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RESUMO 

Esta tese, apresentada na forma de 3 artigos, teve por objetivos: (1) analisar a 

freqüência dos genes de produção de mutacinas I, II, III e IV, em genótipos de S. mutans 

isolados de indivíduos cárie-ativos e livres de cárie, (2) analisar a freqüência dos genes de 

produção das mutacinas I, II, III, IV, N, B-Ny 266, 1140 e genes homólogos às 

bacteriocinas, identificadas em outras espécies bacterianas, em cepas de S. mutans isolados 

de crianças, bem como detectar a expressão diferencial dos genes identificados, em células 

de S. mutans crescidas na condição planctônica e séssil, (3) analisar a expressão dos genes 

de produção das mutacinas I, II e proteínas kinases CiaH, Dgk e ComD, em diferentes fases 

do crescimento planctônico e séssil.  

O rastreamento e a freqüência dos genes estruturais de diferentes mutacinas em 

isolados de S. mutans, foram realizados pela técnica de PCR e a análise da expressão 

gênica, pela técnica de RT-PCR semi-quantitativa.  

Os estudos, apresentados nesta tese, demonstraram o papel das mutacinas como um 

fator de virulência, altamente diversificado entre a espécie S. mutans, e relacionado com o 

risco de cárie. Este fator de virulência, pode ser regulado por mecanismos quorum-sensing, 

sendo assim, dependente da condição de crescimento planctônica ou séssil. A regulação da 

produção de mutacinas, por mecanismos quorum-sensing, pode representar uma vantagem 

seletiva à espécie produtora, principalmente em ambiente complexo, como o biofilme 

dental e lesões de cárie.   

Futuramente, mais estudos serão necessários para identificar novos determinantes 

genéticos, necessários para a síntese de substâncias semelhantes às mutacinas, bem como, 

identificar os mecanismos e componentes, que modulam a expressão deste importante fator 

de virulência em S. mutans. 

 1 
 



ABSTRACT 

This thesis, comprised of 3 manuscripts was designed (1) to analyse the frequency 

of biosynthesis genes of the mutacins types I, II, III and IV, in S. mutans isolated from 

caries-affected and caries-free individuals, (2) to analyse the frequency of biosynthesis 

genes of the mutacins types I, II, III, IV, N, B-Ny 266, 1140 and genes homologues to 

bacteriocins identified in other bacterial species, in S. mutans isolated from children, in 

addition, to detect the differential expression of these genes, in S. mutans cells grown in 

planktonic and sessil conditions, (3) and to analyse the expression of the mutacins I and II  

production genes and kinase proteins genes (ciaH, dgk e comD), in different phases of the 

planktonic and sessile growth. 

The screening and frequency of the mutacins structural genes in S. mutans isolates 

were realized by PCR technique and the analysis of genetic expression, by RT-PCR semi-

quantitative method. 

The studies, presented in this thesis, demonstrate the role of mutacins as a virulence 

factor, highly diverse among S. mutans, and related to risk of dental caries. The mutacins 

production may be regulated by quorum-sensing mechanisms and is dependent on 

planktonic and sessile conditions. The modulation by quorum-sensing mechanisms may 

represent a selective advantage for producer S. mutans strain, mainly in complex 

environments as the dental biofilm and caries.   

Hereafter, more studies will be necessary to identify new genetic determinants for 

synthesis of mutacin-like substances and elucidate the mechanisms and components that 

modulate the genetic expression of this important virulence factor in S. mutans. 
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I - INTRODUÇÃO GERAL 

Os estreptococos grupo mutans, em destaque os Streptococcus mutans são 

considerados os principais agentes etiológicos da cárie dental [Whiley & Beighton, 1998]. 

Vários fatores, predisponentes da doença cárie, estão relacionados com características de 

virulências de S. mutans. A produção de glucanos insolúveis em água e de proteínas 

ligantes de glucanos (Gbps), em presença de sacarose, aumenta a aderência de S. mutans na 

superfície dental promovendo a formação do biofilme cariogênico [Smith et al., 1994; Sato 

et al., 1997].  

Neste biofilme, o acúmulo de metabólitos ácidos produzidos por S. mutans, 

provoca a desmineralização da superfície do esmalte e a formação de cavitações, tornando 

o meio seletivo para espécies mais acidúricas [Li et al., 2002]. A resistência ao pH ácido e a 

síntese de bacteriocinas, denominadas mutacinas, podem representar vantagens ecológicas 

à espécie de S. mutans, através do controle e diminuição da população de microrganismos 

competidores na cavidade oral [Kitamura et al., 1989; Gronröos et al., 1998; Li et al., 

2001b; Napimoga et al., 2005].   

Uma característica marcante de S. mutans é que a maioria dos isolados clínicos 

produz substâncias semelhantes às mutacinas capazes de inibir o crescimento de bactérias 

genética e ecologicamente relacionadas [Jacob et al., 1953; Tagg et al., 1976; Grönroos et 

al., 1998; Kamiya et al., 2005a – trabalho realizado no mestrado].  

1.1. Atividade biológica das mutacinas e a cárie dental 

Existem evidências de que as mutacinas podem exercer um importante papel na 

proteção e colonização de S. mutans na cavidade oral, principalmente em ambientes 

complexos, como o biofilme dental e lesões de cárie [Balakrishnan et  al., 2002; Kamiya et 

al., 2005a]. A produção destas substâncias in vivo sugere vantagens ecológicas à cepa 

produtora através da substituição da microbiota residente ou prevenção da invasão de 

microrganismos exógenos [Ikeda et al., 1982; Hillman et al., 1984].   

O papel ecológico das mutacinas in vivo foi demonstrado após a implantação e 

estabilidade de cepas de S. mutans produtoras de mutacinas de amplo espectro, na cavidade 

oral de animais e de humanos [van der Hoeven & Rogers, 1979; Kitamura et al., 1989; 

Hillman et al., 1987, 2000]. 
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Baseando-se nas propriedades seletivas e ecológicas das mutacinas in vivo, foi 

desenvolvida a terapia de substituição bacteriana para prevenção do desenvolvimento da 

cárie dental [Hillman et al., 2000]. Através da construção de uma cepa mutante S. mutans 

BCS3-L1, produtora de bacteriocina de amplo espectro in vitro (mutacina 1140) e defectiva 

na síntese de ácido láctico, foi possível efetivar a colonização da cepa produtora de baixo 

potencial cariogênico, na cavidade oral de ratos. A atividade biológica da mutacina 

produzida in vivo reduziu o índice de cárie possivelmente devido à inibição de S. mutans 

competidores  mais cariogênicos. 

Embora existam evidências da atividade biológica e seletiva das mutacinas in vivo, 

estudos não relataram uma correlação positiva entre o espectro inibitório das mutacinas e os 

níveis de infecção por S. mutans ou incidência de cárie [Longo et al., 2003].  

Entretanto, substâncias semelhantes às mutacinas de amplo espectro, foram mais 

freqüentes em genótipos de S. mutans, isolados de indivíduos cárie-ativos em relação aos 

genótipos isolados de voluntários livres de cárie [Kamiya et al., 2005a]. O espectro de 

atividade das mutacinas, identificado neste estudo, foi direcionado contra colonizadores 

predominantes nas respectivas populações estudadas, sugerindo uma possível correlação 

entre o perfil de produção de mutacinas (espectro inibitório) e o padrão de colonização 

microbiana observado em indivíduos cárie-ativos e livres de cárie, descrito previamente por 

Nyvad & Kilian (1990).  

O rastreamento e a identificação dos determinantes genéticos, relacionados com os 

diferentes fenótipos produtores de mutacinas, identificados entre os isolados do grupo 

cárie-ativo e livre de cárie, foi o principal objetivo do primeiro trabalho [Kamiya et al., 

2005b - capítulo 1].  

1.2. Classificação das Mutacinas Caracterizadas 

As bacteriocinas sintetizadas pelas diversas espécies de bactérias apresentam 

atividades e estruturas muito distintas, porém, preservam entre si propriedades em comum. 

Estas proteínas consistem em 20 a 60 resíduos de aminoácidos, com cargas elétricas 

positivas, podendo ser hidrofóbicas e/ou anfifílicas, atuando na formação de poros na 

membrana celular ou reduzindo o metabolismo de bactérias sensíveis [Nes & Holo, 2000].   
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Baseando-se na modificação pós-traducional, as bacteriocinas de bactérias Gram-

positivas foram classificadas em 2 grupos: classe I, de bacteriocinas modificadas após a 

tradução ou lantibióticos, e classe II, de bacteriocinas não modificadas ou não lantibióticos. 

Os lantibióticos são peptídeos que contém lantionina, β-metil-lantionina e resíduos 

dehidratados, são sintetizados por ribossomos e sofrem modificações após a tradução 

(SAHL et al., 1995). Dentre as mutacinas bem caracterizadas, as mutacinas I, II, III, 1140, 

B-Ny 266, SmbA e SmbB são classificadas como lantibióticos [Mota-meira et al., 1997; 

Hillman et al., 1998; Qi et al., 1999b, 2000; Yonezawa & Kuramitsu, 2005]. Já as 

mutacinas tipo IV (composta por dois peptídeos de atividades sinérgicas, NlmA e NlmB) e 

tipo N foram classificadas como não lantibióticos [Qi et al., 2001; Balakrishnan et al., 

2000].  

Os locus gênicos de biossíntese das mutacinas lantibióticos I, II e III foram 

completamente seqüenciados [Qi et al., 1999a, 1999b e 2000], e a análise seqüencial 

envolve vários genes, incluindo aqueles envolvidos na produção (mutA), regulação (mutR), 

modificação (mutM), clivagem (mutBC), transporte (mutT) e auto-imunidade (mutFEG) 

(figura 1). Atualmente, foram seqüenciados fragmentos abertos de leitura (ORFs) que 

flanqueiam os genes estruturais das mutacinas IV, N, SmbA e SmbB e que possivelmente 

estão relacionados com a regulação da expressão e produção das respectivas substâncias 

[Qi et al., 2001; Hale et al., 2004, 2005; Yonezawa & Kuramitsu, 2005] (figura 1). A 

proximidade dos genes estruturais da mutacina (mutN) e do peptídeo sinal de competência 

(comC) sugere correlação entre a produção de mutacina N e o desenvolvimento da 

competência [Hale et al., 2004].    

Estudos prévios [Longo et al., 2003; Kamiya et al., 2005b; Li et al., 2005] têm 

demonstrado a baixa freqüência dos genes estruturais das mutacinas caracterizadas, em 

diferentes isolados clínicos de S. mutans, fenotipicamente identificados como produtores de 

substâncias semelhantes às mutacinas. Estes dados sugerem a existência de grande 

diversidade de mutacinas produzidas pela espécie, das quais muitas ainda não foram 

identificadas. 

A baixa freqüência dos genes de produção de mutacinas, ratreados em nossos 

estudos [Kamiya et al., 2005b], impossibilitou a identificação dos determinantes genéticos 
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relacionados aos diferentes fenótipos de produção das mutacinas, identificados entre os 

isolados do grupo cárie-ativo e livre de cárie. 

 A hipótese da existência de alta diversidade nos determinantes genéticos necessários 

para a síntese das mutacinas, foi reavaliada em estudos posteriores utilizando genótipos de 

S. mutans isolados de crianças [Kamiya et al. – submetido - capítulo 2]. O estudo, descrito 

no capítulo 2, realizou o rastreamento adicional dos genes estruturais das mutacinas tipos 

1140, BNy-266 e N, além dos genes homólogos às bacteriocinas identificadas em diferentes 

espécies bacterianas.  

 Em adição, neste estudo, foi verificada a expressão dos genes estruturais rastreados, 

em isolados portadores dos mesmos, na condição séssil e planctônica, através da técnica de 

RT-PCR semi-quantitativa. Os resultados obtidos com a análise transcripcional do segundo 

estudo, juntamente com as recentes pesquisas sobre os mecanismos regulatórios envolvidos 

com a síntese de mutacinas, nos conduziram para o desenvolvimento do terceiro trabalho, 

descrito no capítulo 3.  

 

 
 
Figura 1 - Organização dos clusters de genes de biossíntese das mutacinas caracterizadas e isoladas de 
S. mutans. Genes com funções similares apresentam as mesmas cores (verde de regulação, azul de 
produção de peptídeo precursor, vermelho de modificação, branco de transporte/processamento, 
amarelo de imunidade, e rosa representa um gene adicional  - mutD).  
* seqüenciamento do cluster de biossíntese da mutacina N, envolve uma ORF com homologia à 
transposase e o gene blpI homólogo ao gene estrutural da bacteriocina de Streptococcus pneumoniae. 
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1.3. Análise da expressão dos determinantes genéticos de produção das mutacinas  

Estudos in vitro, que analisam a expressão e os mecanismos regulatórios da 

produção de mutacinas, têm elucidado o papel destes antimicrobianos em saliva e/ou 

biofilme in vivo. Com este propósito foram realizados os estudos, descritos posteriormente 

com maiores detalhes, nos capítulos 2 e 3 da tese. 

A maior atividade inibitória das mutacinas detectada em meios sólidos (condição 

reminiscente de biofilme) bem como a significante expressão gênica em células sésseis 

versus planctônicas, sugere maior atividade biológica destas substâncias em biofilme dental 

em relação à saliva [Kreth et al., 2004]. 

Em trabalhos prévios [Kamiya et al. – submetido – capítulo 2] foram detectadas a 

expressão positiva dos genes de produção das mutacinas I e II, em células planctônicas, e a 

atividade antibacteriana em meio líquido, sugerindo o importante papel destas mutacinas na 

inibição de microrganismos competidores na saliva, possibilitando a subseqüente 

colonização de S. mutans produtor, no biofilme dental.  

Neste mesmo trabalho, foi observada que a expressão do gene estrutural da 

mutacina tipo I (mutAI) foi maior em células aderidas ou sésseis em relação às células 

planctônicas, in vitro, entretanto os mesmos resultados não foram observados para o gene 

estrutural da mutacina II (mutAII) [Kamiya et al. – submetido – capítulo 2]. Segundo 

alguns estudos, os perfis de expressão gênica e conseqüentemente fenótipos desenvolvidos 

no estado planctônico e de biofilme são diferenciados, devido às diferenças ambientais as 

quais as células bacterianas foram expostas [Costerton et al., 1995; Burne at al., 1997; 

O´Toole et al, 2000].   

Estudos recentes têm relacionado a produção de peptídeos antimicrobianos com o 

sistema quorum-sensing – TCSTS (Sistema de Transdução de Sinal via Dois 

Componentes), demonstrando o aumento da expressão de genes estruturais em condições 

de maior densidade celular ou controle da expressão gênica através de mecanismos 

regulatórios pertencentes à este sistema [Qi et al., 2004; Hale et al., 2004; van der Ploeg, 

2005; Yonezawa & Kuramitsu, 2005].  

Condições no biofilme, como alta densidade celular e aumento do estresse ambiental, 

entre outros fatores ativam o sistema quorum-sensing, através do aumento da concentração 

de peptídeos ferormônios ou sinais que coordenam funções protetoras e de sobrevivência 
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para a célula, que incluem desenvolvimento da competência celular, resistência ao pH ácido 

e produção de mutacinas [Appleby et al., 1996; Li et al., 2001a, b; van der Ploeg, 2005]. 

O Sistema TCSTS é realizado através de dois componentes regulatórios consistindo 

de uma proteína histidina kinase, associada à membrana citoplasmática, e uma segunda 

proteína regulatória, situada no citoplasma. A proteína histidina kinase detecta sos 

peptídeos sinais do ambiente e transmite este sinal através da fosforilação da proteína 

regulatória, ao qual ativa a transcrição de genes alvos envolvidos na adaptação, 

sobrevivência e mecanismos de virulência [Appleby et al., 1996; Fabret & Hoch, 1999; van 

der Ploeg, 2005]. Este sistema funciona como modulador da expressão de diferentes genes 

em resposta às alterações ambientais. 

Dentre as mutacinas bem caracterizadas, as mutacinas I, II, IV e Smb têm a 

expressão gênica controlada indiretamente pelo aumento da densidade celular ou envolvem 

mecanismos de regulação quorum-sensing (estudos in vitro) [Chen et al., 1998; Qi et al., 

2004; van der Ploeg, 2005; Yonezawa & Kuramitsu, 2005]. Foi demonstrado que as 

proteínas kinases CiaH, Dgk and ComD são importantes componentes regulatórios que 

coordenam a expressão dos genes de produção das mutacinas I, II e IV, respectivamente 

(Chen et al., 1998; Qi et al., 2004; van der Ploeg, 2005). Estas proteínas também foram 

correlacionadas com a maior adaptação ao estresse ácido, resistência à bacitracina e 

desenvolvimento da competência celular. Estes mecanismos regulatórios coadjuvantes 

podem representar um importante meio de sinalização da expressão de fatores de 

virulência, relacionados com a sobrevivência das cepas produtoras, principalmente em 

ambientes complexos e competitivos como o biofilme dental e lesões de cárie.   

Para elucidar o papel das proteínas kinases CiaH, Dgk e ComD com a síntese de 

mutacinas tipos I e II, foi desenvolvido o trabalho, descrito no capítulo 3. Neste estudo, foi 

realizada a análise da expressão dos genes estruturais das mutacinas I e II (mutAI e mutAII) 

e das proteínas kinases (ciaH, dgk e comD) durante diferentes períodos do crescimento 

planctônico de uma cepa produtora, visando relacionar a expressão gênica com o aumento 

gradual da densidade celular, em culturas estáticas. Em adição, realizou-se a mesma análise 

durante o crescimento séssil (formação de biofilme dependente de sacarose). 

Através da análise da transcrição dos genes, concluiu-se que: a síntese das 

mutacinas I e II foi dependente da condição de crescimento planctônica ou séssil e 
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apresentou um perfil de expressão similar aos genes de proteínas kinases, sugerindo 

regulação por mecanismos dependentes da densidade celular ou do sistema quorum-

sensing. Entretanto, mais estudos serão necessários para identificar os mecanismos 

(diferentes dos estudados), que podem modular a síntese destas substâncias antimicrobianas 

em estado planctônico ou de biofilme, uma vez que o aumento da expressão dos genes 

regulatórios estudados não induziu o aumento da expressão dos genes estruturais das 

mutacinas I e II, necessariamente.  

Em adição, a manutenção da produção das mutacinas I e II, durante o crescimento 

celular séssil, pode representar um importante fator de virulência de S. mutans, 

relacionados com a sobrevivência e competição da espécie, em ambientes complexo como 

o biofilme dental e lesões de cárie. 
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II – PROPOSIÇÃO 

 

Os objetivos desse estudo foram: 

 

 

1. Detectar a freqüência dos genes de produção (estruturais) de mutacinas caracterizadas 

(tipos I a IV) em diferentes genótipos de Streptococcus mutans isolados de indivíduos 

cárie-ativos e livres de cárie. 

 

2. Detectar a freqüência e expressão dos genes de produção de mutacinas caracterizadas 

(tipos I a IV, N, BNy-266 e 1140) bem como genes homólogos às bacteriocinas 

identificadas em outras espécies bacterianas, em diferentes genótipos de Streptococcus 

mutans isolados de crianças. Além de quantificar a expressão dos genes estruturais 

rastreados nas condições de crescimento planctônico e séssil.  

 

3. Analisar a expressão dos genes estruturais das mutacinas I e II e genes de proteínas 

histidina kinase em diferentes períodos do crescimento planctônico e séssil, visando 

relacionar a produção das mutacinas I e II com o mecanismo quorum-sensing e determinar 

o papel destes genes na formação de biofilme mono-espécie, em culturas estáticas.     
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III – CAPÍTULOS 

Esta tese foi aprovada pelo Comitê de Ética em Pesquisa da FOP – UNICAMP 

parecer n° 125/2003 (Anexo 1). Adicionalmente, ela está baseada na Informação 

CCPG/001/98/Unicamp que regulamenta o formato alternativo para teses de Mestrado e 

Doutorado e permite a inserção de artigos científicos de autoria do candidato Assim sendo, 

esta tese é composta de três capítulos contendo um artigo publicado e dois  em fase de 

submissão em revistas científicas, conforme descrito abaixo: 

  

9 Capítulo 1 

“Frequency of four different mutacin genes in Streptococcus mutans genotypes isolated 

from caries-free and caries-active individuals”. Kamiya, R.U.; Napimoga, M.H.; Höfling, 

J.F.; Gonçalves, R.B. Esse artigo foi publicado no periódico Journal of Medical 

Microbiology 54: 599-604, 2005. 

 

9 Capítulo 2 

“Frequency and expression of mutacins biosynthesis genes in planktonic and sessile cells of 

Streptococcus mutans isolates”. Kamiya, R.U.; Höfling, J.F.; Gonçalves, R.B. Esse artigo 

será submetido à publicação no periódico Journal of Medical Microbiology. 

 

9 Capítulo 3 

“Expression analysis of mutacins biosynthesis and kinase proteins genes in Streptococcus 

mutans”. Kamiya, R.U.; Höfling, J.F.; Gonçalves, R.B. Esse artigo será submetido à 

publicação no periódico Microbiology. 
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ABSTRACT 

The ability of S. mutans to produce mutacins, combined with other virulence factors as 

lactic acid production, may contribute to the pathogenesis of this bacterium. In the present 

study, the detection of genes coding mutacins type I/III, II and IV was performed by PCR 

with specific primers to each type of biosynthesis genes in a total of 63 genotypes of S. 

mutans isolated from caries-active and caries-free individuals. In the caries-free group, 

PCR screening for mutacin IV revealed 31.81% positive genotypes to this mutacin. PCR 

for other three mutacins (I/III and II) tested did not yield amplicons in any S. mutans 

genotypes in this group. The PCR with primers of mutacin IV showed 68.29% positive 

genotypes, in the caries-active group. The Chi-square test showed significant differences in 

the number of positive strains to mutacin IV when compared to caries-free and caries-active 

genotypes of S. mutans (p = 0.01). On the other hand, the amplicons of mutacins I/III 

revealed 41.46% positive strains that carried these genes in the caries-active group. 

Statistical analyses revealed significant differences between the positive genotypes in the 

caries-active group that carried mutacins IV and mutacins I/III (p = 0.02). All tested S. 

mutans genotypes were negative by PCR for mutacin II. The low frequencies of detection 

of some mutacins genes suggest the existence of high diversity and polymorphism in 

production genetic determinants of the mutacins-like substances. In addition, the mutacins 

production of wide spectrum can play an important biological role in colonization of S. 

mutans strains, mainly in niche of high-complexity microbial communities. 

 19 
 



INTRODUCTION 

Mutans streptococci are generally accepted as one of the principal etiological agents 

of dental caries [Loesche, 1986; Becker et al., 2002]. The dental biofilm consists of a 

complex bacterial community and the ability of specific strains of Streptococcus mutans to 

compete with other strains may be essential for colonization. Alaluusua et al. [1996] 

suggested that some strains of S. mutans might be able to colonize the host and induce 

dental caries better than other strains.  Alternatively, dietary patterns of the host may be an 

important factor, since a high salivary mutans streptococci count does not necessarily exert 

a cariogenic challenge [van Palenstein Helderman et al., 1996]. 

Numerous factors affect the equilibrium among oral populations of microorganisms, 

and several inhibitory substances have been identified, including mutacins [Delisle, 1976; 

Caufield et al., 1985; Fukushima et al., 1985]. Mutacins are peptide or protein antibiotics 

that are mainly bactericidal for other bacteria of the same or closely related species, as well 

as for other Gram-positive microrganisms, and are likely to confer ecological advantage in 

diverse bacterial communities such as dental biofilm [Parrot et al., 1990; Balakrishnan et 

al., 2002]. Some studies demonstrated that the mutacin activity of S. mutans could be 

related to the prevalence of this species in the dental biofilm, saliva and dental caries 

[Berkovitz and Jordan, 1975; Hillman et al., 1987].  

 Classification of mutacin-producer strains based on their bactericidal activity 

divides mutacins into four types, I, II, III and IV. The antimicrobial spectrum of mutacin IV 

is specifically against members of the mitis group of oral streptococci, while that of 

mutacin I, II and III is broader [Qi et al., 1999a, b; Qi et al., 2001]. 

 The relationship between caries activity and the higher synthesis of some virulence 

factors by different genotypes of S. mutans has been demonstrated in the literature [Mattos-

Graner et al., 2000]. In a previous study, we observed a statistically significant positive 

association between the level of synthesis of water-insoluble glucan by S. mutans clinical 

genotypes and adherent cells in the presence of sucrose in caries-active subjects, but not in 

caries-free subjects [Napimoga et al., 2004]. In addition, the genotypes of caries-active 

individuals produced mutacins of wide spectrum in comparison with genotypes of caries-

free individuals [Kamiya et al., 2005 – anexo 3], suggesting that isolates from subjects with 
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high caries activity were better at colonizing and accumulating on teeth, and consequently, 

inducing caries. 

      In the present study, we analyze the relationship between the frequency of detection of 

four different mutacins (mutacin I, II, III and IV) from S. mutans genotypes, isolated from 

caries-free and caries-active individuals. 

MATERIALS AND METHODS 

Bacterial Strains 

A total of 63 genotypes and 3 reference strains, as positive control, of S. mutans 

were used. The clinical S. mutans were previously isolated from individuals aged 18 to 29 

years (meand ±  SD, 23.5 ± 3.9). Clinical strains were identified by PCR and genotyped by 

arbitrarily primed PCR [Napimoga et al., 2004] and included 41 genotypes from eight 

caries-active individuals and 22 strains from eight caries-free individuals. 

The isolates were previously evaluated for the production of mutacin-like 

substances [Kamiya et al., 2005] by a modification of the deferred antagonism method 

[Hamada and Ooshima, 1975]. For mutacin activity testing, the following 12 Streptococcus 

sp were used as indicator strains: Streptococcus mutans CCT3440, Streptococcus mutans 

32K, Streptococcus sobrinus ATCC27607, Streptococcus sobrinus 6715, Streptococcus 

mitis A, Streptococcus mitis ATCC903, Streptococcus salivarius ATCC25975, 

Streptococcus salivarius 66.4, Streptococcus sanguinis CR311, Streptococcus sanguinis 

M5, Streptococcus sanguinis ATCC10556 and Streptococcus oralis PB182. These strains 

were acquired from the respective collections of bacterial strains. 

Extraction of chromosomal DNA 

The strains were grown planktonically in brain heart infusion broth (Difco). DNA 

from all strains was extracted using a simpler DNA preparation in which the cells from an 

overnight culture in Brain Heart broth (BHI, Difco Laboratories, Detroit, Mich, USA) were 

washed and boiled for 10 minutes with TE buffer (10mM Tris-HCl, 1mM EDTA, pH 8.0) 

modified from Welsh and McClelland [1990] and Saarela et al., [1996], the debris pelleted 

and the supernatant used for detection of mutacin genes I/III, II and IV by PCR. 

PCR screening of mutacin genes 

The detection of biosynthesis genes coding mutacins type I, II, III and IV [Qi et al., 

1999a,b, 2001] was performed by PCR using specific primers to each type of gene. Only a 
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pair of primers was used to detect genes coding mutacins types I and III, due to high 

homology between them [Qi et al., 1999b].  

Primers to the genes coding mutacin types II and IV were designed based on the 

sequences obtained from the GenBank (http://www.ncbi.nlm.nih.gov) (Table 1). The 

homologous genes to the mutacins types I and III were detected by a pair of primers based 

in conserved aminoacid sequence of mutacin 1140, mutacin NY266, epidermin and 

gallidermin [Qi et al., 1999b].   

Amplification by PCR was performed in the GeneAmp PCR System 2400 (Perkin 

Elmer). The 50 µL PCR reactions consisted of 1 X PCR buffer containing 2.5 mM MgCl2, 

200 µM of each deoxynucleotide, 0.3µM of each oligonucleotide primer, 1.25U of Taq 

DNA polymerase (Invitrogen, São Paulo, SP, Brazil) and 50 ng of template DNA. Besides 

the strains tested, positive and negative controls were used in each PCR reaction: purified 

genomic DNA from S. mutans UA159 was used as positive control to mutacin genes type 

IV and two genotypes previously isolated from a mother/child pair [Klein et al., 2004] were 

used as positive control to mutacins genes types I/III and II, respectively (unpublished 

results). Distilled water was used as negative control.     

The PCR conditions were optimized for control strains. The PCR conditions 

included 35 cycles of initial denaturation at 94ºC for 5 min, denaturation at 94ºC for 45 sec, 

annealing at 52ºC for 1 min, extension at 72ºC for 2 min and final extension at 72ºC for 7 

min. The PCR products were analyzed by electrophoresis in 1.0% agarose gel using Tris-

borate-EDTA buffer (pH 8.0). A 250 bp DNA ladder was included in each gel. The DNA 

was stained with 0,5 µg mL-1 ethidium bromide and visualized under UV illumination. 

Statistical analysis 

 The Chi-square test was applied to detect differences in the frequency of mutacins 

genes. 

RESULTS  

In the caries-free group, among the 22 S. mutans genotypes analyzed, 4 (18.2 %) 

showed inhibitory activity against mutans streptococci, 20 (90.9 %) showed inhibitory 

activity against mitis streptococci and 5 (22.7 %) against S. salivarius (Table 2). In the 

caries-active group, among 41 genotypes, 13 (31.7 %) showed inhibitory activity against 

mutans streptococci, 33 (80.5 %) against mitis streptococci and 7 (17.1 %) showed 
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inhibitory activity against S. salivarius (Table 3). Two S. mutans genotypes from the caries-

free and four from the caries-active group, showed no inhibitory activity against any of the  

12 indicator-strains. 

In the caries-free group, PCR screening with primers of mutacin IV revealed 7/22 

(31.8 %) genotypes positive to this mutacin. PCR with other three mutacins (I/III and II) 

tested did not yield amplicons in any S. mutans genotypes in this group (Table 2).  

The PCR with primers of mutacin IV showed 28 out of 41 (68.3 %) strains were 

positive in the caries-active group; on the other hand, the amplicons of the mutacin I/III 

genes revealed that 17 out 41 (41.5 %) strains carried these genes (Fig. 1). Significant 

differences were found in the number of positive strains that carried the mutacin IV gene 

when comparing the caries-free and caries-active genotypes of S. mutans (p = 0.01).  

In both groups, there were some strains that produced mutacin and showed 

inhibitory activity agains one indicator strain but did not yield amplicons to mutacin genes. 

On the other hand, in the caries-active group, some genotypes that showed amplicon to 

mutacin IV and to mutacin I/III did not reveal inhibitory activity against any of the 

indicator strains tested (Table 3).  

DISCUSSION 

  Mutacins have been implicated as virulence factors in dental caries [Novák et al., 

1994]. In this study, we investigated the detection frequency of mutacins genes in S. mutans 

strains isolated from caries-free and caries-active individuals. We found that S. mutans 

strains recovered from caries-active individuals showed higher frequency of detection to 

mutacin IV compared to S. mutans genotypes recovered from caries-free individuals. In 

addition, only S. mutans in the caries-active group showed amplicons corresponding to 

mutacins I/III genes.  

 The oral biofilm is subjected to variable environmental stress, including the 

availability of nutrients, acidic pH [Carlsson, 1989] and mutacins activity [Qi et al., 2001]. 

Clinically, mutacins have been considered important for the establishment and equilibrium 

of bacteria in dental biofilm: the mutacin-producing strains might colonize more easily and 

suppress nonproducing or sensible strains [Hillman et al., 1987]. 
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 Longo et al. [2003] analyzed 19 strains isolated from children and found only one 

genotype that showed an amplicon homologous to gene for mutacin II. Qi et al. [2001], 

searched clinical isolates of S. mutans for the presence of mutacin IV genes by PCR, found 

> 50% positive results. According to Qi et al. [2001], mutacin IV is produced by planktonic 

cells while mutacin I is produced by biofilm-like cells. Different mutacins may serve 

different purposes during the process of colonization by S. mutans. For instance, production 

of mutacin IV by planktonic cells in saliva may help S. mutans kill the primary colonizers 

on the tooth surface to make room for its own population. Supporting this hypothesis, the 

antimicrobial spectrum of mutacin IV is specifically against members of the mitis group of 

oral streptococci [Qi et al., 2001]. Nevertheless, our study suggests that the increasing of 

the oral microbiota complexity, as found in caries-active individuals, and the mutacin-

producing S. mutans of wide spectra as mutacins I, II and III, could became prevalent in 

most oral sites. 

 Longo et al. [2003] related no association between mutacins inhibitory spectrum 

and infecting levels of mutans streptococci or caries incidence in the host, suggesting that 

the mutacin production may not be relevant in the ability of the strain to colonize the host 

and induce disease. In a previous study we showed distinct mutacin production profiles 

between S. mutans isolated from caries-active and caries-free individuals, which can be 

related to the different colonization profiles described in these individuals [Kamiya et al., 

2005]. 

In the caries-active individuals the sites from which S. mutans were recovered were 

more diverse, probably because production of organic acids and mutacins within the 

bioiflm resulted in a more complex community compared to caries-free individuals 

[Paddick et al., 2003]. Probably, due to this complexity. S. mutans genotypes recovered 

from caries-active individuals presented higher frequencies of mutacin IV and a wide 

spectrum of mutacins, such as I/III, and presented greater mutacin activity in vitro 

compared to S. mutans recovered from caries-free individuals [Kamiya et al., 2005]. 

We also found some mutacin-producing strains in both groups that showed in vitro 

inhibitory activity against at least one indicator strain but did not yield amplicons to 

mutacin genes. These data suggest a high genetic diversity at the mutacin locus or absence 

of the structural genes encoding these substances. One possible explanation is that the 
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polymorphism at the mutacins locus may have compromised primer annealing in the PCR, 

which suggestes that there are different mutacin-coding genes that have a similar 

phenotype. 

On the other hand, in the caries-active group, some genotypes showed amplicons to 

mutacin IV and to mutacin I/III, but did not reveal inhibitory activity against none of the 

indicator strains. One possible explanation is that the modification of only one aminoacid 

has already been shown to alter or to lose the activity of certain bacteriocins [Mulders et al., 

1991; Rollema et al., 1995; Chan et al., 1996]. The inhibition assay previously performed 

[Kamiya et al., 2005] could also result from the production of more than one inhibitory 

substance, showing that the understanding of the genetic determinants of several mutacins 

still needs to be improved. 

This study evaluated the frequency of mutacins I, II, III and IV in S. mutans strains 

recovered from caries-active and caries-free individuals, and compared them with 

phenotypic profiles of these substances in vitro. Our results suggest the high diversity and 

polymorphism in the production of genetic determinants of the mutacins-like substances. In 

addition, the production of a wide spectrum of mutacins can play an important biological 

role in colonization of S. mutans strains, mainly in the niche of high-complexity microbial 

communities.    

 

ACKNOWLEDGMENT 

This research was supported by the Fundação de Amparo a Pesquisa do Estado de 

São Paulo (FAPESP # 01/11787-4), the Fundo de Amparo ao Ensino e à Pesquisa (FAEP # 

1158-01; # 1505-02) and  the Conselho Nacional de Pesquisa (CNPq  # 140949-04). 

 25 
 



REFERENCES 

1. Alaluusua, S., Mattö, J., Grönroos, L., Innila, S., Torkko, H., Asikainem, S., 

Jousimies-Somer, H & Saarela M. (1996). Oral colonization by more than one 

clonal type of mutans streptococcus in children with nursing-bottle dental caries. 

Arch Oral Biol 41, 167-173. 

2. Balakrishnan, M., Simmonds, R. S., Kilian, M. & Tagg, J. R. (2002). Different 

bacteriocin activities of Streptococcus mutans reflect distinct phylogenetic 

lineages. J Med Microbiol 51, 941-948. 

3. Becker, M. R., Paster, B. J., Leys, E. J., Moeschberger, M. L., Kenyon, S. G., 

Galvin, J. L., Boches, S. K., Dewhirst, F. E. & Griffen, A.L. (2002). Molecular 

analysis of bacterial species associated with childhood caries. J Clin Microbiol 40, 

1001-1009. 

4. Berkowitz, R. J. & Jordan, H. V. (1975). Similarity of bacteriocins of 

Streptococcus mutans from mother and infant. Arch Oral Biol 20, 725-730. 

5. Carlsson, J. (1989). Microbial aspects of frequent intake of products with high 

sugar concentrations. Scand J Dent 97, 110-114. 

6. Caufield, P. W., Childers, N. K., Allen, D. N. & Hansen, J. B. (1985). Distinct 

bacteriocin groups correlate with different groups of Streptococcus mutans 

plasmids. Infect Immun 48, 51-56. 

7. Chan, W. C., Dodd, H. M., Horn, N., Maclean, K., Lian, L. Y., Bycroft, B. W., 

Gasson, M. J. & Roberts, G.C.K. (1996). Structure-activity relationships in the 

peptide antibiotic nisin: role of dehydroalanine 5. Appl Environ Microbiol 62, 

2966-2969. 

8. Delisle, A. L. (1976). Activity of two Streptococcus mutans bacteriocins in the 

presence of saliva, levan and dextran. Infect Immun 13, 619-626. 

9. Fukushima, H., Kelstrup, J., Fukushima, S., Umemoto, T., Kaibori, A. & Sagawa, 

H. (1985). Characterization and mode of action of a purified bacteriocin from the 

oral bacterium Streptococcus mutans RM-10. Arch Oral Biol 30, 229-234.  

10. Hamada, S. & Ooshima, T. (1975). Inhibitory spectrum of a bacteriocinlike 

substance (mutacin) produced by some strains of Streptococcus mutans. J Dent Res 

54, 140-145. 

 26 
 



11. Hillman, J. D., Dzuback, A. L. & Andrews, S. W. (1987). Colonization of the 

human oral cavity by a Streptococcus mutans mutant producing increased 

bacteriocin. J Dent Res 66, 1092-1094. 

12. Kamiya, R. U., Napimoga, M. H., Rosa, R.T., Höfling, J. F. & Gonçalves, R. B. 

(2005). Mutacins production in Streptococcus mutans genotypes isolated from 

caries-affected and caries-free individuals. Oral Microbiol Immunol.20, 20-24. 

13. Klein, M. I., Flório, F. M., Höfling, J. F., Pereira, A.C. & Gonçalves, R. B. (2004). 

Transmission, diversity, and stability of Streptococcus mutans and Streptococcus 

sobrinus genotypes: a longitudinal study in Brazilian nursery children. J Clin 

Microbiol 40, 4620-4626. 

14. Loesche, W. J. (1986). Role of Streptococcus mutans in human dental decay. 

Microbiol Rev 50, 353–380. 

15. Longo, P. L., Mattos-Graner, R. O. & Mayer, M. P.A. (2003). Determination of 

mutacin activity and detection of mutA genes in Streptococcus mutans genotypes 

from caries-free and caries-active children. Oral Microbiol Immunol 18, 144-149. 

16. Mattos-Graner, R. O., Smith, D. J., King, W. F. & Mayer, M. P. (2000). Water-

insoluble glucan synthesis by mutans streptococcal strains correlates with caries 

incidence in 12 to 30-months-old children. J Dent Res 79, 1371-1377. 

17. Mulders, W. M., Boerrigter, I. J., Rollema, H. S., Siezen, R. J. & de Vos, W. M. 

(1991). Identification and characterization of the lantibiotic nisin Z, a natural nisin 

variant. Eur Biochem 201, 581-584. 

18. Napimoga, M. H., Kamiya, R. U., Rosa, R. T., Rosa, E. A. R., Höfling, J. F., 

Mattos-Graner, R. O. & Gonçalves, R. B. (2004). Genotypic diversity and 

virulence traits of Streptococcus mutans in caries-free and caries-active individuals. 

J Med Microbiol 53, 697-703. 

19. Novák, J., Caufield, P. W. & Miller, E. J. (1994). Isolation and biochemical 

characterization of a novel lantibiotic mutacin from S. mutans. J Bacteriol 176, 

4316-4320. 

 27 
 



 
20. Paddick, J. S., Brailsford, S. R., Kidd, E. A. M., Gilbert, S. C., Clark, D. T., Alam, 

S., Killick, Z. J. & Beighton, D. (2003). Effect of the environment on genotypic 

diversity of Actinomyces naeslundii and Streptococcus oralis in the oral biofilm. 

Appl Environ Microbiol 69, 6475-6480. 

21. Parrot, M., Caufield, P. W. & Lavoie, M. C. (1990). Preliminary characterization of 

four bacteriocins from Streptococcus mutans. Can J Microbiol 36, 123-130. 

22. Qi, F., Chen, P. & Caufield, P. W. (1999a). Functional analyses of the promoters in 

the lantibiotic mutacin II biosynthetic locus in Streptococcus mutans. Appl Environ 

Microbiol 65, 652-658. 

23. Qi, F., Chen, P. & Caufield, P. W. (1999b). Purification of mutacin III from group 

III Streptococcus mutans UA787 and genetic analyses of mutacin III biosynthesis 

genes. Appl Environ Microbiol 65, 3880-3887. 

24. Qi, F., Chen, P. & Caufield, P. W. (2001). The group I strain of Streptococcus 

mutans, UA140, produces both the lantibiotic mutacin I and a nonlantibiotic 

bacteriocin, mutacin IV. Appl Environ Microbiol 67, 15-21.  

25. Rollema, H. S., Kuipers, O. P., Both, P., de Vos, W. M. & Siezen, R. J. (1995). 

Improvement of solubility and stability of the antimicrobial peptide nisin by protein 

engineering. Appl Environ Microbiol 61, 2873-2878. 

26. Saarela, M., Hannula, J., Mattö, J., Asikainen, S. & Alaluusua, S. (1996). Typing of 

mutans streptococci by arbitrarily primed polymerase chain reaction. Arch Oral 

Biol 41, 821-826. 

27. van Palenstein Helderman, W.H., Matee, M.I., van der Hoeven, J.S. & Mikx, F.H. 

(1996). Cariogenicity depends more on diet than the prevailing mutans 

streptococcal species. J Dent Res 75, 535-545. 

28. Welsh, J. & McClelland, M. (1990). Fingerprinting genomes using PCR with 

random primers. Nucleic Acids Res 18, 7213-7218. 

 28 
 



 
Figure 1: PCR screening of four different mutacin biosynthesis genes in Streptococcus 
mutans. Lane 1: Molecular Weight (250 bp); Lanes 3 and 5: Negative control (distilled 
water); Lane 2: Mutacin II (444 bp); Lane 4:  Mutacin I/III (750/450 bp) and Lane 6: 
Mutacin IV (1344 bp). 

1       2       3       4        5       6  
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Table 1: PCR primers of four mutacins biosynthesis genes. 
 

Primer Sequence Primers GenBank Reference 

5´- AGTTTCAATAGTTACTGTTGC - 3´ 
mut I/III 
forward 

AF 267498 
and 

Qi et al., 1999b 

5´- GCCAAACGGAGTTGATCTCGT – 3´ 
mut I/III 
reverse 

AF 154675  

5´- AACGCAGTAGTTTCTTTGAA – 3´ 
mut II 

forward 
U40620 

Novák et al., 
1994 

5´- TTCCGGTAAGTACATAGTGC – 3´ 
mut II 
reverse 

  

5´- ATGGGATATTTAAAGGGAAA – 3´ 
mut IV 
forward 

NC 004350 Qi et al., 2001 

5´- TCAGAGCAGCTACAAAAACT – 3´ 
mut IV 
reverse 
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Table 2: Mutacin inhibition number against 12 indicator strains, and detection of mutacin 

IV, mutacins I/III and mutacin II genes by PCR in 22 S. mutans genotypes from caries-free 

group.  

PCR screening Genotype 

(S. mutans) 

Mutans group 

 (n=4) 

Mitis group 

(n=6) 

S. salivarius 

(n=2) Mutacin IV Mutacin I/III Mutacin II 

AD13 2 6 2 - - - 
AD8 0 6 2 - - - 
AS4 0 6 2 - - - 
AS38 0 5 1 - - - 
CD35 0 0 0 - - - 
CS2 1 5 1 - - - 
CD34 0 3 0 - - - 
DD31 0 1 0 - - - 
DS37 0 3 0 - - - 
DP38 0 3 0 - - - 
ES31 0 1 0 - - - 
ED33 0 2 0 + - - 
GD2 0 2 0 + - - 
GS33 0 0 0 - - - 
GS43 0 3 0 - - - 
IP35 0 3 0 + - - 
OS31 0 3 0 + - - 
OS40 0 2 0 + - - 
OP35 0 1 0 + - - 
OD32 0 4 0 + - - 
RP2 1 4 0 - - - 
RS7 2 4 0 - - - 
Total : 22 4 20 5 7 0 0 
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Table 3: Mutacin inhibition number against 12 indicator strains, and detection of mutacin 

IV, mutacins I/III and mutacin II genes by PCR in 41 S. mutans genotypes from caries-

active group.  

PCR screening Genotype 

(S. mutans) 

Mutans group 

(n=4) 

Mitis group 

(n=6) 

S. salivarius 

(n=2) Mutacin IV Mutacin I/III Mutacin II 

C1S2 0 3 0 + + - 
C1D3 0 3 0 + + - 
C2D2 0 4 0 + - - 
C2D12 0 4 0 + - - 
C2S13 0 0 0 + - - 
C2S4 4 6 2 - + - 
C2D8 0 0 0 + - - 
C2D6 0 0 0 + - - 
C2D13 0 3 0 + - - 
C2D7 0 4 0 - - - 
C3D15 1 1 0 + - - 
C3D14 1 1 0 + - - 
C3D9 2 0 0 + - - 
C3P13 1 1 0 + - - 
C3S13 1 0 0 + - - 
C4P4 0 1 0 + - - 
C4P5 0 1 0 + - - 
C4D3 0 0 0 - - - 
C4S3 0 1 0 - - - 
C4D6 1 0 0 - - - 
C5P5 0 2 0 + - - 
C5D5 0 2 0 + - - 
C5D15 0 2 0 + - - 
C5S2 4 6 2 + + - 
C7D10 0 1 0 - + - 
C7D1 0 2 0 - + - 
C7P3 0 3 0 + - - 
C7D11 0 1 0 + - - 
C7D9 0 1 0 + - - 
C7S4 0 1 0 - + - 
C7S5 0 3 0 + + - 
C8D7 4 6 2 - + - 
C8P12 2 2 2 - + - 
C8S4 0 0 0 + - - 
C8D10 4 6 2 - + - 
C9D3 4 6 1 - + - 
C9S14 4 6 1 - + - 
C9S15 0 1 0 + + - 
C9S10 0 3 0 + + - 
C9S2 0 3 0 + + - 
C9S9 0 3 0 + + - 
Total : 41 13 33 7 28 17 0 
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ABSTRACT  

The aims of this study were to detect the frequency and expression of biosynthesis 

genes of mutacins I, II, III, IV, N and homologues to B-Ny 266, 1140 and non-lantibiotics 

(subclass IIa and IIb) in 23 mutacin-like substances producing S. mutans isolates (Sm 1-to-

23), using PCR and semi-quantitative RT-PCR methods. In addition, this study detected the 

inhibitory activity of mutacins I and II in liquid preparation and analyzed the expression of 

respective structural genes in planktonic and sessile cells, in vitro. 

Among 23 mutacin producing strains, only 5 were biosynthesis genes carrier of 

characterized mutacins (I, II and IV). One strain carried mutA coding both mutacins I and 

II. The low frequency of structural genes of mutacins I, II and IV and the absence of 

isolates carrying genes coding non-lantibiotics and mutacins B-Ny266, 1140 and III 

suggests high diversity of genetic determinants of mutacin-like substances in S. mutans. 

The analysis of expression by semi-quantitative RT-PCR showed than only 2 S. 

mutans strains (Sm 7 and Sm 17) expressed mutA coding mutacins I (mutAI) and II 

(mutAII), and one of  these genotypes (Sm 7) produced both mutacins, in planktonic and 

sessile cells. The partially purified mutacins (crude extract) obtained from cells cultures in 

THB sucrose (0,5%) showed inhibitory activity in liquid media against S. sanguinis and 

presented higher concentrations of inhibitory substances (about 8-fold increase) in 

comparison to supernatant of cultures in THB without sucrose, on the respective final log 

phase.  

There was significant difference between the transcription levels of mutAI in 

planktonic and sessile cells grown in THB sucrose (test t, p = 0,02). This result was not 

observed for mutAII gene.  

In conclusion, there is a high diversity in the genetic determinants needed for the 

synthesis of mutacins in S. mutans isolates. Mutacins I and II could be produced in 

planktonic and sessile cells and showed inhibitory activity in liquid cultures. In addition, 

the mutacin I production was dependent on growth in sessile conditions and may be part of 

the stress response that S. mutans displays under adverse conditions, as the dental biofilm. 
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INTRODUCTION 

 S. mutans is considered a major etiological agent of human dental caries due to its 

capacity of adherence, acid resistance, acidogenicity, resistance to other stress conditions 

and the mutacin production [Bowden & Hamilton, 1998; Napimoga et al., 2005]. Mutacins 

are peptide or protein antibiotics that are mainly bactericidal against other bacteria of 

closely related species as well as a surprisingly wide of other gram-positive bacteria [Tagg 

et al., 1976; Qi et al., 1999b]. The mutacins production may likely confer ecological 

advantage to S. mutans in diverse bacterial communities such as saliva and dental biofilm 

[Parrot et al., 1990; Balakrishnan et al., 2002].  

 In the previous survey, we showed that the majority of the S. mutans strains 

produced mutacin-like substances [Kamiya et al., 2005a], out of 319 S. mutans isolated 

from caries-active and caries-free individuals, more than 70% were able to produce one or 

more bacteriocin-like substances in vitro. However, the low frequency of biosynthesis 

genes of mutacins previously characterized in these isolates suggested high diversity of the 

bacteriocins genetic determinants in S. mutans [Kamiya et al., 2005b]. Besides this great 

diversity, little has been revelead about the biochemical structures of mutacins. In addition, 

many mutacins have not been identified yet. 

 Most bacteriocins from S. mutans characterized up to now belong to the class I 

lantibiotics (mutacin I, II, III, 1140, BNy-266 and SmbA and SmbB) [Novák et al., 1994; 

Hillman et al., 1998; Qi et al., 1999a; Qi et al., 1999b; Qi et al., 2001; Yonezawa & 

Kuramitsu, 2005]. These lantibiotics present ample inhibitory spectrum when tested in solid 

media, which may  suggest high antimicrobial activity in dental biofilm [Qi et al., 2004]. 

 The bacteriocins of Class I include two subgroups according to their primary 

peptide sequences [de Vos et al., 1995; Sahl & Bierbaum, 1998]. Subgroup AI contains the 

nisin-like lantibiotics, as well as subtilin, epidermin, pep5, mutacins I and III as the most 

thoroughly characterized members. Subgroup AII consists of lantibiotics as lacticin 481, 

SA-FF22, salivaricin, variacin and mutacin II [de Vos et al., 1995; Sahl & Bierbaum, 1998; 

Qi et al., 2000]. 

 The bacteriocins class II include non-lantibiotic, divided in Subclass IIa that contain 

the pediocin-like substances, and Subclass IIb  is composed of synergic two-peptides [Nes 

& Holo, 2000]. A nonlantibiotic class IIb bacteriocin, mutacin IV, was purified from S. 
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mutans UA140, which is a producer of the lantibiotic mutacin I [Qi et al., 2001]. Mutacin 

IV is composed of two synergic peptides encoded by nlmA and nlmB genes, which are 

probably organized in the same operon [Qi et al., 2001], however no pediocin-like mutacin 

has been identified up to now. In this study, we tried to identify by PCR possible mutacins 

homologues to non-lantibiotic subclass IIa and IIb among the isolates S. mutans, using 

degenerate primers based on consensus of different bacteriocins already characterized in 

the other species.   

In the present study, we evaluated the titre of mutacin-like substances and the 

expression of biosynthesis genes of some well characterized mutacins in planktonic cells of 

S. mutans. In addition, we detected the mutacin inhibitory activity in liquid media.   

During  the biofilm formation, the bacteria express phenotypes that distinguish these 

sessile cells from planktonic cells in response to environmental signals [Costerton et al., 

1995; O´Toole et al., 2000]. In this study we analyzed and compared the gene expression 

profiles of characterized mutacins in planktonic and sessile cells by sqRT-PCR technique. 

MATERIALS AND METHODS 

1. S. mutans isolates and Antagonism Method: We selected for this study 23 different 

genotypes of S. mutans (Sm 1 to Sm 23) from caries-free children, isolated in the previous 

studies [Flório et al., 2004; Klein et al., 2004]. These strains were characterized as producer 

of mutacin-like substances by Antagonism Method as described previously by our group 

[Kamiya et al., 2005a].  

For mutacin activity testing, the following 30 Streptococcus sp were used as 

indicator strains: S. mutans UA159, S. mutans UA130, S. mutans CCT3440, S. mutans 32K, 

S. sobrinus ATCC27607, S. sobrinus 6715, S. mitis A, S. mitis ATCC903, S. salivarius 

ATCC25975, S. salivarius 66.4, S. sanguinis CR311, S. sanguinis M5, S.  sanguinis 

ATCC10556, S.  oralis PB182 and more 15 S. mutans isolates. 

2. Extraction and purification of DNA: 

 Total DNA was extracted using the Master PureTM DNA Purification kit, 

EPICENTRE, according to the manufacturer’s instructions. The mutacin producing strains 

were or grown in 3 ml of Brain Heart Infusion broth (BHI, OXOID Ltd, Hampshire, 

England) for 18h, 37oC and CO2 (10%).  Aliquots of 1,5 ml of culture were submitted to 
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centrifugation (13.000g, at 4oC, for 5min) and the pellet submitted to DNA extraction. The 

DNA purity was obtained spectrophotometrically by proportion A260 / A280 nm.   

3. PCR screening of mutacin genes:   

The detection of biosynthesis genes coding mutacins type I, II, III and IV [Qi et al., 

1999a; Qi et al., 1999b; Qi et al., 2001] was performed by PCR using specific primers to 

each type of genes.  Primers to the genes coding mutacins were designed based on the 

sequences obtained from the GenBank (http://www.ncbi.nlm.nih.gov) (table 1) using 

Primer 3 Program (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).  

For detection of the mutacins homologues to 1140 and B-Ny 266, one pair of 

primers designed by QI et al. [1999b] was used. The forward primer for the structural gene 

LanA (5’ – agtttccaatagttactgttgc – 3’) was based on conserved amino acid sequence, S-F-

N-S-Y-C-C of the mutacin 1140, mutacin Ny-266, epidermin and gallidermin and the 

codon preference in S. mutans. The reverse primer (5’ – gccaaacggagttgatctcgt –3’) was 

based on the conserved amino acid sequence T-R-S-T-P-F-G of LanB from mutacin 1140, 

subtilin, nisin and epidermin. PCR amplification was performed with chromosomal DNA 

of one control strain detected in previous studies and the PCR conditions were optimized 

using this control strain [Kamiya et al., 2005b]. 

The biosynthesis genes homologue to mutacin N was identified using forward 

primers (5’ – ccgtcaagctgctgaatacattcc – 3’) and reverse primers (5’ – 

cgatatttaaacctgcaccgactacg –3’) and PCR conditions developed by Hale et al. [2004].   

For detection of mutacins homologues to bacteriocins non-lantibiotics (subclass IIa 

and IIb), the degenerate primers were designed based on consensus of bacteriocins 

produced by different bacterial species (table 2). The alignments of the peptides were 

developed by Clustal W Program (http://www.mbio.ncsu.edu/BioEdit) (figure 1).  

Amplification by PCR was performed in the GeneAmp PCR System 2400 (Perkin 

Elmer). The 50 µL PCR reactions consisted of 1 X PCR buffer containing 2.5 mM MgCl2, 

200 µM of each deoxynucleotide, 0.3 µM of each oligonucleotide primer, 1.25 U of Taq 

DNA polymerase (Life Technologies - Gibco, Grand Island, NY) and 50 ng of template 

DNA. Besides the strains tested, purified genomic DNA from S. mutans UA159 was used 

as positive control to mutacin genes type IV and distilled water was used as negative 

control in each PCR reaction.     
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The PCR conditions were optimized using control strain S. mutans UA159 and the 

parameters were used to amplify structural genes of mutacins I, II and III. The PCR 

conditions included 35 cycles of initial denaturation at 94ºC for 5 min, denaturation at 94ºC 

for 45 sec, annealing at 50ºC for 1 min, extension at 72ºC for 2 min and final extension at 

72ºC for 7 min. For degenerate primers, the annealing temperature varies between 45 and 

47oC. The PCR products were analyzed by electrophoresis in 1.0% agarose gel stained with 

ethidium bromide. A 100 bp DNA ladder was included in each gel.  

5. RNA extraction: 

 Mutacin producing strains, which presented screened structural genes by PCR were 

submitted to the RNA extraction and to the semi-quantitative RT-PCR technique, to verify 

the possible expression of these genes in planktonic and sessile cells. 

The strains were grown in 40 mL of Todd-Hewitt Broth (THB, DIFCO 

Laboratories, Sparks, MD) supplemented with sucrose (0,5%) at 37oC, 10% CO2 up to final 

log phase, 17-18 h. This media was selected previously because it promoted a higher 

number of adhered cells to polyethylene tube used (Greiner Labortechnik Gmbh) (data not 

showed). 

The planktonic cells were obtained by centrifugation and the sessile cells were 

removed mechanically after the tube had been dried three times with saline. The planktonic 

and sessile cell pellets were submitted to RNA extraction by phenol-chloroform method [Qi 

et al., 1999a]. 

6. Synthesis of cDNA and semi-quantitative RT-PCR 

The residual DNA of extracted RNA was purified with Deoxyribonuclease I (Gibco), 

according to the manufacturer’s instructions. The cDNA synthesis was realized with 24 ng 

of total RNA using random primers Mix (20 µM) Ea1, Ea7, Es1, Es3 and Es8 [Chia et al., 

2001] and the enzyme Super Transcrispt RT III (Gibco), following the manufacturer’s 

protocol, with some modifications.  

In the first phase, to the total RNA was added random primers Mix (20 µM), dNTPs 

Mix (10 mM) and DEPC to 10 µL. The solution was heated at 65oC for 5 min and cooled at 

4oC for 1 min. Subsequently, it was added to the reaction mixture: 10x RT buffer, MgCl2 

(25 mM), DTT (0,1 M), RNase OUT (40 U) and Super Transcript RT III (200 U). The total 

solution containing cDNA (20 µL) was submitted to the following thermal cycle: 
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25oC/10min; 50oC/50min; 85oC/5min e 4oC/1min. For each RNA sample, the cDNA 

synthesis reaction was also carried out without reverse transcriptase in order to identify 

contamination by residual genomic DNA. For the maximum efficiency, RT-PCR primers 

were designed to generate amplicons ranging from 150 to 200 bp in size (table 1).    

A 1 µL volume of cDNA was used as template in the PCR (25 µL) with 50 mM of 

MgCl2, 0.3 mM of each specific primer (table 1), 200 µM of dNTPs, 1.25 U of Taq 

polymerase (Gibco) and 10x PCR buffer. All samples of cDNA were tested with primers to 

the house-keeping gene 16S, a constitutively transcribed control gene whose expression 

was invariant under the experimental conditions used. The primer set 16S/forward (5’-

cggcaagctaatctctgaaa-3’) and 16S/reverse (5’-gcccctaaaaggttacctca-3’), designed based on 

S. mutans UA159 genome (NC004350), was used to normalize the expression mutacin 

production genes (mutA). Controls for RT-PCR included reaction mixtures without 

template cDNA, to effectively rule out the presence of contaminating DNA and/or the 

formation of primers dimmers.  

The cDNA was used to generate critical threshold (Ct) values for specific primer sets. 

The Ct values were determined as the cycle at which fluorescence was intermediary 

between the first cycle that gave rise to a detectable PCR product above the background 

and the first cycle in which there is saturation of PCR reaction.  

The numbers of the cycles included 25 cycles for 16S gene and 37 for other genes. 

The thermal cycles of PCR for cDNA were identical to cycles used on screening PCR with 

specific primers and DNA samples (previously described). The amplicons were visualized 

in agarose gel (2%) with ethidium bromide (0,3 mg/mL), and the densitometry was realized 

by KODAK Program (Gel logic 100 Imaging System, Eastman Kodak Co., USA). 

7. Isolation of mutacins and detection of inhibitory activity in liquid media 

Simultaneously to RNA extraction, the mutacins were partially isolated (crude 

extract) from respective culture supernatants according to previous studies [Novák et al., 

1994; Hillman et al., 1998; Qi et al., 1999a; Qi et al., 1999b] with some modifications. 

Briefly, the cultures of identified mutacins producing strains were centrifuged for 10 min at 

10.000 g and 4oC. The supernatant was filtrated in milli-pore membrane (0,45 µm pore – 

size) and extracted with an equal volume of chloroform. The emulsion at the chloroform-
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aqueous interface was collected by centrifugation at room temperature for 2 min at 10.000 

g. The pellet was washed once with double-distilled H2O. 

The water-insoluble material (crude extract) was dissolved in 1 mL of PBS 

(phosphate-buffered saline) by heating at 60oC for 10 min [Nicolas et al., 2004]. Water-

insoluble fractions were tested for antimicrobial activity in liquid preparation after serial 

dilutions with PBS. 

The microdilution technique in 96 well-plate ELISA [Parrot et al., 1990] was used 

to detect the antimicrobial activity of mutacins in liquid preparations. Briefly, a volume of 

100 µL of an overnight culture of the indicator strain in BHI (S. sanguinis CR311), adjusted 

to an OD of 0.1 at 550 nm (approximately 107 CFU/mL) was added to 100 µL of serial 

dilutions (1:1 PBS) of the antibacterial preparation. The control group containing only 

culture diluted 1:1 in vehicle PBS was added in all experiment. The absorbance was read at 

550 nm in ELISA Reader (Versa Max Program) before and after incubation at 37oC, for 18 

h and 10% CO2. The titre of preparation corresponded to the reciprocal of the dilution that 

inhibited the growth of the indicator strain by 100% as compared with the control. All 

experiments were performed in quadruplicate.  

8. Determination of concentration of inhibitory substances in the culture medium (THB 

with or without sucrose)  

 In order to determine the importance of mutacin production by sessile cells (biofilm) 

we quantified the concentration of these substances in THB (DIFCO) and THB sucrose in 

the respective final phase log of these media (12 and 17 h). There was no biofilm formation 

in THB, although this media contains trace of dextran in its composition (DIFCO). 

The semi quantitative critical dilution method was used to determine the titres of the 

mutacins produced [Parrot et al., 1990]. Ten microliters of each serial dilution of partially 

purified mutacin was deposited on plates of Tryptical Soy Agar 1,5% (TSA - DIFCO) and 

overlaid with 5 ml of Tryptical Soy Broth (TSB – DIFCO) containing soft agar (0,8%) and 

a standardized suspension 0,5 mL of an exponentially growing culture of S. sanguinis 

CR311 at an A550 of 0,1. The concentrations of these substances in the respective 

supernatants was defined as the reciprocal of the highest dilution that exhibited a detectable 

inhibition zone against S. sanguinis, after 24 h of incubation at 37o C and CO2 10% [Qi et 

al.,1999b; Nicolas et al., 2004]. 
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RESULTS 

Among 23 mutacin-like producing S. mutans in solid media (TSA), only 5 

genotypes were carrier of the biosynthesis genes of mutacins previously characterized. No 

genotype inhibited S. cricetus. Table 3 showed the inhibitory spectrum against 29 indicator 

strains (with exception of the S. cricetus) and the frequency of screened structural genes of 

mutacins.  

 Only 5 genotypes presented the homologues structural genes to mutacins I (3 

genotypes – Sm 7, Sm 12 and Sm 23), II (2 genotype – Sm 7 and Sm 17) and IV (1 

genotype – Sm 11) and one genotype (Sm 7) was carrier of mutA coding mutacins types I 

(mutAI) and II (mutAII) (table 3). No genotype carried of genes homologues to mutacins 

III, 1140, BNy-266, N or homologues to bacteriocins non-lantibiotics. These data reinforce 

the existence of high genetic diversity of the mutacins in S. mutans. The pair of the primers 

for mutacins 1140 and BNy-266 can also identify mutacins types I and III due to the high 

homology between these proteins [Qi et al., 1999b]. In our study, only 2 genotypes (Sm7 

and Sm23) revelead specific amplicons using these primers, later these genotypes were 

identified as carrier of mutAI and no type III, 1140 and BNy-266, using a set of primers 

based on variable amino acid sequence of these mutacins.    

Among the 5 strains that carried mutacins biosynthesis genes, only two producer 

strains expressed positively the structural genes mutAI and II. Genotype Sm7 was able to 

produced both mutacins I and II (table 3).  

Mutacins I and II (crude extract) obtained from cultures of producing strains in THB 

sucrose showed inhibitory activities in liquid media against the indicator strain S. sanguinis. 

The crude extract obtained from cultures of Sm7 strain, producer of both mutacins I and II, 

and of Sm17 strain, mutacin II producing, inhibited totally the growth indicator strain up to 

dilutions 1:16 and 1:4, respectively (figure 2).  

Figure 3 showed the quantification of the transcript levels of mutAI and mutAII 

genes in planktonic and sessile cells grown in THB sucrose. The Student´s t test showed 

significant difference between the transcription levels of mutAI in planktonic and biofilm 

cells grown in THB sucrose (p = 0,02). The mRNA levels of mutAI gene increased 1,48-

fold in sessile cells. This result was not observed for mutAII gene. 

 42 
 



The THB sucrose presented higher yields of inhibitory substances in relation to 

THB without sucrose (about 2 to 8 fold increase) (figure 4). The MIC (production levels) of 

these mutacins in THB varied between 1:8-1:8 dilutions and in the THB sucrose varied 

between 1:16-1:64, for Sm17 and Sm7 strains, respectively.  

The partially purified mutacins from culture supernatant of producer strains grown 

in THB sucrose presented higher inhibitory activity in solid medium than in liquid medium. 

The MIC of these substances in liquid and solid medium varied between the dilutions 1:16 

and 1:64 for the Sm 7 strain, and between 1:4 and 1:32 for Sm 17 strain, respectively 

(figures 2 and 4).     

In addition, the antimicrobial spectra of Sm7 and Sm17 strains, by modified 

antagonism method, were against 22 (74%) and 8 (27%) indicator strains of total of 30 

used, respectively. 

Strains Sm11, Sm12 and Sm23 were carrier of the structural genes of mutacins I or 

IV but did not produce mutacins in THB sucrose in detectable concentrations and the 

structural genes were not transcript in these conditions. On the other hand, the expressions 

of nlmAB genes of mutacin IV were detected in the S. mutans UA159 growth in the same 

conditions (data not showed).   

DISCUSSION 

The low frequency of mutacins structural genes detected in this study is according 

to previous studies [Longo et al., 2003; Kamiya et al., 2005b; Li et al., 2005] and suggests 

the existence of high diversity and polymorphism in production genetic determinants of the 

mutacins-like substances in S. mutans isolates.  

According to van der Ploeg [2005] and Hale et al. [2005] there are 12 small open 

reading frames similar to leader peptides of NlmA and NlmB (mutacin IV) in S. mutans 

UA159 genome, which may codify inhibitory substances. Such substances would represent 

a large repertoire of combination between two synergic peptides in the specie [van der 

Ploeg, 2005; Hale et al., 2005], and they may be one possible explanation for the great 

diversity of mutacins not yet identified.  

 Most studies detected mutacins inhibitory activity in solid media by the antagonism 

method, this condition is reminiscent of a biofilm on the tooth surface, suggesting that 
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mutacins production may be triggered by dense colonization of the surface by oral bacterial 

[Qi et al., 2001; Kreth et al., 2004].  

In the present study, 5 genotypes, carrier of mutacins structural genes, were tested as 

the mutacin production in planktonic and sessile cells grown in the THB sucrose. Only 2 

strains, carrier mutA coding mutacins I and II produced them in the tested conditions and 

one strain produced both mutacins, presenting higher inhibitory spectrum. These data may 

suggest that the production of more than one type of mutacin increase the number of 

susceptible bacteria and may be ecological advantageous to the producing strain. 

 The analysis of inhibitory activity and the expression of structural genes of mutacins 

I and II suggest that mutacin I have higher inhibitory spectrum than mutacin II; however it 

was less produced/expressed in liquid cultures. According to Qi et al. [2001] the mutacin I 

production appears to be dependent on the culture conditions, since they could be detected 

only after growth on agar or agarose-containing medium. This study demonstrated that 

mutacin I was produced by cells grown in a biofilm or in large aggregates, but not by 

planktonic cells grown in liquid medium.  

According to our studies, KRETH et al. [2004], using fluorescent protein and 

glucuronidase reporters system showed that mutAI is expressed in both planktonic and 

biofilm cells, even though mutacin activities are normally detected only in biofilm cells. In 

our studies we detected inhibitory activity of mutacin I partially purified from supernatant 

of liquid culture against planktonic cells of one indicator strain. Our results suggest possible 

inhibitory activity of these antimicrobial peptides in saliva. The mutacins production in 

saliva may have an important role in the inhibition of early colonizers and may be crucial to 

initial colonization S. mutans, before their adherence in dental biofilm [Qi et al., 2001]. 

The analysis of the expression showed that mutAI was more expressed in S. mutans 

cells that are immobilized on solid surface or biofilm cells in vitro. During the biofilm 

formation, the bacteria undergo a developmental program in response to environmental 

signals that leads to the expression of new phenotypes that distinguish these sessile cells 

from planktonic cells [Costerton et al., 1995; O´Toole et al., 2000]. The physiological 

processes cell density-dependent or controlled by quorum-sensing system may be essential 

for the survival of the cell, mainly in oral biofilm where there is high-density cell, great 
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biodiversity, limited food supply and high competition among community members [Fabret 

& Hoch, 1998; Martín et al., 1999].  

Previous studies demonstrated that the production of mutacin I greatly increased 

with cell density suggesting regulation of gene transcription by quorum-sensing 

mechanisms [Qi et al., 2001; Qi et al., 2004]. In the present study, we demonstrated that the 

expression of mutAI was higher in sessile cells than in planktonic cells, the mutacin I 

production was dependent on growth conditions and may be part of the stress responses that 

S. mutans displays under adverse conditions, as the dental biofilm.  

The mutacin II expression/production in Sm7 strain regarding Sm17 was 

statistically decreased (p < 0,05) probably due to the energetic loss to produce both 

mutacins I and II. For synthesis of mutacins I and II it is necessary the expression at least of 

11 and 7 different proteins, respectively, involved in regulation, transport, modification and 

immunity to these substances [Qi et al., 1999a; Qi et al., 2000]. According to Riley and 

Wertz [2002] a small population of producers cannot invade an established population of 

sensitive cells, this failure occurs because the producer pay a price for bacteriocin 

production and the energetic costs can lead to lethality of producers cells.   

There was no difference in the expression level of mutAII in planktonic and biofilm 

cells. This result suggests that mutacin II production is not regulated by quorum-sensing 

mechanisms. This data is in agreement with the results of QI et al. [1999a], which 

demonstrated that the production of mutacin II is not dependent on the growth stage, the 

density cell and other regulator mechanisms.  

However, other studies demonstrate that the truncation of dgk gene encoding protein 

involved with adaptation to environmental stress [Yamashita et al., 1993] affected the 

transcription of the structural gene mutAII [Chen et al., 1998] and reduced the S. mutans 

resistance to low pH, elevated temperatures, high osmolarity and bacitracin [Lis & 

Kuramitsu, 2003].   

 Our results demonstrated higher concentration of mutacins in THB containing 

sucrose in relation to THB (about 8-fold increase). These data suggest that the increased 

yield of mutacins in the supernatant of culture in THB sucrose be due to mutacins 

production by sessile cells, suggesting the importance of the synthesis of these substances 

by biofilm cells and possible extrinsic biologic activity of mutacins in the saliva.    
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The action mode of bacteriocins occurs with their bound to cell surface of sensible 

and/or producer strains through interaction in specific or nonspecific receptors, respectively 

[Yang et al., 1992]. This adsorption ability is proportional to increase of mass cell and 

dependent on elevated pH [Wu et al., 2004]. Based on the characteristics of adsorption-

desorption of bacteriocins, our data suggests that the secretion of mutacins I and II in 

supernatant by biofilm cells have been influenced by decreased pH in the medium 

containing sucrose or these mutacins act through the linking with specific receptors present 

only in sensible cells. Then in the absence or reduced number of sensible cells in the oral 

biofilm, mutacins I and II may be released from biofilm acting extrinsically in saliva, for 

example.   

  In addition, 3 genotypes were carrier of mutacin I or IV production genes, and did 

not present detectable levels of mutacins in liquid medium and the planktonic cells did not 

express these genes in tested conditions either. No expression of these genes in liquid 

medium was probably due to genetic mutation and/or loss of regulatory system [Chen et al., 

1998; Chen et al., 2001; Qi et al., 2004; van der Ploeg, 2005]. 

In conclusion, there is a high diversity in the genetic determinants needed for the 

synthesis of mutacins in S. mutans isolates. Mutacins I and II could be produced in 

planktonic and biofilm cells and showed inhibitory activity in liquid cultures, suggesting 

their importance in inhibiting competitor microorganisms in the saliva, making possible the 

subsequent colonization of S. mutans in dental biofilm. The mutacin I production was 

dependent on growth conditions and may be part of the stress response that S. mutans 

displays under adverse conditions, as the dental biofilm. 

In addition, the intrinsic or extrinsic production/activities of mutacins in dental 

biofilm may play significant roles in primary colonization of S. mutans and give a 

competitive advantage to producer strains occupying critical ecological niches as the dental 

biofilm.  

ACKNOWLEDGMENTS 

This research was supported by the Fundação de Amparo a Pesquisa do Estado de 

São Paulo (FAPESP), the Fundo de Amparo ao Ensino e à Pesquisa (FAEP # 425/04) and  

the Conselho Nacional de Pesquisa (CNPq  # 140949/04-06). 

 46 
 



REFERENCES 

1.  Balakrishnan, M., Simmonds, R.S., Kilian, M. & Tagg, J.R. (2002). Different 

bacteriocin activities of Streptococcus mutans reflects distinct phylogenetic 

lineages. J Med Microbiol 51, 941-948. 

2.   Bowden, G.H.W. & Hamilton, I.R. (1998). Survival of oral bacteria. Crit Rev Oral 

Biol Med 9, 54-85. 

3.  Chen, P., Qi F., Novák, J. & Caufield, P.W. (1998). Diaglycerol Kinase is 

involved in regulation of expression of the Lantibiotic mutacin II of Streptococcus 

mutans. J Bacteriol 180, 167-170. 

4.  Chen, P., Qi, F., Novák, J., Krull, R.E. & Caufield, P.W. (2001). Effect of amino 

acid substitutions in conserved residues in the leader peptide on biosynthesis of the 

lantibiotic mutacin II. FEMS Microbiol Lett 195,139-144. 

5.  Chia, J.-S., Lee, Y.-Y., Huang, P.-T. & Chen, J.-Y. (2001). Identification of stress-

responsive genes in Streptococcus mutans by differential display reverse 

transcription-PCR. Infect Immun 69, 2493-2501. 

6.  Costerton, J.W., Lenandowski, Z., Caldwell, D.E., Korber, D.R. & Lappin-Scott, 

H.M. (1995). Microbial biofilms. Annu Rev Microbiol 49, 711-745. 

7.  Fabret, C. & Hoch, J.A. (1998). A two-component signal transduction system 

essential for growth of Bacillus subtillis: implications for anti-infective therapy. J 

Bacteriol 180, 6375-6383. 

8.  Flório, F.M., Klein, M.I., Pereira, A.C. & Gonçalves, R.B. (2004). Time of initial 

acquisition of mutans streptococci by human infants. J Clin Pediatr Dent 28, 303-

308.   

9.  Hale, J.D.F, Balakrishnan, M. & Tagg, JR. (2004). Genetic basis for mutacin N 

and of its relationship to mutacin I. Indian J Med Res 119, 247-251. 

10.  Hale, J.D.F., Nicolas, C.K., Jack, R.W. & Tagg, J.R. (2005). Identification of 

nlmTE, the locus encoding the ABC transport system required for export of 

nonlantibiotic mutacins in Streptococcus mutans. J Bacteriol 187, 5036-5039. 

11.  Hillman, J.D., Novák, J., Sagura, E., Gutierrez, J.A., Brooks, T.A., Crowley, P.J., 

Hess, M., Azizi, A., Leung, K.P., Cvitkovitch, D. & Bleiweis, A.S. (1998).  

Genetic and biochemical analysis of Mutacin 1140, a lantibiotic from 

 47 
 



Streptococcus mutans. Infect Immun 66, 2743-2749. 

12.  Kamiya, R.U., Napimoga, M.H., Rosa, R.T., Höfling, J.F. & Gonçalves, R.B. 

(2005a). Mutacins production in Streptococcus mutans genotypes isolated from 

caries-affected and caries-free individuals. Oral Microbiol Immunol 20, 20-24. 

13.  Kamiya, R.U., Napimoga, M.H., Höfling, J.F. & Gonçalves, R.B. (2005b). 

Frequency of four different mutacin biosynthesis genes in Streptococcus mutans 

genotypes isolated from caries-free and caries-active individuals. J Med Microbiol 

54, 599-604. 

14.  Klein, M.I., Flório, F.M., Pereira, A.C., Hofling, J.F. & Gonçalves, R.B. (2004). 

Longitudinal study of transmission, diversity, and stability of Streptococcus 

mutans and Streptococcus sobrinus genotypes in children in a Brazilian nursery. J 

Clin Microbiol 42, 4620-4626. 

15.  Kreth, J., Merritt, J., Bordador, C., Shi, W. & Qi F. (2004). Transcriptional 

analysis of mutacin I (mutA) gene expression in planktonic cells of Streptococcus 

mutans using fluorescent protein and glucuronidase reporters. Oral Microbiol 

Immunol 19, 252-256. 

16.  Lis, M. & Kuramitsu, H.K. (2003). The stress-responsive dgk gene from 

Streptococcus mutans encodes a putative undecaprenol kinase activity. Infect 

Immun 71, 1938-1943. 

17.  Li, S., Liu, T., Xiao, X., Yang, J., Yang, D., Zhuang, H. & Liu, Z. (2005). 

Detection of mutA gene transmitted strains and nontransmitted strains of mutans 

streptococci. Caries Res 39, 417-421. 

18.  Longo, P.L., Mattos-Graner, R.O. & Mayer, M.P.A. (2003). Determination of 

mutacin activity and detection of mutA genes in Streptococcus mutans genotypes 

from caries-free and caries-active children. Oral Microbiol Immunol 18, 144-149. 

19.  Martín, P.K., Li, T., Sun, D., Biek, D.P. & Schmid, M.B. (1999). Role in cell 

permeability of an essential two-component system in Staphylococcus aureus. J 

Bacteriol 181, 3666-3673.   

20.  Napimoga, M.H., Kamiya, R.U., Klein, M.I., Höfling, J.F. & Gonçalves, R.B. 

(2005). Transmission, diversity, and virulence factors of Streptococcus mutans 

genotypes. J Oral Scie 47, 59-64. 

 48 
 



21.  Nes, I.F. & Holo, H. (2000). Class II antimicrobial peptides from lactic acid 

bacteria. Biopolymers 55, 50-61.   

22.  Nicolas, G., Auger, I., Beudoin, M., Hallé, F., Morency, H., La Pointe G. & 

Lavoie M.C. (2004). Improved methods for mutacin detection and production. J 

Microbiol Methods 59, 351-361. 

23.  Novák, J., Caufield, P.W. & Miller, E.J. (1994). Isolation and biochemical 

characterization of a novel lantibiotic mutacin from Streptococcus mutans. J 

Bacteriol 176, 4316-4320. 

24.  O´Toole, G.A., Gibbs, K.A., Hager, P.W., Phibbs, P.V. & Kolter, R. (2000). The 

global carbon metabolism regulator Cre is a component of a signal transduction 

pathway required for biofilm development by Pseudomonas aeruginosa. J 

Bacteriol 182, 425-431. 

25.  Parrot, M., Charest, M. & Lavoie, M.C. (1990). Production of mutacin-like 

substances by Streptococcus  mutans. Can J Microbiol 35, 366-372. 

26.  Qi, F., Chen, P. & Caufield, P.W. (1999a). Functional analyses of the promoters in 

the Lantibiotic Mutacin II biosynthetic locus in Streptococcus mutans. Appl 

Environ  Microbiol 65, 652-658. 

27.  Qi, F., Chen, P. & Caufield, P.W. (1999b). Purification of mutacin III from group 

III Streptococcus mutans UA787 and genetic analyses of mutacin III biosynthesis 

genes. Appl Environ Microbiol 65, 3880-3887. 

28.  Qi, F., Chen, P. & Caufield, P.W. (2000). Purification and biochemical 

characterization of mutacin I from the group I strain of Streptococcus mutans, 

CH3, and genetic analysis of mutacin I biosynthesis genes. Appl Environ 

Microbiol 66, 3221-3229. 

29.  Qi, F., Chen, P. & Caufield, P.W. (2001). The group I strain of Streptococcus 

mutans, UA140, produces both the lantibiotic mutacin I and nonlantibiotic 

bacteriocin, mutacin IV. Appl Environ Microbiol 67, 15-21. 

30.  Qi, F., Merritt, J., Lux, R. & Shi, W. (2004). Inactivation of the ciaH gene in 

Streptococcus mutans diminishes mutacin production and competence 

development, alters sucrose-dependent biofilm formation, and reduces stress 

tolerance. Infect Immun. 72, 4895-4899.    

 49 
 



31.  Riley, M.A. & Wertz, J.E. (2002). Bacteriocins: Evolution, ecology and 

applications. Annu Rev Microbiol 56, 117-137. 

32.  Sahl, H-G. & Bierbaum, G. (1998). Lantibiotics: biosynthesis and biological 

activities of uniquely modified peptides from Gram-positive bacteria. Annu Rev 

Microbiol 52, 41-79. 

33.  Tagg, J.R., Dajani, A.S. & Wannamaker L.W. (1976). Bacteriocin of a group B 

streptococcus: partial purification and characterization. Antimicrob Agents 

Chemother 7, 764-772. 

34.  van der Ploeg, J.R. (2005). Regulation of bacteriocin production in Streptococcus 

mutans by the quorum-sensing system required for development of genetic 

competence. J Bacteriol 187, 3980-3989. 

35.  de Vos, W.M., Kuipers, O.P., van der Meer, J.R. & Siezen, R.J. (1995). 

Maturation pathway of nisin and other lantibiotics: post-translationally modified 

antimicrobial peptides exported by Gram-positive bacteria. Mol Microbiol 17, 

427-437. 

36.  Wu, C.W., Yin, L.J. & Jiang, S.T. (2004). Purification and characterization of 

bacteriocin from Pediococcus pentosaceus ACCEL. J Agric Food Chemist 52, 

1146-1151.  

37.  Yamashita, Y., Takehara, T. & Kuramitsu, H.K. (1993). Molecular characterization 

of a Streptococcus mutans mutant altered in environmental stress responses. J 

Bacteriol 174, 6220-6228. 

38.  Yang, R., Johnson, M.C. & Ray B. (1992). Novel method to extract large amounts 

of bacteriocins from lactic acid bacteria. Appl. Environ. Microbiol. 58, 3355-3359.  

39.  Yonezawa, H. & Kuramitsu, H.K. (2005). Genetic analysis of a Unique Bacteriocin, 

Smb, produced by S treptococcus mutans GS-5. J Bacteriol 49, 541-548. 

 

 50 
 



Table 1. PCR specific primers to structural genes mutA (mutacins I, II and III) and nlmA 

and nlmB genes (mutacin IV) 

Primers Sequences Mutacin GenBank Amplicon 

mutAI_Forward TAGAAGTCCTTGGTACTGAA I 

mutAI_Reverse TTGAAACTAGGATTTTTCAC I 
AF238860 163bp 

mutAII_Forward CAGTAACGCAGTAGTTCCTT II 

mutAII_Reverse TTAACAGCAAGTGAAAACAT II 
U40620 162bp 

mutAIII_Forward CAATTATTAGAAGTCCTTGG III 

mutAIII_Reverse TATTGAAACTACCTGTCCTT III 
AF154675 194bp 

nlmAIV_Forward CAATTTGATGTAATGGACAG IV 

nlmAIV_Reverse CTACACAATATGGGGTAACA IV 
154bp 

nlmBIV_Forward AGTTTTGGTGGAGATAAAC IV 

nlmBIV_Reverse GGAAAAACTACAGATCCAA IV 

based on 

S. mutans 

genome 

(NC004350) 
156pb 
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Figure 1. Alignment of bacteriocins non-lantibiotics subclass IIa and IIb  

Non-lantibiotics  
Subclass IIa  
pediocin AcH ---IIGGKY--YGNGVTCGKHSC-IINNGAM-AWATGGHQ--GN 

carnobacteriocin BM1 ---INGGAIS-YGNGVYCNKEKC-ITGIVIG-GWASS-LA--GM 

curvacin A ---ITGGARS-YGNGVYCNNKKC-IIGGMIS-GWASG-LA--GM 

  

Subclass IIb  

lacticin A --IETQPVTWLEEVS-GACSTNTFSLSDYWGNNGAWCTLTHECMAWCK 

staphylococcin C55 α --IEEQVT-WFEEVS-GACSTNTFSLSDYWGNKGNWCTATHECMSWCK 

 
Alignment of bacteriocins non-lantibiotics (Class II) with Subclass IIa include pediocin-like 
substances active against Listeria monocytogenes, as pediocin AcH of Pediococcus acidilactici, 
carnobacteriocin BM1 of Carnobacterium piscicola and curvacin A of Lactobacillus lactis. 
Subclass IIb includes bacteriocins homologues to lacticin of Lactococcus lactis and staphylococcin 
C55 α of Staphylococcus aureus. Shaded residues indicate conserved amino acids.  
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Table 2. PCR degenerate primers based on consensus of bacteriocins non-lantibiotics 

(subclass IIa and IIb). 

 Primers Sequences consensus Amplicon 

Non-lantibiotics     

Subclass IIa subIIa_Forward TAIGGTAATGGIGTT YGNGV 

 subIIa_Reverse ACCATIAGCCCATIC GWASG 
102 bp 

Subclass IIb subIIb_Forward TGGTTGGAIGAAGTI WLEEV 

 subIIb_Reverse AGICATACATTCIGT THECM 
131 bp 
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Table 3. Mutacin inhibitory spectrum against 29 indicator strains and frequency of 

production genes of mutacins I, II, III and IV in 23 mutacin producing strains. 

 
Number of inhibited strains of different 

bacterial species (mean; standard 
deviation of inhibition zone in mm) 

 

S. mutans 
isolates 

mutans group 
(n=21) 

mitis group 
(n=8) 

Detection of 
production genes 

by PCR 
Sm1 0 2 (4.0;0) - 
Sm2 0 1 (5.0; 0) - 
Sm3 0 1(5.0; 0) - 
Sm4 0 1(4.0; 0) - 
Sm5 0 2 (4.0; 0) - 
Sm6 0 2 (4.0; 0) - 
Sm7 15 (5.73; 2.98) 7 (11.28; 6.10) mutA I* and II* 
Sm8 0 1 (5.0; 0) - 
Sm9 0 3 (4.33; 0.57) - 

Sm10 0 3 (4.0; 0) - 
Sm11 0 3 (4.0; 0) nlmAB 
Sm12 0 1 (4.0; 0) mutA I 
Sm13 0 2 (4.0; 0) - 
Sm14 0 2 (4.0; 0) - 
Sm15 13 (5.61; 2.43) 0 - 
Sm16 0 1 (4.0; 0) - 
Sm17 1 (14.0; 0) 7 (14.28; 7.40) mutA II* 
Sm18 0 1 (4.0; 0) - 
Sm19 0 4 (4.75; 0.95) - 
Sm20 0 3 (4.33; 0.57) - 
Sm21 21 (13.82; 5.96) 8 (12.75; 7.27) - 
Sm22 20 (11.2; 3.18) 8 (11.75; 6.18) - 
Sm23 21 (10.76; 4.54) 8 (10.55; 5.31) mutA I 

      
      * Positive expression by RT-PCR 
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Figure 2. Detection of inhibitory activity against S. sanguinis in liquid preparation and 

different dilutions of Sm7 and Sm17 strains crude extract. The data are expressed as means 

and standard deviations of quadruplicate experiments. 
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Figure 3. Relative expression of mutAI and mutAII genes in planktonic and sessile cells 

grown in the THB sucrose (0,5%). 
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Figure 4. Concentration of inhibitory substances in the culture supernatant of the mutacins 

producer strains grown in THB and THB sucrose (0,5%) at final log phase. The data are 

expressed as means and standard deviations of quadruplicate experiments. 

0

2

4

6

8

10

12

14

16

18

P
ur

e 1 
  

 1
/2

   
1/

4 
 

   
1/

8 
 

   
1/

16
 

   
1/

32
 

   
1/

64
 

   
1/

12
8

Dilution of inhibitory substances

D
ia

m
e

te
r 

in
h

ib
it
io

n

z
o

n
e

 (
in

 m
m

)

THB 

THB sucrose
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substances concentration 

in the culture supernatant 

of strain Sm 7 in THB 

and THB sucrose. 

 

Figure 4b. Inhibitory 

substances concentration 

in the culture supernatant 

of strain Sm 17 in THB 

and THB sucrose. 
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CAPÍTULO 3 
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ABSTRACT  

In the previous studies, histine kinase proteins involved in quorum-sensing system 

for mutacins I and II production were identified. The aims of this study were to verify if the 

mutacins I and II synthesis have the same genetic expression profile observed in some 

proteins of S. mutans quorum-sensing. In addition, we analyzed the role or activities of 

mutacins I, II and some kinase proteins during planktonic and sessile growth (sucrose-

dependent biofilm formation) by semi quantitative RT-PCR technique.    

In summary, the expression profiles of mutacins I and II structural genes, during 

the planktonic and sessile growth were variable and similar to transcription profiles of 

kinase proteins CiaH, Dgk and ComD, suggesting regulation of production of these 

lantibiotics by quorum-sensing mechanisms. Based on the genetic expression patterns of 

mutacin I (mutAI), mutacin II (mutAII) and kinase proteins (ciaH, dgk and comD), the S. 

mutans cells developed phenotypes that distinguish planktonic and sessile conditions. The 

up expression of the studied kinase proteins did not influence directly the increase of 

mutacins I and II production, however these coadjutant or secondary mechanisms may 

represent an important signalization for virulence factors related to survival of producer 

strains mainly in complex environment.   

In addition, more studies will be necessary to highlight the mechanisms and 

pathways that regulate the synthesis of these lantibiotics in the free and/or biofilm cells. 

The S. mutans ability to maintain the mutacins production during sessile growth may be an 

important virulence trait related to survival and competition of the species in the dental 

biofilm. 
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INTRODUCTION 

 Streptococcus mutans has been implicated as the principal etiological agent in 

dental caries. One of the most important virulence properties of these organisms is their 

ability to form biofilms, survival in low pH and mutacins production [Bowden & Hamilton, 

1998; Kamiya et al., 2005a; Napimoga et al., 2005].  

 Biofilms are sessile bacterial communities adherent to a surface, and their formation 

occurs in response to a variety of environmental variations [O´Toole et al., 1998; O´Toole 

et al., 2000]. Biofilm bacteria undergo a developmental program in response to 

environment signals that leads to the expression of new phenotypes that distinguish these 

sessile cells from planktonic cells [Costerton et al., 1995; O´Toole et al., 2000]. The 

environmental encountered by S. mutans in dental biofilms is highly variable, including low 

pH, high cell density, varied oxidation potential, signal molecules concentrations and 

nutritional limitations [Li et al., 2001 a b; Yoshida & Kuramitsu, 2002; Aspiras et al., 

2004]. In view of stress conditions and high cell density encountered in biofilm, the 

mutacins production may likely confer ecological advantage to S. mutans through of the 

inhibition of competitor and sensible species [Hillman et al., 1987; Balakrishnan et al., 

2002; kamiya et al., 2005b].  

 Interestingly, these physiological characteristics related to survival and resistance of 

S. mutans under environmental stress seems to be controlled by quorum-sensing 

mechanisms. Among these mechanisms, two-component signal transduction system 

(TCSTSs) has been well studied in S. mutans.  

 The TCSTS system consists of a sensor, or histidine protein kinase, which is 

anchored to the cytoplasmic membrane, and an effector, or response regulator, which is a 

DNA binding protein that modulates the expression of certain target genes. Changes in the 

environment and specific signal molecules are sensed by histidine kinase, the signal is 

transmitted to the regulatory protein in the form of phosphorylation, which activates or 

represses transcription of specific genes to bring about the adaptation response [Appleby et 

al, 1996; Fabret & Hoch, 1999].  

Recently, genome analyses have revealed 13 separate putative TCSTSs in S. mutans 

[Li et al., 2002]. Mutations or inactivations in some of these systems as ciaRH, DGCs and 

comDE created individual mutants strains whose the production of mutacins as types I, II, 
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IV and Smb was altered or abolished, respectively [Chen et al., 1998; Qi et al., 2004; van 

der Ploeg et al, 2005; Kreth et al., 2005; Yonezawa & Kuramitsu, 2005]. Interestingly, 

alterations in the mutacins production in the mutant strains occur concomitantly with other 

phenotypes as reduction of acid stress tolerance, competence development and/or biofilm 

formation.   

The regulatory mechanisms and pathways that modulate the lantibiotics mutacins I 

and II production is poorly understood. In the mutacins I and II biosynthetic gene clusters 

were identified the mutR gene that codes response regulators [Qi et al., 1999b; Qi et al., 

2000], although the gene coding its cognate histine kinase protein as well as the signal 

molecule that trigged the mutacin production not been identified yet. In the case of nisin 

lantibiotic, it was demonstrated that it acts as a signal molecule inducing its own synthesis 

[Kuipers et al., 1995], however for the mutacins this is not clear. 

Previous studies verified that mutations in ciaH and dgk genes coding kinase 

proteins abolished mutacins I and II production, respectively, suggesting that the 

production of these substances may be controlled by quorum-sensing-like mechanisms 

[Chen et al., 1998; Qi et al., 2004]. The mutacin I production cell density-dependent and 

growth phase state reinforce this hypothesis [Qi et al., 2001; Merritt et al., 2005; Kamiya et 

al., submitted – chapter 2], although such data was not observed during the mutacin II 

synthesis [Qi et al., 1999a; Kamiya et al., submitted].   

In this study, the expression of mutacins I and II structural genes was analyzed by 

semi-quatitaive RT-PCR method, as well as kinase proteins genes (ciaH, dgk and comD), 

during different phases of the planktonic and sessile growth.   

MATERIALS AND METHODS 

1. S. mutans isolate: We selected for this study 1 S. mutans strain (Sm 1), isolated from 

child in the previous studies [Flório et al., 2004; Klein et al., 2004]. The Sm1 strain was 

previously characterized as producer of mutacins I and II by semi-quantitative RT-PCR 

method [Kamiya et al., submitted – chapter 2].  

2. Quantification of Planktonic and Sessile Growth 

Cells suspension of a subculture of Sm 1 strain (OD = 0,1 at 550nm) was inoculated 

into 40 mL of Todd-Hewitt Broth (THB, DIFCO Laboratories, Sparks, MD) supplemented 

with sucrose (0,5%) at 37oC and CO2  (10%). The planktonic growth was monitored at 550 
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nm, using a spectrophotometer. The experiments were realized in triplicate and the optical 

densities averages were used to build the planktonic growth curve of the strain.  

For quantification of sessile growth in the tube surface (biofilm formation), the 

tubes of polyethylene (Greiner Labortechnik Gmbh) were dried three times with saline and 

adhered firmly cells, correspondent to different planktonic growth phases, were removed 

mechanically by scratching. Each tube was completed with sterile saline (40 mL) and the 

optical density was read in a spectrophotometer at 550 nm. 

When the cultures reached variable optical densities of 0.4 to 1.0 at 550 nm 

(exponential and stationary phases), the final pH of supernatant was measured, using pH 

meter and the planktonic and sessile cells, correspondent to different periods, were colleted 

by centrifugation and submitted to RNA extraction. 

3. RNA extraction and RT-PCR: 

The total RNA was extracted from planktonic and sessile cells by phenol-chloroform 

method as described previously by Qi et al. [1999b]. The residual DNA of extracted RNA 

was purified with Deoxyribonuclease I (Life Technologies – Gibco, Grand Island, NY), 

according to the manufacturer’s instructions. The cDNA synthesis was realized with 24 ng 

of total RNA using random primers Mix (20 µM) Ea1, Ea7, Es1, Es3 and Es8 [Chia et al., 

2001] and the enzyme Super Transcrispt RT III (Gibco), following the manufacturer’s 

protocol, with some modifications.  

In the first phase, primers random Mix (20 µM), dNTPs Mix (10 mM) and DEPC to 

10 µL were added to the total RNA. The solution was heated at 65oC for 5 min and cooled 

at 4oC for 1 min. Subsequently, it was added to the reaction mixture: 10x RT buffer, MgCl2 

(25 mM), DTT (0,1 M), RNase OUT (40 U) and Super Transcript RT III (200 U). The total 

solution containing cDNA (20 µL) was submitted to the following thermal cycle: 

25oC/10min; 50oC/50min; 85oC/5min and 4oC/1min. For each RNA sample, the cDNA 

synthesis reaction was also carried out without reverse transcriptase in order to identify 

contamination by residual genomic DNA. For the maximum efficiency, RT-PCR primers 

were designed to generate amplicons ranging from 150 to 200 bp in size (table 1).    

A 1 µL volume of cDNA was used as template in the PCR (25 µL) with 50 mM of 

MgCl2, 0.3 mM of each specific primer (table 1), 200 µM of dNTPs, 1.25 U of Taq 

polymerase (Gibco) and 10x PCR buffer. All samples of cDNA were tested with primers to 
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the house-keeping gene 16S, a constitutively transcribed control gene whose expression 

was invariant under the experimental conditions used. The primer set 16S/forward (5’-

cggcaagctaatctctgaaa-3’) and 16S/reverse (5’-gcccctaaaaggttacctca-3’), designed based on 

S. mutans UA159 genome (NC004350), was used to normalize the expression mutacin 

production genes (mutA) and proteins kinase genes (ciaH, comD and dgk). Controls for 

RT-PCR included reaction mixtures without template cDNA, to effectively rule out the 

presence of contaminating DNA and/or the formation of primers dimmers.  

The synthesized cDNA was used to generate critical threshold (Ct) values for specific 

primer sets. The Ct values were determined as the cycle at which density was intermediary 

between the first cycle that gave rise to a detectable PCR product above the background 

and the first cycle in which there is saturation of PCR reaction.  

The PCR conditions included 25 cycles for 16S gene and 37 for other genes, as 

followed: initial denaturation at 94ºC for 5 min, denaturation at 94ºC for 45 sec, annealing 

at 50ºC for 1 min, extension at 72ºC for 2 min and final extension at 72ºC for 7 min. A 100 

bp DNA ladder was included in each gel. The amplicons were visualized in agarose gel 

(2%) with ethidium bromide (0,3 mg/mL) (Gibco), and the densitometry was measured by 

KODAK Program (Gel logic 100 Imaging System, Eastman Kodak Co., USA). 

4. Determination of inhibitory substances concentration in the supernatant  

The mutacins were partially isolated (crude extract) from culture supernatants of 

respective periods of the planktonic growth analyzed. The isolation of mutacins was 

realized according to previous studies [Qi et al., 1999a b; Hillman et al., 1998; Novák et 

al., 1994], with some modifications. 

Briefly, the cultures of mutacins producing strains were centrifuged for 10 min at 

10.000 g and 4oC. The supernatant was filtrated in milli-pore membrane (0,45 µm pore – 

size) and extracted with an equal volume of chloroform. The emulsion at the chloroform-

aqueous interface was collected by centrifugation at room temperature for 2 min at 10.000 

g. The pellet was washed once with double-distilled H2O. 

The water-insoluble material (crude extract) was dissolved in 1 mL of PBS 

(phosphate-buffered saline) by heating at 60oC for 10 min [Nicolas et al., 2004]. Water-

insoluble fractions were serial diluted 1:1 with PBS and the semi quantitative critical 

dilution method was used to determine the titres of the mutacins produced [Parrot et al., 
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1990]. Ten microliters of each serial dilution of partially purified mutacin were deposited 

on Trypiticase Soy Agar (TSA, OXOID - 1,5%) plates and overlaid with 5 ml of 

Trypiticase Soy Broth (TSB, OXOID) soft agar (0,8% agar) containing a standardized 

suspension 0,5 mL of an exponentially growing culture of S. sanguinis CR311 at an A550 

of 0,1. The concentrations of these substances were expressed in arbitrary units per mL 

(AU/mL), which corresponds to the reciprocal of the last dilution showing a detectable 

inhibition zone against S. sanguinis, after 24 h of incubation at 37o C and CO2 10% [Qi et 

al., 1999a; Nicolas et al., 2004]. 

5. Statistical Analysis 

 The differential analyses of genetic expression inter-periods were evaluated by the 

values of the averages and standard deviations of independent experiments realized in 

triplicate. The Test t estimated the statistical differences inter-groups or inter-periods for 

each gene.     

RESULTS 

The planktonic growth rate and the biofilm formation of Sm 1 strain were assessed 

in independent growth curves experiments as shown in Fig. 1. Interestingly during the 

stationary phase there was no apparent reduction of pH in the supernatant and increase in 

the number of the planktonic cells or optical density.  

The expression analyzes of proteins kinase genes in different planktonic growth 

periods revelead picks or up expression in the exponential and stationary phases (p < 0,05). 

These genes showed oscillatory expression profiles during the S. mutans growth (figure 2).  

Differently from the house-keeping 16S, used as the reference gene in this study, 

that was invariably transcribed under the experimental conditions used, the structural genes 

(mutAI and mutAII) presented an oscillatory and similar expression profile to regulatory 

genes (ciaH, comD and dgk), suggesting that the mutacin I and II production may be 

regulated by quorum-sensing mechanisms. In addition, the pH did not influence in the 

increase of mutAI and II transcription during the stationary phase of planktonic growth. 

Since the pH has been maintained stable there were picks of expression of mutacins 

structural genes during this phase.    

  In addition, this study evaluated the expression of these genes during sessile growth 

correspondent to the same period of planktonic growth (figure 2). The results showed that 
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there was not any synchronism between genetic expression of the planktonic and biofilm 

cells in the respective periods analyzed, suggesting modifications of genetic expression due 

to transition from the planktonic to the biofilm states, in which the cells were exposed to 

different environmental conditions. 

The Sm 1 strain presented two significant up expressions of the regulatory genes 

during sessile growth (12 and 24 h, p < 0,05). Although the mutAI and II genes were more 

expressed in the early stages of the biofilm formation (12h, p < 0,05). The mutacins I and II 

production was lower however stable during the latter phases of sessile growth (17 to 24 h, 

with no significant differences among the periods) (figure 2).    

The increase of ciaH and dgk transcription during planktonic growth and biofilm 

development did not induce necessarily the up expression of mutAI and mutAII, 

respectively (fig. 2).      

Figure 3 showed the quantification of inhibitory substances titres in different 

periods of the planktonic growth. There was no correlation between the transcription levels 

of mutAI and II genes and the concentration of these inhibitory substances in the 

supernatant in the respective analyzed periods. Mutacins I and II saturating conditions were 

observed in the latter stationary phase, probably due to the high half-life of these 

lantibiotics.  

DISCUSSION 

It is possible that the biofilm-forming potential of a strain would depend on the 

extent of its planktonic growth [Bhagwat et al., 2001]. Our results showed the sessile 

growth during stationary phase, suggesting higher cell metabolism and resistance in 

adhered cells in relation to planktonic cells, even under stress conditions as nutritional 

restriction and low pH in the supernatant. In fact, in agreement with our results, Li et al. 

[2001b] showed that S. mutans cells grown in biofilms not only survived better than 

planktonic cells but also were capable of growth at the lower pH. 

The differences in the cell metabolism and in the genetic expression profiles 

observed between free and sessile cells in this study may be due to distinct environmental 

characteristics as limitations or excess of the nutrients, the pH variations, osmolarity 

differences and oxidation potential in which cells were exposed as previously suggested by 

other studies [Li et al., 2001a, b; Yoshida & Kuramitsu, 2002; Aspiras et al., 2004]. In 
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biofilms it was observed the existence of low pH micro-environments and the presence of 

extra cellular storage polysaccharides that increase the amount of carbohydrates available 

to subpopulations of cells in division within the biofilm and might account for the apparent 

stimulation of expression of some genes involved with the S. mutans adherence [Li & 

Burne, 2001]. 

There are evidences that extra-cellular signal molecules releases during cells growth 

will be able to enhance the induction of genes expression that coding phenotypes related 

with the S. mutans resistance and survival as acid adaptation, bacteriocins production, 

competence development and organization in biofilm [Li et al., 2001a, b; Qi et al., 2004; 

van der Ploeg, 2005; Petersen et al., 2005]. The planktonic cells need to reach a critical 

concentration of signal molecules to trigger target genes, unlike the organized biofilms 

where these signal molecules may accumulate rapidly. The higher concentration of signal 

molecules and population density in biofilm allow a better adaptation to stress in 

comparison to planktonic cells [Li et al., 2001b].  

The oscillatory expression profile of proteins kinase and mutacins I and II during 

planktonic and sessile growth reflects in a brief period of gene transcriptional activity and 

in a cell energy economy. This transcriptional activity may be a minimal requirement for 

activation of the target genes and for conservation of the phenotypes resistance to different 

environmental stresses and stimulus.  

The stress resistance mechanism in the stationary phase is likely very important for 

the survival of S. mutans in biofilms since it is believed that the biofilm phenotype is akin 

to the physiological state that cells exist in the referred phase [Zhu et al., 2001]. In this 

phase there is extra-cellular signal molecules or pheromones peptides saturation as CSP 

(Competence Stimulating Peptide) and some bacteriocins as nisin [Kuipers et al., 1995; 

Kreth et al., 2005]. In the same way, we detected a higher inhibitory substances 

concentration (mutacins I  and II) in the latter stationary-phase of the static cultures.  

During the planktonic growth, the picks of genes expression in the exponential 

phase may suggest a cell density-dependent regulation, however the up expression of these 

genes in the stationary phase is suggestive of regulation dependent on signal molecule(s) 

saturation in the supernatant. Probably, the saturation of these proteins or signal molecules 

acts as a secondary signal to amplify the induction of genetic expression [Li et al., 2001a].  
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The genetic expression of the sessile and planktonic phases was not synchronized 

within them in the respective analyzed periods. These data reinforce the hypothesis that the 

adhered cells or in suspension were exposed to different environmental conditions, 

although, physiological states of bacterial cells living in biofilm, in terms of growth rate, 

growth phase or metabolic activities are heterogeneous which allows that cells respond to 

stress in different ways [Li et al. 2001b].  

The biofilm model used in this present study was similar to the one used by Qi et al. 

[2004], who employed S. mutans static culture in THB sucrose. In this system, was 

observed by confocal laser scanning microscopy the formation of the multilayered sheet 

that was loosely attached to the surface. A similar structure was observed in the scanning 

electron micrographs corresponding to 24 h-old mature biofilms grown in a chemostat-

based fermentator [Li et al., 2001a]. Second this study, the cells aggregates obviously 

provided an environment conductive to the secretion and detection of the natural signal 

peptide molecule capable of initiating the cascade needed for competence development.  

Previous studies demonstrated that the disruption of the ciaH and dgk genes reduced 

the biosynthesis of mutacins I and II, respectively. Interestingly, the inactivation of these 

regulatory genes also diminished competence development, acid stress tolerance and 

bactiracin resitance [Qi et al., 2004; Chen et al., 1998; Lis & Kuramitsu, 2003].  In our 

study, the production of these lantibiotics during the cell growth (in living or sessile state) 

was independent of the genetic transcription levels of ciaH and dgk. These results suggest 

that the synthesis mechanisms of mutacins I and II may be dependent on the other 

regulatory process that is still unclear.  

Isolation and characterization of genes defective in biofilm formation may 

contribute to the identification of the genes necessary for biofilm development and to 

understand how S. mutans responds to environmental signals in the oral biofilm. However, 

the technique that creates mutants through genetic disruption may also generate varied 

phenotypes that secondarily modify this biofilm formation. For example, the luxS mutation 

plays critical roles in modulating key virulence properties of S. mutans, as well as acid and 

oxidative stress tolerance and biofilm formation [Wen & Burne, 2004]. Recently, it was 

demonstrated that luxS mutant S. mutans strain had also an impaired mutacin I production 

ability [Merritt et al., 2005]. In this same study, through microarrays analyses, nine genes 
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were found to be strongly induced in luxS mutant, which a putative transcription repressor 

(Smu 1274), named irvA gene (inducible repressor of virulence), was identified as a 

possible inducible repressor to suppress mutacin I gene expression.  

Therefore, genetic mutations may create different phenotypes through of the distinct 

pathways, many of which remain unknown yet. Based on our results, there are pathways 

different from ciaH and dgk activities that may regulate the mutacins I and II synthesis, 

respectively. Even though the idea that the mutacins I and II production mechanisms are 

regulated secondarily by these proteins kinase, it cannot yet be excluded.     

Recently, Tsang et al. [2006], using a random insertional mutagenesis approach, 

identified 25 genes associated with the mutacin I production defective, among them genes 

from two-component sensory systems, stress responses, energy metabolism and central 

cellular process, suggesting that mutacin I production is stringetly controlled by diverse and 

complex regulatory pathways. 

The nisin lantibiotic produced by Lactococcus lactis acts as signal molecule 

inducing its own synthesis. The nisin and subtilin biosynthetic gene clusters include genes 

encoding a sensor protein kinase (nisK and spaK, respectively) and a response regulator 

(nisR and spaR) that have been shown to be essential for production these lantibiotics 

[Siezen et al., 1996; Kuipers et al., 1995]. Interestingly, in the mutacins I and II 

biosynthetic gene locus there are genes coding a regulatory proteins (mutR), although the 

gene coding sensor proteins kinase for respective lantibiotics has been not identified yet [Qi 

et al., 1999a; Qi et al., 2001]. Is not clear if these proteins act as signal molecules inducing 

its own synthesis, but it is suggestive that the CiaH and Dgk, as well as other possible 

kinase proteins not identified yet, may act as a sensor receptor for own mutacins or other 

signal molecule(s) that trigged the production of these inhibitory substances.  

 Based on our results, the picks of the mutAI and II expression during the growth in 

the stationary phase suggest regulation of production due to saturation of these inhibitory 

substances in the supernatant. It is a circumstantial evidence that the mutacins may act as 

signal molecule inducing its own synthesis.  

Supporting this hypothesis, only one up expression of mutAI and II was observed 

during the biofilm development of strain, suggesting that the majority of produced mutacins 

by sessile cells probably were released to supernatant, acting in the increase of structural 
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genes expression in the planktonic phase, where the up expression was more frequent. In 

our in vitro previous study [Kamiya et al., submitted], we suggest that the liberation of 

mutacins synthesized by biofilm cells in supernatant could increase the titre of these 

inhibitory substances outside of the biofilm besides act in the inhibition of sensible 

microorganisms in the saliva. Although the concentration of mutacins or signal pheromones 

peptides within organized biofilm was a minimal to induce the up expression of proteins 

kinase genes or maintain the mutAI and II transcription levels during the sessile growth.     

In summary, the mutacins I and II production is dependent on the planktonic or 

sessile conditions and may be controlled by quorum-sensing system. However more studies 

will be necessary to highlight the mechanisms and pathways that regulate the synthesis of 

these lantibiotics in the free and/or biofilm cells. The S. mutans ability to maintain the 

mutacins production during sessile growth may be an important virulence trait related to 

survival and competition of the species in the complex oral biofilm.  
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Table 1. PCR specific primers to structural genes mutA (mutacins I and II) and proteins 

kinase genes (ciaH, comD and dgk). 

Primers Sequences GenBank Amplicon 

mutAI_Forward TAGAAGTCCTTGGTACTGAA 

mutAI_Reverse TTGAAACTAGGATTTTTCAC 
AF238860 163bp 

mutAII_Forward CAGTAACGCAGTAGTTCCTT 

mutAII_Reverse TTAACAGCAAGTGAAAACAT 
U40620 162bp 

ciaH_Forward TACCTTAACTGTCACTGTCC 

ciaH_Reverse ATGGCTGCTAATACAGATAT 
183pb 

comD_Forward GTATGGTAATGAAATCAAGC 

comD _Reverse GTTATAATATCGGCCATCTA 
162bp 

dgk_Forward AGAAGAGCGTAATATGAAAA 

dgk_Reverse AACATGGAAAAATGATAGTC 

based on 

S. mutans 

UA159 

genome 

(NC004350) 192bp 
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Figure 1. Planktonic and Sessile Growth Curves and pH measure of supernatant in different 

periods. The data are expressed as means and standard deviations of triplicate experiments. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Planktonic and sessile growt. Bacteria grown in THB sucrose (0,5%) medium, the absorbance of the 

cultures was monitored at 550 nm and the pH was measured periodicaly. The tendency line of planktonic 

growth was traced and the final-exponential phase was determined (17h).  
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Figure 2. Expression profiles of mutA, ciaH, comD and dgk genes in different phases of 

planktonic and sessile growth of Sm 1 strain. The data are expressed as means and standard 

deviations of triplicate experiments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Up expression (p < 0,05), however without difference among them. 
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Figure 3. Determination of mutacins titre (AU/mL) in the culture supernatant in different 

periods of the planktonic growth.   
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VI – DISCUSSÃO GERAL  

 A cárie é uma doença multi-fatorial, que envolve vários fatores de virulência 

bacterianos, dentre os quais os produtos ácidos e antimicrobianos (bacteriocinas), 

sintetizados por microrganismos cariogênicos, como S. mutans. A aciduricidade e a síntese 

de bacteriocinas poderiam representar vantagens seletivas e ecológicas ao S. mutans, em 

ambientes competitivos, como o biofilme e lesões de cárie [Li et al., 2001b; Balakrishnan 

et al., 2002].    

Vários estudos sugeriram que o potencial de produção de mutacinas por S. mutans 

poderia estar correlacionada com a prevalência e estabilidade da espécie, em diferentes 

nichos da cavidade oral como a saliva, o biofilme dental e lesões de cárie, representando 

assim, um importante fator de virulência para o desenvolvimento e progressão da doença 

cárie [Fabio et al, 1987; Hillman et al., 1987; Gronröos et al., 1998; Balakrishnan et al., 

2002]. 

Baseando-se em nossos estudos [Kamiya et al., 2005a – anexo 3], o perfil de 

produção das mutacinas (espectro inibitório), em genótipos de S. mutans isolados de 

indivíduos cárie-ativos e livres de cárie, foi correlacionado com os padrões de colonização 

e biodiversidade microbiana, previamente descritos nos respectivos grupos [Nyvad & 

Kilian, 1990; Napimoga et al., 2004]. Fenótipos, produtores de mutacinas de amplo 

espectro, foram mais freqüentes entre os isolados de indivíduos cárie-ativos [Kamiya et al., 

2005a], que apresentam uma microbiota mais complexa e de alta diversidade genética, em 

relação aos voluntários livres de cárie [Nyvad & Kilian, 1990; Napimoga et al., 2004]. 

Estes resultados evidenciaram o possível papel ecológico das mutacinas, abrindo futuras 

perspectivas, sobre a necessidade de se identificar os determinantes genéticos, relacionados 

com os diferentes fenótipos produtores de mutacinas, identificados entre os S. mutans 

isolados dos grupos cárie-ativo e livre de cárie.  

O rastreamento e a identificação destes determinantes genéticos foi realizado em 

estudos posteriores [Kamiya et al., 2005b – capítulo 1]. Diante das seqüências 

nucleotídicas, até então disponíveis no GenBank, foi realizado o rastreamento dos genes de 

produção das mutacinas I, II, III e IV, em isolados de S. mutans dos grupos cárie-ativo e 

livre de cárie, utilizando a técnica de PCR e primers específicos para os respectivos genes.  
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Determinantes genéticos de mutacinas de amplo espectro, como as dos tipos I e III, foram 

identificados entre os isolados de S. mutans do grupo cárie-ativo, concluindo que a 

produção de mutacinas de amplo espectro pode exercer um importante papel na 

colonização do S. mutans, principalmente em nichos de alta complexidade microbiana, 

comumente descritos, em indivíduos com atividade de cárie. 

Entretanto, a baixa freqüência dos genes rastreados, impossibilitou a identificação 

dos genes responsáveis pela maioria dos fenótipos identificados em estudos prévios 

[Kamiya et al., 2005a]. Tais resultados sugeriram a existência de alta diversidade e 

polimorfismo nos determinantes genéticos, necessários para a produção de substâncias 

semelhantes às mutacinas, em isolados clínicos de S. mutans, concordando com os dados 

obtidos na literatura [Longo et al., 2003; Li et al., 2005].  

O estudo, descrito no capítulo 2, confirmou a hipótese de alta diversidade de 

substâncias semelhantes às mutacinas, ainda não identificadas. Neste estudo, objetivando 

identificar novas substâncias inibitórias, em S. mutans isolados de crianças, foi realizado o 

rastreamento adicional de genes homólogos às bacteriocinas, identificadas em outras 

espécies bacterianas, baseando-se na hipótese da transmissão horizontal. A transmissão 

horizontal dos determinantes genéticos, necessários para a síntese de antibióticos naturais, 

fundamenta-se nas seqüências nucleotídicas e/ou peptídicas de bacteriocinas, altamente 

conservadas entre as diferentes espécies e na presença de genes transposase (tra) próximos 

ao operon de diferentes bacteriocinas [Buchman et al., 1988; McLaughlin et al., 1999; 

Chen et al., 1999]. A inexistência de genótipos de S. mutans, portadores de genes 

homólogos às bacteriocinas rastreadas, reforçou a hipótese de alta biodiversidade de 

peptídeos inibitórios semelhantes às mutacinas, dentre os quais muitos ainda não foram 

identificados, na espécie S. mutans.  

Em adição, neste estudo [capítulo 2], foi verificado que a presença do gene de 

produção das mutacinas rastreadas, não necessariamente, resultou em expressão gênica 

positiva do mesmo. Segundo alguns estudos, a perda da atividade inibitória ocorre por 

mutação genética ou perda de mecanismos regulatórios coadjuvantes, envolvidos direta ou 

indiretamente com a síntese destas substâncias, como por exemplo elementos regulatórios 
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do sistema quorum-sensing [Chen et al., 1998; Chen et al., 2001; Qi et al., 2004; van der 

Ploeg, 2005]. 

Recentemente, a síntese das mutacinas I, II, IV e Smb, têm sido relacionadas com 

mecanismos regulatórios do quorum-sensing [Chen et al., 1998; Qi et al., 2004; van der 

Ploeg, 2005; Yonezawa & Kuramitsu, 2005]. Condições de estresse ambiental, comumente 

encontradas em biofilme dental, tais como restrição nutricional, alta densidade celular, 

baixo pH, potencial de óxido-redução alterado, e saturação de moléculas sinais,  podem 

ativar o mecanismo quorum-sensing, gerando fenótipos, em biofilme, diferenciados e mais 

resistentes às condições ambientais extremas, em relação aos fenótipos desenvolvidos por 

células planctônicas [Li et al., 2001a b; Yoshida & Kuramitsu, 2002; Aspiras et al., 2004]. 

A produção de mutacinas, neste ambiente complexo, representaria uma vantagem seletiva e 

ecológica à cepa produtora, com a inibição de microrganismos competidores [Balakrishnan 

et al., 2002]. 

Visando elucidar os mecanismos regulatórios envolvidos com a síntese das 

mutacinas e o possível papel destas substâncias, no biofilme ou na saliva in vivo, alguns 

estudos que analisam a expressão dos genes de produção das mutacinas, in vitro, têm sido 

realizados, dentre eles os descritos nos capítulos 2 e 3 [Qi et al., 1999b; Qi et al., 2000; 

Kreth et al., 2004]. 

No capítulo 2, utilizando o modelo de biofilme em culturas estáticas, foi observada 

a maior expressão do gene mutAI, em células crescidas na condição séssil em relação 

àquelas submetidas ao crescimento planctônico, o que poderia sugerir que a síntese da 

mutacina tipo I, diferentemente da mutacina II, poderia ser controlada por mecanismos 

quorum-sensing. Estudos anteriores comprovaram esta hipótese, demonstrando que a 

síntese da mutacina I foi dependente da densidade celular e da condição séssil de 

crescimento, diferentemente da mutacina tipo II [Qi et al., 1999b; Qi et al., 2001; Kreth et 

al., 2004]. Os fenótipos de produção de mutacina I foram diferenciados nos estados séssil e 

plantônico, provavelmente devido às diferenças ambientais aos quais as células foram 

expostas [Kamiya et al., submetido – capítulo 2]. 
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Estudos baseados em mutações genéticas, têm identificado genes do mecanismo 

quorum-sensing, responsáveis pelos fenótipos relacionados com a virulência de S. mutans, 

dentre os quais a produção de mutacinas. A disruptura dos genes ciaH, dgk que comD, que 

codificam proteínas histina kinases sensoras, alterou ou aboliu a síntese das mutacinas I, II 

e IV, respectivamente [Chen et al., 1998; Qi et al., 2004; van der Ploeg, 2005].  

Visando esclarecer o papel regulatório das proteínas kinases CiaH e Dgk na síntese 

de mutacinas tipos I e II, respectivamente, foi desenvolvido o terceiro trabalho [capítulo3]. 

A análise comportamental dos referidos genes, em diferentes fases do crescimento 

planctônico e séssil, demonstrou padrões de expressão variáveis. O mesmo perfil foi 

observado para os genes de produção das mutacinas I e II, sugerindo que a síntese destas 

substâncias  pode ser regulada por mecanismos quorum-sensing.  

A produção destes lantibióticos foi independente dos níveis de expressão dos genes 

ciaH e dgk, sugerindo que outros mecanismos ou proteínas kinases, ainda desconhecidos, 

poderiam estar mais relacionados com a produção destas substâncias inibitórias em estados 

séssil ou planctônico. Estes dados não podem excluir o papel secundário dos genes ciaH e 

dgk na regulação da produção das mutacinas I e II, respectivamente.   

Mutações nos genes, que codificam proteínas histina kinase CiaH e Dgk,, 

produziram outros fenótipos relacionados com a resistência ao pH ácido e aos antibióticos, 

com o desenvolvimento da competência e com a formação de biofilme em S. mutans [Lis & 

Kuramitsu, 2003; QI et al., 2004]. Em estudos recentes, foi demonstrado que em cepas 

mutantes, o padrão de expressão gênica é diferenciado em relação à cepa parente; a indução 

ou repressão de genes que codificam proteínas regulatórias (sejam indutoras ou repressoras) 

pode modificar a transcrição de diferentes genes alvos, originando, desta forma, os 

diferentes fenótipos, através de vias similares ou distintas [Merritt et al.,2005].   Neste 

estudo, utilizando a técnica de microarrays, foram identificados nove genes, altamente 

induzidos na cepa mutante luxS, entre eles, um possível repressor de virulência, que inibiu 

a expressão do gene mutAI. Mutações no luxS também reduziu os fenótipos relacionados 

com a tolerância ao estresse ácido e oxidativo, bem como inibiu a formação de biofilme 

[Wen & Burne, 2004]. Dentro do mesmo raciocínio, sugere-se que mutações nos genes 
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ciaH e dgk poderiam ter induzido a redução da síntese das mutacinas I e II, 

respectivamente, por vias ainda desconhecidas.  

Os picos de expressão das mutacinas e proteínas kinases CiaH, Dgk e ComD, 

durante a fase estacionária, foram independentes do aumento da densidade celular e da 

queda de pH (fatores constantes, durante esta fase de crescimento). Tais dados sugerem a 

possível ativação da transcrição gênica devido à saturação de moléculas sinais, produzidas 

durante o crescimento celular. Através da quantificação das mutacinas no sobrenadante, em 

diferentes períodos do crescimento planctônico, verificou-se a saturação destas substâncias 

inibitórias, ao final da fase estacionária, bem como aumento da expressão de mutAI e II em 

células planctônicas, sugerindo que as mutacinas I e II poderiam agir como molécula sinal 

para sua própria síntese, assim como o observado no sistema regulatório de produção do 

lantibiótico Nisina [Kuipers et al., 1995].   

Os perfis de expressão gênica das mutacinas e proteínas kinases não foram 

sincronizados durante crescimento planctônico e séssil, nos respectivos períodos 

analisados. O modelo de biofilme utilizado, obtido a partir de culturas estáticas, foi 

suficiente para detectar a expressão gênica diferencial entre os estados séssil e planctônico. 

Os resultados sugerem que a regulação da expressão dos genes estudados é dependente da 

condição ambiental ao qual as células são expostas. De acordo com estudos prévios, 

fenótipos distintos podem ser identificados na condição de crescimento planctônica e de 

biofilme, devido às diferenças dos estímulos e das condições ambientais aos quais as 

células se encontram [Costerton et al., 1995; Burne et al., 1997; O´Toole et al., 2000; 

Kamiya et al., submetido – capítulo 2].  

A constante síntese de mutacinas I e II durante o crescimento séssil representaria um 

importante fator de virulência de S. mutans, relacionado com a sobrevivência e 

competitividade da espécie cariogênica, em biofilme dental. A manutenção da expressão do 

mutAI e mutAII, durante a formação do biofilme in vitro, sugere atividade inibitória das 

mutacinas intrínseca a este ambiente complexo. A constante produção de mutacinas, 

durante o desenvolvimento do biofilme, poderia contribuir para o aumento ou saturação da 

concentração destes peptídeos, no sobrenadante de cultura, ao final da fase estacionária. 

Extrapolando para um sistema in vivo, parte das mutacinas produzidas por células aderidas 
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à superfície dental, poderia ser liberada para o ambiente externo, aumentando a 

concentração destes peptídeos antimicrobianos na saliva, onde a atividade biológica das 

mutacinas seria extrínseca ao biofilme bacteriano.  

Os estudos, apresentados nesta tese, demonstraram o papel das mutacinas como um 

fator de virulência, altamente diversificado entre a espécie S. mutans, e particularmente, 

relacionado com o risco de cárie. Este fator de virulência, pode ser regulado por 

mecanismos quorum-sensing, sendo assim, dependente da condição de crescimento séssil 

ou planctônica. A regulação da produção de mutacinas, por mecanismos quorum-sensing, 

pode representar uma vantagem seletiva à espécie produtora, principalmente em ambiente 

complexo, como o biofilme dental e lesões de cárie.   

Como perspectivas futuras, mais estudos serão necessários para caracterizar novos 

determinantes genéticos, relacionados com a produção de substâncias semelhantes às 

mutacinas, bem como, identificar os mecanismos e componentes do quorum-sensing, que 

possam modular a expressão destas substâncias inibitórias em S. mutans.     
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V – CONCLUSÃO GERAL  

 Diante do trabalho exposto, pode-se concluir: 

 

9 as mutacinas produzidas por S. mutans representam um importante fator de 

virulência, relacionado com o risco de cárie dental;  

9 existe uma grande diversidade nos determinantes genéticos, necessários para a 

produção de sustâncias semelhantes às mutacinas, entre os isolados de S. 

mutans analisados; 

9  a presença destes determinantes não implica em expressão genética positiva; 

9 a produção de mutacinas I e II por S. mutans é dependente das condições de 

crescimento séssil ou planctônica; 

9 a produção de mutacinas I e II pode ser controlada por mecanismos e vias do 

sistema quorum-sensing, dos quais ainda são pobremente conhecidos ou não 

identificados. 
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ANEXO 2 

Material & Métodos 
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4.2. Isolamento Parcial das Mutacinas e Detecção da atividade inibitória em meio líquido e 

sólido 
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4.3. Extração de DNA e PCR 

 

 

 

 

 

 

  

  

 99 
 



4.3. Extração de RNA , RT-PCR e Curva de Expressão 
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Este artigo intitulado: “Frequency of four different mutacin genes in Streptococcus mutans 

genotypes isolated from caries-active and caries-free individuals”, foi puiblicado no 

Journal of Medical Microbiology, e é referente ao capítulo 1 desta tese. 
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The ability of Streptococcus mutans to produce mutacins, combined with the production of other

virulence factors such as lactic acid, may contribute to the pathogenesis of this bacterium. In the

present study, the detection of genes encoding mutacin types I/III, II and IV was performed by PCR

with specific primers to each type in a total of 63 S. mutans genotypes isolated from caries-active

and caries-free individuals. In the caries-free group, PCR screening for mutacin IV revealed that

31.8% of strains were positive for this mutacin. PCR for the other three mutacins tested (I/III and II)

did not yield amplicons in any S. mutans strains in this group. The PCR with primers of mutacin IV

showed 68.3% positive genotypes in the caries-active group, on the other hand, the amplicons of

mutacins I/III revealed 41.5% positive strains that carried these genes. The chi square test showed

significant differences in the number of positive strains tomutacin IVwhen comparing the caries-free

and caries-active genotypes of S. mutans (P ¼ 0.01). All tested S. mutans strains were negative by

PCR formutacin II. The low frequencies of detection of somemutacin genes suggest theexistenceof

high diversity and polymorphism in the production of genetic determinants of mutacin-like

substances. In addition, the production of a wide spectrum of mutacins can play an important

biological role in colonization by S. mutans strains, mainly in the niche of high-complexity microbial

communities.

INTRODUCTION

Mutans streptococci are generally accepted as one of the
principal aetiological agents of dental caries (Loesche, 1986;
Becker et al., 2002). The dental biofilm consists of a complex
bacterial community, and the ability of specific strains of
Streptococcus mutans to compete with other strains may be
essential for colonization. Alaluusua et al. (1996) suggested
that some strains of S. mutans might be able to colonize the
host and induce dental caries better than other strains.
Alternatively, dietary patterns of the host may be an
important factor, since a high salivary mutans streptococci
count does not necessarily exert a cariogenic challenge (van
Palenstein Helderman et al., 1996).

Numerous factors affect the equilibrium among oral popula-
tions of micro-organisms, and several inhibitory substances
have been identified, including mutacins (Fukushima et al.,
1985; Caufield et al., 1985; Delisle, 1976). Mutacins are
peptide or protein antibiotics that are mainly bactericidal for
other bacteria of the same or closely related species, as well as
for other Gram-positive micro-organisms, and are likely to
confer an ecological advantage in diverse bacterial commu-
nities such as the dental biofilm (Parrot et al., 1990;

Balakrishnan et al., 2002). Some studies have demonstrated
that the mutacin activity of S. mutans could be related to the
prevalence of this species in the dental biofilm, saliva and
dental caries (Berkowitz and Jordan, 1975; Hillman et al.,
1987).

Classification of mutacin-producer strains based on their
bactericidal activity divides mutacins into four types, I, II, III
and IV. The antimicrobial spectrum of mutacin IV is
specifically against members of the mitis group of oral
streptococci, while that of mutacins I, II and III is broader
(Qi et al., 1999a, b, 2001).

The relationship between caries activity and the higher
synthesis of some virulence factors by different strains of S.
mutans has been demonstrated in the literature (Mattos-
Graner et al., 2000). In a previous study, we observed a
statistically significant positive association between the level
of synthesis of water-insoluble glucan by S. mutans clinical
isolates and the frequency of adherent cells in the presence of
sucrose in caries-active subjects, but not in caries-free
subjects (Napimoga et al., 2004). In addition, the strains of
S. mutans isolated from caries-active individuals produced a
wide spectrum of mutacins in comparison with those from



caries-free individuals (Kamiya et al., 2005), suggesting that
isolates from subjects with high caries activity were better at
colonizing and accumulating on teeth, and, consequently,
inducing caries.

In the present study, we analysed the relationships between
the frequencies of detection of four different mutacins
(mutacins I, II, III and IV) from S. mutans genotypes isolated
from caries-free and caries-active individuals.

METHODS

Bacterial strains. A total of 63 clinical isolates previously genotyped
(Napimoga et al., 2004) and 3 reference strains, as positive controls, of S.
mutans were used. The clinical S. mutans were previously isolated from
individuals aged 18–29 years (mean � SD, 23.5 � 3.9). The clinical
strains were identified by PCR and genotyped by arbitrarily primed PCR
(Napimoga et al., 2004), and included 41 strains from eight caries-active
individuals and 22 strains from eight caries-free individuals.

The isolates were previously evaluated for the production of mutacin-
like substances (Kamiya et al., 2005) by a modification of the deferred
antagonismmethod (Hamada & Ooshima, 1975). For mutacin-activity
testing, the following 12 Streptococcus species were used as indicator
strains: S. mutans CCT3440, S. mutans 32K, Streptococcus sobrinus
ATCC 27607, S. sobrinus 6715, Streptococcus mitisA, S. mitisATCC 903,
Streptococcus salivarius ATCC 25975, S. salivarius 66.4, Streptococcus
sanguinis CR311, S. sanguinis M5, S. sanguinis ATCC 10556 and
Streptococcus oralis PB182. These strains were acquired from the
respective collections of bacterial strains.

Extraction of chromosomal DNA. The strains were grown plankto-
nically in brain heart infusion broth (Difco). DNA from all strains was
extracted using a simple DNA preparation in which the cells were
washed and boiled for 10 min with TE buffer (10 mM Tris/HCl, 1 mM
EDTA, pH 8.0) modified fromWelsh &McClelland (1990) and Saarela
et al. (1996), the debris pelleted and the supernatant used for detection
of mutacin I/III, II and IV genes by PCR.

PCR screening of mutacin genes. The detection of genes encoding
mutacin types I, II, III and IV (Qi et al., 1999a, b, 2001) was performed
by PCRusing specific primers to each type. Only one pair of primers was
used to detect genes encoding mutacin types I and III due to high
homology between them (Qi et al., 1999b). Primers to the genes
encoding mutacin types II and IV were designed based on sequences
obtained from GenBank (http://www.ncbi.nlm.nih.gov) (Table 1). The
homologous genes to mutacin types I and III were detected by a pair of
primers based on conserved amino acid sequences from mutacin 1140,
mutacin NY266, epidermin and gallidermin (Qi et al., 1999b).

Amplification by PCR was performed in the GeneAmp PCR System
2400 (Perkin Elmer). The 50 �l PCR consisted of 13 PCR buffer

containing 2.5 mMMgCl2, 200 �Mof each deoxynucleotide, 0.3 �Mof
each oligonucleotide primer, 1.25 U of Taq DNA polymerase (GIBCO)
and 50 ng of template DNA. Besides the strains tested, positive and
negative controls were used in each PCR reaction: purified genomic
DNA from S. mutansUA159 was used as a positive control for mutacin
type IV genes and two genotypes previously isolated from a mother/
child pair (Klein et al., 2004) were used as positive controls to mutacin
types I/III and II genes, respectively (unpublished results). Distilled
water was used as a negative control.

The PCR conditions were optimized for the control strains. The PCR
conditions included initial denaturation at 94 8C for 5 min followed by
35 cycles of denaturation at 94 8C for 45 s, annealing at 52 8C for 1 min,
extension at 72 8C for 2 min, and final extension at 72 8C for 7 min. The
PCR products were analysed by electrophoresis in 1.0% agarose gel
using Tris/borate/EDTA buffer (pH 8.0). A 250 bp DNA ladder was
included in each gel. The DNA was stained with 0.5 �g ml�1 ethidium
bromide and visualized under UV illumination.

Statistical analysis. The chi-square test was applied to detect
differences in the frequency of mutacin genes.

RESULTS

In the caries-free group, among the 22 S. mutans isolates
analysed, four (18.2%) showed inhibitory activity against
mutans streptococci, 20 (90.9%) showed inhibitory activity
against mitis streptococci and five (22.7%) against S.
salivarius (Table 2). In the caries-active group, among 41
isolates, 13 (31.7%) showed inhibitory activity against
mutans streptococci, 33 (80.5%) against mitis streptococci
and seven (17.1%) showed inhibitory activity against S.
salivarius (Table 3). Two S. mutans strains from the caries-
free and four from the caries-active group showed no
inhibitory activity against any of the 12 indicator-strains.

In the caries-free group, PCR screening with primers of
mutacin IV revealed that seven out of 22 (31.8%) strains
were positive for this mutacin. PCR for the other three
mutacins tested (I/III and II) did not yield amplicons in any
S. mutans strains in this group (Table 2).

The PCR with primers of mutacin IV showed that 28 out of
41 (68.3%) strains were positive in the caries-active group;
on the other hand, the amplicons of the mutacin I/III genes
revealed that 17 out of 41 (41.5%) strains carried these genes
(Fig. 1). Significant differences were found in the number of
positive strains that carried the mutacin IV gene when

Table 1. PCR primers

Primers Primer sequence GenBank Reference

mut I/III forward 59-AGTTTCAATAGTTACTGTTGC-39 AF 267498 and AF 154675 Qi et al. (1999b)

mut I/III reverse 59-GCCAAACGGAGTTGATCTCGT-39

mut II forward 59-AACGCAGTAGTTTCTTTGAA-39 U40620 Novak et al. (1994)

mut II reverse 59-TTCCGGTAAGTACATAGTGC-39

mut IV forward 59-ATGGGATATTTAAAGGGAAA-39 NC 004350 Qi et al. (2001)

mut II reverse 59-TCAGAGCAGCTACAAAAACT-39

R. U. Kamiya and others
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comparing the caries-free and caries-active genotypes of S.
mutans (P ¼ 0.01). PCR with mutacin II did not yield
amplicons in any S. mutans strains (Table 3).

In both groups, there were some strains that produced
mutacin and showed in vitro inhibitory activity against at
least one indicator strain but did not yield amplicons to
mutacin genes. On the other hand, in the caries-active group,
some genotypes that showed amplicons tomutacin IV and to
mutacins I/III did not reveal inhibitory activity against any of
the indicator strains tested (Table 3).

DISCUSSION

Mutacins have been implicated as virulence factors in dental
caries (Hillman et al., 1987; Novak et al., 1994). In this study,
we investigated the detection frequency of mutacin genes in
S. mutans strains isolated from caries-free and caries-active
individuals. We found that S. mutans strains recovered from
caries-active individuals showed a higher frequency of
detection of mutacin IV than the S. mutans strains recovered

from caries-free individuals. In addition, only S. mutans in
the caries-active group showed amplicons corresponding to
mutacin I/III genes.

The oral biofilm is subjected to variable environmental stress,
including the availability of nutrients, acidic pH (Carlsson,
1989) and mutacin activity (Qi et al., 2001). Clinically,
mutacins have been considered important for the establish-
ment and equilibrium of bacteria in dental biofilms: the
mutacin-producing strains might colonize more easily and
suppress non-producing or susceptible strains (Hillman et
al., 1987).

Longo et al. (2003) analysed 19 strains isolated from children
and found only one strain that showed an amplicon homo-
logous to the gene for mutacin II. Qi et al. (2001) searched
clinical isolates of S. mutans for the presence of mutacin IV
genes by PCR and found .50% positive results. According
toQi et al. (2001),mutacin IV is produced by planktonic cells
while mutacin I is produced by biofilm-like cells. Different
mutacins may serve different purposes during the process of
colonization by S. mutans. For instance, production of
mutacin IV by planktonic cells in saliva may help S. mutans

Table 2. Mutacin inhibitory activity against 12 indicator strains, and detection ofmutacin IV byPCR in 22

S. mutans strains from caries-free individuals

Values indicate the number of test strains inhibited. No positive PCR results were obtained for themutacin I/III and

II genes in the tested strains.

S. mutans Inhibitory activity against PCR screening for

isolate mutacin IV

Mutans group

(n 4)

Mitis group

(n 6)

S. salivarius

(n 2)

AD13 2 6 2 �

AD8 0 6 2 �

AS4 0 6 2 �

AS38 0 5 1 �

CD35 0 0 0 �

CS2 1 5 1 �

CD34 0 3 0 �

DD31 0 1 0 �

DS37 0 3 0 �

DP38 0 3 0 �

ES31 0 1 0 �

ED33 0 2 0 +

GD2 0 2 0 +

GS33 0 0 0 �

GS43 0 3 0 �

IP35 0 3 0 +

OS31 0 3 0 +

OS40 0 2 0 +

OP35 0 1 0 +

OD32 0 4 0 +

RP2 1 4 0 �

RS7 2 4 0 �

Total (n ¼ 22) 4 20 5 7

Streptococcus mutans mutacin genes and caries
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kill the primary colonizers on the tooth surface tomake room
for its own population. Supporting this hypothesis, the
antimicrobial spectrum of mutacin IV is specifically against
members of the mitis group of oral streptococci (Qi et al.,
2001). Nevertheless, our study suggests that given the in-

creasing complexity of the oral microbiota, as found in
caries-active individuals (Napimoga et al., 2004), the S.
mutans strains producing a wide spectrum of mutacins,
including mutacins I, II and III, could become prevalent in
most oral sites.

Table 3. Mutacin inhibitory activity against 12 indicator strains, and detection of mutacins I/III and IV by

PCR in 41 S. mutans strains from caries-active individuals

Values indicate the number of test strains inhibited. Mutacin II showed no positive amplicons in the tested strains.

S. mutans Inhibitory activity against PCR screening

isolate

Mutans group

(n 4)

Mitis group

(n 6)

S. salivarius

(n 2)

Mutacin IV Mutacin I/III

C1S2 0 3 0 + +

C1D3 0 3 0 + +

C2D2 0 4 0 + �

C2D12 0 4 0 + �

C2S13 0 0 0 + �

C2S4 4 6 2 � +

C2D8 0 0 0 + �

C2D6 0 0 0 + �

C2D13 0 3 0 + �

C2D7 0 4 0 � �

C3D15 1 1 0 + �

C3D14 1 1 0 + �

C3D9 2 0 0 + �

C3P13 1 1 0 + �

C3S13 1 0 0 + �

C4P4 0 1 0 + �

C4P5 0 1 0 + �

C4D3 0 0 0 � �

C4S3 0 1 0 � �

C4D6 1 0 0 � �

C5P5 0 2 0 + �

C5D5 0 2 0 + �

C5D15 0 2 0 + �

C5S2 4 6 2 + +

C7D10 0 1 0 � +

C7D1 0 2 0 � +

C7P3 0 3 0 + �

C7D11 0 1 0 + �

C7D9 0 1 0 + �

C7S4 0 1 0 � +

C7S5 0 3 0 + +

C8D7 4 6 2 � +

C8P12 2 2 2 � +

C8S4 0 0 0 + �

C8D10 4 6 2 � +

C9D3 4 6 1 � +

C9S14 4 6 1 � +

C9S15 0 1 0 + +

C9S10 0 3 0 + +

C9S2 0 3 0 + +

C9S9 0 3 0 + +

Total (n ¼ 41) 13 33 7 28 17
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Longo et al. (2003) related no association between mutacin
inhibitory spectrum and infecting levels of mutans strepto-
cocci or caries incidence in the host, suggesting that the
mutacin production may not be relevant to the ability of the
strain to colonize the host and induce disease. In a previous
study we showed distinct mutacin production profiles be-
tween S. mutans isolated from caries-active and S. mutans
isolates from caries-free individuals, which can be related to
the different colonization profiles described in these indivi-
duals (Kamiya et al., 2005).

In the caries-active individuals the sites fromwhich S.mutans
were recovered weremore diverse, probably because produc-
tion of organic acids and mutacins within the biofilm
resulted in a more complex community compared to
caries-free individuals (Paddick et al., 2003). Probably due
to this complexity, S. mutans genotypes recovered from
caries-active individuals presented higher frequencies of
mutacin IV and a wide spectrum of mutacins, such as I/III,
and presented greater mutacin activity in vitro compared to
S. mutans recovered from caries-free individuals (Kamiya et
al., 2005).

We also found some mutacin-producing strains in both
groups that showed in vitro inhibitory activity against at least
one indicator strain but did not yield amplicons to mutacin
genes. These data suggest a high genetic diversity at the
mutacin locus or absence of the structural genes encoding
these genes. One possible explanation is that the polymorph-

ism at the mutacins locus may have compromised primer
annealing in the PCR, which suggests that there are different
mutacin-coding genes that have a similar phenotype.

On the other hand, in the caries-active group, some
genotypes showed amplicons to mutacin IV and to mutacin
I/III but did not reveal inhibitory activity against any of the
indicator strains. One possible explanation is the modifica-
tion of only one amino acid, which has already been shown to
alter or prevent the activity of certain mutacins (Mulders et
al., 1991; Rollema et al., 1995; Chan et al., 1996). The
inhibition assay previously performed (Kamiya et al., 2005)
could also result from the production of more than one
inhibitory substance, showing that the understanding of the
genetic determinants of several mutacins still needs to be
improved.

This study evaluated the frequency of mutacins I, II, III and
IV in S. mutans strains recovered from caries-active and
caries-free individuals, and compared them with the pheno-
typic profiles of these substances in vitro. Our results suggest
high diversity and polymorphism in the production of
genetic determinants of mutacin-like substances. In addi-
tion, the production of a wide spectrum ofmutacins can play
an important biological role in colonization by S. mutans
strains, mainly in the niche of high-complexity microbial
communities.
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