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Streptococcus mutans has been considered the principal etiological agent of dental caries in humans. S. mutans can
secrete three kinds of glucosyltransferases (GTFs). One of these, GTF-B, which synthesizes water-insoluble
glucans from sucrose, has been considered to be one of the most important factors of cariogenic dental plaque
formation. Therefore, determination of whether GTF-B is present in plaque and saliva samples may contribute to
the evaluation of individual virulence potential (caries risk). The aim of this study was to develop a feasible
enzyme-linked immunosorbent assay (ELISA) for the routine quantification of GTF-B in plaque-derived cultures
and clinical samples, and to apply this assay to an epidemiological study. To determine the presence of GTF-B in
plaque samples, a sandwich-ELISA was devised, consisting of mouse monoclonal and rabbit polyclonal anti-
bodies against GTF-B and a horseradish peroxidase-conjugated anti-rabbit antibody. The developed ELISA
allowed for quantification of the amounts of purified GTF-B with satisfactory sensitivity and specificity; this
method was not affected by other components such as plaque and saliva. Plaque samples from healthy vol-
unteers were examined using this ELISA method and microbial analysis to apply the assay to an epidemiological
study. A correlation was observed between the amount of extracted GTF-B and S. mutans levels as determined
by ELISA and cultivated with Mitis Salivarius Bacitracin agar plates derived from plaque samples, although
there were some exceptions. In this regard, this ELISA system has the advantage of estimating both the indi-
vidual numbers of S. mutans and the productivity of GTF-B, namely, the cariogenic potential of S. mutans
simultaneously. These results indicate that this ELISA method is a useful tool for the diagnosis of caries risk.

Introduction

O ral gram-positive mutans streptococci are the
principal etiological agents of human dental decay.(1)

Among these streptococci, Streptococcus mutans, which is iso-
lated as the predominant species from human saliva and dental
plaque, can secrete three kinds of glucosyltransferases (GTF-B,
C, and D) that catalyze the synthesis of water-insoluble and
water-soluble glucans from dietary sucrose.(2) An important
virulence factor of S. mutans that promotes caries develop-
ment is its ability to firmly colonize on the tooth surface in the
presence of sucrose, and to produce a cariogenic dental pla-
que in situ through the action of these GTFs. Therefore the
levels of mutans streptococci in saliva and plaque are a means
of predicting the risk of caries. There are several commercially
available kits to measure an individual’s risk of caries; how-
ever, most of them require more than 24 h because of the
cultivation of S. mutans and/or other oral bacteria present in
plaque and saliva samples with appropriate media. To speed

up the process of the detection procedure, various methods
have been developed to measure the levels of mutans strep-
tococci using monoclonal antibodies (MAbs) and oligonu-
cleotide probes.(3,4) Furthermore, several nucleotide-based
detection systems of mutans streptococci, such as real-time
PCR, have been reported and are increasingly used.(5,6)

However, epidemiological and microbiological studies have
revealed different cariogenic potential and genetic diversities
among fresh S. mutans isolates (i.e., GTFs productivity is dif-
ferent in each S. mutans(7,8)), and it is not clear whether the
expression levels of mRNA of gtf genes and translation levels
of GTF proteins are correlated. Thus, we focused on the GTF-B
protein, which is considered to be one of the most important
factors of cariogenic dental plaque formation. Directly mea-
suring GTF-B present in plaque and saliva samples by ELISA
may contribute to the swift evaluation of an individual’s
caries risk. For this reason, hybridoma cells producing mouse
MAb and rabbit polyclonal antibodies (PAb) against S. mutans
GTF-B were produced in our laboratory.(9) The aim of this
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study was to develop a feasible, specific, and sensitive ELISA
to routinely quantify the amount of GTF-B from S. mutans in
plaque samples. Also the advantages of this ELISA system for
the diagnosis of caries risk applied to epidemical studies using
healthy volunteer plaque samples are described.

Materials and Methods

Bacterial strains and culture media

S. mutans PS14 and Streptococcus anginosus KSB8(10) were
used in this study and grown in Todd-Hewitt broth (THB;
Becton Dickinson, Franklin Lakes, NJ). Mitis Salivarius (MS)
agar (Becton) supplemented with 0.2 U/mL of bacitracin and
15% sucrose (MSB agar) was used as a selective medium for
microbial analysis.

Collection and preparation of clinical plaque samples

Oral samples were collected from 31 healthy volunteers
(aged 21 to 23 years) with different S. mutans levels on tooth
surfaces. All volunteers gave informed consent for the use of
their samples in research, and the study protocol was ap-
proved by the Ethics Committee of the Nihon University
School of Dentistry at Matsudo (EC02015). Clinical brushing-
plaque samples from each subject were collected as previ-
ously described.(11)

Preparation of anti-GTF-B monoclonal
and polyclonal antibodies

MAb P136, which was raised against GTF-B purified from
S. mutans PS14, was prepared previously(9) and was used for
coating of 96-well microtitration plates as the first antibody.
Anti-GTF-B PAb was also prepared previously.(9)

Extraction of GTF-B from cultured cells or samples

Cultured cells in THB or clinical plaque samples (1 mL)
were centrifuged, and the precipitate was washed with dis-
tilled water. This sample was dissolved in 200mL of 0.5 N
NaOH, and left for 1 min at room temperature. Subsequently,
400 mL of 1 M MOPS buffer containing 0.1% ProClin300
(Sigma-Aldrich, St. Louis, MO) for the neutralization of
alkaline was added, and diluted with 400 mL of phosphate
buffered-saline (PBS) containing 0.05% Triton X-100, 0.2%
bovine serum albumin (BSA), and 0.1% Proclin300. Insoluble
materials in this solution were removed by centrifugation
and the supernatant was used as an extracted GTF-B.

Procedure of ELISA system

The ELISA was based on a sandwich method involving
MAb and PAb against GTF-B. MAb P136 was diluted with
PBS (10mg/mL) and applied onto microtiter plate wells
(70 mL/well) for immobilization of the microtiter plate and left
at 4�C overnight. After three washes with PBS containing
0.05% Tween-20 (PBS-T), the plate was blocked with BSA, left
at 4�C overnight, dried at 25�C for 24 h, and stocked at 4�C.
Extracted GTF-B samples were pipetted into microtiter plates
(70 mL/well) coated with MAb P136, and left at 25�C for 2 h.
After three washes with PBS-T, the plates were allowed to
react with anti-GTF-B PAb (10 mg/mL diluted with PBS), in-
cubated at 25�C for 1 h, and washed with PBS-T. Horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immunoglob-

ulin (Zymed, South San Francisco, CA) was then diluted with
PBS to the working concentrations recommended by the
manufacturer and added to each well. The plates were incu-
bated at 25�C for 1 h and washed with PBS-T. HRP color de-
velopment reagent (0.3% o-phenylenediamine dihydrocloride
and 0.003% H2O2) was added and left for exactly 15 min. The
reaction was terminated by the addition of 1.5 N H2SO4, and
the optical density (OD) was measured at 492 nm using a
microplate reader.

Microbial analysis

The collected clinical plaque samples were dispersed by
sonication (50 W, 10 s), serially diluted, and inoculated on the
MSB agar plates. After anaerobic incubation for 48 h, S. mu-
tans colonies on MSB agar were counted under a stereomi-
croscope and the colony-forming units (cfu)/mL of S. mutans
were calculated for each subject.

Purification of GTF-B expressed in S. anginosus
transformant

An extracellular recombinant GTF-B (rGTF-B) protein was
prepared from the culture fluids of S. anginosus KSB8 grown
anaerobically at 37�C for 20 h in 1 L of THB containing
erythromycin (25mg/mL) and 1 mM EDTA. Cells were re-
moved by centrifugation (10,000 g, 15 min), and the super-
natant was mixed with an equal volume of chilled ethanol and
then left at 4�C for 3 h. The precipitate was collected by cen-
trifugation (20,000 g, 20 min), and was dissolved in distilled
water. Insoluble materials were removed by centrifugation
and the supernatant was used as the crude enzyme prepara-
tion. The purification procedure was described previously,(7)

except that lithium dodesyl sulfate was used instead of so-
dium dodecyl sulfate. Eluted fractions were subjected to
Western blot analysis using MAb P136. Immuno-positive
fractions were pooled and yielded as purified rGTF-B prep-
arations. Protein estimation was carried out using a DC pro-
tein assay reagent (Bio-Rad Laboratories, Hercules, CA) with
BSA as the standard protein.

Results

Standardization of ELISA for GTF-B concentration

The purified rGTF-B was used for calibration of the de-
veloped ELISA system. The calibration curve was constructed
from a set of seven points of the rGTF-B protein. Figure 1
shows the plots of purified rGTF-B concentrations and the OD
value measured with this ELISA. A correlation was observed
between the amounts of rGTF-B protein and the OD value of
this ELISA from 0 to 40 ng/mL of protein. The minimum
detection limit for purified GTF-B was 2 ng/mL, and the
practical measurement range of this sample was from 4 to
40 ng/mL of protein. Furthermore, the minimum detection
limit for extracted GTF-B protein from cultured S. mutans cells
was 104 cfu, and the practical measurement range of this
sample was from 105 to 107 cfu (data not shown).

Specificity of sandwich-ELISA system

The specificity of this sandwich-ELISA for extracted GTF-B
from S. mutans was examined further in the presence of
S. mutans-free human saliva, which is a mixture of many other
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oral substances. S. mutans-free saliva was prepared by filtra-
tion (0.22 mm). One milliliter of S. mutans-free saliva or PBS,
including various amounts of cultured S. mutans cells
(OD550nm = 1.0), had the GTF-B protein extracted and was
subsequently subjected to ELISA. As shown in Figure 2, the
present ELISA system is not affected by the many other
components of saliva. When other oral streptococci were
cultured, extracted protein, and subjected to ELISA, only
S. mutans was strongly recognized and no other oral strep-
tococci were detected, even S. sobrinus, which is another car-
iogenic mutans streptococci in humans (Table 1). These results
strongly suggest that this ELISA system was highly specific
against S. mutans GTF-B.

Application of ELISA system to clinical plaque samples

Previously, three kinds of oral samples, stimulated saliva,
swabbing plaque, and brushing plaque, were prepared to
evaluate the caries risk.(11) Among these, preparation of the
brushing plaque sample is simple and may be useful as a
means for assessment of an individual’s caries risk. Therefore,
the brushing plaque sample was subjected to ELISA in this
study. Brushing plaque samples from 31 healthy volunteers
were collected, and GTF-B was extracted and subjected to the
ELISA test. At the same time, the number of S. mutans in
collected samples was determined by the cultivation method
using selective medium MSB agar plates and calculated cfu of
S. mutans. Figure 3 shows the result of the ELISA and micro-
bial analysis plot. A positive correlation was observed be-
tween the amount of GTF-B estimated by sandwich-ELISA
and S. mutans levels determined by cultivation with MSB agar
(r = 0.95). This result strongly suggested that the sandwich-
ELISA system would be very useful for epidemiological
studies.

Discussion

Since the infectious level of mutans streptococci is largely
different from individual oral cavities, each of them possesses
a different caries risk.(1,13) It is essential to measure the exact
caries risk for effective caries prevention. The quantification of
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FIG. 2. Specificity of this ELISA system. GTF-B extracted
from cultured S. mutans cells in S. mutans-free human saliva
()) and PBS (B).
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FIG. 1. Calibration curve for purified rGTF-B protein. The
means of triplicate samples are shown at each concentration.

Table 1. Streptococcal Species to Confirm

the Specificity of Oral the ELISA System

Species Strain Detection

Streptococcus mutans PS14 +
Streptococcus sobrinus 6715 -
Streptococcus mitis 9811 -
Streptococcus sanguinis ATCC10556 -
Streptococcus oralis ATCC10557 -
Streptococcus gordonii ATCC10558 -
Streptococcus salivarius 9222 -
Streptococcus anginosus NCTC10709 -
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FIG. 3. Relationship between the amount of GTF-B and
S. mutans levels of 31 clinical plaque samples from volunteers.
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mutans streptococci using MSB agar is laborious but neces-
sary for the morphological discrimination of colonies to
identify the species of mutans streptococci. In general S. mu-
tans has resistance against bacitracin; however, when baci-
tracin sensitive S. mutans exists in oral samples, it is unable to
accurately evaluate S. mutans levels. For a solution to this
problem, several improved MSB media, and the development
of genetic detection systems of S. mutans, such as quantitative
real-time PCR (qPCR), has been reported.(5,6) Indeed, qPCR is
a powerful tool for the detection and quantification of bacte-
ria; however, qPCR depends on the efficacy of the cell lyses in
RNA extraction procedures. In the case of S. mutans, all RNA
extraction is very difficult due to the gram-positive bacterial
hard cell walls, and it is not clear whether the expression
levels of mRNA of gtf genes and translation levels of GTF
proteins are correlated or not.

Thus, in this study we have established a feasible sandwich-
ELISA assay using MAb and PAb targeting the GTF-B pro-
tein of S. mutans, because this bacterium is able to isolate
from almost human saliva and dental plaque, and determi-
nation of GTF-B should contribute to the evaluation of an
individual’s caries risk. This ELISA routinely quantified
GTF-B in plaque-derived cultures and clinical samples, was
highly sensitive to quantify the amount of the GTF-B protein,
was highly specific against S. mutans, and was not affected
by any other components present in plaque and saliva (Fig.
2). Furthermore, when this ELISA system was applied to
clinical plaque samples from 31 healthy volunteers with
different S. mutans levels, a correlation was observed be-
tween the amount of GTF-B determined by this ELISA sys-
tem and S. mutans levels examined by cultivation with MSB
agar plates, with some exceptions (Fig. 3). For example, there
were no S. mutans colonies on MSB agar; however GTF-B
was detected by ELISA. In contrast, many S. mutans colonies
were detected on MSB agar, but GTF-B was barely detected
by ELISA. This result suggested that the ability of GTF-B
production may be different in each S. mutans strain, which is
supported by a previous report.(14)

There are several commercially available kits to measure an
individual’s caries risk; however most of them require more
than 24 h because of the cultivation of S. mutans and/or other
oral bacteria present in plaque and saliva samples with ap-
propriate media. In addition, plural 96-well plates coated with
MAb P136 were prepared and stocked at once; only 4 to 5 h
operations are sufficient to process up to 25 samples com-
pared to conventional assay methods, which require more
than 24 h. Therefore, our sandwich-ELISA system is a useful
tool for the diagnosis of caries risk in epidemiological studies.
Furthermore, correlativity of the quantity of GTF-B, S. mutans
levels, and a Decayed Missing Filled Teeth index would be
assessed in clinical samples.
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