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Abstract

A real-time polymerase chain reaction (PCR) assay was developed for the quantification of Streptococcus mutans. Primers targeting gtf
genes of S. mutans were designed and tested for their specificity using 28 oral streptococcal strains, three other bacterial strains, and
human DNA. The primers could amplify specifically the target DNA fragment from a mixture of oral streptococcus genomic DNA
containing about 10 fg to 10 ng of S. mutans genome DNA. The real-time PCR produced a linear quantitative detection range over
concentrations spanning seven exponential values, with a detection limit of a few copies of S. mutans’ genomic DNA per reaction tube.
The results of the real-time PCR assay corresponded well to those of conventional culture assays for S. mutans in saliva samples. A real-
time PCR assay for Streptococcus sobrinus and Streptococcus downei was also established and produced results that corresponded well to
those from conventional culture assays for S. sobrinus in saliva samples. These assays will be useful as a new means to assess one of the
important risk factors for caries.
6 2002 Federation of European Microbiological Societies. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Several oral streptococci possess glucosyltransferases
(GTFs). The GTFs of mutans streptococci are related to
the bacteria’s cariogenicity; in particular, water-insoluble
glucan-synthesizing GTFs (GTF-I and GTF-SI) are corre-
lated with cariogenicity [1,2]. GTF-I enzymes are encoded
by the gtfB gene of Streptococcus mutans and the gtfI gene
of Streptococcus sobrinus and Streptococcus downei [3^6].
GTF-SI is encoded by the gtfC gene of S. mutans [7]. The
products of gtfB and gtfI synthesize water-insoluble glu-
cans, and the product of gtfC synthesizes both water-solu-
ble and -insoluble glucans. These glucans provide ¢rm
footholds on the tooth surface for mutans streptococci
and contribute to the formation of cariogenic dental
plaques [1,2].

The levels of mutans streptococci in saliva have been
shown to be a means of predicting both caries activity
[8,9] and the transmission risk of the mutans streptococci,
which from mother to child can be an important etiolog-
ical factor of caries [10,11]. However, the quanti¢cation of
mutans streptococci is laborious, and so far levels of mu-
tans streptococci have not been used as an established
index of caries diagnosis. The standard medium used for
isolating mutans streptococci, Mitis^Salivarius^Bacitracin
(MSB) agar [12], does not have the selectivity, that is nec-
essary for morphological discrimination of the colonies to
identify the species of mutans streptococci. Development
of a practical assay for mutans streptococci is necessary to
establish quanti¢cation of these bacteria as a new index of
caries risk. Some laboratories have reported improvements
of the MSB medium and have discussed new selective
media for mutans streptococci [13^15]. Hence, a conven-
tional MSB medium is usually used as the standard meth-
od for isolating and quantifying mutans streptococci.

Polymerase chain reaction (PCR) is a powerful tool for
the detection and quanti¢cation of bacteria. Real-time
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PCR techniques are increasingly used in diagnosis, espe-
cially for anaerobic bacteria and viruses [16,17]. PCR as-
says for detecting mutans streptococci are more speci¢c
than conventional culture methods [18,19]. However real-
time quantitative PCR has not been popular for mutans
streptococci. One of the reasons may be the di⁄culty in
isolating DNA from mutans streptococci, owing to the
hard outer envelope of these Gram-positive bacteria. In
general, rapid methods of DNA isolation, such as those
based on boiling and hot phenol, have merits for quick
detection by conventional PCR, but the recovery rate and/
or quality of the DNA seems to be insu⁄cient for direct
quanti¢cation by real-time PCR [20,21]. In this study, we
have established two quantitative real-time PCR assays
targeting gtf genes of mutans streptococci, one for S. mu-
tans and the other for S. sobrinus and S. downei, by adapt-
ing the glass beads method of DNA isolation.

2. Materials and methods

2.1. Bacterial strains and DNA

Bacterial strains used in this study are listed in Table 1.
Human genomic DNA was obtained from Promega (To-

kyo, Japan). To determine the PCR conditions, we used a
DNA mixture that modeled the DNA template extracted
from saliva, containing 5 ng of human genomic DNA and
5 ng of extracted DNA from the bacteria listed in Table 1
except target bacteria in a PCR tube. The nucleotide and
its deduced amino acid sequences {gtfB (accession num-
bers M17361, D88651, D88654, D88657, D88660,
D89977), gtfC (M17361, M22054, D88652, D88655,
D88661, D89978), and gtfD (D89979) of S. mutans ; gtfI
(D63570, D13858, D90213) and gtfT (D13928) of S. so-
brinus ; gtfI (M17391) and gtfS (M30943) of S. downei ;
gtfG (U12643) of Streptococcus gordonii ; gtfI, gtfK
(Z11873), gtfL (L35495), gtfM (L35928), and gtfN
(AF049609) of Streptococcus salivarius ; and gtfR
(AB025228) of Streptococcus oralis} were aligned by
CLUSTAL X [22] and a primer pair speci¢c to S. mutans
and a primer pair common to S. sobrinus and S. downei
(Table 2) were selected. PCR primers Sm F5 and Sm R4
anneal to conserved regions of gtfB and gtfC genes of
S. mutans, and amplify 415-bp DNA fragments from
both genes. PCR primers Ss F3 and Ss R1 anneal to con-
served regions of gtfI genes of S. sobrinus and S. downei,
and amplify 329-bp DNA fragments from those bacteria
(Table 2). Both primer pairs were designed to amplify
the regions that correspond to a section of the conserved

Table 1
Bacterial strains used in this study

Strain no. Species group in streptococci Species and strain Note

1 mutans S. mutans ATCC25175 serotype c, type strain
2 S. mutans MT8148 serotype c
3 S. mutans LM7 serotype e
4 S. mutans MT6229 serotype f
5 S. sobrinus ATCC33478 serotype d, type strain
6 S. sobrinus OMZ176 serotype d
7 S. sobrinus 6715 serotype g
8 S. sobrinus AHT serotype g
9 S. cricetus ATCC19642 serotype a, type strain
10 S. downei ATCC33748 serotype h, type strain
11 S. ferus ATCC33477 serotype c, type strain
12 S. macacae ATCC35911 serotype c, type strain
13 S. ratti ATCC19645 serotype b, type strain
14 anginosus S. anginosus ATCC33397 type strain
15 S. constellatus ATCC27823 type strain
16 S. intermedius ATCC27335 type strain
17 mitis S. gordonii ATCC10558 type strain
18 S. mitis GTC495 type strain
19 S. mitis ATCC6249
20 S. oralis ATCC35037 type strain
21 S. pneumoniae GTC261 type strain
22 S. sanguinis ATCC10556 type strain
23 pyogenic S. agalactiae GTC1234 type species, type strain
24 S. pyogenes JCM262 type strain
25 salivarius S. salivarius JCM5707 type strain
26 S. salivarius ATCC9759
27 S. salivarius HHT
28 S. salivarius HT9R
29 S. thermophilus NRIC0256
30 ^ Enterococcus faecalis JCM5803 type species, type strain
31 ^ Escherichia coli DH5K type species
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catalytic domain of GTF-I and -SI [4,6]. Primers were
purchased from Invitrogen (Tokyo, Japan).

2.2. Human saliva samples

Para⁄n-stimulated saliva samples were collected for
3 min from the students of an elementary school. The
samples were immediately stored on ice and transferred
to the laboratory within 1 day. A portion of each sample
was immediately used for the colony counting assay, and
the rest was stored at 320‡C. Informed consent was re-
ceived from the children and their parents.

2.3. Enumeration of bacteria by colony counting

MSB [12] and modi¢ed MSB agar plates were obtained
from BML (Tokyo, Japan). Modi¢ed MSB improved the
sensitivity and the selectivity of mutans streptococci (Pat-
ent No. JP2002027975). 50 Wl of saliva and 10-fold dilu-
tion series were plated by a spiral-plating machine (EDDY
JET, IUL USA Inc., KY, USA). Plates were incubated at
37‡C for 48 h using a simple anaerobic culture system
(Anero Pack, Mitsubishi Gas Chemical Co. Inc.). Each
colony on the modi¢ed MSB was tested for its biochemical
characteristics [23], as well as its ability to cause glucan-
dependent binding to the tube wall [24]. The standard
deviations of these culture assays were determined by anal-
ysis of ¢ve saliva samples for the MSB culture and modi-
¢ed-MSB samples carried out in triplicate before the as-
says of children’s saliva shown in Fig. 5. The maximum
standard deviation of triplicate MSB culture assays was
S 0.23 (log CFU ml31) and that of triplicate modi¢ed-
MSB culture assay was S 0.11 (log CFU ml31). The cul-
ture assays were performed before the real-time PCR as-
say, and the investigator of the real-time PCR assay was
kept blind to these data.

2.4. Real-time PCR assay

Frozen saliva samples were quickly thawed at 37‡C, and
250 Wl of each sample was spun down. The pellets were
resuspended in 570 Wl of 20 mg ml31 lysozyme (Sigma,
Tokyo, Japan) solution, containing 50 mM Tris^HCl
(pH8.0) and 20 mM EDTA, and incubated at 37‡C for
30 min. 30 Wl of 20 mg ml31 Proteinase K solution (Qia-

gen, Tokyo, Japan) was added and incubated at 55‡C for
10 min. Approximately 0.8 g of acid-washed glass beads
(diameter 150^212 Wm, Sigma) and 1 Wl of 100 mg ml31

RNase A (Qiagen) were then added, and the samples were
vigorously shaken in 2 ml Safe-Lock micro test tubes (Ep-
pendorf, Tokyo, Japan) by a Mixer Mill MM300 (Qiagen)
at 30 Hz for 10 min. 600 Wl of bu¡er AL from a DNeasy
Tissue kit (Qiagen) was added and incubated at 70‡C for
30 min. The beads were spun down and the supernates
transferred to new tubes. In this process, about one-¢fth
of the solution was lost with the beads.

A one-third volume of ethanol was added and mixed.
DNA was isolated from the solution using a DNeasy tis-
sue column according to the Qiagen instructions. The
DNA was eluted with 200 Wl of 10 mM Tris^HCl, pH
8.5. Real-time PCR was performed by the ABI PRISM
7700 Sequence Detection System (SDS; Applied Biosys-
tems). Each reaction tube contained 25 Wl of reaction mix-
ture, including 1USYBR Green PCR bu¡er, 0.625 U of
AmpliTaqGold DNA polymerase, 0.25 U of AmpErase
UNG (uracil N-glycosylase), 0.2 mM of each of the
dNTPs with 0.4 mM of dUTP, 3 mM MgCl2 (SYBR
Green PCR Core Reagents, Applied Biosystems), 5 Wl of
DNA extracted from saliva samples and 1 WM of each
primer. The cycling conditions were 2 min at 50‡C for
uracil N-glycosylase (this treatment prevents carryover
cross-contamination by digesting uracil-containing PCR
fragments generated by prior PCR assays), 10 min at
95‡C for activation of AmpliTaqGold, 40 cycles of 15 s
at 95‡C for denaturation and 1 min at 68‡C for annealing
and extension.

2.5. Conventional PCR assay

Platinum Taq DNA polymerase (Invitrogen) or Ampli-
TaqGold (Applied Biosystems, Tokyo, Japan) was used
for conventional PCR. The other components of the reac-
tion mixture were as in the real-time PCR reaction mixture
except for SYBR green. Ampli¢cation was performed in
an iCycler Thermal Cycler (Bio-Rad, Tokyo, Japan). The
cycles of the two-step PCR were the same as those of the
real-time PCR. To determine the optimal PCR conditions,
annealing and elongation temperatures were shifted to 66,
68, 70 and 72‡C. Three-step PCR was performed for 30
cycles of denaturation at 95‡C for 15 s, annealing at 55‡C

Table 2
Nucleotide sequences, positions, and melting temperatures of the primers used in this study

Primer Sequence (5P^3P) Position Tm
a(‡C) Fragment size (bp)

Sm F5 AGCCATGCGCAATCAACAGGTT 2007^2028b 69 415
Sm R4 CGCAACGCGAACATCTTGATCAG 2421^2399b 70
Ss F3 GAAACCAACCCAACTTTAGCTTGGAT 2123^2148c 69 329
Ss R1 ATGGAGTGATTTTCCATCGGTACTTG 2451^2426c 69

aMelting temperature calculated by Primer Express (Applied Biosystems) at 1 WM of each primer.
bThe position of the nucleotide sequence from the ATG codon of the gtfB gene (accession number: D88651).
cThe position of the nucleotide sequence from the ATG codon of the gtfI gene (accession number: M17391).
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for 15 s and elongation at 72‡C for 30 s. PCR products
were analyzed by 3.5% agarose gel electrophoresis (Nu-
Sieve 3:1 agarose, BioWhittaker Molecular Applications,
Inc., ME, USA).

2.6. Calculation of copy number of streptococcal genome
DNA

The raw data of real-time PCR indicated that femto-
grams of target DNA were present in each PCR tube.
After accounting for sample losses caused by the dead
volume of beads during the extraction of DNA, the
DNA in each PCR tube was considered to correspond
to 5 Wl of saliva sample. The genome size of mutans strep-
tococci is reported to be about 2 Mbp [25,26], which cor-
responds to 2.6 fg of DNA. Thus, we used the following
equation to calculate the copy number of bacterial DNA
per ml of a saliva sample: (raw data: fg/tube)U1 ml (sa-
liva)/5 Wl (in tube)/2.6 fg.

In order to compare the real-time PCR assay with con-

ventional culture assays, Spearman’s correlation coe⁄-
cients were calculated with the statistical softwear SPSS
ver.10.0J (SPSS Japan Inc., Tokyo, Japan).

3. Results

3.1. Speci¢city of PCR primers

To test the speci¢city of the primers, bacterial and hu-
man genomic DNA and a human saliva DNA were used
as templates for three-step PCR (Fig. 1). The Sm F5/R4
primer pair ampli¢ed the predicted size of DNA fragments
only when the genomic DNA of S. mutans or DNA from
S. mutans containing saliva were used as a template. The
Ss F3/R1 primers ampli¢ed the predicted size of DNA
fragments only when the genomic DNA of S. sobrinus
or S. downei was used as a template. No other bands,
such as primer dimers, were detected except the unreacted
primers with intercalating ethidium bromide dye.

-0.4kbp

-0.3kbp

1  2  3  4  5  6  7  9 10 11 12 13 14 15  16 17 18 20 21 22 23 24 25 29 30 31 H S N
SmF5-R4 primer pair

SsF3-R1 primer pair
1  2  3  4  5  6  7  9 10 11 12 13 14 15   16 17 18 20 21 22 23 24 25 29 30 31 H  S  N

Fig. 1. Speci¢city of the Sm F5/R4 and Ss F3/R1 primer pairs. PCR products ampli¢ed products from 50 ng template DNAs were analyzed by agarose
gel (3.5%) electrophoresis. The number above each lane corresponds to the number of the bacterial strain listed in Table 1 (H: human DNA obtained
from Promega; S: saliva; N: no-template control) that was used as the PCR template. Template DNAs were extracted by the bead protocol from bac-
terial cultures and S. sobrinus-free saliva.

Fig. 2. Optimization of PCR conditions. PCR products ampli¢ed from 4 pg of target DNA and excessive non-target DNA were analyzed by agarose
gel (3.5%) electrophoresis. 5 ng of DNA extracted from each cultured strain (numbers 8, 10^31 in Table 1) and human DNA were mixed in one PCR
reaction tube. 5 ng of extracted DNA from S. sobrinus was added with the Sm F5/R4 primer pair, and 5 ng of extracted DNA from S. mutans was
added with the Ss F3/R1 primer pair. Annealing and polymerizing temperatures are indicated above each lane.
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3.2. Optimization of PCR

The PCR cycles for the Sm and Ss primer pairs were
optimized for the best performance. In order to minimize
the reaction time, PCR cycles were designed as two-step
reactions. Because saliva contains a variety of DNA sour-
ces, such as human cells and several Gram-positive and
-negative bacteria, for optimization the DNA templates
should have a similar complexity to that of extracted
DNA solution from saliva. Therefore, we included a
DNA mixture along with the PCR template. We carried

out two-step PCR using the DNA mixture and 4 pg of
DNA from S. mutans ATCC25175-type strain as a PCR
template with the Sm F5/R4 primer pair (Fig. 2A), or
the DNA mixture and 4 pg of DNA from S. sobrinus
ATCC33478-type strain as a PCR template with Ss F3/
R1 primer pair (Fig. 2B). The ampli¢ed DNA bands
were weak at reaction temperatures of 72 and 70‡C. The
optimum temperature for both primer pairs was 68‡C; this
temperature provided e⁄cient signals, minimum reaction
time, and no non-speci¢c signals.

The speci¢cities of PCR assays were tested with a few

       SmF5-R4           SsF3-R1      Primer pair
0   0.5  1   5  10  50 500 5k   0  0.5  1    5  10  50 500 5k Target DNA(fg)

-0.4kbp
0.3

Fig. 3. Sensitivity test of the PCR assay. PCR was performed with 0^5000 fg of a mixture of target DNA and non-target DNA (5 ng of human DNA
and 5 ng of extracted DNA from strains 5^7, 9^18, 20^25, and 29^31 for the Sm primers, or from strains 1^4, 9, 11^18, 20^25, and 29^31 for the Ss
primers) in a volume of 25 Wl. 10 Wl of the ampli¢ed DNA solution was applied to each lane of agarose gel (3.5%) for electrophoresis.

Fig. 4. Standard curves of the real-time PCR assays. A: The graph is a standard curve generated by ABI PRISM1 SDS from the threshold cycle num-
bers of a 10-fold dilution series of S. mutans with non-target DNA (5 ng of human DNA and 5 ng of extracted DNA from strains 5^7, 9^18, 20^25,
and 29^31). B: The graph is a standard curve generated by SDS from the threshold cycle numbers of a 10-fold dilution series of S. sobrinus with non-
target DNA (5 ng of human DNA and 5 ng of extracted DNA from strains 1^4, 9, 11^18, 20^25, and 29^31).
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target molecules, which correlated to the sensitivity of the
assays, on each of the primer sets using 68‡C as the an-
nealing and elongation temperature. The DNA mixture
and 0 to 5000 fg of target genome DNA were used as
the PCR template (Fig. 3). The certain detection limits
of the Sm and Ss primer pairs by electrophoresis were
10 fg of S. mutans or S. sobrinus DNA. When 5 fg of
target DNA was used, a clear signal was visible some-
times, but not always. As shown in Fig. 3, extra bands
were limited to the unreacted primers with intercalating
ethidium bromide dye under all PCR conditions tested.

3.3. Real-time PCR

The Sm F5/R4 and Ss F3/R1 primer pairs performed
well in conventional PCR analysis, showing high sensitiv-
ity, high speci¢city, and low noise. These properties satisfy
the criteria for quantitative real-time PCR using SYBR
Green [27]. Fig. 4A shows a standard curve for quanti¢-
cation of S. mutans DNA. The standard curves were gen-
erated on ABI PRISM1 7700 SDS with a 10-fold dilution
series of DNA from an S. mutans strain (from 1 ag to 10
ng DNA of S. mutans with DNA mixture including 5 ng
of each DNA listed in Table 1 except for the strains of
S. mutans). A standard curve of S. sobrinus was also gen-
erated (Fig. 4B). The detection limit of the real-time PCR
assays was deduced to be 10 fg of templates in the reaction
tube, because the threshold cycle (Ct) for 10 fg of tem-
plates was signi¢cantly di¡erent from the Ct of the ‘no
template’ controls and so was on the standard curve gen-
erated by the SDS software, whereas the Ct for 1 fg of
template did not di¡er from the Ct for the ‘no template’
controls. The linearity of the quanti¢cations was demon-
strated over a range of six to seven exponential values.

3.4. Comparison of real-time PCR and conventional culture
methods

In order to assess the applicability of real-time PCR to
quantifying mutans streptococci in humans, we examined
the bacteria in several saliva samples from children. In
Fig. 5 the CFUs determined by classical culture quanti¢-
cation of bacteria are compared with the copy numbers of
the bacterial genome obtained by real-time PCR assay.
The colony number determined from four plates of the
10-fold dilution series of each saliva sample is shown on
the graph. Real-time PCR assays were performed in trip-
licate and the meanS standard deviation is indicated on a
graph. The Spearman’s rank correlation coe⁄cients were
calculated between the cultural methods and the real-time
PCR assays. Data for S. mutans (Fig. 5A) showed a strong
correlation between the real-time PCR assay (copy num-
ber ml31) and both the modi¢ed MSB assay (CFU ml31),
r=0.976 (P6 0.01), or MSB assay (CFU ml31), r=0.914
(P6 0.01). Data for S. sobrinus (Fig. 5B) also showed a
strong correlation between the real-time PCR assay and

the modi¢ed MSB assay, r=0.945 (P6 0.01), and the
MSB assay, r=0.949 (P6 0.01). Samples for which no
colonies were detected were found to contain a low copy
number of DNA with, for the most part, a very large
standard deviation. By contrast, the S24 sample, for which
a small number of colonies of S. mutans were detected,
had a low copy number of DNA with a small standard
deviation.

4. Discussion

In comparing the data from the culture assay with those
from the real-time PCR assay, we should consider the
di¡erence in units between the CFU and the copy number
of the DNA. Generally, one colony is not necessarily de-
rived from one single bacterial cell when the cells are ag-
gregated, and rapidly growing bacterial cells usually con-
tain more than one chromosome [28]. The copy numbers
of genome DNA per CFU are in£uenced by the bacterial
species, strain, sample condition and many other factors.
Thus, the applicability of the real-time PCR assay is as-
sessed only in terms of the contrast in data determined
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Fig. 5. Quanti¢cation of S. mutans and S. sobrinus in saliva from chil-
dren. The real-time PCR assay was performed in triplicate. A: Quanti¢-
cation of S. mutans in children’s saliva. B: Quanti¢cation of S. sobrinus
in children’s saliva.
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from both culture and real-time PCR assays on each sam-
ple. Fig. 5 shows that the results from both assays follow
almost the same trends. The real-time PCR data from the
samples containing little or no S. mutans and S. sobrinus
showed large standard deviations.

The detection limit of the real-time PCR assay is about
800 copies of genomic DNA per ml, because the detection
limit of streptococcal DNA was about 10 fg, as shown in
Fig. 4, which is equivalent to four genome copies, per tube
[25,26]. As each tube contained 5 Wl of extracted DNA
solution, corresponding to 5 Wl of saliva sample, the de-
tection limit per ml of saliva was about 800 copies of
DNA. Thus, data around this limit, that is, from 102 to
103 copies, are not reliable. The theoretical detection limit
of the culture assay is one CFU per 50 Wl of saliva sample,
which is equivalent to 20 CFU per ml, but the actual limit
is around 102 CFU per ml. Thus, the culture assay, espe-
cially that using modi¢ed MSB agar, seems to have a
similar detection level to that of the real-time PCR assay.
Those detection limits will change depending on the sam-
ple volumes applied to the culture plates and PCR reac-
tions. However real-time PCR assays seem to be a little
more sensitive than culture assays under our conditions.

The Ss F1/R3 primer pair ampli¢es a fragment of the
gtfI gene of S. sobrinus and S. downei. Initially, we had
planned to develop primers for quanti¢cation of represen-
tative species of mutans streptococci, namely S. mutans
and S. sobrinus, in order to use in the epidemiological
studies of the caries risks [10,11]. However, the design of
primers speci¢c to S. sobrinus proved di⁄cult as the nu-
cleotide sequences of gtfI from S. sobrinus show several
intra-species variations (see Section 2), making it hard to
select speci¢c primers common to all strains of S. sobrinus.
The Ss F3/R1 primer pair that we used corresponds to the
catalytic domain of the GTF enzyme. The nucleotide se-
quences of this region are conserved in some S. sobrinus
strains and, except for the gtfI gene of S. downei, show
inter-species variation. S. downei was originally detected in
macaque monkeys and was ¢rst identi¢ed as S. sobrinus
[29,30]. Although the detailed distribution of S. downei in
human oral cavities is unknown, it seems unlikely that
S. downei will be found in human oral cavities as it was
originally identi¢ed in monkeys [29,30]. Indeed, it was not
detected during a serological survey of mutans streptococ-
ci among Japanese children [31]. If S. downei is in the
human oral cavities, however, it is likely to contribute to
the formation of caries to a similar extent as S. sobrinus
[32]. Taking these observations together, the cross detec-
tion of S. downei was not thought to be a critical problem
for caries risk diagnosis.

In general, real-time PCR possesses several advantages
over culture assays. The real-time PCR can easily reveal
the individual quantities of S. mutans and S. sobrinus in-
dependently. A contrast culture assay needs many steps
for separately quantifying these two mutans streptococci.
Some reports have indicated that S. sobrinus is more car-

iogenic than S. mutans, if so, then an assay for quantifying
levels of S. sobrinus independently may have potential as
another important means of assessing caries risks [33,34].
Microorganisms have to be alive and culturable for detec-
tion by plate counting. Sample conditions before plating
directly a¡ect the number of colonies. In contrast, PCR
detects the DNA of microorganisms whether they are alive
or not [35]. This di¡erence in£uences the way in which
samples are transported and stored. Samples remain stable
over long periods of freezing for PCR assays. Easy sample
handling is a bene¢t for large-scale screening.

Quanti¢cation by PCR depends on the e⁄ciency of
the lysis and DNA extraction procedures. Especially for
Gram-positive bacteria, DNA extraction is often di⁄cult
and can easily lead to underestimates of the number of
bacteria. Although mutanolysin is a good reagent for
DNA isolation from mutans streptococci [36], it is expen-
sive for the analysis of large sample numbers. Here, we
used lysozyme coupled with disruption by glass beads.
This DNA isolation method seemed to work well in refer-
ence to the results of the real-time PCR assay. As this
isolation method can also be used for the analysis of other
bacteria, it might apply generally to the analysis of the
oral bacterial £ora.

In conclusion, we have developed a real-time PCR assay
for the quanti¢cation of mutans streptococci. This assay
worked well on saliva samples of children when compared
to a standard culture assay. Our real-time PCR assay will
be useful as a practical diagnosis system not only for the
risk of caries but also for other oral bacteria.
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