls ATCC
cu

No. 35105. ods T or tures are described
in Exanpl e 558PR ﬁnalm&ﬁﬁﬁ'ﬁéﬁl)oﬁ%ﬁhﬁtm for

produci ng SVEsedn bghe iaﬁy&d mﬁmwhumavqﬂw pRAtedilyagdOW Ng bacteria in

Todd- Hewi t t 4 hours at 37[err].C aerobically for
st rept o\(l:mocm, gﬁgg‘%%%l%%ﬁ? y”bcru a?é&'reggfléﬁwv ff{?rr ék 8% Turs AI i xtﬁre of 100

[err]] inocuknaraPbicaily Bt &diCa was prepared and placed on top of agar

51 nedia plates. Pr efﬁ@g}l ;&n&_{y&tq_g gr‘r@rﬁ %Mgd%pﬁﬁwlﬁ%?ﬁd(?gﬁr as

described in Exgmg 1. AI ter nat i ve agar or
Bi ol ogi cal s Ffi Ypl e@@@ayaﬁ T 92 BMC broth;

alternately RPMI-1640 was used. The cells were scraped
from the wetted plates and mixed with the added liquid.
Following about 20 minutes at room temperature, the
liquid mixture was centrifuged at 10,000 x g for

10 minutes to produce complete media SMR factor(s).
Following centrifugation, the cellfree supernatant was
processed by ocentrifugation in Centriprep concentrator
(Amicon Inc., Beverly, MA) with an exclusion of about
3000 molecular weight, following manufacturer’s
instructions. This produced SMR factors containing
entities of less than about 3000 molecular weight,

. Using the same methods (incubation, scraped
plates, centrifugation and centriprep), SMR was produced
from E. coli ATCC No. 55535. SMR can also be produced
from other strains of bacteria.

Control preparations were made by the same
methods (incubation, scraped plates, centrifugation and
centriprep) without bacterial inoculum to produce
control fluids, named according to the media used to
inoculate and/or added to the plate following
incubation, for example, TH control.

The ability of SMR factors from different
sources, and in different media, to stimulate microbial
growth of three different bacterial strains was tested



were used. Preferably, TH was m xed with the inoculum Alternatively,

RPM - 1640 or FMC broth (Terlecky et al., Infect. Imunol., 11:649-655
(1975); Terlecky and Shockman, Infect. Imunol., 11:656-664) (1975)) were
used. The plates with a nmedia plus bacteria-agar interface were incubated
upright for 16-24 hours anaerobically at 370C. After incubation, 5 m of
medi a was added to each plate. Preferabfy, the nedia was TH or FMC brot h;
alternately :.1640 .was The_cells re .S d.fromihe wetted

pl ates and m@ladévﬁ%%#ﬁggazﬁgaw?ﬁﬁwn ﬁéwf'aﬁﬁ—’}?gl g'gi ?I’%{%&Iﬁ Rt at room
t enper at ur e, hartdniguiad destuibedopredmousily.gcthentres®l®s0axegshown 10

m nutes to progdugs1eoqpl ete nmedia SWMR factor(s). Follow ng centrifugation,
the cellfree supernatant was processed by oentri-fugation in Centriprep
concentrator (Amcon Inc., Beverly, MA) with an exclusion of about 3000

nol ecul ar wei ght, follow ng manuf actemsrEsa i nstructions. This produced SMR
factors containing entities of gss than fbout 3000 nol ecul ar wei ght. Usi ng

the sane nmethods (in iL.Qn % i on and
centriprep), SMR masctp%?%%g’gge-?f 'I’i:g%Nc[dag%%§§ SMR can al so be
produced from other strains of bacteri a. Control preparations were nmade by
the sanme met hodspgdvaeudat i)aia Seeaped pl at esnopelREE iskbgat i on and
centriprep) wthesirchast erdcabrédaes UlsUNEot&nRl OUELEg&QBEIOT 11Ul 05, -naned

according to thesmedeerotsed b@r i nocul @fagiignd/ or aslﬁled to the @J,ﬁibe
fol | owi ng i ncubation, for exanple, TH control. The ability of SWR factors

fromdifferent s@urgoe@niand f® differedd nedia, tb.istinul atesm crobial
growt h of three eh#lfigs®ent bacterial strains was tested 52 by determ ning
i ncor poration of [methyl - HPYE+T6E0t hyni @8 ne in bact®¥ia as de#Bri bed
previously. The results are g&\cown

58 ND ND

E. colib TH 41 1.4 14
Control® ‘TH 5.8 1.4 6.5

RPMI-1640 10 ND ND

FMC 12 ND ND

= S5, gordonii Challis ATCC Deposit No. 35105.

> = E, coli strain 149, ATCC Deposit No. 55535.

€ - COntrol incubated and isolated as for SMR factor(s)
¢ = 5, pordonii strain S7 (SK8).
ND = No data.

The results indicate SMR from S. gordonii
Challis ATCC No. 35105 or E. coli ATCC No. 55535
produced in three broths was effective in stimulating
microbial growth of either Challis or E. coli. The
results of these studies show both gram negative and
gram positive bacteria produce SMR factor(s) and both

gram positive and gram negative bacteria can respond to
SMR factor from either source. The SMR factor(s) from
Challis had the most activity.

The complete media SMR factor produced in TH
broth prior to 3000 molecular weight membrane exclusion .



in Table 4. TABLE 4 Incorporation of [nmethyl-[err]H -Thym dine cpm X

10[err]/Bacteria Bacterial Media Used | mobilized Strain Source of
To Rroduce S. gordonii S. gordonii SMR Factor SMR Chal lis[err]
S7d E. coli[err] S. gordonii TH 80 1.1

39 Challis[err] RPM-1640 48 . ND ND FMC 58

ND ND E. coliferr] ™H . 41 1.4 14
Control [err] TH 5.8 53 1.4 6.5 RPM - 1640 10

ND ND F 12 ) ND NH ggerr] S. gordonii
Chal | i s ATCC¥SHSodFeakgd withsvariqus agepts 3id aXpPged ¥29, " ATCC Deposit

No. 55535. [ etififfexrefontondit henbaimd thed axsa)l}aimbl fax SMR SMRivoE$Or(s).

err] = S. r | ndi cate SMR
1[rorr3 S. gorg(;trno?l:&(b:%aﬁ{ ﬁéﬁﬁ%@%\%@f&g@e : °£$§Cg§@ﬂ%§%5 produced
in three brotﬂ!il@ ﬁﬁ@péﬁtedww.%manutaeaw mzc,trhosrategnm HKof either

Chal lis or Etrgpkin, niﬂa@sé,e%ﬂd KMabskn §ﬁgr@4)udmaérsbﬁ%a9£@ gram negative
and gram p05| tive bactegia uce SWR ct or an oth am positive and
gram negat | vE°RSEEEPRS o ér)aé'gb(ﬁ?&mﬁ SMR'S e?d’t i Fﬁﬁ?E?T‘h%FR source. The

SMR f act or ( syretadnedhbidicgital tdeeivbsy. acthevicomplébe medid e3MR nedi a SMR

factor produ Lo rane

excl usi on %§§ \!}'\gcr’%g%éf)&egﬁﬁqﬁcq;ﬁ a?%o%}e;%lez)%ghgéﬂ%&gﬁé%aaﬁ di fferent
condi ti ons apytepbavesalande Feataingirbielegiaal acsavity. THPhea# a was al so
treated or expefees SindicHte) SMRNEnCOHPHEd® R Be Mha¥aStdF BAIL G th

rot ei nase K . . .
P resistant to trypsin, proteinase K, DNAase, RNAase; and
are resistant to heat and freezing.

EXAMPLE 9 -~ Ability of SMR Factor to Enhance
Incorporation’

of [methyl-H’]-Thymidine into Different Species of
Bacteria

Different species and genera of bacteria were
immobilized on 96-well maleic anhydride plates to
determine if the isolated SMR factor could stimulate
microbial growth as measured by uptake of [methyl-H]-
thymidine. The bacteria were incubated with SMR factor
or control preparations as previously described {Example
7). The SMR factor was obtained from S. gordonii
Challis strains ATCC-Deposit No. 35105 and isolated as
described in Example 8. The results are shown in Table
5.

The fold increase in [methyl-H’]-thymidine
incorporation was determined by dividing the cpm/well
for these bacteria incubated with SMR factor by the
cpm/well for the same bacteria strain incubated with TH
control.



trypsiha, DNAase, and RNAase (Signma) under standard conditions for each
enzyne. The enzyne treated SMR retained biological activity. The conpl ete
medt.a SMR and isol ated SMR factors have been boiled, frozen and autocl aved,
and retained biological activity. These results indicate SMR in TH nedi a
can be characterized as resistant to-trypsin, proteinase K DNAase, RNAase;
and are resistant to heat and freezing. {&EXAVMPLE 9 - Ability of SMR Factor
to Enhance I ncorporation of [methyl-Herr]]-Thym dine into Different

Speci es of Bacteria Different speci exasntt §enera of bacterja were

i rmobi i zed on 96-wel |l mal ei ¢ anhydri ] ife the isol ated
SMR factor coul d gltépthat e m crobi-al 'Fgf%%‘ ;g&;ﬁg%&}ggn%&%ﬂp{fake of
[methyl-H err]]- Thym dine. The bacteria were 1 ncubate h SMR factor or
control prepar atigmggf_aeo%j!gvg’ogmiy g¥escri bed (gsyanple 7). The SMR factor
was obtained fromS. gordonii allis strains ATCC Deposit No. 35105 and

i sol ated as descrs.bgsrdbii iFxERepbAn8. The resulixssare shown in Table 5. The
fold increase in [methyl-H err]]-thym dine incorporation was determ ned by
di vi di ng the cpniSpetdrdbmii 12¥dse bacteria i ncubabed with SVMR factor by the

cpm well for the sanme bacteria strain incubated with TH control. 54
TABLE 5 Fol d | nciésaentoeq asapgiison of Bact®efi a
[err]H Thyni di ne o¥®*3Control Streptococcus gordonii S7 0.8 S.
gordonii Bl ackburn .8 S. gordonij 12NA
7.6 Strept OCOCCU%‘WIEBI%OO 8.5 13

Streptococcus sanguis 133-79 1,6

Streptococcus pneumoniae ' 7.4

Streptococcus pyogenes 10.5

Streptococcus faecalis ATCC 29212 9.4

S. faecalis ATCC 19433 7.5
Staphlococcus aureus 7.4
Staphlococcus epidermidis 7.4
Psuedomonas aeruginosa i1.1
E. coli ATCC Deposit No. 55535 9.1

E. coli Strain TL 6.3

Haemophilus parainfiuenza HP-28 7.4

The results indicate that the SMR factor from
5. gordonii Challis strain ATCC Deposit No. 35105 can
stimulate microbial growth of both gram positive and
gram negative strains of bacteria.




Streptococcus nmutans | B1600 . 18.2 Streptococcus sanguis 133-79

1.6 Streptococcus pneunoni ae 7.4 Streptococcus pyogenes

10-5 Streptococcus faecalis ATCC 29212 9.4 S. faecalis ATCC 19433

7.5 Staphl ococcus aureus 7.4 Staphl ococcus epidermdis

7.4 Psuedononas aer ugi nosa - 11.1 E. coli ATCC Deposit No.

55535 9.1 E. coli Strain TL 6. 3 Haenophil us

par ai nfl uenza HP-28 7.4 The resul £2 indicate that the SVR factor from
S. gordonii Challis strain ATCC Deposit No. 35105 can stinulate microbial
growt h of both %o |tLve and _ ralns of . bacteri a. 55
EXAMPLE 10 - ﬁﬁggéﬁék' : el e Sred—Sdygraern | Challis

Strain with as ggggdauiﬂBﬂhelibs St e witth o Regbrﬁér(ﬂenﬁlfq& bact eri al
strain expres t a stinmulation of gromh by the SWMR
SL00a U1 A58 HBTPDP 4 Al R

growt h factor n inserted into a 16S ri bosonal
gene (16S rDNA) of thé dacgerishistmrimierrTessing amd@gseposit No. 35105,

because it isqbhdedirdiat tg@ﬂ&&mﬁdxprbpf xweas n&IIES gPBULH | ncrease
significantly during the burst of growth |n uced ifi Inserglon of ot her

reporter gene$a¢iRi 155 PRALa%R g9 Ma%Hheesf 1?%%‘5‘?‘% FéndésibRt o ot her
SMR- i nduci bl erm@écﬂrralampgéwsglwrrmxm loEr bhefacld'dxicftirﬂ.lt Berdenel opment

of inproved a IS ra t No. 35105
does not havgé%ﬁfi"ﬁdéé'gﬁoag 2&0’ %}df’ b%r%%ﬁr% et %?ﬁ@gi referably,
reporter ge_neth@tnd:zg@rssrppmef a:r:@@gxr@clt genesawowk imgrepsesent in the
host bacteri ali fifilficahif@yPact Bid alheS Hh@lsts ok 0gbswtls SthduteldNBy aseRY S
Insertion of other reporter genes into 16S rbNA, or
insertions of reporter genes into other SMR-inducible

bacterial operons, can similarly facilitate the
development of improved SMR assays. S. gordonii Challis
strain ATTC Deposit No. 35105 does not have an
endogenous amylase gene or enzyme activity. Preferably,
reporter genes and gene products are selected that are

not present in the host bacterial cell.

The bacterial strains to be used in the assays
were constructed as follows. Polymerase chain reaction
(PCR} was used to enzymatically amplify an internal
fragment of 165 rDNA of streptococcal strain Challis and
available as ATCC No. 35105. Genomic DNA was-purified
from this strain as described by Bensing et él., J.
Bacteriol., 175:7421 (1953). By inspection of the
conserved sequences of streptococcal rDNAs as deposited
in the Ribosomal DNA data base, Ribosomal Data Base,
Dept. of Microbiol., Univ. of Illinois at
Urbana/Champaign, a 20bp and an 18bp seguence was chosen
within predicted highly conserved regions of the gene.
Synthetic oligonucleotide primers were made using an
Applied Biosystems 391 automated sequencer according to
manufacturers instructions. These sequences,

5 * ~TCAGGAATTCGGCTAACTACGTGCCAGCAG-3‘ (SEQ ID NO:1} and
5 ' ~GAGCGGATCCCCCGGGAACGTATTCAGC-3' (SEQ ID NO:2),
corresponding approximately to the predicted sequence of




were counstructed as foll ows. Polynerase chain reaction (PCR) was used to
enzymatically anplify an internal fragnent of 16S rDNA of streptococcal
strain Challis and avail able as ATCC No. 35105. Genomic DNA was purified
fromthis strain as described by Bensing et al., J. Bacteriol., 175:7421
(1993). By inspection of the conserved sequences of streptococcal rDNAs as
deposited in the Ri bosomal DNA data basé® Ri bosomal Data Base, Dept. of

M crobiol., Univ. o |dJ.noi Ur bana/ Champai gn, _a an 18bp
sequence was gﬁﬁ?inﬁd'ﬁ##%ﬁe%ﬁﬁt%ﬁ“‘ﬂfﬂﬁ? @%Jnggﬁsédg&e%i@ﬁg 82 the gene.
Synthetic ol i gbaug! eaardémigr CheldiseAECOHie BSI1AG 36S ARNA genBi osystens 391
cequences, & PO AERACER lghEs, STfe sioq Ly, cATeP

5' - GAGOGGATCOBRECREShRCBARIEF CAtES 2addesE$q (heo3 ‘ 2¢nd L Jfexes ¥6Rdi Ag

appr oxi mat el ypioméhe fore®Crl edThe RERNGRLtion #hs bewasi béub7diend the

conpl enent of _base 462- 1479 of th orgopii Challis ATCC No. 35105 16S
rRNA gene (wi ?hgﬂpﬁégt(?RFoflﬁéfH%Qi%ﬁ 73 é%/é’gega—?%’-‘—@&éﬁ (1%6??1‘1% 5 end and
a Batm_—ll site aamm%.o 351653¢cheomsamele DIAgd 1agM pof raxcfﬂx fgmﬁmE’ERﬁdSme PC(I? N
reacti on was r a 0 . gordoni i
Challis ATCC %.é%%ﬁﬁ%oﬁf%ﬁﬁ?g?ﬁﬁﬁ' %é‘&ﬁp&gner, 300 [err] M
each dNTP, wi ¥8Ch0% Bi¥etAnaubglf 6% ad, - sGurvensmPygtocet rin F M Ausubel et

al., CQurrent #SAQak BRoMGES W WIrN 0G¥eehBVRMIishiwgeene Publ i shing
Associ at es agg WTey-Tntersclence 198'7,). The gﬁy I fication was carried
out in a HybZASFIHERE 2BY NI SMEEesIenBRA bb1S/der ase from New Engl and

Bi ol abs. Fol | owi ng PCRhe aamphif idategnDhasf cagnbed awt tiheapHyohict ed size (
(galoglglto 3 O\Sﬁgrggﬁt'}g&n%ﬁ'i g%%%g%%%%@:ﬁ“ﬁPﬁfg%%%iﬁoggﬁaz gzgaggg of an
i nt ernal EcoFingliand Bholfles. Following PCR, an amplified DNA
fragment of the predicted size ( 300bp) was detected as
the primary product of the PCR by agarose gel
electrophoresis. This fragment was cut with EcoRI and
BamHI (becauée of an internal EcoRI site in the
amplified DNA about 100 bp was deleted from the 5’ end
of the fragment), ligated into the site of the vector
PRQ200 to generate the plasmid pMSPl6Samy as shown in
Figure 7 using standard recombinant DNA methodology.
- The plasmid pRQ200 was constructed as described by Lane
et al., cited supra. and was obtained from Dr. Yasbin at
University of Maryland, Baltimore, MD. The'ﬁlasmid was
transformed into E. coli DHS5«MCR (BRL/Gibco).
Transformants were selected for erythromycin resistance.
Note the position of the rDNA sequence adjacent
to the promoterless amylase gene in Figure 7.
pMSPl6Samy was then added to competent S. gordonii
Challis ATCC No. 35105 cells to allow for uptake of the
pMSPl6Samy by competent cell transformation as described
by Macrina et al., Gene, 19:345 (1982). As described by
Lane et al., cited supra., the plasmid cannot replicate
autonomously in and, thus, transformants expressing the
PRQ200 erythromycin resistance marker can only arise by
the integration of the plasmid into the chromosome via




anplifyed DNA about 100 bp was deleted fromthe 5 end of the fragnent),
ligated into the site of the vector pRQR200 to generate the plasmd
pMsP16Sany as shown in Figure 7 using standard reconbi nant DNA net hodol ogy.
The “pl asmi d pRQR00 was constructed as described by Lane et al., cited
supra. and was obtained fromDr. Yasbin at University of Mryland,
‘Baltinore, MD. The plasm d was transforned into E. coli DH5[err]NCR

(BRL/ G bco). Transformants were sel ectéd for eryt hromycin resistance. Note

the posi tion gt LheDNABAURIERN AR Gbd BONRT QURIGHIGRSBnaTY| ase gene

in Figure 7 et ent oni1 Challi
ATCC No. 351@bBose|in the algesameer mm@@cmssmmaﬁ §cBofpet ent

cel | transf orgBbhihaat q.‘ésﬁhbpﬁdﬂi’YFf@Sfé B euaeahuse Gafre h9e345 (1982). As
descri bed by Lane et al cited supra. g nthcannot .Jeplicate

aut ononous| yPRH&FRA tonpe, aPPEFs?%N?&wﬁ%P%f%EF@ st 85REP00 eryt hronycin
resi stance npakesriamuehl ¥sagi SgoPdornie GhrlddsahTon Nd. 135405, ashed irto the
chronmosone vi,a Z th 0 t r DNA sequences
and those in Pﬁ%g’b%ﬁ‘rfc?ﬁe%"?ﬁé 5’:9%%? jtﬁ)gi'b‘ﬁ\t%?gr %QE Eiél}-%ﬁq.n reconmbi nant is
shown in Fi gdiﬁf&erﬁecta‘anefohnaetare Huinefipze abowe 2beliffeseat repeats of
rDNA genes i, er?'.ﬁfcﬁlﬂa%t§uﬁg %&k&&rmlﬁ%abha%éﬂ% '¥or 35105, the

i ntegration could occur erent’ I"ocations in %ﬁi( e:\lrent t ransf or mant s.
Ther ef or e ab8uYlas® @Ctivitht tFRANDEREAYS REFET PRk RELIo¥ur F¥Ped and test ed
for anyl ase aﬁiamé YbbthinbAEbRSERYS HieRw: dtﬂ@dMBBBD‘ﬂvaﬁd/\ms%n.al ns obt ai ned

Pgst)glctsi \F;ref);(;ygéfg égg\ggézﬁﬁyg‘ﬁégpéﬁ C%geeﬁzgﬁg%g %%Sgggzlgn this assay.
Strain VSP8lamykase S_ndghavlenbeexﬂraidsem ADPECuBepbsithido as38y05 strain that
Phe ATOS, Rockvi 116, SHEESR BB h e e o

Deposit No. 35105 straln that produces amylase activity

during microbial growth and was deposited with the ATCC,

Rockville, MD on January 6, 1394 and given Accession No.

$9528. Strain MSP818 is a S, gordonii Challis ATCC

Deposit No. 35105 strain that expresses amylase activity

as a function of microbial growth and was deposited with

the ATCC in Rockville, MD on January 6, 1994 and given

Accession No. 69529. Other relevant characteristics of

these organisms are that they are gram positive cocci

growing in chains and resistant to erythromycih.

EXAMPLE 11 - In vitro Assay for Microbial Growth in

Bacterial Strains Engineered with a Reporter Gene for
Growth

Bacterial strains constructed as described in
Example 10 were used to assay the SMR factor. Amylase
production in bacteria was monitored in bacteria,
incubated in the presence or absence of the isolated SMR
factor, using a starch plate amylase assay. Bacterial
cultures were grown anaerobically overnight at 37°C
(about 10° cells/ml) of S. gordonii Challis ATCC No.
35105 {negative control), S. gordonii Challis ATCC No.
65928, or S. gordonii Challis ATCC No. 65929 in Todd
Hewitt media (TH, Difco). The bacteria are harvested by




69528.-Strain MSP818 is a S. gordonii Challis ATCC Deposit No. 35105 strain
t hat expresses anyl ase activity as a function of mcrobial growh and was
depgsited with the ATCC in Rockville, NMD on January 6, 1994 and gi ven
Accession No. 69529. O her relevant characteristics of these organisns are
that they are gram positive cocci growng in chains and resistant to
erythromycin. EXAMPLE 11 - In vitro Assay for Mcrobial Gowth in Bacteri al
Strai ns Engi neered with a Reporter Gen®® for Growth Bacterial strains

construct ed &?%ﬁp%?ﬁ&’n‘ r‘*m'ﬁ&pﬁﬁﬁ%ﬁ‘a&’fn 1L RetSp ¥yt h;n MR f act or.

Anyl ase productt on acteria was noni acteria, fncubated in the
presence or resysperded imean sumleyodnmef g€t Wi, Thesg resespendgd ate

e i e
err ahou rr] cells of S. gordonii, Chal Lis .

(negati ve cgﬁ‘ter 8&59, gas’;t].%rma‘ra)é‘m i§§’ gﬁ‘d(,e 5d: 688289019k gor doni |
Chal | i s ATC@xract592Five TdddHehese sespengibns Brécbpocdletdebcteria are

nar vest ed Dmo B SBUFIILIY g WBARED M 30cB0UBL VIR, Of TH and

resuspended 1Tn an e ure "o ese’ resuspende qeter a were
diluted 10- PoR& shexcliH domexiieisngferendicatr pdRRes agorkaigringar ati on to be

tested, or @@l Efhe SXIALES arld 1Y;%ebs£éh! afd rtaBEtedSHENP QNS 2l €
i nocul ated onto the surface_of Todd I—%@n tt agar plates containing 0.2%
starch. A séf gragrobisGhapbery| aftst ﬁ'ﬁ%ir?ﬁg\?&et fRteEYRL S mocul a are
prepar ed anglabes bate denioved €romCtha dncubmerobhd floodmy wikh thirty
mnute inte e P rear fro i to fl ooded with
Lugol 's sol E‘%ﬁ?éﬁ S(OJCQUR/&%S | 38,‘?’%5/}%%%%&55{Tiu’gmq‘?%é?%. J'I‘%dej?drl’gs‘ul ts of the
starch plate assay &he sleswdtenofabhe stardyipdaseorsidie aneasdowhere anyl ase
activity hagpdespaderd t RRq3bAECHBratRb GBlatkdRBcks ARPR{ANacRddiiRgt a dark
backgr ound ﬁrou d the ar%as where t he ‘bacteria, .
as degraded the starch a clear zone is apparent against

a dark background arcund the areas where the bacteria

have grown. In cases where SMR factor activity is

present there will be one or two time points (usually 2-

3 hr.) where the SMR-treated bacteria have produced more

amylase, and thus show a more intense ”"halo” of clearing

around the region of bacterial growth than the control-

treated bacteria grown on the same plate. The data are

depicted in Table 6.

TABLE 6 _

Strain Clearing zone at: 1h 1.5h  2h 2.5h 3h  4h
Challis 0 ] 0 0 0 0
ATCC Deposit No. 35105

pHSPF812 (control} 0 ] ¢ 0 1 3
pMSP812 (START) 0 0 2 3 3 3
ATCC Deposit No. 69528

pMSP818 (control) 0 0 0 1 2 3
pMSP818 (START) it 1 2 3 3 3

ATCC Deposit No. 69529

0 - no zone of clearing around the bacterial colony

1 - zone of clearing surrounding the rim of the bacterial colony
2 - observable zone of clearing less than 1 mm.

3 ~ well defined zone of clearing around the bacterial colomy.



have gkown. I n cases where SMR factor activity is present there will be one
or two tinme points (usually 2- 3 hr.) where the SMR-treated bacteria have
produced nore anyl ase, and thus show a nore intense "hal o" of clearing
around the region of bacterial growh than the control- treated bacteria
grown on the sane plate. The data are depicted in Table 6. TABLE 6 Strain
Clearing zone at: 1h 1.5h 2h 2. 5h 3h 4h Challis

0 0 0 0 0 0 ATCC Daposit No. 35105 pMsSP812 (control)

0 0 0 0 1 3 pMsSP812 ( START) 0 0 2
3 3 3 ATCC Dep@%rnsfprmgdsagd pnargaanstosned dfhallis straing 0

0 1 Zwere 21BWSKEBEBefSEARTEne ability resPond to khe SMRZ 3 3

3 ATCC Deposi qp. 695§g 0.- no zone of cleanlgf around the bacterial
colony 1 - zotffEF HPehPPiRsBEERndFIRY «+ nETAPATDf S ial colony 2 -
observabl e zdmldfiscA®Paci bgpbess Ndamds1opn 8.-gowddnidethagdisgone of
clearing aro | al ny. sf a ont r ansf or med
Chal.l'is stra?ﬁgchgggggfggﬁ és?éé#éknoﬁ  Jprdb Elf%%%%%& ?gcghe SMR f act or
in the in vithapogdsaljo. 5229 wers: bpurgbwntoOnaleiics anhgdribdeosit No. 35105,
S. gordonii akkks A GedPOsdéd N0 ig%?&%,7gr S. gordonii Challis ATCC
Deposit No. 65929 were bound onto né?el anhydri de plates, as described in
Exanple 7. TABLE 7 Incorporation of [methyl-[err]H -Thym di ne cpm X
10[err]/Bacteria Bacterial Strain TABLE 7 SMR TH (Control) Challis
strain ATCC No. 35105 I%% . D Clelis strain MSP812
orporation ©

[methyl-"H]-Thymidine cpm X 10~‘/Bacteria

Bacterial Strain SMR TH {(Control)

Challis strain
ATCC No. 35105 80 _ 5

Challis strain MSP812 )
ATCC No. 69528 107 4

Challis strain MSP18
ATCC No. 69529 147 5

The results show that the transformed strains responded
to the SMR factor similarly to the nontransformed
strain., While not meant to limit the invention, the
transformed strains have utility for measuring microbial
growth in the described amylase assay whether or not
they respond to the SMR factor.



ATCC No. 69528 107 4 Challis strain MSP18 ATCC No. 69529
147 5 The results show that the transforned strains responded to the
SMR factor simlarly to the nontransforned strain. Vihile not neant to linit
the invention, the transformed strains have utility for neasuring mcrobial
growh in the described anyl ase assay whether or not they respond to the
SMR f act or. 60 SEQUENCE LI STI NG GENERAL | NFORMATI ON: (i) APPLI CANT:

Bl oonqui st, Cynthia G Douglas, WI!IamH Dunny, Gary M Liljemark, WIiam
F. Reilly, Bernard E. (ii) TITLE OF bﬁgﬁf' pposi tion and Process to
Treat Control Bacterial Infection (i ‘%EQUENCES 2 (1v)

CCRRESPCNQ%#GEU?%@@EﬁﬁyA ADDRESSEE Merchant & Gould (B) STREET: 3100
Nor west : nneapolls (D) STATE: M nnesota (E) COUNTRY:

U's A (F) & Pamitelnty) sCURUIER: RRARMLE €ORM. (A) MEDI UM TYPE: Fi oppy
di sk (B) | BM PCnggpaglbeq am @PERATI NG SYSTEM PC- DOS/ M5- DOS
(D) SOFTWARE: Patentln Rebgafig, #éa wersion #1.25 (vi) CURRENT APPLI CATI ON

DATA: (A) APPLI CATI ON NUMBERS ek FIwiINGmDATE: (C) CLASSI FI CATI ON:
Reilly, Bernard E.

(ii) TITLE OF INVENTION: Composition and Process to Treat
Control Bacterial Infection
*iii) NUMBER OF SEQUENCES: 2

{iv) CORRESPONDENCE ADDRESS:
(A} ADDRESSEE: Merchant & Gould
{B) STREET: 3100 Norwest Center
(C) CITY: Minneapolis
{D} STATE: Minnesota
(E) COUNTRY: U.S.A.
(F) 21IP: 55402

{(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC—DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25

{vi) CURRENT APPLICATION DATA:
{(A) APPLICATION NUMBER:
(B} FILINRG DATE:
{C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/029,675
(B} FILING DATE: 11-MAR-1993
(C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/004,971
(B) FILING DATE: 15-JAN-1993
(C) CLASSIFICATION:

viii) ATTORNEY/AGENT INFORMATION:
(A} NAME: Kowalchyk, Katherine M.
{(B) REGISTRATION NUMBER: 36,848
(C) REFERENCE/DOCKET NUMBER: 600.289-US-01

(ix) TELECOMMUNICATION INFORMATION:

(A} TELEPHONE: 612-332-5300
(B) TELEFAX: 612-332-9081

INFORMATION FOR SEQ ID NO:1l:



(vii) PRI OR APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: US 08/ 029, 675 (B)
FI LI NG DATE: 11- MAR-1993 (C) CLASSI FI CATION: (vii) PRI OR APPLI CATI ON DATA:
(A) .APPLI CATI ON NUMBER: US 08/ 004,971 (B) FILING DATE: 15-JAN-1993 (O
CLASSI FI CATI ON: viii) ATTORNEY/ AGENT | NFORMATI ON: (A) NAME: Kowal chyk,
Kat herine M (B) REQ STRATI ON NUMBER: 36, 848 (C) REFERENCE/ DOCKET NUMBER:
600. 289- US- 01 (i x) TELECOVMUNI CATI ON | NFORMATI ON: (A) TELEPHONE:
612-332-5300 (B) TELEFAX: 612-332-9081 | NFORVAFE ON FOR SEQ I D NO: 1: 61
(1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 30 base pairs (B) TYPE nucleic
acid (C) STRANDEDNESS: ¢ §{ rrdhfteRr (1) MOLECULE TYPE: DNA
(genomic) (xi) SEQUENC& I :gégggggsﬁf ali.rsT CAGGAATTC GGCTAACTAC
GITGCCAGCAG 30 (2) | NFORVATI@N HOrSEQukPeNe) &oid i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH¢ R$TraenEDRESS: (&ngléPE: nucleic acid (Q
STRANDEDNESS: single (D TQROL@GpoLocvealifeay MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 2: GAGCGGATCC CCCGGGAACG TATTCAGC 28
(1i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

ICAGGAATTC GGCTAACTAC GTGCCAGCAG
30

{2} INFORMATION FOR SEQ ID NO:2:

{i} SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

GAGCGGATCC CCCGGGAACG TATTCAGC
28



62 METHOD TO PREDI CT ACTI VE GROMH OF BACTERL ACE WHAT I S
CLAIMED | S: 1. A method of predicting when bacteria adhered to a surface

wi It exhibit active growth conprising the steﬂm mm“ Hlﬂltlurpm ng a first
popul ati'on density of viable bacteria on the aring the
first population density with a second Ggopul ation densi ty *havi ng a

stinul ated or enhanced proportion of actively grow ng bacteria to viable

bacteria in {MEBHETO FREPIITUAGHTVE RROMMOOE )BACTHRI A GiDRERIOTA G sigeabaCt er i al
grow h when the first population density is greater than the second
popul ati on déATt ¥S CLAIMEDheIset hod of claim 1 wherein the density of (b)

I s between about 400 0 el 4 0

bacteria/ mmferr]. 1 R ﬁ?ﬁ ﬁ&rréiat(%f ?ﬂpigfﬂ%t‘%e\?\ﬁ?r%tgr?% agﬂg’v\fﬁ ? bacteria
occurs on a §urs¥1§§é°§u§bébt?#IﬁeblttoaBEbY%rQ’%B“ﬁ%F@B‘PéIﬂ-Féﬁg ghe The met hod
of claiml \Mge;éﬁgnofhe growm h of bacteria occurs on the surface of a dental
I npl ant . e met hod o(% claim 1 wherein the f bacteria occurs

on an i npl ént ed bi omatbri fetermining p ki @%PgaFé?naa?PVét@r%@w h of
bacteria on siabléabacterdd icn rthet berfdoes of . a) determning a

et er mi ni ng & popul athbn_ GromALgR She e, SRR P TRl I BR Rl  ace, o)
conputi ng a Wathoao$ecend \pipulgtden rdensddyehaxing &isbimubatedrom on t he
surface, andephanced proportion of actively growing bacteria to
viable bacteria in the second population, and
c) predicting active bacterial growth when
the first population density is greater than the second

population density.

2. The method of claim 1 wherein the density of
(b) is between about 400,000 bacteria/mm’ to about
6,300,000 bacteria/mm’.

3. The method of claim 1 wherein the growth of
bacteria occurs on a surface susceptible to bacterial
infestation.

4, The method of claim 1 wherein the growth of
bacteria occurs on the surface of a dental implant.

5. The method of claim 1 wherein the growth of
bacteria occurs on an implanted biomaterial.

6. A method to predict active growth of bacteria

on a surface comprising the steps of:

a) determining a population density of viable
growing bacteria on the surface,

b) determining a population of actively
growing bacteria on the surface,

c) computing a ratio of actively growing
bacteria to viable bacteria on the surface, and



63 d) predicting active bacterial -growth on the surface when the ratio of
step ¢c). is in the range of about 5 X 10[err]:1 to 20 X 10[err]:1. 7. The

met hod of claim6 wherein the popul ati on of actlvd—wew—ng_baniia S
det er mi ned by addi ng an excess of a | abel ed nucl eo&ﬂw E}lt he bacteria for

atine less than the ninimumcell division tine of g fm,’mm”mm ng

the bacteria for an anount of tinme sufficient to all
i ncorporation of the |abeled nucleotide and, identifying t he "amdunt of
| abel ed nucl eotide incorporated into t h&3 DNA of the bacteria. 8. The

met hod of claim?7 V\/ner n the Iaﬁé g:lier eBiEgSriélsgr&%Ed fr mthe gr oup

consi sting of radiol abe | e Pl pu I nes *hod of
cl ai m 7 wher eswrfare |whrn etdlen@rété@sﬁﬁj@tle@ séi det &0 therange group

consi sting of gt hylx [ﬁf-ull—i]tot hgnx digre; and [Clerr]]-adeni ne and m xtures
.thereof. 10. The nmethod of claim®6 wherein the ratio of step c) is in the

range between about 10 x 10[err]:1 to 40 x 10[err] [err]:1. 11. A nethod of

i nhi biting bacter?’ al W\ﬁni&tﬁﬁdaoﬁlﬁlfadﬁlescﬁﬂﬁféﬁﬁ nthe f%a;ﬁueah% 3F
controlling th qi ul ati on_of ct mai nt ai ni ng the

eria on ;_ e sur({ebce
popul ation déty f qrﬁ’é'lf}gc]f’%? B EW S pOPIER iBh gcy"‘nasSOC| at ed
wi th an enharecgress ofr astliabeled i mclebstide 'pootimthamtem‘lagrﬂmm ag cells to

viable cells dipd R Oﬂ'ﬁl’aﬁt £ mAfimuliD 8 ﬁ%‘ﬂ?xﬁof'ﬁ %ere' n the

popul ati on denS|ty 0 e bacterra on t e surface 1s controlTed by 64
limting the hagHeadR oIrankag st hacsasinanfen ghtapoynth afhdibgct eria. 13.

The nethod ofsuffdicieh? Waeatlsw iR tadhel efscorporation of the
labeled nucleotide and, identifying the amount of
labeled nucleotide incorporated into the DNA of the
bacteria.

8. The method of claim 7 wherein the labeled
nucleoside is selected from the group consisting of
radiolabelled purines and pyrimidines.

g. The method of claim 7 wherein the labeled
nucleoside is selected from the group consisting of
[methyl-’H]~thymidine and [CY}-adenine and mixtures
thereof.

10. The method of claim 6 wherein the ratio of step
c) is in the range between about 10 x 107:1 to 40 x 10
[ 4
tl.

11. A method of inhibiting bacterial growth on a
surface comprising the step of .

a) controllihg the population of bacteria on
the surface by maintaining the population density of the
bacteria below a population density associated with an
enhancement or stimulation of the proportion of growing
cells to wviable cells in the population.

12, The method of claim 11 wherein the population
density of the bacteria on the surface is controlled by



pronoting agent is selected fromthe group consisting of polypeptides,

gl ycoprotei ns and carbohydrates. 14. The netho claim 11 wherein the
popul ation density of the bacteria on the surfgggLrgLEBHf?BTTéd‘by

nodi fyi ng the hydrophobicity of the surface w Lh’iﬂ”mm essi ng
agent. 15. The nethod of claim 14 wherein the ad mgm;gﬂﬂng agent

i s sodium octadecyl sulfate. 16. The nethod of cl ai nf 11t witer @i h'st' he

popul ation density of the bacteria on tée surface is controlled by
selecting a material having an mean dynam c contact advancing angle greater
than about 60l14B4FiRE Hhrl canteah off rdherensat REemebiRgl agentsgwatr eat er

t han about 20tRedb&SSerik/. The nethod of claim 16 wherein the nean dynam c
contact advancing angle is greater than about 90 degrees. 18. The nethod of
claim 11 wherein bacterial growmh occurs in the presence of an agueous
fluid sel ected friidn thegmethod @ ictaiimg 10f wharkyid | thel adirence

car bohydr at e- | ui ds eptlde: L. fl.ulds; .
gl ycopr ot ei n_—%%%%‘?ir{l{%g _ %l %gsj,seol%%lv%?e?%@&&%%%&#os| _qs&%t&ﬂpﬁ sing a
start ni cr obiR®lypsntidesi oglyeeproteingeandncarhohyduates.crobi al replication

factor is produced by bacteria and has a nol ecul ar wei ght of |ess than
about 3000 as neasured by size exclusion nenbrane filtration. . 20. A

conposi tion of clifi'm Fennethed, afhslain, L1 ifhexsdin the popedetidn f actor is
resi stant to dertsidlyawifnghe 2HactBidaconpohét srfafe dlsaicontoled gy the start

m crobi al repld |+ t | SH.-$0! d fr ngui s streptococcus. 22.
The conposi twgﬁyl&r&a&%l}g}%‘?}r}gﬁ%cﬁﬁg %% a‘ﬁg %%crociiaﬁl;g‘pf‘i cation factor
i s isol ated AARATSNCcgoFUBPresdmgl Rgenttrai n ATCC Deposit No. 35105.

15. The method of claim 14 wherein the adherence
suppressing agent is sodium octadecyl sulfate.

16. The method of claim 11 wherein the population
density of the bacteria on the surface is controlled by
selecting a material having an mean dynamic contact
advancing angle greater than about 60 degrees and a mean
dynamic contact receding angle greater than about 20
degrees. |

17. The method of claim 16 wherein the mean dynamic
contact advancing angle is greater than about 90
degrees.

18. The method of claim 11 wherein bacterial growth
occurs in the presence of an aqueous fluid selected from
the group consisting of body fluids, sera, carbohydrate-
containing fluids, polypeptide-containing fluids,
glycoprotein-containing fluids, or water.

19. A composition comprising a start microbial
replication factor, wherein the start microbial .
replication factor is produced by bacteria and has a
molecular weight of less than about 3000 as measured by
size exclusion membrane filtration.



23. A‘tonposition according to claim19 wherein the start nicrobial
replication factor is isolated fromE. coli 149, strain ATCC Deposit No..
55585. 24. The conposition according to claim 19 wherein the start

m crobial replication factor stimulates gromth.Lﬁ_Jﬁﬂijﬂjji__§§r_Ige
conposition of claim19 further conprising conponents el ecte the
group consisting of cations, anions, enzynes,

coenzynmes, cofactors and poI ypeptldes 636. The C ”muﬂﬂ L m 19
wherein the start mcrobial replication factor. stlnuFatbs nr

bacteria at a popul ati on density below a density associated with an

enhancenent or stignul gt b&ﬁp&flél% B"fOEQéiﬂnOﬂs Qf'h@:?éiﬁ/edﬁé Gramng cells to
viable cells in a_popul ation. . The 00£g05|t jon of claim19 wherein the

start mcr obl%cqoéﬁtqlcﬁﬁpwqtd&“otfagt;?ﬁu tERS Hitathdites the growth of

bacterial celdqwtodclagipgpul ation to achieve a 66 ratio of growng cells
to viable cells in the population of about 5 X 10[err]:1 to 20 X 10[err]: 1.
28. A.conposition of claim19 wherein the start mcrobial replication
factor is isol at@d.fr&hebeconmsifignoof nglaim ol S wheradin the atavhpositi on of

claim 20, wngfi@idpliag §é§ {{cdbon0thalor oAl I LRllded ¥ shhghse! ated from

bacteria grow ng 1 n suspensi on. . A nmethod of increasing e efficacy of
an antlntcroﬁﬁéppﬁﬁéﬁFc%%npr|S|ng the step of contacting a bacteria with
the anti m crobi al agent in the presence of the start m crobial replication

factor of claim %g toT %gﬁe%itg% It\?\)ﬁé g%e {?\%II\{I% glrh%\gelh_nofthghgtglakgterl a. 31.

A net hod accordi rern agent 1s specific for
t he bacterlamLSZQbAahEr¢Eiidh¢nodefe¢h¢¥nxﬁ;hﬁﬂﬂﬂnﬁd éﬁomgéﬂt

gordonii Challis strain ATCC Deposit No. 35105.

23, A composition according to claim 19 wherein the
start microbial replication factor is isolated from E.
coli 149, strain ATCC Deposit No. 55535.

24, The composition according to claim 19 wherein
the start microbial replication factor stimulates growth

of bacteria.

25. The composition of claim 19 further comprising
components elected from the group consisting of cations,
anions, enzymes, transport polypeptides, coenzymes,
cofactors and polypeptides.

26. The composition of claim 19 wherein the start
microbial replication factor stimulates growth of
bacteria at a population density below a density
associated with an enhancement or stimulation of the
proportion of actively growing cells to viable cells in

a population.

27. The composition of claim 19 wherein the start
microbial replication factor stimulates or enhances the
growth of bacterial cells in a population to achieve a



|nh|b|ts or enhances the activity of a start mcrobial replication factor

conprising: - a) contacting a popul ation of bactefri+a—w-th-an agent

"suspect ed of enhancing or inhibiting a start mcro replication factor
and‘the start mcrobial replication factor of clai Jnmﬂntnﬂ eat ed
popul ation, b) determ ning a proportion of grow ﬂ
treated popul ation; and c) det er m ni ngg an enhancenent 6r "nhfbition of a
start mcrobial replication factor by conparing the proportion of grow ng

bacteria in tketitcest eftowdnyl 6t1be to e gblepoeilileniof the quipndateébhs in a

bacterial popuyla t t bt tayt mcrobial replication factor.
33. A net hod g%c%#ﬁﬂ% ?%aglag zg%ﬁgﬁﬁfh %he anmount of growth is
determ ned by neasuring the anount of incoerporation of a radiol abelled

nucl eoti de per ba@é er IAacoﬁ esftﬂm hed cficaqw dignghbsech aine F2awberein the

bact S. AT d
Tt g to widF m(e:? exton GARtor 13 1PRTALARATT PActPrRe 36, A

met hod accordgngwing<ﬂnaansﬁ£fmm£1eln t he agent suspected of inhibiting or
enhancing start mcrobial replication factor is bound to a surface. 37. A
met hod for neasuring the activity of a start mcrobial replication factor
on bacteria conpr2si nd: cappos it fdaimpdful Wherpinfthgastarta with the

start m Crob'ﬁicffﬂauc Qﬂcétaférprfa%oel i's”hé@l&@e&offﬂnﬁbfa&%éﬁféj
popul ati on rmning the amount of stinulation of mcrobia

growt h by conBe?¥Hy ﬁPcFBﬁP%ﬂS hin the treated popul ation to microbial
growmh in an untreated popul ation of bacteria. 38. A nethod according to

claim 37 wherein 30. A method of increasing the efficacy of an
antimicrobial agent comprising the step of contacting a
bacteria with the antimicrobial agent in the presence of
the start microbial replication factor of claim 19 in
‘order to initiate active growth of the bacteria.

31. A method according to claim 30, wherein the
microbial agent is specific for the bacteria.

32. A method for determining whether an agent
inhibits or enhances the activity of a start microbial
replication factor comprising:

a) contacting a population of bacteria with
an agent suspected of enhancing or inhibiting a start .
microbial replication factor and the start microbial
replication factor of claim 19 to form a treated
population, ' :

b) determining a proportion of growing
bacteria in the treated population; and

c) determining an enhancement or inhibition
of a start microbial replication factor by comparing the
proportion of growing bacteria in the treated population
to a proportion of growing cells in a bacterial
population contacted with the start microbial
replication factor.



m crobjal growh is determ ned by neasuring the anmount of incorporation of
a radi ol abel | ed nucl eotide per bacteria. 39. A nethod according to claim37

wherein the popul ation of bacteria is a b|olog|cally atlon of S.
gordonii Challis ATCC Deposit No. 35105. 40. A net ording to cIa|n137
wherein the popul ation of bacteria is bound to a A"w

nmet hod of stinmulating mcrobial growh conprising: dﬁg ulatlon
with an anmount of a start microbial regjication factor cTa|h1

effective to increase the proportion of actively gromnng cells to viable
cells in the poma. athometmodnaﬁdaﬁdang4£o Alatinhs2l weoceddi mgeto claim41l,
wherein the r4ig0 cid ry ng.C I s in the
popul ati on |'§£S%%r egsgﬁg‘f’%}?a gr<'§’tpl:"t)ér(1;i“ 8@80 { ﬁééai%‘?‘g/ Q J:x 10[err] 1.
43. A net hodrhdasedpagationiaf m sadiekebel hed eupiaatii |§ﬁrof bacteria are
bound to a %Hdrag8a.44. A nethod according to claim4l, wherein the
popul ati on of bacteria are in suspension. 45. A genetic cassette,
conprising: a) a first DNA sequence coding for a bacterial reporter gene

linked to the 3'34¢ndaohethod azcoea®Ag Bbwc;@mlamemtehainhyml dizes to a

QaTT G owe n pRAeFda) GRS odtanontd BRAIDFP TR HRRE G Vo TEHA he genot i c

cassette, wherein the second DNA sequence provides for reconbination and

integration of E?e gﬁqﬁéé&jxg%%i%%?n r£8 8P4 o R)ﬂ%ﬁ:@gﬁ {gg 0 the gene in

t he bacteri al r onos | C cassette according to claim45
wher ei n thebﬁCF§FlE»ﬂF%éﬁﬂéﬁbéocédégrféﬁea bactefial anyl ase.

36. ‘A method according to claim 32 wherein the
agent suspected of inhibiting or enhancing start
microbial replication factor is bound to a surface.

37. A method for measuring the activity of a start
microbial replication factor on bacteria comprising:

a) contacting a population of bacteria with
the start microbial replication factor of claim 19 to
form a treated population; and

c) determining the amount of stimulation of
microbial growth by comparing microbial growth .in the
treated population to microbial growth in an un;reated

population of bacteria.

38. A method according to claim 37 wherein
microbial growth is determined by measuring the amount
of incorporation of a radiolabelled nucleotide per

bacteria.

3%. A method according to claim 37 wherein the
population of bacteria is a biologically pure population
of S. gordonii Challis ATCC Deposit No. 35105.

40. A method according to claim 37 wherein the
population of bacteria is bound to a surface.



47. A, genetic cassette of claim45 wherein the second DNA sequence codes
for a portion of a streptococcal 16S ri bosomal RNA gene. 69 48. A
genetic cassette according to claim45 further conprising a sel ectable
mar Ker gene linked to the first and second DNA sequences. 49 A plasm d

havi ng a genetic cassette of claim45. 50. A bacteri | [ a
genetic cassette or a portion thereof of claim45 staE Blﬂg Egﬂmto
t he bacterial chronpsone at a |ocation gnder the cont Y

whose expression is coordinately regulated with cell ~gromh. 51. A
bacterial strain4dscohdinathed af atirsdatiagemicrohiada@rervthl host cell is
S. gordoni | 153 19t Ak Sn MRS AT 69529t 152n Anbagt fal strain
according to c as%frﬁ%\%%bmhg%i n t%%a_?tggrﬂiqgl hos% (iel,l .S S,_gordonii

Chal | i s straifragspgisrabisl pegpidication £9558T @ C Rlﬁ‘aége‘?fﬁg"%‘t"ﬁai n havi ng
a genetic cassetiRreasd £Ré tpdpdrtdioRnlbfoticeioely 4rowingreells e bacteri al
strain does nof .have ﬂ endogenous .sequg etc%diang for the bacterial
reporter gene’ cellgin Lhe BOPR AR OB 88 PTRG A8 i vity of a start

m crobial replication factor conprising: a) provi ding a popul ati on of

bacteria, whereinat heApB%ﬂ@&i °%i?‘@ffﬁ§;?famf4ﬁ| @%g@%ynigﬁeegrat ed

genetic cassette Or a portion thereof -y control . pronoter whose
expr essi on | PxARerEinat of \agtdyalat groming e€ells froWiRPIMRSRELF tiRe cassette
conprises: (ighe? pbpught D Sequeteaseadibgaflpativ bachbounls neporter gene

product 1§ kgl (D P53, £9,

43. A method according to claim 40, wherein the
population of bacteria are bound to a surface.

44, A method according to claim 41, wherein the
population of bacteria are in suspension.

45. A genetic cassette, comprising:

a) a first DNA sequence coding for a
bacterial reporter gene linked to the 3’ end of

b} a second DNA sequence that hybridizes to a
gene or portion thereof whose ekpression is coordinately
requlated with cell growth and is located in the
bacterial chromosome to form the genetic casseite,
wherein the second DNA sequence provides for
recombination and integration of the genetic cassette or
a portion thereof into the gene in the bacterial

chromosome.

46. A genetic cassette according to claim 45
wherein the first DNA sequence codes for a bacterial

amylase.

47. An genetic cassette of claim 45 wherein the

second DNA sequence codes for a portion of a
streptococcal 16S ribosomal RNA gene.



70 ii)%a second DNA sequence hybridizing to a gene or portion thereof whose
expression is coordinately regulation with cell growmh and is |located in

t he* bacterial chronosonme to formthe genetic cass y i ~second
DNA ‘sequence has sufficient sequence identity to the gene or portion
thereof to provide for recombination.and integrati (ﬂllﬁ ulu umgtlﬂ)lw
cassette or a portion thereof into the gene in the " sone, b)
contacting the popul ation of bacteria yyth a start mcrobial replication
factor to forma treated popul ation; and c) determ ni ng the anmount of

m crobi al growt hd®y rezenetig thesatbendcadrdiagotbeclagtmetFPproduct produced
per unit ting,pPege %ngr'is’i’.ng érSQESQté‘&Pé"nﬁE:k% ﬁQHQaiﬁG?etdotBhe amount  of
reporter gene product per unrt trne per cell in an untreated popul ation.

55. A net hodth® FeatuandgsarenrdbPRR sp@RISSSonprising: a) providing a
popul ati on of bacteria, wherein the population of bacteria has a stably

I ntegrated genetj ¢ cassette, qQr. a portion thereof under control of a
promot er whose € ‘regspgﬁsﬁ"%gc}&%}’g?%aﬂ eqespegéﬁufzﬁf%%ltﬁ t°rf'0t he rate of cell
growt h, wherelaxin Hb.cassette conprises: (i) a first DNA sequence coding
for a bacterial reporter gene product, linked to the 3" end of ii) a second
DNA sequence hybridizing to a gene or portion thereof whose expression is
coordi nately redifl.at &dbarterial |stpraim thavidgi 8 genattisd dassehtebext eri al

chronpsone, § GpdAidnt RReBENELS £ CASSPIIE stuBey el Mt ddiareRC 2o DY sequence

rovi des for, reconbi.nati on and i ntegration of the
P bactefygl chromosome at é’locatQOn un&gr the control of

a promoter whose expression is coordinately regulated
with cell growth.

51. A bacterial strain according to claim 50
wherein the bacterial host cell is 8. gordonii Challis
strain MSP818 ATCC No. 69529.

52. A bacterial strain according to claim 50
wherein the bacterial host cell is S. gordonii Challis
strain MSP812 ATCC Deposit No. 69528.

53. A bacterial strain having a genetic cassette or
a portion thereof of claim 45, wherein the bacterial
strain does not have an endogenous DNA sequence.coding
for the bacterial reporter gene product.

54. A method for measuring activity of a start
microbial replication factor comprising:

a) providing a population of bacteria,
wherein the population of bacteria has a stably
integrated genetic cassette or a portion thereof under
control of a promoter whose expression is coordinately
regulated with cell growth wherein the cassette
comprises:

(i) a first DNA sequence coding for a

bacterial reporter gene pfoduct, linked to the 3
end of



71 gemetic cassette or a portion thereof into the gene in the bacteri al

chronosone; and b) determ ni ng the anount ofTeporter—genre—product in the

popul ati on. A

ii) a second DNA sequence hybridizing to a
gene or portion thereof whose expression is
coordinately regulation with cell growth and is
located in the bacterial chromosome to form the
genstic cassette, wherein the second DNA sequence
has sufficient sequence identity to the gene or
portion thereof to provide for recombination and
integration of the geneﬁic cassette or a portion

 thereof into the gene in the bacterial chromosome,

b) contacting the population of bacteria with

a start microbial replication factor to form a treated

70

population; and

c) determining the amount of microbial growth
by measuring the amount of reporter gene product
produced per unit time per cell in the treated
population compared to the amount of reporter gene
product per unit time per cell in an untreated

population.

55. A method of measuring microbial growth
comprising:

a) providing a population of bacteria,
wherein the population of bacteria has a stably
integrated genetic cassette or a portion thereof under
control of a promoter whose expression is coordinately
regulated with the rate of cell growth, wherein the
cassette comprises:

(i) a first DNA sequence coding for a
bacterial reporter gene product, linked to the 3’
end of

ii) a second DNA sequence hybridizing to a
gene or portion thereof whose expression is
coordinately regulated with cell growth and is
located in the bacterial chromosome, to form the
genetic cassette, wherein the second DNA sequence
provides for recombination and integration of the
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genetic cassette or a portion thereof into the gene

in the bacterial chromosome; and
b) determining the amount of reporter gene

product in the population.
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