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Chapter One

1.1 Introduction

The mouth is the only site in human body where such hard solid surfaces
are found (i.e. the surface of the teeth) and it is an open growth system in which
the nutrients and microbes are repeatedly introduced to and removed from it
(Lynche and Poole, 1979). Saliva not only provides nutrients to the microbiota,
but also buffers acidic fermentation products of the flora and removes waste
products, so it acts as a reservoir for ions facilitating remineralization of teeth
(Mandle, 1982). The flow rates of saliva are so high that only successful
organisms can adhere to the surface of the oral cavity or those which can retain
their ability in pits and fissures, this means that the oral cavity harbors a unique
microbiota and most of its members are not able to colonize any other sites of
the human body (Marsh, 1993).

Dental plague is an adherent deposit of bacteria and their products, which
forms as a white greenish or even yellow film on all tooth surfaces (Marsh,
1994). Dental plague accumulates naturally at stagnant or retentive sites formed
after one to two days with no oral hygiene (Kidd and Joyston-Bechel, 1997).
The following steps explain how it is formed:

» Proteins that are present in saliva adhere to the enamel surface and
form the pellicle.

» Certain types of bacteria attach themselves to the hard surfaces on
the pellicle.

» |If the bacteria are not removed, they multiply and grow in number
until they form colony.

» Other types of bacteriathen attach to this colony which continues to
grow on the tooth enamel (Marsh, 2004).

When plaque masses increase (such as in case of frequent consumption of
fermentable dietary carbohydrates), saliva is less able to penetrate plague and
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protect enamel leading to shift in the composition of the microfloraaswell asin
local environmental condition within the biofilm, for example sugar
concentration and pH (Mandle, 1982; Li and Burne, 2001). Such diets lead to
arise in the proportions of mutans streptococci and Lactobacilli with a
Streptococcus oralis group which includes Streptococcus sanguis, Streptococcus
oralis and Streptococcus mitis (Loesche, 1986). The metabolism of plaque also
changes from a heterofermentative pattern to one in which sugars are converted
primarily to lactic acid (Marsh, 1994). All these changes are associated with an
increased risk of dental caries, periodental disease and gingivitis (Marsh, 1994;
Kidd and Joyston-Bechal, 1997).

Dental caries (tooth decay) have plagued human since the dawn of
civilization and still constitutes one of the most common human infectious
disease in different parts of the world (WHO, 1997). Although this diseaseis not
life threating and currently decreasing in severity in more advanced countries,
epidemiological studiesin our countries revealed an increase in severity as well
as prevalence of dental caries among children and adolescent (Al-Sammaral,
1989; Al-Azawi, 2000; Al-Damerchi, 2001).

Dental cariesisamultifactorial disease stems from avariety of interactive
elements. These factors include the resistance of the host, nutritional status and
diet (sugar intake) and the presence of the cariogenic microflora (Jackson et al.,
1990; Koch et al., 1994).

Mutans streptococci (Streptococcus mutans and Streptococcus sobrinus)
are the most important bacteria in the pathogenesis of dental caries due to many
epidemiological, experimental and animal studies (Wyatt et al., 1988; Narhi et
al., 1994; Sullivan et al., 1996). Glucosyltransferase is an extracellular enzyme
produced by mutans streptococci responsible for polymerizing the glucose
moiety of sucrose to form glucan which plays an important role in caries

formation process (Tsumori and Kuramtisu, 1997; Wunder and Bowen, 1999).
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The identification of caries as truly infectious disease caused by
identifiable microorganisms made scientists and dentists to increase their efforts
towards its prevention through:

1. Increasing the interest of people and specially children in
communities for the continuous usage of ora hyagine preventive
procedures such as brushing with fluoride supplemented tooth
paste, the usage of supplemented fluoride drinking water and
chemoprophylactic agents like chlorohexidine in order to decrease
number of mutans streptococci and lactobacilli in their oral cavity
(Hajishengallis and Michalek, 1999; Balakrishnan et al., 2000).

2. Interfering with transmission of mutans streptococci bacteria via
vaccine against dental caries (Balakrishnan et al., 2000).

Streptococcus mutans virulence factors antigens such as (Agl/ll,
Glucosyltransferase enzyme and glucan binding protein) have been considered
primary candidate to develop a safe human caries vaccine effective in inducing
immunity against Streptococcus mutans infection and especially for children
between 1-2 years (Michalek et al., 2003). The production of an effective, safe
and readily deliverable vaccine may not only help against pain and health issues
associated with caries but also saves billions of dollars that are currently spent
for restorative procedures (Cromie, 2001).
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1.2 Aims of The Study

1. Isolation and characterization of mutans streptococci.

2. Purification and characterization of glucosyltransferase enzyme
from the isolates and studying the effects of some inhibitors on the
activity of glucosyltransferase enzyme as well as on the growth of
mutans streptococci bacteria.

3. Immunizing experimental animals with the above enzyme to induce

production of antibodies against dental caries.
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Chapter Two

Literature Review

2.1 Dental Caries

2.1.1 Historical Background

Along centuries, many ideas about caries etiologgre started first from
the ancient Sumerian text. From that old time, pedpnk that dental caries as
a disease originating within the tooth itself, agmlus to bone gangrene
(Newbrun, 1989). Parmly (1819) proposed an unidiedti'chemical" agent that
was responsible for caries, while Erdle (1843) dbsed a filamentous parasites
in the surface membrane (plaque) of the teeth agdested that such parasites
cause decomposition of the enamel and then dehttiHgyali, 2002). The more
acceptable theory of caries etiology was descridyeliller in (1890) and called
"Chemo-Parasitic theory" which proposed that canescaused by acid
producing microorganisms of the mouth (Rothman,6)97

Early in the last century, Clark (1924) isolatede ttbacterium,
Streptococcus mutans, upon which modern dental research has castightest
light. In the latter half of the twentieth centurgsearch efforts in Scandinavia
confirmed the cariogenic properties of this orgamisdemonstrated it's
transmissibility, and described its world wide daition (Loesche, 1986).
Later, others identified many of its virulence dweristics and unrevealed its
biochemistry. Ultimately, the complete genome saqgaeof Streptococcus
mutans was reported in 2002 (Ajdiet al., 2002). Although molecular,
biological and cultural techniques have also inarated other bacteria in the
process and extension of dental caries in vari@ndadl habitatsStreptococcus
mutans continues to be public enemy, especially for eatiyidhood dental
disease (Loesche, 1986).
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2.1.2 Definition and Causes of Dental Caries

Dental caries is a bacterial disease of the déwatal tissues which occurs
in certain localized sites of the dentitions. Thesges are in order of frequency
of attack the pits and fissure particularly thosetlee occusal surfaces of the
teeth, the proximal contacting surfaces and thad#al, buccal and lingual
surfaces of the dentition adjacent to the gingMalie, 1982).These sites are
protected from the cleaning action of saliva, tlmgue, and the oral
musculature. They are the regions where food mimetl and where bacteria,
salivary protein and other oral debris readily eciéd. The tenaciously adhering
and loose deposits of bacteria and proteins irethes self cleaning regions are
commonly referred to as the dental plaque withooitivthe caries process can
not occur (Simmondst al., 2000). Plaque develops naturally, and is gelyeral
considered of benefit to the host because of llgyato prevent colonization by
exogenous and often pathogenic microorganisms. miegoflora at a site
remains relatively stable overtime and this stabilterms "microbial
homeostasis(Marsh, 1989; Marsh and Bradshaw, 1997).

The regulatory factor forces influencing oral exisyn can be divided into
three major categories: host related, microbe edlaand external factors.
Among host factors, secretory IgA constitutes tla@nspecific immune defense
mechanism in saliva and other secretions which ptay an important role in
the homeostasis of the oral microbiota by redueidigerence of bacteria to the
oral mucosa and teeth. However, homeostasis caroken down leading to the
shift in balance of the microflora and the two majtiseases caries and
periodontal disease can occur (Schhultz Hadt, 1984drcotte and Lavoie,
1998).

Dental caries is associated with an increasingugaqy of consumption of
fermentable sugars in diet, which results in arr@ase in the isolation and
proportion of acidogenic and aciduric species suah Sreptococcus,

Actinomyces, gram-negative bacilli anidactobacillus to produce acid. However
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most importantly is the lactic acid that deminemalthe inorganic matrix of the
teeth causing decay to hundreds of species thabihhuman oral cavity, and
also posses many toxic factors making them pathogemder certain
conditions; for example, enzymatic activities (égalouronidase, proteases,
collagenase and glucosyltransferase) exerted aesivn the host (Whilest al.,
1992). Dissolution by acid of the surface enameboses the underlying
avascular mineralized connective tissue matrix eftoshe, which is prone to
invasion. This occurs by migration of the bactdnathe network of tubules
occupied by processes of pulpal odontoblasts. Etages of invasion involve
Lactobacillus, Actinomyces spp., Veillonellae and other oralStreptococcal
species including mutans streptococci (Love an#idaon, 2002). This phase is
followed by the invasion of a more diverse groupreéroorganisms including
gram-negative anaerobes (Laateal., 2000).

Lactobacilli have been reported to occur in highmbers in both
superficial and deep caries (Hagthal., 1991), though they are not suspected of
being involved in bacterial invasion of non exposeadtal pulp (Hoshinet al.,
1992).Martinet al.,(2002), indicated by cultivatingactobacillus from dental
caries samples and using quantitative molecul&nigoe (Real-Time PCR) that
Lactobacillus acidophilus was numerically dominant, althoudlactobacillus
paracasei, Lactobacillus rhamnosus and Lactobacillus fermentum were also
present in many samples.

Streptococci constitutes between 30 and 60% oftaked oral bacterial
flora. A group of related oral bacteria, collectiweknown as "mutans
streptococci”, is implicated as the primary etiotad) agents of human caries,
within this group,Streptococcus sobrinus and frequenth&treptococcus mutans

were the species most commonly isolated from hufbbaesche, 1986).
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2.2 The Genus Streptococcus

Genus Sreptococcus belongs to the familyStreptococaceae, which
includes the pyogenic, oral and the anaerobic grafigtreptococci, as well as a
group of other streptococci. The cells are sphkercaovoid, 0.5-2.0um in
diameter, occurring in pairs or chains when growrligquid media, and stain
gram positive, non motile, non sporeforming. Sompecges are encapsulated,
facultative anaerobic, catalase and oxidase negafiolt et al., 1994).
Chemoorganotrophs, requiring nutritionally rich n@edfor growth and
sometimes 5% CO The metabolism is fermentative producing mairgtate
but no gas. They attack commonly red blood cellshweither greenish
discolored ¢-hemolysis) or complete clearingp-fiemolysis). Optimum
temperature for growth is 37°C, and growth is uguadstricted between 25-
45°C.

Streptococci constitutes a major population indhe cavity with several
different species colonizing various etiologicalches of the mouth.
Differentiation between the pyogenic, oral and aobhie group may be
laborious and combined information is needed fasslfication (Holtet al.,
1994).

The oral group has sometimes named the viridaeptsizocci referring to
the partial clearing of the erythrocytes arounddblny. However, the term is
not interchangeable when some species classifiedridans streptococci are
not detected in the oral cavity. As showing fig(€l), current classification of
the oral streptococci places the bacteria into gpacies groups, the anginosus,
mitis, mutans and salivarius. The classificatiohased on chemotaxonomic and
genotyping data, especially DNA-DNA base pairingd ab6S rRNA gene
sequence analysis (Russell, 2000)
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anginosus group

S oralis
S mitis
S. gordonii

S sanguis
’ S parasanguis
‘ S vestibularis
S salivarius

S mutans
S. sobrinus

S anginosus
S. constellatus
S intermedius

mitis group

salivarius group

mutans group

Figure 2-1:. Streptococci commonly found in the human mouth phylogenetic
relationships among groups (Russell, 2000)

Viridans streptococci is usually but invariable folu in plaque of
individual with high caries activity where ammoraad aerobic environment
favor it's growth, their numbers increase with earonset and decrease when
open cavities are restored. They increase whenasgliflow is reduced and
exhibited stronger correlations with caries devalept when plaque rather than
saliva is sampled for their presence (Menak&80; Nolte, 1997). They are not
entratransmitted between persons nor entertrareshgimong teeth (Menaker,
1980). Moreover, viridans streptococci are phenoglly homogenous species,
however, they exhibit a great degree of biochemiecaeld antigenic
heterogenecity (Igarashi al., 1996).

Viridans streptococci are the most prominent mesiioémormal flora of
the human respiratory tract, and cause diseasewimin settle on abnormal

heart valves (subacute infective endocarditisjhexmeninges, or in the urinary
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tract of humans, when mutans streptocbesie been identified as the pathogens
primarily for elderly patients with heart diseat#ifhan et al., 1988).

Several other bacterial infections have also betatad to oral microbes.
For example, bacteremia may occur after dentatrnverat with vigorous tooth
brushing especially in patients with periodentitisvhich mutans streptococci

are most dominant (Rams and Slots, 1992).

2.3 Mutans Streptococci Group
2.3.1 Classification, ldentification and Detection of Mutans

Streptococci Group

Generic name oftreptococcus mutans is of Greek origin, the species
name "mutans” means variation in form, wHieeptococcus meaning a chain
of berries. Because of their role in the etiolodgydental caries3reptococcus
mutans has received a great interest and originally tedldrom carious human
teeth by Clark (1924) shortly after war, it wasadigered from a case of
infective endocarditis (Loesche, 1986).

Streptococcus mutans cells are about 0.5-0.75m in diameter, occurs in
pairs or in short- or medium length chains withaapsules. Under acid
condition in broth and on some solid media, thesxicmay form short rod 1.5-
3.0um in length. Rod-shaped morphology may be evidenpramary isolation
from oral specimensSreptococcus sobrinus are about 0.um in diameter,
occurs in pairs and chains. The word sobrinus meaaie cousin on mother's
side and refers to "distant relationship" betwdas $pecies an8treptococcus
mutans, Streptococcus rattus, Streptococcus ferus. While cellsof Streptococcus
cricetus are about 0.5um in diameter, occurring in pairs or chains (Hardie
1986).

The mutans streptococci group can be separated digfiot serotypes

according to their surface antigens in their callBeightonet al., 1991). The

10
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classification series is ranging between serotypeg and / orh. For serotypes
a, d andg, the antigenes are composed of glucose, galaatusehamnose for
serotype<, e andf the antigens comprise glucose and rhamnose, \Wokse
for serotypeb are galactose and rhamnose (Coykendall, 1989kelberotypes
can in turn be classified into four groups accogdooth to other biochemical
properties (Shklair and Keen, 1974) and to the ifipeies of their enzymes in
extracellular polysaccharide synthesis (Kametatkal., 1987). Thus serotypes
d, g and or h (Sreptococcus sobrinus) form one group, serotypa
(Streptococcus cricetus) another, serotypes e andf (Streptococcus mutans) the
third, and serotypé (Streptococcus rattus) the fourth group. Mechanisms of
synthesis of extracellular polysaccharides in egicdup seem to be different
(Yamashiteet al., 1988).

Formation of the insoluble extracellular polysaaaa from sucrose is an
essential characteristic of cariogenic bacteriactviplays an important role in
the adherence and build up of those bacteria othtsarface forming a
protective matrix against adherence of other bedtepecies. It may act as a
barrier for the diffusion of acids from plaque riéislg in increasing acid
concentration in proximity to the tooth surface-(@baidi, 1993; Jenkinson and
Lamont, 1997).

The most commonly isolated species of mutans stcepti from human is
usually Streptococcus mutans serotype<, e, andf, followed by Streptococcus
sobrinus serotypesl andg (Carlsson, 1988). Serotypeof mutans streptococci,
Is the most frequent comprising about 70% of theicdl isolates, this may be
due to its ability to produce bactriocins more freqgtly than other serotypes
(Menaker, 1980)Streptococcus rattus (serotypeb), although it was first isolated
from rats (Coykendall, 1989), but has also beemrdaletl in specimens from
humans, most commonly African population (Kilietral., 1979).Streptococcus
cricetus (serotypec) was first recovered from hamsters (Coykendal82)9but

has also been isolated from humans (Bratthall, 1972
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Streptococcus ferus (serotypec) comes from wild rats an8reptococcus
macacae and Streptococcus downeli (serotypec and serotypdn) respectively,
are isolated from monkeys (Coykendall, 1989). Thenson reported isolation
of the latter three species from humans.

Mutans streptococci form a heterogeneous group vitiein biochemical
and genetic properties were studied (Coykendall, 1974; Scheifer et al., 1984).
Coykendall (1974) divided mutans streptococci ifboir genotypes (geno
species) depending on their DNA contents. The fgebup was mutans
streptococci subsp. mutan&triptococcus mutans) which contains 36-38%
cytosine-guanine (C-G), the second group was mugtaptococci subsp. rattus
(Streptococcus rattus) containing 41-43% (C-G), the third group calledtams
streptococci subsp. sobrinu&rgptococcus sobrinus) with 44-46% (C-G), while
the fourth group named mutans streptococci subspetas @&reptococcus
cricetus), which contains 42-44% (C-G). These groups wescdbed also by
Russell (1976) by using SDS-polyacrylamide geltetgghoresis.

Mutans streptococci were also classified into finetypes according to
their ability to ferment mannitol, sorbitol, rafose, milibiose, salicin or inuline.
They are unlike other streptococci, ferment mannat may vary in their
ability to ferment other sugars and in their apibf producing ammonia from
arginine (Marhart and Fitzgerald, &8 Newbrun, 1983).

Epidemiological studies implicate®&reptococcus mutans as the primary
pathogen in the etiology of enamel caries in ckidand young adults (Hardie
and Bowden, 1974; Hamada and Slade, 1980). Thikiésto their ability of
rapid lactic acid formation from dietary carbohyess mainly sucrose and
glucose. It was demonstrated that the rate of daeitid producing by
Streptococcus mutans is faster than that of other acidogenic bactercuchng
Actinomyces, Lactobacillus and other Sreptococcus species such as
Streptococcus sanguis and Streptococcus mitior (Van Houtet al., 1991).
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Principle identification or diagnosis of mutansegtococci is usually made
from the characteristic morphology of its colon@s 5% sucrose containing
culture media. Mitis-Salivarius medium, is usuallsed, which is composed of
mitis salivarius agar with sucrose and potassiutarie. It has the ability to
inhibit growth of most bacteria, except streptocobecause it contains trypan
blue and crystal violet, which suppress the groeftigram-negative organisms
(Carlsson, 1967). MS-agar is a logically startiragnp for the development of
further selective culture media. Van Houte (1978dified MS-agar by adding
0.2 U/ml bacitracin and increasing the sucrose entnation to 20%, to inhibit
growth of Streptococcus sobrinus and Streptococcus cricetus. This medium is
called "Mitis-Salivarius bacitracin" (MSB) agar ([dcet al., 1973).

On the MS-agar,Sreptococcus mutans colonies are small, raised,
irregularly margined and adherent, whieptococcus sobrinus colonies are
surrounded by a zooglea with a gelatinous consigtédrlamada and Slade,
1980).

Further identification of mutans streptococci aftelturing on the selective
and non-selective agar media is, gram-stainingjndisve cell shape on light
microscopy and biochemical test (including antilsisensitivity test, the ability
to tolerate 4% NaCl, the ability to produce dextran levans, and sugar
fermentation and enzymatic patterns). Mutans stcEmici can also be further
identified by the use of a commercial biochemieslk tsystem like API 20 Strep
and the Lancefield grouping kit (Friedrich,1981).

Various types of3reptococcus mutans can also be characterized by
bacteriocin production and susceptibility profitesthe bacteriocin. It has been
suggested that this could be useful, a part fromntification tests, in
epidemiological and ecological studies (Rogers,5)9There are indications to
believe that the bacteriocins (mutacins) fr8ireptococcus mutans contains at
least two kinds of inhibitory substances rangingnfr molecules with low

molecular weight to high-molecular weight, and pnotlipid complexes.
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Production of, and susceptibility to, the bactandike substances which has
been determined to be influenced by the medium tbglclosely related to the
colonial variation ofStreptococcus mutans (Yamomotoet al., 1975).

Monoclonal antibodies (MADbs) directed against sfiespecies of mutans
streptococci, and also against cell markers angmneez have been developed.
The MADbs have been used in a number of studies wiama streptococci for
detection in epidemiological studies and in studasmicrobial mechanisms
(Shietal., 1998).

Presently, molecular approaches have been devefop#ue detection and
identification of mutans streptococci. These meshoave a high discriminatory
ability and reproducibility since they do not examithe gene expression but
rather the DNA of the microorganisms to be studi@tive and Bean, 1999).
Among these methods are plasmid analysis, resimicdndonuclease analysis
(REA), restriction fragment length polymorphism (B, pulsed field gel
electrophoresis (PFGE) and arbitrarily primed payase chain reaction (PCR)
(Caufield et al., 1®2; Caufield and Walker, 1989; Saarcla et al., 1993;
Alaluusuaet al., 1994; Arbeit, 1999; Olive and Bean, 1999).

Satoet al., (2001) reported a method using restriction fragtlength
polymorphism analysis of PCR-amplified 16S rRNA @ento identify
Streptococcus mutans and Streptococcus sobrinus, followed by culturing and
isolation of colonies on agar plates. However, thisthod is time-consuming
and requires culturing and isolating target baaten the agar-plates.

Most oral streptococci, posses glucosyltransfe(@se-) enzyme that use
sucrose as a substrate to synthesize extracefialgsaccharides (Monchoet
al., 1999), which facilitates the accumulation antiesmion of the oral bacterial
cells on the tooth surface. A comparisonSoeptococcal GTF's (GTF-D from
Sreptococcus mutans, GTF-T from Sreptococcus sobrinus, GTF-K from
Streptococcus salivarius and GTF-G fromStreptococcus gordonii) revealed a

non-conserved region located just down stream ef signal peptide. In
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addition, there is a report in sues that théeBninal region ofgtf gene was
conserved in th&reptococcus mutans (Fujiwaraet al., 1998) and&reptococcus
oralis (Fujiwara et al., 2000) species. Thus, this region of tité gene was
thought to be a species-specific sequence forrlestreptococci and useful for
their classification (Hoshinet al., 2004).

A direct PCR method has been developed to detetansustreptococci
directly from dental plaque samples or from sakamples using the specific
PCR primers without the need to culture and isoldke bacteria.
Oligonucleotide primers specific for portions oktlglucosyltransferase genes
(gtfB of Streptococcus mutans and gtf | of Streptococcus sobrinus) were
designed and used for the amplification of these ¢¢nes and identifing the
mutans streptococci in the saliva samples usingstages PCR strategy (O&io
al., 2000; Igarashi et al., 2000; Rupf et al., 2003). However, specific bacterial
DNA amplification may be influenced by the presenfether bacterial DNA
extract from dental plaque samples and this mayltrés reduced sensitivity
(Bamford et al., 1998; Sugita et al., 2001). Most of the PCR-based diagnosis
systems reported are qualitative analysis and heeefore unsuitable for
accurate evaluation of caries susceptibility oresaactivity.

Quantitative analysis is essential in oral specsnemnich as dental plaque
and saliva. A real-time PCR assay with the Taq Mgstem based on theé®
exonuclease activity of Taq polymerase has beerloe®d for the quantitative
detection of DNA copy number (Hollare al., 1991). Yoshidaet al., (2003)
described a method for the absolute and relativentification of human
cariogenic bacteria includin§reptococcus mutans and Streptococcus sobrinus
from oral specimens by a Tag Man PCR assay.
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2.3.2 Primary Acquisition and Transmission of Mutans

Streptococci

Mutans streptococci are found mainly in dental plagMolar teeth are
more heavily colonized than interior teeth anduiiss in these regions. Teeth
are more susceptible to colonization than proxirbakcal or lingual surfaces.
Also, except for the occusal surfaces, teeth vasitarations harbor more mutans
streptococci than those with sound surfaces (Lirsigund Emilson, 1991).

Normally, the fetus is sterile before birth. Thecnlation of the human oral
cavity starts with the first tactile contacts witie mother and other persons
present at the parturition as well as contact \eithand equipment. The oral
cavity of the toothless child contains only epithlelsurfaces, and the first
colonizers are species not requiring a nonshedsurtaces. Early colonizers
include some streptococdigillonellae, Actinomyces, Fusobacterium and a few
gram-negative rods (Konones al., 1994).Sreptococcus salivarius is among
the first permanent colonizer, when colonizing tleesum of the tongue in the
edentulous infant (Socransky and Manganiello, 19lfl)he first months, most
of the detected strains are transient coloniz&meptococcus sanguis and
mutans streptococci are stably colonized only atter first tooth has erupted
(Berkowitz et al., 1975). After extraction of the teeth, mutansetincocci
disappear, but reappear upon use of dentures §0ams al., 1969a). Mutans
streptococci may also be isolated from pre-dentdtants who wear obturators
(Berkowitz et al., 1975). These observations suggest hard surbaeesssential
for mutans streptococcal colonization.

In general, acquisition of microorganisms by hurbaay occurs through
transmission directly from one host to anotheiindirectly by means of another
living agent (vector). Pathogens can also be trétesnby in animate objects
and disease vehicles such as food and water (Madigh, 1997b).

The mother is considered to be the most importauntce of infection to the

baby. First indication of this is obtained by usiagphenotyping technique of
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Streptococcus mutans, bacteriocin typing (Masuda al., 1985). Li and Caufield,
(1995) detected by molecular typing of mutans $tragccus a homology of
strains in 71% of mothers and their children, whdlezai et al., (1999) found
that 51.4% of mutans streptococcal genotypes foandhildren were also
identified in their mothers. Fathers and infantgeha far lower strains match (Li
and Caufield, 1995). The time period when most dchih gain mutans
streptococci in their oral flora is when the prignaeeth are erupting, i.e.
between 8 month and 3 years of age (Cauiel., 1993). The probability of
colonization with mutans streptococci is frequemd &he microbial cell count is
at least 10 per ml saliva (Berkowitzet al., 1981). Another suggested
prerequisite for early colonization is that the yalliet includes frequent intake
of refined carbohydrates (Alaluusua, 1991).

Recently, it has been shown that mothers can dsmithe probability of
transmitting mutans streptococci to their childbgnusing xylitol chewing gum
(Soderlinget al., 2000). The exact mechanism of action regardiplgox is
unknown. The sugar substitute xylitol is not ferteghby mutans streptococci
into cariogenic acid end-products, and in the oealironment, xylitol
presumably selects for mutans streptococci withealk®ned virulence (Trahan,
1995).

It has previously been shown that in mothers hamgohigh numbers of
mutans streptococci in their saliva preventive meas aimed at decreasing
mutans Streptococcal counts also results in daoagasries counts in their
children, even after 15 years (Bratthall, 1997).

2.4 Molecular Pathogenesis of Dental Caries

Demineralization of enamel which results from gardduction, and ability
of mutans streptococci to adhere then colonize tdeth plays an equally
important role in virulence (Loesche, 1986; Kuramitsu, 1993). Figure (2-2)
shows that tooth colonization by these oral bagtappears to be a two-step
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process consisting of a sucrose-independent iratdderence to the acquired
salivary pellicle, followed by sucrose-dependentlluta accumulation
(Hajishengallis and Michalek, 1999).

A) INITIAL ADHERENCE B) INTERBACTERIAL ADHERNCE

Pellicle Pellicle

early
colonizer
Tooth Tooth. gp>
D = Agl/Tl
Q = fluid-phase
salivary components
C) GLUCAN-MEDIATED BINDING TO PELLICE D) SUCROSE-DEPENDENT ACCUMULATION
Pellicle Pellicle '
iR

Figure 2-2: Colonization mechanisms of mutans streptococci (Hajishengallis and
M echalek, 1999).

The tropism of Sreptococcus mutans and Streptococcus sobrinus for
dental surfaces depends on the function of cefasarsalivary adhesins and
extracellular biosynthetic enzymes, which should deessible and thus
vulnerable to block or inhibit by S-IgA antibodi@s saliva. Specifically, a
surface fibrillar protein originally termed antigénll (Ag |/ 1) and a group of
secreted or cell-associated glucosyltransferasgsirg-2-2) (Smith, 2002) are
implicated as key players in molecular pathogenafstental caries (Kuramitsu,
1993).
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Figure 2-3: Molecular pathogenesis of mutans streptococci to the teeth (Smith, 2002)

Molecular pathogenesis of mutans streptococci weslseveral phases,
each of which is very important in the dental caf@mation. These acidogenic
streptococci require hard surfaces furnished bghteesustain colonization and
accumulation. To colonize the oral cavity, thesembcocci must first bind to
pre-existing receptors within dental biofilms. laitattachment to the tooth
occurs by the interaction of bacterial proteinshwibst-derived components in
the dental pellicle covering the tooth surface. ISbacterial adhesins which
referred to as antigen | / Il iBtreptococcus mutans, bind acidic, mucin-like
glycoprotiens found in parotid and submandibuldivaaThese components are
found in salivary pellicles that coat both toothfaoes and early colonizing
bacteria such a$&treptococcus sanguis and Actinomyces spp. (Russell and
Lehner, 1978).

The ultimate pathogenecity of mutans streptococcurs through erosion
of the hydroxyapatite like mineral in dental enarbgllactic acid, a metabolic

end product of bacterial growth. However, significdistractive concentrations
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of this acid are required for the substantial aadatron of these acidogenic
streptococci in dental plaque. Such accumulaticocgss is initiated by the
activity of extracellular glucosyltransferase (GTBf which several are
constitutively secreted by mutans streptococci geligt al., 1987; Shiroza et
al., 1987). In presence of dietary sucrose, GTFshegie several forms of high
molecular weight branched extracellular glucan. &Ttat synthesize insoluble
forms of glucan $ mutans GTF-B and GTF-C) have been most closely
associated with pathogenecity. These glucose pol/m®vide scaffolding for
the aggregation of mutans and other oral streptadbcough interaction with
bacterial cell-associated glucan binding protefiwgthermore, glucans modify
the porosity of the dental biofilm, thus increasthg availability of nutrients for
continued bacterial metabolism.

Several glucan-binding proteins have been degstribe mutans
streptococci (Satet al., 1997). Although each of these glucan-bindinggins
(GBPs) has the ability to bind to certain formsgaican and some have been
shown to be cell-associated, their unique contioingt to in vivo plaque
development are as yet unclear. GTFs also contagag binding domains. The
interactions of glucans with cell-associated glubamding domains of (GTFs)
and (GBPs) combine to cause extensive accumulafiomutans streptococci in
the dental biofilm (Figure 2-2). Since GTFs and GBiPe also secreted into the
extracellular environment, their specific or nor@pe incorporation into the
salivary pellicle would also provide binding sitésr mutans streptococci
(Smith, 2002).

Theoretically, next phase of the pathogenesis tedtdm the metabolic
activities of these masses accumulated mutanstetagei (and possibly of
other accumulation associated microorganisms). Mutstreptococci are the
most prolific producers of lactic acid in thesewsoalation, although other “low

pH bacteria” may also contribute (Van Ruyvenal., 2000). Dental caries
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ultimately in sues because resulting increaseandhbtic acid concentration can

not be sufficiently buffered to prevent enamel disson (Smith, 2002).

2.5 Virulence Factor s of M utans Streptococci

The term virulence describes the capacity of agi@&a microorganism) to
cause disease to its host. This property is qudintt and expresses the degree
of pathogenecity and the ability to inflict damagethe host. The relationship
between host and parasite is dynamic and dependghein individual
characteristics and interrelationship as well ashenexternal factors. Virulence
consists of bacterial properties required for theeraction between host and
parasite. Factors that promote entry, colonizatiod growth of the pathogen
within the host, including those required for oppgshost defences and for
nutrient acquisition (Madigan, 1997b).

The initial information on virulence factors 8f mutans was obtained from
studies involving isolation and biochemical chagazttion of extracellular and
cell wall-associated components of this microorgamithat appeared to be
involved in pathogenesis (Hamada and Slade, 198@netic approaches
employing mutants o®. mutans have been extremely helpful in delineating not
only virulence components but also mechanisms vmeblin the virulence of
S mutans (Loesche, 1986). Recombined DNA techniques, dvititha of
transformableS. mutans strains and methods of transforming S mutans are
facilitating studies at the molecular level to detme the number of genes
contributing to a specific phenotype and mechaniamglved in their
regulation (Hensel and Holden, 1996).

Based on the accumulating information from biocleahi genetic, and
immunological studies, a number of componentsSofmutans have been
identified for their potential roles in virulencadiuse in vaccine development
(Krass, 1988).
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Recognized virulence factors of mutans streptocaceiadhesin-like cell
surface proteins, acid tolerance, acid productiond aproduction of
glucosyltransferases, mutacin and intracellularygedcharide which promot
their colonization and survival in the biofilm asNvas the dental plague that
covers the tooth surfaces (Kuramitsu, 1993). Initand to the recognized
virulence factors, other properties of microorgarismay influence virulence.
One of the suggested virulence factors is the plgtie activity of mutans
streptococci (Jacksoet al., 1997).S. mutans has been shown to produce two
extracellular proteases, possibly metalloproteasapable of degrading both
gelatin and collagen-like substrates (Harringtord &ussell, 1994).Under
debate, is whether metalloproteases detected imection with mutans
streptococci are produced by the microorganismsvioether they are host-
derived (Tjaderhanet al., 1998). Regarding S-IgA protease activity of msta
streptococci, the presiding view is that the orgars themselves do not produce
this protease (Marcotte and Lavoie, 1998). Howeuwdrgr investigators were
able to demonstrate the ability &reptococcus for production of S-IgA-
protease and prone their functions (Aldallal, 2002; Marcotte and Lavoie,
1998). Another trait enabling survival is the djilof mutans streptococci to
rapidly adapt to the environment by microbial gesetphenomena. This
property has been suggested to be an essentiad@lemthe dominance &
mutans in cariogenic dental plaque (Burne, 1998). Asla,rthe ability of cells
to take up exogenous DNA and regulating the natgesletic competence in
bacteria is indicated by nutritional conditions amell-to-cell signaling

(Solomon and Grossman, 1996).

2.5.1 Acidogenicity and Acidouricity
Mutans streptococci ferment many different sugarkey appear to
metabolize sucrose to lactic acid more rapidly tbdrer oral bacteria. This is

thought to be related to the multitude enzyme systeatalyzing the reactions of
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transport and metabolism of sucrose expresseddsetbrganisms (Kuramitsu,
1993). It seems that lactic acid is the most imgodrtacid involved in the
etiology of dental caries. Dietary sugars othemtlacrose (e.g. glucose and
lactose) can also induce acid formation. Howevéesé sugars are less
cariogenic than sucrose, because, in addition iagbeonverted to acidic
metabolites, sucrose is also uniquely utilized datracellular polysaccharide
synthesis. Starch is less cariogenic than othéamjisugars because it does not
readily diffuse into plaque and is less readily toygzed (Hortoret al., 1985).

Despite that mutans streptococci can grow at wetilow pH values,
some strains are able to grow in a pH value lowant4. These streptococci
produce large amounts of a membrane-associated $&]Paapable of
functioning at low pH, which helps to pump’ lons from the cell and thus
reduce intracellular acidification (Bendest al., 1986; Carlsson, 1989).
However, S, sobrinus is more acidogenic and highly cariogenic than iothe
mutans streptococci (de Satal., 1989)

2.5.2 Bacteriocins

Bacteriocins are proteinaceous antibacterial snbstaproduced by some
bacteria to interfere with the growth of othersngmally closely related bacteria.
Bacteriocins are produced in addition to otherbitbry substances, including
bacteriolytic enzymes and metabolic-by-productshsas (organic acid, diacetyl
and hydrogen peroxide), which are formed duringdyaad growth (Jaclet al.,
1995).

Bacteriocins are ribosomally synthesized and uguadhuire extensive
posttranslational modification for their activitf.he genes involved in the
synthesis and modification of bacteriocins are roftarried by a plasmid or
transposon (Madigaret al., 1997a). Bacteriocins are frequently named
according to the bacterial species producing th#mse who produced by

mutans streptococci are called mutacins (Hamada arsthima, 1975). Mutacin
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production is usually not plasmid encoded (Caufietidal., 1990). Mutacin
typing include both susceptibility to and produntiof mutacin, has used for
epidemiological typing of isolates. Berkowitz amaddhn (1975) were the first to
bind between the mutacin typing method and the strégsion of the
microorganisms from the mother to her child. Claliz, mutacins have been
considered important for the establishment andliéguim of bacteria in dental
plaque. The mutacin-producing strains might colemmre easily and suppress
non-producing strains (Hillmanet al., 1987). Most strains of mutans
streptococci are able to produce mutacin on agdryéry few produce them in
liquid culture (Hamada and Ooshima, 1975). Sevenatacins have been
purified and biochemically characterized (Chikindgal., 1995).

2.5.3 Adhesins:

Adhesin is a cell surface fibrilliar protein of negular weight 185 KDa, it
is also known as protein B (Russell, 1979), (Poresteret al., 1983), PAc
(Okahashet al., 1989); MSL-1 (Demuthet al., 1990), SR and antigen (Ag |/ II)
in S mutans, and also known as (SPaA or PAg)3msobrinus (Smith, 2002).
Ag I / 1l was found in the supernatant @f eptococcus mutans culture and bind
selectively to human-saliva coated hydroxyapatB¢i4A), which stimulates
pellicle-coated enamel. While isogenic Ag I/ll-aeéint mutants ofS. mutans
lack the protein fuzzy coat on the cell surface bhimil poorly to experimental
salivary pellicles (Leet al., 1989). Ag I/ll has also been shown to bind colifage
and makeS. mutans able to invade human root dentinal tubules (Leval.,
1997). Also it has the ability to bind not only ¢ollagen but to various other
extracellular matrix molecules (Scio#ti al., 1997). Thus, it appears to possess
versatile binding properties and interacting withtnx protein may contribute
to the progression of dentinal carious lesions amtation of endodontic

infections. Moreover, to the dissemination of baateunder pathological
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conditions that expose matrix molecules in the ceality (Hajishengallis and
Michalek, 1999).

Ag I/l consists of a protease-sensitive N-termimalgion, Agl, and
protease-resistant Ag II, which represents the r@ital and membrane-
proximal one-third of the molecule (Russellal., 1980; Kelly et al., 1990).
Molecular studies have shown that the genes enga&linl/II- like proteins are
highly conserved both within and between serotygesutans streptococci, and
share homology with genes for surface proteins fratimer species of oral
streptococci (Bradgt al., 1991a; Meet al., 1991)

2.5.4 Glucan-Binding Proteins

Glucan is a polymer of glucose synthesized frontagye sucrose and
possibly additional oligosaccharides, by glucosyisferases enzymes produce
by oral streptococci (Hamada and Slade, 1980; Loesche, 1986; Vacca-Smith et
al., 1996a,b). It is not a simple linear chain, buheata branched structure
composed of glucose units joined by bath(1-6) ando (1-3) glucosidic
linkages. Then (1-3) linkages occur sparely in soluble dextramisere as the
relatively insoluble forms termed mutans, contaionsiderably increased
proportions of a (1-3) linkages, and hence significantly more bhang
(Yamashitaet al., 1993). It has also been suggested that glucamesiaed by
S mutans may play additional role in the cariogenesis offfian serving as a
mean of enhancing the attachment of the organisntbet tooth surfaces (van
Houteet al., 1989). Thus, glucan may serve as permeabilityidra within the
dental plaque biofilm, which could affect the trpod of sugars into plaque and
/ or the diffusion of acids from plaque.

The ability of mutans streptococci to bind glucan gresumed to be
mediated, at least in part, by cell-wall associagedan-binding proteins (GBP).
Many proteins with glucan-binding properties haeem identified inSmutans

andS sobrinus (Smithet al., 1998). Each glucan-binding proteins has the gbilit
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to binda 1-6-glucan, through other glucan linkage potelytiaday impart higher
binding contentsS. mutans secretes at least three distinct proteins withagiuc
binding activity: GBP-A (Russell, 1979), GBP-B (Smet al., 1994) and GBP-
C (Satoet al., 1997).GBP-A has a deduced sequence of 563 amids @anas
et al., 1990). The molecular weight for the processedemots 59 KDa. The
carboxy-terminal two-thirds of GBP-A sequence haignificant homology
with putative glucan-binding regions of mutans @toeoccal glucosyltrans-
ferases (Haas and Banas, 2000). GBP-A has a gedétety for water-soluble
than for water-insoluble glucan. The expressed BBptotein is 431 residues
long and has a calculated molecular weight of KD& (Mattos-Graneet al.,
2001). Its sequence is unrelated to those repdotedtherS mutans (GTFs) or
GBPs, paralleling the lack of reaction of anti-GBPantibody with those
proteins. The N-terminal third contains several im@dominant regions, which
may explain the significant apparent immunogeniokythis protein in human
(Smith et al., 1998) and animal (Smith and Taubman, 1996). Qigh the
function of this protein in the native environméstas yet unresolved, biofilm
formation on plastic surfaces by strainsSohutans is directly correlated with
expression of GBP-B (Mattos-Graratral., 2001), suggesting a role for GBP-B
in this process. The thirf mutans non-enzymatic glucan-binding protein GBP-
C, is composed of 583 amino acids, this protein dasalculated molecular
weight of 63.5 KDa. The GBP-C protein, detected nvBemutans cultures are
stressed during growth, is associated with dextdependent aggregation
(Smith, 2002).

2.5.5 Glucosyltransferase (GTF)

Glucosyltransferases (GTFs) are extracellular emsyrthat bind and
synthesize extracellular glucan, which are impdrtan the establishment of
cohesive mutans Streptococcal masses on the toothces and subsequent

caries development (Kuramitsu, 1993; Lilijemark and Bloomquist, 1996). These
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enzymes are essential virulence factors to famlitae ability of this bacterium
and other microorganisms for colonizing the tootlew sucrose is present in the
host diet (Yamashitat al., 1993). They play a significant role in the inikoat,
development and maturation of dental plaque, aacessential in the formation
of smooth surface lesions at least and contribatéhe formation of sulcal
surface lesionsSghilling and Bowen, 1992; Kuramitsu, 1993; Yamashitaet al.,
1993).

Glucosyltransferase of mutans streptococci is atde catalyze the
hydrolysis of glycosidic linkage of sucrose res\gtiin the release of glucose
and fructose and transfering the glycosyl moietyatderminal site on the
growing glucan molecule. The catalytic or sucrosetng and splitting region
is located at the N-terminal one-third of the gkytransferase (Mooset al.,
1991; Kato et al., 1992; Tsumori €t al., 1997), while the glucan binding region
at the C-terminal one-third of the molecukeato and Kuramitsu, 1990; Abo et
al., 1991). The glucan binding domain is essentialtf@ transferase activity
(Kato and Kuramitsu, 1990), and as shown in (Figi#B for binding enzyme
to the cell surface (Smith, 2002%reptococcal GTFs are moderately sized
proteins (approximately 1.500 amino acids) synttesbiwith an additional
peptide extension (signal peptide) of about 30 amacids which facilitate

export across the cell membrane.
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Figure 2-4. Structure of Glucosyltransferase (Smith, 2002)
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The 200 or so amino acids adjacent to the signatigee vary significantly
among GTFs from different species, and comprisé qfathe catalytic domain
of the enzyme. Amino acid sequencing reveals tlksgmce of repeating glucan
binding units, each of approximately 23 amino aaieguiring 3 to 6 times
interspersed with other sequences within the glugizxding domain of the
enzyme (Banast al., 1990). Thus, having evolved a useful functionabdaie,
the evolutionary process duplicates and spaces therder to subtly alter the
glucan-binding properties of different GTF speciegidence that this region or
unit has glucan binding function is obtained frobservation revealed large C-
terminal, tryptic fragments of GTF which retain thigility to binda 1, 6 glucan
(Wong et al., 1990; Abo et al., 1991). The glucan binding potential of these
repeating GTF sequences is also supported by thenadiion that amino acids
deletions in this region remove glucan binding\aistior decrease the efficiency
of insoluble glucan synthesis (Konisdtial., 1999).

The catalytic activity of GTF appears to be asdediawith several,
sequentially separate, residues in the N-terminiadl tof the molecule. These
residues have been identified by a variety of mdshancluding the labeling of
catalytic intermediates and site-directed mutagen€Bsumori et al., 1997,
Monchois et al., 2000). Insight into catalytically important reselu
identification, which have revealed significant haogy between GTF and
alpha amylase with respect to several invariangdoes important to the
catalytic activity of the alpha amylase family, gegting that the amylaspg,¢)

8 barrel element may be also a feature of the Gil&ytic domain (MacGregor
et al., 1996; Devulapalle et al., 1997).

Streptococcus mutans (serotypes, e andf); S sobrinus (serotypesl and
g), S downeii (serotypec), S salivarius and S sanguis express several
glucosyltransferase enzyme types which differinghain length, content af-
1,3 anda-1-6 glucosyl linkages, degree of branching andisbty (Shirozaet
al., 1987; Hamada et al., 1989). GTF which synthesizes soluble glucan from
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mutans streptococ¢serotypesa andd) would be similar to the enzyme from
mutans streptococci (serotyp, since these enzymes are immunological
identical or partially identical to each other. @re other hand, GTF from
mutans streptococci (serotypesc, e andf) may be considerably different from
the enzymes of (serotypes d, and g), since the former group have no
immunological relationship with the latter enzyméukasaet al., 1982).

Molecular weight ofS. mutans and S. sobrinus GTF enzymes are between
(140-160KDa). There optimum pH is 6.5 and tempeeatit 37C (Hamadaet
al., 1989). The reason behind the interest of stud§am§ enzymes ob. mutans
(serotypeg, e, andf) andS. sobrinus (serotypesd andg) is due to their ability
to elicit protective immunity against experimentntal caries caused by
implanted mutans Streptococcal species (Taubmarsaniith, 1977).

At least three GTFs enzymes have been identifiech . mutans. GTF B
has a molecular weight of 148 KDa which synthesia&és3-linked water
insoluble glucan, GTF D with a molecular weightlgf3 KDa synthesizes 1,
6-linked water soluble glucan and GTF-C with a esalar weight of 138KDa
which synthesizes a mixture of water-soluble msdluble glucan (Aoket al.,
1986; Hanada and Kuramitsu, 1988; 1989). GTF-B and C enzymes are cell wall
associated and share approximately 75% identitgéldeal ., 1988), while GTF
D enzyme (a secreted enzyme) is 50 % identical & 8 enzyme (Hondat
al., 1990).

Streptococcus sobrinus (serotypesd and g) secretes four kinds of
glucosyltransferase enzymes; one a water-insolylotsan synthase [(2:3-a-D-
glucan synthase)] and three water-soluble glucathages [S-GTases,6)-
a-D-glucan synthase] (Hanada and Takehara, 1987#eeThf these enzymes
have required an exogenous primer or acceptor (sschdextran) for full
expression of their essential activities (Shimanatiad., 1983). It is thought that
the fourth glucosyltransferase 8f sobrinus which has a molecular weight of

(139 KDa) supplied the primer for the other thre€F& enzymes and has a
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significant role in the formation of extracellulaolysaccharide of these bacteria
(Yamashiteet al., 1988).

Streptococcus sanguis is an early colonizer of the tooth surfaces and is
found abundantly in the mature dental plaque (Fsandt al., 1991). Results
from in vitro studies have shown that this organism binds tcipesalivary
molecules and may also coaggregate with othermi@bobes (Bleiweis, 1993),
suggesting multiple cooperative events allowingissence on the hard tissues
of the oral cavity (Kohlenbrandet al., 1983).S. sanguis also produces a single
glucosyltransferase enzyme (GTF-S) that gives priynaoluble glucan with
both a-1,6 anda-1,3 linkages (Beeley and Black, 1977), also it mamgtribute
to the over- all polysaccharide contents of depitadjue (Carlssost al., 1969b).
Optimum pH of the GTF-S enzyme in solution rangesveen 5.2 and 7.0, and
optimal activity at a temperature of °@5 It is different from those GTF
enzymes produced by mutans streptococci (WundeBamnan, 2000).

Analysis of the encoding gene sequences revedshanumber of GTF
genes in each species of mutans streptococci varese genes encoding for
glucosyltransferase activity have been cloned aguenced fromSmutans
(serotypesc, e andf), gtf B is responsible for the insoluble glucan synthesi
(Shirozaet al., 1987),gtf C for soluble and insoluble glucan synthesis (Ustda
al., 1988); and gtf D for soluble glucan synthesis (Honeaal., 1990). Animal
studies with defined mutants 8f mutans, in which single or multiplgtf genes
have been inactivated, showed that insoluble glsgathesis is more important
for cariogenicity than soluble glucans (Munebal., 1991; Yamashita et al.,
1993). S sobrinus (serotypesd andg) GTFs are encoded by two gengt ()
(Russell et al., 1987) andgtf S (Gilmore et al., 1990) genes which are
responsible for synthesizing insoluble and sol@nieymes respectively.

S downei andS. salivarius have four genes, whil8. gordonii appears to
have only one gene encoded for GTF enzyme actiVibe individual GTF

genes are often located adjacent to one anothéheomacterial chromosome
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(Giffard et al., 1991), and these arrangements probably resulis filoe
duplication of a single ancestral gene. Once dat#dt, the individual genes can
evolve new characteristics independently of eadterothrough successive
mutation and evolution selection (Simmormtisl., 2000).

2.5.5.1 Determination of GTF Activity

Active GTFs have been identified in whole humanvsabhnd salivary
pellicle and also detected in experimental pell{@éllaet al., 1983; Scheic et
al., 1987; Vacca-Smithet al., 1996b).

GTF-B, GTF-C and GTF-D 0% mutans, were enzymatically active both
in solution and in an experimental pellicle, arenrfed by adsorbing GTF onto
surface of clarified human whole saliva (CWS)-cdate/droxyapatite (HA)
(Venkitaramaret al., 1995).

Reviews of previous studies indicate that researchgeneral types,
structure and function of GTFs concentrated on yadea enzyme activity
Mukasaet al., (1982) determined GTF activity in broth®fmutans (serotypec)
by collecting the synthesized glucan from the so@mt after incubation with
sucrose substrate and precipitating with 75% eth#men determination by
phenol / sulfuric acid method (Dubaasal., 1956). The synthsized glucan could
be measured by gas-liquid chromatography using ®©WE€olumn of OV-101
(Mukasaet al., 1982). One international unit (IU) of enzyme vdadined as the
amount of glucosyltransferase catalyzing the incapon of 1umol of glucose
from sucrose under the conditions of experiment Kdda et al.,
1982).However, others determined activity dependorg measurement of
reducing sugar release from sucrose at 500 nm (amd945) and
accordingly, One unit of the total activity is cesponded to the amount of
glucosyltransferase releasinquinol of reducing sugar from sucrose under the

conditions of experiments (Mukasgal., 1982).
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On the other hand, some studies includes SDS-PAQfeasurement of
GTF activity. They were able to differentiate beéwethe enzyme which is
responsible for producing soluble glucan from tpabduce insoluble type
through incubation the polyacrylamide gel with gubstrate over night at 37°C
(Furutaet al., 1983; Mukasa et al., 1985).

Shimamuraet al., (1983) estimate GTF activity o8 sobrinus by
determining soluble and insoluble-glucans syntlesklzy three GTFs, which are
easily distinguished from each other by isoeleatriocusing (IEF) gel after the
application of suitable amount of culture supematm a filter paper on the gel
surface. After IEF process, the gel was incubate87aC for 22 hours in 5%
sucrose. The activity of GTF water-insoluble pobdearide was directly
detected as a white-band, and water-soluble onestaased by the periodic
acid-schiff base (PAS) method (Kapitany and Zebkowi73).

Recently, GTF activity ofS mutans and S sanguis was determined by
incorporation of ¢-labled glucose from sucrose into glucans produiced
diluting GTFs in a standard substrate buffer solutivhich contains a suitable
amount of sucrose and dextrans. All reactions veareied out at 37°C and
stopped after 4 hours by the addition of ice-cdéo/ethanol. An amount of the
precipitated glucan which was collected on the am@fof gas fiber filter is
quantified by liquid scintillation spectrometry (Mdtaramanet al., 1995;
Vacca-Smithet al., 2000; Wunder and Bowen, 2000).

Venkitarmanet al., (1995) determined activity of GTF on the surfade
hydroxyapatite. Hydroxyapatite beads were incor@arawith the clarified
human whole saliva (CWS) for 30 min at 37°C. Afpét was maintained at 6.5,
the enzyme was added, and unadsorbed materials reli@ved by washing
with buffer, then the enzyme substrate was addedlze reaction was stopped
after 4 hours by the addition of ice-ethanol. Thacgns were separated from

unreacted sucrose by filtration, and total glucandpct was calculated as
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micromoles of glucose incorporated into glucan bg af known ratio of labeled

to unlabeled sucrose .

2.5.5.2 Purification of GTF

Several methods have been used for purificatiomofans streptococci
GTF enzyme. Challacombet al., (1973) purified GTF enzyme from culture
fluid of S mutans by the use of hydroxyapatite column chromatography
Stepwise elution in 0.2 M and 0.5 M phosphate bukésulted in two pools of
activity as determined by isoelectrical focusinglo$ preparation revealed it to
be a mixture of at least seven GTFs.

Other purification procedures were made from 20ltuce supernatant of
S mutans by filtration through different ultrafiltration nmebranes in an Amicon
Ultrafiltration cells in order to concentrate thezgme and to remove any
contaminating D-glucan. Polyacrylamide gel eledhagsis was used in order
to quantitate the enzyme acitivity and the degrepunification (Ciardiet al.,
1977; Figures and Edwards, 1978).

Smithet al., (1979) purifiedS. mutans GTF by gel filtration on a column
containing 8% agarose. The GTF fractions were cunageed by negative
pressure and further purified on Sepharose 4B.

McCabe (1985), purified GTF fro® mutans cell free supernatant fluid by
precipitation with 50% saturated ammonium sulfate dbtain a crude
extracellular protein preparation, affinity chromgitaphy on Sephadex G-50 in
order to separate the glucan binding proteins fitbbd crude extracellular
preparation. Proteins were further fractionatedolonyexchange chromatography
on a bed of Tris acryl-M-DEAE-affinity chromatogitap yielded two peaks
containing proteins, then GTF activity was deterdirby polyacrylamide gel
electrophoresis which indicate the presence oftyypes of GTF represented by
each peak, also the presence of the third one n&@i€B-I isozymes) in both

peaks.
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Taubmanet al., (1988) purified two types of GTF enzymes frofn
sobrinus using SDS-PAGE and named them GTF-I and GTF-S mibkecular
weights of 153 KDa and 148 KDa, respectively. Reaiion procedures were
performed by Sephadex G-100 column, Sepharose 4Btfién the two
enzymes were separated on a column of DEAE-BioAgak two peaks. The
yield of total GTF from the column was approximgtdi3% of the activity
applied.

Yamashitaet al., (1989) purified four types of GTF enzymes fr@n
sobrinus by salt precipitation, affinity chromatography ngidextran-agarose
affinity column, high-pressure liquid chromatogrgptolumn with a TSK-gel
phenyl-5PW column, DEAE-cellulose chromatographyucm, ultrafiltration
and the use of immunsorbent column. The degreaafigation and molecular
weight of these enzymes were determined by iso@tattfocusing and SDS-
PAGE.

Purification of S. sobrinus GTF enzymes was also done from culture
supernatant of this bacteria by chromatography ewh&dex G-100. The GTF-
rich pools were then subjected to fast protein ilgghromatography on
Superose 6. The gel filtration step separates nbiR-&d other glucan-binding
proteins as demonstrated by (SDS-PAGE). sobrinus GTF preparation
obtained after gel filtration on Superose 6 corgdia mixture of water (GTF-I)-
insoluble glucan product [IG], (GTF-U) primer stilated soluble glucan [SG]
product and (GTF-S) primer independent SG-prodiieibmanet al., 2000;
Smithet al., 2003).

Wunder and Bowen,(2000) purified GTF-B, GTF-D andF3C of S
mutans, as well as GTF-S enzyme 8fsanguis by the use of salt precipitation,
affinity chromatography column containing proteirc@jugated with anti-GTF
IgG (Anti-serum raised in rabbit against GTF enzymhbydroxyapatite
chromatography column using Macroprep Ceramic bydhpatite type 1
column. The final preparation of GTF-D, GTF-C an@iKsS was purified 250,
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300 and 100 fold ,respectively, over the startiregenal as determined by usage
of silver-stained (SDS-PAGE).

2.6 Effect of Inhibitors on GTF Enzyme and Mutans

Streptococci

Many compounds were found to have the ability tduce plaque
formation in vivo (Gjermo et al., 1973; Lobene and Soparker, 1973) and
inhibiting the activity of GTF enzymes in solutiofCiardi et al., 1978;
Thaniyavarnet al., 1981, Kawabat&t al., 1993). These compounds include:
quaternary ammonium salts, bis-biguanides, phewmolitpounds and aliphatic
amines. However such earlier studies were perforastag mixtures of GTF
enzymes in undetermined ratios with inconsistesitlts.

Vacca-Smith and Bowen (1996) revaluate the effettsome previously
studied GTF inhibitors and some common mouthringeseach of glucan
formation by individual, they purified GTF enzymetb in solution and on the
surface of Saliva-Coated Hydroxyapatite (SHA). Itasw found that
chlorohexidine digluconate at concentration (1.25m&tluce glucan formation
by GTF-C ofS mutans in solution. It also may concern that glucan faioraby
a mixture of GTFs frons. mutans adsorbed onto bare hydroxyapatite beads was
also effected by chlorohexidine diglucanate (Schamd Kjeilen, 1987).The
clinical effectiveness of chlorahexidine could hesdo the interaction of anti-
plaque agent with GTF-C prior to adsorption of #mezyme onto tooth and
apatitic surfaces, which inhibiting the enzyme Ibefadsorption onto a tooth
surface (Vacca-Smith and Bowen, 1996).

Al-Ugalli (2000) found that chlorohexidine at higloncentration (0.25%)
has a bactericidal activity against mutans stregatoicand may act as detergent
by damaging the cell membrane and precipitating oplglsmic

components.Sodium florids, Sodium-doedecylsulf&@Sg), hexetidine, iodine,
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urea, zinc sulfate as wall as substitutes repredeny sorbitol could alter the
composition of plague microflora widely by effedirthe growth and acid
production ofStreptococcus species.

In addition to the adaptive or specific immunityathis mediated
predominantly by secretory immunoglobulin A (S-IgAantibodies, human
saliva also contains an array of antimicrobial rooles whose presence does
not depend on previous exposure to microbial ansgeThese non
immunoglobulin defense factors contribute to thetgetion of the dental and
mucosal surfaces of the oral cavity by modulatiafprization and metabolism
(Levine et al., 1987; Tenovuo, 1989; Scannapieco, 1994). Submandibular-
sublingual mucins and other salivary glycoprotesosh as the parotid salivary
agglutinin, are capable of aggregating oral miagaarsums from the mouth by
swallowing (Rundegren, 1986; Tabak, 1990; Slomiany et al., 1996).

Innate humoral defense factors present in salivaantalone or with each
other in a synergistic or antagonistic manner (Rundegren, 1986; Pruitt et al.,
1999). One type of interaction is via the formatairheterotypic complexes (e.
g., mucins form complexes with various moleculesgluding lysozyme,
cystatins andr-amylase), which in certain cases may have praggedistinct
from those of the individual components (Biesbrethkl., 1991). Jespersgaard
et al., (2002), isolate and characterize GTF inhibitogtda (GIF) and identify it
as a non immunoglobulin salivary component, andssgbently using
chromatography purified and characterized as a oghateinee amylase
complex. Then vitro binding of this salivary factor to glucan-bindinggion
(GLU) of GTF results in an interfering with the gnze activity of GTF in a
manner analogous to that of anti-GLU antibodies.

Propolis, a resinous substance collected Apys mellifera bees from
various plant sources and mixed with secreted bees-is a multifunctaional
material used by bees in the construction, maimesand protection of their

hives (Burdock, 1998). Flavonoids have been comsdléhe main biologically
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active compound in propolis (Bonheet al., 1994). lkenoet al., (1991)
demonstrated that topical application of propokgée daily or it's inclusion in
drinking water available ad Libtum reduce the iecide of dental caries in rats.
Furthermore, two chemically distinct types of priipdrom Brazil inhibited the
activity of GTF and the growth & mutansin vitro (Koo et al., 2000a; Kooet
al., 2000b).

Osaweet al., (2001) found that Cacao bean husk has been stopwosses
two types of cariostatic substances, one showitiggarcosylation activity and
the other antibacterial activity, and inhibit expsntal dental caries in rats
infected with mutans streptococci. It was foundt thalyphenolic-compounds
and unsaturated fatty acid act as active comporagamst GTF an& mutans
respectively,

Ooshimaet al., (1993) demonstrated that polyphenolic compound of
Oolong tea (Semifermented tea leave<Caimellia sinensis) has an effect on
insoluble glucan synthesis from sucrose by GTRK.aghutans andS. sobrinus.
The administration of the Oolong tea polyphenolaanpound into diet and
drinking water resulted in significant reduction caries development and

plaque accumulation in rats infected with mutanespgococci.

2.7 Treatment and Vaccine of Dental Caries

Dental Caries is an infectious disease of bactegimdlogy and is a
prevalent and costly disease in both developingiaddstrial countries. After
the demonstration of a molecular pathogeneses tdmalstreptococci in caries
formation, scientists and dentists effort to redthee caries through many ways
including:

 Temporary elimination of the established mutansepstrcocci
population from the oral cavity by mechanical melhosuch as

brushing, flossing and professional scaling oftdeth.
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* Increasing acid-resistance of the teeth throughu$e of sodium
fluoride and by controlling the carbohydrate compos of the diet.

» Using chemical means to fight plaque as well asptiogress in the
caries process through the application of moutkenspecially
chlorohexidine which is effective but causes tedifitoloration, and
has a poor penetration abilities against plaqupits) fissues and a
proximal surfaces.

* Interfering with transmission of mutans streptocdboough the use
of vaccine (Balakrishnaet al., 2000).

Bowen (1969) discovered the modern area of vacbei@py against dental
caries through the use 8fmutans cell to intravenously immunize irus monkey,
from that time researches focus towards the dewsop of well tolerated and

effective vaccine against this disease (Smith, 2002

Several aspects be considered for the developnfeahy dental caries
vaccine:

» The vaccine must be safe for use in human.

* It must contain the appropriate virulence antigeh ¢f mutans
streptococci that includes antibodies, which carevent the
bacterium from causing disease.

* The vaccine must be given via the appropriate réaitenduce the
desired response.

 The composition of vaccine must be such that ieffective in
reaching immune inductive sites and capable of mi@teng the
desired response.

» Furthermore, a cost-effective vaccine would be trak for
widespread-application (Michalekal., 2001).
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An earliest attempts in the 1970s demonstratedidicat injection of heat-
killed or formalinizedS. mutans in complete Freund’s adjuvant resulted in a
local antibody response (Taubman and Smith, 1974; Bowen et al., 1975;
McGheeet al., 1975; Challencombe and Lehner1980; Linzer et al., 1981 and
Michaleket al., 1983) such as the local injection of this typeuatigen into the
salivary gland region of rats. These resulted galsalivary antibody response;
or the orally administration of antigen which isatf resulted in the stimulation
of lymphoid cells and subsequent IgA antibody reses in external secretions
via the common mucosal immune system (CMIS).

In order to understand the mechanisms of adhemmteariogenecity db.
mutans and S. sobrinus, more specific antigen preparations have been.used
Such single components vaccines have the advantaiggsoviding much
greater control over product standardization arfdtggSmith and Taubman,
1990).

From previous studies, several molecular componkats been used as
antigens to stimulate the immune system againsogamic bacteria. These
antigens include many types of cell wall proteihsnoitans streptococci such as
adhesin Ag I/ll, B SPA, PAc, antigen “A” and glucan binding protein;
lipotechoic acid such as (LTA), a polymer of glya@esnd phosphate covalently
linked to a glycolipid and some specific enzymescsglly GTF (Gregont al.,
1990; Ogier et al., 1990; Russell and Wu, 1990; Brady et al., 1991b; Bleiweist
al., 1992; Taubman et al., 2001).

Abundantin vitro and in vivo evidence, using a variety of active and
passive immunization approaches, indicates thabaaies with specificity for
mutans streptococci adhesins can interfere withtebat adherence and
subsequent dental caries. But this type of vacsinesed in animal only due to
it's potential cross reactivity with human headehses (Mat al., 1987; Russell
and Wu, 1990; Ackermans et al., 1991; Filler et al., 1991; Harrington and
Russell, 1993; Oho €t al., 1999; Balakrishnan, 2000; Smith, 2002).
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Mutans streptococci fimberial structure was alsecdbed as a long hair
like extracellular appendages observed clearlylestenmicroscope. It seems
to function as an adhesin that enables these btmttebind to salivary pellicle
coated tooth surfaces (Fontasteal., 1999). It may also be possible to prevent
colonization of oral bacteria by immunization wiéh vaccine consisting of
purified fimbrial adhesins (Perromeal., 1997).

The major group of antigens considered as potevdiatine candidates are
the glucosyltransferases (Taubman and Smith, 19G2F preparations are
attractive possible vaccines that may constituteimportant target of the
antibacterial mechanism of the immune responsehand the advantage of not
eliciting heart reactive antibodies and also oftgpss-protection between
different strains of mutans streptococci (Kato and Kuramitsu, 1992; Eto et al.,
1999; Jespersgaard et al., 2000).

In vitro experiments had been shown that antibodies whibbitnGTF

activity, especially that responsible for the fotima of insoluble glucan, can
inhibit plaque formation (Evans and Genco, 1973; Wunder and Bowen, 1999).
In these experiments, GTF were coupled with compleeund’s adjuvant to
enhance the response of the immune system and thvemgh (intravenously,
subcutaneously or in the vacinity of the parotidl aubmandibular glands
route). These results were encouraging more studiéscus on GTF due to it
important in dental caries.

Later, it was found that gastric intubation of rat&l subcutaneous injection
of rabbits with GTF (bound to insoluble polysaaotb@ or to aluminum
hydroxide) resulted in higher salivary IgA immuresponses than were seen in
the orally immunized with GTF alone. So that enlement of the immune
system may increase in presence of the insoligoie of GTF as compared
with the soluble one (Ebersadeal., 1983; Wunder and Bowen, 2000).

Recent studies with GTF antigen (contributed to diegelopment of the

oral vaccine and their effective deliver) used $ipmes, a virulengalmonella
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and B subunit of the Cholera toxin (CTB) as an aalf (Michaleket al., 1984;
Michalek et al., 1986; Childers et al., 1994; Michalek et al., 2003; Smith et al.,
2003). In these studies which had been done on &athals or human either
the native molecules or peptides were used repiragefunctional domains of
the molecules such as the catalytic (CAT) or glucerding domain (GLU) of
(GTF).

Although, the early experimental oral immunizatistudies with mutans
Streptococcal antigens showed the induction ofggtote immune responses , in
most instances complete protection against caoasdtion was not attained
(Childerset al., 1996). Therefore, the use of a mucosal vaccimewconsisting
of Ag I/ll and GTF synthetic peptides may inducspenses. These responses
confer greater protection than would be obtaineith &n antigen from a single
virulence factor (Jespersgaaetial., 1999; Taubman et al., 2000; Michalek et
al., 2001).

Cromie (2001) described the efforts of Taubman &mdith in the
development of vaccine for children between 18 timéo 2 years old. After the
babies had replaced their permanent teeth, thestaantists gave them their
boosting when they start school. Hopeful, that psscgave them a protection
for a life. The vaccine consists of GTF with suitaldjuvant suitable for human
health; both packaged into microparticles madehef 4ame material used for
surgical sutures that eventually absorbed by tliy bSuch packaging seems to
stimulate a stronger protective effect than theyerezalone. Both scientists gave
their vaccine as swallowing capsules or by dripjtezh the inside surface of

their lips or it may given as a nasal spray.
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Chapter Three

Materials and Methods

3.1 Materials
3.1.1 Chemicals

The following chemicals were used in this study:

Maitids and Methods

Chemicals and Media Company (Origin)
Agar, acetone, brain heart infusion agar, brainthatusion
broth, bromophenol blue, dextrose, dipotassium jphaie,
ethanol (absolute), ethylene diamine tetraacetied |ac
(EDTA), glucose, glycerol, hydrochloric acid, iodin
BDH-England

methanol, polyethylene glycol (4000), potassiumided
phosphoric acid, sodium azide, safranine, sodiuadeeyle
sulfate (SDS), sodium chloride, sodium fluoride|figic

acid, tryptose, trypan blue.

Bacitracin, Optochin, Vancomycin

Bioanalyse-Turkey

Hydroxyapatite beads

Bio-Rad — USA

Crystal violet, phenol, yeast-extract.

Fluka-Switzerland

2,3,5 triphenyl-tetrazolium chloride

H and W —England

Coomasie-brilliant blue G-250

LKB-Switzerland

Blood agar base, protease-peptone, trypton, TodutH
broth.

e
Oxoid-England

Agarose, sephacryl S-200, DEAE-cellulose.

Pharmacia-Sweden

Freund’s complete adjuvant and Freund’s in complete PIE-RCE —
adjuvant. England
Hydrogen peroxide, mannitol, sorbitol, inulin, TFrjs

Sigma-USA

hydroxymethyl aminomethan, Muller-Hinton agar.
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3.1.2 PastoreX Strep (Bio-Rad-France):

Latex test for grouping streptococci belonging tougps A, B, C, D, F and G.

Kit for 50 to 60 tests containing the following:

a)

b)

Six vials, each of which contains 1ml of latex srsfion, specific for group
A, B, C, D, E, F and G streptococci respectivelize Tlatex particles are
coated with group-specific rabbit immunoglobulinsuspension in a glycin
buffer, pH 8.2, containing (0.01%) thimerosal afdL%o) sodium azide as
the preservatives.

Two vials of freeze-dried extraction enzyme in Tosntaining (0.01%)

thimerosal.

One vial containing (1.5 ml) polyvalent positivent@| antigen, composed
of a mixture of lancefield extracts of group A, B, D, E, F and G

streptococci and (0.02%) thimerosal as the preteeva

Two x 125 rods.

Sixty disposable agglutination cards.

3.1.3 Solutions

A) Solutions for Isolation of Streptococcus spp.
Normal Saline:
It was prepared by dissolving (8.5g) of sodium dd® in (750 ml) of

distilled water, pH was adjusted to (8.0), andubkime was completed to 1L

by distilled water, sterilization was made by aldemg at 121°C.

B) Solutions for Identification of Streptococcus spp.

|.Sodium Acetate (10%):

It was prepared by dissolving (10g) of sodium aeeta (100 ml) of
distilled water.
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Il. lodine (1%) (Atlas et al.,1995):
It was prepared by dissolving (0.3g) of iodine g6d5g) of potassium
iodide in (100 ml) of distilled water, then filtrah was done through filter
paper (Whattman No.1) and put in a dark bottle.

llI.  Crystal Violet Stain (Atlas et al., 1995):

It was prepared by dissolving (2.0g) of crystalleioin (20 ml) of
(absolute) ethanol, the volume was completed t0 (hD with distilled water
with continuous stirring, filtration was done thgtufilter paper (Whattman
No.1).

V. Safranin Stain (Atlaset al., 1995):
It was prepared by dissolving (0.259) of saframn(10 ml) of absolute
ethanol, then the volume was completed to (100mih distilled water with
continuous stirring. The solution was allowed tanst for several days then

filtrated through filter paper (Whattman No.1).

V.  2,3,5-triphenyltetrazolium chloride (TTC) (4%):
It was prepared by dissolving (4g) of (TTC) in (&0 of distilled water
in dark bottle and sterilized by autoclaving.

VI.  Mannitol (10%):
It was prepared by dissolving (10g) of mannito{100 ml) distilled water

and sterilized by filteration.

C) Solutions for Determination of GTF Activity
I.  Sucrose (50%):
It was prepared by dissolving (50g) of sucrose1i@0( ml) of distilled

water and sterilized by filtration.
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lI.  Tris-HCI Buffer (0.025 M):
It was prepared by dissolving (3.025g) of Tris-fopdimethylamino
methane in (750 ml) of distilled water, pH was ata to (8.3) and the
volume was completed to 1L by distilled water.

lll. Sodium Chloride (0.1M):
It was prepared by dissolving (2.929) of sodiumodde in (500 ml) of
Tris-HCI buffer (0.025M) as described in (3.1.3IL.1

IVV. Sodium Hydroxide (1M):
It was prepared by dissolving (40g) of sodium hydie in (1L) of

distilled water.

V. Phenol (5%):
It was prepared by dissolving (5g) of phenol inQ10l) of distilled water.

The container was wrapped in aluminum foil andedor

VI. Glucose (120 pg/ml):

It was prepared by dissolving (0.0129g) of glucas€l00 ml) of distilled
water. From this stock solution, the concentrati@i, 100, 90, 80, 70, 60,
50, 40, 30, 20 and 10 pg/ml) were prepared byidduthe stock with Tris-
HCI buffer (0.025M) as described in (3.1.3.C.II).

D) Solutions for Determination of GTF Protein Concentation
|.Bovin Serum Albumin (BSA) (20 pg/ml):
It was prepared by dissolving (0.0025g) of (BSAJ100 ml) of distilled
water. From this stock solution the concentratidr®s 18, 17, 16, 15, 14, 13,
12,11, 10, 9, 8,7, 6,5 4, 3, 2 and 1 pg/ml) waepared by diluting the

stock in distilled water.
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l. Phosphoric Acid (85%):
It was prepared by the addition of (15 ml) distlierater to (85 ml) of
phosphoric acid.

. Sodium Hydroxide (1M):

It was prepared as described previously in (3.118)C

lll.  Coomassie Brilliant Blue G-250 (Bradford,1976):

It was prepared by dissolving (0.1g) of Coommasikidnt blue G-250
in a solution composed of (100 ml) of phosphoric §85%) (3.1.3.D.1l) and
(50 ml) of (absolute) ethanol, then the volume wampleted to (1L) by
distilled water. The solution was filtrated throughier paper (Whattman
No.1).

E) Solutions for Purification of GTF
I. Purification by Adsorption Chromatography Using Hydroxyapatite
Beads
1) Phosphate Buffer (0.05 M) (pH 7.5):
It was prepared by dissolving (8.709g) of dipotassi hydrogen
orthophosphate ()1PQy,) in (750 ml) of distilled water, pH was adjusted t
(7.5), and the volume was completed to 1L by diestilvater.

2) Phosphate Buffer (0.15 M) (pH 7.5):

It was prepared by dissolving (13.063g) ofHR GO, in (250ml) distilled
water. pH was adjusted to (7.5) and the volume eaaspleted to (500) ml
by distilled water.

3) Phosphate Buffer (0.3 M) (pH 7.5):

It was prepared by dissolving (26.127g) of RO, in (250 ml)
distilled water. pH was adjusted to 7.5and the m@uwas completed to
(500ml) by distilled water.
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Purification by lon Exchange-Chromotography (DEAE-Cellulose)
Column
1) Sodium Hydroxide (0.25 M):
It was prepared by dissolving (1g) of sodium hyatiexin (100 ml) of
distilled water.
2) Hydrochloric Acid (0.25 M):
It was prepared by the addition of (498 ml) distlliwater to (1.8 ml) of
concentrated hydrochloric acid, the volume was detad to (500 ml) by

distilled water.

3) Sodium Chloride (0.25M):
It was prepared by dissolving (7.3 g) of sodiumocile in (500 ml)
distilled water.

4) Phosphate Buffer (0.05 M) (pH 7.5):
It was prepared as described previously in (3.1L3E

5) Phosphate Buffer (0.3 M) (pH 7.5):
It was prepared as described previously in (3.1L.3XE

Purification by Gel Filtration Chromatography (Sephacryl S-200
Column) and Determination of GTF Molecular Weight:
1) Phosphate Buffer (0.3 M) (pH 7.5):

It was prepared as previously described in (3.1.3E

2) Solution for Blue Dextrane 2000 (2.5 mg/ml):
Five gram of blue dextrane was dissolved in (2rh(0a3 M) phosphate
buffer (pH 7.5) (3.1.3.E.1.3).
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3) Solution for Standard Proteins:

A standard protein’s solution was prepared by dvasg (5 mg) of each
Bovine Serum Albumin, Aldolase, Catalase, Fermtiid Theroglobulin A in
(2 ml) of (0.3M) phosphate buffer (pH 7.5) (3.1.3.B).

F) Solutions for Determination of Purified GTF Activity

I.  Sucrose (50%):
It was prepared as described previously in (3.118.C

II. Phosphate Buffer (0.3M):
It was prepared as described previously in (3.1L.3XE

lll. Phenol (5%):

It was prepared as described previously in (3.1\3.C

G) Solutions for (GTF) and Bacterial Inhibitors
|. Sodium Fluoride (20mM):

It was prepared by dissolving (1g) of sodium flderiin (100 ml) of
phosphate buffer (0.3M) (3.1.3.E.1.3). From thisoc&t solution, the
concentrations (18, 16, 12, 8, 4, 2, 1 and 0.5 mige prepared by diluting
with phosphate buffer (0.3 M) (pH 7.5) as in (3.E.B3).

lI. Chlorohexidine Dichloride
A stock solution of chlorohexidine dichloride (20Mnwas obtained
from (Al-Mansour Factory). From this stock, the centrations (15, 10, 5
and 3 mM) were prepared by diluting with phosphatéer (0.3M) (pH 7.5)
(3.1.3.E.1.3).

[I. ZAK (Mouthrinse)
This solution is a combination of (12 mM) chlorolti®e dichloride
with (0.05%) sodium fluoide it was obtained from |{@afafactory).
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From this stock solution the concentrations (10arid 3 mM/ml) was
prepared by diluting with phosphate buffer (0.3 (7.5) (3.1.3.E.1.3).

IV. EDTA (50mM)

It was prepared by dissolving (1.86g) of EDTA inOQL ml) of
phosphate buffer (0.3M) (3.1.3.E.1.3). From thisc&tsolution the following
concentrations (25, 20, 15, 10, 5 and 3mM) wer@amed by diluting with
phosphate buffer (0.3M) (pH 7.5) (3.1.3.E.1.3).

H) Solution for Double Immunodiffusion Assay
|. Phosphate Buffer Saline (PBS) (Colkt al., 1996)
It was prepared by dissolving the following ingesas in (750 ml) of

distilled water:

NacCl 8.0g

KCI 1.15¢
K,HPO, 1.15¢
KH,PG; 0.2g

pH was adjusted to (8.0), then the volume was cetaedlto 1L by
distilled water and sterilized by autoclaving at 12 for 15 minutes.

|. Solution for the measurement of GTF Kindat constants
|. Sucrose (50%):

It was prepared as described previously ii.83C.1). From this stock
solution the concentrations (0.01, 0.02, 0.0254,00005, 0.075, 0.1, 0.125, 0.15,
0.2 and 0.25mM) were prepared by diluting with )3 hosphate buffer pH
(7.5) as described previously in (3.1.3.E.1.3).
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3.2 Methods
3.2.1 Culture Media Preparation

A- Brain Heart Infusion Agar
This medium was prepared by dissolving (52g) ofrbheeart infusion agar
in (1L) of distilled water, then sterilized by aataving at 121°C for 15 minutes.

B- Brain Heart Infusion Broth

This medium was prepared by dissolving (35g) ofirbi@eart infusion
broth in (1L) of distilled water, then sterilize¢ lautoclaving at 121°C for 15
minutes.

C- Blood Agar

This medium was prepared by dissolving (37.59g) lobth agar base in
(1L) of distilled water, then sterilized by autodlagy at 121°C for 15 minutes
and cooled to (45°C), then (5%) human blood waseddahd poured into a
sterile plates.

D- Mitis Salivarius (MS) Agar (Gold et al., 1973)
A selective medium forSreptococcus was prepared according to the
instructions described by (Goétlal., 1973) as follows:

Tryptose 10g
Protease-peptone o9
Dextrose 19
Sucrose 200g
Dipotassium phosphate 49
Trypan blue 0.075¢g
Crystal violet 0.0008g
Agar 159
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To prepare one litter, (800 ml) of distilled wategas added to the above
constituents, pH was adjusted to (7.0), then tHeme was completed to 1L by

distilled water and sterilized by autoclaving ata@ for 15 minutes.

E- Muller Hinton Agar
This medium was prepared by dissolving (36g) of IBtuHinton agar in
(1L) of distilled water, and then sterilized by a@elaving at 121°C for 15

minutes.

F- TYS Broth (Guthof, 1970)
It was prepared according to the instructions diesdrby (Guthof, 1970)

as follows:
Trypton 159
Yeast extract 109
Sodium chloride 5¢
Sucrose 30g

To prepare one liter of this broth, (800 ml) oftillisd water was added to
the above constituents, pH was adjusted to (7h@)yvblume was completed to
1L by distilled water and sterilized by autoclavaigl21°C for 15 minutes.

G- Todd Hewitt Broth
This medium was prepared by dissolving (36.4g) efdd-Hewitt broth in
(1L) of distilled water, then sterilized by autodlag at 121°C for 15 minutes.

3.2.2 Samples collection

Fifty plaque samples were collected from stuff ofotBchnology
Department in College of Science, Al-Nahrain Unsigr, in steriled tubes
containing 2ml normal saline (3.1.3.A.l). Samplesrevstored in a cool place

then transported to the laboratory.
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3.2.3 Isolation of Mutans Streptococci Bacteria

One hundred microliter of undiluted samples wemeag on the surface of
MS-agar plates (3.2.1.D) using sterile swabs. Cedtuwere incubated
anaerobically for 48 hrs at 37°C and aerobicallgraight at 37°C. Count of
more than 250 colonies (1@ells/ml) was considered as positive samples
(Friedrich, 1981).

3.2.4 Growth Measurements
Measurement of bacterial growth was made by esomabf optical
density of three days incubated culture, usingtspeic (Spectrophotometer-20)

at wave length of (600 nm).

3.2.5 Identification of Isolates
Colonies grown on Ms-agar medium was spread orstiniace of blood agar
plates (3.2.1.C) and incubated anaerobically foo ways. Subcultures was
repeated several times in order to obtain pureucest ldentification of the
isolates was done using the schematic diagram stegyéy (Friedrich,1981)
criteria used for identification of the isolatedfa genus level were:

a. Colonial shape and form on MS-agar and blood agar.

b. Gram-staining and microscopic examination.

c. Catalase test.

d. Dextrane production test.

Dextran production test was done following the rodtf (Guthof, 1970)

as follows:

A (2 ml) of TYS broth medium (3.2.1.F) was inoceltwith loopfull of
bacterial culture then incubated anaerobically &C3for two days to yield a
visible turbid growth. Each culture tube was cdagred at (2500xg) for 10
minutes, and (0.1 ml) of the supernatant of eadfur@iwas added to each three

53



Chapter Three Maids and Methods

tubes and mixed with (0.3 ml) of (10%) sodium at=e(8.1.3.B.1). A (0.8-fold)
volume (=0.32 ml) of acetone was added to tube (1,2fold) volume (=0.48
ml) of ethanol to tube 2 and (1.5-fold) volume G@nl) of methanol was added
to tube 3. Each tube was shaked well for 1-3 msatel observed. Flocculation
in all three tubes or only in acetone and turbiditythe alcohols indicated
dextrane. If none of the tubes shows flocculatian, additional (1.3-fold)
volume of ethanol was added to tube 2, and aniaddlt(1.5-fold) volume of
methanol to tube 3. After repeated shaking, floatioh in both tubes indicates

the presence of levan.

3.2.6 Rapid Identification of Colonies

Identification of mutans streptococci from othaeptococci likeS.sanguis
was done using the procedure described by (Carld€968, Goldet al., 1974)
as follows:

Colonies developed on MS-agar after incubation aeally at 37C for
two days were spread with test solution of (10%nhmial (3.1.3.B.VI) and
(4%) of 2,3,5-triphenyltetrazolium chloride (3.B3V) were spread on the
plates. A change in color to a dark pink was dgwetbdue to hydolysis of
mannitol to acid by the enzyme mannitol-1-phosphdgbydrogenase and a
reduction of (TTC) which could taken as an indicdtw the presence of mutans

streptococci

3.2.7 Tolerance to High Concentration of Sodium Clalride

The susceptibility of bacterial isolates to (4%)MNavas tested using TYS-
broth medium (3.2.1.F) and incubated anaerobicall$7?C for 48 hrs. Growth
was monitored visually as compared with a contubletwhich did not contain
this concentration of sodium chloride. Turbidityais indicator for the ability of

the bacterial isolates to tolerate this concemtnatif NaCl.
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3.2.8 Utilization of Different Carbohydrates Sourcs

The ability of the bacterial isolates to utilizéfdrent carbohydrate sources
was determined following the method described yg&ld and Baron, 1986).

Brain heart infusion broth (3.2.1.B) supplementeithw(10%) of each
carbohydrate (sucrose, mannitol, sorbitol and hjuliSucrose was used as
positive control and brain heart infusion broth med as negative control,
carbohydrates solutions were sterilized by filbatand added aseptically to the
autoclaved brain heart infusion broth medium whadntains a (0.02%) of
phenol red, then, the suspended media was inodweith the tested isolates
and incubated anaerobically a’@7or 72 hrs. The change in the color of media
from red to yellow as compared with the negative positive control indicated
the ability of these tested isolates to utilizesthearbohydrates sources. For
further conformation were made by measuring baadtgnowth was measured

using spectrophotometer and pH change using pHrmete

3.2.9 Antibiotic Sensitivity Test

Antibiotic sensitivity test was made using diskfusion method following
the method described by (Bareinal., 1994). Brain heart infusion broth (10 ml)
was inoculated with a loopfull of bacterial isolatee culture was incubated at
37°C to mid log phase. A (0.1 ml) of inoculated brathnsferred to Muller-
Hinton agar plates (3.2.1.E).A sterile cotton swaas used to streak the
inoculum on the plate surface in three differergngls. The inoculated plates
were then placed at room temperature to allow aiisor of excessive moisture.
With sterile forceps selected antibiotic disks\dagcomycin (3Qug), Bacitracin
(30 ng) and Optochin (5Qug)) were placed on the inoculated plates and
incubated at 37°C for 24 hrs in an inverted positidfter this period of
incubation, the diameters of inhibition zones waréed and measured by a ruler
in (mm), results were compared with that describgdhe National Committee
for Laboratory Standards (NCCLs, 2001).
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3.2.10 Identification by Latex Test (PASTOREX STREP)

This test is a rapid, sensitive agglutination teestgrouping of ¢ or p)
haemolytic streptococci (which were grown on thdasie of blood agar plates)
belong to the main lancefield groups. The test Ive® the use of latex
suspensions specific for group A, B, C, D, F and G.

Identification of B or a-haemolytic streptococci based on group-specific
polysaccharides requires previous extraction ofeéhantigens from colonies
obtained by primary blood agar cultures. With tA&SPOREX® STREP system,
this requires only 15 minutes at room temperaturel@ minutes at 37°C.
Extraction is achieved by an active enzyme thasesalysis of the cell wall.

In the presence of the antigen, the latex particteged with homologous
antibodies agglutinate very rapidly. The speedggflaination depends on the
sensitivity of the latex particles suspensions,clvhare governed by the quality
of the antisera raised in rabbits using lancefgeldimunization protocol and by

the amount of purified immunoglobulins adsorbedtmnlatex particles.

Test Procedure
A- Preparation of the Specimens:

The PASTORER STREP system should be used on colonies grown on
blood agar and surrounded by an areg-blemolysis or may reflect the
haemolysis pattern. Following the characterizatbddngram-positive cocci on
microscopic slides and a negative catalase teshefuidentification by direct
grouping can be performed if a large enough nurmabgrimary culture colonies
Is available.

B- Preparation of the Extracts:
. A (0.3 ml) of extraction enzyme solution (3.1.2.la)as placed in a

haemolysis tube for each strain.
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VI,

Approximately five colonies were picked off andsiisiated in the enzyme
solution. If the diameter of the colonies is ldsant 0.5 mm, the size of the
inoculum must be increase until cloudiness is \esvth the naked eyes.

Incubation must be performed at 37°C for ten migwte

C- Grouping of the Extracts:

The contents of the vials which contained the lggarticles were mixed by
shaking vigorously for a few seconds.

One drop of each latex suspension was transfeoethd center of an
agglutination card.

A one drop of extract was transferred to the cenfeeach agglutination

card by using a pipette.

. The content of each circle was homogenized by uaimgde. A different

rod was used for each circle.

The card was rotated horizontally for one minute.

The result was read. When the reaction is positilie, latex particles
agglutinate within one minute at the most. The sa®d speed of
development of the clumps varies with the concéotreof the antigen in
the extract, this concentration varies with the hamand size of colonies

picked from the agar.

D- Interpretation of Results:

Positive reaction: red clumps on a green backgro@rdy marded, rapid
agglutination with only one of the six latex susgens convincingly
establishes the group 8tfreptococcus bacteria.

Negative reaction: Uniform brown suspension.

E- Non-Specific Reactions:
Small clumps on a brown background.
Multiple agglutination can be caused by the preseat other bacteria

harvested from the agar witl (©r a)-haemolytic colonies (Mixture of
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streptococci from different groups or presence ftbfep bacteria yielding
cross-reaction). When doubtful reactions of thigetyoccur, the isolation
procedure should be repeated.

lll. Biochemical tests can be used to confirm the idieation in some

instances, for instance when the strain exhibith gooup C and G antigens.

3.2.11 Maintenance of Isolates
Maintenance of bacterial isolates was done accgrtbn(Maniatiset al.,
1982) and as follows:
A- Short-Term Storage:
Isolates were maintained for period of few weekstlon surface of MS-

agar plates. The plates were tightly wrapped wattaflm and stored at 4°C.

B- Medium-Term Storage:
Isolates were maintained in slab culture for pemddew months. Such
culture were prepared in small-screw capped battasaining (2-3 ml) of brain
heart infusion agar medium (3.2.1.A) and storedf&t

C- Long-Term Storage:
Isolates were maintained in slab culture for peraddone year. Such
cultures were prepared in small-screw capped Isottbataining (5 ml) of brain

heart infusion agar medium supplemented with (16Ps}erilized glycerol.

3.2.12 Determination of GTF Activity

GTF activity was determined through the estimatodrthe amount of
glucan that was produced by the action of the eezywilowing the phenol-
sulfuric acid method (Debois, 1956). A (1ml) of G{¢fude or purified) was
mixed with (1ml) of (5%) phenol (3.1.3.C.V) with miinuous shaking for (2-3
minutes). The reaction was stopped by the addibbr(5ml) concentrated

sulfuric acid and left to cool to 32. The absorbance was measured at (490nm).
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A standard curve of glucose was determined alsordog to phenol-
sulfuric acid method, using different concentrasiaf glucose (10, 20, 30, 40,
50, 60, 70, 80, 90, 100, 110 and 120 pg/ml) as3i1.3.C.VI). Each was
prepared in duplicate in sterile test tubes.

The estimated absorbance was plotted against theesponding

concentration of glucose as in figure (3-1).

Slope equation
y=0.0087X- 0.0682
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Figure (3-1) A standard curve of Glucose

The estimated GTF absorbance was plotteth@mlucose standard curve
and one unit (1U) of GTF was defined as the amofiginzyme catalyzing the
incorporation of 1pumol of glucose from sucrose untlee conditions of

experiment (Mukaset al., 1982).
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3.2.13 Determination of Protein Concentration

Protein concentration was carried out using thénoeebdf Bradford, (1976)
as follow:

A (20ul) of GTF (crude or purified) was mixed witl50 pl) of (1M)
NaOH (3.1.3.D.1lII) with continuous shaking for 8inutes) then (1ml) of
Coomasie Brilliant Blue G-250 as in (3.1.3.D.1V) svadded with shaking. The
absorbance was measured at (595 nm) by spectropbten

A standard curve bovine serum albumin was carrigdusing different
concentrations (1, 2, 3, 4,5, 6, 7, 8,9, 10,1171,13, 14, 15, 16,17, 18, 19 and
20 pg / ml) as in (3.1.3.D.1) each was pipetteddurplicate in sterilized test
tubes, then protein concentrations were measuredg uthe method of
Bradfored, (1976).The absorbency was plotted agaihe corresponding

concentration of bovine serum albumin (Figure 3-2).

slope equation
0.2 - y=0.0103X- 0.0073

0.18 -
0.16 -
0.14 -
0.12 -

0.1 A
0.08 -
0.06 -
0.04 -
0.02 -1

Absorbance at 595 nm

0 5 10 15 20 25
BSA concentration (ug / ml)

Figure (3-2) A standard curve of bovine serum alburim.
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3.2.14 Extraction, Characterization and Purification of GTF from

Mutans Streptococci:
A. Growth of Bacteria:

Bacterial isolate was grown on the surface of blagdr medium (3.2.1.C)
and incubated anaerobically at’@7or 48 hrs.

A stock culture suspension was prepared by incabatiseparated colony
in (5ml) brain heart infusion broth (3.2.1.B) amdubated anaerobically at 37°C
to (0.D= 0.25). Total viable count was estimatednmking a serial dilution of
bacterial growth (16-10° cells), a (100ul) of each dilution was spreadedhen
surface of brain heart infusion agar (3.2.1.A) antlibated at 3 for 24 hrs.
Bacterial colonies were calculated for each dilutio

A (2.5 ml) of this stock culture was inoculatedoirf50 ml) Todd-Hewitt
broth (3.2.1.G) medium containing (1.8%) glucosd arcubated anaerobically
for 18-24 hrs at 3 (Christineet al., 1979).

B. Extraction of GTF

The Todd-Hewitt broth culture was centrifuged abd8 Xg) for 30
minutes at 4°C. Protein concentration was estimatedthe supernatant
following the method of (Bradford, 1976) as desedhn (3.2.13), pH of the
supernatant was adjusted to (6.5) with (1M) (NaO@d)1.3.C.IV), then
supernatant was incubated with (2.5 %) of (50%gkssmlution of sucrose (12.5
ml) (3.1.3.C.I) with (0.02%) sodium azide for ab@u8 hrs). The mixture was
centrifuged at (5000 Xg) for 30 minute at (4°C).(200ml) of cold absolute
ethanol was added to the supernatant, then leftarrefrigerator for about (4
hrs). Centrifugation was also performed at (5000 #%g (30 minute) at (4°C).
The precipitate was dissolved in (5ml) Tris-HCI fleuf(0.025 M) containing
(0.1M) of NaCl as in (3.1.3.C.III).

The amount of glucan produced by GTF was estim&ddwing the

method of phenol-sulfuric acid as described in .22 The blank included
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contains Todd-Hewitt broth medium with (2.5%) oD%) sucrose and treated

with the same procedure that had been used faxinaction of GTF .

C. Production Phase and GTF Activity:

In order to determine production phas€500 ml) flasks containing (250
ml) of Todd-Hewitt broth medium supplemented with8%) glucose, each
were inoculated with (2.5 ml) of bacterial stochktere had an (O. D= 0.25) and
incubated anaerobically at 37°C. At the beginniagtfe time of inoculation)
and after each 60 minutes time interval, the alesup of the culture using
(Spectronic-20) spectrophotometer at wavelengtl® (@) was measured, and
also the activity of (GTF) was determined as in2(B) in (5 ml) of the

supernatant.

D. Preservation and Concentration of Crude GTF:

For further purification steps and immunization tpaml, a preservation
and concentration of crude GTF was done later. 20 (1) of Todd-Hewitt
broth medium containing (1.8%) glucose was ino@dawith a stock bacterial
culture (0.D.=0.25) and incubated anaerobically ®t hrs. at (37°C).
Centrifugation was done at (5000 Xg) at (4°C) forr8inutes, and pH of the
supernatant was calibrated to be 6.5. The supernates divided into two parts.
The first part (125 ml) which was in role dividatto five equal halves (25 ml)
for each. The protein concentration and GTF agtiwere determined in one
portion as described in (3.2.13) and (3.2.12) retspaly. The remainders were
preserved at (-20°C). GTF activity and protein @nication were determined
for each after 1, 2, 3 and 7 days. The second(Ba& ml) which divided into
two parts. The first one (125 ml) was divided ibtportions (25 ml), then a (15
%) glycerol about (3.75ml) was added to each thered at (-26C). The GTF
activity and protein concentration were determifegdeach of them after 7, 14,
21, 25 and 30 days. The second part (100 ml) wivas divided in role into
four equal halves (25 ml) for a half. The firstthahs concentrated to (12.5 ml)
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by the use of polyethylene glycol powder (PEG 40QB¢ second one was
lyophilized into (2 ml) by the use of lyophilizelfreez/dry system/Freezone 4-
5/Labconco-USA), the third one was concentratealiout (12.5 ml) by the use
of sucrose powder and the final half was concesdradb (10 ml) by (Ultra
filtration—cell method) using an Amicon-filter P5@&micon corp., Danvers
MASS, USA, model 82800).

The protein concentration and GTF activity wereinested for each
concentrated crude GTF. For the concentrated enzyanthe (Ultrafiltration-
cell method) the enzyme activity and protein comn@dion were estimated for
the (In-part) (the suspension that appeared otiltee and for (Out-part) (the
liquid that discarded outside the filter).

E. Large Scale Production of GTF

A large scale production of GTF was done from thesen bacterial
isolate after growing in (750ml) Todd-Hewitt bratiedium. Total viable count
was determined for the stock bacterial culture (©025) by making a serial
dilutions of the bacterial growth (£10°) as described in (3.2.14.A). Extraction
of GTF from bacterial culture was done as in (#8B) then GTF activity and
protein concentration as well as specific activitgre determined as described
in (3.2.12) and (3.2.13) in (10 ml) of bacteriasgansion.

The crude GTF was passed through an Amicon-filté&s0 Fin
(Ulterafiltration-cell) and concentrated to (40 mi3TF activity, protein
concentration and specific activity were also dateed in (10 ml) of the

concentrated suspension.
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F. Purification of GTF by Adsroption Chromatography:

Purification of GTF was done using adsorption chatography on
hydroxyapatite beads. Preparation and packing efctlumn with the enzyme
was done according to the instructions describeth&ynanufacturing company
(Bio-Rad-USA) and following the batch-wise methodsdribed by Scopes,
(1972). A (10g) of hydroxyapatite beads powder saspended in (250 ml) of
distilled water and left for a time to precipitatEhe floating partricles were
removed away from the solution until the upper fayeas cleared. The
hydroxyapatite particles (beads) were then suspkimdg¢250 ml) of (0.05M)
phosphate buffer (pH 7.5) (3.1.3.E.1.1) and leftddime in order to precipitate
and gain the pH of the buffer. The buffer was reetbfrom the hydroxyapatite
particles and (40 ml) of crude concentrated GTFye®zwas added at (5°C)
with a gentle stirring and left for a time to all@adsorption of the enzyme on the
beads. This mixture was then transferred to thiaserof Whattman No.1 filter
paper in Buchnner funnel and filtrated under pressurhe remaining
precipitates on the filter was washed with (25 afl{0.15M) phosphate buffer
(pH 7.5) (3.1.3.E.1.2) and fractions of (5 ml) wedlected from the out-part of
the filter. Then (25 ml) of (0.3M) phosphate buffpH 7.5) (3.1.3.E.1.3) was
used to elute the protein from the remaining piedi@ on the filter then
fractions of (5 ml) were collected.

The presence of GTF was estimated by measuring &&tiFity (3.2.12)
for all fractions which represented the washing @&hation parts then after
collection of active GTF fractions together, prateoncentration, GTF activity

and specific activity were determined as in (3.24&d (3.2.12) respectively. .
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G. Purification of GTFs by lon Exchange Chromatograghy:

The exchanger DEAE-cellulose was prepared and packe a column
following the method described by Whitaker, (19@&)follows:

A (25 g) of DEAE- cellulose was suspended in (160pof distilled water
and left for a time to precipitate. The floatingkkés were removed a way from
the solution until the upper layer was clearednthirated through buchnner
funnel with Whatman No. 1 filter paper under vacuuFhe precipitate was
suspended in (500 ml) of (0.25 M) NaCl (3.1.3.B)llunder vacuum, then
washed several times with distilled water. A (500 wof (0.25 M) NaOH
(3.1.3.E.11.4) was passed through the precipitaechanger under vacuum and
washed several times with distilled water. The exger was suspended also
with (0.25 M) HCI solution (3.1.3.E.11.2) and washseveral times with distilled
water. The DEAE-cellulose was suspended in (0.05pkDsphate buffer pH
(7.5) (3.1.3.E.1l.1) until the pH of the exchange&s reached (7.5). The DEAE-
cellulose was packed into the column (7.5x3.5 cthgn the column was
equilibrated with the same buffer overnight.

Partially purified concentrated GTFs (12 ml) weeparately passed after
loaded onto the column carefully. Then (100 mlI@D5M) phosphate buffer
pH (7.5) was added. Proteins were eluted by us20@ (nl) of a gradient from
(0.05-0.3 M) phosphate buffer (pH 7.5). Fractiohg5oml) were collected and
absorbency was monitored at (280 nm). The presafcthe GTFs were
estimated from each fraction of the major peaksnag3.2.12) then protein
concentration and specific activities were deteedirior the collected active

fractions as in (3.2.13).

H. Purification of GTFs by Gel Filtration Chromatog raphy

Sephacryl S-200 column (67x2.1cm) was preparedpacted according
to the instruction of the manufacturing company gfffacia- Sweden). The
column was equilibrated with (0.3 M) phosphate éufpH 7.5) (3.1.3.E.111.1)

at a flow rate of (50 mi/hr).
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A (3 ml) sample of each concentrated partially foedli GTFs was added to
the column, carefully using pasture pipette. Ehgiof proteins were done with
the application of (200 ml) of (0.3 M) phosphateffeu (pH 7.5). A (5 ml)
fraction were collected for each GTF then proteamtents were estimated by
measuring the absorbency at (280 nm), The majokspéa each GTF were
determined by plotting the absorbency of proteactions versus the elution
volumes. GTF activity was determined for each foactof the major peaks.
Protein concentrations and specific activities waleo determined for the

collected fractions of the major peaks of the dédfeé GTFs.

|. Determination of Molecular Weights of GTFs by Geé Filtration
Chromatography:

|. Determination of the Void Volume of the Column:

Sephacryl S-200 column (67x2.1 cm) was preparedpacéied according
to the instructions of the manufacturing companiafifhacia-Sweden). The
column was equilibrated overnight with (0.3 M) ppbate buffer (pH 7.5) with
a flow rate of (50 ml /hr).

A (2ml) of blue dextrane 2000 solution (3.1.3.E3d)| was passed through
the column, and (200 ml) of (0.3) phosphate buffd 7.5) was added to the
column (3.1.3.E.Ill.1). Fractions of (5 ml) werellected. The absorbency at
(280 nm) for each fraction was measured. The columd volume (\{) was
determined by the estimation of total volume otfians as characterized with
start point movement of the blue dextrane to thalimax of absorbency of the

blue dextrane.

ll. Determination of GTFs Elution Volumes (V,):

Sephacryl S-200 column (67x2.1cm) was prepared, kgohcand
equilibrated for a second time as described presion (3.2.14.1.1).

A (8ml) of concentrated purified GTFs samples wpassed separately
through the column, carefully, and (200 ml) of (@)3phosphate-buffer (pH
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7.5), with a flow rate of (50 ml/hr) were passerbtigh the column. Fractions of
(5 ml) were collected. The elution volumes\Were estimated separately for
each separated and dissolved fractions of puritsdd~s by following the
absorbency at (280 nm).

lll. Measurment of Standard Proteins Elution Volumes (Vy):
Different standard proteins table (3-1) (3.1.3I83)Iwere applied through
sephacryl S-200 column, then eluted with (0.3M)s@tate buffer (pH 7.5) with

a flow rate of (50 ml/hr).

Table (3-1) High molecular weights standard proteis

Thyroglobulin 660000
Ferritin 440000
Catalase 230000
Aldolase 158000
Bovine serum albumin 67000

The elution volume was estimated for each stangdestkin by following
the absorbency for the separated fractions at veagth (280 nm). The (W)
ratio was calculated for each standard proteinfanthe dissolved fractions and
separated fractions of purified GTFs, then standatidn was done, by plotting
the elution volume (Y of each standard protein to the void volumeg) (&f the
blue dextran 2000 (W,) versus the log of each standard protein molecular
weight (Whitaker, 183; Stellwagen, 1990). The GTFs molecular weights were

accordingly calculated.
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3.2.15 Immunological Studies
A- Antigen Preparations:

The antigen used in this experiment was GTF whies wrepared and
purified as described previously, and stored wittb%) glycerol then
refrigerated at (-20°C) until the time of immunipat The antigen was dialyzed
in (1L) distilled water overnight, and protein centration was estimated as
described in (3.2.13).

The preparation of the first dose of the immun@atand the second one
was done following the method described by (Wuraled Bowen, 2000) as
follows:

For first dose, equal amounts of Freund’s commefavant (1.5 ml) were
mixed before immunization with (1.5 ml) of purifi€dTF (0.15 mg/ml), which
was injected to the experimental animal groupsyitr phosphate buffer saline
which was injected to the control animal group.

In the second dose (boosting one), which consis{d onl) of Freund’s
incomplete adjuvant with (1 ml) of purified GTF 18. mg/ml) and also another
(1 ml) of Freund's incomplete adjuvant was mixedhwil ml) of phosphate

buffer saline to immunize the control animal group.

B- Immunization of Rabbits

The immunization of rabbits was done following tmethod of Wunder
and Bowen (2000) as follows:

Four Newzeland rabbits about 2.5 kilograms in weighre used in this
experiment, their age ranged between (6-7 monthe¥e rabbits were divided
into two groups as shown bellow:

I. The first group (controls) were immunized subcutarsty with
phosphate buffer saline with either Freund’s contepkdjuvant (in the

first dose) or Freund’s incomplete adjuvant in (teeond dose).
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ii. The second group (experimental) received all thanjection
subcutaneously in their backs in eight areas witiifipd GTF either with
Freund’'s complete adjuvant (for first dose) or Fds incomplete
adjuvant for the second dose.

The immunization schedules were consist of two sladepurified GTF,
the first one at the zero time or at the beginrohghe experiment, while the

second dose was given after twenty two days a®stéodose.

C- Collection of Serum
After 14 days from the boosting dose, blood watectéd from all groups.
Blood sampling and serum preparation were startedescribed by (Garvey,
1977) as following:

I. Five milliliter of blood was collected from rabbi{sither control or
experimental) by ear vein puncture in sterile tebkes, which were
put inclined position at room temperature for Xdinduce clotting.

ii. The adhesion between clot and the walls of testsulas removed
carefully by needle, and the test tubes were tefefrigerator for 24
hrs to enhance clot shrinkage and isolated fromnser

li. Serum samples were centrifuged at (3000 Xg) fonrtutas then the

supernatants stored in the refrigerator for furthsage.

D- Double Immunodiffusion Assay
Immunodiffusion assay was done following the mdtlad Ochterlony
(1958), the method based on antigen-antibody ddfuseaction in semihard
media like agarose, as follow:
A (1g) agarose was dissolved in phosphate buffénesdPBS) as in
(3.1.3.H.1) by boiling on a hot plate for a shoetripd until became clear and left
it cool to about 45°C, plates were poured with agpnately (20 ml) of agarose

solution and permitted to solidify for 1 hr at rodemperature. Separated holes
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about (0.5-2 cm) a part were prepared using gettoud, and removed the plugs
of agarose from the holes using a Pasteur pipettide center hole a (29 of
serum anti-GTF antibody was pipetted, while in pregipheral holes, an equal
amounts of separated fractions of purified GTF emyand serum control were
pipetted . Plates were put in the humid chambeR4ohrs at room temperature,
in the second day, plates were studied under thdigit and any precipitated
lines between the center and peripheral holes reemded.

The protein concentration of anti-GTF antibody weralculated as
described in (3.2.14)

3.2.16 Effects of Inhibitors and Anti-GTF on Mutans Streptococci
Growth

The effects of sodium fluoride, chlorohexidine, ERTZAK (mouthrinse)
and anti-GTF antibody on the growth of bacteria evestimated by the
following methods:

a-Susceptibility of bacterial growth toward theseilmtors and anti-GTF

antibody was determined by a broth-dilution metl{Garpenter, 1972).

Brain heart infusion broth was supplemented witfedent concentrations

of chlorohexidine (20, 15, 10, 5 and 3mM) (3.1.8)Gsodium fluoride

(18, 16, 12, 8, 4, 2, 1 and 0.5mM) (3.1.3.G.l), BD(R5, 20, 15, 10, 5 and

3mM) (3.1.3.G.1IV) and ZAK (mouthrinse) (12,10,5a8mM) (3.1.3.G.l11)

then autoclaved at 121°C for 15 minutes. Also glstbrain heart infusion
broth supplemented with different concentrationsanfi-GTF antibody
was also prepared. These broth cultures were iatedilwith a stock
culture of bacterial broth (0.D.=0.25) for each cemtration of the
inhibitors and anti-GTF antibody and incubated &iC3for 48 hrs, then the
effects of these inhibitors and anti-GTF antibody the growth and
metabolism of the bacteria were determined usieggectrophotometer at

wave-length of (600 nm) with the use of broth crdtmedia containing the
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desired inhibitors agents with different concemntrag and anti-GTF
antibody with different concentration but withouyanoculum as a blank.
b- Also the susceptibility of bacterial growth again$tese previous
inhibitors and anti-GTF antibody with the same @ntcations was tested
by diffusion method on a solid media following timethod of Silveet al.,
(1987). A (0.1 ml) of brain-heart infusion stock cbeial culture
(0.D.=0.25) was spreaded on surfaces of brain hefsion agar plates
by the use of swab and left it to stand for 30 rfesuat 37°C. A (5Qu)
from each concentration of inhibitors and anti-Garitibody was pipetted
into prepared holes on the same brain heart infusigar plates and
incubated for (24-48 hrs) at 37°C. The diametergle&rance zone area

were measured for each concentration and dilution.

3.2.17 Effects of Inhibitors and Anit-GTF antibody on Purified

GTF

The effect of inhibitors and anti-GTF antibody dre tGTF activity was
estimated following the method described by Evand &enco, (1973), as
follow:

A mixture of (200 ul) of purified (GTF) with (200 pul) of each
concentration of inhibitors and anti-GTF antibodyia (3.2.16.a) was incubated
at 37°C for an hour. Then a (20) of (50%) solution sucrose was added for
each concentration and dilutions with (0.02%) sodarzide and incubated at
37°C for 18 hrs. Centrifugation was done at (500§) X¥or 30 minutes and
precipitation of glucan was done with an absoldibaeol then GTF activity was
measured by phenol-sulfuric acid method as destribg3.2.12). The blank
was prepared using the same procedure which cewdtale same amount of
each concentration of the previous inhibitors ant-@TF antibody with (200
ul) of phosphate buffer saline (0.3M) (pH 7.5) iresteof enzyme with (2Ql) of
(50%) sucrose.
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3.2.18 The Measurement of GTF Kinetic Constants

Determinations of the Michalis Menton constants,)(Kand the
maximum velocity (Vhay Of the purified concentrated GTF were done follayv
the method described by Segel (2002) as follows:

Different concentrations of substrate sucrose (0012, 0.025, 0.04, 0.05,
0.075, 0.1, 0.125, 0.15, 0.2 and 0.25 mM) were gmegh as described in
(3.1.3.1.1). A (200ul) of purified concentrated GTF (0.15 mg/ml) wasxed
with (200 ul) of each concentration of sucrose (the substrdten incubation
was done anaerobically at 87for 18 hours, the reaction was stopped by the
addition of the same volume of cold ethanol. GTEvdg was measured for
each concentration as described in (3.2.12). Téwekblvas composed of (200
of phosphate buffer (0.3M) pH (7.5) with the copesding sucrose (the
substrates) concentrations as with GTF. After datean of the 1] which
represented 1/[GTF activity] and 1/[S] which remmgd 1/[substrate] (at
different concentrations) then plotting the vl4n the 1/[S] , the calculations

of Vimaxand K;,, of GTF were possible by Lineweaver Burk plot.
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Chapter Four

Results and Discussion

4.1 Isolation and Identification of Bacterial Isolaes

Fifty plaque samples were collected from teeth b€ tstaff of
Biotechnology—Department, College of Science, AhN#@n University.
Isolation of Streptococcus species was done using selective enrichment
technique including culturing of plaque samplesM®-agar (Mitis—Salivarius
agar), which promotes growth of streptococci an@psess other bacterial
species (Carlsson, 1967). Accordingly forty fivengdes were considered to be
positive, containing bacterial count about(&6lls/ml) (Friedrich, 1981).

To obtain pure cultures, single colonies from thdace of MS-agar were
selected and subcultured on the surfaces of bilgadand MS-agar media.

Isolates were first identified to genus level depeg on their gram-
staining, microscopic examination and catalase Tds¢ streptococci are gram-
positive, individual cocci which are spherical o and arranged in chains
under light microscope and considered as catalegative bacteria as indicated
by identification scheme of Friedrich (1981). Aadimigly, forty three isolates
were suspected to be belong to streptococci.

Further identification of the isolates were donpeataling on the colonial
shape and form on the surface of MS-agar medialatess could be varied
between, hard coherent, raspberry like high rafeaataised colonies that were
identified asS. mutans which was considered as one of the most important
etiological agent of dental caries (Loesche, 19&®)le other colonies showed
characteristics of zooglleic form, which were fiynalttached to agar which were
considered asS sanguis depending on criteria reported by Colman and
Williams, (1972) identification scheme. Other typé colonies produced a

minute circular forms were considered @ssalivarius, the colonies that were
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little raised with mucoid texture were consideredSamilleri following the
information scheme of Buchanan and Gibbons (19%dgordingly, thirty nine
isolates were suspected to belong to mutans steptogroup and four isolates
were belonged t&. sanguis, S. salivarius andS. milleri.

Characterization for the previous of species inoatance to their
capability of producing specific type of exopolysharides as described in
(3.2.5) as a criterion for separating species abmaistreptococci group bacteria
andS. sanguiswas done. Polysaccharide played a significamt aslcomponent
of dental plague matrix, enabling these cariog@microorganisms to colonize
and survive on the tooth surface, from tiatsalivarius which produce
polyfructan (levans). Results shown in table (4rtljcate that only thirty seven
isolates were capable of producing polyglucan, evthie other six isolates were
considered as levans producers, since no reacagrostained with ethanol and
methanol and which considered as a good sign opdtityfructan—production as
reported by Guthof (1970).

A rapid identification of colonies belonged to rdasterptococci group
from that of other streptococct(sanguis) on MS-agar media following the
method described in (3.2.6) which depend on stgirttme cells of mutans
streptococci with 2,3,5-triphenylterazolium chla@i@TTC) and changed to dark
pink,due to mannitol-1-phosphate dehydrogenaseatetli hydrolysis of
mannitol (Brown and Wittenberger, 1973) to the atig these bacteria
(Carlsson, 1968). Results indicated that thirtye figolates were stained with
dark pink color and considered to be (positive Ite&nd two isolates showed

(negative result) no change in color.
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Table (4-1): Ability of bacterial isolates to prodwce extracellular
polysaccharide Dextran and Levans
No. Symbols Acetone Ethanol Methanol
1 N; + + +
2 N, + + +
3 N + + +
4 N, + + +
5 Ns + + +
6 Ne + + +
7 N, + + +
8 Ng + + +
9 Ng + + +
10 Nic + + +
11 N + + +
12 P + + +
13 N,z + + +
14 Nig + + +
15 N + + +
16 Nie + + +
17 N;- + + +
18 \P + + +
19 N + + +
20 N + + +
21 N, + + +
22 N, + + +
23 \e + + +
24 N4 + + +
25 ' + + +
26 Noe + + +
27 N+ + + +
28 Npg + + +
29 Ne + + +
30 Nac + + +
31 Ns; — — —
32 \® + + +
33 Naz + + +
34 ¥ + + +
35 Nss — — —
36 [\ + + +
37 Ns- + + +
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38 Nag + + +
39 Nag - - -
40 N - - -
41 Nag - - -
42 Naz - - -
43 Ny + + +

+ =Turbidity or flocculent formation

— = No reaction

For further identification of the oraBtreptrococcus species, other
biochemical tests were included. One of those tedtse ability of the bacterial
isolates to grow in a culture media containing (Mall as described in (3.2.7)
Table (4-2) shows different patterns of growth,iedrbetween a good growth
with a percentage of (63%) to a weak growth wiffreecentage of (27%) and no
growth with a percentage of (10%).

The tolerance of 4% NaCl was considereccragrion to differentiate
species of the oral streptococci from that assediatith dental disease (Hat
al., 1994). Only thirty three isolates with a peregya of (90%) (which gave the
good and weak growth in 4% NaCl) were taken fottfeir identification.
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Table (4-2): The ability of the Streptococcal isolates to grow in the presence

of 4% NaCl.

No. Symbols Growth in 4% NaCl
1 N; +
2 A\ +
3 N3 +
4 N, +
5 Ns +
6 N +
7 \> +
8 Ng +
9 Ny +
10 Nic +
11 Ni4 +
12 Ni5 +
13 \VE +
14 N; 4 +
15 N +
16 Nie +
17 Ni7 +
18 Nig +
19 Nig +
20 Noc +
21 No4 +
22 o +
23 WK +
24 Noy +
25 Nos +
26 Noe +
27 N, +
28 Noe +
29 Noe +
30 Nsc +
31 Ns, +
32 Na3 +
33 Nag +
34 Nss -
35 Ns7 -
36 Nag -
37 \VE —

+ = Good growth; + = weak growth; — = No growth
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The ability of the isolates for utilizing variouarbohydrates was carried
out as described in (3.2.8) in a brain heart immdiroth medium supplemented
with (10%) of the tested carbohydrates (mannitokbgol and inulin) with
sucrose as (a positive control). Results in taBl8)(show that most isolates
were capable of reducing mannitol sugar with theepkon of three isolates as
compared with the sucrose (positive control) byngjwag the color of the media
from red to yellow. Seven isolates were uncapableelmnenting sorbitol and
inuline sugars.

According to results in table (4-3), the rapid imgtion of the
carbohydrates especially sucrose by the cariodeasteria is due to the ability
of these bacteria to produce lactic acid duringBEhd#eden Myerhove Pathway
(EMP) which causes a rapid pH fall (the appeararigellow color). Thus these
bacteria were considered as acidogep which are capable to utilize sucrose
to promote the production of polysaccharides amggwic acid which represents
major virulence factors that generated during feragon process and
facilitates the adhesion of these bacteria on dwtht surface (Burnet al.,
1999).

Beightonet al. (1991) demonstrated that all mutans streptocoomiim
that were isolated from humans are capable to fermennitol, sorbitol and
inulin sugars except fd8. sobrinus andS. cricetus in which 11-89% of strains
are positive to sorbitol and inulin. So that this@dates did not belong to mutans
streptococci group because of their inability tonfent mannitol, sorbitol and
inulin and six isolates may belong%osobrinus andS. cricetus bacteria because
of their ability to ferment mannitol and unabilitf fermenting sorbitol and

inulin
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Table (4-3): The ability of the Streptococcal isolates to ferment sucrose,

mannitol, sorbitol and inuline

1 N; + + + +

2 N, + + + +

3 N + + + +
4 N, + + — —

5 Ns + + + +

6 Ne + - - -

7 N, + + + +

8 Ng + - - -

9 Ng + + + +
10 Nic + + - -
11 N + + + +
12 \P + + — —
13 N2 + + — —
14 N4 + + + +
15 P + + + +
16 Nie + + + +
17 N; + + + +
18 Nig + + - -
19 Nie + + + +
20 N + + + +
21 N4 + + + +
22 N, + + + +
23 N, + + + +
24 No4 + + + +
25 N + + + +
26 Noe + + + +
27 N, + + + +
28 Noe + - — _
29 Ne + + + +
30 Nsc + + + +
31 N5, + + + +
32 N3 + + + +
33 Nay + + - -

+ = Changing the color of media from red to yellow;

_=no changei

n color
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Antibiotic sensitivity test may be used as a ciaterfor separating oral
Streptococcus from that belongs t&reptococcus pneumoniae and pediococcus
species. Antibiotics like bacitracin, vancomycindanptochin were used
following the disk diffusion method as described3r2.9).

Result shown in table (4-4) indicates that moskaises were resistant to
bacitracin, optochin and vancomycin with the exmepbf seven isolates (N
N3, Ng,N7, Ng ,Nosand Ng), three isolates ()l Ns and Ng) and seven isolates
(Ne, Ng, Noo, Nos, Nog, N3g and N isolates were sensitive to these antibiotics
respectively.

Dela Mazaet al. (1997) identified oral streptococci group and sefe
them from other bacteria likBediococcus spp. and Streptococcus pneumonia
according to their susceptibility to vancomycin arekistance to optochin
respectively. Whiley and Beighton (1998) recordkdt tbacitracin resistance
was determined for all species of mutans strepmabat were isolated from
human with the exception & cricetus bacteria.

Bacteria growing in dental plaque display increasedistance to
antimicrobial agents (Pratten and Wilson, 1999)e Timeechanisms behind the
increased resistance of dental plaque bacterizetetagents is due to mutations
affecting the drug target of their cells, the preseof efflux pumps or to the
production of modifying enzymes etc. (Marsh, 2004).

80



Chapter Four $dts and Discussion

Table (4-4): Antibiotic sensitivity test of Streptococcal isolates.

No. Symbols Bacitracin Vancomycin Optochin
1 N; S S R
2 N, R S R
3 N3 S S R
4 \A R S R
5 N5 R S R
6 Ns S R S
7 N, S S R
8 Nsg S R S
9 Ny R S R
10 Nic R S R
11 \\ R S R
12 \P R S R
13 \V R S R
14 N4 R S R
15 Nz R S R
16 Nie R S R
17 N7 R S R
18 Nie R S R
19 Nig R S R

20 Noc R S R

21 N4 R S R

22 Noo R R R

23 Noz R S R

24 N4 R S R

25 N R R R

26 Noe S S R

27 N+ R S R

28 Noe S R S

29 Nog R S R

30 Nac R R R

31 Nss R S R

32 Nsz R S R

33 \H R R R

R: Resistance

S: Sensitive
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Accordingly, three isolates gNNg and Ng) are considered not belong to
mutans streptococci bacterial group because af skaisitivity to bacitracin and
optochin antibiotic and resistance to vancomycwurFsolates (N Nz, N; and
N,g) may be related t&treptococcus cricetus (a species of mutans streptococci)
because of their sensitivity to bacitracin and wemygcin and resistance to
optochin antibiotics. The resistance pattern toceamycin antimicrobial agent
for the four isolates (B, Nos, N3p and Ny) is due to the reasons that described
previousely by Marsh,(2004).

For further confirmation of results ande in ordergroup Streptococcus
species, a Latex test (Pastdistrep) kit was used. The test was done as well as
results were recorded in accordance to the insbmgt reported by
manufacturing company (Bio-Rad France).This aggaiton test was used for
grouping of @ or B) haemolytic streptococci belonged to the main lefietd
group depending on the activity of the latex suspen (antibody) which was
specific for group A, B, C, D, F and G polysacctar{antigen) that was found
on the cell walls of these bacteria. Thirty thraetbrial isolated were tested.

Result shown in table (4-5) and figure (4-1) indécéghat most isolates
were related to the gen@ eptococcus with the exception of three isolatesg(N
Ng and Ng), since no agglutination reaction was obtainedtfese isolates.
These three isolates were represented a perceotagmut (9.09%) from the
whole thirty three isolates.

Grouping of the isolates was done as follow:

Six isolates were related to (serotype A) whichr@éspnt (18.18%).
One isolate was related to (serotype B) and repte$8.03%).

Eight isolates were related to (serotype C) andessmnt (24.24%).
Eight isolates were belonged to (serotypes D) apdesent (24.24%).
Two isolates were related to (serotype F) and ssme(6.06%).

Five isolates were related to (serotype G) andessnt (15.16%).

o ok~ N PRE
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The identifiable bacteria by this test are not ordlated to the genus
streptococci but also to the mutans streptococcieb@a because they were
isolated from specimens of human dental plaquéiakikt al. (1983) found that
mutans streptococci bacteria was responsible ferititiation of the dental
plaque formation on the tooth surface even after fmurs of cleaning the teeth.

Beightonet al., (1991) separated mutans streptococci group hagctdo
eight serotypes according to their surface antigensheir cell walls. The
classification series ranged from serotypes A tarm@ / or H. these serotypes
can in turn be classified into four groups accogdin another biochemical
properties (Shklair and Keen, 1974) and to theifipgies of their enzymes in
extracellular polysaccharide synthesis (Kameetilah., 1987).

A

Unidentifiable 18.18%

G 9.09%
15.16%

3.03

6.06%

C

24.24%
D

24.24%

Figure (4-1): Percentages of each Lancefield grougamong the

Streptococcal isolates.
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Table (4-5): Latex test (PastoreXStrep) (Lancefield grouping) of

Streptococcal isolates.

No. Symbols Lancefield group
1 N; A
2 N2 C
3 N3 A
4 N, D
5 N5 F
6 Ns —
7 W A
8 N —
9 Nog C

10 Nic G

11 \ C

12 \'P D

013 \VE D

14 Ni4 B

15 Nis G

16 Nig F

17 Ni; C

18 Nig G

19 Nic C

20 \% D

21 \3 G

22 N, A

23 Nb; D

24 \Y G

25 Noe C

26 Nbe A

27 \Y A

28 Noe —

29 Nbe D

30 Nsc D

31 Ns, C

32 Ns3 C

33 Ns4 D
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Thus serotypes D, G and / or B ¢obrinus) form one group, Serotype A
(S cricetus) another, serotype C, E and & (hutans) the third and serotype B
(S rattus) the fourth group. According to this informatiosglates can in turn be
classified into the following:

1. Six isolates were related to the mutans streptod@&acricetus)
(serotype A) represent (18.18%).

2. One isolates was related to mutans streptoc&ccattus) (serotype
B) represents (3.03%).

3. Ten isolates were related to (serotype C) and fgaeoF) which
related to mutans streptococ@. (nutans) with a percentage of
(30.302%).

4. Thirteen Isolates were related to (serotype D) &swtotype G)
which belonge to mutans streptococé. (sobrinus) with a
percentage of (39.294%).

From these results, the most isolated species tdmaistreptococci
bacteria from the previously isolated dental plalquean specimens werg. (
sobrinus) followed by & mutans) according to the percentage ratio of each of
them. Carlsson (1988), classified the most commmmalated species of mutans
streptococci from human are usualymutans serotypes (C, E and F) followed

by S. sobrinus serotypes (D and G).
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4.2 Extraction, Characterization and Purification of GTF
4.2.1 Extraction of GTF

Prior to large scale production of the enzyme fthmStreptococcus species screening
of the isolates for their productivity was madeorfrthirty isolates only seventeen isolates
was selected depending on their productivity andtgpeing (Lancefield grouping). results
show in table (4-6) indicate that all isolates weapable of producing an extracellular GTF
enzyme and its production was not restricted irtifpeserotype group because isolates were
related to different groups. Specific activities GfTF for isolates were ranged between
(0.083-0.51 U/mg protein). The highest GTF produtgtiwas found among (N, N2z, Ns2
and Ng) which belonged to serotypes (G,D, C and C) raspyg with specific activities

ranged betweerQ(4070.752U/mg protein).

Table (4-6): GTF production from different mutans dreptococci isolates.

1 N, C 0.188 0.812 0.231
2 N A 0.127 0.589 0.215
3 Ns F 0.156 0.651 0.239
4 Nic G 0.518 0.690 0.752
5 Ni4 B 0.310 0.860 0.360
6 Nie C 0.091 0.768 0.118
7 Ny7 C 0.221 1.069 0.206
8 Nig G 0.175 0.632 0.276
9 Nig C 0.310 0.764 0.407
10 Np; G 0.178 0.914 0.194
11 Np3 D 0.437 0.656 0.667
12 Nbs C 0.073 0.661 0.110
13 Npe A 0.125 1.220 0.102
14 Ns¢ D 0.107 1.28 0.083
15 Ns, C 0.375 0.691 0.544
16 Ns3 C 0.221 1.133 0.195
17 Ns4 D 0.201 0.826 0.243
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Glucosyltransferase is an extracellular enzyme lihvads and synthesizes
extracellular glucan which have a vital role in thgtablishment of cohesive
mutans Streptococcal masses on the tooth surfaces and subsequent caries
development (Liljemark and Bloomquist, 1996). Halaat al., (1989) found
that mutans streptococci serotypes (A, B, C, Dn#& @), S salivarias and S
sanguis were capable to express several GTF types whiffaridig in chain
length, content oé 1,3 anda-1,6 glucosyl linkages, degrees of branching and
solubility.

According to table (4-6) and this information aélrgtypes of mutans
streptococci bacteria were capable to express GTF.

Because of the specific activities of GTF of iseta(N,, N3 N3, and
Nig) Were very close to each others table (4-6), daroration was made in
order to choose the highest GTF producible bacteriang them. Extraction of
GTF was repeated for them in (10 ml) Todd-Hewitbtbr medium. GTF
activity, protein concentration and specific adtiwere determined again for
each isolate. Results shown in figure (4-2) indidathat mutans streptococci
Nio (serotype G) has the highest GTF specific actifity/52 U/mg protein)
followed by N; (serotype D) (0.667 U/mg protein) then,Mnd Ng (serotype
C) with specific activity of (0.544 U/mg proteinha@ (0.407 U/mg protein)
respectively. From the previous discussion, baatevhich were related to
serotypes (D and G) were named mutans streptog@&apbrinus), so mutans
streptococci Ny (S sobrinus) was chosen for large scale production and
characterization of GTF enzyme. In many studiefiaeiion of GTF that were
used either for immunization protocol or charaz&ion of this enzyme was
done either from mutans streptococci (serotyper@3erotypes G and D) which
represented. mutans and S, sobrinus bacteria because of their crucial role in
the formation and metabolism of dental plaque aodsequently in the
induction of dental caries (Taubmetral., 1988; Wunder and Bowen, 2000).
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Figure (4-2): The abilities of the four mutans Streptococci
bacterial isolates (Ngo, Nig, N2z and Ngo) to express GTF through
their GTF specific activity.
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4.2.2 Production phase and GTF Activity

In order to specify production phase for isolatg hrowth and GTF
activity of the isolate was made as described ia.{3.C).

Results shown in figure (4-3) indicate that durihg period of 0-6 hr. no
change in optical density was noticed which is mdication of lag phase of
growth followed by log phase of about 9hr.duringatino productivity of GTF
was found as indicated by measurement of GTF &gtivi culture broth.
However, GTF activity was noticed after 20hr.anstdd to 40hr.of incubation
which is a period of stationary phase.

Al-Fatlwai (2003) characterized the growth cur¢&amutans which was
isolated from human dental plaque. This bacteria am@tered in the lag-phase
between (0-4 hrs) then between (4-10 hrs) an igerea cell numbers was
recognized which characterized as a log-phase. sStaBonary phase was
characterized by the bacterial constant number cowdirred between (10-20
hrs).

Juarez and Steinson (1999) made a good linkageebatwrowth of
Streptococcus gordonii and the production of an extracellular proteadas T
enzyme was produced in chemically defined mediugroiwth (contain 30 mM
glucose and some essential amino-acids) at an higur the early log-phase)
and continued until reach the maximum productionhatr 15 (the mid-
stationary phase) then it began to decrease ard@aame nil at hour 30. This
was due to the loss of essential amino acids teat wequired for its secretion
or production especially during the stationary-ghakie to the accumulation of
the end products and toxic substances.

Simpson and Russell (1998) described the produdiamn intracellular
a-amylase frons mutans during the growth life of this bacteria in a cheatly
defined medium containing 2% glucose. The secratioihis enzyme began in
the early log-phase (hour 3) and continued untireached its maximum

production value at (hour 24) (Late-stationary @)as
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From these previous investigations about the iatma extracellular
enzymes production from th&reptococcus bacteria, an extracellular GTF
began its production at the stationary phase ob#wterial growth curve (hour
20) and reached it's maximum production also dutimg)phase (hour 24). The
reason behind the maximum production of this enzglareng this hour then the
decrease in the activity or production until it @e® nil at hour 40 was due to
the ability of the bacterial isolate to make a dapnetabolism of the
carbohydrate substances that found in Todd-Hwettthbomedium (glucose) to
produce lactic acid during EMP pathway which cauwsespid pH fall. Al-Uqalili
(2000) found that the environmental pH value waached to 4.5 after the
growing of S mutans for about 48 hrs. This pH value was unsuitablether
GTF production because the optimum pH value for GFFS. mutans, S
sobrinus andS. oralis (which is a member of the oral streptococci fajmas
about 6.5 as described by (Hamatlal., 1989; Fujiwara et al., 2000).

Accordingly, especially for the large scale productof GTF, the
extraction of this enzyme must be done after 2é¢hihe bacterial growth under
anaerobic conditions and at 37°C. After the baatdnarvesting, pH of the

supernatant must be calibrated in order to regeh 6.
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Figure (4-3): Production phase and GTF Activity of mutans
streptococci (Ng) (Serotype G).
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4.2.3 Preservation and Concentration of Crude (GTF)

To prepare the enzyme for the purification stepd @anmunization
protocol that would be used later, preservatiotc®F and the increase in the
concentration and activity were estimated as desdrin (3.2.14.D). After the
division of the bacterial supernatant (350 ml) itk unequal parts, results
shown in table (4-7) indicated that for the firstrjp(125 ml) which was in role
divided into five equal halves. The protein concatmdn and GTF activity of the
control half (25 ml) before the preservation pracas(-20°C) were (0.7 mg /ml)
and (0.337 U/ml). After preservation at (-20°C) fr®tein concentration and
GTF activity for each one of the remaining fourves were (0.491 mg /ml),
(0.177 U/ml); (0.150 mg/ml), (0.055 U/ml); (0.075 mg /ml), (.0059 U/ml), (0),
(0) after (1, 2, 3 and 7 days) respectively.

Table (4-7): The effect of preservation at -20°C othe activity and protein

concentration of crud GTF enzyme.

Bef fon at After preservation at -20°C
e_g[)% grfé%rr\]/t"’r‘o'?)n a (Without glycerol (15%))
1 day 2days | 3days | 7days
Protein
concentrati 0.7 0.491 0.150 0.075 0
on (mg/ml)
GTF
activity 0.337 0.177 0.055 0.059 0
(unit/ml)

The remaining second part (225 ml) which was i mivided into two
unequal parts, for the first one (125 ml) which wasole divided into five equal
halves , after the addition of (15%) glycerol farchk, results showed that after
the preservation process at (32D ,the protein concentration and GTF activity
for each one after (7, 14, 21, 25 and 30 days) weresame to the control (0.7
mg /ml) and (0.337 U/ml). So without the additidintlee glycerol and after the
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comparison with the control, the protein concemdraand GTF activity were
decreased after 1, 2, 3 days from the preservati@¢®0°C) until they reached
to their nil values at day 7. The reason behind lings in protein concentration
and GTF activity was due to the loss of proteiegnity during freezing process.
This interfacial phenomenon involving partial damation of protein at the ice /
freezing process. Strambini and Gabellieri (1996)ied the phosphorescence
life times of the tryptophan residues in severat@ns and demonstrated that
freezing of the aqueous solutions of these protewese accompanied by
loosening of the native fold and considerable loEsecondary and tertiary
structure of the protein. After the addition of tigé/cerol (15%) protein
concentration and GTF activity were remained staltler (7, 14, 21, 25 and 30
days) of preservation at (-20°C) this was due #atdition of glycerol which
has the ability to reduce or eliminate the perttidoaof the protein that was
caused by freezing as described by dtial., (2005).

Wunder and Bowen (2000) described the long termagtoof the GTF by
mixing the samples (Crude or purified) with glydgffanal concentration at 15%
v/v) and freezing at -20°C.

For the concentration protocol the second parthefaacterial supernatant
(100 ml) which was divided in role into four equalves (25 ml) for a half.
Results show in table (4-8) indicated that, proteoncentration and GTF
activity as compared with the control for the ficsincentrated half to (12.5 ml)
by the addition of the polyethylene glycol powdeE@ (4000) were (0.85
mg/ml) with no activity, for the second half whiakvas concentrated by
lyophilization process to (2 ml) were no proteinncentration and enzyme
activity, for the third half which was concentrated(12.5 ml) by the sucrose
powder were (1 mg/ml) protein concentration, (1&l)/of enzyme activity and
for the end half which was concentrated by an Amitiber P50 were (0.601
mg/ml), (11.076 U/ml) respectively.
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Table (4-8): the effect of concentration by PEGSucrose, Lyophilization

and filtration by Amicon on the activity ard protein concentration of crude

GTF enzyme.
: After concentration of GTF
Before concentration of Amicon
GTF (Control) PEG | Lyophilization Sucrose filter
Protein
concentration 0.7 0.85 0 1 0.601
(mg/ml)
GTF activity
(unit/ml) 0.337 0 0 16 11.076

For the concentrated half via the addition of tlayethylene glycol
powder PEG (4000), the protein concentration wasegsed as compared with
the control but the loss in activity was recogniz&tie reason behind the
increasing in protein concentration was due to, tR&G is a polymewhich
dose not bind strongly to the protein so it doesafibe to alter the structure of
the protein itself. PEG concentrated the protem its ability to enhance the
protein-protein interaction which capable to remake protein surfaces area
making a decrease in the volume from (25 ml) toa51#l). The PEG molecules
that excluded from the volume that surrounding piheteins can thoughts to
exert an osmotic pressure which attempts to shihiaeknaccessible volume, this
information was described by Chienal. (2000). Chinret al. (2000) described
a good relationship between the PEG molecular vigighd the ability of this
polymer to protect the enzyme activity from loséeTlarge molecular weight
PEG (8000-20000 dalton) was capable to protect neazymes activities from
loss. As shown in this study, GTF concentrationegxpent via PEG, (4000)
which incapable to protect the enzyme activity frioss.

Wunder and Bowen, (2000) concentrated their GTHRyme fromS.
milliri (which harbors thgtfD genes) by the use of PEG powder (20000) so that
this high molecular weight capable to protect thEFGenzyme activity from

loss.
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As showed in the result for the concentration ofder GTF via the use of
lyophilization process (Freezing-drying system)eTgrotein concentration and
GTF activity were lost after the concentration fr{#zb ml) to (2 ml). The reason
behind this as described by Strambini and Gabe(l®96), so the usage of the
sucrose and glycine to avoid the denaturation atigims during this process was
also recommended by Letal. (2005).

For concentration of crude GTF by using sucrose demwa great
elevation in GTF activity (16U/ml) was recognizawancreasing in the protein
concentration (1mg/ml) was occurred. The reasomideine increase in protein
concentration in which the sucrose powder capabléntrease the protein-
protein interactions so it was able to concentifa@éeenzyme as described for the
PEG (Chinnet al., 2000). For the elevations in activity, the sserqgpowder
acted as a best substrate for the GTF becausslohitK, value. The GTF used
the sucrose molecules as a high-energy glucosyhetofor the polysaccharide
and oligosaccharide synthesis as described by Ro®295). So the
concentration of crude GTF cannot occur by usirggase because GTF already
acts on it to give its product.

Finally, concentration of crude GTF by using an Aom-filter P50 in an
(ultrafiltration-cell).The GTF activity was increas to (11.076 U/ml) and
protein concentration was become (0.601 mg/ml)ehesults were found in the
In-part (the suspension that appeared on the)fitbile in the out-part no GTF
activity was recorded and the presence of a vew pootein concentration
(0.059 mg/ml) was observed. So Amicon-Filter ast®dool to concentrate the
GTF, protects its activity and separates the enziyora another protein that
might pass the pores of the filter.

Figures and Edwards (1978) described the concenmirat GTF enzyme
from 20L bacterial supernatant through the usageliféérent ultrafiltration
membranes in Amicon-Ultrafiltration cells. Meuletdet al.,(1999) described
the ultrafiltration-process by Amicon filter as aot to concentrate GTF-D

enzyme ofS. sobrinus after each purification process.
95



Chapter Four $dts and Discussion

Accordingly, the best method for the long term @t of GTF enzyme is
by the addition of (15%) glycerol then ice / freggiat (-20°C) and the best tool
to concentrate the GTF is by using an Amicon-filker (ultrafiltration-cell)

system.

4.2.4 Large Scale Production of GTF

Large scale production of GTF was done from mutatreptococci
(Ssobrinus) Njo bacteria as described in (3.2.14.E). After exitomcbf GTF,
protein concentration, GTF activity then specifitiaty were determined in (10
ml) of bacterial suspension. Result showed thatebacabout (1x1Dcells/ml)
were able to produce (0.7 mg/ml) of crude GTF amhactivity of (0.790 U/ml)
which had a specific activity of (1.128 U/mg proieiafter (1) fold of
purification, when (750ml) crude GTF concentratgdabh Amicon-filter P50 in
(Ultrafiltration-cell) to (40ml), results shown table (4-9), indicate that protein
concentration and GTF activity were recorded t¢®601 mg/ml) and (11.076
U/ml) with a specific activity of (18.42 U/mg prang after (16.32) folds of
purification which represented (74.77%) yield ozyme.

Figure and Edwards (1981) concentrated GTF froraethiters bacetrial
culture & mutans) by using an Amicon "on-line" column effluent-ca@mtration
(Amicon-module (ECI) equipped with a PMI10 Ultrafdtion membrane). After
concentration to (60 ml), protein concentration, FGactivity and specific
activity were (0.660 mg/ml), (4 U/ml) and (12 U/mpgptein) respectively.

Al-Hayali, (2002) began the purification procedwt GTF of mutans
streptococci (Biotypel-S. mutans) and mutans streptococci (Biotype 8/-
sobrinus) with precipitation by saturated ammonium sulftiten (450 ml) and
(400 ml) respectively. After precipitation, protetoncentrations, GTF activity
and specific activity values for each were recorded to be (2 mg/ml), (2.8 mg/ml);
(0.315 U/ml) (0.406 U/ml) and (0.16 U/mg proteirf).15 U/mg protein)

respectively.
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Accordingly, concentration of GTF by using an Ammefdter P50 in
(Ultrafiltration-cell) is more suitable than prettagion with saturated

ammonium-sulfate.

4.2.5 Purification of GTF by Adsorption Chromatography

Purification of GTF was done by Adsroption chrongagphy using
hydroxyapatite beads as described in (3.2.14.F3ulReshowed that washing
with (25 ml) of (0.15 M) phosphate buffer (pH 7t&gn elution with (0.3M) of
the same buffer, GTF activity recorded in all frams of the washing and
elution parts. The collection of fractions of (theshing part) as well as for
fractions of (the elution part) in a separatedilgterontainers was done. GTF
activity, protein concentration and specific adtiwere determined for these
separated parts. Results shown in table (4-9)catdithat washing with (0.15M)
phosphate buffer produce a GTF activity of (6.6961) protein concentration
of (0.359 mg/ml) with a specific activity of (1&3J/mg protein) after (16.54)
folds of purification which represented (57.47%8lgli of enzyme. Elution with
(0.3M) phosphate buffer produce a GTF activity 6f922 U/ml), protein
concentration of (0.365 mg/ml) and a specific attiof (18.96 U/mg protein)
after (16.80) folds of purification which represemt(57.47%) yield of enzyme.

Accordingly, adsorption chromatography (hydroxy#patbeads) is
capable to produce two GTF enzymes with very clasivity and protein
concentration values. These two enzymes were n&giiédl and GTF-Il. GTF-
| represented the collection of fractions after kmag and GTF-Il represented
the collection of fractions after elution. Partyapurified GTF-I and GTF-II
were passed separately through an Amicon-Filtercandentrated from (25 ml)
for each to (12 ml).

Purification by hydroxyapatite column had been usedely before the
application of ion-exchange chromatography dug¢stdiigh adsorption capacity
with proteins (Scopes, 1972). Challacon#eal., (1973) purified GTF ofS

mutans by hydroxyapatite column.After elution with (0.2)Mwind (0.5 M)
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phosphate buffer which resulted in appearance of paols of activity (8.5
U/ml) and (14.7 U/ml) of GTF respectively. Isoeksctfocusing of this
preparation revealed it to be a mixture of at lsasen GTF enzymes.

Koga et al., (1982) purified GTF of mutans streptococ8i gobrinus)
(serotype D) by hydroxyapatite column after preeipon with 50% saturated
ammonium sulfate. GTFase-S and GTase-I| were seplaraith specific
activities of (3.7 U/mg protein) and (1.8 U/mg pmiof) respectively.

4.2.6 Purification of GTF by lon-Exchange Chromatogaphy

Purification of GTF enzymes (GTF-I and GTF-IlI) bgniexchange
chromatography (DEAE-cellulose column) was dondescribed previously in
(3.2.14.G). The concentrated samples from prevgtap (GTF-1 and GTF-II)
(12 ml) for each were passed separately througlDBRE cellulose column.
Results shown in figure (4-4) and (4-5) indicatatttvashing with (100 ml) of
(0.05M) phosphate buffer (pH 7.5) allowed the pneseof two peaks which
were represented by fractions (9-16) for GTF-I &adtions (11-20) for GTF-II.
Then after elution of proteins with (200 ml) of aadient from (0.05M) to
(0.3M) phosphate buffer (pH 7.5), two peaks wer&ioled for GTF-I which
represented by fractions (20-26) and (32-38) anel pemak was obtained for
GTF-1l which represented by fractions (47-52). Eddction of GTF-1 and
GTF-1l which represented the peaks after washind) @lntion processes were
tested for GTF activity. Accordingly, only fractisn(20-26) and (32-38) of
GTF-I and fractions (47-52) of GTF-Il were ablerédlect GTF activity.

Fractions (20-26) and (32-38) of GTF-I and fracsidd7-52) of GTF-II
were pooled each separately and named GTFATF-L, and GTF-II
respectively. GTF activity, protein concentrationdaspecific activity were

determined for each one of them.
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Figure (4-4). Purification of GTF-I enzyme by ion echange
chromatography (DEAE-Cellulose) column (7.5x3.5cm).The
column was washed by using (0.05M) phosphate buffgrH (7.5),
and then eluted by using a gradient of (0.05M) to O(3M)
phosphate buffer pH (7.5).
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Figure (4-5). Purification of GTFIl enzyme by ion exchange
chromatography (DEAE-Cellulose) column (7.5x3.5cm).The
column was washed by using (0.05M) phosphate buffgrH (7.5),
then eluted by using a gradient of (0.05M) to (0.3Mphosphate
buffer pH (7.5).
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Result shown in table (4-9), indicated that the ante of (3.576 U/ml),
(3.931 U/ml) with a protein concentrations of (342@g/ml), (0.175 mg/ml) and
specific activities of (17.52 U/mg protein), (224468J/mg protein) with
purification folds of (15.53), (19.91) and yield ¢45.7%) were obtained
respectively for GTFzland GTF-}. For GTF-1l an amount of (4.113 U/ml) with
a protein concentration of (0.153 mg/ml) and a djeactivity of (26.88 U/mg
protein) was obtained with purification folds of3(82) and yield of GTF of
(45.71%).

Accordingly, three GTF enzymes (GTE-IGTF-l, and GTF-II) were
obtained after purification with ion-exchange chetagraphy. Partially purified
(GTF-l,, GTF-l, and GTF-II) were passed separately through an émlkalter
P50 in (Ultrafiltration-Cell) to concentrate them( ml).

It has been suggested by several authors thatusastrains of mutans
streptococci produced at least two GTF enzymeshsgizing different products
(Ciardi et al., 1977; Fukushimaet al., 1981; Robyt and Martin, 1983; Koga et
al., 1983). Turchi and Edwards, (1985) proposed Hratextracellular GTF
system of mutans streptococci (serotype G) wasngplax system with two or
more enzymes worked in synchronous fashion to mredlucan.

Yamashita et al. (1989) described the purification of four
glucosyltransferase from mutans streptoco&i spbrinus) (serotype G) by
DEAE-cellulose chromatography. GTF fractions weollected from the first
DEAE-cellulose each separately and entered to duwersl DEAE-cellulose
column. The specific activity, fold of purificatioand yield (%) for [B] (one
kind of glucosyltransferase enzymes) after the &red second DEAE-cellulose
were recorded to be (2.39 U/mg protein), (8.35 Upraein); (8.54) and (29.8)
folds of purification with (43.6%), (27.0%) yields GTF respectively.
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4.2.7 Purification of GTF by Gel-Filtration Chromatography

Purification of GTF enzyme by gel-filtration chrotography (Sephacryl-
S-200) column was done as described previoushy3iB.14.H). A (3 ml) of
concentrated partially purified GTE-IGTF-l, and GTF-Il each was added
separately to the column. When elution of protenas done by (200 ml) of
(0.3M) phosphate buffer (pH 7.5). Results showfigares (4-6), (4-7) and (4-
8) indicate the presence of six peaks (two for GJfaree for GTF4 and one
for GTF-II) represented by fractions (21-29), (38):3(15-18), (24-30), (32-36)
and (25-28) respectively. After the determinatidrGO F activity for all these
peaks which indicate that fractions (30-33) of G,F~ractions (32-36) of GTF-
I, and fractions (25-28) of GTF-Il were able to proedGTF enzyme, as shown
in figure (4-6), (4-7) and (4-8) respectively. Rrans (30-33) of GTF3
fractions (32-36) of GTFsl and fractions (25-28) of GTF-Il were pooled
separately for each enzyme then GTF activity, pmatencentration and specific
activity were determined. Results shown in tabl@)4indicate that GTF3
GTF-l, and GTF-Il were able to reflect GTF activity, ot concentration and
specific activity of (5.531 U/ml), (4.320 U/ml), .0 U/ml); (0.175 mg/ml),
(0.137 mg/ml), (0.102 mg/ml); (31.60 U/mg protein), (31.50 U/mg protein),
(66.270 U/mg protein) after (27.59), (27.92), (58.7olds of purification and
yield of (42.05%) of GTF respectively.

Purified GTF-}, GTF-l, and GTF-1l were concentrated from (15 ml) for
each to (5 ml) separately by passing through ancaAmfilter P50 in

(Ultrafiltration-cell).
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Figure (4-6): Purification of GTF-I, by gelfiltration
chromatography (Sephacryl S-200) column (67x2.1cmkEluent:
(0.3M) phosphate buffer pH (7.5) at a flow rate o{50ml/houre).
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Figure (4-7): Gel filtration column chromatography (Sephacryl S-
200) of GTF-l, (67x2.1cm). Eluent: (0.3M) phosphate buffer pH
(7.5) at a flow rate of (50ml/houre).
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Figure (4-8): Purification of GTF-Il enzyme by gelfiltration
chromatography (Sephacryl S-200) column (67x2.1cmkEluent:
(0.3M) phosphate buffer pH (7.5) at a flow rate o{50ml/houre).
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Turchi and Edwards (1985) characterized and pdrif@TF from
S mutans (serotype C). The last step in the purificatiomgadure was Gel-
filtration chromatography with the use of Bio-GelLAcm. The purification
scheme described the presence of three GTF enzgohéhair GTF activity,
protein concentration and specific activity wereargled to be (10 U/ml), (91
U/ml), (75U/ml); (0.26 mg/ml), (0.44 mg/ml) (0.42 mg/ml); (37 U/mg protein),
(208 U/mg protein), (178 U/mg protein) after (28)40) and (120) folds of
purification with yield of (50%).

Al-Hayali, (2002) concluded that mutans streptocoiotype-IV-S
sobrinus) had the ability to produce three types of GTFermthe purification
step by gel-filtration chromatography using (SepbkarC1-6B). The purification
scheme of this step for the third GTF reflectedt t&aF activity, protein
concentration and specific activity of (0.208 U/nt().09 mg/ml) and (2.3 U/mg
protein) after (153.3) fold of purification witheld of (20.8%) respectively.

According to the specific activities, fold of pucdtion and yields of
enzyme, purification of GTF by gel filtration clnatography using (Sephacryl-
S-200) column is more efficient than purification ($epharose C1-6B) and less
efficient than purification by (Bio-Gel A1.5 cm).
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Table (4-9): Purification scheme and yield of GTF mzymes from mutans streptococci (i) (S. sobrinus) (serotype G).

Crude Enzyme 750 0.79(¢ 592.5 0.7 1.1P8 1 100
Concentrated crude GTF by Amicon Filtef 40 11.07643.@5 0.601 18.42 16.32 14.7)7
Adsorption chromatography hydroxyapati
beads (Batch wiese)
GTF-I 25 6.699 | 167.47 0.359 18.66 16.54
GTF-II 25 6.922 | 173.05 0.365 18.96 16.80 >ral
DEAE-Cellulose column chromatography,
GTF-I, 25 3.576 89.40 0.204 17.52 15.53
GTF-I, 20 3.931 78.62 0.175 22.46 1991} 45.71
GTF-II 25 4.113 | 102.82 0.153 26.88 23.82
Gel-filtration Sepharcryl S-200 column
chromatography
GTF-I, 15 5.531 82.96 0.175 31.60 27.59
GTF-I, 15 4.320 64.80 0.137 31.50 27.92) 42.05
GTF-II 15 6.760 101.4G 0.102 66.2710 58.75
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4.2.8 Determination of Molecular Weight of GTF Enzynes by Gel-
Filtration Chromatography

Molecular weights of purified GTFgl GTF-l, and GTF-Il were
determined using (Sephacryl S-200) column as dssdripreviously in
(3.2.14.1). The void volume (Y of the column was calculated by estimating the
void volume of blue dextran 2000 and the elutiotuxte (Ve) for each standard
proteins and for the dissolved and separated fnastof purified GTF GTF-I,
and GTF-Il each separately.

The ratio of the elution volume of each standarotgn as well as the
dissolved and separated fractions of each purE&#-l,, GTF-l, and GTF-Il to
that of void volume of the blue dextran 2000 wasuated.

Results in table (4-10), show that the/¥,) ratios of purified GTF3
GTF-l, and GTF-Il were about (2.4), (2.4) and (2.1) resipely. GTF-L and
GTF-l, had the same @N,) ratio which located between Bovine Serum
Albumin and Aldolase while GTF-1l (W,) ratio located between Aldolase and

Catalase standard proteins.

Table (4-10): Standardization of GTF in accordanceo the ratio of void

volume and elution volume (W V,) ratio.

Standard protein and| Molecular Weight _
» (Ve V,) ratio
purified GTF enzymesg (Dalton)

Bovine Serum Albumir 67000 3.05
Aldolase 158000 2.25
Catalase 232000 2
Ferritin 440000 1.3

Thyroglobulin 660000 1.2
GTF-l, — 2.4
GTF-I, — 2.4
GTF-lI — 2.1
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Results, indicated that molecular weight of pudfi@TF-L and GTF-}
was estimated as (128882 dalton) which located dmtwBovine Serum
Albumin of (67000 dalton) and that of the Aldolg468000 dalton). GTF Il had
a molecular weight of (186208 dalton) which locabetdween Aldolase (158000
dalton) and Catalase (232000 dalton) Figure (4-9)

Mutans streptococci fN (S. sobrinus) (Serotype G) was able to produce
three GTF (GTF4 GTF-I, and GTF-II), two of them GTFsland GTF-} were
iIsozymes because of their same molecular weighttaathird was GTF-1lI had
a different molecular weight. These GTF enzymes masponsible for
production of glucan product.

Ciardi et al. (1977) characterized and purified four GTF enzynoé¢
mutans streptococciS( sobrinus) (serotype G) each two were isozymes with
molecular weights of (175000 and 150000 dalton)cWwhwvere estimated by gel-
Filtration chromatoghraphy and by SDS-PAGE.

Mukasaet al. (1982) described the extracellular glucosyltrarese of
mutans streptococciS( mutans) (serotype C) as a basic enzyme which was
composed of three or more isozymes possessingathe molecular weight of
(160000 dalton) as detected by SDS-PAGE.

Yamashitaet al. (1989) purified four GTF enzymes from mutans
streptococci $ sobrinus) (serotype G), two of them isozyme to the basid~GT
enzyme because of their molecular weight (15200tilaas well as to their
specific activities (had the same specific actgtiafter the last step of

purification).
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Figure (4-9). Standardization of GTF enzymes in aardance to

the ratio of void volume and elution volume (¢/ V,) ratio.
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4.3 Immunological Study

The antigen that used in this experiment was a exnated purified
GTF-l, with a protein concentration of (0.15 mg/ml). Réesghown in figure
(4-10), indicate the presence of the precipitatimes between anti-GTF;l
antibody and purified concentrated GTfFdnd GTF-{ which were put in
separated holes. No precipitation lines were intditabetween anti-GTF;|
antibody and GTF-II or between anti GTfdntibody and the control serum.
The concentration of the anti-GTF-lantibody was (0.2 mg/ml). This
concentration was the same to the concentratio®Ié*l, and GTF-} as well,
so the producible precipitation lines were foundhea middle distance between
the antigen and antibody.

The subcutaneous route of immunization had beendfoo stimulate the
systemic immunity which was occurred by productiai circulatory
immunoglobulins (IgG, IgM and IgA) (Russel and Jatan, D87; Taubmanet
al., 1995) and these immunoglobulins were specific @&F-l, and GTF-}
enzymes according to the appearance of the praogit lines. The
iImmunological responses similarities against GJFdhd GTF-} isozymes
in spite of these antibodies were prepared onimfparified concentrated GTF-
lp) were due to their similarities not only in molé&auweights but also in their
surfaces antigenic epitopes which capable to indbheesame immunological
response.

In this study there were no attempts to differdatiaetween the different
types of immunoglobulins, due to the technical idifities, but only the
presence or absence of the immune response whishdetcted by double
immunodiffusion test.

The production of an effective vaccine that inlshihe cariogencity of
mutans streptococci was long been a goal to prosim@emmunotherapeutic

approach to prevent dental caries (Taubman, 1993;
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Figure (4-10): Double immunodiffusion (antigen-antbody
reaction) between anti-GTF-|, antibody and GTF-I,, GTF-I, and
GTF-1l antigens. 1. GTF-I, antigen; 2. GTF-l, antigen; 3. Anti-
GTF-l, antibody; 4. GTF-II; 5. Control sera.

Bowen, 1996). GTFs, the only proven virulence festof mutans
streptococci have been targets for such vaccinearels (Yamashitat al.,
1993). Most of the work involving the productionasftibodies against GTF was
made by the use of crude mixture of this enzymag@hal., 1993; Cope and
Mooser, 1993; Taubman et al., 1995; Laloi et al., 1996). In this study antibody
were raised against specific type of GTF in animsla trial to inhibit the
sysnthesis of glucaim vitro as well as to inhibit GTF enzymes.

Wunder and Bowen (2000) investigate (GTFIF-B and GTF-D) of
mutans streptococch(mutans) (serotype C) as well as on GTF-S &fsanguis.
The preparation of antibodies against these enzymas done in the
Newzeland-rabbits. They found that GTF-B or GTF#iil@dies were capable
to inhibit the presence of GTF-B and GTF-C and patde to inhibit the
presence of GTF-D and GTF-S. Also GTF-D or GTF-&bawlies were capable
to inhibit the presence of GTF-D and GTF-S and padde to do so for GTF-C

and GTF-B after examination by Western blots. Satige was made that GTF-
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D and GTF-S and specially GTF-D because it wasnidkem & mutans)
displays a number of structurally district epitoplest differ from the other two
S mutans GTFs. There was a similarity between the behavi®@T~-B, GTF-C
and GTF-D and GTF;l GTF-k, and GTF-II in this study so that GTF-II displays
a number of structurally distinct epitopes thatedifrom GTF-| and GTF-} so
that no precipitation line was indicated.

Al-Haialy (2002) prepared antibodies against padfiGTF enzyme by
two immunization experiments. The first was subgatas rout of
immunization in the back of rabbits to stimulate $ystematic immunity. The
second was carried out subcutaneously near theasalgland to stimulate the
local immunity (production of secretory IgA antipgd By making a
comparison between the two experiments, the subeats injection in the back
of the rabbit gave a better result than local iingecnear the salivary gland after

immunodiffusion experiment.

4.4 The Effect of Inhibitors and Anti-GTF antibody on

Growth of Mutans Streptococci

The susceptibility of mutans streptoecddtO (S. sobrinus) (serotype G)
to different concentrations of sodium fluoride, arohexidine dichloride,
EDTA, ZAK (mouthrinse) and anti-GTR-lantibody with concentrations of
(1.5x10°, 0.78x10°, 0.51x10°, 0.39x10°, 0.31x1C°, 0.23x10°, 0.21x10°
M) were determined by two methods . For the firstimd, susceptibility of the
bacterial growth against these inhibitors and &1tk-I, antibody was estimated
by a broth-dilution method as in (3.2.16.a). Resu#howed different
concentrations of anti-GTR-antibody and EDTA were incapable to inhibit the
growth of bacterial isolate. The absorbance at ®®0remained the same as a
control. For the sodium fluoride, chlorohexidineHX), ZAK (mouthrinse),
results shown in tables (4-11), (4-12) and (4-i8hdate that, these inhibitors
were capable to inhibit the growth of bacteria ahaentrations (0.5mM),
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(3mM), and (3 mM) respectively. The minimal inhdig concentrations in
which these concentrations were found to give tlveebt growth rate or effect
were noticed at (2mM), (15mM), (12mM) respectivelyomplete bacterial
growth inhibition was noticed only with sodium fiide and chlorohexidine at
concentrations of (4mM) and (20mM) respectively.

Table (4-11) The effect of sodium fluoride (NaF) othe growth of mutans

streptococci Ny (S. sobrinus) (serotype G) using broth dilution method.

0.940 — —
0.5 0.788
1 0.459
2 0.224
4 _
8 —
12 -
16 —
18 —

—: no growth was detected.

Table (4-12) The effect of chlorohexidine dichlorid (CHX) on the growth of

mutans streptococci Ny (S. sobrinus) (serotype G) using broth dilution
method.

0.969 — —
3 0.704
5 0.584
10 0.292
15 0.075
20 =

—: no growth was detected.
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Table (4-13) The effect of ZAK (mouthrinse) on thegrowth of mutans

streptococci Ny (S. sobrinus) (serotype G) using broth dilution method.

Absorbance at 600 nm| Concentration of ZAK | Absorbance at 600 nm
of the control (mM) with ZAK
0.959 - -
3 0.821
5 0.633
10 0.341
12 0.174

For the second method in which susceptibility aftbaal growth against
the previous inhibitors and different concentrasiah anti-GTF-} antibody was
tested as described previously in (3.2.16.b). Resliown in figure (4-11) and
tables (4-14), (4-15), (4-16) indicated that, thighlkst zone of inhibition
(50mm) was recognized with chlorohexidine at com@ion of (20mM)
followed by sodium fluoride with a zone of inhileiti of (37mm) at
concentration of (18 mM). ZAK (mouthrinse) at contation of (12 mM) was
capable to give zone of inhibition of (27.5 mm).nGuete inhibition of the
bacterial growth was unable to be recognized wath@evious inhibitors at any

concentration.

Figure (4-11) The highest zone of inhibition for te growth of
mutans streptococci Ng (S. sobrinus) (serotype G) at (20 mM) of
chlorohexidin (CHX).
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Table (4-14) The effect of sodium fluoride (NaF) othe growth of mutans

streptococci Ny (S. sobrinus) (serotype G) using diffusion method on solid

oy e s e

medium.

0.5 3
1 5.5
2 7
4 10
8 17.5
12 25.7
16 30.9
18 37

Jdts and Discussion

Table (4-15) The effect of chlorohexidine (CHX) orthe growth of mutans

streptococci Ny (S. sobrinus) (serotype G) using diffusion method on solid
medium.

e e e |

3 14
5 20
10 29
15 37
20 50

Table (4-16) The effect of ZAK mouthrinse on the gswth of mutans

streptococci Ny (S. sobrinus) (serotype G) using diffusion method on solid

B i

medium.

3 17
5 22
10 25
12 27.5
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Accordingly, the best inhibitors of growth of batéeby using the broth-
dilution method were sodium fluoride at concentmatof (4 mM) followed by
chlorohexidine at concentration of (20 mM) in whicamplete inhibition of
bacterial growth was noticed with a minimal inhanit concentrations that gave
the lowest growth rate at (2 mM) and (15 mM) resipety. ZAK (mouthrinse)
has a good degree of inhibition on the growth otté&aa with minimal
inhibitory concentration or effect on bacterial @tb at concentration (12 mM)
but no complete growth inhibition was recognizedhvthis inhibitor. For the
diffusion-method the best inhibitor for the bacégrowth was chlorohexidine
at (20 mM) which capable to give the highest zookemhibition on the agar
followed by sodium fluoride with concentration d3(mM). ZAK (mouthrinse)
also capable to produce a zone of inhibition alfputs mM) at concentration of
(12 mMm).

In these methods no effect on the bacterial gromdak detected by the
use of anti-GTF4 antibody and EDTA inhibitor.

The susceptibility of the bacteria to the inhibstevas determined clearly
by broth dilution method more than the diffusionth@&l in agar media because
the first method give a quantitative assessmenhimeffective concentration of
inhibitors which was given a complete inhibitiora@®ericidal or bacteriostatic
action). Also the minimal inhibitory concentration$ the previous inhibitors
can also be determined by this method.

The inability of the anti-GTFglantibody to inhibit the growth of bacterial
isolate was related to this antibody can decreasalhibit the adsorption of
these bacteria on the tooth surfacesivo or in vitro on the surface of saliva-
coated hydroxyapatite. So this antibody was captablelock the synthesis of
the insoluble-glucan which was very important fdre tadsorption and
attachment only, so the bacteria was remained éapalgrow and multiply (i.e.
the number of the bacteria was remained the saif@¥ information was
recorded after an experiment in animal madelivo and from the recognition

of the behavior of bacteria on the surface of sativated hydroxyapatiten
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vitro after the usage of an antibody specific for GTEyeme (Vacca-Smitlet
al., 1996a; Mattos-Granet al., 2004).

Chlorohexidin had a bactericidal activity againethbogram-positive and
gram-negative bacteria. It was capable to reduae ribmber of mutans
streptococci in the mouth greater th&nsanguis and lactobacilli (Emilson,
1994). Because chlorohexidin was positively chargeavas bind to various
surfaces including enamel pellicle, hydroxyapasitel mucous membranes. It
was also bind to the negatively charged bactetidlhase and disrupt bacterial
cytoplasmic membranes, including leakage of low euoolar weight
components and the precipitation of cell contecltégrohexidine also inhibite
the key metabolic enzymes such as glucosyltrarsferaand
phosphoenolpypruvate (Scheie, 1994). The sideteffechlorohexidin was the
discoloration of the teeth and taste disturbancespite of the poor penetration
ability into plaque associated with pits, fissuraad proximal surfaces,
nowadays chlorohexidin is used in the form of cbihe@xidin chewing gum or as
a complement to tooth-brushing in order to incretlse normal oral hygiene
(Smithet al., 1996).

Fluoride was widely used as a highly effective @anries agent. This
action was related mainly to effect on the mingrahses of teeth and on the
process of remineralization. Fluoride had importafiécts on the bacteria of
dental plague, which were responsible for the &cation of plaque that result
demineralization. Fluoride can affect bacterial abelism through a set of
actions with fundamentally different mechanisms.céin act directly as an
enzyme inhibitor ex: capable to inhibit the mutatreptococci enzyme enolase,
leading to reduce the uptake of glucose througltptiesphotransferase system,
fluoride was capable to reduce the cariogenecitgenftal plague bacteria by
enhancing the membrane permeability to protonscanaprimisity the function
of F-ATpases in exporting protons, thereby induaiytpplasmic acidification
and acid inhibition of glycolytic enzymes. Fluorideted by reducing the aid

tolerance of the bacteria. It was most effectiva@atl pH values, in the acidic
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conditions of cariogenic plaque, fluoride at levatslow as 0.1mM can cause
complete arrest of glycolysis by intact cell 8f mutans (Marquis, 1995;
Balakrishnanret al., 2000). Fluoride in toothpaste and other oradpots was
believed to be the major reason for the substad&fdct in caries incidence in
many countries. Fluoride can be administrated ayistdly (Tabletes), applied
topically (toothpastes or mouthwashes) or appligddentists in the form of
solutions, gels and varnishes. In some parts otrdd, fluoride was added to
drinking water (Balakrishnaet al., 2000).

It was found that the combination of chlorohexidiith fluoride or with
metal ions such as Zhcapable to increase the anti-cariogenic activityis
action was bactericidal (Balakrishnetral., 2000). In this study the bactericidal
effect by ZAK mouthrinse on the growth of bactesias unrecognized perhaps
due to its low concentration as compared with datlexidin and sodium
fluoride alone, or due to the interference betwéesse material and other

component of the mouthrinse capable to reducdfaste

4.5 The Effect of Inhibitors and Anti-GTF antibody on

The Activity of Purified GTF

The effect of different concentrations of EDTA, god fluoride,
chlorohexidine dichloride, ZAK (mouthrinse) and ia@i F-1, antibody on the
activity of purified concentrated GTRk-lenzyme was done as described
previously in (3.2.17). Results shown in figuresl@, (4-13), (4-14) and (4-
15), indicated that different concentrations of thhibitors and anti-GTFgl
antibody were capable to inhibit the GTdFahtibody activity with the exception
of EDTA. Sodium fluoride at concentration (18mM) svaapable to inhibit
(81.64%) of the GTFgl enzyme activity, chlorohexidine at concentratidn o
(20mM) was capable to inhibit (75.55%) of the GTFdctivity, ZAK
(mouthrinse) at concentration of (12mM) was capablenhibit (60.4%) of the
GTF-l, enzyme activity and anti-GTR-kntibody at concentration of (1.5X10
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*mM) was capable to inhibit (87.33%) of the GTFdnzyme activity. No
complete inhibition was recognized with any concatiins of these inhibitors
and anti-GTF4 antibody.
Accordingly, anti-GTFglantibody was considered as the best inhibitor
on the activity of purified GTFsl enzyme followed by sodium fluoride,

chlorohyexidine and ZAK (mouthrinse) respectively.
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Figure (4-12): The effect of Chlorohexidine (CHX) nouthrinse on
GTF-I, activity.
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Figure (4-13): The effect of Sodium Fluoride (NaFmouthrinse on
GTF-I, activity.
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Figure (4-14): The effect of ZAK mouthrinse on GTF}, activity.
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Figure (4-15): The effect of Anti-GTF-I, mouthrinse on GTF-I,
activity.

Wunder and Bowen,(2000) demonstrated the inhibiteffect of
antibodies specific for GTF-C, GTF-B and GTF-D emeg ofSmutans on the
activity of these enzymes in solution and on thdase of hydroxyapatite.
Antibodies to GTF-B, GTF-C and GTF-D were foundirthibit (75%), (90%)
and (90%) of the activity of these enzymes respelsti No complete inhibition
was found with any one of these antibodies agdirestactivity of GTF. These
antibodies were capable to block the synthesimsdluble and soluble glucan
polymers. So by inhibiting the activity of GTF thdsorption of bacteria on the
tooth surface will be prevented.

Fluoride was widely used as a highly effectanticaries agent (Emilson,
1994). It was found to inhibit the activity as weal the production of GTF
enzymes from the mutans streptococci through a dfetaction with
fundamentally different mechanisms. It inhibites glycolytic enzyme enolase

which had a vital role in the breaking of the glseanoieties during glycolysis
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process, so it is capable to inhibit the formatidrglucan. Another mode of
action was involved in the formation of metal —flwe complexes, most
commonly Al1F4-. These complexes were responsible the fluoride
inhibition of proton-translocation F-ATPases andraveéhought to act by
mimicking phosphate to form complexes with ADP edation center of the
enzyme. The linkage between the ATPs moleculegtsé& group was able to
prevent the formation of glucan from the glucoseh@sphate , so inhibition of
GTF was recognized (Marquis, 1995)

Chlorohexidine was defined as an effecantiplaque agent (Emilson,
1994). Chlorohexidine in solution at concentrat{d@?25mM) was found to
inhibit (100%) of GTF-C, (36%) of GTF-B and (15%}) GTF-D enzyme
activities of S mutans bacteria (Vacca-Smith and Bowen, 1996). The dihic
effectiveness of chlorohexidine could be due teriattion of antiplaque agent
with the GTF-C enzyme prior to the adsorption & #nzyme onto tooth and
apatitic surfaces, thus inhibiting the enzyme befadsorption onto the tooth
surface. This suggestion could be consistent whil $taining frequency
absorbed on the tooth surfaces of persons who cldedohexidine (Le" and
Schiott, 1970) (i.e chlorohexidin interacte with IGT in solution and bound
to tooth surface with GTF-C).

Many potential anti-plaque agents mightrdeffective when they became
in the form of mouthrinse, because they were inaibfe with other
ingredients or materials that had found in the tarents of the mouthrinse
(Garcia-Gody, 1989). ZAK (mouthrinse) although antains sodium fluoride
and chlorohexidine, it did not reflect the sameeetffas chlorohexidine or
sodium fluoride alone.

In spite of the wide distribution of the godique and anticaries agents,
dental caries remained the most prevalent orabdesén different parts of the
world especially in developing countries (WHO, 1R9%Ithough the concept

of using the GTF of mutans streptococci as a ptessibmunogen against
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dental caries was attractive, several major probleontinue to plague the

field including:

1. Vaccination against caries was based on the idstathle same principles
that applied to mucosal immunity were applicable footection against
caries.

2. Although the occurrence of dental plague diseasg nad on a mucosal
surface but on hard, non-shedding, largely nontneasurfaces, protective
antibody was required to react on a solid surfateailargely hostile
environment with large variation in pH values, aetproteases and limited
diffusion into and out plaque.

3. Furthermore, Antibodies which were reacted withtagpes on putative
protective bacterial proteins in solution might raentify the same epitopes
when the proteins adsorbed to a surface undergmmcoational changes.
Such changes were known to occur for example wiilir @dsorbed on
saliva-coated hydroxyapatite (Vacca-Snuthal., 1996b). It was assumed
that even partial inhibition of GTF by antibodiedght be beneficial.
However, it was cleared that the presence of adyibewhich partially
inhibits or simply react with the enzyme, a glucdmovel structure might
be formed there by providing a distinctive struetuto which

microorganism might bind (Bowen, 2002).

There had been an increasing intereghénpossible use of topically
applied antibodies as a mean of controlling decaales (Maet al., 1995). This
approach certainly had attractions in that immumsgdid not have to be
administered systematically. Nevertheless, althoutlie approach was
technically feasibly, it shared many of the samabf@ms mentioned above. In
addition, depending on the method of administratiomight suffer from the
same problem as many mourhrinse or topically appba, in that it did not

remain in the mouth for a sufficient time to ex#sttherapeutic effect. Perhaps
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antibodies could be used as a "homing agent" toategherapeutic substance to

specific area of the mouth (Bowen, 2002).

4.6 The measurement of GTF Kinetic Constant

The determination of the Mechalis Menton Kinetimst@ant (K,) value
and the maximum velocity (M, of the purified concentrated GTF-lenzyme
was done with the presence of different concemnatiof sucrose as described
previously in (3.2.18). After the calculation of[d)/ and 1/[S] values, result
shown in figure (4-16) indicate that the,l&nd V.« Values of purified GTFl
are (11 mM) and (0.05 mM/mii respectively.

Mooseret al. (1984) made a kinetic study on the GTF Sfmutans
bacteria. The K and V. values were determined to be (2.83 mM and 0.0364
mM/min) respectively.

McCab, (1985) determined that the GTF-Safhutans in the presence of
sucrose capable to reveal g Yalue of about (10 mM).

Vankitaramanet al. (1995) characterized tH& mutans GTF-B, GTF-C
and GTF-D K, values in solution and on the surface of hydorayd. In
solution, K, values were about (30, 20 and 165 mM) respectiveiylie on the
surface of hydroxyapatite theKalues were (12, 10 and 22 mM) respectively.

Fujiwaraet al. (2000) determined the Kvalue of about (2.49 mM) of the
GTF enzyme of. oralis (a member of the oral streptococci family).

Vacca-Smithet al. (2000) determined the Kvalues of GTF-S of
S sanguis bacteria in solution and on the surface of hydapatite which were

found to be (4.3 mM) and (5.0 mM) respectively.
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Figure (4-16): The Lineweaver Burk Plot (1/p] V max / 1/[S]).

126



Chapter Five Conclusions and Recomnaiations

Conclusions

1. S sobrinus (serotypes D, G) anfl mutans (serotypes C, F) were the most
isolated bacterial species of mutans streptocacen fthe human dental

plaque with the percentages of (39.29%) and (30)3@%pectively.

2. All serotypes of mutans streptococci bacteria (ACB D, F and G) were
capable of producing extracellular GTF enzymestaacighest producible
bacteria was mutans streptococcip NS, sobrinus) serotype G with a
specific activity of (0.752mg/ml).

3. Extracellular GTF were produced during the statignphase of the
bacterial growth life between hours (20-40) andrtheximum production

were recorded at hour 24.

4. The best tool to concentrate the GTF was an Amfdtar- P50 in

(Ultrafiltration-cell).

5. Three purified GTF enzymes were produced from naisreptococci N10
(S sobrinus) serotype G , two of them were isozymes with aanolar
weight of (128882dalton) and the third with a molac weight of
(186208 dalton) as determined by gel-filtrationachatography.

6. The same immunological response was indicatechibotwo GTF isozymes

when one of them was used as an antigen in expetafgnimals.

7. Anti-GTF antibody and EDTA had no effect on the wtio of bacteria
mutans streptococci N1@.(sobrinus) serotype G although EDTA had no
effect on the activity of GTF enzyme.

8. Sodium fluoride and chlorohexidine at concentrai@BmM) and (20mM)
respectively were capable to produce a completetebak growth
inhibition.
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9. Anti-GTF antibody enzyme at concentration of (1B%hM) was capable
to inhibit (87.33%) of GTF activity followed by smun fluoride (18mM),
chlorohexidine (20mM) and ZAK mouthrinse (12mM) wthiwere capable
to inhibit (81.64%), (75.55%), (60.4%) of GTF ena/mactivity
respectively.

10K, and V,x0of GTF enzyme had been demonstrated to be (11mM) an
(0.05mM/mir") respectively.

128



Chapter Five Conclusions and Recomnaiations

Recommendations

1. Simple and rapid detection of mutans streptoco&i nutans) and
(S sobrinus) in human saliva or dental plaque samples by pefrase chain
reactions (PCR).

2. Aninvitro microbial caries model to study the efficacy of=dr any other
cell surface proteins antibodies against mutarepgicocci in preventing

dental caries.

3. The estimation of the specific types of immunoglobuhat had been
produced after the immunization with GTF or anyestburface proteins of

mutans streptococci bacteria.

4. Oral passive immunization against dental cariesxperimental animals by
using Hen egg yolk antibodies specific for cellasated GTF of mutans

streptococci bacteria.
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Summary

Fifty plaque samples were collected fraath. Forty five samples were
considered to be positive bacterial isolates abdif bacteria/ml) using
selective Ms-agar (Mitis-Salivarius agar) mediumhirly isolates were
considered to be related to the geBugptococcus and specially to the mutans
streptococci of various groufs; sobrinus (serotype D, G)S. mutans (serotype
C, F), S cricetus (serotype A) andb. rattus (serotype B) with percentages of
(39.29%), (30.30%), (18.18%) and (3.03%) respeltjvalepending on
biochemical and Lancefield grouping identificat&ystems. Seventeen isolates;
related to different serotype groups, were tested production of an
extracellular Glucosyltransferase (GTF) throughedatnation of their enzyme
specific activity. All isolates were able to proéud¢he enzyme. Mutans
streptococci isolate fy which identified as § sobrinus serotype G) was
selected as the highest producible bacterial isolat GTF with a specific
activity of (0.752U/mg).

Productivity phase of growth and GTFhawt for the isolate N, (the
chosen isolate) was specified prior to determineimal productivity. It was
found that GTF was produced during the station&wgsp of growth (20-40 hr.)
and its maximal productivity was recorded at 24 hr.

The effect of ice/freezing preservatidr{-a0°C) on the activity of crude
GTF with and without the presence of glycerol waseal ,and the effect of
concentration by polyethylene glycol (PEG) and eser powders,
freezing/drying (lyophilization) system and an Aome P50 in (ultrafiltation-
cell system) on GTF activity and protein concemndrawvas recorded . For long
term storage of GTF, the addition of 15% glycetben ice/freezing

preservation at (-2@) gives good results and the best method to caraten



Summary

GTF was done by using an Amicon-filter P50 in @fittration-cell) which gave
a specific activity of (18.42 U/mg protein).

Large scale production, concentration gmarification of mutans
streptococci $.sobrinus) (serotype G) Ny GTF were done by ultrafiltration-
method using an Amicone-filter P50, adsorption omatography
(hydroxyapatite beads), ion-exchange chromatograpi®EAE-cellulose
column) and gel-filtration chromatography using gBa&cryl S-200) column.
Three purified GTF enzymes (GTE-IGTF-k, GTF-II) were detected with a
specific activity of (31.60U/mg protein), (31.50Wmrotein) and (66.270U/mg
protein) after (27.59), (27.92) and (58.75) foldsparification with yield of
(42.05%).

Determination of purified GTF enzymesTfsl,, GTF-L, GTF-II)
molecular weights was done by using gel-filtratcmwomatography (Sephacryl
S-200) column with the presence of high-molecularghts standards proteins.
Two GTF enzymes (GTRland GTF-}) were considered as isozymes with a
molecular weight of (128882 dalton) and the thi@TE-Il) had a molecular
weight of (186208 dalton).

The ability of GTF to stimulate the imnaisystem was tested in this
study. The subcutaneous route injections of purifetigen (GTF4) in the
back of experimental rabbits were done. A doublenumodiffusion test for
detection of the immune response between anti-GTértyme antibody and
purified (GTF-L, GTF-l, and GTF-Il) antigens were recorded. The same
immunological response was indicated (by the amea of the precipitation
lines) on the surface of agarose-gel between tbeGW- isozymes and the anti-
GTF-l, enzyme antibody.

The effect of different concentrasoof inhibitors (EDTA, sodium
fluoride, chlorohexidine) Zak (mouthrinse) and &aiiF-I, enzyme antibody on
the growth of bacteria was tested using broth iditutmethod and diffusion

method on solid medium. Anti-GTk-lenzyme antibody and EDTA had no
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effect on the growth of mutans streptococey (6 sobrinus serotype G), while
sodium fluoride, chlorohexidine at concentrations8riM) and (20mM)
respectively were capable to produce a completéebak growth inhibition,
ZAK (mouthrinse) at concentration (12mM) was capéablinhibit the growth of
bacteria when broth-dilution method was used.

The effects of different concentratiafighese inhibitors and anti-GTF-
I, enzyme antibody on the activity of purified GTfehzyme were also tested.
Anti-GTF-I, enzyme antibody at concentration Of (1.5%11) was capable to
inhibit (87.33%) of the purified GTRslenzyme activity followed by sodium
fluoride (18mM), chlorohexidine (20mM) and ZAK (mibwinse) (12mM)
which were capable to inhibit (81.64%), (75.55%0l #60.40%) of the purified
GTF-l, enzyme activity respectively. However EDTA had efbect on the
purified GTF-|, enzyme activity.

Determination of the kinetic constariechalis Menton constant (K
value and the maximum velocity () value for the purified GTFR;lenzyme
was specifies as (11mM) and (0.05mM/fjirrespectively using (Lineweaver
Burk plot).
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