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Abstract

Objective: Objective of the study is to examine whether Streptococcus mutans and Streptococcus sobrinus, which are main cariogenic bacteria existing in dental plaque

attached to tooth surface at each site, exist site-specifically or not.

Method: From 9 male subjects, dental plaque accumulated for two days was collected from teeth surface at 8 sites. Detection rate, DNA concentration and component
ratio of S. mutans and §. sobrinus in dental plaque collected from each tooth surface were examined using Real-time PCR method.

Results: With statistically significant difference observed in component ratio of §. mutans, LPB and LAL showed the highest and lowest value, respectively (p <0.05).

Conclusions: It has been suggested that bacteria flora of the mouse in dental plaque collected from each tooth surface has site specificity.

Introduction

Indexes for assessing cariogenic potential of dental plaque include
pH (acid production ability of dental plaque), buffer capacity, bacterial
species and numbers, and their composition ratio. Among these
indexes, buffering ability is believed to affect solution environment
around teeth surface including saliva and dental plaque fluid as well as
to play an important role in determining dissolution velocity of tooth
substance and remineralization reaction [1,2]. Main cariogenic bacteria
is mutans streptococci among others [3,4], in particular, Streptococcus
mutans and Streptococcus sobrinus are bacteria requiring greatest
attention because they are isolated from human oral cavity and
excellent in acid production ability and acid resistant ability as well
[5-9].

From examinations of pH, buffer capacity and acid production
abilities of dental plaque at each site attached to the labial and lingual
(palate) surfaces of upper and lower anterior teeth region, buccal and
lingual (palate) surfaces of posterior teeth region, i.e. 8 sites in total, we
have clarified that dental plaque attached to lingual surface of lower
anterior teeth region is rich in F ion [10-12] with high pH and buffer
capacity [13,14] and low acid production ability [15]. These biochemical
specificities in oral cavity site in cariogenesis are consistent with the fact
that caries is epidemiologically found less in lower anterior teeth [16].

As a report on bacteriologic examination of dental plaque attached
to each tooth surface, on the other hand, Ikeda, et al. [17] have reported
that number of S. mutans in dental plaque attached to each tooth
surface of occlusal fossa fissure was the largest among those attached to
each tooth surface of buccal surface, approximal surface, and occlusal
fossa fissure of mandibular first molar they examined. However, no
study has examined on the labial and lingual surfaces of upper and
lower anterior teeth region as well as buccal and lingual surfaces of
molar region.

Colony count method has been widely adopted for quantitative
assessment of bacteria up to now in which bacteria are cultured in a
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culture media and formed colonies are counted. The method requires
several days to obtain the result while it is possible to count aerobic viable
alone. However, real-time PCR method has spread as a new quantitative
method in recent years because of its higher detection sensitivity [18]
than colony count method and capability to obtain results promptly.
In the dental field, real-time PCR method was conducted for the first
time in 2000 by Lyons, et al. [19] for Porphyromonas gingivalis and
in 2002 by Yano, et al. [20] and Fujiwara, et al. [21] for S. mutans
as caries pathogen. Further, Yoshida, et al. [22] have reported they
conducted quantitative method for S. sobrinus in 2003. However,
there has been no report on examination of S. mutans and S.
sobrinus in dental plaque attached to each tooth surface by using
real-time PCR method.

Therefore, in order to clarify whether site specificity in the oral
cavity in cariogenesis is reflected bacteriologically, level of S. mutans
and S. sobrinus in dental plaque, which were attached to the labial
and lingual surfaces of upper and lower anterior teeth region, buccal
and lingual surfaces of posterior teeth region, i.e. 8 sites in total, was
comparatively investigated for each site using real-time PCR method
in the present study.
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Subjects and methods
Experiment subjects

Experiment subjects were 9 male adults (aged from 23 to 26)
volunteers. Upon obtaining consent from them in advance after
explaining intent of the study, clinical examination of oral cavity and a
questionnaire survey on oral prophylaxis time were conducted. DMFT
of the experiment subjects was 7.9 + 2.1 and all of them used dentifrice
containing fluoride and lived in regions where fluoride had not been
added to tap water until then.

The following items to be kept were sufficiently explained to
volunteers prior to the experiment.

1. To perform PMTC three days before dental plaque collection,

2. To suspend oral prophylaxis such as brushing from two days
before dental plaque collection,

3. To record what they drank and ate during the period of oral
prophylaxis suspension, and

4. No to take anything except for water in the morning on the dental
plaque collection day. The current study has obtained approval
(No. 2014-4) from Ethical Committee of the University.

Dent plaque collection method

Upon confirming by interviewing volunteers whether or not
they have kept the instruction before dental plaque collection, dental
plaque of day 2 was collected from upper anterior buccal (UAB),
upper anterior lingual (UAL), upper posterior buccal (UPB), upper
posterior lingual (UPL), lower anterior buccal (LAB), lower anterior
lingual (LAL), lower posterior buccal (LPB) and lower posterior lingual
(LPL) surfaces as soon as possible using a sterile sickle-shaped scaler
(No.5/6) under simple exclusion of moisture while sucking saliva using
a vacuum device on a dental unit. Dental plaque collected by the scaler
was filled and sealed in a plastic micro tube with a capacity of 1.5 ml of
which weight had been measured in advance, and then the wet weight
was measured.

Extraction of DNA of dental plaque samples

Centrifugal washing was conducted for dental plaque samples
collected at each site in the micro tube by adding normal saline and
QIAamp" DNA Mini Kit(Qiagen) was used for DNA extraction.
Extracted DNA was kept at -20°C after determining the quantity by a
spectrophotometer (260 nm).

Real-time PCR method

Primer and probe were targeted at glucocyltransferase-B in S.
mutans and glucocyltransferase-T in S. sobrinus, respectively. In the
current study, primer and probe of which bacterial species specificity
had been confirmed by Yano, et al. [20] were used (Table 1).

The real-time PCR method was conducted using a template with
TagMan Universal PCR Master Mix (Applied Biosystems), 200 nM
of primer and 250 nM of probe with Applied Biosystems 7500 by a
condition to perform a cycle of operation for 2 minutes at 50 °C, 10
minutes at 95 °C, 15 seconds at 95 °C and a minute at 58 °C by 60 cycles
as the condition [22].

Quantitative measurement of DNA concentration

Determination of DNA concentration of S. mutans and S. sobrinus
was performed based on calibration curve method using real-time
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Table 1. Primes and probes used in this study.

. . Amplicon
Designation Sequence size(bp) Target
Primers
Smut3368-F | 5'-GCCTACAGCTCAGAGATGCTATTCT-3' 114 gtfB
Smut3481-R | 5-GCCATACACCACTCATGAATTGA-3'
Ssob287-F 5'-TTCAAAGCCAAGACCAAGCTAGT-3' 88 otfT
Ssob374-R 5'-CCAGCCTGAGATTCAGCTGT-3'
Unil52-F 5-CGCTAGTAATCGGATCAGAATG-3' 69 16S rRNA
Uni220-R 5'-TGTGACGGGCGGTGTGTA-3'
Fluorescent probes
5'-FAM-
Smut3423T | TGGAAATGACGGTCGCCGTTATGAAA- gtfB
TAMRA-3'
5'-FAM-
Ssob298T CCTGCTCCAGCGACAAAGGCAGC- otfT
TAMRA-3'
. 5-FAM-CACGGTGAATACGTTCCCGGGC-
Unil77T TAMRA.3' 16S rRNA

PCR method by preparing standards for the both bacteria. Measured
DNA concentration was calculated based on unit dental plaque weight
(ng/ml/mg). Detection limit by PCR method was 10 pg/ml for both
S. mutans and S. sobrinus. In case of sites equal to or less than the
detection limit, their concentrations were deemed to be 0.

Relative determination of cariogenic bacteria in dental plaque

Relative determination of S. mutans and S. sobrinus in dental plaque
was conducted for the total bacteria quantity in the dental plaque by
using Universal primer and Universal probe designed based on 16S
rRNA gene conservation region which are common to all bacteria
(Table 1). In reference to a formula suggested by Yoshida, et al. [22,23]
and adopting it as an internality control, number of cycles (Ct) taken
to reach threshold line, i.e. 4 Ct 16S rRNA was measured in the study.
4 Ct Target for S. mutans and S. sobrinus was measured respectively.

Component ratio of S. mutans and S. sobrinus in total number of
bacteria in dental plaque was calculated using a formula; N = 1/2(4 Ct
target - 4 Ct 16S rRNA) x 100 (%).

Statistical analysis

In order to check whether S. mutans and S. sobrinus in dental
plaque is detected or not at each site for 9 subjects, Chi-squared test was
conducted by dividing groups in which bacteria was detected and not
detected into two groups by site. Comparison of DNA concentration
between S. mutans and S. sobrinus at each site was examined using One-
way ANOVA. Comparison of component ratio between S. mutans and
S. sonrinus was examined by Friedman test and multiple comparisons
were conducted for those that significance was suggested by Wilcoxon
rank test.

Results
Detection rate of cariogenic bacteria in dental plaque at each site

Figure 2 shows detection rate of S. mutans and S. sobrinus in
dental plaque at each site. Even though significant difference was not
observed, detection rate of UPB and LPB was the highest in 8 out of 9
subjects and that of LAL was the lowest in 5 out of 9 subjects in case of
S. mutans. In case of S. sobrinus, resulting detection rate was lower at
all sites compared with S. mutans.
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Figure 1. The sites of dental plaque collection.
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Figure 2. Detection of S. mutans and S. sobrinus in the sites.

DNA concentration of cariogenic bacteria in dental plaque at
each site

Figure 3 shows result of DNA concentration measurement of S.
mutans and S. sobrinus at each site. Even though significant difference
was not observed in both of them, DNA concentration at LPB and LAL
showed the highest and lowest concentration, respectively in case of S.
mutans. In case of S. sobrinus, resulting DNA concentration at LPB and
LAB was the highest and lowest, respectively.

Component ratio of S. mutans and S. sobrinus in dental
plaque at each site

Figure 4 shows component ratio of S. mutans and S. sobrinus in
all bacteria in dental plaque. Statistical significance was observed in
S. mutans with a hazard ratio of 5%. In Wilcoxon test, statistically
significant difference was recognized between LAL which showed the
lowest and other groups of UAB, UPB, LPB and LPL (p <0.05). In case
of S. sobrinus, no sifnificnt difference was observed but the result was
the highest in LPB and lowest in LAB, respectively.

Discussion

Detection rate of S. mutans and S. sobrinus in dental plaque
at each site

Detection rate of S. mutans in dental plaque at each site was the
highest in UPB and LPL (88.9%) and the lowest in LAL (55.6%). In
case of S. sobrinus, on the other hand, detection rate was low at all
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sites. These results were consistent with those of Milgron, et al. [24]
who reported that isolation frequency was lower in S. sobrinus than S.
mutans and of Yoshida, et al. [22] who reported that detection rate was
lower in S. sobrinus than S. mutans.

De Soet, et al. [9] who compared S. mutans and S. sobrinus in
dental plaque have reported that continuous acid production ability
is higher in S. sobrinus under starving environment. In addition, they
have reported that S. sobrinus has abilities to form cariogenic dental
plaque of compact structure with high protection capability and to
produce lactic acid by adhering to smooth surface and colonizing
thereon depending on sucrose, concluding that cariogenic potential of
S. sobrinus is stronger. Further, in consideration of a report that subjects
with S. mutans alone detected are more prone to caries than those with
both S. mutans and S. sobrinus detected [25,26], it was believed that
subjects with S. sobrinus detected have higher risk of caries.

DNA concentration and component ratio of cariogenic
bacteria in dental plaque at each site

In the current study, as the results of examination of DNA
concentration of cariogenic bacteria in dental plaque at each site, i.e.
difference in absolute quantification, and component ratio of cariogenic
bacteria in dental plaque at each site, i.e. relative quantification, no
significant difference was recognized neither in S. mutans nor in S.
sobrinus. The reason was assumed because samples used this time
were dental plaque with a maturing period shortened by suspending
oral prophylaxis such as brushing for two days. About 90% of bacteria
in dental plaque colonized on the tooth surface become to be shared
by Gram-positive bacteria and bacillus a day later and subsequently,
thickness of the dental plaque grows by various bacteria to be attached
thereon. From the fact that anaerobic bacteria increase along with
maturation of dental plaque but that major part is dominated by chain
coccus at any phase [27], it is assumed that significant difference was
not observed by the site because maturing period was shorter for dental
plaque of day 2 of the study.

With statistically significant difference observed in component
ratio of S. mutans and S. sobrinus for total bacteria number in dental
plaque, it was the highest in LPB and lowest in LAL, respectively. Causes
to generate such site specificity are believed to include local existence
of sucrose in the oral cavity. From a result of measurement of salivary
clearance ability of glucose, Dawes, et al. have reported that LAL is a
site with the highest and LPB is a site with the lower salivary clearance
ability, respectively [28]. Therefore, it was assumed that LAL is a site
difficult and LPB is a site, in contrast, easy to obtain sucrose required
for producing glucan which is indispensable for S. mutans to become
colonized and grow. In addition, in our examination in the past on
pH of dental plaque at each site, LAL and LPB showed the highest and
lowest value, respectively [13]. From this result, LPB was believed to
be under an environment in which acid-resistant bacteria such as S.
mutans are easy to become colonized.

While we have focused on S. mutans and S. sobrinus as cariogenic
bacteria this time, about more than 500 types of bacteria are believed
to exist in the oral cavity, and Streptococcus and Actinomyces mat
become colonized on the teeth surface at early phase of dental plaque
formation. As maturation of bacteria in dental plaque progresses,
ratio of anaerobic bacteria increases [29,30]. In recent years, dental
plaque has become to be called as biofilm because it clumps various
bacteria to form a collective entity of them attached to the teeth
surface surrounded by glycocalyx consisting mainly of polysaccharide
produced on its own [30]. Therefore, in order to bacteriologically assess
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Figure 4. Relative concentration of S. mutans and S. sobrinus. Wilcoxon rank test: *p<0.05.

cariogenecity of dental plaque, it is important not only to examine
existence and number of cariogenic bacteria in the dental plaque but
also to recognize interaction between bacteria to cause caries and other
bacteria within the biofilm. For example, Veillonella which elevates
pH in dental plaque by consuming lactic acid, Streptococcus salivarius
which produces ammonia as a pH elevation factor by hydrolyzing urea,
and Actinomyces naeslundii [31] are believed to be in an antagonistic
relationship with S. mutans and S. sobrinus [5-9] which are excellent
in acid production ability and acid-resistant ability [31]. In addition,
Streptococcus oralis, Streptococcus sanguinis and A. naeslundii which
are involved in initial attachment to enamel [32,33] are usually
observed on teeth surface without caries [33]. Mitzi, et al. have reported
that significantly large number of S. sanguinis, S. mitis, S. oralis and
Streptococcus pneumoniae were observed in dental plaque attached to
healthy teeth and that significantly large number of S. mutans were
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observed in dental plaque attached to caries after examining bacteria
in dental plaque attached to healthy teeth and to caries [34]. In other
words, larger number of bacteria to attach to enamel initially exist in
dental plaque with less cariogenic bacteria.

Therefore, it is necessary to focus not only on one of cariogenic
bacteria, S. mutans alone but also on bacterial flora allowing for
interfering relationship of bacteria to initially attach to and those to
elevate pH in dental plaque.

Difference of bacterial flora in dental plaque by site has been
examined by Handleman, et al. [35] and Ikeda, et al. [36] up to now.
As a result of examination on difference of bacterial flora in dental
plaque attached to lower anterior lingual surface, upper premolar
approximal surface, and upper molar buccal surface, Handleman, et
al. have reported that significantly larger number of Veillonella were
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observed on lower anterior buccal surface even though the number
of bacteria itself was the same [35]. Ikeda, et al. have reported that
difference in streptococci and Fusobacterium was significantly higher
especially in occluding surface fissure compared with buccal surface as
a result of examination of bacteria flora in dental plaque at lower first
molar buccal surface, mesial surface and occluding surface fissure [36].
From these reports and results of the current study, as it is obvious that
bacteria flora in dental plaque has site specificity, it is believed to be
necessary to clarify not only cariogenic bacteria but also bacteria flora
in dental plaque attached to each site in detail in the future.

Conclusions

It has been suggested that bacteria flora of the mouse in dental
plaque collected from each tooth surface has site specificity.
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