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ABSTRACT

The objective of this study was to analyze the wypio diversity, frequency of serotypes and theect&n of
mutacins fromStreptococcus mutarisolates in caries-free and caries-active indivatBiA total of 260S. mutans
isolated from 28 individuals with and without ddntaries were subjected to AP-PCR and PCR screening
glucosyltransferase B, mutacin and serotype gewb&gh showed the presence of. 70 different genstypleere
was no statistically significant association betwebhe presence of genes for serotypes and mutadgthsdental
caries. However, there was a statistically sigmific and a strong association between the higherotygric
diversity in the subjects with caries (r = 0.72=@.001). There was an increase in the number obgges with
increasing age (p <0.01).
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INTRODUCTION differentS. mutanstrains were compared (Kohler
and Krasse 1990). In addition, variations in some
Mutans streptococci are generally accepted as ow&ulence traits in theS. mutansisolates were
of the principal aetiologic agents of dental cariesassociated to caries activity of the infected hosts
The dental biofilm consistes of a complex bacteriaénd to their ability to grow as biofiims (Mattos-
community and the ability of specific strains ofGraner et al. 2000; Mattos-Graner et al. 2001).
Streptococcus mutar§§. mutansto compete with Most clones ofS. mutans produce bacteriocins,
other strains may be essential for colonizatiomamed mutacins, which are active against oral
(Loesche 1986; Becker et al. 2008. mutans streptococci, including other clones 8f mutans
show high  phenotypic and genotypic(Alaluusua et al. 1991), and also against non-
heterogeneities (Mattos-Graner et al. 2000elated organisms, e.beisseria spp(Mota-Meira
Mattos-Graner et al. 2001; Saarela et al. 1996) aret al. 2000). The broad activity spectrum of some
some genotypes may be able to colonize the hostutacins against distinct genotype $f mutans
and induce dental caries better than othdnighlights the important biotechnological potential
genotypes. This hypothesis has been reinforced I®f these substances in dental caries control
the findings of significant variations in caries(Hillman et al. 1987).
induction potential in the animal models when
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The classification of mutacin-producer strainsCaries experience was measured by the DMFT
based on their bactericidal activity, sensitivity t (decayed, missing and filled teeth) index,
other self-produced mutacins and presence afccording to the World Health Organization
plasmids, divides mutacins in four types, I, Il, Il criteria (WHO, 1997). The clinical examination
and IV (Caufield et al. 1985; Morency et al. 1995was performed by the same examiner (FISP). The
Qi et al. 1999a; Qi et al. 2001). The structuraintra-examiner agreement was higtx0.92). The
genes of the prepropeptides of mutacins I, I, lllcaries experience was dichotomized into two
and IV (mutA) have been sequenced (Qi et algroups: caries-free (dmft= 0) and dental caries
1999b; Qi et al. 2001), and their biosynthetic bcu children (dmft>0). The dental examination was
is formed by several genes, including thosgerformed in a natural lighted with direct visual
involved in regulation, cleavage, transport andnspection and tactile sensation with a dental
immunity to the produced mutacin (Chen et alexplorer and mouth mirror.

1999; Qi et al. 1999a).

S. mutanstrains have been classified iice and  Bacterial strains and DNA extraction

f serotypes based on the chemical composition &. mutanslinical isolates were obtained from the
their cell surface polysaccharides (Linzer et alMitis-Salivarius Agar with bacitracin  and
1986). The serotype-specific polysaccharideSof potassium telurite. Ten colonies resembliBg
mutansis known to consist of rhamnose-glucosemutansfrom each patient were transferred to the
polymers, with a backbone of rhamnose and siderain heart infusion broth — BHI (Difco, Detroit,
chains ofa- or R-linked glucosidic residues. A USA) and incubated at 37°C for 48h in an
serotype-specific polysaccharide $f mutansvas anaerobic jar. The DNA from 280 isolates were
demonstrated to play important roles inextracted by using a simple DNA preparation in
streptococcal adherence to human monocytic anghich the cells were washed and boiled for 10
fibroblastic cells, and was speculated to be itstmominutes with TE buffer (10mM Tris/HCL, 1 mM
efficient cytokine-stimulating component (Engels-EDTA, pH8.0). The debris was pelleted and the
Deutsch et al. 2003). The serotypeS. mutans supernatants were stored in a freezer at -80°C unti
strains are predominant in the human oral cavityse.

among the serotype eandf strains (Gronroos et

al. 1995). The serotypeRGP structure may have PCR analyses

advantages fo. mutanscolonization of the oral To confirm the identity of the strains, PCR
cavity (Shibata et al. 2003). reactions were carried out with the primers
The objective of the present study was to analyzepecific for gtfB, encoding glucosyltransferase B:
the genetic diversity, frequency of serotypee Forward: 5ACT ACA CTT TCG GGT GGC TTG

and f, detection of mutacins I, Il, lll and IV from G3’ and Reverse: 5CAG TAT AAG CGC CAG
S. mutandsolates in caries-free and caries-activefTT CAT C3' (Invitrogen, S&do Paulo, Brazil)
individuals. described by Oho et al. (2000), yielding an

amplicon of 517bp. A total of 260 isolates were
identified asS. mutans240 strains were included

MATERIALS AND METHODS from 26 caries-active individuals and 20 strains
_ from 2 caries-free individuals.
Subjects Each reaction consisted of 1.0ul template DNA

The study sample consisted of 28 preschools ag?ﬂOOng/pL), 1.0 uM of each primer, 200 uM of
18 to 34 months, randomly selected, from a publigagch dNTP, 1X PCR buffer (200 mmot Tris-
Early Childhood Center in Londrina, southernyc pH 8.4; 500 mmol} KCI), 1.5 mM MgCI2
Brazil. The aim and details of the experimentgng 1 U Tagq DNA polymerase (Invitrogen, S&o
were explained and the informed consent formpaylo, Brazil) in a total volume of 25 pl. The
were obtained prior to beginning the researchmpiification reaction was performed in 30 cycles
procedure. The experimental procedures wergs follows: denaturation &5 for 30s, annealing at
approved by the institutional Ethical Committee ofggec oy 30s, and extension at°@2for 1 min. One
the _University of North of Parana School _Ofreference strain (ATCC 25175) was used as a
Dentistry and by the local Health and Educationgsitive control ofS. mutansand distilled water
Authorities (PP/034/06). was used as a negative control. Amplification
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products were analysed electrophoretically in 1%was carried out as described above; however, the
agarose gels using TBE buffer (89 mmolTris amplification products were analysed in 2%
borate, 89 mmol™ boric acid, 2 mmol I* EDTA;  agarose gel.

pH 8.0), stained with Sybr Safe (Invitrogen) andThe individual AP-PCR amplicons were marked
observed under UV light. A 100 bp DNA ladderand the individual bands were analyzed by using
(Invitrogen, S&o Paulo, Brazil) served asthe Dice coefficient (>95%). A dendrogram was
molecular-size marker in each gel. All reactionsonstructed using the UPGMA cluster analysis

were repeated at least twice. with the aid of NTSYS (Numerical Taxonomy and
Multivariate Analysis System) program (Exeter
AP-PCR typing Software, Setauket, NY).

The strains identified asS. mutans were

genotyped. The genetic diversity & mutans PCR screening of mutacin and serotype genes
isolates was analyzed by AP-PCR reactions. Th€he detection of genes encoding mutacin types I,
sequences of the primers OPA 02, lll and IV was performed by the PCR using
(5TGCCGAGCTG 3) and OPA 13 specific primers to each type (Table 1). The PCR
(5'CAGCACCCAC3) were used. The PCR mixture for mutacins consisted of 1X PCR buffer
reactions were performed as follows: 1X PCR1Ox, 2.5 mM MgCJ, 200 pmol of each
buffer (200 mmol T Tris-HCI pH 8.4; 500 mmol | deoxynucleotide, 0.3 uM of each oligonucleotide
' KCly with 3.5mM of MgCh, 0.2mM of each primer, 1U of Tag DNA polymerase (Invitrogen)
dNTPs, 0.4mM of primers, 1U of Tag DNA and 50ng of template DNA. After denaturation at
polymerase and 1.0uL of DNA sample. The PCR4 °C for 5 min, a total of 30 PCR cycles were
conditions included 35 cycles of denaturation aperformed; each cycle consisted of 30s of
94°C for 1 min, annealing at 3& for 2 min, denaturation at 92 °C, 30s of annealing at 55 °C,
extension at 72C for 2min, with initial and 1 min of extension at 72 °C; and the final
denaturation at 9€ for 5 min and a final extension 5 minat 72 °C.

extension at 7Z for 5 min. The eletrophoresis

Table 1- PCR primers specific for mutacin |, I, Il ahd
Primers Primer sequence Product Size (bp)* Referemc
mutl/IlI-F AGTTTCAATAGTTACTGTTGC
750/450 Qi et al (1999)
mutl/llI-R GCCAAACGGAGTTGATCTCGT
mut II-F AACGCAGTAGTTTCTTTGAA 444
Mut II-R TTCCGGTAAGTACATAGTGC Novak et al(1994)
Mut IV-F ATGGGATATTTAAAGGGAAA 1344
Mut IV-R TCAGAGCAGCTACAAAAACT

Qi et al. (2001)

*bp: base pair

For the detection of serotypes e and f, a 96 °C for 2 min, a total of 25 PCR cycles were
multiplex PCR was realized. Three sets operformed; each cycle consisted of 15s of
specifics primers (SC-F plus SC-R, SE-F plus SEdenaturation at 96 °C, 30s of annealing at 61 °C,
R, and SF-F plus SF-R) were used to identifiand 1 min of extension at 72 °C.
S.mutansserotypes (Table 2). The PCR mixtureThe PCR products were analyzed by
(10 pl) consisted of 0.2 mM eachelectrophoresis in 1% agarose gel using
deoxyribonucleotide triphosphate, 1X PCR buffer;Tris/borate/EDTA buffer (pH 8-0). A 250 bp DNA
2mM  MgCl, 1U Taqg DNA polymerase ladder was included in each gel (Invitrogen). The
(Invitrogen), 0.5uIM concentration of each primer,DNA was stained with 0.5 pg fhl ethidium
and 50ng of template DNA. After denaturation atromide and visualized under UV illumination.
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Table 2 - PCR primers specific for serotypgs andf .

Primers Primer sequence Product Size (bp)* Referemc
SC-F CGG AGT GCT TTT TAC AAG TGC TGG 727
SC-R AAC CAC GGC CAG CAA ACC CTT TAT
Shibata et al.
SE-F CCT GCT TTT CAAGTACCT TTC GCC 517 (2003)
SE-R CTG CTT GCC AAG CCC TAC TAG AAA
SF-F CCC ACA ATT GGC TTC AAG AGG AGA 316
SF-R TGC GAA ACC ATA AGC ATA GCG AGG

*bp: base pair

Statistical analysis subjects harbored one genotypic only and twenty-
The chi-square test and the Spearman’s coefficienne had more than one genotype. Of these seven,
of correlation were applied to analyze thetwo were caries-free and five had dental caries
associations and correlations between théTable 3). The analysis between the genotypic
genotypic diversity, differences in the frequené€y odiversity and the caries experience showed a
mutacin and serotype genes and experience bfgher genotypic diversity in the subjects with
dental caries. Statistical significance wascaries §’= 6.46; p = 0.05) (Table 4). The
considered to be ata<0.05. The software Spearman correlation test showed a strong
Statistical Package for Social Science, v. ldAssociation between the genotypic diversity and
(SSPS, Chicago, IL, USA) was used for the dataaries experience € 0.72;P < .001).
analysis. Table 4 showed an increase in the number of
genotypes with increasing age. The 66.7% of
individuals aged 18 to 24 years had only one
RESULTS genotype, while 92.9% of individuals older than
25 years showed a higher genotypic diversit of
The clinical S. mutanswere isolated from the mutansin their oral cavity. This association was
individuals aged 18 — 34 years (mean + SD, 28.6 gtatistically significant X’=12,38; p= 0.002). All
6.6). The prevalence of dental caries (DMFT > Ojhe participants, except three, subject harbored
was 92.9%, with a mean DMFT score of 11.64erotypec isolates and serotypewas the next
(SD = 6.33). A total of 70 different genotypesmost common and the presence of serotypas
were detected among the 260 mutangsolates. not identified (Table 3). The PCR screening with
The test was performed with the OPA-02 andhe primers of mutacin I, Il and IV revealed that
OPA-13, and each of these primers generated the isolates were positive for these mutacins én th
different spectrum of amplicons, indicative ofcaries-free subjects. The PCR for the mutacin IlI
genetic polymorphism; when the results obtainedid not yield amplicon in an§. mutanssolates in
with the two primers were combined, the strainshis group (Table 3). The PCR with the primers of
were classified into two distinct genotypes in themutacin IV showed that 9 out of 28 (32.1%)
caries-free and into 68 distinct genotypes from thenutansisolates were positive in the caries-active
caries subjects (Table 3). The comparison of thgroup; on the other hand, the amplicons I/lll genes
similarity indices showed greater diversity amongevealed that 6 out of 28 (21.4%) isolates carried
the isolates from different individuals. these genes (Table 3).This study showed no
Considering the whole population, some of thestatistically significant association between the
subjects harbored just one genotype whereggesence of the genes for serotypes and mutacins
others exhibited up to five genotypes. Sevewith dental caries.
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Table 3 - Genotypes, serotype and detection of mutacifis lll and 1V of mutans streptococci in cariegd and
caries-affected individuals.

No. of No. of different Serotype clelf Mutacins /11l Mutacins II/1V
Isolates genotype
With dental caries
2Y 10 2 c 1 \Y
12MP 10 3 c - -
19MP 10 1 c - -
11MR 10 3 c/f - \Y
20MA 10 3 c - -
4MP 10 4 c 1M \Y
1MR 10 1 c | -
23MR 10 2 c/f 1 \Y
11MA 10 3 c | -
4V 10 5 c 11 -
29MR 10 1 c - -
21MA 10 2 c 1 \Y
2MP 10 3 c 171 1l
4Y 10 2 c - v
6Y 10 2 c 1M -
6MP 10 2 c - -
17MP 10 1 c - -
15MA 10 3 c - v
16MA 10 4 c - -
14MA 10 3 c 11 -
22MA 10 2 c/f | Il
11V 10 4 c - -
5MA 10 5 c - v
6MA 10 1 c - v
8MP 10 3 c - -
10MP 10 3 c - -
Total 68
Caries-free
19MA 10 1 c | v
12MR 10 1 c - v
Total 2

Table 4 - Diversity genotypic among the subjects, accaydinage and dental caries.
Diversity genotypic

1 amplitype >1 amplitype
N (%) N (%) p value
Age
18-24 years 6 (66.7) 3(33.3) 0.002
> 25 years 1(7.1) 18 (92.9)
Caries experience
Caries-free 2 (100) 5(19.2) 0.05
With caries 0 (0) 21 (100)
Chi-Square test 2
DISCUSSION serotypes have been implicated as the virulence

factors in dental caries. The relationship between
In the oral ecosystem, the development of thé&e caries activity and the higher synthesis ofesom
bacterial community generally involves avirulence factors by different genotypes of S.
sucession of populations and competition for thénutans has been demonstrated in the literature
receivers of adhesion, foods, and the production dNapimoga et al. 2005). In the present study, the
inhibitory substances such as the bacteriocingenotypic diversity ofS. mutanswas statistically
(Marcotte and Lavoie 1998). The mutacins andissociated to the dental caries. Preschools with
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dental caries showed more diversity than thosspectrum of mutacins, including mutacins I, Il and
without dental caries. This finding was contrary tdll, could become prevalent in most oral sites.

the results obtained by Kreulen et al. (1997), whd he caries-active individuals, the sites from which
showed a negative relationship between the cari€&mutanswere isolated, showed higher diversity,
activity and genotype diversity. However, theprobably because the production of organic acids
present result was in agreement with earlier reporand mutacins with the biofilm resulted in a more
(Hirose et al. 1993; Alaluusuat al. 1996; complex community compared to caries-free
Emanuelsson et al. 2003; Napimoga et al. 2004). ihdividuals (Paddick et al. 2003). Probably due to
has been observed that the subjects harbor onethis complexity,S.mutangienotypes isolated from
five distinct genotypes o8. mutansat different the caries-active individuals presented higher
ages (Alallusuua et al. 1996; Emmanuelsson et drequencies of mutacin IV and a wide spectrum of
1998; Gronroos et al. 1998; Klein et al. 2004mutacins, such as I/lll, and presented greater
Mattos-Graner et al. 2001; Caulfield and Walkemmutacin activityin vitro compared taS. mutans
1989; Kulkarni et al. 1989; Kreulen 1997;recovered from the -caries-free individuals
Napimoga et al. 2004). In the population(Kamiya et al. 2005).

examined, two individuals had only one genotyp&i et al (2001) studied the clinical isolates $f

in the group caries-free, and only two had as manyutansfor the presence of mutacin IV genes by
as five genotypes in the dental caries group. the PCR and found > 50% positive results. The
In a study of young adults, Emanuelsson et amutacin IV was produced by planktonic cells
(2003) found a maximum of seven genotypes imvhile mutacin | was produced by the biofilm-like
the subjects who had previous experience dfells. Different mutacins could serve different
caries. Napimoga et al. (2004) also found gurposes during the process of colonizatiorSby
maximum of eight genotypes in the caries-activenutans For instance, the production of mutacin
subjects using AP-PCR. Heavy colonization andV by the planktonic cells in saliva might hefp
growth of multiple genotypes in the same oramutanskill the primary colonizers on the tooth
cavity are likely to be consequences of frequergurface to make the room for its own population.
consumption of fermentable carbohydratesSupporting this hypothesis, the antimicrobial
Different clonal types 06. mutansietected within spectrum of mutacin IV has been shown to be
the oral cavity of one subject can have differenspecifically against members of the mitis group
phenotype and genetic properties (Guo et abf oral streptococci.

2006). The high clonal diversity @&. mutangs  Shibata et al. (2003) isolatesl mutandrom 198
likely to result in colonization by the clones of of 432 preschoool children (3 to 4 years old). The
different virulence (Caulfield 1997). data revealed that serotype predominated,

In relation to the frequency of mutacin, noserotype e was the next most commom, and
association with dental caries could be found irserotypef occurred rarely in Japanese preschool
this study. However, a higher proportion forchildren. This result was similar to the present
mutacin I/lll and to mutacin IV inS. mutans results and with Gronroos et al. (1995).
isolates from caries-active individuals wasFurthermore, which found that the serotypeas
observed. Kamiya et al (2005) found that théhe next most common and the presence of
isolates recovered from the caries-activeserotypee was not identified. It was noteworthy
individuals showed a higher frequency ofthat no statistical association between the
detection of mutacins I/lll and IV. Clinically, serotypes and dental caries was detected.
mutacins have been considered important for th€he findings of the present study point with
establishment and equilibrium of bacteria in dentalespect to the higher genotypic diversity in the
biofilms (Hillman et al. 1987). Supporting this subjects with dental caries and higher frequency of
hypothesis, the antimicrobial spectrum of mutacirserotypec and the genes for mutacins I, Ill and IV
IV is specifically against the members of the mitisn the studied population.

group of oral streptococci (Qi et al. 2001).

Nevertheless, the results showed that given the

increasing complexity of the oral microbiota, asACKNOWLEDGMENTS
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