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Abstract 

Background: Streptococcus mutans is a gram-positive bacteria in the form of a cocci, which is a normal flora of the oral cavity. 

Streptococcus mutans forms a biofilm layer consisting of a matrix of Extracellular Polymeric Substances. Biofilm can be a health 

problem, one of which is dental caries. Tyrosol is Quorum Sensing which is owned by Candida albicans and has anti-biofilm and 

antibacterial properties on Streptococcus mutans. 

Purpose: To analyze the effect of quorum sensing tyrosol (antibiofilm and antibacterial) on Streptococcus mutans. 

Method: This study uses the narrative review method. The literature sources used come from the digital databases ScienceDirect, 

Pubmed, and Proquest. Inclusion criteria published in the period 2005-2022, in the form of research results or review articles, and 

can be accessed in full text. 

Discussion: Some literature states that tyrosol can cause a decrease in Streptococcus mutans biofilm formation. Tyrosol synthesizes 

the Flo8 gene which plays a role in hypha formation and virulence. Flo8 can induce ALS1 to inhibit AgI/II synthesis. The phenolic 

content in tyrosol can suppress the production of glucosyltransferases produced by S. mutans, causing a decrease in biofilm 

formation, damage the cytoplasmic membrane and inhibit bacterial DNA synthesis. 

Conclusion: Tyrosol can inhibit biofilm formation and antibacterial S. mutans by involving the QS mechanism. The phenolic 

content in tyrosol has anti-biofilm and antibacterial properties on S. mutans. 
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Introduction 

Streptococcus mutans (S. mutans) is a gram-positive 

bacterium, in the form of a cocci, and is a normal flora in the 

human oral cavity. S. mutans can metabolize various 

carbohydrates into organic acids (acidogenicity) and can 

survive under very low pH conditions (aciduric) [1, 2]. Based on 

its oxygen requirements, S. mutans is a facultative anaerobic 

bacteria that can produce Adenosine Triphosphate (ATP) with 

or without oxygen [3]. 

In the oral cavity, S. mutans forms a biofilm by involving the 

Quorum Sensing (QS) mechanism to communicate between 

microorganisms in a biofilm. Biofilm is a collection of 

microorganisms that are tightly attached in an Extracellular 

Polymeric Substances (EPS) matrix [4]. S. mutans biofilms are 

quite a serious problem because they can cause various 

infections in the oral cavity, one of which is dental caries, and 

in other body organs (systemic infection) through focal 

infections [5-7]. 

Preventing the development of biofilm can be done in several 

ways, including direct signal degradation, inhibiting the 

attachment of signal molecules to receptors, administering 

analogs of signal molecule receptors, or it can also be done 

through inhibiting the signal transduction cascade [8]. 

Tyrosol is one of the QS possessed by Candida albicans (C. 

albicans) whose activity begins at 0-24 hours and plays an 

important role in the transition of yeast cells turning into 

hyphae [9]. In C. albicans tyrosol, its function is to accelerate 

the transition of yeast cells turning into hyphae [10].  

Inhibition of biofilm formation through the QS mechanism by 

tyrosol by inhibiting bacterial communication to reduce the QS 

process or what is usually called the Quorum Quencing (QQ) 
[11]. Apart from QS, the phenolic content in tyrosol can inhibit 

the formation of biofilms from S. mutans and can have 

antibacterial properties [12, 13]. 

Research on the interaction between C. albicans and S. mutans 

has been widely carried out, but there has been no research that 

specifically discusses the effects of quorum sensing tyrosol 

(antibiofilm and antibacterial) on Streptococcus mutans. This 

makes the author interested in conducting a literature review. 

 

Method 

The method in this research uses narrative review with research 

design. The article comes from secondary data obtained from 

the digital databases Sciencedirect, Pubmed, and Proquest. 

Articles must meet the inclusion criteria: published in the 

period 2005-2022, in the form of research results or review 
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articles, and can be accessed in full text. Articles that meet the 

criteria are then reviewed. 

 

Discussion 

In biofilms bacteria use several survival strategies to evade the 

host's defense system with the help of EPS controlled by the 

QS system [14]. The QS system consists of an enzyme catalyzed 

process to produce chemical molecular signals by involving 

protein transcription activators [15-17]. QS is very important for 

various activities of microorganisms including functioning as a 

modulator of protein synthesis, adaptation to territorial 

environmental conditions, adhesion to surfaces, and biofilm 

formation [18, 19]. 

S. mutans biofilm formation involves the luxS gene which is 

controlled by QS to code for an enzyme in the production of 

(S)-4,5-dihydroxy-2,3-pentandione (DPD), which is a 

precursor of AI-2 furanone. DPD then synthesizes Al-2 to 

activate ComC, then becomes Competence-Stimulating 

Peptide (CSP) [20]. CSP binds to the histidine kinase (ComD) 

receptor thereby initiating phosphorylation for activation of the 

regulatory receptor (ComE). Activated ComE then regulates 

transcription of the glucosyltransferase gene which plays a role 

in the S. mutans biofilm formation process [21-23]. 

Tyrosol is a phenolic derived from the amino acid tyrosine 

through a reduction reaction [24]. Tyrosol is one of the QS 

possessed by C. albicans because it can produce and secrete 

small molecule signals [23]. Research conducted by Arias et al., 

by placing tyrosol and S. mutans in acrylic resin and 

hydroxyapatite media, resulted in a reduction in the number of 

S. mutans biofilms. This research concluded that there was 

involvement of the QS system in the process of inhibiting 

biofilm attachment [25].  

Other research states that tyrosol can inhibit bacterial biofilm 

formation by releasing genes involved in hypha formation [25, 

26]. Flo8 is thought to be the gene in question, because Flo8 is 

the main gene in the process of forming hyphae [12]. Flo8 is also 

involved in biofilm maturation, virulence, and adhesion of C. 

albicans to tooth surfaces [27]. 

Flo8 is a LisH domain that is regulated by the Efg1 [12]. The 

flo8 gene has a denser, more complete phenotype and can 

survive in aerobic or microaerophilic conditions than the efg1 
[24, 28]. Flo8 in eukaryotic microorganisms including C. albicans 

has a LUFS domain containing 100 proteins with various 

functions, including being able to interact with other 

transcriptional regulators in the hyphal development process 
[12].  

Flo8 stimulates competition between C. albicans and S. mutans 

because of its ability to synthesize ALS1, namely the 

Agglutinin-Like Sequence (ALS) family which plays a role in 

the adhesion of C. albicans [23, 29, 30]. ALS1 can inhibit the 

synthesis of Antigen I/II (AgI/II), when S. mutans binds to 

salivary glycoproteins, resulting in disruption in the process of 

biofilm formation [30, 32]. AgI/II has a structurally complex 

function in S. mutans because it mediates attachment to the 

dental salivary pellicle through interaction with the host 

scavenger receptor glycoprotein GP340 [1]. 

Research carried out by Cenci et al by placing S. mutans and 

C. albicans in a 24-well microplate and then adding 

hydroxyapatite to the media. Next, the media was scanned 

using an electron microscope, and it was seen that the S. mutans 

biofilm had poor attachment to hydroxyapatite when grown 

together with C. albicans [33].  

Apart from inhibiting AgI/II synthesis, ALS1 can also bind to 

glucosyltransferases produced by S. mutans to form glucan in 

situ [34, 35]. Increasing the amount of glucan will increase the 

ability of ALS1 in the adhesion process and coaggregation of 

C. albicans [30]. Another source states that increasing the 

amount of glucan produced by S. mutans will increase the 

virulence ability of C. albicans and potentially increase 

competition [28]. 

Research conducted by Brusca et al., stated that C. albicans 

and S. mutans grown in the same media for a short time can 

increase coaggregation between the two, but when left for a 

longer time it can cause a decrease in the number of S. mutans 

biofilms. while the biofilm on C. albicans increased [23]. 

The phenolic content in tyrosol is also a concern. Phenolics can 

have antibacterial properties, namely by binding to proteins in 

the bacterial cell wall, then entering the bacterial cell and 

damaging the cytoplasmic membrane, as well as inhibiting the 

synthesis of DNA. Other research states that the phenolic 

content in tyrosol is able to bind and inhibit the synthesis of 

Adenosine Triphosphate (ATP) from S. mutans [36-38]. 

Phenolics are also able to inhibit the formation of bacterial 

biofilms by suppressing the QS mechanism of bacteria (39). 

Other research also states that phenolic content can suppress 

the production of glucosyltransferases produced by S. mutans, 

causing a decrease in biofilm formation [40].  

 

Conclusion 

From the review above, it can be concluded that tyrosol can 

inhibit S. mutans biofilm formation by involving the QS 

mechanism. The Flo8 gene induces ALS1 to disrupt the 

synthesis of AgI/II in salivary glycoproteins. The phenol 

content in tyrosol functions as an antibiofilm and also 

antibacterial in S. mutans. 
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