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Abstract

Background: Streptococcus mutans (S. mutans) is a normal flora of the human oral cavity that develops and forms
biofilms. S. mutans biofilm can be a problem in the oral cavity and can be a serious problem in systemic health.
Autoinducer Ssp(A4K-A11K) is an autoinducer synthesized by the quorum sensing system of Streptococcus gordonii (S.
gordonii) which has the ability to inhibit the formation of S. mutans biofilm. This inhibition mechanism is known as
quorum quenching.

Objective: To determine the quorum quenching mechanism of autoinducer Ssp(A4K-A11K) in inhibiting S. mutans
biofilm formation.

Methods: Article searches using 3 databases namely Pubmed, Science direct, and ProQuest were screened according to
inclusion and exclusion criteria.

Results: Autoinducer Ssp(A4K-A11K) is an amino acid with positively charged residues on the a-helix that can inhibit
the attachment of S. mutans to the tooth surface and inhibit the formation of the S. mutans Biofilm eDNA structure. In
addition, autoinducer Ssp(A4K-A11K) is able to suppress the adhesion of S. mutans by inhibiting the interaction between
Agl /Il (from S. mutans bacteria) with glycoprotein-340 and hydroxyapatite in the teeth.

Conclusion: Autoinducer Ssp(A4K-A11K) is able to inhibit S. mutans biofilm formation and could be one of the future
antibiofilm and anti-caries therapies.
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1. Introduction

S. mutans is a facultative gram-positive bacterium that lives in the human oral cavity and has the ability to metabolize
various carbohydrates into organic acids (acidogenicity). S. mutans can form biofilms and survive under very low pH
conditions (aciduric) (1). Biofilm is a cluster of microorganisms that are tightly attached to each other and embedded
in a matrix of Extracellular Polymeric Substances (EPS) (2). EPS consists of polysaccharides, proteins, lipids, and nucleic
acids (DNA and RNA) that play a role in the virulence process, and genetic transfer (3,4,5).

One of the diseases caused by the presence of S. mutans biofilm is dental caries. Dental caries is defined as a disease of
the hard tissues of the teeth (6). Caries occurs when bacteria, salivary glycoproteins and glucans adhere to the tooth
surface. If this condition is allowed to gradually decrease the pH of the tooth surface, and will dissolve tooth enamel
(demineralization) (6,7). In some cases dental caries can be a serious problem for general health. One of the problems
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that arise is the presence of systemic infections that occur when bacteria in caries enter the bloodstream and cause
infections in other organs (systemic) (8).

Quorum quenching is one way to inhibit S. mutans biofilm formation. Quorum quenching is defined as a mechanism of
inhibiting bacterial communication using chemicals or enzymes (9). The mechanism of quorum quenching can be
executed through inhibition of the synthesis of signal molecules/inducers present in biofilms, through direct signal
degradation, inhibition of the attachment of signal molecules to receptors, and analog delivery of receptor signal
molecules, and inhibition of signal transduction cascades (10). Ssp(A4K-A11K) is part of the SspA/B (antigen family
proteins I/1I) of S. gordonii that has the ability to bind S. gordonii to other bacteria and also aids attachment to salivary
glycoproteins that coat the teeth (11). Ssp(A4K-A11K) is composed of a-helical peptides that contain many positively
charged amino acids (12)

This review article aims to review the potential of quorum quenching autoinducer Ssp(A4K-A11K) in inhibiting S.
mutans biofilm formation.

2. Material and methods

2.1. Study Design

This review article written using narrative review study design. Three database using in this review article are Pubmed,
Science direct, and ProQuest

2.1.1. Inclusion Criteria

e Artikel published within 2004-2024
e  Article written using English language
e Article are full-text

2.1.2. Exclusion Criteria

e The article is not in accordance with the topic of the review
e Article published more than the last 20 year
e Article use languanges other than English and Indonesian

3. Results and discussion

3.1. Biofilm S. mutans

S. mutans biofilm is a group of Streptococcus bacteria that adhere to each other's surfaces and are embedded in a self-
produced matrix that is an extracellular polymer matrix (2). S. mutans biofilms form through a series of processes
involving Competence-Stimulating Peptide (CSP) and ComX-inducing peptide (XIP), which regulate biofilm maturation,
acid tolerance, oxidative stress, and bacteriocin production (13). CSP is regulate the production of Glycosyltransferases
(GTF) enzymes by catabolizing sucrose to produce glucans that contribute to the build-up of extracellular matrix
polysaccharides (EPS). GTFs also function as architectural designers to form biofilm structures, mediating adherence to
tooth enamel and bacterial (1). S. mutans produces three glucosyltransferases (GTFs) including gtf-B, gtf-C and gtf-D
(14).

The gtfB and gtfC genes encode enzymes responsible for the synthesis of insoluble glucans, which is a major
characteristic of S. mutans. The glucan synthesized by GtfB is responsible for microcolony formation, while the glucan
synthesized by GtfC by attaching cells and microcolonies to the surface of the substratum (15). SpaP/P1/Pac is one of
the most studied adhesins and results in the synthesis of the dual antigen Agl/Il (1). SpaP is upregulated by the VicK
gene to form Agl/Il dual antigen synthesis for attachment and sucrose-independent biofilm formation (16).

3.2. Synthesis of Autoinducer Ssp(A4K-A11K)

The synthesis of the autoinducer Ssp(A4K-A11K) originates from the quorum sensing of the bacterium S. gordonii, LuxS,
which expresses cell wall proteins, including surface proteins SspA, SspB, collagen binding domain protein (CbdA), and
serine-rich repeat (SRR) glycoproteins, such as gordonii surface protein B (GspB) and Hs antigen (Hsa) for attachment
to the surface (17,18). SspA/B then stimulates the formation of autoinducer Ssp(A4K-A11K) which S. gordonii uses for
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adhesion to the tooth surface and saliva to form biofilm (11). Autoinducer Ssp(A4K-A11K) is composed of the
substitution of K (lysine) for A (alanine) at position 4 and position 11 in the consensus sequence (DYQAKLAAYQAEL) of
the SspA/B peptide (26).

Autoinducer Ssp(A4K-A11K) has the highest binding to salivary component activity and SRCRP2 compared to several
SspA/B peptide analogs. SspA/B can interact with salivary components including lysozyme, soluble immunoglobulin A,
amylase, proline-rich proteins, and salivary agglutinins. Autoinducer Ssp(A4K-A11K) is more specific, and more stable
in inhibiting S. mutans biofilm formation than SspA/B origin (19)

3.3. Interaction of autoinducer Ssp(A4K-A11K) and S. mutans Biofilms

Research conducted by Koba et al. on S. mutans treated with autoinducer Ssp(A4K-A11K) with concentrations of 0.125,
0.25, 0.375, 0.5, 0.625, and 0.75 Mm decreased in biofilm formation (19). Another study conducted by Ito et al. on S.
mutans grown in 96-well microplate, then treated with autoinducer Ssp(A4K-A11K) 100 pl obtained a decrease in S.
mutans biofilm formation (20). Both studies concluded that the antibiofilm activity of autoinducer Ssp(A4K-A11K)
occurs due to reduced adherence of S. mutans to saliva. Autoinducer Ssp(A4K-A11K) can inhibit the attachment of S.
mutans to the tooth surface because, they compete for adhesion to salivary components including lysozyme, amylase,
and proline-rich proteins that play a role in biofilm formation (20). Autoinducer Ssp(A4K-A11K) can inhibit S. mutans
biofilm formation on saliva-coated hydroxyapatite surfaces (19). Bady et al. mentioned that autoinducer Ssp(A4K-
A11K) works to inhibit S. mutans biofilm formation by blocking the interaction between Agl/Il and salivary pellicle on
the tooth surface (21)

The content of positively charged amino acids in the autoinducer Ssp(A4K-A11K) also contributes to inhibiting the
formation of S. mutans biofilm. Research conducted by Koba et al. states that Ssp(A4K-A11K) is an amino acid with
positively charged residues on the a-helix that can inhibit S. mutans attachment to the tooth surface (19). Other studies
that complement these studies mention that amino acids are able to damage mature biofilms and inhibit the rate of cell
attachment due to decreased planktonic cell viability. Fluorescence and confocal results obtained a decrease in eDNA in
bacteria treated with amino acids (22).

eDNA in the biofilm formation process functions in the formation and initial attachment of bacteria to the tooth surface.
Reduced eDNA or the inability of bacteria to form eDNA structures can be interpreted as a failure of bacteria to build a
biofilm foundation. This inhibits biofilm maturation, which in turn inhibits its growth (23, 22). In addition, the low

number of viable cells in the biofilm may be due to the inability of the cells to attach and aggregate, resulting in a reduced
biofilm (CFU/ml) (22).

Autoinducer Ssp(A4K-A11K) also has the ability to suppress the adhesion of S. mutans by inhibiting the interaction
between Agl/Il (from S. mutans bacteria) with glycoprotein-340 and hydroxyapatite present on the teeth (12; 21; 24;
25). In another study conducted by Ito mentioned that autoinducer Ssp(A4K-A11K) cannot kill S. mutans, but works
directly by suppressing adhesion which is the starting point of biofilm formation (12)

4. Conclusion

Autoinducer Ssp(A4K-A11K) is able to inhibit S. mutans biofilm formation and could be one of the future antibiofilm and
anti-caries therapies.
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