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ABSTRACT

Sucrose is the sugar fourd in greatest abr¡rdance in human diets

and has been implicated both in human and animal studies as a causative

agent in the initiation a¡rd progressi-on of dental caries. Information

on its metabolism particularly that by the mixed bacterial populations

for¡rd in dental plaque and saliva, is fragmentary. The studies re-

ported in this thesis have examined those aspects of the metabolism of

sucrose by the bacteria in salivary sediment and dental plaque 1ike1y

to be applicable to the ability of the latter to form acid on the

tooth surface and the development of the caries lesion.

A basic study was carried out to compare the metabolism of suc-

rose by the nicroorganisms in salivary sedirnent to that of its con-

stituent monosaccharides; glucose and fructose. The parameters examined

were decrease in pH, sugar utilization and polysaccharide, carbon dioxide,

lactic acid and hetero-acid formation. Comparison was made at several

sugar concentrations in mixtures incubated for four hours at 37oC and

inwhich the concentration of salivary sediment was 16.7 per cent O/V¡.

With all the sugars tested, a fal1 and rise in the pH occurred at

1ow sugar concentration and a fall without the subsequent rise at high

concentration. The rates of utilization at each of the sugar concen-

trations examined, acid a¡rd carbon dioxide formation, trr/ere almost iden-

tical. Paper chromatography demonstrated that sucrose rvas rapidly

hydrolyzed extracellularly to glucose arrd'fructose. The anou¡tt of

carbohydrate stored by the bacteria in the sediment tvas most with suc-

rose and least ivith fructose. Sucrose was fourrd to be the nain sugar



11

fron ivhich extracellular polyglucose and polyfructose could be syn-

thesized.

The next study rvas restricted to sucrose and attention was focused

on the effect of sucrose concentration and pH on the formation of extra-

cellular polysaccharide, released into the nediun and that remained with

the sedirnent "

It was evident from this study that; (i) extracellular polysac-

charide synthesis requires the presence of sucrose molecule; (ii) syn-

thesis increases with increase in sucrose concentration; (iii) that free

and attached polysaccharide and the polyglucose and polyfructose they

contain are dependent. upon the sucrose concentration; (iv) synthesis a¡rd

the types of polymers formed are also dependent upon the pH, and; (v) the

fructose polymers formed from sucrose were more soluble and homogenous

than the glucose polymers.

Utilization of a variety of levans and dextrans by salivary sedi-

ment and dental plaque was then exanined. Also exarni¡red was whether

the presence of sucrose or such factors as salivary supematant and pH

night affect the degradation of extracellular polysaccharide.

Bacteria in salivary sediment and dental plaque utilized all of

the several dextrans and levans tested. Acid formation fron the various

dextrans and leva¡rs r.rere dependent r¡pon their concentration and on the

pH. It was also shoi"n in this study that the ability of the bacteria

in plaque to utilize dextra¡rs or levans was comparable to that of the

bacteria in salivary sedinent. The extracellular polysaccharides syn-
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thesized in salivary sediment mixtures incubated with C14-rr.rcrose when

isolated and supplied as substrate, were utilized by the bacteria in the

same system" A most important observation was that sucrose inhibited

utíIization of both extracellular polyfnrctose and polyglucose. This

inhibition was evidently an effect due to substrate, rather than an effect

due to pH.

Finally, the effect of salivary slæernatant, fluoride and the pH

on the rnetabolism of sucrose was examíned in both salivary sediment and

dental plaque.

Salivary sræernatant stimulated utilization of sucrose, forma-

tion of plaque carbohydrate and a slight decrease in the pH. Both in

the presence and absence of salivary supeïnatant, fluoride inhibited the

same three parameters of sucrose metabolism. Both in plaque and sedi-

ment mixtures incubated with sucrose, salivary sræernatant stinrulated

while fluoride inhibited acid formation. The stimulatory effect of

salivary supernatant was greater at pH 6.0 than 5.0, whereas the inhibi-

tory effect of fluoride r{as more at pH 5.0 than pH 6.0. More sediment

carbohydrate was formed in the presence than in the absence of supernatant

andmore formed at pH ó.0 than at pH 5.0. On the other hand, fluoride

inhibited formation of sedinent carbohydrate. Both the supernatant a¡rd

sediment components of the extracellular carbohydrate decreased in the

absence of supernatant and increased with fluoride whether surpernatant

was present or not.

Metabolism of fructose i{as affected in the same vray by salivary
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supernatant and fluoride as the netabolisms of sucrose and glucose. This

plus the fact that sucrose is hydrolyzed extracellularly, indicates that

the effect of salivary supernatant and fluoride on sucrose metabolism is

essentially through their effects on its glucose and fructose monomers.

Several aspects of the metabolism of sucrose by the oral microflora

associated with the formation of glucose and fructose polymers acid forma-

tion, and factors regulating the metabolism of sucrose have been iden-

tified and their relation to the caries'process are discussed"
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CHAPTER I

INTROUJCTION

Nfumerous studies have been carried out to determine the role of

sucrose and other carbohydrates in the initiation and progression of

dental caries, one of the most prevalent diseases of man" Miller in

1890 proposed that acid formed during degradation of dietary carbohydrate

by the bacteria fotnd in the mouth dissolves the mineral portion of the

enamel and initiates the caries lesion" The regions of the dentition

where both food a¡rd bacteria collect are those surfaces of the teeth

protected from abrasion by the oral musculature" l{illiams (1897) and

Black (1898) naned the bacterial deposits, dental plaque.

Subsequent studies have shown that acid formation occurs as soon

as carbohydrate enters the mouth (Stephan and Mil1er, 1943) and as long

as there is sti11 carbohydrate available as substrate" The carbohydrate

available to the bacteria for acid formation can be classified according

to origin into two types, exogenous and endogenous"

Exogenous carbohydrate is the carbohydrate externally available as

substrate for acid formation and consists mostly of sucrose and the starchy

foodstuffs of the diet. The latter upon hydrolysis by the enzymes of the

bacteria and saliva provide the bacteria rvi'ch maltose and glucose (l'{anners,

f955). Sma11 amourts of other sugars such as lactose are also present in

the hr¡na¡i diet but relative to sucrose the amounts are generally of ninor
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signifi-cance in providing substrate for acid formation. A small amotrrt

of fernentable carbohydrate is also available from the mucoprotein of

the saliva (Leach, 1965) but its significance as a source of substrate

is not known.

Endogenous carbohydrate is mainly the carbohydrate synthesized and

stored by the bacteria" Storage rnay be intracellular or extracellular

and the polymers stored may serve as reserves for acid formation during

those periods that exogenous carbohydrate is not available"

The Microbial Flora of the Dental Plaque

The microflora of the dental plaque consists of a wide variety of

microorganisms, the relative proportions of r,r¡hich vary from dentition

site to dentition site, frorn day to day and from person to person.

Samples of plaque renoved fron the hrrnan dentition without regard to these

variables (Gibbons et a1, 19ó4) showed the predominant cultivable flora

in plaque to consist of the following: facultative streptococcí, 27 per

cent; facultative diptheroids, 23 per cent; a¡raerobic diptheroids, 18 per

cent; peptostreptococci, 13 per cent; veillonella, 6 per cent; bacteroides,

4 per cent; fusobacteria, 4 per cent; neisseria, 3 per cent; vibrios, 2

per cent and lactobacilli, less than 0"01 per cent.

Ritz (1967) has found that as plaque for¡ns on the labial surfaces

of newly cleaned naxillary or mandibular incisors, the nicrobial compo-

sition changes in an orderly manner; Neisseria gradually declined from

an average of 9 per cent at day I to 3 per cent at day 9; Nocardia com-
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prising 6 per cent of the tot¿l population at day 1, declined sharply to

0.1 per cent at day 9; Fusobacteria , whiclr accotulted for only 0.02 per

cent of the total on day 1 increased to 1 per cent on day 9; Veillonella

increased from 1.5 to tZ per cent and Actinomyces frorn 3 per cent to 23

per cent over tire sane period.

Streptococci, the predoninant microorganisms at each sanrpling

i¡rterval varied between 30-70 per cent of tlre cuttivable nicroflora with

ttre higirest counts on the tirird day" Fron this study it r'ras evident that

the microorganisms in early plaque are nai¡ly aerobic and that as plaque

thickens, tue proportion of anaerobic to aerobic microorganisms in the

flora increases.

Plaques in regions of the dentition protected fron saliva show a

irig,rer incidence of acidogenic and aciduric microorganisns than those

on tire more accessible surfaces. Pits and fissures, approxinal surfaces

ard caries lesions sirow much higher leve1s of lactobacilli than the other

regions of the dentition [Bahn and Quillman, 1963) . Insertion of

appliances causes a sharp rise in the acidogenic conponent of the

flora. For example, the fi-xing of orthodontic bands results in a

i:rcrease i¡r the incidence of such nicroorganisns as S" salivarius,

plaque

sharp

9-
rlLitjs and Lactobacilli (tsalenseifen a¡rd lr'fadonia, 1970) .

A. Role of Sucrose in tire Caries Process

1. AvailabiliV as substrate for acid formation

Lanke (1957) carried out an extensive investigation on the clearance
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of a large variety of sweets and starch-y foodstuffs from tire salivas of

lrwtan subjects" Follolqing íngestion of a fixed anptmt of a particular

carbohydrate, the concentration sirarply rose and then sloivly fell in an

exponential fashion. Ttre extent of the rise and the subsequent clearance

rvas 'affected by a variety of factors which included the sugar content of
the foodstuff. 0f particular interest vras the observation that the

salivary sugar concentration rose more sha-rplywith sweets than with bread,

but the clearance of the latter rvas slorver. With the more soluble sweets,

sugar was available at a higþer concentration for a shorter tirne period,

rvÌrereas rvith tire less soluble starchy foodstuffs, substrate was avail-

able at lcnr¡er concentration but for a longer tirne.

An extensive study on the effect of carbohydrate on caries in

irwrnn subjects ivas carried out in the Vipeholn hospital in Sweden parti-

cularly to deternine the effect of between meal eating (Gustafsson eil aI,

1954). Eating of various types of sweets between meals sharply increased

caries activity; tl-tforttrr.ately, becar.rse between meal eating of starchy

foodstuffs was not tested, starch corponents of the iri¡nan diet could. not

be evaluated.

7.. Animal studies

sirafer G949) observed in hamsters that the caries producing

capacity of a diet containing ó1 per cent sucrose r{as rnuch higher than

ttiat of the same diet containirg glucose" The greater cariogenicity of

sucrose rvas also obseryed by Krasse in hamsters (19ósa) and by Grenby

(19ó3) in rats.
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Experiments have also been carried out to determine if the mJry-

drolyzed sucrose molecule ís more cariogenic than the glucose-fructose

mixture one would obtain upon sucrose hydrolysis" Steinman and Haley

(1957) fotnd that such a glucose-fnrctose nixture administered to rats

rvas less cariogenic than comparable anor.¡nts of sucrose. Gustafson et al

(1955) noted that sucrose and fructose caused more caries activity in

golden hamsters than glucose" ùr the other hand, Grenby and Hutchinson

(1969) reported that there was no consistent difference in cariogenicity

between glucose and fructose" Similar results were also obtained by

Green and Hartles (19ó9) using albino rats, Carnpbell and Zinner (1970)

using hamsters and Rosen (1969) using gnotobiotic rats inoculated with

different oral rnicroorganisms.

The anjmal studies in general seem to support the vierv that the

sucrose of the diet rather than starches is the carbohydrate nainly respon-

sible for the cariogenicity of the modern huna¡r diet. This does not

appear to agree with human data particularly that showing sinilarity of

acid formation in experiments carried in vivo and in vitro (see section

B). One e>çlanation may be that the difference in cariogenicity ob-

seryed betlveen the sugars and starches in animal studies arises from a

difference in their retentivity (Grenby, 1967). Another, particularly

in those studies rvhere the a¡rimals are inoculated with various types of

cariogenic bacteria, the difference may arise from the absence of flora

having the enzymes needed for initial hydrolysis of starch to the simpler

sugars rvhich can be fermented by nany of the bacteria of the oral flora



(see section B).

3. Effect of sucrose on the conrpositioir of the salivary and plaque

nicrofloras

The role of carbohydrates in the establishment and survival of

certain oral microbes within the oral cavity have been exarnined by a

nurber of investigators. Indi"viduals on diets high in fermentable carbo- 
,

hydrate show a higher incidence of acidogenic microorganisms such as

lactobacilli (Appleton, 1950). On the other hand, restricting the intake

of carbohydrate greatly reduced the lactobacillus populations (Jay, 1947).

Interest in specific microorganisns lagged t¡ntil the 1960's rvhen

the concept of the role of bacteria in the caries process was revived.

Because of thej-r much higher m¡nbers in the plaque, particular attention

was paid to the streptococci, Attention focused on the ability of the

streptococci to forrn polysaccharide and the role of these polymers in;

(i) providing reserves for acid production and; (ii) adhesion of micro-

organisms to tooth surfaces

Bolen and Cornick (1967) obseryed that although the total population

of streptococci lvas r:naffected, the population of extracellular poly-

saccharide-forming streptococci declined decidedly in plaque from monlieys 
Ì

rvhen the leve1 of sucrose in the diet was drastically reduced. I

Van Houte (1964) showed that restriction of the carbohydrate content

of the diet produced a marked reduction in the nunber of polysaccharide-

storing microorganisms in the dental plaque. Streptococcus salivarius

increased in both saliva and in dental plaque after adding either sucrose
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or glucose to the diet (Carlsson and Sundstrom, 196B). The increase in

population \vas more lvith sucrose than rvi-th glucose"

A high sucrose diet supports the implantation of caries-inducing

streptococci in hamsters, while lvith the sane amounts of glucose, few of

the implanted organisms can be recovered (Krasse, 1965b). Studying the

effect of carbohydrate restriction on the presence of some oral bacteria,

De Stoppelaar et al (1970), have shor,¿n that during carbohydra'te free

periods, both Streptococcus mutans and iodophilic-polysaccharide producing

bacteria decrease in population" Rei¡rstitution of sucrose or glucose

into the diet, resulted in an increase in the ntlnber of these bacteria

j.n the dental plaque. Jordan et al (1969) reported that sucrose, glucose

and fructose diets supported. the implantation of Odontomyces viscosus in

hamsters.

4. Effect on plaque formation

The relation between dietary carbohydrate a¡rd plaque formation has

received considerable attention in recent years. More plaque is formed

in hurans on diets containing sucrose rather than glucose (Carlsson and

Egelberg, 1965). TLe carbohydrate content of the plaque was shown to be

higher with a sucrose than with a glucose diet (Carlsson and Sundstrom,

1968). 0n the other hand, less plaque formation occurred with either

fructose or glucose or a mixture of the two compared to the extensive

coronal plaque formed follorving frequent exposure to a sucrose diet

(Frostell et al, 1967) 
"



B. Carbohydrate Nletabolisn of the Salivary and Plaque Flora

The oral microflora can ferment a wide variety of carbohydrates,

including the common monosaccharides, glucose, galactose, fn-rctose and

mannose and the corlnnon disaccharides lactose, sucrose and maltose (Man1y

and lVa1born, 195ó). The carbohydrates (hexoses, hexosamines, fucose and

sialic acid) that are part of carbohydrate-protein complexes, can also

be fermented by the oral microorganisms (Critchley and Leach, 1965).

1. Acid formation

The ability of mouth organisms to ferment carbohydrates was ob-

served by Mi11er (1890) and later many others by incubating saliva with

the various corrnon sugars

In studies lvith pure cultures, Stephan and Hemnens (L947) fotnd

that microorganisms isolated from dental plaque not only produce acid

at different rates, but the amount of acid produced by a particular micro-

organism varied with the type of carbohydrate. The monosaccharides,

glucose, fructose and galactose produced more acid than the disaccharides,

maltose, lactose and sucrose, which in turn produced more acid than starch.

Galactose and lactose produced slightly less acid than their correspon-

ding mono- and disaccharides. The mixed microorganisms of the salivary

and plaque flora reduced the differences between the mono- and disac-

charides (lt{il1er, Muntz and Bradel, 1940; Volker and Pinkerton, L947;

Kleinberg, I970a). Presunably, the presence of invertase in some micro-

organisns rvould enable others to utilize the resulting monosaccharides"
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lVhen incubations lvere rvith rvax stimulated whole saliva, except for

a slightly slower rate rvith galactose and lactose, the differences in

aci-d formation betleen the various sugars and between the sugars and

starch disappeared (Volker a¡rd Pinkerton, 1947) " The disappearance of

the difference in rate of fermentability has been attributed to the

presence of amylase in saliva which rvould facilitate more rapid hydro-

lysis of the starches to the more easily fermented maltose and glucose.

Lilienthal and Reid (1959) in studies with saliva-carbohydrate nix-

tures found that acid production from glucose could either be equal to or

less than that from sucrose. They suggested that for acid formati-on to be

equal from sucrose and glucose, the salivary microorganisns would first have

to be e4posed to a high sucrose diet" One effect of such exposure would be

to enable microorganisms in the oral nicroflora to adapt to the sucrose by

increasing their level of bacterial invertase. This would enable the nicro-

organisms to produce more acid from sucrose than they might othenvise be

able to do.

lr{anly and l{alborn (1956) for:nd no differences in acid formation when

salivary sediment r^/as exposed to equal concentrations of glucose, fructose

or sucrose. The same results were obtained by Frostell (1964) with plaque

in vitro, by Ranke (19ó8) rvith streptococci isolated from dental plaque,

and by Neff (19ó7) in studies on the pll changes in dental plaque in vivo.

The acids produced by the oral bacteria have been explored in a

nt¡rber of different experimental systems. All have pointed to the fact

that lactic acid is one of the main acids formed"
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Neuvirth and Klosterman (1940) fotnd that lactic acid rvas rapidly

produced in vivo follorving introductlon of carbol'rydrate into the oral

cavity. Also, rapid formation occurred in saliva incubated lvith different

carbohydrates. tvith glucose and sucrose, lactic acid formation was

approximately equal.

Miller et a1 (1940) exanined the fonnation of lactic acid from a

variety of carbohydrates in incubated mixtures containing dental plaque"

Their data suggested that slightly more lactic acid was produced from

sucrose than from either glucose or fructose" Using plaque material in-

vitro, li'luntz (1943) demonstrated in addition to lactic acid, that other

acids were formed fron glucose amongst which weïe acetic, propionic and

fonnic acids.

Net¡,¡irth and Baerger (1957) observed in saliva-glucose mixtures

that in addition to lactic acid, ma1ic, oxaloacetic, o-ketoglutaric,

succinic, fumaric and pyruvic acids were also formed. Andlaw (1968)

studying acid production in whole human saliva incubated with several

substrates denonstrated the formation of succinic, fi.unaric and malic

acids. Drucker and lr{elville (1968) examined the acids formed from glucose

by cariogenic and non-cariogenic streptococci and found that these were

formic, acetic and butyric acids.

Sandharn and Kleinberg (1970a) fourd in salivary sedinent mixtures

that lactic, acetic and propionic acids are the main acids formed from

glucose during its breakdorn'n and that lactic acid is only forrned as long

as glucose is stil1 present in the mediun. They shorved that once the
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glucose rvas used up, the lactic acid that had acct¡nulated during the

period of glucose utilization was converted innnediately to acetic and

propionic acids. lVl:ren glucose rvas not used up, the lactic acid accunulated

as though it were an end product rather than an intermediate.

Combining nricroorganisms alters the metabolism of the individuals.

For example, streptococci prevent lactobacilli from reaching as low a

pH as that reached by lactobacilli when present alone (Stephan and

Henrnens, 1947) " The lactic acid produced by streptococci can be rapidly

converted by Veillonella to the weaker propionic and acetic acids and

to carbon dioxide; the two microorganisms act as though they are a single

metabolic r¡nit.

Hu and Sandham (1969) have shown that of the streptococci isolated

from plaque and tested for cariogenicity in anfunal e>çeriments, most

form lactic acid as their final end product, but some such as strain.AllT,

produce acetic acid. However, in mixed populations, such as salivary

sediment or dental plaque, lactic acid is an intertnediate and not an end

product of glucose catabolism (lvhrntz, L943; Sandham and Kleinberg, 1970a)

2. Polysaccharide formation

In addition to their ability to form

of the bacteria found in plaque and saliva

ce11u1ar polysaccharides "

acid from carbohydrate, many

can sy'nthesize intra- and extra-
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a. Intracellular polysaccharide

lrfany bacteria, isolated from dental plaque, e.8., streptococci,

diptheroids, fusobacteria and bacteri-odes, are capable of forming intra-

ce11ular polysaccharides from glucose, naltose or sucrose (Gibbons ald

Socransþ, 1962; Berman and Gibbons, 1966). Staining of smears of dental

plaque with iodine solution disclosed iodophilic polysaccharide in nany

of the organisms, especially the streptococci (Gibbons and Socransþ,

L962). Critchley et a1 (1967), demonstrated that rapid in vivo produc-

tion of intracellular polysaccharide occurs in different types of plaque

organisms following exposure to glucose or sucrose.

In experiments on Streptococcus mlt1q, a rnicroorganism isolated

from hunan dental plaque, Gibbons et a1 (1962, 19ó3) examined the syn-

thesis and degradation of polysaccharide formed from glucose. The poly-

saccharides formed were mainly intracellular and of the glycogen-amy1o-

pectin type. When microorganisns containing this polysaccharide were

placed in a meditrn free of exogenous carbohydrate the microorganisms

utilized the stored carbohydrate and lowered, the pH of the med.iun. Thus

the plaque could continue forming acid long after the environmental

carbohydrate hras depleted.

Similar obseryations were reported by Sandham a¡d Kleinberg (1969a)

j.n salivary sedirnent mixtures. In their studies they sholved that sedi-

ment carbohydrate accwrulates asymptotically as long as there is glucose

in the mediun. Once the glucose is used up, the ce1ls in the sediment

srvitch to the utilization of stored carbohydrate.
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b. Extrgcellular polysacclurides

In addition to producing intracellular pol¡sacciurides a¡rd poly-

saccirarides that are irLtegral constituents of cell structure, many rnicro-

organisns also syntiresize abundant amounts of extracellular polysaccìraride.

Tne most inrportant of these in relation to caries are tr{o types of honx¡-

polysacciLarides, the dextrans and levans

Uextrans are glucars conrprised exclusively of the monomeric u¡rit

a-D-glucopfranose coupled rnainly by a-1, 6-linkages. Branching occuîs

by means of a-[1,4) or a-[1,3) glucosidic bonds, the proportions of

rvhicn can differ considerably ín different bacteria Qeanes et al, 1954) "

Levans are polyfructans composed of D-fructo-furanose residues linked by

g-2, 6 bonos and rvith brandúng occurring by neans of B-2, I linkages.

Gibbons et al [1966, 1967), demonstrated that streptococci, sircnnr

by several investigators to be cariogenic irt experimental animals, form

dextran-like polymers from sucrose. The organisms tested included hunan

streptococcal strains PKl, W7 and GS5, hamster streptococcal strains

irS-6 and 849, rat streptococcr-ls strains GF 71 and Lactobacillus acido-

philus strain 108 T"

itiood and Critcirley [196ó) investigated the polysaccharides fbrmed

by tire cariogenic streptococcus FA-l and confirmed tire formation of

dextran from sucrose. Formatíon of dextrans have also been denonstrated

in Streptococcus mutans (Guggenheim and Schroeder, 19ó7) and in a ht¡nan

oral strai¡ of Lactobacillus casei (Harunond, 19ó9) " t{una¡r dental plaque

was examined for tjre presence of dextra¡r-fonni.ng bacteria by lle Stoppelaar
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et al (L967). They shorved that the nunber of dextran forming streptococci

in human dental plaque varies between 1-40 per cent of the total flora

(average 11.6 per cent). Dextransucrase, the enzyne ínvolved in the

formation of dextran from sucrose, has been isolated by lrTood (1967a) from

streptococcal strain FA-l. Dextransucrase was also ísolated from Strgp-

tococcus sanguis, a rnicroorganism originating from hunan. dentaL plaque

(Carlsson et al, 1969),

Evidence for levan synthesis by the oral rnicroflora has been

presented in a nunber of reports. McDougall (1964) and Manly et al. (196ó),

have demonstrated that dental plaque when provided rvith sucrose is capabl<:

of synthesizing an extracellular levan-1ike polysaccharide" Formation of-

this polysaccharide has also been shown in bacterial isolates. Niven e!

af (1941) and Snyder et al (1955), have shown that levan. formation from

sucrose occurs in Streptococcus salivarius. Gibbons and l,tygaard (19ó8)

demonstrated levan formation by streptococal strains GSS and LM7, Horvell

and Jordan (1967) by Odontomyces viscosus, an organism that predominates in

subgingival plaque, md Carlsson (19i0) by Streptococcgr Íutans.

3. Polysaccharide degradation

a. Intracellular

The intracellular polysaccharide fonned by the oral flora appears

to be mainly of the glycogen-amylopectin type (Gibbons and socransþ,

1962). The enzyme phosphorylase acts on this polymer (Darves and Ribbons,

7964) by attacking terminal o-(1,4) glucosidic bonds in a step-wise

manner. Removal of D-glucose residues occurs in the presence of inorganic



15

pìtosphate and glucose-1-phosphate is formed" I\hen cr-1, 6-linkages are

reached, hydrolysis occurs by a debranching enzyrne lvhich specifically

attacks these bonds and permits phosphorylase to continue its hydrolysis

of s-1, 4 bonds (Van Houte, 1967) " A debranching enzyme, isoamylase, has

been described in brewerts yeast. This enzyme hydrolyzes only outer

a-(116) glucosidic linkages of both glycogen and amylopectin (Gtnja et al,

1eó1).

b. Extracellular

i. Dextran degradatioq

Two dextranase systems have been described by several investigators.

Hultin and Nordstrom (1949) denonstrated that dextranases were produced by

various moulds and that the dextranases formed attacked 1r6-linkages and

hydroLyzed high molecular weight dextrans into various sizes. Jeanes

et a1 (1953), have shown that the dextranase from Penicillir¡n funiculosun

hydrolyzes dextran 8-512 into the di- and trisaccharides, isomaltose and

isomaltotriose.

Tsuchiya et al (1952), suggested that more than one enzyme can

degrade dextran and that a microorganism nay produce more than one type

of dextranase" He showed that both the pH and composition of the media

play an important role in both the formation and activity of dextranases"

Using dextrans B-512, B-523 and B-742 they noticed that these polysac-

charides were not degraded at the sane rate with a particular dextranase"

Ingelman (1948) extracted dextranase from bacteriun Cellvibrio
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fulva l{hich lvas able to hydrolyze a dextran derived from Leuconostoc

mesenteroides. This enzyme hydrolyzed the dextran into large fragnents

rather than into glucose or disaccharides. Hehre and Sery (1952) demon-

strated that anaerobically gror\rn gram negative intestinal bacteria

can breakdol,¡¡r dextrans, rvhereas those that grow under aerobie

conditions can not. The nicroorganisms implicated were of the bacteroides

genus, ffid of the strains tested, all were able to form acid from dextran;

they could form acid fron monosaccharides as wel1. Using different strains

of bacteroides and different dextrans Sery and Hehre (1956) obseryed'Lhat

the difference in degradability betrveen the various dextrans \{as related

to the percentage of the linkages that were 1, 6. Their results indicatecl

that the bacteroides genus contains two different dextranases, one that

lowers the viscosity by degrading the large molecular weight dextran into

smaller fragnents, which occurred most readily at pH 5.0-5.5; a second

that caused rapid release of glucose by endwise degradation ivhich occurred

most readlLy at pH 7,0-7.5. Unlike Bacteroides, Lactobacillug bifidus_

formed a dexlranase that hydrolyzed dextran by randorn cleavage of the

nolecule.

lVith regard to the oral microflora, Go1d, Brest a¡rd Bleclman (1969)

reported that filamentous and diptheroid microorganisms fron subgingival

plaque produced acid fron dèxtran under aerobic, rvhile bacteroides showed

the same activity under anaerobic, conditions. Dextrans can also be

catabolized by dental plaque (tVood, 1967b, 1969) and salivary sediment

(Halhoul and Kleinberg, 1969); these findings conflict with the belief
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of a nwrber of investigators that dextrans are biologically inert in the

mouth and not easily hydrolyzed by the salivary and plaque microorganisms

(Gibbons and Banghart, 1967).

ii. Leva¡r degradation

Loelenberg and Reese (195i) tested a total of 50 fungi and bacteria

for their ability to utilize fructans. They fotind that the ability to

utilize these polymers differed anongst the different microorganisms, Ðd

that fructanases rvere inducible enzymes.

A fructanase that hydrolyzes levan into oligofnrctosides has been

demonstrated in leva¡r-forming bacteria groun on levan (Hestrin and Goldblrrn,

1953). When the same bacteria were grown on sucrose, a fructosidase was

produced that was capable of completing the hydrolysis of the oligofruc-

tosides into fructose"

In studies on the oral nicroflora, Da Costa and Gibbons (1968) have

shown that 37 per cent of 57 bacterial isolates from hr¡nan dental plaque

are capable of hydrolyzing the levan synthesized by Streptococcus t"li-

varius. All of the levan hydrolyzing microorganisns proved to be strep-

tococci. The fructa¡r hydrolase produced by streptococci (strain ó) was

shor*'n to be inducible and appeared to act by cleaving terminal fructose

r.rrits from the levan molecule.

Significant anounts of the enzyme levanase are present in both

dental plaque and saliva (lr'lanly, f 967). Levan synthesized by a strain

of S. salivarius can be hydrolyzed by the bacteria in both dental plaque
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"

auroefacies and S" salivarius, Van Houte (L967)

some strains of streptococci isolated fron htrnan

of hydrolyzing these polysaccharides while other
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Using levans fron Ps.

demonstrated that onlY

dental plaque are capable

streptococci are not.

Van Houte also found that S" salivarius strain SSn was able to utilize the

levan it synthesized. This is in contrast to the belief of rnany investi-

gators that microorganisms cannot utilize their own extracellular poly-

saccharide (Wilkinson, 1958).

Effect of Saliva on the Carbohydrate Metabolis¡n of the 0ra1 lt{icroflora

Hartles and trVasdell (1955) and Hartles (1963) have reported that

salivary sr-rpernatant contains a factor that stirnulates the glycolytic

activity of the bacteria found in wax-stimulated saliva. Kleinberg and

Cralv (1969) have confirmed that salivary supernatant stimulates glycoly-

sis of the salivary bacteria, It was also shown that salivary supernatant

stimulates glycolysis of the microorganisms in dental plaque (Komiyama

and Kleinberg, 1971). Yet, saliva is protective against dental caries.

Studies have also shown that greater acidity occurs in dental plaque

rvhen sucrose is applied to the plaque and free access of saliva to the

dental plaque is prevented (Englander et a1, 1959). Eggers-Lura (f954)

fowrd that the bacteria in the saliva of caries free subjects (rvho usually

have a more rapid salivary flow rate) actually produce rnore acid from

glucose than the bacteria in the saliva of subjects who are caries active"
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This discrepancy has been resolved by Kleinberg and crarv (1971) rvho

fould in addition to stimulating acid formation, salivary supernatant

stimulates the formation of base. As a result, carbohydrate is used

up faster and the pH fa11 is less than would otherwise occur (Kleinberg,

le70b).

I{easurement of the pH of plaques located in different regions of

the human dentition disclosed a pattern that was related to the flow of

saliva to the various regions of the dentition (Kleinberg and Jenkins,

1964). Plaques to which saliva had greater access showed a higher pH

tha¡ those where saliva access was less. Individuals luith a more rapid

resting salivary flow rate showed higher plaque pH levels than those

with slolver rates (Kleinberg and Jenkins, 1964)

Saliva may also affect the carbohydrate metabolism of the plaque

by its effect on the pH" Salíva contains urea which is rapidly broken

down by the ureolytic bacteria in the plaque to form anrnonia and carbon

dioxide; since anunonia is a stronger base tha¡r carbon dioxide is an acid,

a rise in pH results" Consequently, regions of the dentition to which

saliva has greater access rvil1 be exposed to more urea in a given period

of time and thus would be more prone to a higher plaque pH. Although

hydrolysis of salivary protein and the dearnination of the resulting amino

acids rvil1 also produce anmonia, the simultaneous formation of keto-acids

rvould tend to loler the pH of the dental plaque utder these circunstances

(Kleinberg, 1970b).
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Effect of Fluoride on the Carbohydrate Nietabolism of tl're 0ra1 l'{icroflora

Fluoride inhibition of dental caries appears to result from the
i

effect of fluoride on two processes. First, in a nunber of ways,

fluoride makes the enamel of the tooth more resistant to solution by the

acj-ds formed by the bacteria in the dental plaque during their fermenta-

tion of ingested carbohydrate (Jenkins, 1963). Second, fluoride can

inhibit acid formation by the microorganisms of the plaque, particuLarLy 
',

if the pH falls near or below 5"0 (Jenkins, 1959)"

Itiith regard to the latter, Bibby and Van Kesteren (1940) carried

out experiments to determine the effect of fluoride on acid- formatícn

from glucose by a m.unber of oral bacteria. hhereas concentrations of

fluoride up to 100 ppm had no bactericidal effect on the microorganisms

exami-ned, they found that concentrations of only 0.9 ppm caused a

slight reduction in the formation of acid. In erperiments with incubated

saliva, 't{right and Jenkins (1954) and Jenkins (1959) showed that fluoride

at1eve1sas1owas0.5ppminhibitedtheformationofacidfrong1ucose

and that the acid forrnation was more sensitive to ftuoride at acidic tha¡r

at neutral pH. The greater inhibition of acid formation at acidic pH

has been confirmed in salivary sedi:nent (Sandham and Kleinberg, 1964 and

1969b), rvhere it was also shown that fluoride inhibits glucose uptake and 
¡

synthesis of storage carbohydrate.

Sandham and Kleinberg (1969b) suggested that the site of fluoride

action on the cells may be in or in association ivith the cell nembrane 
.

rather than at enzyrnes in the pathway leading to acid and polysaccharide
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formation. In addition to altering nernbrane perneability th.ey suggested

that fluoride rnigirt alter th-e solubility of phosph.ate contaÍning complexes

i¡r bacterial cell menbranes, &d ti-us alter th-e availability of inorga-

nic phosphate for intracellular processes such- as the phosphorylation of
glucose by nexokinase. Sucir a restriction on lrcxoki¡ase activity would

accotnt for decrease in glucose uptake arLd as a consequence decreased,

polyglucose syntlresis and acid production.

lveiss e! a1 (1965), using streptococcus mitis have shorr¡n that

extremely 1ow concentrations of fh:oride iniúbit intracellular poly-

saccharide storage fron glucose, maltose and sucrose but not its degrada-

tion. They also suggested that fluoride may act by preventing substrate

utll-izatl.on rather than by inhibiting intracellular enzyrne systen6.

I-lanilton Q967 and 1969) observed the sane effects of fluoride with

Streptococcus salivarius 
"

Jenkins et a1 (1969), have shoi,,¡n that plaque bacteria cultured on

media containing fluoride, contained high concentrations of fluoride and

shor¿ed less capacity for acid production than controls. This suggested

tnat stored fluoride ttas active withí¡ the bacteria. Edgar et aI (1970),

corpared acid formation frorn sucrose by plaque obtained from sr-rbjects

before and after fluoridation of rvater supply. Tre results showed a

reduction in the pH in plaque after fluoridation, supporting the view

that the effect on tire pH is produced directly by tl.e fluoride.
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Effect of the pH on the Carbohydrate lrfetabolism of the 0ra1 Nficroflora

The pH of the environment is one of the major factors that affect

the gror^,th and metabolic activity of microorganisms. During the utiliz-
ation of carbohydrate, the pH fal1s in plaque in situ, in incubated

saliva and in a nunber of other in vitro systems containing pure or mixed

nicroorganisms from the mouth.

In studies with glucose and urea and measurements of plaque pH in

situ, it was clearly demonstrated that the pH can vary fron a value as

lol as approxinately 4"0 to one as high as approximately 9.5 (Stephan,

1940 and 1944; Stralfors, 1950; Kleinberg, 1967). Oyer this wide range

of pH, one rvould expect within the dental plaque both inhibition and

activation of most enzymic processes. pH would therefore, be a major

determinant of which processes would proceed or not and at what rates.

Surprisíngly little is lcrown, however, about the effect of pH on

the overall carbohydrate metabolism of the nixed bacterial floras in

both saliva and in plaque. Korayem and Kleinberg (1970 and 1971) have

reported recently that the effect of pH on glucose utilization and acid

formation by salivary sediment and dental plaque are virtually the same.

In both, at pH 4.0 and 4.5, hardly any glucose was utilized or acid

formed. At pl{ 5, glucose utilization and acid formation occurred at a

slow rate. But, as the pH rvas raised above 5.0, both glucose uptake and

acid formatj-on increased to naxima at approximately pH 7.0, before shorving

a progressive, decrease as the pH lvas raised further.
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Salivary Sediment as a lrlodel for the Study of the lfetabolism of Dental

Plaque

It is apparent fron many of the above studies that investigations

on the metabolism of the conmon sugars lvith pure cultures often give a

different picture from that rvith the mixed populations in saliva and

plaque. Studies on dental plaque are necessarily limited because of the

sma1l amor.mts of plaque available fron hunan subjects. Saliva, on the

other hand, is not only more plentiful than plaque but also contains a

rnicrobial flora which extensive studies have shown has a carbohydrate

metabolism like that of plaque (Si-nger and Kleinberg, 1970; Kleinberg,

1970c)

The concentration of the bacteria in wax-stimulated whole saliva,

i.e., salivary sedíment is normally about 1-2 per cent and at such low

concentrations, acid formation is too slow to produce the Stephan tpe

of pH-curve seen in plaque in situ after a sugar rinse (Stephan, 1940) "

However, lvhen the cellular elements in stimulated saliva are re-combined

with the supernatant so that the cel1 concentration is 16.7 per cent

O/V) (or higher) pH curves are produced with characteristics like those

seen in plaque in situ (Kleinberg, 19ó1, 1967; Singer and Kleinberg, 1970).

Eichel and Lisanti (19ó4) have proposed that leukocytes in sali-

vary sediment are responsible for its glycolytic activity. Horvever, the

lorv osmolarity of stinulated saliva results in the rapid bursting of any

íntact leukocytes that are present (Dawes, 1968). Tonzetich and Friedman

(19ó5) have proposed that the large number of desquarnated epithelial
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cel1s present in salivary sedi-ment are the main source of its glycolytic

activity rather than the bacteria. That the epithelial ce1ls do not

contribute to the glycolytic activity of salivary sediment is evident

from the fact that salivary sediment can but manmalian ce1ls cannot

readily rnetabolize either sucrose or urea, or form levans and dextrans

from sucrose. Moreover, a recent comparison of the glycolytic activity

of epithelial cel1s derived from cheek scrapings to that of salivary

sediment indicated that the activity resides in the bacteria in salivary

sediment (Tatevossian and Jenkins, 1969) .

In contrast to the belief that the microorganisns in salivary sedi-

ment arise mainly from the oral soft tissues (Gibbons et al, 1964),

Carlsson (1967) has pointed out that Streptococcus sanguis found mainly

in the plaque on the teeth is forind in increasing nunber in the salivas

of persons with poor oral hygiene. He concluded that the microbiota on

the teeth may contribute as much as that of the tongue to the pool of sali-

vary streptococci"

Purpose and Outline of this Thesis

The review of the literature has disclosed that although nunerous

studies have been carried out to determi¡re the properties of sucrose

rvhich are responsible for its cariogenicity, information on its rneta-

bolism particularly by the mixed bacterial populations fowrd in the den-

tal plaque and saliva, is fragmentary.

The purpose of this thesis is to exanine those aspects of the meta-



25

bolism of sucrose by the bacteria in salivary sediment and dental plaque

rvhich are likely to be applicable to the ability of the latter to form

acid on the tooth surface and cause development of carious lesions.

Sucrose during its metabolisn by the oral bacteria can be hydrolyzed

into its constituent monosaccharides, glucose and fructose, or it can

be synthesized into polymers of these sugars. In addition, the bacteria

found in the human mouth can degrade sucrose or polyners formed from suc-

rose into acidic end products,

The studies that have been carried out are; (i) establishment of a

single and relatively simple analytical procedure for the estimation of

glucose and fructose, either free as monomers or as residues of sucrose

or þolymers of glucose and fructose (Chapter II); (ii) a basic study to

compare the metabolism of sucrose by the microorganisms in salivary sedi-

ment lvith that of its constituent monosaccharj.des, glucose and fructose.

The parameters examined were decrease in pH, sugar utilization and poly-

saccharide, carbon dioxide, lactic acid and hetero-acid formation (Chap-

ter III); (iii) the next study rdas restricted to sucrose and attention

was focr:sed on the effect of sucrose concentration and pH on the forma-

tion of extracellular polysaccharide (Chapter IV); (iv) the utilization

by salivary sedirnent of extracellular polysaccharide formed by the same

system was examined and conpared lvith its utilization of lcrol^¡n bacterial

dextrans and leva¡rs (Chapter V); (v) in the last study, the effect of

salivary supernatant and fluoride on the netabolisrn of sucrose by dental

plaque and salivary sediment t{as examined (Crrapter VI).
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Itfethods used in the different studies are described in the nethods

section rr'ithin the appropriate chapters.

A surnnary and statement of the conclusions in Chapter VII conplete

the thesis.



CFIT{PTER II

USE OF ANTFIRONE FOR TT]E QUANTITATIVE DETERMINATION OF GLUCOSE AND

FRUCTOSE IN SUCROSE AND IN A VARIETY OF DEXTRANS AND LEVANS

Anthrone has been used for the qualitative (Dre¡vood, 1946) and

quantitative (Morris, 1948) estimation of a large variety of carbohy-

drates. The reaction of anthrone with carbohydrates has been examined

by numerous investigators because of the sensitivity, simplicity and

wide application of the anthrone test.

In a study carried out to adapt the anthrone method to the analy-

sis of potysaccharide mixtures, Koehler (1952) found distinctive curves

for the reaction of anthrone with different classes of sugars in boiling.

water. For example, aldohexoses such as glucose reacted more s1ow1y with

anthrone than ketohexoses, such as fructose. He also showed that the

anthrone reaction curves for carbohydrate polymers resembled closely those

for the corresponding simple sugars.

During examination of the suitability of the anthrone test for the

estimation of pg quantities of glucose in culture media, Bonting (1954)

found that anthrone Teacted lvith fructose at room terperature but not

with glucose. Additional experiments suggested that anthrone could be

used to differentiate betrveen glucose and fn:ctose in mixtures.

However, Bonting did not examine lvhether the amount of heating

necessary to produce rnaximun colour rvith glucose increased or decreased

the colour contributed by fructose present in the same mixture. Koehler's
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study had shor"l-r that a rise and fall in colour occurs lvith fructose if

heated rvith anthrone for the period of time necessary to obtain maxim¡n

colour development with glucose.

Van Handel (f967) demonstrated that fructose in polymers could be

measured at room temperature with anthrone lvithout prior hydrolysis.

A1so, that fructose could be determined in the presence of glucose and

other carbohydrates that do not react with anthrone at room tenperature.

Difference in reactivity of glucose arLd fructose with anthrone

and the fact that glucose and fructose in polymers ca¡r be determined

without prior treatmen! suggested that differential heating with anthrone

could provide a test particularly suited for metabolic studies on the

rnetabolism of sucrose by the bacteria found in the oral cavity. Sucrose,

the nain sugar of the human diet can undergo several changes. It can

be hydrolyzed into its constituent monosacchari-des, glucose and fructose,

or it can be synthesized into polyners of glucose and fructose. The

bacteria found in the human nouth can rapidly degrade sucrose, its con-

stituent nonomers, or the polyrners formed from sucrose to acidic

end products. Being able to follow these different processes where

mixtures are likely to be present and lvith a single and relatively simple

analytical procedure is obviously of advantage.

To adapt the antlrrone rnethod for this purpose, experirnents were

carried out in the present study to determine the following; (i) the

most suitable heating conditions for estimating glucose and fnrctose in

mixtures; (ii) the most suitable and the rninimtm number of glucose and
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series of urknorr'r-rs rvhere glucose

in ratio, md; (iii) rvhether a

and fructose polymers formed from

METHODS AND RESULTS

A. Preparation of Anthrone Reagent

Anthrone reagent was prepared by dissolving 150 mg anthrone in

100 nl of.26.2 N sulfuric acid (analytical grade) at room temperature

(Van Handel, 1967). After all anthrone particles had dissolved, the

reagent was stored at 4oC for at least t hour prior to Ltse"

B. Heating Conditions for Analysis of Glucose and Fructose Free in

Solution and as Residues of Sucrose

In this series, erperiments were carried out to determine the

appropriate heating conditions for estimating solutions containing g1u-

cose, fructose, sucrose aad glucose-fructose in 1:1 ratio.

Four solutions were prepared; sucrose, glucose and fructose solu-

tions, each at a concentration of 1.11 mM, and a solution containing

both glucose and fructose, with the concentration of each at 1"11 irù{"

Tiventy seven aliquots (50 u1) were removed from ea'ch solution a¡rd

transferred to the same nunber of 10 x 75 rrn test tubes sitting in cracked

ice. Anthrone reagent previously chilled in ice ruas added (1"5 ml) to
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each sanple lvith a 2 mI syringe fitted rvith a teflon tip (lr,fonostat Corp.,

N.Y.). The sugar sample and anthrone reagent in each tube was mixed

in¡nedj-ately and vigorously on a vortex mixer (Scientific Industr" fnc.,

N. Y.). The tubes were left standing for approximately 10 to 15

minutes at room temperature before proceeding lvith development of colour

rvhich r,¡as done by incubating the tubes in a rvater bath at either 25oC,

40oC, 60oC or 95oC for various times. At interyals up to 4 Ìrours when

the incubation was at 25oC, and up to 30 minutes when heating was at

the other temperatures, tubes were transferred to cracked ice to stop

the sugar reaction with the anthrone reagent from proceeding further.

The optical density of each sample was then measured at 620 m¡r in a

Beclanan DU spectrophotoneter. Because even heating of sanples was neces-

sary to obtain reproducible results (cf. Seifter et a1, 1950), tubes rvere

either continually hand-shaken or rotated in a rack fixed to the shaft

of an air-driven rotary rnixer (Thonas, Philadelphia, U.S.A.)"

The results of these experirnents are shorrn in Figs . 2.L and 2.2.

Orly solutions containing fructose (which includes those containing

sucrose) reacted with anthrone lvhen the reaction proceeded. at 25oC (Fig.

2.I), Maxinrun colour ì-ntensity was reached in about 2 to 2l hours.

Glucose did not form its characteristic blue chromogen rvith anthrone even

up to 4 hours of incubation.

hhen the reaction was

nent in solutions containing

carried out at 40oC, maximun colour develop-

fn:ctose rvas reached in about 20-25 minutes
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(Fig. 2.2a) " In experinents at this temperature (not shorrn) lvhere

heating ivas continued for longer than 30 minutes, the optical density

shorved a sma11 further increase up to t hour. This can be attributed

to glucose, rvhich did not react with anthrone for about 30 minutes, but

did shorv a s1ow, smal1 increase thereafter"

At 60oC, sanples containing fructose developed maxinwt colour be-

tween 4-8 minutes. Glucose samples showed a slow, continuous increase

in colour (Fig. 2.2b). Optical density changes in the sucrose and

glucose-fructose solutions were similar and were approximately equal to

the sun of the optical densities of the solutions containing only glucose

or fructose. The optical density decreased in the solution containing

only fructose and this occurred after about 6 minutes of heating"

upon heating the samples at 95oc, the optical densities of the

different sugar solutions rapidly reached a maximun and then slowly de-

creased. An earlier maximum rvas reached with fructose than with glucose.

Optical densities tvere similar in the sucrose and glucose-fructose

samples rvhich rvere again approximately equal to the sum of the optical

densities of the solutions containing only glucose or fructose (Fig.

2.2c).

Fron these experimentse the conditions selected for determining

fructose and glucose ín unknor,¡n samples were as follolvs " First, samples

were incubated at 25oC for 2 hours to determine the optical density

(ODl) of the anthrone reagent rvith fructose" Samples tvere then heated

at 95oC for ó minutes, imrnediately cooled in an ice water bath for 2
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ninutes and kept at room temperature for 15 ninutes before measuring the

optical density again (0D2). The optical density only due to glucose

can be obtained by subtracting OD, fron 0D, after correcting for the

change in 0D, arising from the decrease in 0"0. that occurs l{ith fruc-

tose (see next section).

C. Deterarination of the Glgcose and Fructose Standards Needed for Analy-

sis of Unk:rowns Containing Various Ratios of Glucose and Fnrctosg

For the rnethod to be of va1ue, it would be necessary to be able

to determine glucose and fnrctose in mixtures rvhere glucose and fructose

can be present more or less at any ratio ærd yet not require the large

number of corresponding solution standards"

To do this, the following experiments lvere carried out, Stock

solutions t{er€ pr€pared containing the fructose and glucose combinations

shown in Table II.1. The concentrations of glucose and fnrctose ranged

between 0 and 2,2 nM" Each conbination was prepared in triplicate;

50 ul t{as removed from each, 1.5 m1 anthrone reagent was added and the

rnixtures were then treated as described in the previous section. The

results of a typical experiment are shown in Fig. 2,3.

The optical densities both at 25oC and 95oC shorved a linear rela-

tionship with sugar concentration for all concentration conditions (Figs"

2.3a and 2.3b).

Glucose, even though present at concentrations betleen A and 2,2

mÌq did not produce colour lvith anthrone or interfere with the fructose



35

TABLE II.i

CO},POSITION OF GLUCOSE AND FRUCIOSE SOLUTIONS FOR DETERMINING

ODl AND OD2 AT DIFFERENT GLUCOSE/FRUCTOSE RATIOS

nMoles Glucose in 50 ul of Solution
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analyses (Fig. 2.3a), Upon heating at g5oc, the solutions containing

glucose increased in colour intensity rvhile those containing only fruc-

tose slrowed a decrease (cf. Figs. 2.3a and 2,3b).

A linear regression of the fructose standards on the optical den-

si-ty readings at 25oC rvas fitted to an equation of the type:

F = Fo + Fi.gDr (1)

where F equals ug of fructose, Fg is the value of F for an 0D1 equal to

0, and F1 is the increase in F per r-rrit increase in ODi.

A multilinear regression of the glucose standards on both 0D1 and

0D2 was then fitted to an equation of the type:

G=Go-Gi.0D1 +G2.0Da (2)

where G equals ug of glucose, Gg is the value of G for an 0D2 equal to

0, Gr is the increase in G per unit increase in 0D1 and G2 is the in-

crease in G per unit increase in 0D2.

Predictability of equation 1 computed fron 18 standards as the

square of the correlation coefficient averaged 94 per cent. That of

equation 2 computed as the square of the nultiple correlation coefficient

averaged 9ó per cent. Therefore, the error of the nethod was considered

acceptable.

Since the nwnber of standards required to obtain the curves in

Fig. 2.3 are too many to be practical, the much smaller nunber of stan-

dards shol+n in Table II.2 were tested for suitability to conpute the
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TABLE II"2

COYPOSITION OF PARTIAI SET OF STANDARD SOLLIIONS

IìOR DETERT\IINING ODt AND OD2

nMoles Glucose in 50 ul of SolutÍon
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coefficients in equations I and 2. The computed coefficients for both

sets of standards and the multiple correlation coefficient betlveen the

trvo methods are conpared in Table II.3. As can be seen from the table,

the much smaller nunber of standard fructose and glucose solutions gave

essentially the same results as the set containing the much larger

nmrber of standards.

D. Analysis_of a Number of Levans and Dextrans for Glucose and Fructose

The reactions with anthrone of the dextrans and levans listed in

Table II.4, were examined. One hundred mg of each was weighed out and

made up in distilled water at a concentration of 100 ug/ml. Glucose and

fructose standards were prepared as in Table II.1. Three aliquots (50

pl) were removed fron each solution and transferred to 10 x 75 mm test

tubes and analyzed for glucose and fn:ctose as described in section C.

Dried samples of the dextrans and levans listed in Table II.5 were

also analyzed fsllowing solubilization by a procedure used previously to

solubilize tissue or dental plaque (Kleinberg et al, 1971). Aliquots

(50 ul) from 100 ug/ml solutions of each carbohydrate polymer were trars-

ferred to 10 x 75 nnn test tubes and taken to drFness by heating in a

boiling l{ater bath. The dried sanrples were solubilized by adding 50 ul

of 50 peï cent HZS04 ü/V) and heating at 70oC for 5 ninutes" Anthrone

reagent was then added and samples then analyzed. The results are

shown in Tables II.4 and II.5. From the tables it is evident that all

the dextrans tested do not react rvith anthrone at 25oC, On the other
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TABLE iI.3

COìUPARISON 0F COEFFTCTENTS COUPUTED FROM CONTPLETE (I) AND

PARTIAI (II) SETS OF STANDARDS

II

Fo

Fi

G6

G1

G2

Multiple Correlation Coefficient
equation (1)

Itfu1tip1e Correlation Coefficient
equation (2)

-2.66

81" 70

-4.27

7L"20

81. 80

0. ee (8)

o. ee (8)

-2.79

82.60

-4.46

74.80

84.20

0. se (8)

0. ee (8)
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AMLYSIS 0F 5 pg

DEXTRANS AND

TABLE II.4

SAI''IPLES 0F A NLJN{BER 0F

LEVANS I'VITH ANTTIRONE

Carbohydrate AnaLyzed

l{ater control

Dextran 512

Dextran 742

Dextran 1355

Dextran 119ó

Dextran 523

Dextran 1191

Levan 523

Levan 512

Levan 1662

Fructose

Glucose

Amounts Found

ug Fructose ug Glucose

0

0

0

0

0

0

0

5.1

4.7

4.8

5.3

0

4.8

5.2

4"7

5.7

5.6

5"1

5.1

The above a¡rd other dextrans and levans used in this study were ob-
tained from Northern Utilization Research Brancli, Agricultural Researclt
Service, United States Departnent of Agriculture, Peoria, Illinois, U.S"A.
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TABLE II.5

COMPARISON 0F AMLYSIS OF 5 ug SAIi{PLES 0F SEVERAL DEXTRANS

AND LEVANS IN AQUEOUS SOLUTION AND IN A DRIED STATE

Carbohydrate Analyzed Aqueous Solution Dried

ug Fructose ug Glucose ug Fructose ug Glucose

Levan 523

Levan 512

Dextran 512

Dextran 1196

Levan 523 + Dextran 512
(2.5 ug of each)

Levan 5I2 + Dextran 1196
(2.5 ug of each)

Fructose

Glucose

Blank

4.6

4.8

0

0

2.3

2.4

4.8

0

0

4.9

5.3

1'l

2"6

0

4.9

0

4.6

4.5

0

0

2.4

2"4

4.4

0

0

5.5

s.2

2.4

2.4

0

4.9

0

0

0

0

0
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hand, levans do react at that temperature. Also levans and dextrans

j-n a mixture can be differentiated just as mixtures of their consti-

tuent monosaccharides can be differentiated. It is also evident (Table

rr.5), that essentially the same recovery of the sanples is obtained

whether in solution or ín a dried state ancl that solubilization with

H2so4 and brief heating has no deleterious effect on the polymers

anaLyzed"

DISCUSSION

The results confirm the findings of Bonting (1954) and Van Handel

(1967) that only fructose residues react with anthrone ¿f room tempera-

ture ivhile glucose residues require a higher temperature.

Based on the difference in reactivity between glucose and fructose,

the procedure arrived at for their analysis permits estimation of both

sugars when present either alone or together in solution or solid

form and either free or as constituents of glucose and fructose polymers"

As will be seen in the subsequent chapters, the method in conjunc-

tion with the preparative tectrriques such as centrifugation, alcohol

precipitation is particularly suited for studies on sucrose metabolism

rvlrere tl'ris molecule is hydrolyzed and/or provides the residues for the

synthesis of glucose and fructose polymers.



CHAPTER III

IVIETABOL]SM OF SUCROSE BY T}iE BACTERIA IN SAIIVARY SEDIMENT

iN COT{PARISON TO TFIE METABOLISM OF GLUCOSE AND FRUCTOSE

Studies on dental plaque in situ have established that the extent

and duration of the pH fall following exposure to glucose is depent upon the

availability of glucose to the plaque bacteria (Kleinberg, 1961). A

sinilar relationship between glucose availability and pH was demonstrated

in salivary sediment and plaque-saliva mixtures incubated in vitro
(Kleinberg, L967; Singer and Kleinberg, 1970). In the more easily studied

salivary sediment system, a ntunber of paraneters of the carbohydrate

metabolism of the sedfunent nicroflora hras exanined and related to the

pH changes seen when the availability of glucose is varied. (Sandharn and

Kleinberg , I969a, I9'l0a and b).

The major parameters found necessary to relate the carbohydrate

metabolism of the sediment microflora to the pH changes arising fron the

netabolism of glucose r{ere; (i) uptake of the glucose fron the neditm;

(ii) formation and utilization of certain intermediates, polyglucose and

lactic acid, and; (iii) formation of CO, and acid other than lactic named

hetero-acid and consisting of the difference betrveen the total and lactic

acids formed, (Sandham and Kleinberg, 1970a).

Polyglucose and lactic acid both increased lvhile there rvas sti1l

glucose in the medium for the bacteria to utilize. Once the glucose was

used up, polyglucose and lactic acid were inrnediately catabolized. Carbon
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dioxide and hetero-acid on the other hand accunulated until glucose utili-
zation rvas complete.

A number of studies have provided evidence indicating that the

polysaccharides formed from glucose and sucrose can serve as substrates

for acid formation when these sugars are no longer available fron the

extracellular environment. Manly (1961) showed that exposure of sediment

to sucrose for 20 minutes v/as long enough for the bacteria in salivary

sedinent to store substantial amounts of polysaccharide. He proposed

that these polysaccharides could serve as substrates for acid formation

and thus enable acid formation to continue for several hours after

depletion of sucrose was complete. Gibbons and Kapsimalis (19ó3) showed

this to be possible in experiments with glucose and a pure culture of

Streptococcus nitis isolated from dental plaque. This microorganism

formed an intracellular polyglucose of the glycogen-amylopectin type

while growing in a nediun containing glucose but when transferred to a

buffer at pH 7.0, the pH decreased within 20 minutes to a pH of 5.6.

In salivary sediment, Sandham and Kleinberg (1969a) demonstrated

that utilization of glucose, acid forrnation and formation and utilization

of stored polyglucose are closely integrated processes. In experiments

in rvhich the glucose supplied to the bacteria was lirnited, as soon as

the bacteria in the sediment had used up all the glucose, they inrnediately

slitched to the utilization of the carbohydrate that had been stored

during the period that glucose rvas still in the nedium. Thus, acid forma-

tion was able to continue lvithout interruption and be sustained for longer
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periods than rnight othenvise be possible.

Although hydrolysis of starchy foodstuffs by salivary and bacterial

enzyrnes produces glucose, as pointed out in Chapter I, the nain sugar of

human diets is sucrose. Numerous studies have been carried out on this

sugar in relation to the caries process but many aspects of its meta-

bolism by the mixed bacterial populations found in saliva and in plaque

that night account for its high cariogenicity, are still not known. As

a basis for the later studies in this thesis, in the present chapter, the

effect of sucrose on the main parameters of the carbohydrate metabolism

of the bacteria in the suspended salivary sediment (SSS) system has been

examined in the same r{ay as previously done for glucose (sandham and

Kleinberg, r969a; 7970a and b). The parameters examined were, pH, sub-

strate utlTization, polysaccharide formation and utilization, acid and

carbon dioxide production. Because sucrose upon hydrolysis yields the

two monosaccharides, glucose and fructose, the netabolism of glucose and

fructose alone and glucose and fructose together in 1:1 ratio was also

examined and compared to that of sucrose. The conparisons vrere carried

out at three substrate concentrations, viz., 5.ó, 27.8, and 277.8 nM

for glucose, fructose and equimolar glucose and fructose (each present

at half these concentrations); for sucrose the concentrations tr^reree 2.8,

13.9, and 138.9 nu\'I, since upon hydrolysis these rvourd become s.6, ?.7.8,

and 277.8 rlìtr'I, respectively. As in the earlier studies with glucose

(Kleinberg, L967; sandham and Kleinberg, 1969a), the ce1l concentration

in the SSS system r{as standardized at 16.7 per cent (V/V) and experiments
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rvere carried out for 4 hours at 37oC"

Ì\,ßTHODS

Preparation of Salivary Sediment lr{ixtures and Incubation Procedures_

lVax-stimulated lvhole saliva fron ó-B subjects who had not eaten or

cleaned their teeth for at least 12 hours rvas collected in 25 x 150 mm

test tubes held in cracked ice" The saliva was centrifuged at I740g for

15 minutes; the supernatant was stored while the sedinent was washed

three tines lvith cold distj-lled water and made up in distilled water as

a 50 per cent suspension (V/V),

Interrelation Betlveen Decrease in pH, Sugar Utilization and Polyglucose

and Polyfructose Storage

In this series of experinents, the aspect of the carbohydrate

metabolisn of the sediment microflora examined rvas the interrelation

between the decrease in pH, disappearance of each of the sugars from

the nedium and total polyglucose and/or polyfructose stored" For each

experiment, five incubation mixtures urere prepared in 25 x 75 mm test

tubes fitted with rubber stoppers containing three perforations; one to

allorv the insertj-on of a glass pH electrode (Beclcnan No" 39167), another

for a salt bridge leading fron a calomel reference electrode and a third

to a11olv insertion of a nicropipette for removal of aliquots for carbo-

hydrate analysis (Sa:rdham and Kleinberg, 19ó9a), Eacli mixture consísted
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of 1 n1 of 50 per cent sediment suspension, 1 n1 of salivary supernatant

and 1 ml of either distilled rvater, glucose, fructose, glucose plus

fructose in 1:1 ratio, or sucrose. Only one concentration rvas tes'ted

in each experiment and all experinents l{ere carried out at least Ewice.

The final sugar concentrations were 2.8-5.ó, rs.g-27.8 and rsl.9-277"8

mltf; the first of each pair was that for sucïose and the second- was thai:

for the other sugars.

Mixtures were incubated at 37oC for 4 hours. Before and at regular

intervals during each incubation, the pH \^¡as neasured (on a lr{odel TTlfi

pH neter-titrator, Copenhagen) and aliquots r{ere removed in triplicate
with a calibrated 24 vr Lang-Levy pipette (H. E. pedersen, Copenhagen)

for centrifugation and. determination of the carbohydrate contents of the

supernatant and sediment.

In the experiments with the lower substrate concentrations (Z.B-

5.ó and 13.9-27.8rrrW), each 24 vr aliquot was pípetted into a 10 x 75

mm test tube containing 0.6 m1 of 1 per cent NaF and previously chilled

in cracked ice. In the experiments in which the sugar concentration lvas

138.9-277.8 mli{, the volune of NaF solution used to stop the metabolism

and dilute the aliquot was 1.8 m1. After rnixing the contents of each

tube by vibrating on a vortex mixer, sediment and supernatant were

separated by centrifuging at 1740g for 5 minutes" From the supernatant,

three 50 ul aliquots were removed for determination of its carbohydrate

content.

The remainder of the supernatant was carefully renoved by suction
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leaving a pe11et of sedinent. The pe11et rvas rvashed either ttvo oï three

tj:nes in 2 m1 volumes of cold 1 per cent NaF solution" After the last

washing , the sediment was dried by heating in a hot rvater bath" The

dry sediment was then dissolved in 50 ul of 50 per cent H,SOO by

heating at 70oC for 5 minutes.

The glucose and fructose contents of both the supernatant a¡rd the

sedirnent rvere determined by the anthrone procedure described in Chapter II.
In similar e4periments, the disappearance of each of the sugars t{as

follolved by paper chromatography, particularly to determine rvhether suc-

rose is hydrolyzed extracel1ularly, The experiments lrere carried out the

salne l\¡ay as those in the previous seri-es except that a large nunber of

identical sedirnent mixtures rdeïe prepared (42, each having a total volune

of 150 p1). At regular intervals during a 4 hour incubation, 3 mixtures

were removed for measurement of the pH and 3 for obtaining aliquots of

supernatant for spotting on papeT chromatograms - rather than removing

aliquots from a single mixture.

The sarnple sizes applied to the origin from nixtuïes containing

sugar concentratíons of 2,8-5.ó; l^3.g-27.8; and r38,9-277.8 mI4 were 25,

15 and 10 ul, respectively. Ascending chromatograrns t^/ere run in

one direction in a solvent consisting of pyridine:ethylacetate:rvater

(4:10:3). After allorving the cliromatograms to dry, the sugars rrr€rê

located by dipping the chromatograns in p-anisidine reagent prepared by

dissolving 0.5 gmp-anisidine in 25 ml of absolute etha:ro1 and adding 25

ml I{r0 and 2 ml concentrated IISPO4 firfukherjee et a1, 1952). The chromato-



50

grams h'ere dTied and developed. in a hot air oven at 95oC for 15 minutes.

It was evident fron these experiments that polymers formed by the

sediment bacteria during incubation with sucrose are released into the

nedit¡.n. Exploratory experiments shorved that repeated washing of sedirnent

lvith lvater solubilizes some of the polysaccharide associated with the

sediment. Attenrpts to solubilize the remaining carbohydrate rvith I N KOH

disclosed the presence of cold KOH-soluble polysaccharides. Cold KOH

has been used by numerous investigators to extract extracellular poly-

saccharide associated with bacterial ce1ls (Guggentrein and Schroeder, 1967),

while hot KOH has been used to extract intracellular polysaccharide,

mainly glycogen (Bramstedt and Lusty, 1968).

In the following experiment, the polyglucose and potyfructose con-

tents of the carbohydrate soluble in water (containing presumably the

extracellular carbohydrate in the mediun) and the carbohydrate soluble

in KOH (containing extracellular carbohydrate attached to the ce11s) of

sediment rnixtures incubated rvith each of the above sugars rvas examined.

Five sediment mixtures (15 m1) were prepared in 125 ml Erlenmeyer flasks

by combining salivary supernatant, 50 per cent sedinent suspension (V/V)

and distilled water or sugar solution in 1:1:1 ratio. One mixture, the

control, contained rvater; the other 4 nixtures contained sucrose at 138.9

mlt{ and glucose, fructose and glucose-fructose in 1:1 ratio at 277.8 mM.

After incubating the mixtures for 2 hours, 95 per cent ethanol was added

to bring the ethanol concentration of each mixture to 70 per cent. The

content of each flasklrlere stirred continuously for t hour at 4oC after
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rvhich each mixture r{as centrifuged at 12,4009 for 20 minutes at 4oC.

The supernatant ivas discarded and the resulting sedfunent was extracted

tivice lvith distilled rvater" Tlie lvashings were conbined and ethanol

added at a final concentration of 70 per cent (V/V) to precipítate the

polysaccharide. The precipitate rvas harvested by centrifugation at

12,8009 for 30 ÍLinutes, redissolved in water, diaLyzed against distil-

1ed water for 18 hours and lyophylízed.

The sedinent remaining after rvater extraction was next treated

with 1 N KOH at 4oC for 4 hours. The resulting suspensíon was centri-

fuged at I2,800g for 30 minutes at 4oC. The supernatant containing the

KOH soluble polysaccharides was dialyzed against distilled water for

18 hours and lyophylized"

The polyglucose a¡d the polyfructose contained in the water a¡rd

KOH soluble fractions along with that in the final pel1et rvas deter-

mined by the anthrone method described in CIrapter II.

A nunber of investigators have reported that the polysaccharide

extracted with cold KOH fron the oral streptococci after incubation with

sucrose is mainly dextrans and levans. Although this is likely to be so

for the polysaccharide in the KOH soluble fracti-on in the experiments in

this and in subsequent chapters it was considered advisable to test

rvhether intracellular glycogen-amylopectin type polysaccharide \,ras extract-

ed by the cold-KOH procedure. This was done rvith the iodine test describ-

ed by Gilbert and Spragg (1964; see also Van Houte and Jansen, 1968a).

This test was also performed on samples of the water soluble fraction.
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The nitrogen content of both rr,ater soluble and the KOll soluble frac-

tion ir'as also determined. Sanples of both fractions were digested rvith

H2S04 and the anrnonia produced estimated by Nesslerization (Harvk et al,

1es4).

Comparison of Lactic, Hetero-acid and C02 Formation lvith the Different

Sugars

Lactic and total acid and C0, tbnnation were detennined in separate

experiments. For each experiment, 5 series of identical sediment mix-

tures (150 ul) vtere prepared in 10 x 75 nrn test tubes wíth each series

consisting of 21 mixtures and each series of mixtures containing one of

the above sugars or distilled water. Prior to and at each of several

tirnes during a 4 hour incubation, 3 of the mixtures in each series were

removed from the incubation for analysis. Mixtures for lactic acid

determination were inrnediately centrifuged at L740g in a clinical cen-

trifuge for 5 minutes at 4oC. Aliquots (50 ul) weïe removed from each

supernatant, transferred to 10 x 75 nm test tubes and assayed for lactic

acid by the method of Cohen and Noell (1960) as described previously

(Sandham and Kleinberg, 1970a). Total acids were determined by back

titration of the whole sediment nixture lvith standardlzed NaOH (0.1 N)

as described previously by Sandham and Kleinberg (1970a). Hetero-acid

rvas calculated as the difference between the titratable acid and the

lactic acid.

Analysis of COr was carried out as reported by Sandharn and Klein-
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berg (1970b) " Incubation tubes rvere sealed with serum stoppers to lvhich

a teflon crÐ l^/as attached by a 1-1.5 inch length of stainless steel

orthodontic wire. The cup contained 50 ul of 0.1 N NaOH and 5 per cent

U/V) mixed indicator. At the end of an incubation interval, 100 pt

of 0.1 N HCl rvas injected rvith a hypoderrnic syringe into the reaction

mixture. The resulting low pH in the mixture seryed both to inhibii:

the metabolism and to release CO, from the nedir¡n. The sodir¡n hydroxide

in the cup traps arry CO, evolved during the incubation and thereaf.ter

the dissolved C0, released from solution when the sediment mixtr;re is

acidified by adding the HCl

To ensure that diffusion was complete, all tubes were kept over-

night at room temperature before the teflon cups were removed and their

contents titrated rvith 0.1 N HCl (see Sandham and Kleinberg, 1970b for

details). The amounts analyzeð. were between 0 and 3 umoles and were

determined by interpolation on a standard curve relating the volune

titrated to the amor¡Tt of carbon dioxide obtained by treating known

amor¡rts of sodium bicarbonate in the same r\ray as the unknorrrns (Sandham

and Kleinberg, 1970b) 
"

Acid Formation from the Polysaccharide Synthesized from the Different

Sugars

Five incubation mixtures

final concentration of sucrose

r\rere prepared in which the

mM and glucose, fmctose a¡rd

(1. s ml)

lvas 138. 9
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glucose-fructose in 1:1 ratio rvere each 277.8 nM. The mixtures were

incubated for one hour at 37oC to allorv the bacteria in the sediment

to synthesize polysaccharide in the presence of each sugar. After

rneasuring the pH, each incubation mixture was centrifuged at I740g f.or

15 minutes. The sr,rpernatant was decanted and the sediments were each

washed three times with cold distilled water. Each sediment was then

used along rvith fresh saliva to prepare incubation nixtures exactly

like the originals except that no sugars were added. The mixtures \.vere

re-incubated at 37oC for a period. of 4 hours and the pH was measured

at regular interyals.

RESULTS

pH Changes

Itrhen the substrate concentration was 2.8-5.6 N, all of the sugars

showed Stephan curvesi i.e., the pH in each case rapidly feI1, reached a

minimun during the first 15-30 minutes and then slowly rose during the

remainder of the 4 hour incubation (Fig. 3.1a). The pH curues were

almost identical except that fructose consistently fell to a slightly

lower pH"

At the L3.9-27.8, and the 138,9-277.8 mM concentrations, the pH

shorved the initial rapid fa1l seen at the lorr'er sugar concentrations

with each of the sugars tested but not the subsequent rise (Figs. 3.1b
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pH

TIME IN HOURS

Figure 3.1. pH of salivary sedjment mixtures incubated rvith; (i) no sugar;
(ii) glucose; (iii) fructose; (iv) sucrose, ffid; (v) glucose-
fructose in 1:1 ratio. fte concentrations in (A) rvere 2.8
mìtl for sucrose and 5.6 mltl for the other sugars, in (B) ivere
13.9 mM for sucrose and 27.8 nl\I for the other sugars and in
(C) r"ere 138.9 mlrl for sucrose and 277.9 for the other sugars.
ô- glucose; E - fructose; 6 - sucrose; A- glucose+fructose
(1:1); o - distilled tvater.

o

pH

Glu,Fru,Suc,
Glu + Fru

Glu,Fru,Suc,
Glu + Fru



s6

and c). Fructose again sholed a smal1 difference from the other sugars

but this time the fal1 in pH with fructose was slightly less than that

with the other substrates.

Sugar Utilization

At the lowest sugar concentration (2.8-5.6 nN{) utilization occurred

at the same rate for all sugars and was complete between 15 and 30

minutes (Fig. 3.2a and b). At the higher concentrations (I3.9-27.8 and

138.9-277.8 mM), utilizatíon was incomplete by the end of 4 hours (Fig.

3.3 and 3.4). At the 27.8 mM concentration, glucose and fructose in the

different mixtures were util izeð. at approximately the same rates (Fig.

3.3a and b). However, when the two sugars were incubated together in

equimolar concentration, glucose utilization was favoured slightly.

This difference between the rates of uptake of glucose and fructose was

also obseryed when sucrose was the substrate"

At a sugar concentration of 138.9-277.8 nN{, only a sma11 percent-

age of the available sugar was utilized (Fig. 3.4a and b). Sucrose and

glucose-fructose were again utilized at the sane rate"

Orromatograms sholing the utilization of the different sugars are

presented in Figs. 3.5, 3.6 and 3,7,

At a sugar concentration of 2.8-5,6 mNf, sucrose disappeared the

fastest; disappearance of fructose rvas the slorvest. In the glucose-fruc-

tose mixtures, it seemed that glucose was utilized faster than fructose
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(Fig" 3. s) .

The early appearance of both glucose and fructose spots of equal

intensity on the sucrose chromatograms clearly indicates that hydroly-

sis of sucrose occurs rvith little difficulty. With the exception of

very snal1 inrnobile spots where the 5 and 15 minute sanples were spot-

ted on the sucrose chromatograms, no other carbohydrate spots were

evident at other time points or at arry time points with the other sub-

strates.

At a sugar concentration of 13.9-27.8 mM (Fig" 3.ó), the results

lvere essentially the same as at 2.8-5.6 nlvf except that the differences

hrere more obvious. In the mixtures containing glucose, fructose and

an equimolar mixture of these two sugars, both glucose and fructose de-

creased continuously and rvere stil1 present in the medit¡n at the end of

the 4 hour incubation. No polysaccharide spots were observed ivith any

of these substrates. On the other hand, with sucrose, the sucrose a1-

nost disappeared within t hour and glucose and fructose spots ap-

peared at 5 minutes. As in the mixtures with the other sugars these

decreased and rvere sti1l present in the mediun wrtil the end of the in-

cubation. C1ear1y, extracellular hydrolysis of sucrose occurred and at

a very fast rate. The polysaccharide spot was again evident" The inten-

sity of the spot increased up to 1 hour and then decreased, indicating

that formation and utilization of a readily released extracellular poly-

saccharide occurs with sucrose.
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At a sugar concentration of 1J8.9-277.8 nl'l (Fig. 5.7), the g1u-

cose and fructose spots in the mixtures containing glucose, fructose

or a mixture of the two, decreased slightly and remained in the med.iun

wrtil the end of the incubation. with sucrose, the sucrose spot de-

creased slightly and together with the glucose and fructose spots that

appeared at the 5 minute interval, persisted t¡ntil the end of the experi-

nent. In contrast to the results obtained at L3.9 mtrl sucrose, the poly-

saccharide spot appeared at 5 minutes and increased up to the end of
the experiment.

Storage of Polyglucose and Polyfructose

Salivary sedirnent fron fasting subjects contains some polyglucose

but no polyfructose (Fig. 3.8a and b). Absence of added, substrate

favours utilization of the polyglucose.

At the 2.8-5.6 mM sugar concentration, polyglucose rapidly in-

creased during the first 15 minutes of incubation regardless of the type

of substrate used (Fig. 3.8a) ; no s)rnthesis of polyfructose occurred

(Fig. 3.8c)" A slow decrease in the sediment polyglucose followed the

initial rapid increase. sediment polyglucose increased least with

fructose (0.ó ug/u1 of sediment) and most with sucrose (1"3 ¡rg/¡rl).

An equal increase of 1.1 ug/u1 occurredwith glucose and the glucose-

fructose nixture.

At the 13"9-2T.Srníconcentration, all the sugars produced a rapid
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increase in the sedinent poiyglucose most of rvhich occurred during the

first ! hour of incubation (Fig. 3.sb)" Fructose caused the snallest

increase lvhile sucrose caused the largest (1"5 ug/u1 as compared to 3.5

yE/vI of sediment). The increase caused by glucose and its mixture with

fructose rvas similar, 2.0 and t.9 ug/ul, respectively. Only sucrose

sholved an increase in sediment polyfructose (Fig" 3.8d). lhe increase

for the entire incubation period totalled 0"4 ug/u1 of sediment. 0f

interest, the ratio of polyfructose to polyglucose in the sediment carbo-

hydrate formed from sucrose \.{as about 1:10.

At 138 .9-277.8 ñ, sediment polyglucose increased with all the

sugars and nuch more was obseryed than at lower substrate concentrations

(Fig. 3.9a). Sucrose produced much more (1.69 ug/ul) sediment polyfruc-

tose than occurred at 13.9 nr,lusucrose; as before, the other sugars

produced little or no polyfructose (Fig. 3.9b). As for the 13.9-27.8 rM

concentrations, most of the increase in polyglucose occurred during the

first ! hour of incubation. Again, sucrose gave the largest increase

(5.9 ug/ul) while fructose gave the least (f.9 ug/ul). Glucose and its
equivalent mixture with fructose both caused increases of 2.9 ug/ul.

Polyglucose and Polyfructose Content of the ì{ater Soluble, KOH Soluble a¡rd

Residue Fractions of Sediment li{ixtures Incubated rvith the Different Sugars

The composition of the water soluble, KOH soluble and residue frac-

tions of sediment mixtures incubated for 2 hours with the different

sugars is shown in Fig. 3.10. Polyglucose formation was rnost rvith sucrose
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and least ivith fructose. Large amoLu.rts of potyfructose rvere formed with

sucrose, but only very smal1 amounts could be detected lvith fructose or

lvith its equinolar mixture lvith glucose.

The largest aniount of water soluble fraction occurred with sucrose

and this rvas mainly polyfructose. Sucrose also produced the nost KgH

soluble fraction lvhich contained almost equal amourts of glucose and

fructose. The other sugars showed mostly glucose in this fraction" The

carbohydrate, mainly polyglucose in the residue fractions seemed to be

similar in amounts with all the sugars except fructose; fructose showed

lesser anolmts, but the amor¡rts r^/ere above those of the control.

The iodine test showed that neither the KOH soluble nor the water

soluble fraction contain polysaccharide of the glycogen-arnylopectin t1pe"

The anowtt of nitrogen in the KOH soluble and water soluble fractions was

very snal1, the carbohydrate/N ratio was approximately l0 and 17, respec-

tively. It was concluded therefore that the polymers in both fractions

were mainly polysaccharide and mainly of extracellular origin.

Acid Formation

In the absence of added sugar, no lactic acid was for-.md (Fig. 3.11a);

only hetero-acid rvas formed fron the snall arnoLnt of sediment carbohydrate

that rvas degraded (Fig. 3.11b). The hetero-acid was produced during the

first part of the experimental period, and the concentration remained
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r-n-rchanged during the remainder of the 4 hour incubation.

At the 2"8-5.6 nù'f sugar concenrration (Fig. 3.11a and b) lactic
and hetero-acid lvere both formed. The lactic acid concentration rapidly

increased to a maximt¡n and then s1ow1y decreased to zero by the end. of
2 hours. The hetero-acid concentration rose more slorvly during the

eatly part of the experiment, reaching a maxínun before showing a slight
decrease towards the end of the experimental period.

I{íth the higher sugar concentrations (Fig" J.11c, d, e and f), the

lactic acid concentration increased rapidly initially and then more

slowly during the remainder of the 4 hour incubation period. The lactic
acid curves did not show the rise and fa1l obseryed at loler sugaï con-

centrations; instead their shapes were asymptotic. In contrast, the

hetero-acid concentration, after an initial 1ag, progressively increased.

during the incubation and did not reach an asymptote"

COz Formati-on

C0, forrnation was sinilar for a1l sugars (Fig. S.IZ). In all
cases, COZ increased progressively throughout the experinental period.

Formation or co, \^/as most at the 2.8-s.6 nù{ concentration; at

L3.9-27.8 mM, formation rvas less and not markedly different from that

lvith the sugar concentration at 138.9-277.8 finV" Formation of more C0,

at 2,8-5.6 mlt{ than at the higher substrate concentrations was previously

observed by Sandham and Kleinberg for glucose (19i0b) 
"
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Acid Formation from the Pol saccharide thesized fron the Different

Sugars

As shol¡n in Fig. 3.I3, during the first incubation when the sedi-

ments rvere peilnitted to store polysaccharide rvith each sugar, the pH

fel1 lvj-th all sugars to about the same level. During the second, incuba-

tion however, the pH fell nuch more with sucrose than with the otþer

sugars. With each sugar, the pH fell to a minimum during the first hour

and remained at a plateau urtil the end of the incubation period.

DISCUSSION

Regardless of whether sucrose, glucose or fructose was the sub-

strate, the pH-tine curves in salivary sedirnent mixtures at each of the

substrate concentrations tested r^/ere, except for minor differences with

fructose, almost identical (Fig. 3.1). At 1ow substrate concentration

(2.8-5.6 nlf), the fal1 and rise in the pH characteristic of the Stephan

curve (Stephan, 1940) occurred with all the substrates examined rvhile at

the higher concentrations, the fa1l but not the rise portion of the pH

curve lvas observed. Fructose at 5.6 nli{ showed a sliglttly greater pH

fa1l but at 27.8 and 277 "8 mM, the pH fall rvas slightly less than with

the other sugars. The slight difference betleen fructose and tþe other

tlo sugars has been noted previously in saliva-glucose (Kleinberg, 1970a)

and dental plaque mixtures Qrfiller et al, lg40). TLe difference is

probably too smal1 to be of major significance rvith regard to cariogenicity.
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Figure 3.I3" Effect of pre-incubation of salivary sediment mixtures with;
(i) no sugar; (ii) glucose; (iii) fructose; (iv) sucrose,
and; (v) glucose-fructose in 1:1 ratio, on the pH upon sub-
sequent incubation without substrate" A-pH before and after
the one hour pre-incubation rvith substrate; B-pH after dis-
carding the supernata¡rt and lvashing and resuspending the
sedinents in fresh salivary supernatant. The sucrose con-
centration was 138.9 nlt{; the concentration of the other sugars
was 277.8 nU" G-glucose; F-fructose; S-sucrose; GF-glucose+
fructose (1:1) 

"
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Littleton, Mccabe and carter (rg61) measured the pH of hr¡nan

plaques before and after rinsing with solutions of sucrose, glucose and

fructose. l{hether the subjects were previously fed normally or by tube,

(the latter procedure reduces tlle ability of the plaque to fonn acid),
all sugars gave the same pH curues except for fructose showing a small

difference 
"

These pH results and the finding that CO, and lactic and. hetero-

acid formation are virtually the same lvith the d.ifferent sugars even at
very different sugar concentrations clearly indicate that any d.ifferences

in the cariogenicity of these sugars does not lie in their ability to

form acid. 0r the other hand, najor differences were obseryed. in the

ability of the different sugars to synthesize glucose and fructose

polymers and to subsequently form acid from these polymers.

Comparison of llptake lvith the Different Su.qars

Disappearance of sucrose from the medium occurred at about the same

rate as the equimolar mixture of glucose and fructose but faster than

glucose, which in turn occurred faster than fructose (Figs. 3.2, 3.3

and 3.5). A1one, uptake of glucose occurred at about the sane Tate as

the uptake of fructose. Hotvever, r,'hen glucose and fructose rvere together

either as an equimolar nixture or as parts of the sucrose molecule,

disappearance of glucose from the medit¡n occurred more rapidly than rvith

fructose, viz,, decrease in the concentration of 0.12 a¡d 0.09 ulr/ul,
respectively.
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The sfunilarity of the results witir sucrose and the glucose-fructose
nixture is consistent lvith the results fron the chromatography experiments
tr'here it was foimd that hydrolysis of sucrose into glucose an¿ fructose,
indicative of the presence of invertase, is an extremely rapid. process.
At 13'9 n1'M sucrose, almost conplete hydrolysis occurred. within about 1

hour.

Preferential uptake of glucose over fructose has been observed in
a nurber of cellula.r systems. For example, Mateles et ar (1967), in
studies on Escherichia coli and. Pseudornonas fluorescens growing in con-
tinuous culture fou¡rd that glucose r,ì/as utilized in prefèrence to fruc-
tose when a mixed glucose-fructose feed was used" In mature erythrocytes,
Bonsignore et a1 (19ó3), showed that consr-unption of fructose was less
than that for glucose (1"g and 2.J uMoles,/nl cells/hour, respectively)
and that fructose utilization hras inhibited when examined in the presence
of a¡r equinrclar concentration of glucose. lr{oreover, the inhibition
increased when the glucose concentration was increased. sinilar obser-
vations were mad.e for lanrb and sheep brain (setche11, 1963).

More sediment polysaccharide was synthesized rvith sucrose than rvith
the other sugaïs although this was d.ependent upon the sugar concentration.
No differences were observed bettveen the different sugars at the 2.g-s.ó
mlul concentration, some differences were evident at r3.g-27.g nrl{ and

differences were clearly evident at the 13g.g-?,77,g nù{ lever.
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This increase in difference with increase in substrate concentTa-

tion can be attributed mainly to the much greater increase in extracel-

lu1ar polysaccharide formation that occurs H'ith sucrose than with its
constituent monosaccharides alone or in combination. This conclusion

is based upon the fact that; (i) fraction B when sucrose t^/as the sub*

strate contained much more polysaccharide than the same fractj-on with the

other sugars, andi (ii) except for a slightly lower level with fructosee

the polysaccharide in the c fractions was about the sarne (Fig. 3.10)"

The slightly lower level of fraction C observed with fn-rctose than

with the other sugars is consistent with the results shown in Fig" s.9

in that polyglucose formation was least with fructose (see Fructose sec-

tion below). The results for glucose were almost identical to those

reported earlier by Sandhan and Kleinberg for the same sugaï (196ga).

Very litt1e of the polyglucose or polyfructose formed with glucose

and fructose appeared in fraction A. with sucrose, on the other hand,

this fraction contained substantial anounts of polyfructose. Since both

fractions A and B are mainly of extracellular origin (see results above),

it is evident and consistent with a large ntunber of earlier studies

(sexton, 1969; Gibbons and Banghart, 196T) shorving that extracellular

polysaccharide formation occurs mainly with sucrose.

Possible Explanation for the Effect of Sucrose Concentration on Polyglu-

cose and Polyfructose Synthesis

The effect of sucrose concentration on the formation of polyglucose
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and polyfructose assuming these to be mainly dextrans and levans can be

e4plained as follolvs.

At lorv sucrose concentration (2.8 nM), the added sucrose is rapidly

hydrolyzed to glucose a¡rd fructose both of rvhich appear and then rapidly

disappear from the mediun; the disappearance occurs lvithin the first ferv

minutes of incubation. Since the formation of dextrans and levans by

dextransucrase and levansucrase require unhydrolyzed sucrose as substrate,

one would e4pect little of these polymers to be formed at 2.8 mM sucrose.

The sma11 increase in sediment polysaccharide observed at this concen-

tration (Fig. 3.Ba) is probably an increase in intracellular polyglucose.

ûr the other hand, at very high sucrose concentration (1i8.9 nM),

although rapid hydrolysis of sucrose occurs (Fig. S,T), the sucrose

concentration is too high for all of the sucrose to be hydrolyzed. iin-

hydrolyzed sucrose is therefore sti1l present in the incubation meditun,

permitting extracellular polysaccharide formation to occur. The much

smaller amounts of polysacchari-de formed with the glucose-fructose mix-

ture is consistent with the presence of intact sucrose molecules being

necessary for levan and dextran formation.

The appearance of fructose and glucose in the mediun during the

metabolism of sucrose indicates that the rate of transport of these

sugars into the cel1s is less than their rate of formation from sucrose.

Since in the presence of fructose and glucose, sucrose breakdovm by a

sucrose hydrolyzing enzyrne is inhibited (Edelnan, 1954), it follorvs that

accr¡nulation of these sugars in the mediun rvill inhibit sucrose break-
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doivn and ensule that more sucrose rvi1l be available for synthesis of
extracellular polysaccharide .

It has been observed that the rate of glucose utilization by sali-
vary sediment and dental plaque decreases rvith d.ecrease in the pH

(Korayem and Kleinberg, 1970 and 1971,) " Applying this observation to

the present study, decrease in the uptake of glucose and fmctose with

decrease in the pH, may lead to their accr¡nulation in Lhe mediu¡n and

if sucrose breakdown is inhibited, more polysaccharide would l¡e formed.

Polysaccharide Synthesis with Fructose

Less polysaccharide was formed from fructose than the other sugars

andbeingpolyglucose (Figs. 3.8 and s.9), it was probably of a glyco-

gen-amylopectia type. If so, one possible explanation for the formation

of less polysaccharide lvith fructose nay be that as in some micro-

organisms, the initial step in the metabolism of fructose is the forma-

tion of fructose-1-phosphate. This has been shown to occur through a

phosphenol-pyruvate dependent phosphorylation of fructose in Aerobacter

aerogenes (Hansen and Anderson, 196S) and Escherichia coli (Frankell,

19ó8). Should the findings of Zalitis and Oliver (7967) thar fructose-

l-phosphate inhibits glucose phosphate isomerase (rvhich is involved in
the transfor¡nation of fructose-ó-phosprrate to glucose-6-phosphate in
li-ver and ntuscle) be true for bacteria, one would expect a decrease in
the amourt of glucose-ó-phosphate and as a result, less storage of intra-
cellular glycogen.
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Comparison to Findings in Other Studies

The results in the present study with salivary sediment show many

similarities to those obsen¡ed ín other bacterial systens. For example,

exposure of dental plaque in vi-vo to different sugars clearly indicated

that polysaccharide formation was least with fructose and most with

glucose and sucrose (Saxton, 19ó9). Greater synthesis of polyglucose and

polyfructose from sucrose obseryed in the present study with salivary

sediment was also observed i¡r studies rvith bacterial isolates (Gibbons

and Banghart, L967; Gibbons and lrlygaard, 1968) and in studies on dental

plaque in vitro and in "i*. Ofanly et al, 1966; critchley et al, 196l).

Since direct acid formati-on from sucrose lras si¡nilar to that fron

the other sugars tested, one must conclude that arry difference in cario-

genicity betrveen sucrose and its monosaccharide derivatives is more likely
to arise from the capacity of the oral microorganisms to store larger

amou-tts of polysaccharide from sucrose. As suggested by lvfanly (19ó1) and

Gibbons and Socransþ G962) polysaccharides synthesized during periods

of substrate excess would provide substrate for the formation of acid

rvhen the external environment is free of utilizable substrate. That suc-

rose is more suited for this purpose than the other sugars is evident

from Fig. 3.I3, where elposure of salivary sediment to different sugars

for one hour to allow cellular accunulation of carbohydrate then resus-

pending the washed sediment in fresh saliva, results in the pH falling
with sucrose to a greater extent and for a longer time period than tvith

the other sugars. This particularly demonstrated major difference between
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the caries process"
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significant in their roles inrvhicir mav be/



CFIAPTER IV

EFFECT OF pI{ AND SUCROSE CONCENTRATION ON TFIE FOR,\ÍATION OF

EXTRACELLUI"A.R GLUCOSE AND FRUC|OSE POLYT,IERS BY T}IE

BACTERIA IN SALIVARY SEDIT,IENT

The formation of extracellular glucose and fructose polyrners from

sucrose has been demonstrated in numerous studies with pure and mixed

cultures of the microorganisms from saliva and dental plaque.

Formation of dextran from sucrose has been demonstrated in dental

plaque (lVood, Ig67b; Gibbons and Banghart, 1967) and in several strains

of streptococci (Guggenheim and Schroeder, 7967; lVood and Critchley,

19ÓÓ; Ðe Stoppelaar et al, 1967), Levan formation has been observed in

bacterial systerns such as salivary sediment (Manly, 1gó1), dental plaque

(McDougall, 1964; I4an1y et al, 1966) a¡rd. a variety of oral bacteria

(snyder et al, 1955; Horvell and Jordan, 1967; Gibbons and lrfgaard, 196g)"

Several studies have shorrn that the extracellular polyners synthe-

sized are quite variable in composition. For example, glucose polymers

contaj¡ring about 2-5 per cent ketohexose have been fowrd in polysaccharide

isolated fron hunan streptococcus strains PKl, GSS and 120 (Gibbons and

Banghart, 1967), mixtures of levan and dextran in streptococcus strain

GSS and t"lt{7 (Gibbons and Nygaard, 1968), structurally clifferent dextrarrs

in Streptococcus mutans OMZ 6I and OÌvfZ 17ó (Guggenheim and. Schroeder,

7967), a glucan plus heteropolysaccharides of various composition have

been denonstrated in several strains of lactobacillia (Dunican and

Seeley, 19Ó5) and in Leuconostoc_ rnesenteroides, polymers containing both
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glucose and fructose l{ere for¡rd anidst polymers containing only glucose

or fructose (lVilham et al, 1955).

Despite the numerous studies that have been carried out, there is

1ittle information about the factors determining the amounts and relative

quantities of extracellular glucose and fructose polymers synthesized

from sucrose wtder conditions that normally occur in the oral cavity.

For example, sucrose concentration carL vary considerably during eating

(Lanke, 1957) and from the studies in Chapter III, can have a considerable

effect on the formation of such polyners. There it was sholun in salivary

sedinent mixtures incubated with sucrose that a high sucrose concentration

was necessary for substantial amotnts of both polyglucose and. polyfructose

to be formed. l'{uch of the polysaccharide formed was extracellular since

part was released into the medir-un during the incubation and part renained

rvith the sediment. This latter could be extracted with cold KOH

(Guggenheim and Schroeder, L967).

In the oral cavity, pH, an important regulator of many metabolic

processes, can also vary considerably. For example, after the ingestion

of sucrose the pH can rapidly decrease from approximately 7.0 to a pH

below 5.0 (Stephan, 1940 and 1944; Stralfors, t9S0).

Because of their probable in.portance, the variables of pH and

sucrose concentration have been examined in the experirnents in the present

chapter for their effects on the glucose and fructose polymers formed in

incubated salivary sedinent mixtures. The honogeneity and solubility of

the glucose and fnrctose polymers in the supernatant and KOH-sediment
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components of the extracellular carbohydrate !/ere examined by d,ifferential
precipitation in alcohol solutions of different concentration (Wilham

et a1, 1955)" Experiments are also reported in this chapter rvhich show

that release of polyglucose and polyfructose into the medium also occurs

during incubation of plaque-saliva mixtures with sucrose"

METFIODS

Sediment mixtures r^¡ere prepared from wax-stimulated whole saliva as

described in the previous chapter. Saliva from 8-10 donors was collected

between 9:00 and 10:00 a.m. in 25 x 150 nm test tubes chilled in cracked

ice. The saliva tvas centrifuged at I740g; supernatant was decanted and.

the sediment then washed 3 times and suspended in cold distilled water

at a concentration of 50 per cent A/v1. sedinent, supernatant and suc-

rose solution were then combined in the ratio 1:1:1 so that the final
sediment concentration was 16.7 per cent (l/V) and the sucrose concentra-

tion was either 2"8, I3.9 or 138.9 rTM. TLe total volume of each sedinent

rnixture ivas 3 ml. Control mixtures contained distilled water instead of
sucrose.

a. Effect of sucrose concentration on extracellular polysa

formation

For each experirnent, 4 series of ó sediment

nixtures in each series contained sucïose at

mixtures were prepared;

0, 2 "8, 13. 9 and 138. 9

ation of sedinent lr{ixtures and Incubation procedures

the
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mM. At each of 0, 15, 30 ninutes and 1, z and 4 hours of a4 hour incuba-

tion at 37oC a mixture r{as removed from each series and supernatarìt and

sedinent inunediately separated by centrifugation at 4oc and, rz,4009 for
20 minutes (Lourdes centrifuge, Lourdes Instrlnnent corp)"

To each sediment, 1 ml of cold KOH (1.0 N) was added to release

sediment carbohydrate. After standing for 4 hours the extract was cen-

trifuged at 4oC and, I2,800g for 30 minutes a¡rd. the sediment discarded"

The KOH extract of the sediment was viscous and turbid in contrast to
the sr-rpernatant of the sedinent mixture which was clear"

Both solutions were then subjected to differential ethanol preci-

pitation. Three aliquots (70 u1) were reffi)ved fron each. sgpernatant of
a sediment nixture and transferred to 10 x 75 nun test tubes containing

ó50 u1 of ethanol to give a final concentration of 30, 50 or 70 peï cent"

Three aliquots (30 ul) were then removed from the KOH extract and

added to 270 ul of ethanol to give the sane final concentrations. To

ensure complete precipitation, each tube rvas kept at 4oC for LZ-16 hours.

After centrifugation at I740g for 5 minutes, the precipitate was lvashed.

twice with 90 per cent ethanol and dried by heating in a boiling water

bath. The precipitate rvas then solubilized by adding 50 p1 of 50 per cent

sulfuric acid and heating at 70oC for 5 mjnutes. The fructose and glucose

residues in each precipitate were determined using the anthrone procedure

described. in Orapter II.

Effect of oH on extracellular lysaccharide formation

In the experinents carried out to determine the effect of pH on the
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formation of polyglucose and polyfructose frorn sucrose, five sedinent

mixtures lvere prepared as before except that the volunes i,¡ere ó m1 rather

than 3 ml and examination l,uas restricted to sucrose at 138.9 mM. pre-

lininary e4periments established that at this substrate concentration,

the polyglucose and polyfructose yields were sufficiently high for clear

comparisons to be made. The details are as follows.

Each mixture was prepared by transferring 2 mI of 50 per cent sed.i-

ment suspension to a 20 m1 beaker containing 2 mI supernatant and 2 nl
of 416.7 ilM sucrose. The pH of each mixtuïe was then adjusted with either

HCl or NaOH to 4.0, 5.0, ó.0, 7.0 or 8.0. The nixtures were then incu-

bated for 4 hours in a water bath at 37oC. The pH of each was continuous-

1y monitored with a glass pH electrode (Fig. 4.1) and kept constant by

delivery of NaOH (0.5 N) from a pH-stat (Radiometer Titrator 11, copen-

hagen). The salt brid.ge from each of the 5 incubation mixtures was

connected to a single calomel electrode. The glass electrodes inrnersed

in the mixtures and the calomel electrode t{ere connected through a six

channel automatic switch (Bach-simpson Ltd., London, canada) to the pH-

stat. The NaOH (0.5 N) required to keep the pH constant rvas delivered

from microburettes constructed from l ml pipettes (Fig. 4.1). Each re-

action mixture lvas stirred magnetically by a teflon coated bar inrnersed

in each mixture. At the end of the incubation, 3 ml of each nixture was

removed and the carbohydrates in the supernatant and the KOH sediment

rvere treated and urai-.yzed. for polyglucose and polyfructose as described.

in the previous section.
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c. Effect of pH on sucrose hydrolysis and utilization
To determine the effect of pH on sucrose hydrolysis and utiliza-

tion by the bacteria in salivary sedinent, the follorving type of erperi-

ment rvas carried out" Sediment mixtures (3 ml) were pïepared and incu-

bated for 4 hours at either pH 4.0, 5.0, ó.0, 7.0 or g.0 using a pH-stat

as in the experiments in the previous section. The sucrose concentration

rvas either 13.9 or 138.9 mlvl" Before and at several interyals during an

experiment, 50 ¡r1 aliquots were removed from each mixture, transferred.

to 6 x 50 nrn Kimax test tubes and inrnediately centrifuged at IT40g anð,

4oc for 5 minutes. From each supernatant, two 15 p1 aliquots (when the

sucrose concentration was 13.9 fiM) or two 10 ¡r1 aliquots (when the suc-

rose concentration was 138.9 mM) were spotted on paper chronatograms

(8 x 8; l{hatman No. 3) and treated as described in the methods section

of Chapter IIL

Preparation and Incubation of plaque Mixtures

Dental plaque was ïemoved with a stainless steel spatula from the

buccal surfaces of the teeth of 4 subjects. The subjects were instructed

to stop cleaning their teeth for three days prior to and on the morning

of the fourth day when the plaque was harvested. Subjects rvere instruct-
ed to avoid food or liquids for at least 12 hours prior to the time of
plaque collection. The plaque material was immediately transferred to

a 10 x 75 nrn test tube and dispersed in 1 ml cold distilted water. After

centrifugation at I740g for 15 minutes at 4oC, the supernatant rvas dis-
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carded' the plaque tvas washed trvice with and. nad.e up in distilled lr¡ater

as a 25 per cent suspension" The plaque mixture consisted of 200 ul of
25 per cent (V/V) plaque suspension, 200 ul of salivary supernatant a¡rd

200 ul sucrose at 138.9 mM. At the end of a z hour incubation at 37oc,

the nixtures r\rere centrifuged, 3 aliquots (70 ¡r1) were removed from the

supernatant, these were the-n precipitated at 70 per cent ethanol

and the precipitates analyzed fbr carbohydrate as above for sediment

mixtures "

RESIJLTS

Effect of Sucrose Concentration on Extracellular Polysaccharide Formation

The total quanti'ty of extracellular polysaccharide (..*, super-

natant plus KOH-sedinent polysaccharide) fonned in the salivary sediment

mixtures at the different concentrations of sucrose is shorur in Fig. 4.2.

The supernatant and KOH-sediment polysaccharide formed are shown in Fig.

4.3.

In the absence of added sucrose, the small quantity of KOH-sediinent

carbohydrate initially associated rvith the sediment (Table 4.1) was

utilized during the first 5 minutes" At 2.8 nü sucrose, the sma1l

amotmt of KOH-sediment carbohydrate that \{as formed in the first 15

minutes was utilized upon further incubation. No carbohydrate could be

detected in the supernatant at this sucrose concentïation. At 13.9 and

138.9 rnM sucrose, both supernatant and KOH-sedfunent polysaccharide accurm:l-
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ated at a progressively decreasing rate throughout the 4 hour incubation.

Increase in KOH-sedinent polysaccharide \r,âS florê than the increase in

sLrpernatant polysaccharide .

The percentage of the total sedirnent carbohydrate that is KOH-sedi-

ment carbohydrate was calculated from data in Chapter III a¡rd that in

Fig. 4.3b (Tab1e 4.1). IVith increase in- sucrose concentration, the per-

centage of the total sediment carbohydrate that is soluble in cold KOH,

increases.

The polyglucose and polyfructose composition of the KOH-sediment

and superrratant polysaccharide is shown in Fig. 4.4, At 2.8 rnM sucrose,

no polyfructose or polyglucose could be detected in the supernatant.

However, at 73.9 and 138.9 mM sucrose, both types of polysaccharide

appeared in the supernatant, with polyfnrctose more than polyglucose

especially at 138.9 mNf sucrose.

The KOH-sedinent fraction contained mainly polyglucose and only at

138.9 mM sucrose did that fraction contain even sma1l amounts of poly-

fructose 
"

The results for the differential ethanol fractionation of the

supernatant and KOli-sediment polysaccharides are shown in Figs. 4.5 and

4.6.

At both 13.9 and 158.9 mlrf sucrose, polyfructose constituted most

of the supernatant polysaccharide and precipitated mainly at 70 per cent

ethanol. On the other hand, most of the polyglucose in the supernatart

precipitated at 30 per cent ethanol and was nore heterogeneous than the



94

Polyf ructose Po lyg lucose

138,9mM
c.)t-

=+
-x

C
(l)

.E
''ìo
(L)

U)

\+
c)
C]
E
-co
-o!-o
C)
\-o
f
õ(J
CIl-

x
L.J

4

Time

o-

in Hours

Figure 4.4. Effect of sucrose concentration on the distribution of
polyfructose and polyglucose between the supernatant
and KOH-sediment corrponents of the extracellular
carbohydrate formed during incubation of salivary
sedirnent rnixtures for 4 hours.

Polyf ructose Folyglucose



E
E

:o .x
E

- 
õO

b+ -o Q
)

U
) I g E -c o -a I 

Ë
o

Lq ob fE õq
) Ë
 lo

>
<

' 
!

Ll
Jo

vc o o c o) è f U
)

ffi
-3

0%
 E

-5
0%

 Ø
'7

O
%

 E
th

on
ol

 C
on

ce
nl

ro
lio

n

,p
g

P
ol

yf
ru

cl
os

e

vg

F
ig

ur
e 

4"
5"

 S
ol

ub
ili

ty
 in

 e
th

an
ol

 o
f 

th
e 

gl
uc

os
e 

an
d 

fr
uc

to
se

 p
ol

ym
er

s 
in

 th
e 

su
pe

rn
at

an
t

a¡
rd

 K
O

H
-s

ed
im

en
t 

co
n,

po
ne

nt
s 

of
 th

e 
ex

tr
ac

el
lu

la
r 

cã
rb

oh
yd

ra
te

 fo
rm

ed
 d

ur
in

g
in

cu
ba

tio
n 

of
 s

al
iv

ar
y 

se
di

m
en

t 
m

ix
tu

re
s 

fo
r 

4 
ho

ur
s"

 T
he

 s
uc

ro
se

 c
on

ce
n-

tr
at

io
n 

in
 th

e 
in

cu
ba

tio
n 

m
ix

tu
re

 w
as

 li
"g

 m
M

"

P
ol

yf
ru

cl
os

e

ls
rn

in
 3

om
in

. 
lh

r 
zh

r 
4h

r 
om

ln
. 

ls
m

in
3o

m
ln

 lh
r 

zh
r

S
or

rp
lin

g 
ln

te
rv

ol
s

(o ('ì



E
5

f,
o

X ¿
. 

c) o-
cf q)

(n
E õ q) (n I C
]

.T
f, >
\

-c o .-
Q

+
LC

.
-q

 
o)

(J
c

L

o-
(f

=
c, q)
r

(J (f
r :O l!

ys o4

ffi
-3

O
%

 t:
-5

0%
 V

Ø
-T

O
%

 E
th

on
ol

 C
on

ce
nt

ro
tio

n

,r
g

o2

P
ol

yf
ru

ct
os

e

ps

c (¡
)

.E -(
f c, U
) I :tr o )¿

S
om

pl
in

g 
ln

te
rv

ol
s

F
ig

ur
e 

4.
6"

 S
ol

ul
¡i1

ity
 i

n 
et

ha
no

l 
of

 th
e 

gl
uc

os
e 

an
d 

fr
uc

to
se

 p
ol

ym
er

s 
in

 t
he

 s
up

er
na

ra
nt

an
d 

K
O

l{-
se

di
m

en
t 

co
m

po
ne

nt
s 

of
 th

e 
ex

tr
ac

el
lu

la
r 

cã
rb

oh
yd

ra
te

 f
or

m
eò

 d
ur

in
g

in
cu

ba
tio

n 
of

 s
al

iv
ar

y 
se

di
m

en
t 

m
ix

tu
re

s 
fo

r 
4 

ho
ur

s.
 T

he
 s

uc
ro

se
 c

on
ce

n-
tr

at
io

n 
w

as
 1

38
.9

 m
M

"

l5
m

in
 3

O
m

in
.

o.
4

o.
2

lh
r 

2N
 

4h
r

P
ol

yf
ru

cl
os

e

n 
ls

m
¡n

.3
om

in

P
ol

yg
lu

co
se

))
g

o.
4

ln
. 

lS
m

in
.3

O
'm

in
 
ltu

 
2t

i¡:
 q

hi

P
ol

yg
lu

co
se

O
ln

ln
 ls

m
¡n

 3
om

ln
. 
lh

r 
2h

r.

(o o\



97

polyfructose. These effects lvere more obvious at 138.9 than 13.g nM

sucrose (Fig. 4.6)"

In contrast to supernatant polysaccharide, KOH-sediment polysac-

charide contained considerably more polyglucose tharr polyfructose and

the polyglucose was more heterogeneous in that large amounts were preci-

pitated at each of the different ethanol concentrations used rather than

most of it at one ethanol concentration"

Effect of the pH on Extracellular Polysaccharide Formatiorr

The effect of pH on the polyglucose and polyfructose formed in both.

st4)ernatant a¡rd KOH-sediment during incubation rvith sucrose is shown in

Fig. 4.7 . lr{aximtrn formation of sr-rpernatant and KOH-sedinent polysaccharide

occurred aror.¡nd pH 6. A higher pH favoured more supernatant carbohydrate

rvhile a lolver pH favoured more KOH-sediment carbohydrate" Conparing the

amounts of polyglucose to polyfructose in both fractions, more polyfruc-

tose tlran polyglucose was present in the supernatant at aLL levels of pH,

rr'hereas their relative anounts hrere reversed in the KOH-sediment.

Differential ethanol precipitation (Fig. a.8) indicated that regard-

less of the pH, polyfructose precipitated mainly at higher ethanol con-

centrations (70 per cent), whereas polyglucose precipitated mainly at a

lorver ethanol concentration (30 per cent).

Effect of pH on Sucrose Hydrolysis and Utilization

Both at 13.9 and 138.9 ml'f sucrose, hydrolysis of sucrose occurred

at aII pll levels tested except pl-l 4.0 (Figs, 4.9 and 4.10). I-lydrolysis
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llias evident by the appearance of glucose and fructose spots on the chro-

matograns of the samples removed fron the nixtures incubated at pH levels

above 4.0. At 13.9 ff, very little sucrose disappeaïance occurred at

pH 4.0 r'uhereas, sucrose disappearance from the nedir¡n occurred at the

other pH levels within two hours (Fig" 4.9). lVhen the sucrose concentra-

tion was 138.9 mM, sucrose r^/as present in sufficient quantity that suc-

rose and its constituent monosacdrarides were stil1 present i¡ the rnediun

at the end of the 4 hour incubation at all pH levels (Fig. 4.10).

Polysaccharide spots were visible at the origin of the chromato-

grarrìs at all pH levels exanined except for no or only slight spots at

pH 4.0. Noteworthy rvas the observation that at 138.9 il sucrose, the

intensity of the spots increased with time of incubation. On the other

hand, at L3.9 nM sucrose, the intensity of the polysaccharide spots

appearing at the origin increased during the early part and then decreased

or disappeared by the end of the incubation. This was not seen at pH

4.0 but was clearly visible betrveen 5.0 and 8.0.

Plaque Experiments

lVhen plaque suspensions were incubated rvith sucrose, as with sali-

vary sediment, botir polyglucose and polyfructose l,rere synthesized and

released into the nedium (Fig. 4.11).
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DISCUSSION

The findings in this study confirm the observations made with pure

cultures (Gibbons and Banghart, 1967; Gibbons and Nfgaard, 1968; De

Stoppelaar et a1, f967), that extracellular polyglucose and polyfructose

are formed fron sucrose and that the polyfructose formed is more soluble

than the polyglucose. The observation that polyfructose is found nostly

free in the medium, both in incubated sediment and plaque mixtures,

indicates that once formed, polyfructose does not tend to remain with the

cells. 0n the other hand, the necessity of using KOH in the sedinent

experi-rnents to extract nost of the polyglucose clearly shows that poly-

glucose does.

Several investigators have fourd nuch smaller amounts of extra-

cellular polyfructose than polyglucose in samples of dental plaque (Wood,

7967b; Critchley et aL, 1967). Although some investigators have inter-

preted this to mean that levan formation is much less than dextran forma-

tion, Leach et al (1969), have pointed out, that lower levan 1evels may,

because of the higher lability of leva¡r than dextran to bacterial attack,

arise because of more rapid levan breakdown. The results in the present

study showing that polyfructose formation is comparable in amount to the

formation of polyglucose (assuming the former consists mainly of levans

and the latter mainly of dextrans) supports this conclusion, but loss of

polyfructose into the medium both in the sediment and plaque experiments

suggests that in the oral cavity, a lorv plaque levan 1evel may also arise
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because of some loss of levan from the plaque into the saliva"

Itfost significant in this study rvas the finding that in addition to

the total amounts, the relative amounts of polyfructose and polyglucose

formed rvere dependent upon the sucrose concentration. At 2.8 mI{ sucrose,

sma1l anount of KOH-sediment polyglucos€ trrr€LS synthesized, no synthesis

of sediment polyfnrctose occurred. Neither supernatant polyglucose nor

supernatant polyfructose were observed. With increase in the sucrose

concentration, the increase in K0H-sediment carbohyd.rate was rnore than

that of supernatant carbohydrate with polyglucose dominating in the sedi-

ment fraction and polyfructose dominatíng in the supernatant" Moreor¡er

with increase irr sucrose concentration, the percentage of the total sedi-

ment carbohydrate that was extracellular increased (Tab-Le 4,1).

The chromatographic data adds convincing support for the view lhat

extracellular polysaccharide formation requires the presence of unhy-

drolyzed sucrose molecules. lthen the sucrose concentration was 13.9 N,
polysaccharide spots appeared and increased in intensity so long as there

was sucrose still present in the incubation nixture. Horvever, once the

sucrose was used r-p, the intensity of the spots inrned.iately decreased

indicative of their utilization (Fig. 4.9). At 138.9 ff, the sucrose rvas

not used up before the experiment was over and the polysaccharide spots

remained and increased in íntensity tintil the end of the 4 hour incubatiorr

(Fie. 4.10)

The results also showed that the pH has a deciding effect on the

polyfructose and polyglucose synthesized. The optimum for both tpes of
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polymers in both the supernatant and KOH-sediment carbohydrate fractions

rvas betrveen pH 5.0 and 7.0, but it appeared that formation of polyglucose

rvas favoured at a more acidic pH.

Several observations in the SSS system on the effect of pH on

extracellular polyglucose and polyfructose formation are in agreement

with those obtained with pure cultures" trVith regard to polyfructose,

the optiinum pH for its formation in the SSS system (assuning it to be

mainly levans; I4anly et a1, 1966) rvas similar to that reported for levan-

sucrase from Streptococcus mutans (Carlsson, 1970) and from Bacillus sub-

!f!is (Anderson, 1963). Also, both supernatant and KOH-sediment poly-

fructose formation occurred over the pH range 5-8, in agreement with the

observations of Gibbons and $gaard (1968), which showed a similar broad

pH range for levan synthesis from sucrose by Streptococcus strain GS5.

Ithile naximun formation of supernatant polyglucose occurred around

pH 6.0, it lvas fowrd in the present study that formation of KoH-sediment

polyglucose especially those fractions precipitated at lower ethanol

concentration (i.e., larger molecular size anð./or lower solubility) was

enhanced at a more acidic pH" Similar results were reported for other

systems. For example, dextran formation from Leuconostoc nesenteroides

occurred betrveen pH 4.0-8.0 with the optirnum around 5.ó (Taylor and

Hibbert, 1946)" In several Lactobacillus strains, Drnican a¡rd Seeley

(1965) have shorur that dextransucrase, the enzyme involved in dextran

synthesis from sucrose, has optinwn activity between approximately pH

5. 0- 7. 0.
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That the polysaccharides formed in the ssS systen are not hono-

geneous, is evident from the experiments shorur in Figs. 4.s, 5.6 and 4.8.

Besides being more soluble, polyfructose appeared to be less heteïogeneous

than polyglucose. Since polyfructose precipitated mainly at 70 per cent

ethanol tvhereas polyglucose precípitated mainly at 30 per cent ethanolr.

the bulk of the polyglucose is not only less soluble, but is likely to
be of larger molecular weight"

lvfolecular size heterogeneity of dextrans has been observed by

Jeanes et al (1954) in ninety-six strains of bacteria, lvhich included

Leuconostoc, Acetobacter and Streptococcus species. Heterogeneity has

also been observed. by Wilham et al (1955) in Leuconostoc mesenteroides

and by Gibbons and lrlygaard (1968) in plaque forming streptococci.

One factor that might affect the molecular size of dextrans is the

substrate concentration (Tsuchiya et al, 1953; Anderson, 1965; Ebert and

Schenk, 1968). At high sucrose concentration, snaller molecular weight

pol¡nners are formed, while at low concentrations, larger dextran molecules

are obtained. Hestrin (1962) showed that rvhen synthesis of dextran was

conducted in the presence of degraded dextran, fonnation of high molecular

weight dextrans tvas reduced, rvhereas the formation of lolv molecular

lveight products lvas markedly increased.

A second factor that night contribute to variation in nolecular

size is some spontaneous breal<dort'n of large molecular lveight dextrans,

(Jeanes et a1, 1957). Another is the type of acceptor molecule available

in the nedium during polysaccharide synthesis. Acceptor molecules ini-
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tiate the grolrth of the carbohydrate polymer molecule and have a deter-
minant effect on their molecular size (Ebert and Schenk, 196g). In their
studies on the action of acceptor molecules on the molecular weight of
dextran formed from sucrose and dextransucrase, Ebert and Schenk for¡nd

that addition of acceptors such as glucose and fructose to the reacting
system gives rise to small molecu.lar weighL dextran. On the other hand.,

rvhen sucrose is the only acceptor molecule availabl-e, -targe molecular

weight dextrans are formed,

It is conceivable then, that during sucrose metabolism by the nixed.

oral flora, a variety of such acceptor molecules G€,_, glucose, fructose

and sucrose) would be available in the environment" 'Ihis might contri-
bute to the formation of carbohydrate poly:ners of various molecular

weight.

Perhaps the most important facts that come out of the erperiments

in this chapter is that synthesis of extracellular glucose and fructose

polymers would increase with the increase in substrate concentration and.

decrease rvith decrease in the pH" Thus, in the oral cavity during the

first fet^r minutes after ingestion of sucrose, rvhen the sucrose concentra-

tion rvould be high and the plaque pH above 6.0, rapid formation of extra-

cellular polymers lvould be favoured" As hydrolysis of sucrose continues

and utilization of the resulting monosaccharides occurs, synthesis lvould

decrease due to further decrease in the pH. In the meantime sucrose

disappearance u'ould be inhibited (cf. Korayem and Kleinberg, 1971) and

synthesis of the polymers rvould continue though at a very slow rate.
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than a neutral pH in the dental plaque would

plaque dextrans and levans.
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favour the accumulation of



CH,{PTER V

L'IILiZATION oF GLUC0SE AND FRUSIOSË POLYNßRS BY TllE BACTERIA

IN SALIVARY SEDIMENT AND DENTAI PI"AQIIE

In the previous chapter, it was demonstrated that the bacteria in

salivary sediment synthesize substantial amounts of extracellular poly-

glucose and polyfructose at high but very 1itt1e or none at 1ow concen-

trations of sucrose. The glucose polln,ers synthesized remained mostly

with the sediment, whereas the more soluble fructose polymers were found

free in the mediun.

Based on studies with rnixed oral bacterial growth, Gibbons and

Banghart (1967) concluded that levans are labile to attack by the bac-

teria found in htrnan saliva and dental plaque whereas dextrans are more

or less inert. They concluded, that the low solubility and lability of

dextrans would favour their accuunulation anongst the bacteria in the

dental plaque and thereby would contribute to the building up of plaque

matrix. On the other hand, because levans are quite 1abi1e, they may by

functioning as extracellular carbohydrate reseryes for acid production

p1-ay a more signj-ficant role than dextrans in the caries process (Leach,

1e6e).

The experirents in the present study are an extension of those in

the previoL¡s ttro chapters and were initiated to examine some of the above
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conclusions in the SSS system. Sone experirnents l{ere carried out rvith

suspensions of dental plaque; but, because the anor-urts of plaque avail-

able are necessarily much less than salivary sedinent, experiments rvith

plaque were less extensive.

The pol¡'ners synthesized from sucrose by the bacteria and released

into the rnedir¡n of the salivary sediment mixtures (mainly polyfructose),

rvere tested for suitability as substrate for acid formation by the

bacteria in the same system. The pol¡rmers, synthesized in sediment mix-

tures and extractable fron the sediment lvith cold KOH (mainly polyglucose),

were tested in the same way" Since the glucose and fructose polymers

are most probably levans and dextrans (Gibbons and Àlygaard, 196g), the

breakdown of a variety of known bacterial levans and dextrans was also

examined.

The effect of several factors that night be significant when suc-

rose is catabolîzed in the mouth by the microflora of dental plaque was

investigated for their effects on the breakdown process. These were the

pH, presence of sucrose and the effect of salivary slæernatant.

METFIODS

Preparation of Salivary Sedinent li{ixtures

Salivary sedinent mixtures were prepared fron wax-stimulated whole

saliva as described in drapter III" In the various experinents in this

chapter, the total volune of each mixture rvas 150 y1, i00 ul, 1.5 ml or
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3 ml" In all cases, sediment mixtures r{ere prepared by conbining in the

ratio 1:1:1; (i) a 50 per cenr sediment suspension Cv/v); (ii) eirher

salivary supernatant or distilled water, and; (iii) either a solution

containing the glucose and fructose polyners synthesized by the sediment

bacteria from sucrose or one of the several dextrans and levans shov¡n

in Table v.1. As in earlier studies with the SSS system (Kleinberg,

1967; sandham and Kleinberg, 19ó9a), the final sediment concentration

was 16.7 per cent \l/V).

Preparation of Plaque-Saliva Mixtures

For each experiment dental plaque was collected from the labial
and buccal surfaces of the teeth of 4 subjects (about 50 ul from each)

and dispersed in ice-co1d distilled water as described in Chapter IV.

After centrifugation at r740g and 4oc for 15 ninutes, the supematant

was discarded and the plaque pellet was washed twice before being made

up in ûisti11ed water at a 2s per cent suspension tv/v). The plaque

mixtures that were prepared consisted of 100 u1 of 2s per cent Cv/v¡

plaque suspension, 100 ¡r1 of salivary supernatant and 100 u1 of dextran

solution. The final concentration of plaque in these mixtures was 8.3

per cent U/v) rather than 1ó.7 per cent as in sediment, since earlier

studies had shov¿r that the pH fa1l lvith glucose is comparable in plaque

and sediment mixtures rvhen the ceIl concentrations are 8.3 a¡rd L6.7 per

cent, respectively (Singer and Kleinberg, 1970)"
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Preparation of c14 sup"*atant and KOH-sediment Extracellular polv-

saccharides

The polymers formed from sucrose were prepared in radioactive form

by adding 22.7 vci of u-c14-sucrose (obtained from Amersham/searle,

Toronto, canada) to a sedinent mixture consisting of l0 m1 salivary

supernatant, 10 m1 sediment (50 per cent, v/v) and 10 nl sucrose (4L6.7

mM), and incubating at 37oC for t hour. The mixture was then centrifuged

at r2,400g and 4oc f.or 20 ninutes. The supernatant (A) was separated

from the sediment; the sedinent was then extracted with 10 m1 1 N KOH

for 4 hours at 4oC. The resulting suspension was then centrifuged at

12,8009 and 4oc for 30 minutes; the supernatant (B) was removed and the

remaining sediment rvas discarded.

Both fractions A and B rvere díalyzed against distilled water for

48 hours at 4oC and then precipitated twice at an ethanol concentration

of 70 per cent. Each precipitate l,/as washed twice with 90 per cent

ethanol, redissolved in distilled water and lyophylized.

Incubation Procedures

In the first series of experirnents, the glucose and fructose poly-

mers synthesized from sucrose in the SSS system and released into the

mediun (fraction A) and those remaining rvith the sediment and extract-

able with cold KOH (fraction B), were examined for their ability to serve

as substrates for acid formation by the bacteria in the systen. At the

a. Utilization of fractions A and B by salivary sediment
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sane time, the effect of sucrose (13.9 nlt| on the degradation of frac-
tions A and B was exarnined.

Utllization of fractions A and B by salivary sediment was deter-

mined by measuring formation of acid and ,too, (see Sandham and Kleinberg,

1970b). Acid formation lvas measured by decrease in pH when the pH was

permitted to decrease during the incubation and by recording the NaOH

required to keep the pH constant when the pH lvas held at 7.0 during the

incubation.

I4here the pH was permitted to decrease, two series of incubation

mixtures (36 in each), were prepared. in 10 x 75 nrn test tubes fitted lvith
serum stoppers from each of which a teflon cup was suspended by a stain-
less steel wire to hold 100 pl of 0.1 NNaOH for trapping evolvedcoz
(chapter rIr and sandham and Kreinberg, 1970b). The mixtures in one

series consisted of 50 pl salivary supernatant, 50 p1 of 50 per cent sedi-
ment suspension and 50 ul of either fraction A or B. The conposition of
the mixtures in the second series was identical to the first, except for
sucrose being added at a final concentration of 13.g mM. Before and at
each of several intervals during a 4 hour incubation at 37oc, ó tubes

lt/ere removed frorn each series (3 containing fraction A and 3 containing

fraction B) and the C140, formed rvas estimated. by liquid scintillation
counting as reported previously by sandham and Kleinberg (1g70b).

Eight additional sediment mixtures (J00 pl) rvere prepared, 4 with

and 4 rvithout sucrose. Two of each set contained either fraction A or
fraction B. The nixtures hrere incubated alongside the mixtures for ,rOO,
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determination and the pH measured at the same interyals rvith a glass

electrode.

In these experinents, the pH of the mixtures containing sucrose

decreased more rapidly and reached a lorver pH than the mixtures contain-

ing either fraction A or B. To rule out any effects that pH might have

on the rates of utilization of the polysaccharides in these fractions,

the follorving type of experiment was carried out"

Four nixtures each having a total volune of 1.5 m1 rvere prepared

in 20 x 25 n¡r test tubes fitted with a nrbber stopper penetratedby;

(i) a pH glass electrode; (ii) a KCL salt bridge; (iii) a srainless

steel hypodermic needle through whidr NaOH (0.s N) was added from a

microburette, and; (iv) a stainless steel needle through which HC1 was

added at the end of the incubation to stop the reaction and release any

c0, sti11 in solution in the incubation mixture (Fig" s.1)" In addition,

a teflon cup containing 100 u1 of 0.1 N NaoH was suspended from the

rubber stopper by a stainless steel wire to trap the evolved ,toor.
The mixtures were incubated at 37oc for z hours a¡rd the pH kept

constant at .7.0 using a pH-stat (Chapter IV). At the end of the incuba-

tion the metabolism of each mixture lvas stopped by injecting 1 rn1 of 0.1

N HCl into the mediun. As before, the radioactivity of the contents of

each teflon cup was determined by liquid scintillation counting,
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b. Utilization of various dextrans and levans saliva

LI7

sedinent

and dental plaque

A variety of experiments were carïied out to examine the utilization
of the dextrans and levans shorvn in Table V.l in salivary sediment and

plaque-saliva mixtures (300 ul) incubated at 37oC for, 18 hours; and. con-

centrations tested were 0.1, 0.5 or 2.0 per cent (w/v); the parameters

examined were the pH and in some experiments, the amounts of titratable
acid formed.

Some experíments in this series examined the effect of salivary
supernatant on the utilization of 5 dextrans and 4 levans at a substrate

concentration of 0.1 per cent (Table v.1). Forty salivary sediment nix-
tures l{ere prepared, half with and half without salivary supernatant.

Two mixtures in each series contained one of the above dextrans or levans

or distilled rvater. only the pH lvas measured in these e4periments"

Other experiments exanined the utilization of a few of the above

polysaccharides at a substrate concentration of 0.5 per cent. The poly-

saccharides selected tvere levans 1662 utd, 512 and dextrans 1191 and 512.

rn each e4periment, five salivary sediment mixtures (300 ul) were pre-

pared in duplicate; each set of duplicate mixtures contained one the 4

polysaccharides or distilled water. The pH rvas measured at intervals

during the 18 hour incubation at the end. of lvhich, the total arnotrrts of
acid formed was detennined by back titration of each mi-xture rvith 0.25 N

NaOH (see Sandham and Kleinberg, 1970a).

Other experiments in this series compared the utilization of 4 leva¡rs
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and 4 dextrans, to that of sucrose. The polysaccharides selected rvere,

levan 512, 1662,523 and 133 and dextrans 742, II9I, 5L2 and 523. For

each experiment, six sediment mixtures were prepared in duplicate. For

the levan experiments, each pair of duplicates contained one of the 4

leva¡rs, sucrose or distilled water; similar mixtures r{rere prepared rvhen

the 4 dextrans tvere the substrates. The final concentration of the poly-

saccharides and sucrose was 2 per cent.

The plaque experiments were carried out with dextran 512, dextran

742 and levan 7662. One type of experiment was as follows" Seven plaque

mixtures were prepared; two with dextran 512, two with dextrcn 742 and

trvo with levan 1662 anð.because of the sma1l amot.urts of plaque usually

available, one control containing distilled rvater rvas used" Tre poly-

saccharides concentrations were 2 per cent. As in the sediment experi-

ments, mixture volunes rvere 300 ul and the pH was measured at several

time intervals during incubation at 37oC for 18 hours. In another type,

utilization of dextran (512) by plaque \,vas compared in the same experi-

ments rvith salivary sediment" For these, the plaque and sediment were

obtained from the same subjects. The dextran concentration in the sali-

vary sediment and plaque-saliva mixtures r{as 2 per cent; four sediment and

four plaque mixtures were prepared; two of each set were rvith and two were

ivithout dextran.

c. Effect of pH on dextran and levan degradation

A third series of experiments was carried out to determine the

effect of pH on dextran and leva¡r degradation" For these experiments,
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dextran 512 and levan 523 lvere selected. For each experiment, 4 sedi-

ment mixtures (3 m1) containing either dextran 512 or levan 523 at 0.5

per cent rvere each incubated for 5 hours at either pH 5.0, ó.0, 7.0 or

8.0. The NaOH added from a pH-stat to keep the pH constant was record-

ed and gave a measure of the acid formed (O:rapter IV, Fig. 4.1)"

At the end of an incubation, aliquots (100 u1) were removed from

the mixtures, irunediately centrifuged at r740g and 4oc for s minutes, ffid

the extent of degradation of the dextran or levan initially added deter-

mined by paper chromatography (chapter III). The aliquots applied to the

chromatograms were each 25 pl.

RESULTS

The polysaccharides synthesized by salivary sediment during incuba-

tion with sucrose (fractions A and B) rvere both utilizedby the sedinent

bacteria. This rvas evident from the fa1l in the pH (Figs. s.za and 5.3a)

and the ,tOO, generated (Figs . 5,2b and 5.3b) rvith borh fractions. The

pH fa11 \{as comparable with fraction A (which contains mostly polyfruc-

tose) and fraction B (rvhich contains mostly polyglucose). Comparable rates

of formation of acid and ,too, observed in the experiments where the pH

was held constant at 7.0 (Figs" 5.4 and 5.5). Sucrose caused a more rapid

pH falI and reached a lower pFI than either fraction A or B, indicative of

the slorver rate of utilization of polyglucose and polyfructose compared to

sucrose. libst important, in the presence of sucrose, the breakdown of
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both polymers (as shornn by the amoult of cr4o, formed) rrrâs SUppressed

(Figs , 5.2b a¡rd 5.3b)" This ivas true ivhether the pH rvas allorved to fall
or t.ras held constant at pH 7.0 (Figs. 5.4b and S.Sb).

The results of the experirnents in rvhidr utilization of the dextrans

and levans listed in Table V.l by the salivary sediment are shorun in Figs.

5.6 to 5.9. At all concentrations tested, the dextrans and levans were

utilized by the sedinent bacteria.

In the absence of substrate, the pH fe11 during the first half hour

and then slowly rose until the end of the incubation (Kleinberg, 1967),

In the presence of 0.1 per cent levan or dextran the pH fell nuch further

and also shorved a subsequent rising phase (Figs. 5.6a and 5.7a). The fall
in pH was slower rvith the various dexLrans and levans than that observed

r,vith sucrose at the sane concentration (Chapter III). The sloweï Tesponses

lvith levans and dextrans are indicative of slower rates of utilization.
The fa1l and rise in the pH seen at 0.1 per cent in the presence of super-

natant (Figs. 5.6a and 5.7a) did not occur in its absence (Figs. 5.6b and

s. 7b) .

At the higher substrate concentrations (Figs. 5.8 and 5.9) and

with salivary supernatant present, no rise in the pH curve was seen ard

eventually the pH rvith dextran and levan reached as 1ow a pH as that

observed, lvith sucrose (chapter III). Again, compared to sucrose, the

utilization of these polymers rvas quite slorv.

In general, the rates of fall in pH with the various dextrans and

levans l'rere comparable although there were variations anongst the dextrans
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and levans.

In the experiments tvhere the dextran and levan concentrations lvere

0.5 per cent the rate of decrease in the pH was faster rvith the levans

than the dextrans tested. Ir4easurement of the amounts of acid formed by

the end of the incubation showed the same results.

In the experiments in r.vhich degradation of dextran 5I2 by dental

plaque and salivary sediment rvas coinpared (Fig. 5"10a), the fall in pH

was almost the same except perhaps for a slightly faster rate with plaque

than lvith sediment. Both reached approxirnately the same pH at the end of

the erçerinent , viz., pH 4.45 and 4.38"

Comparison of the rates of utilization of dextran 512, dextran 742

and levan 7662 by plaque suspensions showed that the plaque bacteria are

capable of utilizing all three polysaccharides (Fig. S.10b)"

In the experintents in which the pH was kept constant at several

levels, acid production with both the dextran and levan tested increased

r^/ith increase in the pH (Fig. 5.11). At pH s.0, little or no acid was

formed fron either substrates; with increase in the pH, acid production

increased and of the 4 pH 1eve1s tested, rvas maxímr¡n at pH 8.0.

The results of the chromatography experiments showed that, only

lvith levan, at pH 5.0 and ó.0 but not at 7.0 and 8.0 did traces of free

fructose appear in the mediun during the incubation. Levan and dextran

rvere stil1 present in the mediun at the end of the 5 hour incubation.
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DiSCUSSION

The results show that the extracellular polysaccharides formed. in

salivary sedinent nixtures incubated rvith sucrose can be utilized by the

bacteria in the same systen. This is evident from Figs. s.z, s.3, s.4

and 5.5, where both acid and c140, are produced when the supernatant or

the KOH-sediment fractions (A and B) are added as substrate" Acid a¡id

,'oo,formationwereconparab1efromfractionA1^¡hichcontainsmost1y

polyfructose, and from fraction B which contains mostly polyglucose. Com-

parable rates of utilization of fractions A and B suggest that d,extrans

may be utilized as rapidly as levans, assuming on quite good grounds that

the polyfructose in the former is mainly levans and the polyglucose in
the latter is mainly dextrans.

The erperiments in which the fermentability of a variety of dex-

trans and levans was examined also shorved that acid formation was com-

parable and slorver than from sucrose (Fig. s.9; see ctrapter III for
results with lower sucrose concentrations).

Although acíd formation varied amongst the different dextrans and

levans tested, they all showed a nunber of characteristi-cs seen with

glucose and sucrose under the same conditions. First, the rate of fall
in pH increased with increase in substrate concentration. Second, the

fall and rise in the pH seen at 1ow but not at high glucose and sucrose

concentrations (Chapter III), was also seen rvith levans and dextrans.

Third, rvithout salivary supernatant, the fa11 and rise in the pH obseryed at
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lotr'substrate concentrations hras not seen; instead, the pH continued to

fa1l a:rd did not subsequently rise (Figs. S.ób and 5.Tb).

The sinrplest and most probable e4planation of these results is

that the hydrolysis of dextrans and levans by tìre sediment and plaque

bacteria is a slol process yielding glucose and fructose at slol rates.

This rvould lead in the schene shorr¡n in Fig. s.rz, to steps I and II
proceeding no faster than steps IV and V and acid formatíon occurring

at the same comparatively slow rate. Accordingly, increasing the con-

centration of either dextran or levan would accelerate IV and V thereby

cause a greater fal1 in the pH (Fi-gs" s.8 and 5.9). since salivary

si{pernatant stírnulates the uptake of glucose (Kleinberg and Craw, lgóg)

and fructose (ürapter VI), at low concentrations of dextran and levan,

more rapid uptake of glucose and fructose would lead to complete utlliza-
tion of dextran and levan and the fa11 and rise type of pH curve seen

in Figs. 5.óa and 5.7a.

In the e>periments with c14 1ub"1Ied fractions A and B, sucrose

severely suppressed the utilization of the polysaccharides in both frac-

tions. This inhíbition was evidently due to sucrose and was not an

effect due to pH (Figs. 5.4 and 5.5).

Sucrose may suppress dextran and levan degradation by inhibiting

the activities of dextranase and. levanase. Another and more probable

explanation is that the glucose and fructose arising from sucrose hydro-

lysis are the vehicles, r"hereby sucrose inhibits the l'rydrolysis of levans

and dextrans (Step iII; Fig. 5.I2). Ftydrolysis of sucrose on the one hand
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and dextrans a¡rd levans on the other, both yield glucose and fructose.

Since sucrose ì-s hydrolyzed mudr more rapidly than levans and dextrans,

(evident from the acid formation and chronatography experiments in Orap-

ters III and IV) ' one can see holv neatly the glucose and fructose formed

fron sucrose could suppress utilization of both types of extracellular
polysaccharide. Moreover, suppression of both could occur sinultaneously

and continue ultil sucrose utilization is complete"

Regulation of dextran and levan utilizatj-on by sucrose is somewhat

paral1e1 to glucose regulation of intracellular polysaccharide utiliza-
tion obser'¿ed in the same and in other bacterial systems. Intracellular
and extracellular polysaccharides are both slmthesized. while glucose on

the one hand and sucrose on the other, is present in the medium" Both

are also catabolized once the envirorunent is depleted of their corres-

ponding substrates (Gibbons and Socransþ, 1962; Sandham and Kleinberg,

1969a). Because the intracellular polysaccharide formed frorn sucrose,

glucose or fructose is mainly polyglucose, one would expect the free

glucose in the medium to simultaneously affect the degradation of both

intra- and extracellular polysaccharide. ùrce the glucose and fructose

have been depleted the catabolism of extracellular polyfructose and poly-

glucose lvould proceed along with the catabolism of intracellular polysac-

charide. As proposed earlier by several investigators (Gibbons and Soc-

ransky, L962; l{eiss et al, 19ó5; sandham and Kleinbergo lgógb), this rvould

prolong acid fornation beyond the period that dietary carbohydrate is
available to the microorganisns in the dental plaque as substrate"
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Effect of pH on Dextran and Levan Utilizarlion

Between pH 4.0 and 8.0, dextrar and levan utilization both increased

rvith increase in the pH. The effect of pH on the utilization of these

polysaccharides para11e1s its effect on glucose (Korayern and Kleinberg,

1970) and sucrose utilization (Ctrapter IV) and strongly suggests, (and. in
keeping with the scheme shown in Fig. 5.12 for dextran and levan degrada-

tion) that the effect of pH on dextran and levan utilization is mainly an

effect of pH on glucose and f'ructose uptake.

In contrast to that seen earlier with sucrose, no free glucose was

observed chromatographically during the catabolism of dextran. This was

also true for levans except for the appearance of trace anounts of free

fructose at acidic pH. The dextran obseryations can be explained if one

assumes that the two main dextranase systems described in other systems

(sery and Helrre, 1956; Tsuchiya et a1, rgsz) are present in sediment and

plaque. Accordingly, one system degrades large molecular rveight dextrans

into smaller fragments between pH s.0-S.5. Consequentry at acidic pH,

the larger fragments one would e4pect from dextran degradation would

remai¡ at the origin of the chromatogran along with unhydrolyzed dextran.

The second dextranase system degrades dextran end-lvise resulting in release

of only glucose betleen pH 7.0-7.s (Ingelman, 1948). At such a pH,- the

free glucose would be rapidly utilized by the microorganisns in the incu-

bation nrixture and result in no glucose appearing on the chromatograrns.

Appearance of trace amowrts of free fnrctose in the incubation

meditun lvhen levan was utilized at.pH 5.0 and ó.0 and not at higher pH rnay



be the result of fructose uptake

bited so that the rate of uptake

15/

acidic pl{ being sufficienrty inhi-

slorver than levan degradation.

at

is

Dextranases a¡rd Levanases in Sediment and plaque

The present study clearly demonstrated that the mixed floras of

both sediment and plaque contain the enzymes necessary to catabolize a

variety of levans and dextrans"

Evidence for the presence of levanases in some oral microorganisms

is not lacking. For example, Van Houte and Jansen (19ó8b) reported that

7 out of 17 strains of a-haemolytic stïeptococci and 6 out of 1l strains

of streptococcus salivalius isolated fron human dental plaque rvere

capable of hydrolyzing levans obtained from Streptococcus salivarius or

Pseudomgnas auerofeciens. Manly (L967 and 1968) demonstrated the presence

of the enzyme levanase in both dental plaque a¡rd salivary sediment. Van

Houte (19ó7) found that both under aerobic or anaerobic conditions

several strains of Streptococcus mitis and Streptococcus salivarius (SS9)

or Ps. auerofeciens. Da Costa and Gibbons (19ó8) showed that several

streptococcal strains isolated fron human dental plaque possess a fruc-

tan hydrolyzing enzyme

.on 
the other hand, a m¡nber of studies have suggested that plaque

does not contain dextranases. For exanple, Gibbons and Banghart (19ó7)

fot¡nd that the microorganisms isolated fron sivabs of plaque, saliva and

tongue of hwian subjects do not utitize dextran but do utilize levan.

Also large amounts of dextran accr-unulate in the plaques of experimental
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animals fed a high sucrose diet (Gibbons et a1, f96ó) and in ht¡nan sub-

jects whose diets rveTe supplenented with an intake of one lunp of sucrose

every hour during the day time (50 grans per day) for one week (Carlsson

and Egelberg, 1965) " Also, consistent with levanases being present and

dextranases being absent in dental plaque are the observations of l{ood

(1967b) and Critchley et al (f967) that dental plaque upon analysis con-

tains rnuch lower levels of levan than dextran"

The belief that there is little or no dextranase in plaque has

been the main basis for recent attempts to use dextra¡rases therapeu'li.-

calIy either to pïevent the formation of plaque and/or facilitate its
removal. Recent findings ind.icate, however, that some of these inter-

pretations and the basis for using dexLranase to reduce plaque are no

longer va1id. First, as demonstrated in the present study and in those

of others (Gold et a1, 19ó9), the rnixed bacteria in both salivary sedi-

ment a¡rd plaque are capable of degrading dextrans and conseq_ue¡tly

must possess the necessary dextranases. Second, the studies in animals

and those in hr.¡nan subjects \t/ere caïried out under conditions where suc-

rose was available at very high concentration and on a moïe or less con-

tinuous basis. These conötions lvould be favourable for the synthesis

of extracellular dextrans and levans and at the same tine, because of the

continual presence of sucrose, would inhibit the breakdown of these poly-

mers (Figs. 5.2-5.5). Both processes would favour accunulation of dex-

trans and levans. Third, the studies sholing less levan than dextran in

plaque did not take into account the greater lability and solubility of
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levans than dextrans. Leadr e! a1 (1969) has pointed out that large

anounts of levan may have been formed but that nore rapid brea-kdorvn may

have occurred and resulted in low levels of levan in plaque. support

for the occurrence of substantial synthesis of levan is indicated by

the sediment and plaque studies in this thesis (Chapter IV) which also

shorved that most of the levan synthesized ís soluble and is released into

the incubation nedium during synthesis. critchley g! a1 (1967), not

aware of this point, had the subjects in their study, after rinsing their
mouths lvith sucrose solution, rinse their mouths twice rvith d.istilled
water prior to removing samples of plaque for dextran and levan analysis.

It'lost probabry, rinsing with distilled water would ïemove nost of any

levan synthesized during the period of rinsing rvith sucrose.

Relation Between Dextran and Levan Degradation and plaque pH

It would appear from the experiments in the present study that both

levan and dextran can act as substrates for acid fornation and. that their
availability would depend upon the presence of sucrose. Once the sucrose

is used up, the extracellular polymers can function as substrate reseïves,

Their degradation would cause slorv release of glucose and fructose for
acid formation, thereby retarding the return of the pH to neutrality.

rnterestingl¡ as the pH rises, the rate of degradation will also rise

and slolv the rate of pH rise even more.



CFITqPTER VI

EFFECT OF SAIIVARY SUPERNATANT A}'iD FLUORIDE ON TTIE TÍETABOLISIiÍ OF

SUCROSE BY THE N{ICROFLORAS OF PI"AQUE AND SALIVARY SEDITÍENT

A ntrmber of studies have shorùl that both saliva and fluoride have

strong inhibitory effects on the dental caries process. For exanple,

surgical removal of the salivary glands of experimental animals results

in a sharp increase in the severity of the disease (Klapper and Volker,

1953; Firur e! al, 1955), the severity varying in accordance with the

nunbers and types of salivary glands removed (Schwartz and Shaw, 1955).

In hunans, conditions such as unilateral or bilateral xerostomia (Gurley,

1939; suher et al, 1953)¡ surgical rernoval or irradiation therapy of

salivary gtands result in little or no flow of saliva and a dramatic

increase in the incidence of dental caries (Allington, 1950; B1ackwe1l,

1955; Frank et a1, 1965; L1ory et al, lg71).

The inhibitory effect of fluoride on dental caries is well estab-

lished. This effect appears to arise fron the ability of fluoride to

reduce the solubility of the hydroxyapatite of tooth enamel (Jenkins,

1963 and 1967) and the ability of the oral mic,roorganisms to produce

acid (Bibby and Van Kesteren, 1940).

'Evidence has been presented indicating that the beneficial effect

of saliva arises from several of its physical a¡rd chemical properties.

First, florv of saliva facilitates clearance of fermentable substrate

introduced into the oral cavity during eating as rvell as the dilution
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and renoval of the acidic end products that arise therefrom (Lanke, 1957).

Second, saliva contains buffers such as bicarbonate that neutralize some

of the acids fonned (lvah Leu'rg, 1951; Lilienthal, lgss). Third, saliva

contains a factor that stimulates the formation of base at the same time

that it stimulates glycolysis (Kleinberg, 1970b) " As a result of the

last property of saliva, one rvould expect utilization, and as a result

the clearance of fermentable carbohydrate from the oral cavity to be

accelerated.

The factor in saliva responsible for these effects has been iso*

lated and identified as a peptide (Kleinberg and craw, 1g7l). Because

it favours an earlier rise in the pH after the pH mininun has been reached,

it has been named safivary pH-rise factor.

Along with stimulation of the uptake of glucose and acid formation,

salivary supernatant also stimulates the formation by the salivary sedi-

ment microflora of storage carbohydrate (Kleinberg and Craw, 1969). Fluo-

ride has the opposite effect. Along rvith inhibition of glucose uptake,

fluoride inhibits both acid formation and the formation of storage carbo-

hydrate. These effects of fluoride have been demonstrated in bacterial

systems containing pure cultures of microorganisrns isolated from human

mouths (Bibby and Van Kesteren, 1940; Clapper, 1947; Sins, 1966; Weiss et

ã7, 1965; Harnilton, 7967 and 1969), in incubated rvhole saliva (lvright

and Jenkins, 1954; Jenkins, 1959) and in incubation mixtures containing

salivary sediment (Sandham and Kleinberg, 1969b). Interestingly, although

salivary supernatant and fluoride have opposite effects on carbohydrate
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metabolism, they have símirar effects on the pH (Kleinberg and craw,

19ó9). Both inhibit its decrease; salivary supernatant is nore effective,
hoivever, above a pI{ of approxinately 5.5, rvhile fluoride is more effec-
tive belorv this pH (Kleinberg and Craw, 1969)

In the present chapter, examination of the effects of salívary

supernatant and fluoride on the metabolisn of glucose by the microorga-

nisms in plaque and sediment has been extend.ed to sucrose. The paraneters

of the carbohydrate metabolism of the nicroflora exarnined were sucrose

uptake, decrease in pH and the formation of glucose and fructose poty-

mers. Because of the sinilarity of the carbohydrate netabolisrns of the

microfloras in plaque and sediment demonstrated in a number of studies

(Kleinberg, 1970c; singer and Kleinberg, 1970; Korayem and Kleinberg,

1970 and r97r), ffid because of the much smaller supply of plaque as com-

pared to sedinent, a nunber of the experiments repoïted in the present

chapter, were carried out rvith sediment.

Sucrose during its utilization by salivary sediment is hydrolyzed.

to glucose and fructose (Chapter iii). This has also been demonstrated

in this chapter in similar erperinents carried out lvith dental plaque.

Since any effects of salivary supernatant and fluorid.e on sucrose night

simply be the result of their effects on glucose and fructose it was

considered necessary for comparative purposes, in the present study to

examine the effects of salivary supernatant and fluoride on the decrease

in ptl and the uptake and storage of carbohydrate r,rith fructose. It was

not necessary to examine the effects of salivary supernatant and fluoride
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ham and Kleinberg,

rr'ith glucose since

1969b; Kleinberg and

this has been

Crarv, 19ó9).

14s

done already (Sand-

lvlETHODS

Plaque was collected from 8-10 hr¡nan subjects as described in
Chapter IV. The plaque IVas removed r.vith a stainless steel spatula mainly

fron the labial and buccal surfaces of the anterior and posterior teeth.
Each portion upon rernoval tvas transferred to and dispersed in distilled
water in a 2 rn1 graduated centrifuge tube chilled in cracked ice. The

plaque suspension was centrifuged at I740g for 15 minutes, washed 3 times

with cold distilled water and then suspended i¡ distilled water as a ZS

per cent (V/V) suspension.

Salivary sediment v/as prepared from wax-stimulated whole saliva as

described previously (Chapter III) and suspended. in d.istilled water as a

50 per cent U/V) suspension.

Each plaque-saliva rnixture prepared for the plaque experiments con-

sisted of; 25 per cent plaque suspension, sucrose solution rvith or lvith-

out added fluoride and either salivary supernatant or distilled water in
1:1:1 ratio; the voh¡ne of each H'as either 450 or 600 ul. The final
plaque concentration was 8.3% (V/V); the final sucrose concentration was

13.9 or 138.9 mM and the fluoride Ievel rr'as 5 ppn, Fluoride rvas added

as sodiurn fluoride (Baker analyzed).

ration of Plaquq and Salivary Sediment lr,fixtures
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For the sediment experiments, the voltune of each salivary sedi¡nent

mixture rvas either 1.5 or 3 ml and lvas sinilar in composition to the
plaque saliva mixtures, except that the final ce1l concentration was 16.7
per cent (v/v) rather than g.J per cent (v/v¡. Alt of the expeïinents

'{ere carried out for 2 hours and incubations were at 370c"

,

Ecr"ase in pH a.td Fortnation of Polyglucose ard polyfructose in plaque-

saliva lilixtures Incubated with 1s.9 mM and 13g.9 nù,I sucrose

For each experiment, four plaque-saliva nixtures (4s0 ul) were pre-
pared. Before and at regular intervals during an experiment, the pH was

measured in each mixture and aliquotis (15 ul) were removed. in triplicate
for determination of the carbohydrate in both the supernatant an¿ the
plaque pe11et. The pH was measured with a glass electrode and the elec-
trode arrangement described in ürapter III" Each aliquot rernoved fron
an incubation mixture was pipetted into a 10 x 75 mn test tube chilled
in cracked ice and containing either 0.4 ml 1 per cent NaF (if samples

ivere obtained fron mixtures lvhere the sucrose concentration was 13.g nM)

or 1 ml 1 per cent NaF (if samples were obtained from mixtures where the
concentration was 138.9 mM).

The contents of each 10 x 75 nm test tube were mixed by vibrating
on a vortex mixer" After centrifugation at L740g for s minutes at 4oc,

aliquots (50 u1) l{ere removed fron the supernatant a¡rd the pellet lvas

rvashed with NaF. The carbohydrate contents of both were then andlyzed,
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for glucose and fructose by the procedures described in chapters rI and
iII.

For these erçerinents, two plaque saliva nixtures (450 ¡r1) were
prepared containing plaque suspension, salivary supernatant and sucrose
at final concentrations of 13.9 and 138.9 nù{. At regular interyars during
a 2 hour incubation, aliquots (50 u1) were transferred to ó x 50 nrn
Kimax tubes held' in cracked ice and centrifuged inrnedi ately at r740g for
5 minutes at 4oc' Aliquots (15 ul) of supernatant rvere then examined by
paper chromatography for carbohydrate as described in Qiapter rlr.

The Effects of rnatant and Fluoride on Formation of Acid and sediment
Ca rate in Pl at Constant
with Sucrose

The pH has a najor effect on the rate of utÍlization of glucose by
both sedinent and plaque (Korayem and Kleinberg, 1970 and 1971). The
stinulatory and inhibitory effects of salivary supernatant and fluoride
on glucose catabolism are also pH dependent (sandham and Kleinberg, lg6gb;
Klei-nberg and cralr,, 1góg). supernatant is more effective above whereas
fluoride is nore effective belorv approximately pH 5.5.

consequently, the effect of pr{ on tire supernatant a¡rd fluoride
effects on the formation of acid in mixtures containing eitrrer praque or
sediment incubated with sucrose rvere compared in tire follorving type of
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e{periment.

Plaque mixtures i{ere prepared consisting of; (i) 200 fl of 25 per
cent plaque suspension; (ii) 200 pl of 416.7 nrìvf sucrose either wíth or
rr'ithout added fluoride, andi (iii) 200 p1 of either r140g salivary super-
natant or distilled ivater" The final sucrose concentration rvas rsg.9
mM' similar sediment nixtures were prepared except that each incubation
nixture was 3 n1 and the final sediment concentïation was 16.T rather
than 8.3 per cenr (V/V) 

"

The pHwas held constant at 5.0 a¡rd ó"0 by frequent addition of
0.5 N NaOH from a microburette controlledby a pH-stat (see chapter IV).
At the sane intervals as in the first er,periments in this chapter where

the pH rvas allorved to fal1, the amountè of NaoH required. to keep the
pH constant, were recorded"

In the incubations with salivary sediment, the carbohydrate accu-
nulated by the bacteria by the end of the 2 hour incubation rvas measured.

Three aliquots (25 ul) rvere removed from each nixture at the beginning
and end of the incubation and delivered. into 10 x 75 nm test tubes con-

taining 1'8 mr 1 per cent NaF. After centrifugation at r740g and wasliing
the sedinent 3 times with z m1 of 1 per cent NaF, the sediment pe1let was

anaryzed for carbohydrate (polyglucose and polyfructose) as described in
Orapter III 

"
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Effect of Saliva rnatant a:rd Fluoride on the Formation of
natant and KOFl-Sediment polysaccharides

For each experinent, 4 sediment mixtures (3 n1) r{eïe pïepared in
I'rhich the final sucrose concentration was 138.9 tTrN{. Two mixtures con-

tained salivary supernatant; two contained distilled water. One of each

pair contained fluoride. After incubation for 2 hours, each

mixture rvas centrifuged at I2,400g and 4oC for 20 ninutes. Three aliquots
(70 ul) Ivere removed from each supernatant and the supernatant polysac-

charide precipitated at 4oC with ethanol (final concentration of 70 per

cent). To obtain the KOH-sediment component of the extracellular poly-

saccharide formed during the incubation, the sediments of each

mixture were extracted rvith 1 N KOH for'4 hours at 4oC and then centri-
fuged at r2,800g and 4oc for z0 minutes. Three aliquots (30 pl) were

removed from the extract and. precipitated at 4oC with ethanol (fina1 con-

centration of 70 per cent). After standing overnight, the precipitates

rvere analyzed f.ot polyglucose and polyfructose as described in Chapter

w.

Effect of Saliva rnatant and Fluoride on Fructose Utilization,
Decrease in an4 Formation of Polysaccharides in Sediment-saliva lr{ix-

In the experiments carried out to determine the effect of salivary
supernatant and fluoride on fructose utilization, 4 salivary sediment

nixtures (1.5 ml) I'/ere prepared in lvhich the fructose concentration r^Jas
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27.8 rnvl, Each mixtur€ trrrâs incubated for 2 hours. At regular intervals,
tlie pH lvas measured and 3 aliquots (25 ¡r1) rvere renoved from each mix-

ture. Each aliquot was pipetted into a 10 x 75 nnn test tube containing

0.6 ml of I per cent NaF previously chilled in cracked ice. After mixing

the contents of each tube by vibrating on a vortex míxer, sedirnent and

supernatant were separated by centrifuging at L740g for s rninutes at
4oC. The fructose content of the supernatart and the carbohydrate con-

tent of the sediment were determined as described in chapter III.

RESULTS

The effects of salivary supernatant and fluoride on the pH, utili-
zatíon of sucrose and accuunulation of polysaccharide in the plaque pellet
of mixtures incubated with 13.9 mNl sucrose are shov¡r in Figs. ó.1,

6.2 and 6.3. Salivary supernatant stimulated only a slight decrease in
the pH, but the utilization of sucrose and the formation of plaque carbo-

hydrate were greatly enhanced. Both in the presence and absence of
sa1ì-vary supernatant, fluoride inhibited all three. lr.laximum inhibition
of all tllree parameters of sucrose metabolism occurred lvhen fluoride rvas

present and salivary supernatant rvas absent.

Fluoride inhibited the utilization of both of the glucose and fruc-
tose residues of the sucrose rnolecule, rvhereas, in the absence of fluo-

Effects of Saliva rnatant and Fluoride on the take of Sucrose

and the Formation of Plaque Carbohydrate in Incubated plaque Mixtures



6,
O

su
pe

rn
ot

on
T

pH

F
ig

ur
e 

6.
1.

 E
ffe

ct
 o

f 
sa

liv
ar

y 
su

pe
rn

at
an

t 
an

d 
flu

or
id

e 
on

 th
e

pH
 o

f 
pl

aq
ue

 m
ix

tu
re

s 
in

cu
ba

te
d 

w
ith

 1
3.

9 
m

M
su

cr
os

e.

6.
O

w
ith

ou
l

su
pe

rn
ot

on
t

T
IM

E
 IN

H
O

U
R

S

F Þ (o



i50

mmoles

withouT f luoride

20

with f luoride

mmoles

wilhoul supernotonl

glucose

+
10
(¡)

.N
=c)
Jgr
(t)()
go-
ir -(]

=o)=otU-f,
E'=C+-C]5
<uO
U'oo
f,

C9

t,50

o,75

r.50

wilh supernctonl

fruclose
IY-å

-F -Af .n-'-l/ .tr' glucose

20

TIME IN HOURS

Figure 6.2. Effect of salivary supernatant
and fructose residues utilized
plaque mixtures incubated rvith

and fluoride on the glucose
by centrifuged plaque in
13.9 mN'f sucrose.

mmoleswiTh supernotont

mmoles
withoul supernotont



1s1

ps

WiTh
supernolont wilhou 1

supernotont!s

ps !s

Time in Hours

Figure Ó.3. Effect of salivary supernatant and fluoride on the carbo-
hydrate content of centrifuged plaque in plaque mixtures
incubated with 13.9 mM sucrose

q)
:l
eto

o-
Ð
o)
Ctt

=
=l-

cq)
()

=-
c)
o

-(f

-co
-o
o
O

q)
Øo(J
:f
ct)
->o
o_

(.)
U)o
()
f,
L-

õ
o_

24,O

t2

t2

I

wilh
supernotont without

supernoÏonÎ



L52

ride, supernatant stiniulated their utirization (Fig. 6.2).

fte effects of salivary supernatant and fluoride on the formation

of storage carbohydrate was mainly on plaque pel1et polyglucose; plaque

pellet polyfructose l^/as hardly affected by either salivary supernatant

or fluoride (Fig. 6.5)"

l\hen the sucrose concentration rvas l3g.g mM, the results were

símilar to those rvith 13.9 rrl{ (Figs " 6"4 and 6.5), viz., sa1ì_vary super-

natant enhanced whereas fluoride inhibited the pH fall and the accumula-

tion of carbohydrate. A1so, the effects of fluoride and supernatant were

mainly on the forrnation of plaque pel1et polyglucose rather than on the

formation of plaque peller polyfructose (Fig. 6.5b)"

As fourd earlier in salivary sedimeht mixtures (Chapter III), suc-

rose was hydtolyzed extrace11uIar1y, resulting in the appeara-1ce of its
monomer constituents, glucose and fructose, in the medium (Fig. ó.6).

Both in plaque and sediment, less acid lvas formed at pH 5.0 than

at pH ó.0 (Figs. 6.7 and ó.8) and much less in the absence than in the

presence of salivary slpernatant" The inhibition of acid formation by

fluoride rvas evident more at pH s.0 than at pH 6.0, particularly in the

absence of supernatant"

The carbohydrate storage results for the sediment mixtuîes aïe shown

Effect of Salivary Supernatant and Fluoride on Acid Formation an¿ pol¿-

saccharide Formation in Plaque and Sqd,inent lr,lixtures Incubated with Suc-

rose at ?H 5.0 and 6.0
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glucose

tion was

Fluoride
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6.9. rre total amoinìt of sediment polysaccharide formed (poly-

plus polyfructose) was moïe at pH 6.0 trran at prì 5"0. Forma-

stimulated rvith supernatant and inhibited rvith fluoride.
inhibition r^¿as more at pH 6.0 than at pH S.0.

shown in Figs. 6.11 , 6.IZa and 6 ,IZb.

(Sandhan and Kleinberg, 19ó9b;

supernatant erùanced the pH drop

The distribution of polysaccharide between the sr-rpernatant an¿

KOH-sediment conponents of the extracellular polysaccharide forme¿ in
salivary sediment nixtures incubated with sucrose is shown in Fig. 6,10.
The relative proportions of polyglucose and polyfructose in the sræer-

natant and KoH-sediment fractions upp"ur"ã to be about the same, rvith
or rvithout salivary supernatant or fluoride present" Ho¡ever, the amounts

of glucose and fructose polymer in the two fractions was lower in the

absence of salivary supernatant ard higher in the presence of fluoride.
In each case and as found previously (orapter IV) more polyfruc-

tose was observed in the supernatant than polyglucose, v,,hile more pory-
glucose than polyfructose rvas found in the sediment

Þff".t of s"lir"ry srp"tnut*t o. Frrr.tor" tÞtak", pH *d polyr".churid"

Storage

ïre results for fructose are

As lvas obseryed earlier for glucose

Kleinberg and Craw, 1969), salivary

Fluoride on the Formation of Extra_

cellular Polysaccharide in Incuhatqd Salivary Sediment Nfixtures
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slightly, uptake of fructose and formation of sediment carbohydrate con-
siderably. on the other hand, fluoride inhibited trrese processes.

DISCT]SSION

As was shown earlier for glucose (sandharn and Kleinberg, r9ó9b;
Kleinberg and craw, 19ó9) and, observed in the present study for fructose
(Figs' 6'11 and 6,I2), salivary supernatant stimulates whereas fluoride
inhibits the catabolism of these sugars by the bacteria in salivary sedi-
ment' The present study also demonstrated that salivary supernatant and

fluoride have the same effects on the catabolisn of sucrose by the nicro-
bial flora fou¡rd in dental plaque (Fig. ó:1-6.s). with all three sugaïs,
supernatant stimulated whereas fluoride inhibited sugar utilization,
acid formation and the formation of sediment or plaque carbohydrate. This
símilarity between sucrose on the one hand and glucose and fructose on

the other can be attributed to salivary supernatant and fluoride primarily
affecting the ce11ular uptake of glucose (Kleinberg and craw, 1969) and

fructose (Fig. 6.rza), the tr^/o monosaccharides produced. upon hydrolysis
of the sucrose molecule. The probability of this being so is enhanced

by the observation made in the present study that like salivary sediment
(CIrapters III and IV), the bacteria in plaque rapidly hydroLyze sucrose
to glucose and fructose (Fig. ó.6).

Salivary supernatant and fluoride arso favoured extracellular poly-
saccharide formation fron sucrose. Both enhanced fornation of polyglucose
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and polyfructose in both the supernatant and KOl1-sediment fractions of
the extracellular carbohydrate formed. Supernatant had a much greater
stimulatory effect than fluoride"

The effect of salivary supernatant on extracellular polysaccharide

formation was the same as that on total sediment or praque polysaccharide

but tire effect of fluoride rvas opposite" A possible explanation for
these observations is as follows,

From Fig. 6.13, synthesis of dextrans and levans fron sucrose yields
fructose and glucose as by-prod.ucts; accunulation and rernoval of these

monosaccharides should indirectly regulate the s;.nthesis of dextrans and

levans. Accordingly, supernatant by stimulating uptake of glucose and.

fructose by the sedj.ment or plaque bacteria riould increase dextran and.

levan synthesis as r\ras observed in Fig. ó.10. Fluori_de on the other
hand by inhibiting the uptake of these sugars should have decreased. extra-
cellular polysaccharide sy'nthesis rather than increasing it. one explana-

tion for this discrepanry with fluoride is that fluoride inhibits the
pH fa1l (Figs. 6.1, 6.4 and ó.11) and a higher pH is rnore favourable for
the s1'nthesis of extracellular polysaccharide (Chapter rV). If the magni-

tude of the latter effect be greater than the inhibitory effect of fluo-
ride on uptake (and on synthesis; Fig. ó.10) then stimulation rather than

inhibition u'ould occuï.

The inhibitory effect of glucose and. fructose on extracellular
polysaccharide for¡nation has been denonstrated in several studies. For

example, fructose depresses the activity of dextransucrase isolated from
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streptococcus bovis (Bailey, 1959) and Leuconostoc mesenteroides (Koepsell

et a1, 1953). A dextransucrase isolated from streptococcus strain GSS

i-s inhibited by both fructose and glucose (Gibbons and Nygaard, 196g).

A levansucrase from Aerobacter levanicu¡n is inhibited by glucose (Hestrin
and Shapiro, 1944). Both fructose and glucose added along with sucrose

to a culture medium containing streptococcus strain GSs inhibited the
fornation of extracellular polysaccharide (Gibbons and. Banghart, 196T)"

Effect of pH

rre present study has shorm that both in sedjment and plaque, acid
formation from sucrose was stimulated. by salivary supernatant and inhibited
by fluoride (Figs. 6,7 and 6.g). The srimulãtory effect of salivary
supernatant rvas less at pH s.0 than at pH 6.0 (Figs. 6.7 and. ó.g) con_

firming with sucrose and plaque what was observed earlier with glucose

and sediment (Korayem and Kleinberg, 1970). However, greater inhibition
of acid formation by fluoride ar pH s.0 than at pH 6.0 (Figs . 6.7 and

ó'B) confirins the observations of Jenkins (1g5g) and others (Sandham and

Kleinberg, 1969b; I{eiss er a1, 196s) that fluoride inhibition is more

effective at acidic than at a higher pH. Any difference between sediment

and plaque in the degree of inhibition of acid formation rnay be due to a

difference in the buffering capacity of the tlo systems at acidic pH

(Reddy and Kleinberg, 1971). Noteworthy is the observation that fluoride
inhibited the formation of carbohydrate more at pH 6.0 than at pH s.0,
lvhich is opposite to the effect of fluoride on acid formation at these
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trvo pl{ levels. The reason for this at the present time is not readily
apparent.

Site of Fluoride Action

A nunber of studies have shoun that fluoride inhibits the uptake

of glucose by the bacteria in plaque, sediment, saliva and pure cultures
of streptococcus salivarius and mitis (sandham and Kleinberg, 19ó9b;

Hamilton, 1969; I{eiss et al, 1965). Fluoride also inhibits the uptake

of lactic acid (Sandham and Kleinberg, rg1r) and urea (Reddy and Klein_
berg, 1971). In the present study, fluoride inhibited uptake of fruc-
tose by the bacteria in salivary sediment and. the uptake of sucrose by

the bacteria in both plaque and sediment. Táken as a whole, these effects
of fluoride are consistent lvith the hypothesis that the site of fluoride
inhibition is associated with membrane transport (sandlian and Kleinberg,
le6eb).

In support of the effect of fluoride beíng on the uptake of glucose

and fructose and not on the enzymes involved in the formation of these

sugars (YL., dextransucrase, levansucïase and ß-fructofuranosidase) are

the observations that fluoride has no effect on the activity of; (i) the

levansucrase isolated fron Streptococcus mutans, a microorganism fou¡rd in
large nunbers in dental plaque (carlsson, 1970); (ii) the dextransucrases

isolated from streptococcus sanguis (carlsson et al, 1gó9) and fron
streptococcus strains, GSS and Lrr{7 (Gibbons and N}gaard, 1góg) , andi

(iii) the ß-fructofuranosidase isolated from Bakerts yeast (Hestrin et al,
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1955). The observation that fluoride did not alter the distribution of
extracellular polysaccharide betrr'een supernatant and KOH-sediment nor
the proportion of polyglucose and polyfructose in these fractions can be

viewed as support for fluoride primarily affecting glucose and fructose
uptake.

Because of the stimulatory effect of salivary supernatant on the
glucose metabolism of salivary sediment, it was proposed earlier that
the plaque fould in regions of the dentition having better access to
saliva rvould undergo a nore vigorous carbohyd.rate metabolism than plaque

in the more protected regions of the dentitión (Kleinber g, rg70a). The

finding in the present study that salivary supernatant also stimulates

the sucrose metabolism of plaque provides additional support for this
hypothesis.

The results in the present study suggest that in aïeas of the

dentition accessible to saliva, presence of saliva should. stinulate the

fonnation of dextrans and levans from ingested sucrose. However, dilution
of the sucrose by the saliva should counteract this tendency since a high

sucrose concentration is necessary to ensure that unhydrolyzed sucrose

molecules are present for dextran and levan synthesis to occur (Chapters

III and iV).

on the other hand, in the regions of the dentition poorly accessible

to saliva, the stimulatory effect of saliva on extracellular polysaccharide

Relation of the present Findi to Dental Caries
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formation would be smal1 or absent. As a consequence, s)¡rrthesis of dex_

tran and levan ivould proceed at a slol rate and rvould require that suc-

rose be available continuously as for example, if it were part of a

sticþ carbohydrate.



CHAPTER VII

SIJNß{ARY AND CONCLUSIONS

sucrose is the sugar found in greatest abu¡rdance in human diets
and has been implicated' both in hunan and aninal studies as a causative
agent in the initiation and progression of dental caries.

A review of the literature has disclosed that although nunerous
studies have been carried. out to determine the properties of sucrose
responsible for its cariogenicity, information on its metabolism parti-
cularly that by trre mixed bacterial populations for:nd in dental plaque
and saliva, is fragmentary.

The studies reported in this thesis have examined those aspects
of the netabolism of sucrose by the bacteria in salivary sediment and
dental plaque 1ike1y to be applicable to the ability of the latter to
form acid on the tooth surface and the development of the caries resion.

sucrose during its metabolism by the oral bacteria car be hydro_
lyzed into its constituent rnonosaccharides, glucose and fructose, or it
can be synthesized into polymers of these sugaïs. rn addition, the bac_
teria found in the hunan mouth can degrade sucrose or polymers formed
f¡om sucrose into acidic end products. To be able to follorv these dif-
ferent processes lvith a single and relatively sinple analytical procedure,
the anthrone method for the esti¡nation of carbohydrate rvas adapted to the
estimation of glucose and. fructose, either free as monomers oï as residues
of sucrose or polymers of glucose a¡d fructose. This rvas possibre not
only for mixtures containing glucose and fructose, but also for nixtures
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of their polymers rvithout prior treatment"

A basic study lsas then carried out to corpaïe the netabolism of
sucrose by the rn-icroorganisms in salivary sediment to that of its con-

stituent rnonosaccharides, glucose and fructose. The parameters examined

tvere decrease in pH, sugar utilization and polysaccharide, carbon dioxide,

lactic acid and hetero-acid formation.

Conparison lvas made at several sugar concentrations in nixtures
incubated for four hours at 37oC and in which the concentration of sali-
vary sediment rvas 16. 7 per cent Cy/V) .

lVith all the sugars tested, a fal1 and rise in the pH occurred. at

lolv sugar concentration and a fall without the subsequent rise at ¡igh
concentration. TLe pH curyes were almost idéntical except for a slightly
larger pH fa11 rvith lol and a slightly smaller pH fal1 rvith higher levels
of fructose.

The rates of utilization at each of the sugar concentrations

examined were almost identical, except again, for fructose; fructose

was utilized at a slightly slorver rate. paper chronatography demon-

strated in this and in a later study rvith plaque that sucrose was rapidly
hydrolyzed extracellularly to glucose and fructose and that complete

hydrolysis occurs rvithin the first few minutes of an experirnent when the

sucrose concentration is 10w.

The amount of carbohydrate stored by the bacteria in the sed.iment

rvas much higher rvith sucrose than rvith any of the other sugars" Amongst

the others, least storage occurred rvith fructose. The much greater
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storage ivith sucrose l{as largely the result of sucrose being the main

sugar from rvhich extracellular polyglucose (dextran) and polyfructose

(1evan) could be synthesized. trlost of the polyfructose formed rvas

released into the medium, rvhereas rnost of the polyglucose forrned remained

rvith the sedinent and could be extracted with cold KOH.

In another series of experiments in the sane study, acid and C0,

formation from the sane sugars rvere deter¡nined" l{itli all the sugars,

formation of lactic acid, heterq-acid (acid other than lactic) and cO,

l,rere essentially the same " In all cases, rvhen no sugar was supplied to

the sedintent system, no lactic acid and only a small amount of hetero-

acíd rvas formed. As the sugar concentration was increased, both lactic

and hetero-acid correspondingly increased" In sedirnent mixtures con-

taining lolv initial concentrations of sugar, the lactic acid concentra-

tion rose and fe1l. These lactic acid changes corresponded to the

changes in sediment carbohydrate in that both reached their maxinum

values at the same time that the sugars disappeared from the medium,

indicating that the forrnation of both lactic acid and sedinent carbo-

hydrate depended upon the presence of sugar in the medium. With higher

sugar concentrations, the lactic acid curves did not shol the rise and

fall observed at lower sugar concentrations, instead their shapes were

asymptomatic.

The major findings that cane out of these experiments were; (i) that

sucrose is rapidly hydrolyzed extracellularly and has to be present in

high concentration for sucrose rnolecules to be present for any length
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of time; (ii) acid formation was the sane rvith all of the sugars; suc-

rose only differed in that it caused the formation of larger anounts of

stored carbohydrate, and; (iii) sucrose rvas the only sugar that supported

the formation of extracellular polyglucose and polyfructose"

The next study rvas restricted to sucrose and attention rvas focused

on the effect of sucrose concentration and pH on the formation of extra-

cellular polysaccharide. At lol sucrose concentration, smal1 amounts

of polyglucose lvere formed and remained rvith the sediment fraction; on

the other hand, only trace amounts of polyfructose were formed and this

was released into the nedir¡n. As the sucrose concentration rvas in-

creased, the polyglucose associated with the sediment and the polyfruc-

tose released into the mediun, both increased.. At very high concentra-

tion, some polyglucose appeared in the medium along with polyfructose,

while some polyfructose appeared along with polyglucose in the sedi-

ment.

Alcohol fractionation of these polymers disclosed that the fruc-

tose polymers formed from sucrose v/ere more soluble and homogenous than

the glucose polyrners, since nearly all of the former was precipitated

at 70 per cent and not at lolver alcohol concentrations. 0n the other

hand, polyglucose was precipitated at several but rnainly at lower alco-

ho1 concentrations, indicating that it was more heterogeneous and less

soluble than the polyfructose.

In the experiments in lr'hich the effect of pH was examined, rnaximum

formation of supernatant and sediment polysaccharide occurred around pH
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6. A higher p}'l favoured more supernatant carbohydrate, rvhile a lolver pH

favoured more sediment carbohydrate. Ir{ore polyfructose than polyglucose

l{as present in the supernatant at aLI levels of pH, whereas their relative

amourts r{ere reversed in the sediment. Regardless of the pH, polyfruc-

tose precipitated mainly at higher ethanol concentration (70 per cent),

whereas polyglucose precipitated mainly at lorver ethanol concentration

(30 per cent).

It rvas evident from this study that; (i) synthesis increases lvith

increase in sucrose concentration; (ii) that free a:rd attached, poly-

saccharid.e and tfre pofyglucose and polyfructose they contain are depen-

dent upon the sucrose concentration, andi (iii) synthesis and the types

of polymers formed are also dependent upon the pH.

Previous studies with pure cultures suggested that bacteria cannot

utilize their own extracellular polysaccharide. Studies particularly

with cariogenic and non-cariogenic streptococci, isolated from dental

plaque, have indicated that dextrars are metabolically inert rvhile leva¡rs

are not. hhether this was tïue for mixed populations !/as exanined in

the next study. Also examined lvas whether the presence of sucrose or

such factors as salivary supernatant and pH might affect the degradation

of extracellular polysaccharide.

Bacteria in salivary sedinent utilized all of the several dextrans

and levans tested; generally levans \{ere nore labile than dextrans. Acid

formation fron the various dextrans and levans r{ere dependent upon their

concentration and molecular structure. Interestingly, the pH curves
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obsen'ed tvhen these extracellular polysaccìrarides rr'ere added to seclinent

mixtures shoised certain similarities to those seen rvith glucose and suc-

rose. First, the rate of fal1 in pH increased rvith increase in the d.ex-

tran and levan concentration. Second, the fall and rise in the pH seen

at lorv and not at high substrate concentration lvas also seen ivith levans

and dextrans. Third, lvithout salivary supernatant, the fa1l and. rise

d.id not occur; rather, the pH fel1 further lvithout supernatant and did

not show a rising phase.

It rvas also shoum in this study that the ability of the bacteria

in plaque to utilize dextrans r{as conparable to that of the bacteria in

salivary sediment.

TIle extracellular polysaccharides syntlìesized in salivary sed.iment

mixtures incubated with sucrose when isolated and supplied. as substrate,

were utilized by the bacteria in the sane system. A most important ob-

servation was that sucrose inhibited utilization of both extracellular

polyfructose and polyglucose. This inhibition was evidently an effect

due to substrate, rather than a¡ effect due to pH.

Clearly, the nixed flora of both sediment and plaque contain the

enzymes necessary to catabolize a wide variety of levans and dextrans.

Previous studies had shown that metabolism of glucose by salivary

sediment and dental plaque is regulated by salivary supernatant, fluori-de

and the pH. In the next study, the effect of these factors on the rneta-

bolism of sucrose tvas examined. As rvith glucose, salivary supernatant

stimulated utilization of sucrose, formation of plaque carbohydrate a¡rd
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at the sugar concentration tested, a slight decrease in the pH. Both

in the presence and absence of salivary supernatant, fluoride inhibited

the sane three paraneters of sucrose metabolism. Both in plaque and

sediment mixtures incubated ivith sucrose, salivary supernatant stimulated

rvhile fluoride inhibited acid formation. Acid formation was less in both

cases at pH 5.0 than at pH 6.0" Nloreover, the stimuratory effect of

salivary supernatant was greater at 6,0 than 5.0, whereas the inhibitory

effect of fluoride lvas more at pH 5.0 than pH ó"0.

It{ore sediment carbohydrate was formed in the presence than in the

absence of supernatartt andmore formed at pH 6.0 than at pH 5.0. on the

other hand, fluoride inhibited formation of sediment carbohydrate. Both

the supernatant and sediment components of t}ìe extracellular carbohydrate

decreased in the absence of supernatant and increased with fluoride

whether supernatant was present or not.

lvletabolism of fructose was affected in the same r^/ay by salivary

supernatant and fluoride as the netabolisms of sucrose and glucose. This

plus the fact that sucrose is hydrolyzed extracel1ularly, indicates that

the effect of salivary supernatant and fluoride on sucrose metabolisn is

essentially through their effects on its glucose and fructose monomers.

In general, the studies in this thesis have clarified several aspects

of the metabolism of sucrose by the oral microflora associated with the

formation of glucose and fructose polymers and acid formation. Major

factors regulating the metabolisrn of sucrose have been identified and

related to the caries process. Additional simi-larities betleen the carbo-
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hydrate metabolisms of the sedj-ment and dental plaque microfloras have

been demonstïated and provide additional support for salivary sed.iment

being a suitable model for studying the netabolism of dental plaque.
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