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Preface

Caries is one of the problems which occur almost in every country included
Indonesia and this disease mostly occur in children, with the prevalence of the caries in
Indonesia for general population study is about 85 - 95 % and about 89% is in children.
Caries could cause discomfort and also could impact in health development by
interfering eating patterns, appetite and sleep. Mutans streptococci (MS), especially
Streptococcus mutans (S. mutans) and Streptococcus sobrinus

(S. sobrinus) has

become the bacteria which are closely related to the incidence of caries. Some study
stated that at first when children born are MS free, then being colonized by MS as they
start to grow. Colonization related to transmission of MS is important event in the
pathogenesis of these bacteria, in which mode of transmission could be intra familial or
extra familial. Parents, particularly mother, is the major source of the transmission of
MS alongside the fact that mother acted as the first contact and as the primary care
giver for the children. Mother who share food, drinks, utensils and other items with
their children have the highest risk of transmitting MS to their children. In addition,
father may also transmit MS to his children. Furthermore, the day nursery is also a
favorable environment for the transmission of MS, since the long duration time children
stay and do activities together may also increased the risk of bacteria transfer other than
within the family. Colonization of MS is associated to its factor in transmission, such as
ability to produce bacteriocins which inhibit the growth of the other bacterial colony

iv

genetically related or closely related species. Bacteriocin could support the colonization
of the S. mutans producers which promote dental biofilm formation. Biofilm formation
by S. mutans is essential for its ability to survive and thrive in competitive environment
inside oral cavity. Biofilm can be formed through two ways of formation: sucrose
independent adherence and sucrose dependent adherence. Sucrose independent
adherence is interaction between adhesive particles in S. mutans, with the acquired
enamel pellicle on the tooth surface that promote bacterial adherence. The sucrose
dependent adherence of S. mutans is related to synthesize of glucans in enamel that
provide avid site for colonization of these microorganisms. Glucans is synthesized by
glucosyltransferase and S. mutans expresses three glucosyltransferase which are GTFB,
GTFC and GTFD. The GTFB synthesize water insoluble glucans is encoded by gtfB,
GTFC produces water soluble and water insoluble glucans is encoded by gtfC, and
GTFD synthesizes water soluble is encoded by gtfD. The aims of this study are; to
identify S. mutans from the current study place, to observe genotypes that might be
related to the transmission of S. mutans and to examine factors that involved in the
transmission of S. mutans.

v

Introduction

Caries is one of the problems which occur almost in every country.
Indonesia is one of the countries which also dealing with oral health problem related
to the caries. Dental caries could cause discomfort and also could impact in health
development by interfering eating patterns, appetite and sleep

(1)

. According to

previous study, the prevalence of the caries in Indonesia for general population
study is about 85 - 95 %. More over about 89% is in children (2). The bacteria which
mostly related to the incidence of caries are mutans streptococci (MS), in which
predominantly are Streptococcus mutans (S. mutans) and Streptococcus sobrinus
(S. sobrinus) (3). Previous study suggested that the average age about 26 month, were
the time children initially colonized by MS. Colonization related to transmission of
MS is important event in the pathogenesis of this bacteria (4) (5).
The possible modes of transmission of MS are intra-familial transmission
between mother, father and child or extra-familial transmission

(6) (7)

. Previous

studies suggested that parents, particularly mother, was the major source of the
transmission of MS alongside the fact that mother acted as the first contact and as
the primary care giver for the children (8) (1). Mother who share food, drinks, utensils
and other items with their children have the highest risk of transmitting MS to their
children (4). The day nursery is also a favorable environment for the transmission of
MS

(7)

. In addition, another studies showed that father may also transmit MS to his

children

(9) (10)

. The study found that, there are similar transmitted genotypes found
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in children and their parents, nevertheless non-similar (not transmitted) genotypes
are also found between children and their parents (9).
Colonization of MS is associated to its factor in transmission, such as
ability to produce bacteriocin which variant in S. mutans is mutacin. Mutacins are
antimicrobial peptides that inhibit the growth of the other bacterial colony which are
genetically related or closely related species. Mutacin has selective antagonism
mechanism to other bacteria. The ability to produce broad spectrum of mutacins
could promote the colonization of the S. mutans producers which in turn could
promote dental biofilm, a great factor for dental caries. Theoretically, mutacin
activity of S. mutans may facilitate the transmission between parents and child due
to its selective antagonism mechanism (11) (12).
Successful colonization of MS is also depending on the favorable
environment to make biofilm formation. Biofilm formation by MS is essential for its
ability to survive and thrive in competitive environment. There are two ways of
biofilm formation: sucrose independent adherence and sucrose dependent adherence
(13)

. Sucrose independent adherence is interaction between adhesive particles in

S. mutans, which is antigen I/II (also known as SpaP) with the acquired enamel
pellicle on the tooth surface that promote bacterial adherence

(14)

. The sucrose

dependent adherence of S. mutans is related to synthesize of glucans in enamel
which would provide site for avid colonization by these microorganisms (15). Glucan
formation is catalyzed by an enzyme group glucosyltransferase (GTF). S. mutans
expresses three glucosyltransferase, which are GTFB, GTFC and GTFD. GTFC will
be absorbed to enamel within pellicle, along with GTFB which binds avidly to
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bacteria, to promote tight cell clustering and enhancement of cohesion plaque, and
GTFD will form a soluble polysaccharide and become primer for GTFB

(15)

. GTFB

synthesize water insoluble glucans and encoded by gene gtfB. GTFC produces water
soluble and water insoluble glucans which is encoded by gtfC. GTFD which
synthesizes water soluble glucans is encoded by gtfD (16) (17).
The aims of this study are to identify S. mutans from current study place, to
observe genotype that might be related to the transmission of S. mutans and to
examine factors that involved in the transmission of S. mutans. In this study, factors
involved in transmission of S. mutans genotypes examined by using bacteriocin
assay, biofilm formation assay and mRNA expression from gtf genes. Hypothesis in
this study is that there is transmission in genotypes of S. mutans, and there are
differences in factors involved in transmission, which are bacteriocin activity,
biofilm formation and also the adherence ability.

3

Chapter 1
Detection of mutans streptococci and genotypes of S. mutans
Children who harbor MS may have risk to suffer from dental caries,
therefore it is importance to detect the presence of S. mutans and S. sobrinus. PCR
methods provide a more sensitive detection for MS compared with conventional
cultural techniques. The acquisition of MS is closely related to the transmission of
these bacteria. The route of transmission from S. mutans is able to reveal by using
restriction endonuclease analysis.

1.1

Experiment 1-1. Detection of S.mutans and S. sobrinus (PCR)

1.1.1

Materials and methods

1.1.1.1 Subjects
Thirty seven children (18 boys and 19 girls) aged from 1 to 6 years old
whose at the day nursery in Hiroshima University were examined. Written consent
of participation in this study was collected from their parents.
1.1.1.2 Specimen collection
Dental plaque was collected by brushing all of the erupted teeth with sterile
toothbrush. Plaques which were adhered to the toothbrush were removed by
washing two times in sterile tube contains sterile distilled water. The plaque samples
were immediately transported to the laboratory for DNA extraction.

4

1.1.1.3 Preparation of chromosomal DNA
The chromosomal DNA was prepared according to standard mini prep
method

(18)

with some modification as followed. Plaque sample in distilled water

were centrifuged 7.000 rpm for 5 min. until a pellet formed and the supernatant was
discarded. Pellet was then re-suspended in 567 µl of TE buffer and all transferred to
the new micro centrifuge tube added with glass beads 0.150 g. After addition of 30
µl of 10% SDS (Nacalai Tesque Inc., Kyoto, Japan), 3 µl of 20 mg/ml proteinase K
(Nacalai Tesque Inc., Kyoto, Japan) was added and specimens were put in vortex
for 3 min. followed with incubation at 37°C (block incubator B1-516 S, ASTEC
Co., Fukuoka, Japan) for 1 hrs. Then, 100 µl 5 M NaCl was added followed by
addition of 80 µl hexadecyltrimethyl-amonium bromide (CTAB) (Nacalai Tesque
Inc., Kyoto, Japan) and incubated at 65°C for 10 min. Next, 0.7 ml of Chloroform/
isoamyl alcohol (24:1) was added and the solution was mixed thoroughly. After
13.000 rpm of centrifugation for 5 min., supernatant was collected and equal volume
of phenol/ chloroform/ isoamyl alcohol 25:24:1 (Nacalai Tesque Inc., Kyoto, Japan)
was added. After that, a centrifugation at 13.000 rpm for 5 min. was performed
again. The supernatant was then transferred to the new micro centrifuge tube, with
0.6 ml isopropanol (Nacalai Tesque Inc., Kyoto, Japan) was added, and stored in at 30⁰C overnight. The following day, the suspension was centrifuged at 13.000 rpm
for 5 min. The precipitate was added 0.7 ml 70% ethanol (Nacalai Tesque Inc.,
Kyoto, Japan) followed with centrifugation at 13.000 rpm for 5 min. The
supernatant was discarded and pellet was dried for 1 hrs. 30 min. at room
temperature. The precipitate containing DNA was suspended in 30 µl TE buffer and
stored in -30⁰C.
5

1.1.1.4 Detection of S. mutans and S. sobrinus by PCR
S. mutans and S. sobrinus were used as controls. PCR was performed using
primers as described by Igarashii et al. (19) (20). Primer for S. mutans strain Ingbritt
(SD1 and SD2) specifically amplified a 1272-bp fragment sequences were F: 5’ TAT GCT GCT ATT GGA GGT TC - 3’ (position 973 to 992) and R: 5’- AAG
GTT GAG CAA TTG AAT CG - 3’ (position 2225 to 2244) respectively. Primer for
S. sobrinus UAB66 (SOF14 and SOR1623) amplified a 1610-bp fragment
sequences were F: 5’ - TGC TAT CTT TCC CTA GCA TG - 3’ (position 134-153)
and R: 5’ - GGT ATT CGG TTT GAC TGC - 3’ respectively. Amplification of
PCR was performed in 25 µl reaction mixtures (Biotaq DNA polymerase, Bioline,
Tauton, Massachusetts, USA) the reaction mixture contains 2.5 µl 10x NH4 Buffer,
1 µl 50 mM MgCl2, 2.5 µl DNTP, 2.5 µl Taq polymerase, 0.5 µl of appropriate
primers, 16.75 µl dH2O, 1 µl DNA sample in iCycler Thermal cycler (Bio-rad
iCycler, Berkeley, California, USA). Positive and negative controls were used to
minimize the impact of false positives. The thermal cycle parameters were
performed at 94°C for 2 min., 30 cycles of 94°C for 20 sec., 50°C for 30 sec., 72°C
for 90 sec. PCR reactions ended with final elongation step at 72°C for 5 min. and
4°C until usage. PCR products were separated on 1 % agarose gel (Type III, Sigma,
Sigma Chemical Co, St. Louis, Missouri, USA) electrophoresis in Tris-borateEDTA (TBE), stained with ethidium bromide (EtBr).
1.1.2

Result
From the detection of S. mutans and S. sobrinus in this research it was

found that there were children who harbor S. mutans, S. sobrinus and both S. mutans
6

and S. sobrinus. Prevalence of these bacteria in age of groups was shown in table.1.
From the result it was suggested that most of the children in this population of study
harbor for S. sobrinus only (70.3%), then followed by harboring both, S. mutans and
S. sobrinus about 27% of the population study. There were 2.7% children from this
population of study who harbor S. mutans only. Moreover, none children of this
population study free from S. mutans and S. sobrinus. The children aged below 3
until 4 years old harbored whether S. sobrinus only or both S. mutans and
S. sobrinus. None of the children harbor S. mutans only. On the other hand, children
from 5 years old above showed that there were children who harbor S. mutans only,
S. sobrinus only and also both S. mutans and S. sobrinus.
1.1.3

Summary
The children were positively detected S. mutans only in 1 (2.7%) child,

S. mutans and S. sobrinus in 10 (27%) children, and S. sobrinus only in 26 (70.3%)
children.

1.2

Experiment 1-2. S. mutans isolation and DNA fingerprinting from
children and parents (Restriction endonuclease analysis)

1.2.1

Materials and methods

1.2.1.1 Specimen collection
The plaque was collected from children and parents by swabbing all
surfaces of the erupted teeth with sterile cotton swab stick. The swab stick then
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washed in sterile tube containing 1 ml of phosphate buffered saline (PBS)

(21)

.

Furthermore, the plaque samples were immediately transported to the laboratory for
isolation of strains.
1.2.1.2 Isolation of strains
The plaque samples were serial diluted in PBS, 100 µl of suspension was
inoculated in to the Modified mitis-salivarius-bacitracin (MSB) agar

(22)

and

incubated anaerobic ally at 37°C for 48 hrs. in a CO2 Gas Pack system (AnaeroPack.
Anaero, Mitsubishi Gas Chemical Co., Inc, Tokyo, Japan). Presumptive colonies of
S. mutans were picked from modified MSB. Each colony was inoculated to 5 ml of
BHI broth (Difco, Sparks, Maryland, USA) and incubated 37°C for 24 hrs. This
process was repeated to obtain isolate colony and eventually identified as S. mutans
by PCR detection.
1.2.1.3 Preparation of chromosomal DNA for digestion
The chromosomal DNA for digestion was prepared according to Kozai et
al. (9). A 0.5 ml overnight culture of each strain of S. mutans was inoculated into 4.5
ml BHI broth (Difco, Sparks, Maryland, USA) and incubated 37°C. As growth
reached the optimal density 0.3 to 0.5 at 550 nm measured by a spectrophotometer
(Spectronic 21, Milton Roy Co., Rochester, Minnesota, USA) 0.25 g of glycine
(Sigma Chemical Co., St. Louis, Missouri, USA) added to the culture and incubated
at 37°C for 45 min. The S. mutans cells were centrifuged at 7.000 rpm for 5 min.
The cell pellets were washed with 0.75 ml of 0.1M Tris-HCl (pH 8.0) (Trizma base,
Sigma Chemical Co., St. Louis, Missouri, USA) in eppendorf tube, then centrifuged
at 15.000 rpm for 10 min. Then, continued with preparation of chromosomal DNA.
8

The chromosomal DNA was prepared according to standard mini preparation
method (18) with some modification as mentioned before.
1.2.1.4 Digestion and electrophoresis for fingerprinting
Digestion was performed according to Kozai et al.

(9)

by using EcoRI

restriction enzyme with some modification as follow: 12 µl of the DNA solution and
8 µl of incubation buffer (3 µl dH20, 2 µl 10x buffer Toyobo Co., Osaka, Japan, and
3 µl of EcoRI (Toyobo Co., Osaka, Japan)) were mixed and incubated at 37°C in
Dry Thermo Unit (DTU-28, TAITEC Co., Tokyo, Japan) for 6 hrs. In order to verify
the fingerprint precisely, HindIII (Toyobo Co., Osaka, Japan) was also used. Four
microliters of 6x loading dye (BPB, OrG Toyobo Co., Osaka, Japan) was added to
the sample. The tube was then incubated at 55°C (EcoRI) or 70°C (HindIII) for 5
min. for enzyme denaturation.
Electrophoresis was carried out on 0.7% agarose gel (Type III, Sigma,
Sigma Chemical Co, St. Louis, Missouri, USA) in Tris-borate-EDTA (TBE) buffer
at 40 volt for 15 hrs. at room temperature with a submarine apparatus (gel size
15x18 cm, 16 wells, Nihon Eido Co., Tokyo, Japan). The gel was stained with EtBr
(0.5 µg/ml) for 30 min. and de-stained for 15 min. in ultra pure water (Millipore
Direct-Q, Merck Millipore., Billerica, Massachusetts, USA). Detection of band was
taken under UV transilluminator (Bio-rad Molecular Imager Gel Doc., Bio-Rad
Laboratories., Berkeley, California, USA). Fingerprints were visually compared and
were considered as unmatched if there were no pairs of identical patterns. Six micro
liters of 6x loading dye (BPB, OrG Toyobo Co., Osaka, Japan) and ʎ /Hind III
(Toyobo Co., Osaka, Japan) were used as a marker.
9

1.2.2

Result
From the study there were 26 genotypes from 27 subjects of population

study. Furthermore, genotypes that harbored from individual and families shown in
table 2.
There were up to 3 number of genotypes harbor in individual, in which 21
subjects has one genotype (77.8%). Number of genotypes that harbor by family
showed that in one family may harbor 2 to 5 genotypes, whereas most of the
families in this population of study harbor 4 genotypes (37.5%). All of children in
this population study harbour only one genotype. From the fingerprinting pattern
analysis (Fig.11) it was found that there were 3 families which showed similar
fingerprint patterns between children and parents, which were in family No.1, 4 and
6. Furthermore, the similar fingerprint patterns between children from the same
family were found in children family No. 4 and also in other different families,
which were shown in child from family No. 2 with child from family No. 7. Similar
fingerprint patterns between parents from the same family were found in 2 families,
which were in family No. 1 and No. 8.
1.2.3

Summary
Fingerprint analysis showed that there were transmitted genotypes between

parents and children, between children them self and also between parents them self
from the same family. In this study it was found 8 transmitted and 18 nontransmitted S. mutans genotypes.

10

Tables Chapter 1
Table.1

Prevalence of S. mutans and S. sobrinus in age of groups.

Table.2

Number of genotypes S. mutans harbored by individual and families

Number of
genotypes

Total

Number of
individual
(%)

Number of
genotypes

Number of
families
(%)

1

21 (77.8)

2

2 (25.0)

2

5 (18.5)

3

2 (25.0)

3

1 (3.7)

4

3 (37.5)

5

1

27 (100.0)

11

(12.5)

8 (100.0)

Figures Chapter 1

Fig.1.

DNA fingerprint analysis by electrophoresis

from family No.1.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother, Ft =
Father.
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Fig.2. DNA fingerprint analysis by electrophoresis from family No.2.
Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.
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Fig.3.

DNA fingerprint analysis by electrophoresis

from family No.3.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.
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Fig.4.

DNA fingerprint analysis by electrophoresis

from family No.4.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.

15

Fig.5.

DNA fingerprint analysis by electrophoresis

from family No.5.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.

16

Fig.6.

DNA fingerprint analysis by electrophoresis

from family No.6.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.
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Fig.7.

DNA fingerprint analysis by electrophoresis

from family No.7.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.
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Fig.8.

DNA fingerprint analysis by electrophoresis

from family No.8.

Abbreviation : bp = Basepair, M = Marker, Ch = Child, Mt = Mother,
Ft = Father.

19

Fig.9.

Fingerprint patterns between children using EcoRI.
Abbreviation : bp = Basepair, M = Marker, F = Family, Ch = Child

20

Fig.10. Fingerprint patterns between children using HindIII.
Abbreviation : bp = Basepair, M = Marker, F = Family, Ch = Child

21
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Chapter 2
Factors involved in transmission of S. mutans
Transmission of cariogenic bacteria S. mutans may cause the risk in dental
caries. These bacteria were transmitted via saliva and promote their colonization to
persist in oral cavity. The existence of these bacteria in oral cavity might relate to
the factors that involved in transmission such as : bacteriocin activity, biofilm
formation and adherence ability.

2.1

Experiment 2-1. Bacteriocin activity assay (Agar diffusion)

2.1.1

Materials and methods
Bacteriocin activity profiles were carried out according to Khalid et al.

and van Lovere et al.

(24)

(23)

by agar well diffusion assay with some modifications.

From each of transmitted and non-transmitted genotypes, 6 genotypes were
randomly selected and inoculated to 5 ml TS (Tryptic soy, BD, Sparks, Maryland,
USA) then incubated for overnight at 37°C after pre cultured with BHI. Prepoured
2% TSA (Trypticase soy agar, Difco, Detroit, Michigan, USA) plates were overlaid
with 4.5 ml of 0.8% TSA (Difco, Detroit, Michigan, USA) containing 0.5 ml of
S. mutans UA 159 as indicator cultures. Wells was performed by using multipoint
inoculators placed in pre poured TSA (Difco, Detroit, Michigan, USA) plates and
100 µl of the specimen strains were placed into each well. Additional incubation for
overnight at 37°C was performed, followed by measurement of the inhibition zone.

23

2.1.2

Statistic analysis
Data were statistic analysis using Student’s t-test to evaluate the difference

bacteriocin inhibition zone between the transmitted genotypes with non-transmitted
genotypes. Data was performed as mean ± Standard Deviation.
2.1.3

Result
The bacteriocin activity assay from the transmitted genotypes and the non-

transmitted genotypes is shown in fig.13. The figure showed inhibition zone
produced against the indicator strains. The inhibition zones from the transmitted
genotypes were range 14.5 – 16.5 mm (15.2 ± 0.7), while for the non-transmitted
genotypes were range 15 – 18.5 mm (15.8 ± 1.3).
2.1.4

Summary
The inhibition zone produce showed no significant differences between

transmitted and non-transmitted genotypes. However, mother of family No.1 from
the non-transmitted genotypes in this study showed the biggest inhibition zone
(Fig.13).

2.2

Experiment 2-2. Biofilm formation assay

2.2.1

Materials and methods
Biofilm formation assay was performed according to Bedran et al

(25)

with

modification as followed : an 18 hours. BHI (Difco, Sparks, Maryland, USA) pre
cultured S. mutans was diluted in to the new BHI (Difco, Sparks, Maryland, USA)
24

which contained 2% sucrose (Nacalai Tesque Inc., Kyoto, Japan). Samples (200 µl)
were added to the wells of a 96-well polystyrene tissue culture plate. After 2 days
incubation at 37°C, culture medium and the free floating bacteria were then
removed by aspiration, the wells were washed twice with distilled water, and the
biofilms were stained with 50 µl 0.1% crystal violet dye for 15 min. at room
temperature. The wells were washed three times with distilled water to remove the
unbound crystal violet dye and then they were dried for a few minutes at room
temperature. After that, 200 µl 99% ethanol (Nacalai Tesque Inc., Kyoto, Japan)
added to each well and after 2 hrs. liquid was transferred to the new plate. Then, an
absorbance at 590 nm was determined to quantify biofilm formation.
2.2.2

Statistic analysis
Data were statistic analysis using Student t-test to evaluate the difference

biofilm formation between the transmitted genotypes with non-transmitted
genotypes. Data was performed as mean ± Standard Deviation.
2.2.3

Result
The biofilm formation analysis is shown in fig.14. Figure 14 showed that

there were biofilm formation differences between transmitted and non-transmitted
genotypes of S. mutans. The biofilm formation from the transmitted genotypes were
range 0.82 – 1.89 O.D. (1.58 ± 0.4) at 590 nm, while the non-transmitted genotypes
were range 0.02 – 1.80 O.D.(1.06 ± 0.8) at 590 nm.

25

2.2.4

Summary
Biofilm formation analysis from the transmitted and non-transmitted

genotypes showed differences, however statistically not significant.

2.3

Experiment 2-3. mRNA expression of glucosyltransferase (gtf) genes
(reverse transcriptase and quantitative PCR)

2.3.1

Materials and methods

2.3.1.1 Extraction of RNA
RNA samples were extracted according to Chomczynski et al. (26) and Open
wet Ware. (27), with some modifications : cultured cells well processed immediately
after removal from incubator, then 300 µl of trizol reagent (Invitrogen, Carlsbad,
California, USA) was added to the cell pellets and the solution was homogenised by
vortex, followed by adding 700 µl trizol (Invitrogen, Carlsbad, California, USA)
and incubated 55°C for 30 min. next, centrifuged at 4°C for 10 min. Then, 0.2 ml
chloroform (Nacalai Tesque Inc., Kyoto, Japan) was added to the solution, which
then was shaken vigorously, and was followed by incubation about 3 min. at room
temperature. Next, solution was centifuged for 15 min. at 11.000 rpm at 4°C.
Aqueous supernatant upper phase was transfered into new tube. Next, isopropanol
(Nacalai Tesque Inc., Kyoto, Japan) 0.5 ml was added, and then incubated the
solution for 10 min. at room temperature. Followed by centrifugation 11.000 rpm
for 15 min. at 4°C. After that, supernatant was removed and washed the sample in
1 ml 70% ethanol (Nacalai Tesque Inc., Kyoto, Japan) by flicking. Continue with
26

centrifugation 9.000 rpm for 5 min. at 4°C, then supernatant was removed and
sample was air dried for 5 -10 min. RNA pellets was dissolve by 50 µl of DEPC
treated water.
2.3.1.2 Reverse transcription and quantitative PCR
The reverse transcription (RT) reaction and quantitative PCR (qPCR)
assays were conducted to analyze gtfB, gtfC and gtfD gene expression. PCR was
performed using a PTC-200 thermal cycler and real-time fluorescence monitoring
by a Chromo 4 optical detector (MJ Research, Inc, Bio-Rad, Waltham,
Massachusetts, USA) with One step SYBR® Prime script® RT-PCR Kit II (Takara,
Otsu, Japan). The reaction mixture 25 µl contain 0.2 µl of the RNA sample and 0.4
µM of the appropriate primer. After RT step 42°C for 5 min. and 95°C for 10 sec.
The cycles profile was as followed: 95°C for 5 sec., followed by 40 repeats of 54°C
for 30 sec and 60°C for 1 min. Dissociation curve analysis was performed at the end
of 40 cycles to verify PCR product identity. Each sample was tested on three
occasions to increase the reproducibility of the data.
The primers for mRNA expression of gtf genes are listed in table (28) (29).
Primers

Sequence

Size (bp)

gtfB

F: GCCTACAGCTCAGAGATGCTATTCT

114

R: GCCATACACCACTCATGAATTGA
gtfC

F: GACAACACCTTACTTCCTAAATCG

119

R: GCTTGGTTACCACTCGTTGAATAA
gtfD

F: TGACAGGTAGCCAACGCATTAA

85

R: GCTCATCATAAGCAACATCACCTT
16S rRNA

F: CGCTAGTAATCGTGGATCAGAATG
R: TGTGACGGGGGGTGTGTA
27

69

2.3.2

Statistic analysis
Data were statistic analysis using Student t-test to evaluate the difference

mRNA expression in gtf genes between the transmitted genotypes with nontransmitted genotypes. Data was performed as mean ± Standard Deviation.
2.3.3

Result
The mRNA expression of gtf genes between the transmitted and non-

transmitted genotypes is shown in fig.15. There were three gtf genes (gtfB, gtfC,
gtfD) that were analyzed in this study. Figure 15 showed that there were differences
of mRNA expression for each gtf gene between the transmitted and non-transmitted
genotypes. However, the expression of gtf genes analysis showed that there were
statistically significant differences in gtfC gene (p<0.05), while the expression of
gftB and gtfD genes showed no significant differences (Fig.16). The reactive value
of the gtfB in transmitted genotypes were range 0 – 0.006 (0.003 ± 0.002) and from
non-transmitted were range 0 – 0.003 (0.001 ± 0.001). The reactive value of the gtfC
in transmitted genotypes were range 0 – 0.013 (0.006 ± 0.004) and from nontransmitted were range 0 – 0.004 (0.001 ± 0.002). The reactive value of the gtfD in
transmitted genotypes were range 0 – 0.009 (0.003 ± 0.003) and from nontransmitted were range 0 – 0.003 (0.001 ± 0.001).
2.3.4

Summary
There were differences found on the mRNA expression of gtf genes in

transmitted and non-transmitted genotypes. From analysis of each gtf genes, it was

28

found that the gtfC gene mRNA expression between the transmitted and nontransmitted genotypes showed the significant difference (p<0.05).
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Figures Chapter 2

Fig.12

Figure showed the way to measure the bacteriocin inhibition zone
activity in transmitted and non-transmitted genotypes of S. mutans.
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Fig.13. The bacteriocin activity assay between the transmitted and non-transmitted
genotypes of S. mutans.
Abbreviation : F = Family, Ch = Child, Mt = Mother, Ft = Father.
Parentherized for different genotypes in one individual.
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Fig.14. The biofilm formation assay between the transmitted and and

non-

transmitted genotypes of S. mutans.
Abbreviation : F = Family, Ch = Child, Mt = Mother, Ft = Father.
Parentherized for different genotypes in one individual.
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Fig.15 mRNA expression between the transmitted genotypes with non- transmitted
genotypes of S. mutans.
Abbreviation : F = Family, Ch = Child, Mt = Mother, Ft = Father.
Parentherized for different genotypes in one individual
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Fig.16 mRNA expression of gtf genes from transmitted and non-transmitted
S. mutans genotypes.
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Discussion
Chapter 1
Detection of mutans streptococci and genotypes of S. mutans
Experiment 1-1. Detection of S. mutans and S. sobrinus (PCR)
The detection of S. mutans and S. sobrinus from caries free children in this
research found that there were children who harbor S. mutans, S. sobrinus and both
S. mutans and S. sobrinus. From the prevalence of these bacteria in age of groups, it
was found that most of the children in this population of study harbor for S. sobrinus
only about 70.3%, then followed by harboring both, S. mutans and S. sobrinus
which were about 27% from the population study. There were 2.7% children from
this population of study who harbor S. mutans only. The new conducted study from
Okada et al

(30)

showed the same result as in this study, in which the prevalence of

S. sobrinus was higher than S. mutans. It was suggested that prevalence of MS from
subjects who were caries free 7.7% were positive for S. mutans only, 53.9% were
positive for S. sobrinus only and 38.5% were negative for both. The result that
obtained in this study could possibly due to the more sensitive detection by PCR for
S. sobrinus compared to the conducted study in the past, in which the detection in
the past was performed using cultural methods (30). Probably, subjects in this study
received application fluoride which could also affect the adherence of the S. mutans.
The fluoride might disrupt the permeability of the S. mutans membrane and
F-ATPase activity.

F-ATPase which was expressed at high level, function as

proton-extruding when the pH values 5.0 or below, allowing S. mutans to
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maintained adequate gradient pH when external pH falls to 4.0 or lower

(31) (32)

. The

disruption of the membrane cells leads to an inhibition of the overall intracellular
metabolism of the cells, which possibly include the inhibitory on GTF secretion by
S. mutans. Thereby the S. mutans adherence was interfered, since GTF influenced
the formation of water insoluble glucans. Water insoluble glucans create a sticky
environment, so that the prevalence of S. mutans was lower in this population of
study. On the other hand, there was possibility that S. sobrinus thrive in acid
condition not related to F-ATPase activity. F-ATPase activities from S. sobrinus
grown at pH 5.0 showed no significant increase compared with cells grown at pH
7.0. It is also should be noted that the enhanced acid tolerance of S. sobrinus was
not correlated with levels of F-ATPase activity, or differences in the optimum pH
for enzyme activity

(31) (33)

. Clearly, further studies about the acid tolerance from

S. sobrinus are needed, because S. sobrinus might possess other mechanism to
reduce proton permeability or to prevent acid damage the cells.
The result in this study showed that children aged below 3 until 4 years old
harbored whether S. sobrinus only or both S. mutans and S. sobrinus. None of the
children harbor S. mutans only. This result was corresponding with the time children
could be colonized by MS. Previous study suggested that children average age 26
months was in the window infectivity to harbor MS

(5)

.

Furthermore, another

studies suggested a wider range of children colonized by MS in which, age 8 until
52 months coinciding with eruption of the primary teeth (7). This could be explained
since the MS acquired by children related to the eruption of the tooth, then window
infectivity could occur when coinciding the permanent teeth were erupted

(4)

. The

eruption of permanent teeth was probably related to the result that children above 5
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years old in this study harbor S. mutans only, S. sobrinus only and also both S.
mutans and S. sobrinus.

Experiment 1-2. S. mutans isolation and DNA fingerprinting from children and
parents (Restriction endonuclease analysis)
In this study showed that there were 26 genotypes from 27 subjects of
population study. There were up to 3 number of genotypes harbor in individual, in
which 21 subjects has one genotype (77.8%). Number of genotypes that harbor by
family showed that in one family harbor 2 to 5 genotypes, whereas most of the
families in this population study harbor 4 genotypes (37.5%). All of the children in
this population study harbour only one genotype. Previous study stated that,
individual could harbor up to 4 genotypes. Moreover, genotypes that harbor by
family could up to 7 genotypes, whereas 4 genotypes was also the number that
mostly harbor by family

(9)

. Children in this population study were caries free and

harbor only one genotype. Study from Braga et al. (34) found that children who were
caries free had only one genotype than children with dental caries who showed more
genotypes diversity (5 genotypes).
The fingerprinting pattern analysis in this study, found that there were
families which showed similar fingerprint patterns between children and parents.
The genotypes harbor in children which showed similar genotypes with the parents,
suggested that mother and father could act as the source of transmission

(35) (8) (9)

.

Furthermore, the result in this study showed the similar fingerprint patterns between
children in the same family. Similar genotypes could occur between mother and
37

children, followed between siblings, and between father and children. Thus, inside
family intimacy beside parents, other persons such as siblings or other relatives
could participate in transmission of S. mutans

(6)

. This study showed that, the

children from different families who attending the day nursery had similar
fingerprint pattern. Previous study found that there were similar genotypes between
children who attend the same day nursery

(8) (7)

. The similar fingerprint patterns

between parents were also found. Study that had been conduct showed there were
similar genotypes found between parents

(9)

. This condition suggested factors that

might related to transmission, such as intimate or frequent contact with S. mutans
carrier could be the source of transmission. In this case could be mother, father or
other people in the family or outside of the family. Others factor that also related is
host susceptibilities, such as the window infectivity, number of erupted teeth, and
presence of enamel hypoplasia, sucrose consumption, salivary and mucosal immune
systems

(8) (11)

. The transmission of S. mutans might also relate to the bacterial

properties such as, biofilm formation and adherence ability to colonize

(11)

. Another

study also supported that bacterial properties related to the transmission, in which
mother with genotypes diversity, showed that only one or some of the genotypes
could be transmitted to the children, this suggested distinct capacity or infectivity in
different genotypes (8).
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Chapter 2
Factors involved in transmission of S. mutans
Experiment 2-1. Bacteriocin activity assay (Agar diffusion)
The result from the bacteriocin activity assay between the transmitted
genotypes and the non-transmitted genotypes showed inhibition zone produced
against the indicator strains. The inhibition zone of S. mutans bacteriocins (mutacin)
between the transmitted and non-transmitted genotype showed no significant
differences. However, most of the transmitted genotype showed slightly lower
inhibition zone with inhibition zone range 14.5 – 16.5 mm (15.2 ± 0.7), while
contrary result obtained for the non-transmitted genotypes with the mm range 15 –
18.5 mm (15.8 ± 1.3). These condition could probably caused by transmitted
genotypes were caries free subjects. On the other hand, the non-transmitted
genotypes in this study were caries affected subjects. Study achieved that S. mutans
genotypes of caries affected individuals had a higher mutacin production and broad
inhibitory spectrum against S. mutans indicator strains. The genotypes from caries
free individual showed higher inhibitory against initial colonizers (S. sanguis,
S. oralis, S. mitis) and low antagonist activity against S. mutans indicator strains (36).
In correlation with the bacteriocin activity against strains of the same or
closely related species, condition in this study might occur because the nontransmitted genotypes were caries affected subjects. Caries affected subjects
predominantly harbor cariogenic streptococci, in which this might elucidate the
slightly higher mutacin activity against the predominant colonized bacteria. On the
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other side, the caries free subjects may harbor higher prevalence of S. sanguis and
other streptococci of the mitis group, which could be an explanation the low intense
bacteriocin activity against S. mutans indicator strain.

Experiment 2-2. Biofilm formation assay
The biofilm formation analysis showed that there were biofilm formation
differences between transmitted and non-transmitted genotypes of S. mutans,
however statistically not significant. The process of biofilm formation begins with
adhesion. The adhesion occurs since there were sticky environment which assist the
adherence of S. mutans. Sticky environment was the condition resulted from the
production of water insoluble glucan. Water insoluble glucan was produced from
the GTF enzymes when there was presence of sucrose, in which these GTF enzymes
was modulated by gtf genes

(17) (15) (14)

. Study used smooth glass surfaces stated that

there were correlation between water insoluble glucans to the adherence of the
S. mutans

(37)

. The result from this study it is shown that transmitted genotypes had

ability to make biofilm slightly higher rather than the non-transmitted genotypes.
This showed that some genotype might be able to colonize better than other
genotypes and variation in genotypes may also exhibit variation in virulence
character, which was their ability to grow as biofilm.
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Experiment 2-3. mRNA expression of glucosyltransferase (gtf) genes (Reverse
transcriptase and quantitative PCR)
The mRNA expression of gtf genes between the transmitted and nontransmitted genotypes showed that there were three gtf genes: gtfB, gtfC and gtfD
that were analyzed in this study. In these study, showed that there were differences
of mRNA expression for gtf genes between the transmitted and non-transmitted
genotypes. This was due to the gtf genes, having a function to encode GTF enzymes
that serves for the attachment of S. mutans

(17)

. GTF enzyme produces glucans

associated with the attachment of S. mutans to the tooth surface resulting biofilm
formation, in which from the transmitted genotype in this study showed slightly
higher biofilm formation. The expression of each gtf gene analysis from the
transmitted and non-transmitted showed that there were differences and statistically
significant in gtfC gene (p<0.05), while the expression of gftB and gtfD genes
showed statistically no significant differences. The low mRNA expression of gtfB
and gtfD in this study could probably due to the possibility whether gtfB and gtfC
have independent promoter, even though the coding sequences of gtfB and gtfC
were only 198 bp apart and located in operon like arrangements. On the other hand
gtfD gene is located upstream of gtfB and gtfC loci, which presents an independent
promoter and may be regulated in a manner opposite from gtfB and gtfC (15). GTFC
encoded by gtfC gene produces mixture of soluble and insoluble glucans

(15) (17)

.

GTF C enzyme that produce water insoluable glucan, could create sticky
environment resulting intial adherence which induce colonization related to
transmission of S. mutans. High expression of gtfC genes, induce the water insoluble
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glucans produced also increased, thus enhanced S. mutans adherence. So the
virulence of transmitted S. mutans genotypes elevated and transmission occurs.
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Conclusion
The conclusion from this study is that gtfC gene which encoded GTFC to produce
water insoluble and water soluble glucans, might affect the factors involved in
transmission of S. mutans genotypes.

43

Reference
1. Chan KM, King NM, Kilpatrick NM. Can infants catch caries? A review of the

current evidence on the infectious nature of dental caries in infants. New Zealand
Dental Journal. 2005 March; 101(1): p. 4-11.
2. Khotimah K, Suhadi , Purnomo. Faktor-faktor yang berhubungan dengan kejadian

karies gigi pada anak usia 6 - 12 tahun di SD negeri karang ayu 03 Semarang. Jurnal
Ilmu Keperawatan dan Kebidanan. 2013; 1(4).
3. Grönroos L. Quantitative and qualitative characterization of mutans streptococci in

saliva and in the dentition [Academic Dissertation] Helsinki: Department of
Pedondotics and Orthodontics, Institute of Dentistry, University of Helsinki and
Department of Oral and Maxillofacial Diseases, Helsinki University Central
Hospital, Helsinki, Finland; 2000.
4. Law V, Seow WK, Townsend G. Factors influencing oral colonization of mutans

streptococci in young children. Australian Dental Journal. 2007; 2(52): p. 93-100.
5. Caufield PW, Cutter GR, Dasanayake AP. Initial acquisiton of mutans streptococci

by infants : evidence for a discrete window of infectivity. J Dent Res. 1993 January;
72(1): p. 37-45.
6. Spolidorio DMP, Höfling JF, Pizzolitto AC, Rosa EA, Negrini TdC, Spolidorio LC.

Genetic polymorphism of Streptococcus mutans in Brazilian familiy members.
Brazilian Journal of Microbiology. 2003; 34: p. 213-217.

44

7. Tedjosasongko U, Kozai K. Initial acquisition and transmission of mutans

streptococci in children at day nursery. Journal of Dentistry for Children. 2002
September-December;: p. 284-288.
8. Klein MI, Flório FM, Pereira AC, Höfling JF, Gonçalves RB. Longitudinal study of

transmisson, diversity, and stability of Streptococcus mutans and Streptococcus
sobrinus genotypes in Brazilian nursery children. Journal of Clinical Microbiology.
2004 October; 42(10): p. 4620-4626.
9. Kozai K, Nakayama R, Tedjosasongko U, Kuwahara S, Suzuki J, Okada M, et al.

Intrafamilial distribution of mutans streptococci in Japanese families and possibility
of father-to-child transmission. Microbiol. Immunol. 1999; 43(2): p. 99-106.
10. Hameş-Kocabaş EE, Uçar F, Ersin NK, Uzel A, Alpöz AR. Colonization and

vertical transmission of Streptococcus mutans in Turkish children. Microbiological
Research. 2008; 163: p. 168-172.
11. Napimoga MH, Höfling JF, Klein MI, Kamiya RU, Gonçalves RB. Transmission,

diversity and virulence factors of Streptococcus mutans genotypes. Journal of Oral
Science. 2005; 47(2): p. 59-64.
12. Kamiya RU, Taiete T, Gonçalves RB. Mutacins of Streptococcus mutans. Brazilian

Journal of Microbiology. 2011; 42: p. 1248-1258.
13. Gilbert KC, Sonesson A, Nguyen U, Nguyen N, Vo AH, Palmer EA, et al. Mutans

streptococci genetic strains in children with severe early childhood caries :
Implications for caries incidence and treatment outcome. In Ltd. iP, editor.

45

Epidemiology - Theory, Research and Practice.: iConcept Press Ltd.; 2014.
14. Krzyściak W, Jurczak A, Bystrowska B, Skalniak A, Kościelniak D. The virulence

of Streptococcus mutans and the ability to form biofilms. Eur J Clin Microbiol
Infect Dis. 2004; 33: p. 499-515.
15. Bowen WH, Koo H. Biology of Streptococcus mutans-derived glucosyltransferases

: Role in extracellular matrix formation of cariogenic biofilms. Carries Res.
2011;(45).
16. Fujiwara T, Terao Y, Hoshino T, Kawabata S, Ooshima T, Sobue S, et al. Molecular

analyses of glucosyltranferase genes among strains of Streptococcus mutans. FEMS
Microbiology Letters. 1998; 161: p. 331-336.
17. Fujiwara T, Hoshino T, Ooshima T, Hamada S. Differential and quantitative

analysis of mRNA expression of glucosyltransferases from Streptococcus mutans
MT8148. J Den Res. 2002 Feb; 2(81): p. 109-113.
18. Wilson K. Preparation of genomic DNA from bacteria : miniprep of bacterial

genomic DNA. In Ausubel FM, Brent R, Kingston RE, Moore DD, Seidman JG,
Smith JA, et al., editors. Current protocols in molecular biology. New York: John
Wiley and Sons; 1994. p. 2.4.1 - 2.4.5.
19. Igarashi T, Yamamoto A, Goto N. Direct detection of Streptococcus mutans in

human dental plaque by polymerase chain reaction. Oral Microbiol Immunol. 1996;
5: p. 294-298.
20. Igarashi T, Yamamoto A, Goto N. PCR for detection and identification of

46

Streptococcus sobrinus. J. Med. Microbiol. 2000; 49: p. 1069-1074.
21. Doméjean S, Zhan L, DenBesten PK, Stamper J, Boyce WT, Featherstone JD.

Horizontal transmission of mutans streptocci in children. J Dent Res. 2010; 89(1): p.
51-55.
22. Saito T, Ueda O, Teramoto S, Oguchi H. Bacteriological evaluation of mutans

streptococci using modified mitis-salivarius-bacitracin (MSB) agar medium in
primary dentition period. Pediatric Dental Journal. 2007; 17(1): p. 53-57.
23. Khalid F, Siddiqi R, Mojgani N. Detection and characterization of a heat stable

bacteriocin (lactocin LC-09) produced by a clinical isolate of Lactobacilli. Medical
Journal of Islamic Academy of Sciences. 1999; 12(3): p. 67-71.
24. van Loveren C, Buijs JF, ten Cate JM. Similarity of bacteriocin activity profiles of

mutans streptococci within the family when the children acquire the strains after the
age of 5. Caries Res. 2000; 34: p. 481-485.
25. Bedran TBL,

Azelmat J, Spolidorio DP, Grenier D. Fibrinogen-induced

Streptococcus mutans biofilm formation and adherence to endothelial cells. BioMed
Research International. 2013; 2013.
26. Chomczynski P, Sacchi N. The single-step method of RNA isolation by acid

guanidium thiocyanate-phenol-chloroform extraction : Twenty-somethin years on.
Nature Protocols. 2006 June; 1(2): p. 581-585.
27. OpenWetWare.org. RNA extraction uing trizol/tri. [Online].; 2009 [cited 2014 May

18. Available from: http://openwerware.org/wiki/RNA_exctraction_using_trizol/tri.

47

28. Yoshida A, Suzuki N, Nakano Y, Kawada M, Oho T, Koga T. Development of a 5'

Nuclease-based real-time PCR assay for quantitative detection of cariogenic dental
pathogens Streptococcus mutans and Streptococcus sobrinus. Journal of Clinical
Microbiology. 2003 September; 41(9): p. 4438-4441.
29. Yoshida A, Ansai T, Takehara T, Kuramitsu HK. LuxS-based signaling affects

Streptococcus mutans biofilm formation. Applied and Enviromental Microbiology.
2005 May; 71(5): p. 2372-2380.
30. Okada M, Kawamura M, Oda Y, Yasuda R, Kojima T, Kurihara H. Caries

prevalence associated with Streptococcus mutans and Streptococcus sobrinus in
Japanese school children. International Journal of Paediatric Dentistry. 2012;(22): p.
342-348.
31. Nascimento MM, Lemos JAC, Abranches J, Gonçalves RB, Burne RA. Adaptive

acid tolerance response of Streptococcus sobrinus. Journal of Bacteriology. 2004
October; 186(19): p. 6383-6390.
32. Pandit S, Kim JE, Jung KH, Chang KW, Jeon JG. Effect of sodium fluoride on the

virulence factors and composition of Streptococcus mutans biofilms. Archives of
Oral Biology. 2011; 56: p. 643-649.
33. Martinez AR, Abranches J, Kajfasz JK, Lemos JA. Characterization of the

Streptococcus sobrinus acid-stress response by interspecies microarrays and
proteomics. Molecular Oral Microbiology. 2010; 25: p. 331-342.
34. Braga MP, Piovesan A, N V, Maciel SM, Bombarda de Andrade F, Poli-Frederico

48

RC. Genotypic diversity and virulence factors of Streptococcus mutans in cariesfree and caries-activce individuals. Braz. Arch. Biol. Technol. 2013 March-April;
56(2): p. 241-248.
35. Ushida N, Ishihara K, Kobayashi N, Matsukubo T, Yakushiji M, Okuda K. Initial

acqusition and transmission of Streptococcus mutans from Japanese mothers to
children. Pediatric Dental Journal. 2009; 19(1): p. 98-105.
36. Kamiya RU, Napimoga MH, Rosa RT, Hofling JF, Goncalves RB. Mutacin

production in Streptococcus mutans genotypes isolated from caries-affected and
caries-free individuals. Oral Microbiology and Immunology. 2005;(20): p. 20-24.
37. Mattos-Graner RO, Smith DC,

King WF, Mayer MPA. Water-insoluble

glucansynthesis by mutants Streptococcal strains correlates with carries incidence in
12-to 30-month-old children. J Dent Res. 2000 June; 6(79).
38. Wen ZT, Yates D, Ahn SJ, Burne RA. Biofilm formation and virulence expression

by Streptococcus mutans are altered when grown in dual-species model. BMC
Microbiology. 2010 April; 10: p. 111.
39. Tsumori H, Kuramitsu H. The role of the Streptococcus mutans glucosyltransferases

in the sucrose-dependent attachment to smooth surfaces : Essentioal role of the GtfC
enzyme. Oral Microbiol Immunol. 1997; 12: p. 274-280.
40. Toi CS. Pathogenesis of dental caries in South African children : a molecular

approach. The Southern African Journal of Epidemiology and Infection. 2005;
20(4): p. 121-126.

49

41. Simon L. The role of Streptococcus mutans and oral ecology in the formation of

dental caries. Lethbridge Undergraduate Research Journal. 2007; 2(2).
42. Shemesh M, Tam A, Steinberg D. Expression of biofilm-associated genes of

Streptococcus mutans in response to glucose and sucrose. Journal of Medical
Microbiology. 2007; 56: p. 1528-1535.
43. Pieralisi FJS, Rodrigues MR, Segura VG, Maciel SM, Ferreira FBA, Garcia JE, et

al. Genotypic diversity of Streptococcus mutans in caries-free and caries-active
preschool children. International Journal of Dentistry. 2010; 2010.
44. Ota K, Kikuchi S, Beierle JW. Stannous fluoride and its effects on oral microbial

adhesive properties in vitro. Pediatric Dentistry. 1989 March; 11(1): p. 21-25.
45. Martinez-Martinez RE, Fujiwara T, Patińo-Marin N, Hoshino T, Wilson M, Loyola-

Rodríguez JP. Comparison of oral streptococci biofilm in caries-free and cariesaffected preschool Mexican children. Acta Odontol. Latinoam. 2012; 25(1): p. 2732.
46. Longo PL, Mattos-Graner RO, Mayer MPA. Determination of mutacin activity and

detection of mutA genes in Streptococcus mutans genotypes from caries-free and
caries-active children. Oral Microbiology Immunology. 2003;(18): p. 144-149.
47. Kuramitsu HK, Wang BY. Virulence properties of cariogenic bacteria. BMC Oral

Health. 2006 July; 6(Suppl I).
48. Kamiya RU, Napimoga MH, Höfling JF, Gonçalves RB. Frequency of four different

mutacin genes in Streptococcus mutans genotypes isolated from caries-free and
50

caries-active individuals. Journal of Medical Microbiology. 2005; 54: p. 599-604.
49. Kamiya RU, Höfling JF, Gonçalves RB. Frequency and expression of mutacin

biosynthesis genes in isolates of Streptococcus mutans with different mutacinproducing phenotypes. Journal of Medical Microbiology. 2008; 57: p. 626-635.
50. Javed M, Chaudhry S, Butt S, Ijaz S, Asad R, Awais F, et al. Transmision of

Streptococcus mutans from mother to child. Pakistan Oral & Dental Journal. 2012
December; 32(3): p. 493-496.
51. Holbrook WP, Magnúsdóttir MO. Studies on strains of Streptococcus mutans

isolated from caries-active and caries-free individuals in Iceland. Journal of Oral
Microbiology. 2012 March; 4.

51

Acknowledgements

First of all I would like also to express my most sincere gratitude and
appreciation to my Principal Academic supervisor Professor Katsuyuki Kozai,
Chairman of Department of Pediatric Dentistry, Hiroshima University, Graduate
School of Biomedical Sciences, Japan to welcome me as one of the member in
Pediatric Dentistry Department and also for his continues encouragement, guidance,
motivation and concern of my PhD study at Hiroshima University.

The

understanding and personal guidance had provide basic for the present thesis. I
would like also to express my sincere gratitude to Professor Hidemi Kurihara,
Chairman of Department of Periodontal Medicine, Faculty of Dentistry, Hiroshima
University as my academic supervisor for the encouragement and guidance during
my study. Sincere gratitude also dedicated to Professor Kotaro Tanimoto, Chairman
of the Department of Orthodontics and Craniofacial Developmental Biology,
Faculty Dentistry, Hiroshima University as my academic supervisor for the
encouragement and guidance during my study. Special appreciation and heartful
gratitude is given to Dr. Chieko Mitsuhata for her continuous kind guidance, wise
advice, encouragement and support during my period study and research.
Sincere gratitude also extended to the thesis committee: Professor Hiroki
Nikawa, Chairman of the Department of Oral biology and Engineering, Faculty of
Dentistry, Hiroshima University. Professor Hideaki Amano, Chairman of the
Department of Maxillofacial Functional Development, Faculty of Dentistry,
Hiroshima University and to Dr. Chieko Mitsuhata, Associate Professor of the
52

Department of Pediatric Dentistry, Institute of Biomedical and Health Sciences,
Hiroshima University for their many valuables recommendation, encouragement
and opinion in my research.
Thank you is due to the member of the Department of Pediatric Dentistry,
Faculty of Dentistry, Hiroshima University, for their friendly attitude and kind
cooperation during my study period. My sincere gratitude also due to Professor
R.M. Coen Pramono D., drg., SU., Sp.Bm (K) the

Dean of Faculty of Dentistry,

Airlangga University. The Chairman of Pediatric Dentistry, Airlangga University,
Professor Seno Pradopo., drg.,SU., Ph.D., Sp.KGA (K). and all of the members of
Department Pediatric Dentistry, Faculty of Dentistry, Airlangga University,
Indonesia that gave me an opportunity to study abroad.
Last but not least, I would like to thank you to my family: My dearest Dad
and Mom, my Sister and my Brother in law, and my dearest cousin for their care
and support during my study in Hiroshima University. With their encouragement,
believe and understanding it gives me courage and spirit to finish this study. Also I
would to thank to all of my Indonesian friends, thank for all the friendship, we all
one big family, brothers and sisters. Hope we can keep this close friendship. Thanks
also due to my foreign friend during my study in Hiroshima University; all of you
make my day. And also for the one above all of us, Allah SWT for answering my
prayers to give me strength and patience.
This study was financially supported by grant from the Ministry of
Education, Culture, Sports, Science, and Technology (MEXT), for it is gratefully
acknowledged.
53

