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Abstract

Aim: To characterize the genetic variability of Streptococcus mutans isolates and to correlate this
variability with different colonization profiles observed during dental caries in a sample of children.
Methods: S. mutans samples were isolated from the saliva of 30 children with varying histories
of dental caries, and they were characterized according to morphological and biochemical markers
and the sequences of their 16S-23S intergenic spacer region. The genetic variability of the
isolates was first assessed using Random Amplified Polymorphic DNA (RAPD) markers. Next,
the isolates were differentiated by sequencing a specific region of the gene encoding the enzyme
glucosyltransferase B (gtfB). Results: Characterization using RAPD markers uncovered
significant genetic variability among the samples and indicated the existence of clusters, which
allowed us to reconstruct both the origin and clinical history of the disease. By sequencing the
16S-23S intergenic region, it was found that all of the isolates belonged to the species S. mutans.
Based on the genetic similarity of the isolates and pattern of amino acid variations identified by
partial sequencing of the gtfB gene, base-pair changes were identified and correlated with
different virulence patterns among the isolates. Conclusions: The partial sequencing of the gtfB
gene can be a useful tool for elucidating the colonization patterns of S. mutans. As amino acid
variations are likely to be correlated with differences in biological risk, molecular characterization,
such as that described in this paper, could be the key for assessing the development of dental
caries in children.

Keywords: Streptococcus mutans; dental caries; Random amplified polymorphic DNA
technique; glucosyltransferase.

Introduction

Caries is an infectious and transmissible disease associated with bacterial
colonization of dental surfaces1. Due to its multifactorial nature and microbial
origin, the severity and prevalence of caries can be greatly affected by the
endogenous conditions within each host individual2.

Several studies have demonstrated that the colonization and accumulation
of Streptococcus mutans is associated with dental caries in humans, since they
are influenced by various factors in the oral cavity, such as nutrition and hygiene
conditions of the host, salivary components, cleaning power and salivary flow
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and characteristics related with microbial virulence factors3.
Streptococcus mutans is the key contributor to the formation
of polysaccharide-based extracellular matrices in dental
biofilms4. Glucosyltransferases synthesize exopolysaccharides,
which are glucans that promote the accumulation of
microorganisms at specific sites on dental surfaces, and
glucosyltransferases become enzymatically active when
exposed to dietary sucrose.

Streptococcus mutans is widely distributed not only
among populations with a moderate-to-high incidence of
caries5 but also among populations with little or no incidence
of the disease6, which suggests that colonization by this
microorganism alone is not sufficient for the development
of caries5. Therefore, the presence of S. mutans in individuals
with low caries experiences could be explained by differences
in bacterial virulence factors or endogenous factors within
the host populations. This microorganism is only one member
of the indigenous oral biota that plays roles in “severe early
childhood caries” (S-ECC). As most humans are host to S.
mutans but not all carriers manifest dental caries, it has been
suggested that certain strains of S. mutans associated with S-
ECC could be genetically different from strains found in
caries-free individuals7.

Molecular markers have been used to elucidate the
genetic variability among S. mutans isolated from saliva and
other sources. RAPD (Random Amplified Polymorphic DNA)
markers have been most widely used for this purpose8-10. In
addition, IGS sequencing (e.g., sequencing of intergenic regions
between the 16S and 23S rRNA genes) has been used to
taxonomy studies, while partial sequencing of the gene gtfB,
which encodes the enzyme glucosyltransferase B, has been
used to investigate enzymatic activity and virulence11-12.

In the present study, samples of S. mutans isolated from
the saliva of children with varying histories of dental caries
were characterized using morphological and biochemical
markers, 16S-23S IGS sequencing, and RAPD markers. These
isolates were further distinguished by sequencing specific
regions of the gtfB gene to characterize the genetic variability
at this locus and correlate this information with the
colonization profiles of S. mutans observed in the children.

Material and methods

Case series and strains
For the present study, it was selected 44 strains of

Streptococcus mutans isolated from the saliva of 30 children
aged 6-9 years, attending rural schools affiliated with the
University Extension Program “Multidisciplinary strategy for
the prevention and control of diseases manifesting clinically
in childhood”13. The sample of children exhibiting a range
of epidemiological profiles of dental caries was initially
characterized according to the DMFT (the number of
permanent decayed, missing, or filled teeth) and deft
(deciduous teeth) metrics. The isolation of the strains and
estimation of colony-forming units (CFU) per mL of saliva
were performed using Mitis Salivarius Agar. Based on the
biochemical evidence, as well as factors identified during

the clinical interviews and examinations, the 44 S. mutans
isolates were divided into three host groups (Table 1).

The study protocol was approved by the Research Ethics
Committee of the Federal University of Paraná (UFPR),
number 085.SI 048/04-06. Informed consent was provided
by the children’s legal representatives.

DNA extraction and RAPD analysis
DNA extraction was performed according to Moreira et

al.14 (2010) by applying an ultrasound to a combination of
silica and celite (2:1) in CTAB (cetyltrimethylammonium
bromide). For the RAPD reactions, the following six
oligonucleotide primers were used: OPA 2 (5’ TGCCGAGCTG
3’), OPA 3 (5’ AGTCAGCCAC 3), OPA 5 (5’ AGGGGTCTTG
3’), OPA 8 (5’ GTGACGTAGG 3’), OPA 9 (5’ GGGTAACGCC
3’) and OPA 13 (5’ CAGCACCCAC 3’). The PCR was
performed using the conditions as described previously9. The
Streptococcus mutans strains ATCC 25175 and UA159 were
included as reference samples during the amplifications, and
the strains S. sobrinus ATCC 33478 and S. pyogenes ATCC
13540 were included as external control groups. The products
resulting from the RAPD amplification were analyzed by
electrophoresis through 1.6% agarose gels. An analysis of
polymorphisms was performed using the non-weighed pair
group method with arithmetic mean (UPGMA)15 (with an
estimated Jaccard similarity coefficient) using the NTSYS
2.1 software program16. The consistency of the clustering was
verified by bootstrap analysis with 10,000 re-samplings using
the Bood 3.03 software program17; clusters exhibiting p values
equal to or higher than 75% were considered consistent.

Amplification and sequencing of the 16S-23S
intergenic region and gtfB gene

The 16S-23S intergenic region was amplified from the
total DNA taken from the S. mutans isolates using primers
13BF (5’ GTGAATACGTTCCCGGGCCT 3’) and 6R (5’
GGGTTYCCCCRTTCRGAAAT 3’)18. In order to sequence a
region of the gtfB gene, the following primers were used:
GTFB-F (5’ ACTTACACACTTTTCGGGTGGCTTGG 3’) and
GTFB-R (5’ CAGTATAAGCGCCAGTTTCATC 3’)19.

The sequencing reactions were composed as follows:
50 ng of PCR product purified with PEG (polyethylene
glycol) according to Murphy et al.20 (2005); 125 µM each
dNTP; 50 nM each primer; 0.5 µL Big-Dye Terminator V 3.1
Cycle Sequencing kit; 0.5 µL buffer and ultrapure water for
a final volume of 10 µL. The amplification conditions were
as follows: 1 min at 96 ºC, followed by 35 cycles at 96 ºC
for 10 s and 50 ºC for 5 s with a final elongation step at 60
ºC for 4 min. Following lyophilization in a SpeedVac at 60
ºC for 40 min, the samples were sequenced using
electrophoresis in an ABI Prism 377 Sequencer (Applied
Biosystems). The sequences were analyzed and corrected
using the Staden Package software program21 and aligned
using a version of CLUSTAL-W22. In order to obtain the
nucleotide and amino acid compositions and calculate the
variable nucleotide distances and positions, we used the
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Clinical group Factors Isolate Child DMFT deft Caries activity
SM01 A 0 4 Yes

   Group I CFU/mL SM02 B 0 5 Yes
Caries SM03 C 0 6 Yes

SM04 D 0 6 Yes
SM05 E 4 0 Yes
SM06 F 1 2 Yes
SM07 G 0 5 Yes
SM08 H(1) 4 8 Yes
SM09 H (2) 4 8 Yes
SM10 I 0 4 Yes
SM11 J(1) 0 5 Yes
SM12 J(2) 0 5 Yes
SM13 J(3) 0 5 Yes
SM14 K(1) 4 5 Yes
SM15 K(2) 4 5 Yes
SM16 L(1) 1 7 Yes
SM17 L(2) 1 7 Yes
SM18 M 1 4 Yes

 SM19 N 2 4 No
Group II CFU/mL SM20 O(1) 4 0 Yes

Caries SM21 O(2) 4 0 Yes
SM22 P 0 2 Yes
SM23 Q 0 4 Yes
SM24 R 0 5 Yes
SM25 S(1) 0 6 Yes
SM26 S(2) 0 6 Yes
SM27 T 0 2 Yes

  SM28 U 2 3 Yes
SM29 V(1) 0 0 No

Group III CFU/mL SM30 V(2) 0 0 No
Caries SM31 W(1) 0 0 No

SM32 W(2) 0 0 No
SM33 X(1) 0 0 No
SM34 X(2) 0 0 No
SM35 X(3) 0 0 No
SM36 Y(1) 0 0 No
SM37 Y(2) 0 0 No
SM38 Z 0 0 No
SM39 α 0 0 No
SM40 &(1) 0 1 No
SM41 &(2) 0 1 No
SM42 € 0 1 No
SM43 € 0 1 No

  SM44 ¥ 1 0 No

Table 1.Table 1.Table 1.Table 1.Table 1. The S. mutans isolates used in this study according to the clinical
assessment groups

0 to 100 CFU/mL = CFU; above 100,000 CFU/mL = CFU;  or  Caries = higher or lower history of caries,
respectively; each child in the studied was assigned a unique letter or symbol (A-Z and α, &, €, or ¥).

MEGA 3 software program23. Reference strains sequence data
were taken from the GenBank.

Results

Forty-four S. mutans isolates were analyzed in this study.
Based on the amplification profiles of the RAPD markers,

polymorphisms were identified among the investigated
isolates, and further analysis clustered the isolates into seven
groups with bootstrap values above 75% (Table 2).

Thus, isolates from different genetic groups determined
by RAPD markers, were characterized by intergenic regions
(16S-23S) sequencing of rDNA and identified as S. mutans
(Figure 1). Based on the analyzed sequences of intergenic

Using molecular markers to assess Streptococcus mutans variability and the biological risk for caries
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Isolates Origin/Substrate Clinical Group* Bootstrap
SM01-SM03 Human host**/saliva Group I 80%
SM08-SM09 Human host***/saliva Group I 99%
SM11-SM12-SM13 Human host***/saliva Group I 83%
SM20-SM21 Human host***/saliva Group II 88%
SM32- SM33 Human host**/saliva Group III 80%
SM35- SM37 Human host****/saliva Group III 88%
SM39-SM41-SM42 Human host**/saliva Group III 75%
* Clinical Group established by epidemiological data of dental caries and S. mutans concentration
in saliva (Table 1)
** Different individuals, ***Same individual, ****Siblings

Table 2. Table 2. Table 2. Table 2. Table 2. Clustering based on RAPD markers of the S. mutans isolates
derived from saliva samples of children

Fig. 1.  Sequence analyses of the 16S-23S IGS region of various S. mutans isolates (SM1, SM2, SM6, SM12, SM18, SM20 and SM37) and reference strain S. sobrinus
ATCC 33478. The tree was constructed using the neighbor-joining method (two-parameter Kimura).

Fig. 2. Partial sequencing of the gtfB gene of S. mutans grouped using the neighbor-joining method (two-parameter Kimura); S. mutans strain ATCC 25175 was used
as a reference; SM 1 to SM 37 isolates of S. mutans; D88651 to D89977 represents the nucleotide sequences of the gtfB region of S. mutans deposited in GenBank.

Using molecular markers to assess Streptococcus mutans variability and the biological risk for caries
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region, it was verified the existence of genetic variability
among these isolates. The isolates SM01, SM02, SM06, SM12
and SM37 exhibited a high degree of genetic similarity among
them (Figure 1). The isolates SM01 and SM12 (Group I,
Table 1) showed 100% of similarity. The Strain 33478 of S.
sobrinus, which was included as an external control group,
clustered at a distance from the experimental samples.

The characterization of isolates by partial sequencing
of the gene encoding the enzyme glucosyltransferase B (GtfB)
was also done. As shown in Figure 2, isolates SM01, SM02,
SM06 and SM12, originated from individuals with similar
disease histories (Table 1), clustered in the same group;
isolates SM01 and SM12 were found to be identical with
respect to the analyzed sequences, although they originated
from different individuals, but with the same patterns of
clinical manifestation, i.e. high caries status (Table 1).

The analyzed isolates exhibited amino acid sequence
variations, which we compared with the sequences of the
reference strains as previously described by Fujiwara et al.11

(1998).  The S. mutans reference strain (MT4239)11 clustered
with isolates SM18, SM19, SM20 and SM37 (Figure 2), which
were similar with respect to amino acid composition in the
position 36 of the enzyme (Table 3).

Discussion

Among the 30 children evaluated in the study, 13
exhibited high concentrations of S. mutans in their saliva
(> 105 CFU/mL) and had significant histories of disease
(both DMFT and deft), whereas 17 children exhibited lower
concentrations of S. mutans (<102 CFU/mL) and mostly had
only mild histories of disease (Table 1). These data indicate
a positive correlation between S. mutans concentrations in
saliva and the clinical manifestation of caries. However,
among the children exhibiting low levels of colonization,
one group (Group II) had dental caries, despite having low

                                                                                                                                 Position*
Isolates/Reference  Strains of S. mutans 30 36 46 54 57 68 110 120 121 136 141
S. mutans SM01 S A Q S S S T N I K -
S. mutans SM02 . . . . . . . S L . -
S. mutans SM06 . . . . . . . . L . Y
S. mutans SM12 . . . . . . . . . . -
S. mutans SM18 . V . . . N A . L . -
S. mutans SM19 . V . . . N . . L . -
S. mutans SM20 . V . . . N A . L . -
S. mutans SM37 . V . . . N . . L . -
S. mutans 25175** . . . . . . . . L . -
S. mutans MT4239 T V . I . . . . L . -
S. mutans MT4245 . . . . . . . . L . -
S. mutans MT4251 . . P . F . . . L N -
S. mutans MT4467 . . . . . . . . L . -
S. mutans MT8148 . . . . . . . . L . -

Table 3.Table 3.Table 3.Table 3.Table 3. Amino acid differences in the gtfB gene between S. mutans isolates and reference strains

* aminoacid sequence variation :   . similar nucleotides, - insertion/deletion
** Reference strain S. mutans ATCC 25175

concentrations of S. mutans in their saliva, which suggests
that differences might also exist with respect to the virulence
of the isolates.

According to the polymorphisms identified by the RAPD
markers, it was identified a relation between genetic groups
of S. mutans and epidemiological data of disease (Table 2).
It was also verified the clustering of isolates from different
individuals, supported by high bootstrap values, suggesting
that isolates can be transmitted among individuals. Such
results correspond to what has been previously reported by
Domejean et al.8 (2010) who used arbitrary primers and verified
the presence of S. mutans corresponding genotypes, proving
the horizontal transmission of bacteria among schoolchildren,
aging between 5 and 6 years old. Furthermore, according to
the results presented in Table 2, it was verified two isolates
grouping proceeding from the same individual (e.g., SM11-
13 and SM20-21).

Furthermore, these results (Table 2) demonstrate the
diversity among isolates, correlated with patterns of variation
in the clinical manifestation of the disease, suggesting that
each individual may exhibit unique patterns of colonization
by S. mutans that could be due host’s endogenous factors,
since these individuals had a common pattern of diet,
characterized by frequent consumption of refined
carbohydrates.

 According to Kreth et al.24 (2005), human mucosal
surfaces are colonized by large numbers of bacterial species;
these populations exist in a state of homeostasis and play an
important role in protecting the host against invasion by
exogenous pathogens. However, when this homeostasis is
disrupted, indigenous flora can cause pathologies, such as
dental caries and periodontal disease. Additionally, high
colonization levels and diverse range of S. mutans genotypes
could be a consequence of frequent consumption of
fermentable carbohydrates, and it is possible that the
simultaneous action of multiple S. mutans strains with
different cariogenic potentials could increase the risk of
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developing dental caries25. In addition, when investigating
the children’s oral microbiota, Crielaard et al.26 (2011), showed
that the salivary microbiota of children aged 3 to 18 years
are still maturing and that multiple colonization events can
occur during this period.

The isolates from different genetic groups determined
by RAPD markers (Table 2), were characterized by intergenic
regions (16S-23S) sequencing of rDNA, and it was verified
the existence of genetic variability among these isolates.
The isolates SM01 and SM12 (Group I, Table 1), which were
originated from different children, showed 100% similarity.
This result suggested the transmissibility of S. mutans among
schoolchildren (Figure 1). This way, it can notice that the
variability among the isolates, detected by the IGS
sequencing (Figure 1), is not related to the virulence, but
may indicate the route of transmissibility.

According to the literature, the activity of
glucosyltransferase B enzyme seems to be directly related to
the adherence of S. mutans to dental enamel4-27. Upon partial
sequencing of the gtfB gene, five different genotypes were
identified among the analyzed isolates. The nucleotide
sequences differences were predicted to result in amino acid
variations that could influence the patterns of virulence
among the isolates. Figure 2 shows the grouping of the isolates
originating in children with varying disease histories, which
were clustered according to their genetic similarity identified
by partial sequencing of the gtfB gene.

The finding of isolates SM01 and SM12 clustered in
the same group, and originated from different individuals
with the same patterns of clinical manifestation, i.e. high
caries status (Table 1), suggests the existence of a similar
virulence potential for these two isolates.

The genetic similarity of isolates SM20 and SM18
proceeding from individuals with different patterns of
colonization, as evidenced by differences in saliva CFU/mL
counts (Clinical Groups I and II, Table 1) and high disease
prevalence, also suggested a similar pattern of virulence in
these isolates. The isolates SM19 and SM37, proceeding from
children with low concentration of S. mutans and with different
caries historic (Clinical Group II and III, Table 1), was grouped
with the latter, indicating that both exogenous and
endogenous host factors also might influence disease
development.

Based on the results of amino acid sequence variations
described in Table 3, amino acid positions ranging from 30
to 141 appeared to be susceptible to variation of S. mutans
GtfB gene. According to the literature, the presence of
polymorphisms in glucosyltransferase (gfts) genes expressed
by different strains of S. mutans is likely to be associated
with variations in specific enzymatic activity28. Alterations
by the site-directed mutagenesis of a single amino acid in
the catalytic domain of Gtfs are sufficient to considerably
change the enzymatic activity of this protein, leading to
differences in dental surface adherence patterns for the
investigated strains of S. mutans.

It is important to emphasize that the isolate SM06
exhibited an insertion of tyrosine at position 141, which

differed from the rest of the isolates (Table 1). Such
modification would be likely to influence enzymatic activity,
as reports indicate that this is the most highly conserved
position in GtfB due to its location within the catalytic
domain29. This hypothesis is consistent with the observed
pattern of virulence for isolate SM06, which was originated
in an individual with a considerable clinical history of disease.

In addition, glucosyltransferases produced by S. mutans
are also known to play an important role in virulence due to
their effects on dental biofilms, according to phylogenetic
analysis of glucosyltransferases and implications for the
coevolution of mutants streptococci with their mammalian
host, as reported by Argimón et al.30 (2013).

 Glucosyltransferases can be adsorbed directly onto
enamel and catalyze the synthesis of glucans in situ; this
promotes sites of avid colonization by microorganisms and
helps to create an insoluble matrix of dental bacterial plaque27,
which might also favor the development of disease.

The occurrence of groups containing children with a
high clinical manifestation of disease and low indices of S.
mutans in their saliva indicates that in addition to the
endogenous and exogenous factors present in each individual,
the presence of genetic variations must also be taken into
account when attempting to estimate the virulence of wild
biotypes of S. mutans.

In conclusion, this study demonstrates that partial
sequencing of the gene encoding the enzyme
glucosyltransferase B can be a useful tool for elucidating the
virulence patterns of S. mutans because amino acid variations
are likely to justify the differences in colonization pattern of
these strains, which could reflect a biological risk of
development the dental caries in these children.
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