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SUMMARY

The extracellular glucosyltransferases of Streptococcus sanguis polymerise the glucosyl
moiety of sucrose to form high molecular weight complex glucans.

The adhesive and agglutinatigeoperties of these glucans are important in the formation of
dental plaque and, hence,cariogenesis.

The glucosyltransferases 8f sangui804 (NCTC) were extensively purifiel82fold) by
hollow fibre ultrafiltration(Bio-Fiber 8Q followed by ammoium sulphate precipitatiofOi

70% of saturation The enzymes were further purified by hydroxylapatite chromatography
and appeared by this technique to consist of at least three enzymes with differing specific
activities.

It is not known whether these emags are, in fact, composed of different polypeptides or are
modified forms of one protein.

The activity of the glucosyltransferases can be measured as the rate of release of fructose
from sucrose or as the rate of ydis of ethanedodium acetatprecigtable polysaccharide
(glucan). Using the former method, &, for sucrose for (Nk) >SOs-purified
glucosyltransferases was aboutfol/l and, using the latter methodsd§was about

20 mmol/l.

Glucosyltransferase activitas rate of glucan synthepwsasstimulated 2 to 4old by low
concentration$0.1250.50emol/l) of T2000 Dextrar{Pharmaciamol. wt. 2 x 16). Glucan
synthesis was inhibited slightly by nigerose and was inhibited strongly bizameitle(85%
inhibition at 17Ce rol/l metrizamidé. Therate of release of fructose was not affected by
either xylitol or hydrogen peroxide.

The rate of synthesis of precipitable glucan was strongly inhibited by high concentrations of
substratésucrosg the rate of release of fructose was relatively unaffected.

The proposed mechanism for this effect is that sucrose acts as an alternative glucosyl
acceptoi(as well as dongrand thus inhibits glucosyl transfers to growing glucan chains.

The oral concenttaons of sucrose during and afnsumptions of various sweet foods and
beverages were studied and were often sufficient to inhibit glucan synthesis. In such cases,
the sucrose concentrations for maximum rate of glucan synthesis only occurred as sucrose
was cleared from the mouth, after the food or drink was finished. Glucan synth8&sis by
sanguisis important in plaque formation. Thus, these results provide an additional
explanation for the clinical finding that the incidence of caries is related foetheency of
dietary intake of sucrose and not merely the total amount of sucrose consumed.
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TWO ASPECTS OF DENTAL CARIES

INCIDENCE

@Caries is a scourge of civilisation; not until the progress of civilisation had
brought about dietary refinements didghlisease occur in human history in such

terrifying proportionsd

Prof.J-G. Helmcke(1971)

EFFECTS

dMly curse upon your vendrhstang,

That shoots my tortddl gooms alang

Andthrobmy lug gies monie a twang
Wi' gnawing vengeance,

Tearing my nerves @bitter pang
Like racking engine8.

Robert Burng1795/1796,
in GAddress to the Toothache



1 INTRODUCTION

1.1. Dental Caries

1.1.1. Epidemiology of dental caries

Dental caries is the most padent human disease westerised countries. This may seem
surprising but, certainly, few Westerners completely escape this disease. It affects more than
99% of the population and may be considered epidemic. Kaealg1971) and Rovelstad
(1967 found that, between 1960 ah869, only 0.2% of 565,489 and 45,936 U.S. naval
recruits, respectively, were completely caffiee. Similarly, from 1,719 Danish Army
recruits, only 0.17% were carifree (Antoft, 1974. Moreover, the carieBee subjects were
not noticeably differentn terms of oral hygiene, or in dietary intake of sucrose or other
carbohydrates. Indeed their teeth accumulétednabamounts of dental plaque, which is
the aetiological facton dental caries.

The higher caries rate in Western countries is almostinbricaused by extensive dietary
intake of refined sucrose. In recgmars, changes in sucrose consumption have been
followed by corresponding changes in the incidence of cé@emby, 1971 When other
sources of dietary energy are used, caries & harHunan province, in China, 75%af

sample of 14 to 27 yeand students wattally caries-free and most of the remaining 25%
had very little cariegAfonsky, 195). Here, starclfas ricg was the main carbohydrate

source and junk food aridnackéwere absent. The Eskir@principal energy source used to
be the fa{blubbe) of marine mammals. Amongst these people, caries was almost unknown
until the introduction ofcivilisedbdiets, such as tinned foods, many of which contain sucrose
as a sweetener or preservatfikielmcke, 1971

Patients with hereditary fructose intolerance lack hepatic fruttisplosphate aldolase.

They cannot metabolise fructose, and, if they ingestdsgcor fructoseontaining sugars,

such as sucrose, they become severely ill. As a result, they avoid foods containing sucrose.
Newbrun(1969 showed that individuals with hereditary fructose intolerance had very little
dentd caries; 45% wee completelycariesfree. This too suggests that there is something
distinctive about the metabolism of sucrose by dental plaque bacteria which leads to caries.

However, even in populations with little or no caries, periodontal disease is co(Bitdy,

1970; Lunt,1974 and is the major cause of tooth loss, especially in midgézl and elderly
people. Like caries, periodontal disease is also caused by microbial plaque, but, unlike caries,
it may be produced by the plaque formed on a sudresadiet. The first stge of periodontal
disease is marginal gingivitis in which the gum margins become inflamed and hypertrophied,
and are prone to bleedit§copp, 1970 The inflammation spreads through surrounding

bone and blood and lymph vessels. The collagen fibres pketiedontal membrane can then

be attacked by invading bacteria. The gum margins recedg@acket®form, leading to

dmobilityé (loosenesksof the teeth. In extreme stages, the tissues suppurate and are exfoliated;



this is the condition commonly termépyorrhoea(alveolariy @ohen, 1976 This
destruction and necrosis of the supporting tissues results, eventually, in loss of the teeth.

1.1.2. Nature of dental caries
@Carieis a Latin wordmeaningdecayor gottenness In the clinical sense, it may reftr
diseases of teeth ¢formerly) of bone.

In dental caries, the bacteria of dental plaque, a soft micriobégumenbn the tooth(see
Section 1.2 destroy the dental enamel and then infect the underlying dental tissues, dentine
and pulp, and the swunding soft tissues of the periodontigsee 1.1.8

The microbidaetiology of dental cariesas first suggested over one hundred years ago
(Erdl, 1843; Ficinus, 184yalthough the actual mechanisms of microbial attack of teeth were
not studied experinmtally until about twenty years lat@vlagitot, 1867; Leber &

Hottenstein, 1867; Underwood & Milles, 1881; Miller, 139Qiller is often considered the
father of modern cariologfstudy of dental carigsHe showed that the mictmrganisms

which he foundn the teeth fermented dietary carbohydrates, producing acids capable of
dissolving enamel; amongst these, he specifically detected lactic acithklisicoparasitic
theoryis the basis of modern theories of cariogenesis.

In spite of the amount arsdirprising sophistication of early work, the detailed mechanisms of
cariogenesis are controversial and much of the biochemistry is still vesfitied.

1.1.3. Theories on the formation of carious lesions
In the past, many tlogies have been put feardto exphin the destruction of &th structure,
the disease nownown asidental carie@

The Grek physician, Hippocratgd56 B.C) proposed that tooth decay was due partly to
phlegms and partly to substances in foods. This theory was believed for a longdureetB
(1757, for example, believed that juicésoth from food and body humoi)nsere retained in

the teeth, where they stagnated and caused decay. (GaleA.D), physician to the Roman
Emperor, Marcus Aurelius, suggested that deficiencies in thendié¢ teeth weak, thin and
brittle@ This is known to be true, to some extent, if the diet is deficient in catmium
phosphorus, but his theory gave the impression that caries arose from within the tooth. This
misconception also persisted for some t{idanter, 1773 Galen and Hunter also suggested
that excessive diefgse. overeating might causeinflammatioroof the teeth.

One picturesque suggestion from the Middle Ages wad/Moem Theorydof caries,
wherebydooth-wormburrowed into the teetiMethods of treatment were devised and later
workers claimed to have seen these wofiaiaff, 1756.

The first to describe the colonisation of teeth by microorganisms was the Dutch pioneer of
microscopy, Anthony van Leeuwenhoek. He showed that when testhsareipulously



cleanedfpuri et candidd(clean and whifg a gummy white matteidmateria alb&@ formed
on them.

He wrote:

@vidi dictae i1 11 ma éxguaiaranelculan e s se mul t a
jucundissimo modo se moveidtia
(1 saw t hat taloremeationed@vhite) matter,many king living
animalcules moving in a most sprightly margher
(Leeuwenhoek, 1693

He also gave an idea of the large numbers of these animalcules present on the teeth:

@a good t ¢emina guantty obthis matatithat was no bigger than a
hundredth part of a sargtain6(Leeuwenhoek, 1683

but failed to recognise that they might be involved in caries.

Pfaff (1756 was the first to suggest that tooth decay was daestoains of food which
undergo putrefactiobetween the teethThe idea developed that acids, formed from
breakdown of food, attacked the teeth. However, fermentation and putrefaction were then
believed to be chemical processes and the microbial aetiology of caries was not proposed
until much latel(Erdl, 1843; Ficinus, 1847Miller (1890 has reviewed these and other
theories of cariogenesis popular in theeteenth century and earlier.

The following are some more &t theories, also disfavoured.

()  Proteolytic theory
Gottlieb (1947 suggested that proteases attacked and weakened the enamel matrix.
Although bacterial collagenases may attack dentine, this is probably not crucial in
destruction of enamel.

(2) Proteolysischelation theory
Schatz and Marti(1962 suggested that enamelmarals(mainly calcium and
phosphateare removed by chelatiamith the product®f bacterial metabolism of the
organic matrix of the tooth. These produstsuld include those formed by proteolysis
(i.e.amino acidy as suggested by Gottli€b947).

(3 Phosphatase theoryPhosphoprotein theory)
This theory(Kreitzmanet al, 1969; Kreitzman, 19j4uggests that the phosphoric acid

produced by the action of bacterial phosphatases, attacks the hydroxylapatite of enamel.

Such enzymes are certainly preseanplaque, but there is no evidence to suggest that
they are involved in dissolution of hydroxylapatite.

a



There is little evidence to support any of these theories andtbdwies are even less well
founded[These have been reviewed by Dreizen (1978)d evidence for and against the
proteolysis and proteolyshelation theories hagbn discussed by Jenkifi®71;1978, pp

427 429).

The currently accepted thgoof cariogenesis is based onBV Millerés (1890 original
chemiceparasitic theory of adidestruction of enamel. Indeed, it has been rightly said that
dis concepts have never besipersedednly amplified(Burnett & Scherp, 1968, p).

(Acid production by plaque bacteria and its effects on dental enamel are discussed, in detail,
in Secton 1.3.).

When plaque is sufficiently thick, bacterial metabolism, in the depths of plague, is anaerobic
and large amounts of acid are produced from dietary carbohy(sate$.3 and 1.3.1This
produces deep lesions of the enamel in which the orgaatitxnof enamel is exposed. The
organic material is affected only well after the onset of demineralisation and bacteria invade
the lesion about the same time as changes are observed in this organic (Dateing),

[956a & b, 1959 and 1970Within carious lesions, the pH is lower than on the tooth surface,
and the pH decreases with increasing déptrksenet al, 1962 and 1963This is probably
because the depths of these lesions are not accessible to rinsing or buffering by sali¥a; the p
remains low long after carbohydrate has been cleared from the (Dotkbenet al, 19629.

At the bottom of the deeper lesions, the pH is often beloWDirRsenet al, 1963. At this

pH, streptococci are no longer metabolically active but many laciitibsuch ag..

acidophilus can still produce acid. Lactobacilli predominate atéduancing froriof a

carious lesiorfMcKay, 1976; Shawh & Gillis, 1969 and Hill causefurther demineralisation

of the enamel within the lesiosybject to the avkibility of fermentabé carbohydratelhe
invading bacteria enter the dentinal tubules and the collagenous matrix of the dentine may
then be attacked by collagendd® enzymegand possibly othgoroteasesproduced by the
plaque micreorganismgMakinen, 1970; Larmas, 19Y.20nce bacteria have brokdown

the enamel andentine they may attack the roots of the teeth and the periodontium. Tissues
become inflamed and ultimately necrotic.

An @bscessis the inflamed pocket of pus which theccumulagsat the root apex following
bacterial infection. By this stage the tooth may be-vitad or may even have been lost
altogetherThe periodontal tissues are inflamed and necfee 1.1.1 Thus, the
consequences of tooth decay are more thartpshach@and there can be a serious risk of
bacterial infection of various other tissues if active caries is allowed to proceed unchecked.



1.2. Dental Plaque
@the disintegration begins on the outer surf
necessarytothebei nni ng of <caries is the formation o

secluded position where its acids may act without too frequent disturbances, as in pits,
fissures, approximal surfaces, about the gum margins, etc., and. there give rise té caries.
Black (1898

1.2.1. Nature of plaque

The term@laquej to describe the acquired layer of bacteria and their surrounding matrix, on

the tooth surface, was first used by Black, in 1&¥8bons and van Houte (1973) defined

dent al p | a q uoalcifiedbacteriblentasses so firmby mdherent to the tooth surface
that they resi st Watlsemakedfeye, dbnyal paguée is avtlick,y f | owo .
adhesive, crearooloured film on the enamel surface. It has a gelatinous appearance,

especially in subjects ansucroseich diet(Carlsson & Egelberg, 1983t accumulates

mainlyin the pits, fissures and around the gingival margin of the tooth.

The gross appearance of plaque can vary subtly from subject to subcisddpically,
however, plaque is extremehgterogeneous. Even within one mouth, different sites may
vary in both microbial compositiofikeda & Sandham, 1971; Bibby, 1938; Critchley, 1969
and metabolisnfKleinberg & Jenkins, 1964

In spite of this diversity, plaque has many regular featureseXample, the predominant
bacteria in human pipe, especially early plaquegacertain norhaemolytic streptococci,
mainly Streptococcus mutanS. sanguisindS. miteor(from various autbrs, compiled in
Gibbons & van lute, 1973; also Ritz, 195 Other bacteria, such & salivarius
ActinomycesLactobacillusandVeillonella are commonlyound. Spirochaete€lostridium
Nocardiaand yeastg¢Candidaspp) may be present in small amou®ocransky, 1970;
Loescheet al, 1972; Nolte, 1978(The microbial ecology of plaque and other oral structures
and fluids has been extensively reviewed by Nolte, 3973.

All dental plaques, regardless of composition, can produce acids by fermenting dietary
carbohydrates. This was first shown by Mil{@B90 andlater by otherge.g.Muntz,1943;
Jenkins & Kleinberg, 1964; Gilmour & Poole, 196&Il plaques have the ability to produce
extracellular polysaccharidéglucans and fructaphérom dietary sucroséCarlsson, 1966
Both of these properties are believede essential for cariogenesis by plaque bacteria.

It is now clearlhat the concentrations of acigoduced by fermentation in plagaee
sufficient to dissolve the hydroxylapatite of dental enamel under physiological conditions
(Jenkins, 1966; see alSection 1.3.1

Gibbonset al (1966 showed that cariogenic strains of oral streptococci produced large
amounts of extracellular polysaccharide from sucrose, while strains producing less
polysaccharide were nezariogenic Mutant strains o6. mutansdefective in extracellular



glucan synthesis, afevith respect to parent strajisss able to form plaqu&harma, 1975;
Bulkacz& Hill, 1977) and less cariogenid@anzeret al, 1974. Greeret al (1971) found that
cariogenic strains db. mutangind S salivarius were lysogenic, but that rcariogenic

strains were noKlein et al (1975 reported thatwhen lysogenic strains &. sanguisndsS.
mutansareccured synthesis of extracellular polysacchari{l@ater soluble and insoluble
andplagueforming ability both decreas&he role of the prophage in maintaining these two
activities is not yet known but this does suggest that such polysaccharide synthesis is
important in plague formation. One apparently anomalous finding from this vepsthat,
although thecuredmutants ofS. sanguiproduced less plaque and polysaccharide than
parental strains, thegaused more carious lesions in gnotobiotic rats. Kdegl. (1975
suggested from this that extracellular polysaccharide synthesis is not essential for
cariogenesis. However, in gnotobiotic rats, manfected withS. sanguisextracellular
polysaccharide formation is probably not important for colonisation of the sheteS.
sanguiscan bind to pellicle and enamgkee Section 1.2)4With the mutants, less
polysaccharide is synthesised, so there may be more sdavaedabléfor acid production.
Under o6nor mal 6 c-orgadismsd.gdSnmautargswilhbe presemt and o
extracellular polysaccharide formation will facilitate colonisation of plaque and cariogenesis,
by these other species (see 1.2.4 and 1.2.5).

1.2.2. Formation of pellicle

When dental enamel is thoroughly cleaned of all extrinsic mattgtfy pumice abrasion),
in sity, it is rapidly coated with a thin, acellular film of organic materiapQle nthick. This
was termedrcquired pellicléby Davieset al (1963. Various workershowed thathis
pellicle is largely composed of salivary prote{iisirner, 1958a & 1958b; Meckel, 1965

The mechanism of pellicle formation is unclear. Eric€®67) found that certain salivary
glycoproteins, especially those rich in sialic acid residues, wenegtyrand specifically

bound to hydroxylapatitén vitro. Most of the salivary proteins which were absorbed to
hydroxylapatite and powdered enamel were rich in proline, glycine and dicarboxylic amino
acids(Armstrong, 1971; Hay, 1973The importancef the proline content is not clear.

Sanju and Rilla (1972a & b, 197Bshowed that the protein of 2 heoid pellicle was low in
sulphurcontaining and basic amino aci@scluding proling but was rich imacidic amino

acids. The amino acid composition of fiedlicle on different tooth surfaces varied little

(S6nju and R611a1973. From these findings it has been proposed that pellicle is formed
mainly by selective absorption of acidic salivary proteins to enamel, possibly assisted by Ca2
ion bridging(Cole & Eastoe, 1977, p.376; Jenkins, 1978, p)36Be absorption appears to

be selective, because while blood group substances and inhibitors of viral haemagglutinins
are adsorbed from salivél amylases, the major proteins in saliva, are(8énjuet al,

1974).



Neuraminidases from plaque and salivary bacteria can precipitate salivary protein by
removing sialic acid residues and this may be involved in formation of the extracellular
matrix of plaqug€lLeach, 1963; Fukuet al, 1977). White (1976 has proposethat this is

also involved in pellicle formation. This remains to be proved, but it seems unlikely since the
sialic acid would be more likely to aid adsorption of the proteins to the enamel.

There have beenvieattempts to identify the protein componeotpellicle. @rstavik and
Kraus(1973, using immunofluorescence, found that IgA and lysozyme were present in most
pellicles; IgG and) amylase occurred occasionally and fibrinogen and albumin were rare.
However, as mentioned abo&fnjuet al (1974, usng biochemical and immunological

assays, found that blood group substances and haemagglutination inhibitors were present but
that lysozyme anti amylase were not.

Whatever the detailed mechanisms of formation, pellicle doesmulate uniformly on tooth
surfaces and is important in the formation of dental pldgae 1.2.%

It has been suggested that the function of pellicle is to protect the enamel. In support of this,
pellicle does appear to slow down solubilisation of enamel by(Beiding, 1943; Mekel,

1965. However, this question is still unresolved, and the harmful effects of pellicle, in
facilitating binding of bacteria to enamgke 1.2.1 probably ouveigh any such benefits.

1.2.3. Colonisation of teeth by bacteria

On a clean or pellicleoatedtooth surface, clumps of bacteria appear within a few hours,
either by growth from the prexisting microflora or by colonisation from oral flui{lSaxton,
1973; Bprn & Carlsson, 1964 These clumps eventually grow, coalesce and build up a layer
of bactera, polysaccharide and other matter, up to 8Qfthick. This is dental plaque.

The mechanisms of plaque formation are not fully understood. Various factors have been
implicated in colonisation of teeth by bacteria. Low pH and agglutination by ion bridging
by proteins from saliva and preformed plaque have been sug@®8stedman & Kleinberg,
1967; Gibbons & Spinell, 1970; Jenkins, 1978, p)3&8 of these probably contribute to
plaque formation but the importance of extracellular glucans in bacdhakion is rapidly
becoming apparerisee 1.2.1

S. mutanss not abundant in saliva and probably colonises tooth surfaces by migration and
growth from small plaque deposits remaining in tooth pits and fissures and on the gi8givae;
sanguisand S. mieor, on the other hand, are more abundant in salivaShamtanss. They
probably colonise the teeth by absorption from sdl&abors & vantbute, 1973 Such
differences partly explain why thorough removal of bacteria from the teeth and gingivae
considerablybut only temporarilyalters the microbial population of dental plaque.



1.2.4. Adhesion of micro-organisms to the tooth surface

In dental plaque, the predinant bacterial species are streptococci, manlynutansS.
sanguisandS. miteoy with traces o6. salivariusandS. milleri(see 1.2.1L The aggregation
and adhesion properties of these species differ.

S. sanguisindS. salivariusare aggregated Isaliva(Kashket & Donaldson, 1972S. mutans
is not, but is specifically agglutinated by various glucans, including dext&ibbons &
Fitzgerald, 1969; Guggenheim & Schroeder, )36 its owndimutar® (Veld & de
Stoppelaar, 19795(* See Appendix.)n vitro, all these species bind poorly to uncoated
enamel, bus. sanguidinds strongly to pellickeoated enamédrstaviket al, 1974. Also

in vitro, S. sanguignd S. miteor bind to salivaated(i.e. quastpellicle-coated
hydroxylapatitg HA), but not to dextrartoated HA;S. mutandinds only to dextraxcoated
(Lillemark & Schauer, 1975In the same study, the binding abilitiesfsanguigndsS.
mutanswere destroyed by piteeatment with proteases, suggesting that both types of binding
site are, or caain, protein. The binding &. mutanswas also sensitive to pteeatment with
dextranase.

@rstavik (1978) has recently attempted to identify the pellicle components to Sthich
sanguisbinds; some of the components were isolated andrstmWwe proteingOf these,
only lysozymewas clearlyidentified. Lysozyme alascould not promote adhesionSo
sanguismay have to bind simultaneously to several recefjtorproteins?y.

Mukasa and Sladd 973, 1974a & 1974tshowed that adhesion 8fmutansto glass

required the activity of glucosyltransferases adsorbed to the cell surface. This was confirmed
by the finding that this sucroskependent adhesion was inhibited by dextranase, which
prevented production of cedurface glucanéSchachtelet al, 1975. However, this property

is probably independent of the glueduced agglutination dd. mutanssince soluble

dextrans inhibit both the enzyme activityewbrunet al, 1977 and adsorption to the cell
surface(Mukasa and Slade, 1974af these glucosyltransferases. Gadlund

glucosyltransferase activity and dextiaduced agglutination can each be abolished without
affecting the othefMcCabe & Smith, 1976 McCabeet al (1977 isolated, from a

cariogenic strain 08. mutansan extrackular dextranbinding protein which had no
glucosyltransferase or dextranase activity; the evidence is, admittedly, circumstantial, but this
protein may be a receptor involved in dextnaduced agglutination and adhesion to the tooth
surface. Finally, Ktamitsu(1973 showed that both live and hdalled S. mutangells

bound to dextrarwoated glass; binding was independent of any glucosyltransferase or other
heatlabile enzyme activity.

The importance 0%. mutangell-bound glucosyltransferases ilague formation is not clear.
Although glucarnduced agglutination is important, there are certainly other factors
involved. Nonplagueforming mutants o6. mutansvhich can still be agglutinated by



dextranhave been isolate@Freedman & Tanzer, 19Y.4reedman and Tanzer argue from
these findings that agglutination is not involved in plaque formation at all. However, they
used a model systenm, vitro, with @laquéformation on metal wires, in which even wild
type S. mutanprobably binds by other meanisms anywayn vivo, tooth colonisation b$.
mutanss probably facilitated by the glucans of other bacteria su& sanguismoreover,
glucaninduced agglutination wilin vivo, p r o mmonfp ¢ © Ir hiolawillialson , w
accelerate plaguermationby S. mutans

The colonisation of teeth . mutanss very dependent on dietary sucrose levels, while
colonisation bys. sanguiss not(de Stoppelaaet al, 1970Q. This suggests that adhesionSof
mutangs facilitated by an enzym@r enzyme}using sucrose as substrate and is not merely
due to passive agglutination.

Less is known about the adhesion, in plague, of other bacterial sgetiaemyces viscosus
is aggregated blyeuconostoc mesenteroid#sxtran and the extracellular glunsaofS.
sanguisandS. mutansand binds strongly to Sephad@xosslinked L. mesenteroides
dextran gél (McBride, 1979. Many Actinomycespecies synthesise adhesive dextiles
glucans from sucrose, but can also form plaque in the absence of fdordseet al.,

1969. These extracellular glucans may facilitate adhesiohctihomyceso other species of
bacteria in plaqudt has been shown, with the scanning electron microscope, that, in plaque,
cocci ceaggregate with filamentoy#ctinomycedike?) bacteria giving @corn-onthe-cobd
appearancéGibbons &vanHoute 1973. Veillonella, a fairly common plaque bacterium,-co
aggregates witlA. viosus, in vitrdGibbons &Nygaard 1970. Also, Veillonellaaone
cannot formfplaquéon metal wires, but can bind to gieemeddlaque$of A. viscosus
(Bladenet al, 1970.

Wittenbergeret al (1977 showed that the glucosyltransferases of S. salivarius bind very
strongly(i.e. not removable by 1.0 mol/l NaCl or Lilto the surface o¥. parvulacells. The
effect of this(if any), in vivo, is not yet known, but it may enhance adhesiovi.gfarvulato
smooth surfaces, and interspecies aggregation.

Candidaspp(e.g.C. albican$ are occasionally present in plaglibeymay infect the soft
tissueqgiving candidiasisbut it is not known if they are involved in cariogenesis. Adhesion
of Candidato dental prosthesd&alse teetD) is sucrosalependen(L.P. Samaranayake,
personal communicatigut the mechanism of this not yet known.

In conclusion, the binding of bacteria to enamel and pellicle is important in plaque formation.
The ability of different species to bind to each other is certainly just as important.

1.2.5. Current model for dental plague formation
Using the inbrmation given abovéSection 1.2.5 one can construct a model to describe the
formation of dental plaque. Thsalient points are the following.
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(1) Plaque streptococci and other bacteria produce adhesive extracellular glucans from
dietary sucrose.

(2) S. mutangells are agglutinated by extrinsic dextrans or by glucans produced by their
own cell surface enzymes.

(3) S. sanguisindS. miteorcan bind to enamel or, better, to pellicleated enamel.

(4) The colonisation of teeth or plaque $ymutansequires thgresencef sucrose.
Colonisation by other species, suclBasanguisindA. viscosusdoes not.

(5) Many plaque bacteria aaggregated by gluoa or by inter-species adhesion.

Therefore, when the surface of enamel is cleaned, pellicle rapidly forn& aadguissS.
miteorand possibly other speciésg.Actinomycespp), bind to it.

In the presence of sucrose, thbaeteria synthesise extracellular glucans which facilitate
attachment o8. mutansnd other bacteria. Glucan synthesis continues and more bacteria
bind to the surface of the gming plaque(The essentials dhis scheme are summarised in
fig. 1.1)

Figure 1. : Formation of dental plaque

PELUCLE
S. sangus
GLUCAN
+SUCROSE
ENAMEL
DENTINE
PULP
GLUCAN +SUCROSE ‘,_S.nnﬂans

Some workers, however, doubt the importance of plaque glucagghsinating, adhesive
factors in the formation of dental plaque. JenKit®/8; pp.386387) points out that,
althoughdaextranébind to hydroxylapatite, the binding may be inhibited by pellicle
formationand is certainly inhibited by physiologidale., plague and salivajconcentrations
of inorganic phosphat@olla& Mathiesen, 1970

However, this does not take into account the rol&s. shnguisS. miteor and other glucan
producing speciedVith the scheme described above, in the presence of these species, it is
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not necessary fd8. mutanso bind directly to the tooth surface, whether glucaated or
not.

Glucaninduced agglutination and glucosyltransferasdiated adhesion &. mutansre
independenactivities(see 1.2.¥and thishas led to the suggestion that agglutination is not
involved in adhesiofor, hence, in plaque formatiphy S. mutansPreliminary work by
McCabe and cavorkers(cited by McCabe, 1976&uggests that the two mhag diginct
properties mediated by a single receptor, possiblgdéeran-binding proteidisolated by
McCabeet al (1977). Theypropose that agglutination is due to binding of soluble glucan to
thisreceptor while adhesion is due to synthesesofplex, insoluble glucarisoundto the
receptor and to other surfac@fese complex glucamsight be produced b$8. mutangell-
bound enzymes or by pellicliound bactea of early plaquée.g.S. sanguis

Freedman and Tanz€r974) isolated mutants d. mutanswhich were unhle to form
dlaquein vitro. They concluded that glucanduced agglutination &s not involved in
plaque formation b. mutansin vitro. However, as pointed out in Section 1.2.4, this
probably isnot the casen vivo. Certainlyin vitro and in gerrdiree animalsS. mutangwild-
type) probably binds to teeth by other mechanisms, such as by synthesisvanh @sll-
surface glucans, as suggested by Mukasa and &l8d3.

Finally, in further support of the hypothesis tBatsanguigind S. miteor bind to pellicle in

formation of early plaque, it has beerwaimthatS. sanguisind S. miteor are recovered in
higher proportions from very early plaque than are other speciesas8c mutangCarlsson,
1965.
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1.3. Metabolism of Sucrose by Dental Plaque
@ Sweet, sweet, sweet poyson of thésatgmthd
William Shakespear@596/1597 in King Johrol, i, 1.213

Because dental plaque is so heterogeneous, it contains a wide ramgfaloflic systems.
Our main concern is the metabolism of sucrose, which is the single most cariogenic
component of the diet.

Sucrose can be metabolised by plaque bacteria in the following ways:

(1) hydrolysis by invertase to glucose and fructose follotsed
(a) catabolism to C@and/or organic acid,
(b) anabolism to glycogehke intracellular polysaccharide
(i) synthesis of extracellular fructawith release of glucoje
(i)  synthesis of extracellular glucafwith release of fructoge

It has longoeen known that plaque bacteria can anaerobically produce acids which might
attack dental enam@iller, 1890; Muntz,1943. Moreover, many of the bacteria isolated
from plaque are facultatively or obligately anaerdhizescheet al, 1972; Ritz, 1967;
Socransky, 19701t used to be thought, and is still widely belie&tkeinberg, 1970;

Mandel, 1974; Saxton, 1975; Tatevossian and Gould,)18%8 dental plagewasa barrier

to diffusion d various ions and moleculéscluding oxygei). However, the wrk of McNee

et al (1979 has shown that oxygen and other small molecules can diffuse freely through
plaque at about half the rdtmund in water. If oxygen diffuses into 160nplaque, the time
required to reach half the equilibrium concentra(ity) is only about 19 s (McNeeet al

(1979. Through 10 nof wate, T+ is about 0.% (calculatedrom data in Reid and

Shewood, 1958, p.554 and Daniels and Alberty, )9%6is makes the presence of

anaerobic bacteria, in plaque, superficially surprising. However, the most likely explanation
for theoccurrencef anaerobic conditions in plaque is that oxygen is metabolised very
rapidly by the surface microrganisms of thelaque. Thus, the plague must be fairly thick
and the metabolic rate must be high enough to prevent more than superficial penetration of
the plague by oxygen.

(Acid production by plaque is discussed further in Section .}.3.1

Sucrose and other soluble dnd monesaccharides are rapidly cleared from the mouth. They
can be stored by plaque bacteria as extracellular glucan or fr¢sten$.3.2 and 1.3.8r as
intra-cellular iodophilic polysaccharés$.The latter are glycogelike andare synthesised by
most plague bacteri@Gibbons & Socransky, 196Berman & Gibbons, 196&anHoute&
Jansen, 1968a and 196%he bacteria synthesise tliiigycogerdduring periods of high oral
sugar concentration or even duringstingphases. In the absence of other nutrighis
@lycogerdis brokendownto form acids.
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The glucangother than glycoggrand fructans of plaque are synthesised, by extracellular or
cell-bound enzymes, from sucrose. These are discussed in Sectionsd.B.2.3a.

1.3.1. Acid production by dental plaque

Miller (1890 was the first to show that micarganisms in dental plaque could produce acids
by fermenting dietary carbohydratd$is has since been verified by numerous workeig
Stephan1938; Carlsson, B%; Mihlemann and de Boever, 1970

Using antimony electrodes, Stepi{da940 shaved that the pH afindisturbed plaque
decreased hen the mouth was rinsed with glucose or sucrose. The pipettoppidly to a
minimum (as lowas 4.0 within 10 minutes and slowly returned to testinglevel by 30 to
60 minutes after rinsingThe graph of plaque pH against time is now known @tephan
curvel) Initial (resting pH values and pH minima were lower in caféesive subjects and
only in these subjects did pH drop below §&ephan, 1943; Jenkins and Kleinberg, 1964

The pH at which the hydroxylapatite of enamel dissofttesso-ca | | catidal pti, is

lowered by increased calcium and inorganic phosphate concentrations in the surrounding
media. Saliva contairebout 1.5 mmol/l calcium and about 6 mmol/l inorganic phosphate
(Gow, 1965; Tatevossian and Gould, 1976 this environment, enamel is decalcified below
pH 5.5(Jenkins, 1978; p.299The concentrations are somewhat higheragpe

extracellular fluid([ECF) [calcium,6.5mmol/l, and inorganic phosphate, 142nol/l;
Tatevossian and Gou{d976)] but hydroxylapatite is still solubilised below pH 5.5, even at
these concentrations.

More convincing, perhaps,dh sugar rinses, agtephan ctves and lactic acid production,
in plaque, #er ingestion of carbohydratmntaining foods and drinkkudwig and Bibby,
1957). The Stephaiurves resemble those from glucoseses, although the tirmurses
vary between foods. This technidgo@s been used to assess the reld@tgrlogenicitpof
various snack foodddgaret al, 1975; RuggGunnet al, 1977. This is important because
the snack habit probably greatly increases the incidence of dental caries.

However, the pH of plaque depends on more than just the fermentability of dietary
carbohydrate€0ld or mature plaques give lower pH minima following carbohydrate rinses,
partly because of the greater amount of anaerobic bacteria in deep plaque (de&&Boever
Muhlemann, 1970)The amount of acid producetsa depends on the availability of
fermentable carbohydrate. For example, dissolved carbohydrates will be more rapidly
metabolised than insolubtmes. Stepha(1940 showed the drop in pH in plaque was,hinit
limits, proportional to the concentration of glucose in the rinses. Howéadinary
sedimenbproduced slightly less acid with glucose above ¢000.555mmol/l) (Sandham &
Kleinberg, 196%. Similarly, at high concentrations of sucr¢gadove 0.Immol/l) plaque
produced less acid and shallower Stephan curves were ob{@ieddes, 1974 and 1975;
Birkhed & Frostell, 1978 This may be a bacteriostatic physical eff@y.osmotig or may



14

be due to excess substrate inhibition of bacterial enzymestase and dextransucrase of
other micreorganisms are known to be inhibited by high sucrose concentrations, although
probably for different reasons with each enzyme (Nelson & Schubert, 1928; Hehre, 1946).
This may be a common feature of sucrosetaboising enzymes.

The lowering of pH in plaque is affected, not only by the carbohydrate content of foods, but
also by their physical nature and texture. Some foods are cleared from the oral cavity more
rapidly than others because of differences in solulwlitgdhesiveness. Moreover, most

foods will contain various buffers which will help minimise pH changes.

The magnitude of the drop in pH due to acid production is also affected by the chemical
nature of the acids.¢€. their pKs), by dilution of acids byasvary flow and by buffers in

saliva, in plague extracellular fluid (ECF) and in fodtle pH drop produced in human

plaque by sweet foods can @mifferedby eating noracidogenic savoury foods such as
cheese or peanuts immediately afterwgdRisggGunnet al, 1975, 1978; Geddex al,

1977. Such foods stimulate salivary #lg which helps dilute the acids produced by plaque.
Theyalso contain large amounts of proteihich may be metabolised by plaque bacteria to
produceammonia Many cheese.g.blue cheesecontain ammonia as a product of fungal
metabolism. Thismmoniaraises the ptof the plagque. Thus, the Western custom of eating
sweet foods at the end of meals is the worst possible one insofar as dental health is
concerned. The Chinese eatestfoods, ad libitum, throughout the course of a meal. This
seems more desirable. As mentioned previously, plaque bacteria can ferment carbohydrates
to acids,n vitro (Miller, 1890; Nuntz, 1948 Others have since demonstrated thigivo.
Mooreet al (1956 studied the pH and lactate concentrations of human plaque, in situ. The
drop in pH following sucrose rinses was paralleled by increases in concentration of lactate.
Moore and ceworkers claimed that the drop in pttas fully accounted for by the |late
produced and that lactate was timycacid produceddowever, Stralfors and Eriksson

(1959) have shown that other acids in plaque could interfighethe method used for

assaying total lactate and so lead to an-egtimate of lactate concentratidwsing the more
sensitive technique of gdiguid chromatography, Gedd€k975 showed thaplaque

produced I(+)-lactate, O )-lactate and the volatilecids, acetate, propanoate and butanoate.
The volatile acids predominateddrestingplaque, but, after ingestion of sucrose, the
concentrations of (+) and 01 ) lactate increased rapidly.

These tw are the major acid speciesaatd following the pH mimna of Stephan curves. The
pK of lactate(3.86 at 25°C) is much bwer than those of acetai. 76), propanoat€4.87)

and butanoatét.82). With Geddeéfindings, this suggests that lowering of pH in plaque
(and, hence, initiation of carious lesipmsmainly due to production of lactate.
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1.3.2.  Synthesis of plagie fructans

Fructan synthesis in dental plaque is Msfl characterised than glucan synthesis. The
fructans in plaque are often loosely terndevan®(U 2,6-linked fructanwith U 2,1-linked
branches; sefy. 1.2) and the enzymes which synthesise them have been called
devansucras@égEC. 2.4.1.10; sucrose: 2\ D-fructan 6fructosyltransferage

Figure 1. :Levan
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This is mainlybecause many bacia, such ag\erobacter levanicurandBacillus subtilis
synthesiséevans(Feingold & Gehatia, 1957; RapopdrtDedonder, 196§ Like the terms
aextraranddextransucragethese may be misnomeséien applied to plagusee
Appendi®). Methylation analysis has shown that the fructanS.ohutans$ngbritt A are
ma i niR,3linked (Bairdet al, 1973) and thus are more like inulin ($ige 1.3) than like
levan.

Figure 1. : Inulin

=)

OH [n =~29]
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However, the infrared spectra ofctinomycegructans(Howell & Jordan, 196yclosely
resemble that of levan, rather than inulin, as demonstrated by Barker and S{¢ép&dns

Plaque fructans are synthesised by fructosyltransfe(B3gas follows:
Sucrose {Fru) n- Glc + (Frun+

The fructositransferases db. mutanandA. viscosugan alsaise raffinose as fructosyl
donor(Carlsson, 1970; Howell & Jordan, 1967

The reaction is exotheim(qG ° =1 8.4 kJ mol?l) but is less sthan thereaction for glucan
synthesigop G =1 116 kJ mol %, according tcCole & Eastoe, 1977, p.2B1

Unlike plaque glucans, fructans aret Gstickydand are readily war-soluble. Although

fructans are synthesised more rapidly than glucans in p{&tigechietal., 1970, their

overall concentrations are lower because they are also rapidly degraded by plaque bacteria
(McDougall, 1964; Wood, 1964 and 1967ap¥d & Critchley, 196Y. Thus plaque fructans

are probably carbohydragstore$rather than adhesiveatix material, as is the caséth
glucan(McDougall, 1964; Da Costa Gibbons, 1968yanHoute& Jansen, 1968a

Fructans a synthesised by various plaque miorganismssuch asA. viscosugHowell &
Jordan, 196)f S. mutangWood& Critchley,1967) andS.salivarius(Garszczynski &
Edwards, 1973but notS. sangis (Black, 1975.

Carlsson(1970 purified the fructosyltransferase activity f mutansand showed i to have a
pH optimum of 6.0, pbf 4.2 aml temperature optiom of about 40°C. C&* appeared to
increase enzyme activifgr at least stabilise the enzyme molegulde fructosyiransferase
of S. salivariushad a pH optimum of 5.6, d pf 5.2, an apparentdfor sucrose of

17 mmol/l and molecular weight by gel filtratiqon Bio-Gel R 60) of 34,500(Garszczynski
& Edwards, 1973Whitaker & Edwards, 1976The former claim that enzyme activity is
inhibited by divalent cationsyhile the latter claim that it istimulated and quotenkfor

Mg?* as 63¢ ml/l. The reason for the difference in the findings is unclear. Setlss
(1975 foundthat adylycosyltransferase complé¢containing glucosyltransferasad
fructosyltransferagefrom S. mutan$-Al, was strongly inhibited by some divalent cations
butwas unaffected by Gaor Mg?*. Thefructosyltransferases &. mutansind S. salivarius
are constitutivgCarlsson, 1970; Garszczynski & Edwards, )9TBose ofA. viscosusire
inducible by sucrose or raffinogelowell & Jordan, 196).

The function ofplaque fructosyltransferases is to store carbohydrate. They are thus important
in the production of acid after food has been cleared from the mouth. GivemwtKe, lof the
enzyme fromS. salivariug17 mmoll; see abovg these enzymes apgobably very ative at

normal dietary and oral concentrations of suc{ese Results, section 3.The K is similar

to values fothe glucosyltransferases 8f sanguisindS. mutangsee 1.3.% TheKm
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reported by Scalest al. (1975 is unusually high{55 mmol/l) but they too found that the
values for fretosyltransferase and glucosghsferase were identical. Aksr(@977) found

that the glucosytansferase, fructosyltransferase and invertag ofutango-focusedas one
symmetrical peakat pH 4.6 in liquid column isoelectric focusing. He suggested that these
different enzymes had a common apoenzyihés perhaps surprising that only one peak of
enzyme activity was observed sif@emutangroduces several glucosnsferaseésee

1.3.4 and its glucosyltrasferases and invertase are distinct prot@tagui et al, 1974. The
findings of Aksnes are not conclusive but, in vieitos and the similarity of Ks, it is
reasonable to suppose that Bienutangnzymes at least possess some commoiusii,
including, perhaps, the sucresimding site.

1.3.3.  Structure of plaque glucans

Extracellular glucans are synthesised, from sucrose, by many plaque bacteria, such as
Streptococcuspp.(Carlsson, 196tandActinomycespp.(Gibbons &vanHoute 1973. The
molecular structures of the streptococcal glucans have been studied intensively by various
methodsThe resuls obtained are affected by the methods of analygsd, by the conditions
and media for bacterial growth and by the properties of the glubamselves. The structure
of the glucans is also affected by the methods of producticgther synthesised bacteria
grownin the presencef@ucrose or by purified or p#ally purified glucosyltransferases
(Nisizawa et al, 1977; Ceskat al, 1972. These problems have been reviewed by Black
(1975.

The extracellular glucans of dental plaque are often misleadiefglsred to agdextran$
(see Appendix It is now clear that their straeres are much more complexaly different
structures have beeaported for the glucans & mutansendS. sanguigLong, 1971; Long
& Edwards, 1972; Bairdet al, 1973; Sidebotham, 1974; ArnéitMayer,1975; Black,
1975; Krautner & Bramsted, 1978Jsuiet al, 1975;Nisizawaet al, 1976; Beelew Black,
1977, several other sources are described by BI&&#5, and Sidebotham, 1974owever,
in spite of these variations in findings, it is clear that the streptococcal glucans contain
pr edo miid a6 tagdinkiiges, in both branches and cisaialthough the reported
proportions of each linkage vary. The dextrankaiconostoenesenteroidesontain only a
small proportioro f i 1,8llinkages, generally less than 10%he total number ofikages
(Sidebotham, 1974However, the glucans &.sanguiscontain up to 48%i 1,3 linkages,
and those 08. mutansup to 84%(Guggenheim, 1970The lattewere showri o 11,8 U
linked glucansv i tih,6 HoanchesThese 1,3J Di glucans are callednutardand,unlike
dextran, are insoluble inater.

Stoudt and HollstadtL974) have reported an unusual plaggecan.This was synthesised
from sucrose, in the presence of dextranagg@laque formedh vitro, usingS. mutansThe
glucanwasnamediariogenafand contained 75% 1,3 linkages and 2593 1,2 linkages
in a linear(i.e. unbranchepmolecule. An uncharacteris@&acillusglucanase hydrolysed
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cariogenan to glucose and nigerotri¢9eDi glci 1,3-Ui Di glci 1,3-Ur Di glc]. It may thus be
anU 1,3 linked polymer of glucosylii 1,2-nigerotriosg(seefig. 1.4).

Figurel. : Possi ble Unit structure of o6C
HOCH,
"'D(:Hz 0 ‘l/
Ol
HOCH,
0
0 w1y HO
HOCH H 0 HO
2 o=1,3
0
«-12
HO

Caiogenanis very insoluble in wier and so may be adhesive and important in plaque
formation.

1.3.4. Synthesis ofplaque glucansd Glucosyltransferases
[This section should be read in conjunction with the Appendix at the end of the thesis.]

Extracellular glucans are synthesised from sucrose by gllicansferase§sT), as follows
(Eisenberg& Hestrin, 1963

GT
SUCROSE Hgic]ln  — FRUCTOSE 4glc]n + |

The growng glucan chain acts as aigbsyl acceptor. Other compour({@se beloywmay
also do so. The enzynuatalysed reaction does not require synthesis of anyamghgy
precursorgsuch as UDRjlucose inglycogen synthesjdecause of the high freeergy of
hydrolysis ofsucros€ois® =1 29.3 kJmol'Y]. The freeenergy change is so largecause the
anomeric carbon atoms of thedwexose moietie&Ci 1 in glucose and 2 in fructosé are
both involved in the glycosidic link, aking sucrose diglycoside. he free energies of
formation of thevarious glucans in plaque, from sucrose, ar&knotvnbut their synthesis
essential | y G likertreatfor systhedisldfemesenterajgedextrans, is
probably greater than16 kJmoI ! (Hehre, 1946 and 1951

The glucosyltransferases which synthesismesenteroidedextrans have been studied more
extensively than any other similar glucosyltransferase systems. These enzymes foave K
sucrose of 120 mmol/I(Hehre, 1945 and optimum activity at pH 5.0 and 3@ (Tsuchiya
et al, 1952. They are inducible by sucrog8idebotham, 19%4The enzymecatalysed
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reaction is irreversibléHehre, 194pand is stimulated by divalent catiofiaya &

Yamamoto, 197p Until recentlythe mechanism of dextran branching was uncertain. Bailey

et al (1957 and Bovey(1959 postulatedbranchingenzymeé Bailey and ceworkers found

that, after storage, dextransucrase preparations synthesised dextrans with progressively fewer
U 1,3 linkages. They suggested that a more labile branching enzyme was being inactivated
during storage. Although plausible, this is obviously not concluBiweey (1959 showed

that the moleculaweights of dextrans, as measured by periodate oxidation and ligh

scattering, continued to increase, even after sucrose was exhausted from the incubation
medium. He proposed that lineb6i U D-glucan molecules were linked by enzyme action,

giving higher molecular weight, branched dextran molecules. However, dlakr(1969

showed that the same findings could be explained by associationlof@lecular weight

dextran molecules to form narovalently bound high molecular Height particleghre

(1969 suggested that enzyroatalysed branching, by rearrangemergxa$ting glucan

chains(as with glycogen branchipgr by formation of glycosidic link between different
chainswould be energetically unfavourable, having no obvious-kiggrgy substrate to

6dri veo6 tHoweven Robytand Tamgucfio7gfound t hat O6dextransuc
preparations fronh. mesenteroidesould transfer dextran, attached to enzyme at the reducing
(Ci)end, to an unl abell ed 0 ac ¢k3btarchlidkageke xt r an
between the anomer{€i 1) carbon of the labelledextran and the i@ carbon of the

acceptor dextrarmhe same phenomenon may also occur with the glucosyltransferase systems
of S. sanguisindS. mutansRobyt and Taniguchil976 argued from this that branching is a
normal sidereaction oftdextransucrasésind that it should not be necessary to postulate
separate branching enzymes. However, in the absence of direct evidence that the
@extransucraggreparations contain only one protein species, the possibility remains that
there ardat leat) two enzymes, one synthesising glucan chains and the other producing
branches. The possibility that this or other systems might also produce elongated branch
chains by direct glucosyl transfer from sucrose appears to be eliminated by the findings that
the glucans of. mesenteroideandS. mutansre elongated by glucosyl transfer to the
reducing(Ci 1) end of growing chainfRobytet al, 1974; Robyt and Corrigan, 1976;

discussed below

The direction of chain growth of dextran and dexdrke glucans vas until recently,

controversial. Ebert and Schefi©68a &b) first proposed thdt. mesenteroidedextrans

were elongated by addition of glucose from sucrose to thec@bon oféhe reducing end of

the moleculeThis is unusual for glucagynthesisingylucosyltransferases. HehE969

studied the action of amylosucrasé&\@isseria perflav@&nzyme which catalyses synthesis of

a ni1L9linked glycogedike glucan from sucrose. He found, by pulabelling, that
amylosucrase added glucose, from sucrtwsthe norreducing ends of preformed glycogen
molecules and concluded that other glucosyltransferases, such as dextransucrase, probably
acted in the same way. The growth of dextran chains by dextransucrase preparations from
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L. mesenteroidelas been studd by Robyet al (1974. They used-'* pulse and pulse

chase labelling and found, by gnzic and acid hydrolysis, thattwasreleased from the
reducing end of pulskabelled dextran but not pulshase labelled dextran. This indicated

that newlyincorporated glucose residues are added to the reducing end of growing dextran
chains. Robyet al (1974 proposed that the dextranaths grew by an insertion mechanism
rather than by simple stepwise addition of glucose to the end of the chain.

Walker (1972 also showed thaii |,3 linkages were not synthesised until well after synthesis
o0fil,U6 chai ns wa §13ilinkages dichnbteampear util thecnascebit
isomaltodextrins were at least six glucose units long.

The extracellular glucosyltransferases of oral streptococci have received more attention in
recent years, starting with the work of Wai@b7b) on S. mutansnd ofCybulska and
Pakula(l963a, 1963pon S. sanguisComparison of studies is complicated by the variety of
techniques used.he various groups of workers have used many different strains of bacteria,
in different culture media, grown with or without glucagesucrose, with or without pH

control and at different temperatur&nzymes have been harvested at various ages of
culture, from 6 i(Fukuiet al, 1974 to 36 h(Long, 197). The work of Beeley and Black

(1977 on S. sanguisshowed that the nature of the glucosyltransferase activity is greatly
affected by the age of cultures. After harvesting, the glucosyltransferases have been studied at
various degrees of purification, with different yields of enzyme activity from these
purifications. The structures of the glucans produced are affected by the degree of
purification of the glucosyltransferasésighly purified glucosyltransferase preparations,

from bothS.sangis andS. mutanssynthesise glucansith larger proportions dii 1,3

linkages than do crude preparatig@eskaet al, 1972; Nisizawat al, 1977).

The results of several studies are summarised in Tab(&1mutansand Table 1.2S.

sangui3. In spite of the variety of experimental techniques outlined abovéinttiegs are
reasonably similar. However, many workers regard the glucosyltransferases as a single
enzyme(often calleddextransucragk Using isoelectric focusinffEF), Guggenheim and
Newbrun(1969 and Bulkacz and Hil{1977 showed thaS. mutansproduced several
glucosyltransferases. The latter also showed that the multiple bands were not an artifact of
IEF. However, the 13 bands which they resolved may not all be different gene produets. Post
translational modificationgsuch as deamidation, glgsylation or subsequent
deglycosylatiopmay affect the properties of the enzymes; such differences, unresolved by
other techniques, may often be resolvedlbbyrl. For e x a mpdommedésd o me of
humanU amylase, detected by IEF or electrophoresisehbeershownto beidentical

polypeptides modifieafter translatiorfKauffmanet al, 1970;Keller et al, 1971; Karret

al., 1974. The glucosyltransferases 8f mutansippear to be glycoproteislartin & Cole,

1977 and so may be subject to pastnslational modificatiorMartin and Colg(1977) also
showedhat theglucosyltransferasesf S. mutangould be resolveds six bands of protein
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by SDSpolyacrylamide gel electrophoresis. At least two, and possibly more,
glucasyltransferases @. sanguis804 could be resolved by IERewbrun, 1971and by
SDSpolyacrylamidegel electrophoresi@artet al, 1974). Preliminary work by Black
(1975 showed hat the glucosyltransferases®fsanguisvere elutedrom hydioxylapatite
as at least four peaks of enzyme activity.sdsn in Tables I.| and 1.2, the
glucosyltransferases & mutangndS. sanguihiave broad pH optima around pH 6. The
width of the pH optimum curves in itself suggests that there may be sengyahes.

Table 1. : Properties of glucosyltransferases 0. mutans
Km T
Strain (sucrosé pl o t?rlr_:um optimum '\\?\?[L Authors
(mmolll) P (°C): '
(max
FAI 1 activity at o} 6.0 o} o} Wood (1967b)
660)
7.23 4.24 6.0
0.98 5.00 7.0
HS 3.37 5.65 6.0 6 6
4.40 6.03 7.0 Guggenheim and
4.24 Newbrun (1969)
4.58
e 5 5.00 5 5 5
5.65
6.03
. 6.4
FAi 1 0 0 (6.016.6) 60 70,000 |Long (1971)
HSI 6 2.0 o} 5.75 170,000| Fukuiet al (1974)
FAI 1 55 3.7 22 o} Scalesetal. (1975)
5.6 (celt
, free) .
GS5 8.0 (celt o} 6 40 o} Kuramitsu (1974)
bound)
55(14.2 , Chludzinskiet al.
6715 3 4.0 6.0) 34i42 | 94,000 (1974)
Balliet & Chang
BHT 3.3 o) 5.8 0 0 (1974)
13 IEF
bands .
6715 0 from 4.56 o} o} o} Bulkacz & Hill (1977)
t0 7.19
0 4.6 0 0 0 Aksnes (1977)
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Table 1. : Properties of glucosyltransferases o08. sanguis

Km H T
Strain | (sucrose) pl o tl?mum optimum | Mol. Wt. Authors
(mmol/l) P (°C):
. . Cybulskaand Pakula
Type I/l 19 0 6.37.0 | 3745 o} (1963)
804 4.8 7.9 5217.0 45 o} Carlssoret al (1969)
7.9 S.47.7 o} o}
804 o} 6.4 SAT.7 6 6 Newbrun (1971)
4.5
) o} 0 o}
(minor)
, Sharma and Newbrut
804 2.002.05 0 0 0 o} (1973)
2 (celtfree)| 5.816.0 0 35140 | 100,000
OMZ 9 3 (celk 5 5 5 (both) Klein et al (1976)
bound)
7.9 o} 0 0 - *
804 38 5 5 5 5 Dartet al (1974)
804 o} 0 5117.5 0 o} Black (1975)

*Not stated, but there were six subunits of mol. 24900’ 135000

It is only reasonable to suppose that there should bethmeondype of glucosw

transferase present, since at least two types of glucan(the@extradanddmutarbtypes,

as well as the branching liages, are synthesised. Schache¢lal (1977 isolated three
glucosyltransferases fro& mutansOnesynthesised a watsolubleglucan and may be
dextransucraskke. The other two ynthesisedvaterinsoluble glucans and may be
dnutansucrasésBeeley and Blackl977 found tha batch culturesf S. sanguis804, at
constant pHwentthrough three phases of glucosyltransferase production. Enzyme
preparations from each phase produced chemically and biochemically distinct glucans. The
findings from the different techniques used to analyse these glucans were not all mutually
consistentHowever theresuts did indicate that enzymesth different activitiesvere
produced, and in different proportions in each phase.

Divalent cation§Ca" and Md™*) do not affect the extracellular glucosyltransferases. of
sanguis(Cybulska & Pakulal936b; Carlssoet al, 1969 or S. mutangChludzinski
1974, Scalest al, 1975.

Apart from sucrose, various sugars, such as raffildda-fatl,6-U-Di glc-1,2-b-D-fru], are
fructosyl donors for levansucraggesg.that of Aerobacter levaniem). However, the
dextransucrases &f mesenteroides can use only sucrose as glucosyl {debre, 1946;
Heisenberg & Hestrin, 19§3Similarly, the glucosyltransferases®f sangui804 can only
use sucroseanaltose, lactose, fructose, melibiogk@-gali 1,6/ U Di glc), galactose, glucose,
raffinose, trehaloseX glci ,1-Ui Di glc), cellobiose {i Di glci 1,4-b-Di glc) and melezitose
(U Di glci 1,3 bi Di frui 2,21 U Di glc) produced no polysaccharide in the presen& of
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sanguis304 glucosyltransferases (Carlsstral, 198). With thesame enzyme prepdi@ns,
no glucose or fructoseas releasedith galactosel}methyl glucoside, lactose, maltose,
trehalose, melibiose, cellobmsmelezitose or raffinog®lewbrun & Carlsson, 1960 As
well as sucrose, the glucosyltransferaseS.ohutansan also uskeucrosgU Di glci 1,5-D-
fru), palatinosei s o ma | i ¢lcdo1BieDj fru)actulosucros€bi D-gali |,4i bi Di frui
2,11 U Di glc), U glucosylfluoride and raffinose as glucosyl dondi&aufel & Taufel, 1970;
Hehre & Suzuki, 1966; Genghof & Hehre,1972; Balliet & Chang, 1974

Studies on potential inhibitors or glucosyl acceptors for the glucosyltransferases are affected
by the method used to assay enzyme activity, measuring either glucan syorthelsiase of
fructose For example, maltose increases the rate of release of fruct@&esagguis
glucosyltransferasgdlewbrun& Carlsson, 1969; Kleiet al, 1976 but decreases the rate of
glucan synthesis by both cétee (Newbrunet al, 1975 and cellbound enzyméSharmaet

al., 1974. This is because, withwomolecular weight acceptors such as maltose

maltotriose, the immediate reaction products are oligosacch@vitidker, 1972Newbrunet

al., 1974. A similar effect is seen with. mutans(Knuuttila & Mé&kinen, 1972; Chludzinski

etal, 1979.

Robyt andHalseth(1978 have extended the explanation of the effect of malitisey found

that glucose, fructose and maltose were acceptots foesenteroidedextransucrase,

giving, respedvely, isomaltose, leucrose and pan@BidJ D-glucopyranosylmaltoge
Glucoseandmaltose also produced the corresponding oligosaccharide series
(isomaltodextrins and isomaltodextrimaltose$ by transfer of oligeaccharides to the

acceptor molecule. Atigh concentrations, thecceptor molecules continuously displaced the
bound glucosyl residues from the enzyme active sites, preventing their transfer to any nascent
dextran chain. Thus, these acceptors acted as chain terminators rather than slowfprimers o
glucan synthesis as was previously supposed.

Maltose and raffinose are competitive inhibitors of the glucosyltransferaSesafguig€04
(Newbrunet al, 1974. Although raffinose will not act as a substrate (glucosyl donor) for the
glucosyltransferass ofS. sanguigCarlssoret al, 1969; Newbrun & Carlsson, 1969), its
structure (a galactosylsucrose) probably sufficiently resembles that of sucrose for raffinose
molecules to bind to the active sites of the enzymes.

The gluosyltransferases &.sanguisare inhibited noncompetitively by melezitose and
stachyos¢manneotetinse;U Di gali 1,6-U D-gali 1,6/ Ui Di glci 1,2 D-fru), both sucrose
dere i vati ves. Tineoympettiveghbyigindese bnd fruetog@lewbrunet alal.,
1974; Chludzinsket al, 1976. Lactoseand turanos€J Di glci 1,3i D-fru) have no
detectable ééct(Newbrunet al, 1974.

Dextran is an efficient glucosyl acceptor and stimulategltheosyltransferases & sanguis
(Newbrun & Carlsson, 196%ndS. mutangFukuiet al, 1974 by acting as a primer for



24

chain elongation. Robyt and Corrigéi®77) claim that stimulation of glucosyltransferases
not by a primer mechanism. Wever, their study merely stved thatnewglucosyl residues
were not added to the nwaducing end of dextramolecules. This should have not been
expected anyay, in viev of theirearlier demonstratiofRobytet al, 1974 that

L. mesenteroidedextran chains grew by addition to the reducing @tie molecules. Given
that this is correct, it is reasonable that the reducing ends of dexbtanules shouldct as
primers since that is how the glucan chains are elodgeten in the absence of added
acceptors.

Klein et al (1976 reported thatite appeent Kn (Kn?P), for sucrose, of the
glucosyltransferases & sanguiswas not affected by the concentratiorgmimebdextran
when a&tivity was measurees release of fructose. However, when the activit§g omutans
glucosytransferases waseasured as synthesis of precipitable glucap,Wasdecreased by
added dextrafChludzinskiet al, 1976. Although theLineweaverBurk plots for theS.
sanguisglucosytransferases did nghow the complex neMichaelisMenten kinetics of the
S. mutangnzymes, oneould not expect thewo systems to behave very differently.
However, the apparent discrepancy betweemnvtbesets of findings can be explained. In the
absence of added dextréor other acceptoyssucrose istte predominant glucosglccepto.

As an acceptor, initiating chain synthesis, sucrose will lead mainly to production of
oligosaccharides, initially at least; some time will be requiree@lfmmgation to high

molecular weight glucans, ahownby Chludzinskiet al (1976. Thus,Kappfor glucan
synthesis will be highn thepresence of added dextran, a higher proportion of enzyme
substrate complexesill produce precipitable glucan since the acceptor is alraddgh
molecular weight glucan; thusaj for glucan synthesisyill be reduced. Fructose is
released wh glucosyl transfers from sucrosehatever the acceptor or reaction praduc
Therefore, Kppfor fructoserelease should be little affected by the nature and concentration
of glucosyl acceptors present.

Althoughdextran dmulates sythesis of glucans, it has been reported that low molecular
weight dextrans inhibited synthesisin$oluble glucans b$. mutansn batch culture and by
S. mutanglucosytransferase@Gibbons & Keyes, 1969; Montvillet al, 1977. The former
only measured glucan synthesis as increase in turbidity atr856f incubation mixtures.
Montville and ceworkers showed that totglucosyltransferase activityas, in fact,
stimulated by lav molecular weight dextran.hErefore, these dextramgy be efficient
acceptors for synthesis of soluble, dexdiita glucans, but not insolubrautanlike glucans
or more complex high molecular weight glucadereover, Shaw(1972 found that this
effect,which was only demonstrated vitro, was not ablé¢o reduce the incidence of dental
caries in laboratory animals.

Isomaltose and isomaltotriose are glucosyl acceptors for the glucosyltransfer@ses of
sanguisandS. mutangWalker, 1972; Fukuet al, 1974. Germaineet al. (1974 reported
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thatisomaltose did natffect the activity of th&. mutangnzymes but used an isomaltose
concentration of only 20 pml Walker used 3Bnmol/l. (Fukui and his cavorkers did not
specify what concentration they used.

Trehalose stimulates the activity ®fsanguisglucosyltranterasegKlein et al, 1979.
TheanderoséG-U D-glucopyranosylsucrose, ség. 1.5) stimulates the
glucosyltransferases &treptococcugype 6,anS. sanguidike strain, and is apparently a
more efficient glucosyl acceptor thancrosgWalker, 1972.

Figure 1. : Theanderose
x-16 «-1,2
CH0H 0—CHa
0.
H OH

HO N— HO 0 CH20H
HO HO ~ OH

0 HOCHy O

In both of these sugars, the anomeric carbon atoms are all inwolgbaosidic linkages and
it wasformerly believed that glucachains would grovirom these acceptors by glucosyl
transfer to the neneducing(Ci 6) end of the moledas. In the mechanism descritied

L. mesentera@esdextransarae by Robyt(1974), glucosyl residues transferred from sucrose
are bound to one of msites as glucosyg¢nzyme complexes before they tnansfered to the
nasent glucanasomaltodextrin chain.

With trehdose, whose free energy of hydrolysis is probably only sligaigthan that of
sucrosgCabib & Leloir, 1958, the same mechanissmaild be feasibleWith theanderose,
the glucosedructose linkage mightéhydrolysed, just as with sucrose, but an isomaltosyl
groupwould be transferred to the enzyme. A glucosyl residue, covalentiyd to the other
site on the enzyme, would be transéerto thasomaltosyl group; this is perfectly compatible
with Rob ystm@chanism. Another interesting possibility, for which there is yet no evidence,
is that theiglucosyltransferasésusing theanerose as substrat@ight ako transfer one
isomaltosylgroup to another by a similarechanism to the one just described but, possibly,
with double the rate of chain growiBlycogen, amylosenulin and raffinose do not
stimulate the glucosyltransferasesSofmutanswith sucrose as substrg@ermaineet al

1974; Chludzinsket al, 1976. Similarly, raffinose andlevarb(S. salivariusfructan do not
stimulate the glucosyltransferasdsS. sanguigNewbrun & Carlsson, 1969

As described in the preceding paragraphs, there have been many enzymological studies of the
streptococcal glucosyltransferaseswever, the lack of sufficiently purified avell
characterised preparations hasghuded any detailed molecular studies, sasclmino acid
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sequencin@r studies of the molecular structure of the active sites of the enzyhesS.
mutansglucosyltransferases are probably glycoproteins, having tightly bound carbohydrate
moieties(Germaineet al, 1974; Martin & Cole, 1977. Some of the glucosyltransferases, at
least, contairseveral sufunits. The enzyme activities of tH&. sanguisindS. mutans
glucosyltransferases are destroyed by sodiodecyl sulphatéSDS (Dartet al, 1974;
Chludzinskiet al, 1974 or by other deteggents(Jablonski & Hayashi, 19j0Dartet al.

(1974 separated the purifieglucosyltransferases &. sanguig04, by S-polyacrylamide

gel electrophoresis, intoxstsubunitsh Eaché&ubunitbindividually lacked enzyme activity

and they hadnolecular weights of about 18®0, 92500,75 000, 47500, 31500 and
24500.The values of these molecular weights are, however, also consistent with the first,
third andnifti $6d6 hrépgubdsenting the tetramer, di
and the second, fourth and sixth representing another.

Some sulphydryl reagents inhibit the glucosyltransferas8s wiutangChludzinskiet al,
1974) TheS. sanguienzymes are not affected (or are more resistant) (Caessin1969).

Using highlypurified (770-fold) glucosyltransferases & sanguig€04,Callahamand Heitz
(1973 showed that, in visibldight, theenzymes wre inactivated by rodgengal a
compound which stimulates phetxidation of histidine and tryptdy@an. The enzymes were
protectedrom this inactivation by préncubation with dextran, suggesting that the point of
attack by ros®engalis at or near the binding site fglucosyl acceptors. In trame study,
eosin(yellowish), which issimilar to rose bengalyas a reversie, competitive inhibitor with
Ki (inhibitor constantof 379¢ md.IThe effect of ros8engalwasgreater at low pH, where
histidine is resistant to this phetxidation effec{Callaham & Heitz, 197¥4 N-bromo
succinimide andhydroxyi 5i nitrobenzylbromide attackryptophan residue&lthough the
latter is not specific in thjsand both inactivated the glucosyltransferabebromo
succinimideand roséBengalboth decreased the normal fluoresceoiceyptophan
(Callaham& Heitz, 1974. Unforturately, there have been no othetudies on the active sites
of these glucosyltransferasétowever, the data just described do suggest that there is at least
one tryptophan residwd the active site, essential for gnme activity, and that the substrate
(donorand acceptrbinding sites are near this residue.
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1.4 Aims of the study

Beeley andBlack (1977 andBlack (1975 studied the production of extracellular
glucosyltransferases 8. sangui804 in batch culturelhe original aim of this studyas to
continue thisvork and to pufy and characterise these enzynte@ssanguisvas used for
various reasondt is one of the first bacteria to bind to the tooth surface in plaque formation
(see Sections 1.2.3 and 1R Mvertase, which might complitastudies of
glucosyltransferase activity, is constitutiveSnmutansut inducible by suose inS. sanguis
(McCabeet al, 1973. The presence of invertase would puee the use of glucosyl
transfease assays based on measwants of release @uctose. Een with assays
completely specific for glucosyltransferase activity, hydrolysisugiose by invertase might
complicate any kinetic studieof the glucosyltransferasé®y studyingS. sanguisgrownin
the presence of glucose, these probleamshe avoided.

Beeley andBlack (1977 showed that production of glucosghnsferase b$. sanguig€04, in
batch culture, is triphasic. Phase lighficosyltransferase productioras/selected for study,
for two reasons. Of the three phases, phase Il isits easily identifiedt occurs at the end
of thelogarithmicgrowth phase, when treailturemedium is depleted of glucose.dwover,
this phase seems to correspond clogeilpat studied by most otheovkers. This facilitates
comparison of the resslfrom this study with those obtained by other workers.



28

2 MATERIALS AND METHOD S

2.1. Materials

2.1.1. Reagents

Dextrans T1Gnd T2000 were obtained from Pharmacia Fine chemicals AB, Uppsala,
Sweden.

Kojibiose was obtained from Kochight Laboratories Ltd., ColnbrooEngland.

Nigerodextrins, from nigerose to nigeropentaose, prepared by hydrolysspefgillus niger
glucan(nigerar), were a gift fromDr I.R. JohnstonDept. of Biochemistry, University
College, London.

Metrizamide [2(3-acetamideb-N-methylacetamid®,4,6-triiodobenzamidp2-deoxy-D-
glucosé was a gift fromNyegaard and Co., AS, Oslo, Naw

All other reagents were of analytical reagent grade, except sucrose for glucosyltransferase
assays which wa@\ristardgrade(BDH Chemicals Ltd., Poole Dorset, @and.

2.1.2.  Culture Media

(1 Blood Agar

40 g Blood Agar Bas@Oxoid Ltd., Basingstoke, Englapdas dissolved in I | distilled water,
steamed over boiling water for 20 min and then autoclaved for 20 min at 103.5 kPa, The agar
was cooled t@3 °C and defibrinated horse blood (Wellcome Research Laboratories,
Beckenham, Kent) was added to a final concentration of 5% (v/v).

(i) Carlssonts Diffusate Medium

This medium, described by Carlssetral (1969, was made up as follow&5 g Casein
Hydrolysate(Acid), 100 g Tryptose and 50 g Yeast Extrgadt from Oxoid Ltd) were

dissolved in 500 ml distilled water and dialysed in Visking tubing against 1.5 | distilled water
at 4°C, overnight.The dialysis was repeatédice more and the three diffusatesre moled.

The volume was made up to 4 itwdistilled water and 15 g of anhydrousH€ Qs was

added and dissolved, This solution was autoclaved at 103.5 kPa for 20 min (or longer,
depending on the volume of liquid to be sterilised), If the medium was not to be autoclaved
immediately it was stored frozeni&0 °C.

50 gl (277 mmol/l) D-glucose, in distilledvater,was autalaved at 103.5 kPa for 20 min and
added aseptically to sterile CarlséoDiffusate, as described above, to give a final glucose
concentration of 10/g(55.5mmol/l).

2.2. Microorganisms
Streptococcus sangud®4 (NCTC 10904), a strain isolated from human dental plaque, was a
gift from Prof. J. Carlsson, Univsity of Umed, Uppsala, SwedeBacteria were stored as
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freezedried cultures or as stdultures on blood agar (see 2.1.2) slopes grown overnight at
37°C and stored at 4C with fortnightly transfer.

2.3. Methods

2.3.1. Growth of S. sanguis304

S. sangui804wasgrownin batch culture as described Bgeley and Black1977), Various
volumes of culture medium, all in conical flasks and from 0.25 to 4 1, were used.

Bacteriawere gownin Carlssois Diffusate Medium(see 2.1.Pcontaining 10 4 D-glucose,
at 37°C and at a constant pH of 7i@ the apparatus slwnin fig. 2.1.

Cultures were inoculated with a 16 h liquid starter culture in the same medium, 2% of the
culture volume, using a peristalticrpp and an automatic time switgd was controlled by
means of a steaautoclavable combination glass electrode (Activion Glass Ltd., Leslie, Fife,
Scotland and a Radiometer Titrator TT{Radiometer A/S, Copenhagen, Denmark) which
regulated addition of 1.0 mbNaOH (10 mal for 4 1 cultures) by a peristaltic pump.

Five different parametersese monitored during culture growth.

(1) Depletion of glucos&om culture fluid was measured quaativelyb y  Gdd€erid
method(see section 2.3)&nd semiguantitatively, for rapid estimations, using
(Clinistixdreagent stripgAmes Co. Slough, England

(2) Cell numbemwas measured as turbiditigss) of culture fluid.Black (1979 has shown
for these cultures that turbidity of culture fluid, at 5#8, is directly proportional to
dry weight of washedells, up to a turbidity of 1.@equivalent to about 250y dry
weight of cells/mj, Samples of high cell densi{fs40 > 0.8) werediluted 1:10 in 0.9%
w/v (154 mmol/) NaCl before turbidityvasmeasured.

(3) Acid productionwas monitored by a chart record®adiometer Titrigraph SBRJc

connected to the microswitch relay which controlled addition of NaOH, The chart trace

was a measuref cumulative pumping time of NaOH solution, The total amount of acid

produced by the culture, at any given time, could be calculated from this trace, knowing

the flow rate(pumping ratgand the concentration of the NaOH.
(4) Glucosyltransferase activiip culture supernatants was measured by the method of
Cybulska and Pakukd 9633, as described in section 2.3.3.

(5) Protein concentratiomn culture supernatants was measured by the method of ledwry
al. (195)) as described in section 2.3.3.
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Figure 2. : Batch culture apparatus
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() The temperature of the culture vessel was maintained &t Bva
thermostatically controlled circulating water bath.

(i)  ThepH of the culturewaskept constant at.0+01 by additionof NaOH,
regulated by pH-stat,asdescribé in thetext (Section 2.3.1

(i) Theairin the culture wa kept sterildy meansof a glass fibrer sinteredglass
filter.

(iv) Sterility of the culturewvascheckedoy examining Gram stains diy plating out
samples omlood agaKsee2.1.2 at regular intervals.

2.3.2.  Treatment of culture fluid

Before the concentrations of glucose and protein were assayed, samples were chilled on wet
crushed ice and bacteria were removed by centrifugation atglie@@@0 minat 4°Cin an

MSE &t1écentrifuge.

The essentially cefree supernatant will be referred to, in this thesmssgulture supernataat

2.3.3.  Assay methods

0] Glucose

The glucose concentration in culture supernatants was determined by the glucose oxidase
Perid methd using Blood Sugar test ki(Boehringer Mannheim, GmbH, Mannheim, West
Germany.
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(i) Sucrose/Glucose

Sucrose and glucose concentrations in saliva, foods and drinks, and in the extracellular fluid
of dental plaque were assayed byearymecoupled system usinSucrose/Glucose UV test

kits (BoehringetMannheim GmbHMannheim West Germany) with the following reaction
scheme:

(1) Invertase Sucrose + BD - Glucoset Fructose
(2) Hexokinase Glucose + ATP - Glucosé 6-phosphate- ADP
(3) Glucosé 6-phosphate dehydrogenase
Glucosé 6-phosphate- NADP - Gluconaté6-phosphate- NADPH + H*
Production of NADPHvas measured as increase gaoHn the absence f | n v B4is a s e,

proportional to the concentration of glucoseha sample, In the presence of invertase,

sucrose ibrokendowntog |l ucose and f rEdocsproppréonal to theetatab f or e
concentration of sucrose aghlicose, Thus, the concentration of suclieggopational to

the difference between the valuedDihaoin the presence and the absence of invertase.

(iii) Protein
Protein concentrations were determined by the method of Letnaly(1951) using bovine
U chymotrypsinogen as a stand@vdilcox et al, 1957.

0.4 ml of sampldat neutral phlwas added to 0.6 ml 40 mol/l NaOH, 5 ml of copper
citratein sodium carbonat&as addedthe solution was then mixed and incubated at room
temperature for 10 min.

0.5 ml of a 1:2 dilution of th&olin-Ciocalteau reagerfin H.O) wasadded, mixed rapidly
and incubated at room temperature for 30 min. Extinctieerethen read, immediately, at
500nm.

The copper citratsodium carbonate reagent was preparediloying | volume of solution of
0.5%w/v C,SO44.5H,0 in 1.0% w/v sodiumcitrate with 49 volumes of a 2%/v solution
of N&COs.

Protein concentrations in column eluates were monitoredsad\i® attempt to standardise
these measurements was made.

(iv) Carbohydrate

The carbohydrate concentration in glucan preparations was estiasatetal hexose by the
method of Duboigt al (1956), using glucose as a standaad,follows, 1 volume of 5% w/
(531 mmol/l) aqueous phenol was added teolume of sample in a thiewalledd® y r e x 6
testtube.Five volumes of 96%v/v) H 2SOy wereadded and mixed rapidly.

The solution was left to stand at room temperature for 10 min anthemsooled to 25C

q

P
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in a circulatingwater bath for 20 min, Extinctions were measured at8(f the tubes are
covered(to prevent dust settling on the camti® the colour is stable for over 24 h.

(V) Glucosyltransferase activity
Enzyme activity was measured by two methods.

Precipitable glucan production
For crude preparations and in some experiments, the method of Cybulska and Pakula
(19633, as modified by Beeley and Bla¢k977 was used.

One volume of enzyme preparation was miwéith one volume ofi% (w/v) AAristard
sucros€292mmol/l) in 200mmol/l pH 7.0 sodium phosphate buffer containing 012 g
penicillin/streptomycir(tissue culturg@reparabn; BDH Chemicals Ltd., Pool®orset,
England. The mixture was incubated at 3Z for 24 h(or less, as the experiment
demandejl Reactions were stopped by adding 2 volumes of @84 (1.22 moll) sodium
acetatdollowed by 5 volumes of 96% ethanol af@.

The mixture was shaken to precipitate polysaccharide and left for at least 4 h at room
temperature, The precipitate was centrifuged at §f@® 20 min at room temperature and
was washed twice with a mixture of 96%aol, 10% (w/v) sodium acetate and distilled
water (5:2:2 by volume), The washed precipitates were redissolved in ¢l Na®H and
assayed for total hexose by the method of Dubbét (1956) as described above,
Precipitates which were only sparinglgluble were redissolved in 1.0 fidlaOH (Dr M.V.
Martin, personal communication).

Control tubes were those tubes toiethsodium acetate and etham@readded at zero time.

Determination of release of fructose
This method was used for partiapyrified preparationsfenzyme and for column eluates.
(Method of Carlssoet al, 1969

One volume of enzyme solution was incubatéith one volume o250 mmol/l sucrose in
100mmol/l pH 6.8 sodium phosphate buffer at°€7 At zero time and at a speéit

incubation timgusually 1 houy, two 0.2 ml samples were withdrawn and each was added to
0.8 ml of 40mmol/l NaOH solution, The samples were then assayed for reducing(asgar
fructosg in alkaline conditions by the method of Somb949, The samples in NaOH

were mixed with 2 ml of the Somogyi copper reagent.

The mixtures were incubated at I00C in covered test tubes for 120 minutes and then

cooled to room temperatu(@0i 25 °C) inawaterbatiNe |l sondés ar senomol ybd:;
sufficient to dissolve the cuprous oxide precipitate (usually 1 ml), was added and the volume

was made up to 6 ml (or 25 ml with samples of high enzyme activity) colour produced is
proportional to the concentration of fructoEatinction (at 520nm) may beread
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immediately. The colour is stable for several hours but will deteriorate overnight. Extinction
may be read at 54600 nm.

(vi) Hydrogen peroxide

For greater sensitivityyydrogen peroxide solutions were standardised by the method of
Vogel (1951, pp.348 349), A sample of 1 100 volusdhydrogen peroxidéVerck

Perhydrod was diluted 1:5 and 10 ml of the diluted sample plased in a conical flask,
180 ml of 2 N HSQs was added an@0O, wasbubbled slowy through the mixture20 ml of
10% w/v potassium iode] followed by 3 drops of @6 w/vammonium molybdate were then
added, andhe releasetdinewas titratedvith 0.1 N NaS0s.

(vii) ZrO Clz assay for fructose

The glucosyltransferase assay method involving assay of release of fructose from sucrose as
reducingsugar in alkaline condition€arlssoret al, 1969 is rapid and convenient but

cannot be used to assay enzyme activity in crude preparations because of interference by
other compound@lack, 1979.

In the method used by Carlssenal. (1969), fructose was assayed by the method of Somogyi
(1945), The fructose assay technique describ
investigated as a possible alternative to th
sample was mixed with 0 0 ¢ Immal/ffzircdn®@ chloride ZrOCl) solution, The mixture

was heated at 10@ for 30 minutes, cooled in an ice bath for 2 minutes, and diluted to a

final volume of 310 ml with distilled waterThe extinction was measured at 384.

Ultraviolet spectra of the resulting colour were obtained with alByeam SO 800 scanning
spectrophotometer.

2.3.4.  Purification of S. sanguisB04 glucosyltransferases
Extracellular glucosyltransferases in culture supernatants were purified by the following
series of proedures:

Concentration/Bsalting of culture supernatant
Ammonium sulphate precipitation
Desalting ofammonium sulphate precipitates
Hydroxylapatitechromatography
(Thedesalting steps wemitted in earliepreparations.

) Concentration/Desalting

Culturesupernatants were concentrated and desalted against distilled 1mterRibeBi80
Miniplant hollow fibre ultrafiltration device (mol. wt cutff 30,000; BieRad Laboratories
Ltd., Bromley, Kent) in order to:

(@ reduce largeulturesupernatantolumes
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(b) removepossible lowmolecularweight enzymenhibitorsandor denaturing
agents
(c) removeoligopeptidego facilitatefurther purification.

Sampleof culture supernatanterecirculatedaround the hollow fibréundle(fig. 2.2) by
meansof a peristalticoump connected tine ports orthe surrounding jacket

Figure2. :Oper ati ofxi beroBODoMiniplantdé ultrafi

O
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Waterandother lov molecularweight species @re drawn througthe pores inthe fibre
walls andout ofthe fibres, byanotherperistaltic pumpSmall sampleglessthan 1 litrg were
concentrated-2old, andlargersamples upo 4-fold. Various flow rates, ofli 20 ml/min,were
used,depending orthevolume ofculture supernatant used.

Redissolved ammonium sulphate precipitates were desalted by dialysis against the
resuspending buffer (see next section) in aBhmer 80 beaker, (This is essentially the same
device as the Miniplant but has a slightly different configion and a lower fluid capacity).
Thewholesample vas placed insidt#he hollow fibres anddialysed against buffevhichwas
circulatedthrough the surrounding jacketatoutl ml/min.

All proceduresvereperformedat 4°C in a cold room.

(i) Ammonium sulphate precipitation

Finely powdered, ded ammoniunsulphatevas added sisly to concentrated culture
supernatant, in an ice bath, with stirrifghen the desired concentration of ammonium
sulphate was reachédccording to the nomogram of Dix¢t953 with correction for
temperaturg themixture was kept stirring for at least 30 min and the precipitate was
removed by centrifugation at 20,0§Gor 25 min a# °C.

Precipitates were dissolved imimol/l potassium phosphate buffgH 6.8, using the
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minimum volume necessary to dissolve the precipitate, and the solution was either used
immediately or storeftozen af 20 ° C.

(i) Hydroxylapatite chromatography
Various volumes and shapes of chromatography column were used. The details of these are
stated irthe results sectioi\ll experimentswvere performed at 4C.

In all experiments, Sigma hydroxylapatfieype I; defined suspensignequilibrated with

I mmol/l potassium phosphate buffgH 6.8 was usedColumnswere regenerated by
washingwith atleast 2 column volumes @f0 moll aqueous NaCl, folloed by at least two
column wlumes of the starting buffer.

Stepwise gradientelution
Samples of glucosyltransferase solution (purified by ammonium sulphate as described above)
were applied manually @ hydroxylapatite column, via a thregy tap.

Fractions were eluted by increasing concentrations of b{ff@®1 1.0 moll potassium
phosphate, pH 6)8n a stepwise gradient. Eluant buffer was pumped through the column
(descending elutigrby means oé peristaltic pump, connected to the bottom of the column,
Potassium phosphate buffer was used becauséCatsédium phosphate buffers aret
sufficiently soluble at the higher concentrations uggxdto 1.0 mal).

The protein concentratiorfas Esg) and glucosyltransferasetivities of fractions were
monitored.

Continuous gradient elution

The procedure was identical to that for stépe elution except that fractions were eluted by
continuouggradientprogrammedautomatically by ardUltragraddelectronic gradient mixer
(LKB-Produkter, AB, Swedgn

(iv) Experiments on affinity chromatography of glucosyltransferases

The glucosyltransferases 8f sangui804 bind strongly to Sephadé®harmacia Fine
Chemicalscrosslinked dextran gel beaji§Carlssoretal., 1969, The use of Sephadex as a
possible medium for affinity chromatography of these enzymes was therefore investigated, If
practicable, this method would be preferable to using a specially prepared column material,
e.g, by binding dextrans to epoyactivated Sepharose.

Sephadex G10 wasequilibrated in 0.1 mdll sodium phosphate buff@H 6.8 and all

eluants were made up in the same bufdarmacia K9/15 (diam. 9 mm x height 150 mm)
columns were usedolumn bed volumes were 9.5 rlolumn void volumes and evenness

of packing of the Sephadex were determined by means of Blue Dextran 2000 (Pharmacia).

Constant flow rates were maintained by peristaltic pumps (LKB Perpex) and fractions were
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collected manually, Stepwise elution gradiem&se used, Samples were eluted with glucose
(0i 1.0 moll) or Dextran T2000 (Pharmacia; mol. wt. average 2% (1.0 dl, equiv.to 0
0.5¢ md)| Flow rates were about 0.25 ml/min and fraction sizes were about 3.5 ml.

1.0 ml of ammonium sulphate pugti glucosyltransferase preparation, containing 1.12 mg of
protein and with glucosyltransferase activity of 57.1 mg precipitable glucan/24 h, was applied
to each column.

2.3.5.  Purification of nigerodextrins

) Homogeneity of preparations- paper chromatography

Sampe of nigerodextrins solutions (5 €l of
3MM chromatography paper and run by ascending chromatography using-firopathyl
acetate:HO (6:1:3, v:v:v) as solvent.

At the end of the runs, the chromatograms weraldsaprayed with ammoniacal silver nitrate
(50mmol/l AgNQOs, 2.5 moll ammonia) and heated at 185 for 10 min. Nigerodextrins
appeared as dark brown spots on a pale brown background.

Mobility of sample was measured ag.Rhat is, theatio of distancenovedby the spot to
the distance moved by glucose.

All preparations appeared be homogeneous, except nigaase and nigerotetraose which
shaved faint spots of kver mobility (see Table 2)1

Table 2. : Paper chromatography of nigerodextrins & standards

Sample . Rac
Experimental Reported by Johnston (196!

Glucose (1.00) (1.00)

Nigerose 0.81 0.82
Nigerotriose 0.69; 0.68" 0.67
Nigerotetraose 0.49 0.5
Nigeropentaose 0.340 0.42

Lactose 0.65 o}

Maltose 0.67 o}

NOTES
0] All results arefom at least two determinatior@nly these two showed any variation on different runs.
(i)  The difference between the result found here, and that reportighhgtonis difficult to explain, An

Rgic of 0.34 corresponds more closely to nigerohexaose.

(i) Purification by gel filtration on Bio -Gel Pi 2
Those preparations etwn to beheterogeneous by paper chraagaaphy(i.e. nigerotriose
and nigerotetrao$evere purified by gel filtration on Bigel A 2 (100 200 mesh.
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A column of BieGel R 2, 25 mm(d) x 257 (h) (bed volume= 126 n\ equilibrated with 100
mmolA pH 7.0 sodium phosphate buffer, was used. Samples dissolved in the buffer were
applied to the column and weskited at a flow rate of 1.0 midn (fraction sizes, 1.62.1

ml) using the same buffer.

The column was calibrated for molecular weight with a mixture-gfu2ose, maltose,iL.O
Dextran(Pharmaciaand Blue Dextran 2000Pharmacia

Fractions were assayed for total hexose by the methDdlmjiset al (1956; see 2.3)3

Blue Dextran and 10 Dextran were elutedith the void volumg50 ml) (seefig. 2.3).
Maltosewas elutedatVe/Vo = 1.81 and glucosat Ve/Vo = 1.98

Figure 2. : Chromatography of carbohydrate standards on BieGel P-2
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On the same columrigerotriose eluted atdVo, = |.71,with some minor peaks of lower
molecular weigh{seefig. 2.4).
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Figure 2. : Chromatography of nigerotriose preparation on Bio-Gel P-2
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Nigerotetraose was eluted a§/V, = 1.67 as a single, symmetrical carbohydrate [iead
fig. 2.5).
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Figure 2. : Chromatography of nigerotetraose preparation onBio-Gel P-2

25 p—

2.0 L.

1.0}~

POTAL EEXOSE (as glucose; mg/ml)

0.5

0 25 50 75 100 125

ELUTION VOLUME (ml)

The minor spots observed in paper chromatograpliye nigerotetraose may have been
artifacts or may have been nararbohydrate contaminants, since the silver nitrate reagent
reacts also with reducing compounds other than carbohydrates.

Fractions containing the desired nigerodextrins were po@led figs. 2.4 and 2.5reeze
dried and stored.

2.3.6.  Pycnometry with organic solvent density gradients

) Introduction

To study clearance of sucrose from dental plaque and to detdhminencentrationsf
sucrose in plaque fluid, it is essential to know the volume of extracellula(E@HE) in any
given plaque sample, It is not feasible to measure the volume directly since the volumes
involved are so small, For example, the total plaque from an aduklim mouths typically
about 20 mgassuming about 31% ECGEdgar and Tatevossiat971), this gives an ECF
volume of about 6 1, depending on the density of the fluid.

A method of determining the density of very small samples of liquid was thereforeecequi
Density measurement techniques using gradients of organic solvents have been in use for
some time (see following paragraphs). If a drop of an aqueous liquid is applied to the top of
such a graent, the drop Wi sink until it reaches the point athich it has neutral buoyancy
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(the isopycnic point By calibrating the gradient with drops of solution of known density one
can determine théensity of uknownsolutions.

Gradients have been made us@@l ( 20 = 1.6 x 10° kg m'3) or bromobenzeng 2= 1.5 x
10° kg m'3) as thetheavydsolvent angpetroleum spiri{petroleum ethgror odourfree
kerosendfor both 20 ¥ 0.6:0.7 x 10° kg m' 3, depending on the hydrocarbamutbor mol.

wt. fraction selectédas thedightéone, Various methods pfeparinggradients have been
describedMiller and Gasek (1960) fed the gradient container from a mmesgrvoir which
initially contained the denser mixture; as this liquid was removed, the lighter mixture was
gradually addedThe density gradient conteer had constantly to Heweredto keep the inlet
tube at the liquid surface of tigeadient The nlet tube could not be movedtthout changing
the flow rate, since liquidvas fed by gavity, This technique seems cumbersome since
mixing rate flow rateand shifting of gradient container must either be carefylhchronised
or continuouslywatchedt is difficult to control theshape of the gradient by this method.

Wol ff (1975) wused Pertoftdds (1966) nmgdi ficat
through a tube to the bottom of the contailrthis methodgradientshape and mixing rate

are easily controlledhe gradient may even be made in steps aodvedl to diffuse to

linearity. Flowrate is unimportaniThe only disadvantage is thatthe inlet tube is

withdrawn the gradient may be disturbed.

If a continuous gradient is prepared, it may tfus a t t, byrdiffusiont nore rapidly, If a
stepwise gradient is prepared, the boundabetveerthe steps may bélurredd The steps
in gradientof this type, or in ultracentrifuge density gradients, should be as abapssible
or the final gradient, after diffusion, will be sigmoid rather than lifBaiO.N. Griffiths,
personal communication

(i) Drying of solvents

Commeral preparations of CGland petroleum ether contain traces of water and water
soluble compounds. These were removed before gradients were prepared by saturating the
solvents with distilled water, separating the bulk water and finally by drying with finely
divided calcium chloride.

(i) Preparation of gradients

Because of the disadvantages of previous methods, as describedhabae@ymethodsof
preparing gradients were devisédl, gradiens wereprepared in stopperadeasuring
cylinders of 500 ml, 1 1102 1 capacity(The graduations on ¢hmeasuring cylinder provide a
useful scale for preparing calibration curJes.

It is worth noting that it proved impractical to feed gradients by a peristaltic pump. The
silicone tubing used in the available pungpkB Perpex and VdtsonMarlow HR Flow
Inducer3 was attacked b€ C1s; the tubing became opaque and slippswelledup and
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eventuallyruptured. All gradients were hence prepared by gravity feed, fomssep
preparation, or by siphon, for continuous preparatibgradient.

Mixtures of CCls and petroleum ether of particular densitiese easily prepared; there was
no observable volume loss on mixing and hence a plot of measured densities against
proportions of either component is lindaeefig. 2.6).

Figure 2. : Density of CCl-petroleum ether mixtures
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Stepwise gradient preparation

CCL, Petroleum Ether, or mixtures of the two, were placeddropping funnel and alleed

to run slowly down the side of tiggadient container. The densest mixtures were applied first
and gradients were made up using five different mixt(oeétep$) with constant

differences in density between thepsteVarious density rangesmknding on the samples
studied were used.

Gradients were allowed to diffuse for at 48 h at room temperature before use and remained
stable for 24 weeks, if undisturbed.

Continuous gradient preparation
Continuous gradients were prepared using an BdliBagradgradient mixer and mixing
valve (LK B Produkter AB, Swedgr(seefig. 2.7).
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Figure 2. : Continuous preparation of organic solvent density gradients
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Teflon (PTFE tubing, resistant to attack by C£dr Petroleum Ethewas used throughout.

Flow of liquid was induced by syphoning, using a syringe to initiate ¢lve The gradient

mixer automatically produced continuous gradients, so this process did not require constant
attention. It was not necessary to-pne solutions ofCCL and Petrolem Ether, since any
desired proportions of each component can bgpygrammed on théJltragradh

Finally, since the gradients are continuous, they can be used as soon as they are prepared. The
preparation of one gradient takes less than 2h, everthvaitlargest gradients uséllitres).

(iv) Density standards

Four different solutions were used as density standards, sucrose, potassium iodide, potassium
permanganate and copper sulphate. These were chosen for the density ranges available with
solutions, andhe last two because they would give coloured drops on the gradient; at low
densities this colour was negligible, and solutions were stained with eosin which gives a deep
red colour in salt solution and is insoluble in organic solvents. The concentriagiosio was
insufficient to affect the measured densities of the solutions.
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Solutions were made up in double distilledideised wateand stored in stoppered test

tubes; they were standardised by accurate weighing, on a Mettler HI6 balance, of volumes,
measured with individually calibrated pipettessotumetric flasks, using doubldistilled
deionised water as standdfe.o at 20°C and 101.325 kPa £98.203 kgn' 3). The shapes of

the calibration curves were independehthe density standard used.

(V) Applications of this technique

This technique was primarily developed in order to study plague ECF but its applications in
oral biology arenot limited to this. Sublingual saliva is produced in very small amounts
(stimulated flow rate = 0.00.1 ml/min Stephen and Speirs, 19#hd is extremely viscous

it is impossible to pipette and has to be measured by weight, so the density of #tisrsecr
must be known in order to calculate volumes. The density gradient technique was therefore
used to determine the density of sublingual sgqlivadsayet al, 1978 and is being used to
study other body secretions, in particular, the minor glandasalithich are also produced in
small amountgDarlingtonet al, manuscript in preparatipn

2.3.7. Clearance of sucrose from saliva

Whole mouth saliva was collected by expectoration at various times during, and following,
ingestion of various sweet foods and brages. Saliva was collected in 15 ml centrifuge
tubes in an ice bath and was centrifuged at 38yd0020 min at £C to remove debris.

Saliva collected while beverages were still in the mouth was ren{byegtavity flow)
through a short piece sflicone tubing placed under the subfsdbngueOtherwise, saliva
was collected into centrifuge tubes atsifitervals.The detailed procedures for each of the
various foods and beverages studied are listed below.

(i) &ocaColad
The subject drank 250 rof CocaColadbad lib over 0.51.0 min. Samples taken while
theCocaColadwas in the mouth were shaken to remove dissob@ed

(i) Boiled sweet(Pascalfs &~ruit Drops 9§
The subject sucked a swg6t4 g until it was completely dissolvg@bout 10 mii
Saliva was collected in teitbes during and for 10 min after this period. Samples were
diluted as required and assayed for sucrose.

(i) Toffee (Callard and Bowser; Cream-Line Toffeed
The subject chewed a toffé&.4 g until it was completely dissolve@bout 2 mii.
Saliva was collected as (n). The samples contained large amounts offfam the
sweej and they were centrifugeat 38,0009 at 4°C for 25 min to separate this fat.

(iv) Chocolate(Cadbury; 6 Burnville Plain Chocolated
Solid chocolatalissolved in the mouth more rapidly than otheeets(ii) and(iii) so
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the subject cheed 45 g of chodate in six portions of about 78§2each, over a period
of 3.5 min.Saliva wascollected as irfii) and fat removed as f{ifii ).

(v) Sweetened Tea
The subjet drank 150 ml of hot tea, containing milk and either 3 teaspoonful®
or 18 g of ssugab(naladsucrosg ad lib over a period of 3 min. Saliva was
collected as described above.

2.3.8. Clearance of sucrose from dental plaque

) Collection of plaque

Thesubject for these experiments was a healthy adult male volunteer who received no dental
treatment during the course of the experiments. Plaque was grown for 24 h and experiments
were performed

2 h after the last meébreakfast The subject rinsed his mthufor 30 seconds with 10 ml of

a 26 w/v (584 mmol/l) solution of sucrose in distilled water. At various times after the rinse,
plaque was removed, as quickly as possible, from all teeth using a nickel scraper and was
placed in a humid plastic ntiner inan ice bath. Wen all the plaque needed was collected,
it was placed on a membrane filjgsee next sectiofii)] and weighed.

(i) Separation of plaque extracellular fluid (ECF)

In previously published methods, plaque ECF was separated from giadjdedby high
speed centrifugation in a microhaematocrit centrifiigggar & Tatevossian, 19Yar by
lower speed centrifugatiq®000g) in wide-bore centrifuge tubgd atevossian & Gould,
1976.

With both methods, it is difficult to recover the separatedl flithout contamination by
bacterial cells. Various methods of isolating ECF were attempted in this study, but all were
based on the following principle. Plaque was placed on a membranéstiieh wauld

retain bacterial cel)sand the extracellar fluid was drawnhrough the membrane by
centrifugation.

Initially plaque was placed i@Centriflodmolecular filter cone§Amicon Ltd., Woking,
Surrey, Englandand centrifuged, at 4C, in thedCentriflodholders. However the volume of
the &entriflobapparatis was too large to allow convenient handling of the small plaque
sampleg30 mg or less Moreover, the appatus could only be used at I®peedg2,300
r.p.m., corresponding to 1,6@0. As a result, theate of separation of the ECF was too low
to beuseful in the separation of plaque flygkefig. 2.8) which must be done very rapidly to
avoid the risk of contamination by the contents of autolysed cells.
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Figure 2. : Separation of plaque extracellular fuid by centrifugation through

6Centriflod membrane filters
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An apparatus was constructeseefig. 2.9) to allow plagqu€luid to be separated throughilliporedcellulose
acetate membrane filter dis@iameter B mm; pore size 0.4% mMillipore (U.K.) Ltd., Park Royal, London,
England.

Figure 2. : Apparatus for separation of plaque extracellular fluid by centrifugation

through &6Millipored membrane fil't
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The assembly was spun in a 4fixed-angle rotor, so the direction oéntrifugationwas at to the long axis of
theapparatusas shown by arrow below).

The fitted discs (with plaque samples) were held over a collecting centrifuge tube in a
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60Swinnexd filter h ehbsdenblywadkentrifugeg at 206g)@t 4°CT h e
for 15 min. This speed and time removed about 30% of the weight of the plaqtig.(see
2.10) which corresponds roughly to the proportion of ECF in plaque reported by Edgar and
Tatevossian (1971).

In earlierexperiments using thepparatus showin fig. 2.9, the extracellular fluid presumed
to have been collected in the centrifuge tube was diluted ii.0.5.nl saline because the
volumes of fluid(1 O | orelesg which could be collected fromhwle mouth plaquevere too
small to be conveantly pipetted. However, it as found thaalmost no fluid was observed

in the collecting tube after centrifugation. Any extracellular fluid which passed through the
membrane may have been retained, dried, on the bottom plaet fdter holder. To

overcome this, the plaque samples on the membrane were overlayed with aargungs of
0.9%w/v NaCl(154mmol/l) (0.2-0.5 m)). This was teensure that any extracellular fluid
would be thoroughly rinsed from the plaque into therieige tube.

The diluted plaque ECF was then immediately assayed for sucrose and glucose
concentrations, as described previoySigction 2.3.8 From these determinations, the
amounts of sucrose and glucose indhginal plaque sample could be calcatitexpressed
asnmoles per mgvet weight of plaque The density of the plaque was determi(kd4

x10% kg/m?; see 3.8.2)Using this and the value of 31.284/v) reported by Edgar and
Tatevossiarf1971) for the proportion of ECF in plague, tentatixaues for the concentration
of sucrose and glucose, in plaque ECF, were calculated.

wh o
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3 RESULTS

3.1. Batch culture of S. sanguis304

3.1.1.  Production of extracellular glucosyltransferases

The project described in this thesiasbased on theiork of Beeley and Black1977). They
showed that, in batch cultures, in the absence of su@osangui804 produces
extracellular glucosyltransferases in three phdsess thus initially necessary tietermine
whether or not this triphasic pattern could be confirmed.

Cultures ofS. sanguig804 were grown at constant pfd.0£0.1) as described by Beeley and
Black (1977 see 2.3.1 Fig. 3.1 showsheresults from one such culture.

Figure 3. : Extracellular glucosyltransferase production byS. sanguign batch culture

The three phases of enzyme activity, corresponding to those described by Beeley and Black,
are indicated.



























































































































































































































