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ABSTRACT

Introduction: Streptococcus mutans is a facultatively anaerobic, Gram-positive coccus commonly present in the
human oral cavity and plays a significant role in the development of dental caries. The antigen I/II protein is a cell
wall-anchored adhesin that facilitates bacterial attachment to tooth surfaces and contributes to biofilm formation and
disease progression. AG12 is a novel peptide named based on its amino acid composition, including alanine, arginine,
valine, tryptophan, phenylalanine, serine, leucine, and glycine. Zebrafish larvae are widely used as an in vivo model
due to their physiological similarity to humans and their suitability for studying infection, immunity, and toxicity
responses.

Aim of the study: The study aims in inhibiting the surface protein antigen I/II of Streptococcus mutans using AG12
novel peptide and analysing its effect in the living system.

Materials and Methods: ToxinPred and PeptideRanker were used as computational tools to evaluate peptide toxicity
and bioactivity potential. Physicochemical and structural characterization of the peptide was performed. Helical wheel
analysis was conducted to determine the peptide's amphipathic and helical properties. Molecular docking was
performed to evaluate peptide-protein binding interactions. Zebrafish larvae were used as a model organism to assess
toxicity and biological safety.

Results: ToxinPred analysis confirmed that AG12 is non-toxic and safe for biological applications. PeptideRanker
analysis produced a score of 0.79 (>0.5), indicating strong bioactive potential. Structural analysis revealed
amphipathic properties with favorable hydrophilic and hydrophobic balance, enhancing interaction capability.
Docking studies showed strong binding affinity (-133 kcal/mol) with antigen I/II protein. Zebrafish studies showed
negligible toxicity for AG12 compared to amoxicillin.

Conclusion: The AGI2 peptide demonstrated strong binding affinity, indicating its potential in
preventing Streptococcus mutans adhesion and reducing dental caries.
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they are often considered together as a group, called
the mutans streptococci . A symbiotic relationship
with S. mutans and Candida albicans leads to

INTRODUCTION

Streptococcus mutans is a facultative anaerobic , gram
positive coccus commonly found in the human oral
cavity is a significant contributor to tooth decay. It is
a part of the streptococci, an informal general name
for all species in the genus Streptococcus.? This
bacterium, along with the closely related species
Streptococcus sobrinus, can cohabit the mouth, both
contribute to oral diseases, and the expense of
differentiating them in laboratory testing is often not
clinically necessary. Therefore, for clinical purposes

increased glucan production and increased biofilm
formation. This therefore amplifies the cariogenic
effect of S. mutans. 3 Oral streptococci comprise both
harmless and harmful bacteria. However, under
special conditions commensal streptococci can
become opportunistic pathogens, initiating disease and
damaging the host. Imbalances in the microbial biota
can initiate oral diseases.
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The causative agent of dental caries is associated with
its ability to metabolize various sugars, form a robust
biofilm, produce an abundant amount of lactic acid,
and thrive in the acid environment it generates. A
study into pH of plaque said that the critical pH for
increased demineralisation of dental hard tissues
(enamel and dentine) is 5.5. The Stephan curve
illustrates how quickly the plaque pH can fall below
5.5 after a snack or meal. Dental caries is a dental
biofilm-related oral disease associated with increased
consumption of dietary sugar and fermentable
carbohydrates. When dental biofilms remain on tooth
surfaces, along with frequent exposure to sugars,
acidogenic bacteria will metabolize the sugars to
organic acids.* Untreated dental caries is the most
common disease affecting humans worldwide
Persistence of this acidic condition encourages the
proliferation of acidogenic and aciduric bacteria as a
result of their ability to survive in a low-pH
environment. The low-pH environment in the biofilm
matrix erodes the surface of the teeth and begins the
initiation of the dental caries. Streptococcus mutans is
a bacterium which is prevalent within the oral
environment and is thought to be a Vvital
microorganism that contributes to this initiation.S.
mutans thrives in acidic conditions, becoming the
main bacterium in cultures with permanently reduced
pH If the adherence of S. mutans to the surface of teeth
or the physiological ability (acidogenicity and
aciduricity) of S. mutans in dental biofilms can be
reduced or eliminated, the acidification potential of
dental biofilms and later cavity formations can be
decreased.

Streptococcus mutans often live in dental plaque,
hence mechanical removal of plaque is an effective
way of eradicating the microorganism. The best tooth
brushing technique to reduce plaque build up,
decreasing caries risk, is the modified bass technique
Brushing twice daily can help decrease the caries risk.
However, there are some remedies used in the
treatment of oral bacterial infection, in conjunction
with mechanical cleaning. These include fluoride ,
which has a direct inhibitory effect on the enolase
enzyme, as well as chlorhexidine, which works
presumably by interfering with bacterial adherence.
Furthermore, fluoride ions can be detrimental to
bacterial cell metabolism.’ Fluoride directly inhibits
glycolytic enzymes and H+ATPases. Fluoride ions
also lower the pH of the cytoplasm. This means there
will be less acid produced during the bacterial
glycolysis.  Therefore, fluoride = mouthwashes,
toothpastes, gels and varnishes can help to reduce the
prevalence of caries. However, findings from
investigations into the effect of fluoride-containing
varnish, on the level of Streptococcus mutans in the

oral environment in children suggest that the reduction
of caries cannot be explained by a reduction in the
level of Streptococcus mutans in saliva or dental
plaque.

Fluoride varnish treatment with or without prior
dental hygiene has no significant effect on the plaque
and salivary levels of Streptococcus mutans. S. mutans
secretes Glucosyltransferase on its cell wall, which
allows the bacteria to produce polysaccharides from
sucrose. These sticky polysaccharides are responsible
for the bacteria's ability to aggregate with one another
and adhere to tooth enamel, to form biofilms. Use of
Anti Cell-Associated Glucosyltransferase (Anti-CA-
gtf) Immunoglobulin Y disrupts S. mutans' ability to
adhere to the teeth enamel, thus preventing it from
reproducing. Studies have shown that Anti-CA-gtf
IgY is able to effectively and specifically suppress S.
mutans in the oral cavity.® Other common preventative
measures center only on reducing sugar intake. One
way this is done is with sugar replacements such as
xylitol or erythritol which cannot be metabolized into
sugars which normally enhance S. mutans growth. The
molecule xylitol, a 5 carbon sugar, disrupts the energy
production of S.mutans by forming a toxic
intermediate during glycolysis. Streptococcus mutans
antigen I/II (Agl/Il) protein was one of the first cell-
wall anchored adhesins identified in Gram-positive
bacteria. It mediates attachment of Streptococcus
mutans to tooth surfaces and has been a focus for
immunization studies against dental caries. "The
Agl/ll  family polypeptides recognize salivary
glycoproteins, and are also involved in biofilm
formation, platelet aggregation, tissue invasion, and
immune modulation. The genes encoding Agl/II
family polypeptides are found amongst Streptococcus
species indigenous to the human mouth, as well as in
S. pyogenes, S. agalactiae, and S. suis. Evidence of
functionalities for different regions of the Agl/II
proteins has emerged. A sequence motif within the C-
terminal portion of Streptococcus gordonii SspB
(Agl/1l) is bound by Porphyromonas gingivalis, thus
promoting oral colonization by this anaerobic
pathogen. The significance of other epitopes is now
clearer following resolution of regional crystal
structures. A new picture emerges of the central V
(variable) region, predicted to contain a carbohydrate-
binding trench, being projected from the cell surface
by a stalk formed by an unusual association between
an amino-terminal a-helix and a carboxy-terminal
polyproline helix. This presentation mode might be
important in determining functional conformations of
other Gram-positive surface proteins that have adhesin
domains flanked by a-helical and proline-rich regions.
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The zebrafish model has significantly improved our
ability to study vertebrate developmental biology. The
strengths of this model system lie in its external,
visually accessible development, ease of experimental
manipulation, and common genetic underpinnings
with other vertebrates including humans. Zebrafish
have become a popular organism for the study of
vertebrate gene function. The virtually transparent
embryos of this species, and the ability to accelerate
genetic studies by gene knockdown or overexpression,
have led to the widespread use of zebrafish in the
detailed investigation of vertebrate gene function and
increasingly, the study of human genetic disease.
Zebra fish larvae are widely used in medical studies
since they serve as an ideal model due to similar
responses as humans. Comparison to the human
reference genome shows that approximately 70% of
human genes have at least one obvious zebrafish
orthologue. ''In addition, the high quality of this
genome assembly provides a clearer understanding of
key genomic features such as a unique repeat content,
a scarcity of pseudogenes, an enrichment of zebrafish-
specific genes on chromosome 4 and chromosomal
regions that influence sex determination. They are used
to study the dynamics of infection and immunity.®

MATERIALS AND METHODS

ToxinPred and Peptide Ranker:

ToxinPred is an in silico method, which is developed
to predict and design toxic/non-toxic peptides. The
main dataset used in this method consists of 1805 toxic
peptides (<=35 residues). This module allows users to
generate all possible single mutant analogs of their
peptides and predict whether the analog is toxic or not.
This module of ToxinPred allows the user to predict
the number of toxic peptides submitted by the user.
This module generates all possible overlapping
peptides and their single mutant analogs of protein
submitted by the user. It also predicts whether
overlapping peptide/analog is toxic or not.® This tool
allows the users to submit query peptides in FASTA
format and to optimize the peptide sequence to get
maximum/minimum/desired toxicity based upon the
Quantitative Matrix based position specific scores. It
will help the user to tweak any residue from the
predecessor peptide to attain the analog with desired
property (highest/lowest toxicity).

The predicted peptides generated by the in silico
digests can be further analysed using online tools (e.g.
Peptide Ranker) which can predict bioactivity based
on their amino acid sequence. '°This program assigns
a rank to the likelihood of a peptide sequence being
bioactive (0.0 being highly unlikely, 1.0 being highly
likely)

Peptide Property calculator:

The ability to calculate molecular properties such as
molecular weights, isoelectric points, and extinction
coefficients is vital for scientists using and/or
synthesizing peptides for research. Peptide Calculator
also provides a calculated isoelectric point, molar
extinction coefficient, graphical peptide charge
summary and -strand contiguity profile (for
aggregation-prone sequences), indicating potential
regions of synthesis difficulty.!! In addition to the
unique automatic spectral assignment features offered
across both utilities, Peptide Calculator represents a
first-of-a-kind resource for researchers in the field of
peptide science. With a constantly expanding database
of over 120 amino acids, non-natural peptide building
blocks and peptide building blocks, it is anticipated
that Pep-Calc.com will act as a valuable asset to those
working on the synthesis and/or application of
peptides and peptide in the biophysical and life
sciences fields.'?

Helical wheel diagram of peptide:

A helical wheel is a type of plot or visual
representation used to illustrate the properties of alpha
helices in proteins. The sequence of amino acids that
make up a helical region of the protein's secondary
structure are plotted in a rotating manner where the
angle of rotation between consecutive amino acids is
100°, so that the final representation looks down the
helical axis. The plot reveals whether hydrophobic
amino acids are concentrated on one side of the helix,
usually with polar or hydrophilic amino acids on the
other. This arrangement is common in alpha helices
within globular proteins, where one face of the helix is
oriented toward the hydrophobic core and one face is
oriented toward the solvent-exposed surface. Specific
patterns characteristic of protein folds and protein
docking motifs are also revealed, as in the
identification of leucine zipper dimerization regions
and coiled coils. This projection diagram is often
called and "Edmondson wheel" after its inventor.'?

Peptide Protein Docking:

Protein-peptide interactions are crucial in many
cellular functions. Therefore, determining the
structure of protein-peptide complexes is important for
understanding the molecular mechanism of related
biological processes and developing peptide drugs.
HPEPDOCK is a novel web server for blind protein-
peptide docking through a hierarchical algorithm.
Instead of running lengthy simulations to refine
peptide conformations, HPEPDOCK considers the
peptide flexibility through an ensemble of peptide
conformations generated by our MODPEP program.
The HPEPDOCK server is computationally efficient
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and consumes an average of 29.8 mins for a global
peptide docking job and 14.2 mins for a local peptide
docking job. 4

Invivo zebrafish toxicity assay:

Evaluating the toxicity of substances using zebrafish
larvae is a common and established method in
toxicology research. Zebrafish larvae are used because
of their small size, transparency, rapid development,
and genetic similarity to humans. Assessing survival
rate is a key parameter in toxicity studies. Maintain a
zebrafish colony under standard conditions, including
appropriate water quality, temperature, and light-dark
cycles.!" Collect zebrafish embryos from paired adult
fish. Allow the embryos to develop into larvae under
controlled conditions. Divide the zebrafish larvae into
different treatment groups and a control group.
Treatments may include exposure to various
concentrations of the substance being tested.
Administer the substances to the zebrafish larvae at a
specific developmental stage. The exposure period
may vary depending on the toxicant and the specific
objectives of the study. The survival rate of the
zebrafish was calculated in percentage based on the
death of larvae after different concentrations of
exposure.”

Statistics:
The data presented in this study are the mean of three
replicates and their respective standard deviation (SD).
Also, the data were subjected to one-way ANOV A and
post-ANOV A using GraphPad Prism (version 5.0).
RESULTS

1 —12

Fig 1: 12 specific amino acids known for their anti-
biofilm formation are processed into a single protein
and used for further in-silico and in-vivo studies.
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Fig 2. Molecular docking interaction of AG12 peptide
with Streptococcus mutans antigen I/II protein.
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Fig 3. Physicochemical characterization and
hydropathy analysis of AG12 peptide.
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Fig 4. Helical wheel representation and structural
analysis of AG12 peptide.
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Fig 5. Toxicity assessment of AG12 peptide using
zebrafish larvae model.

The designed AG12 peptide, composed of 12 specific
anti-biofilm amino acids, demonstrates a structurally
stable and functionally relevant configuration for
therapeutic application. Molecular docking revealed a
strong binding affinity (—133 kcal/mol) with
Streptococcus mutans antigen /11, indicating potent
interaction and potential inhibition of bacterial
adhesion. Physicochemical analysis showed favorable
properties, including a net positive charge and
amphipathic nature, which support effective
interaction with microbial membranes.The helical
wheel representation further confirms its
amphipathicity, with distinct segregation of
hydrophobic and hydrophilic residues enhancing
bioactivity.'®

Importantly, the peptide exhibited non-toxic behavior
with good bioavailability and maintained high survival
rates in zebrafish assays, supporting its safety and
therapeutic potential.!”

DISCUSSION

The present study evaluated the structural, functional,
and toxicological properties of the novel peptide
AGI12 and demonstrated its potential as a targeted
antimicrobial agent against Streptococcus mutans,'® a
primary pathogen responsible for dental caries.
Molecular docking analysis revealed a strong binding
affinity of —133 kcal/mol between AG12 and the
antigen I/I1 adhesin protein. '*This strong interaction
indicates that AG12 may effectively interfere with
bacterial adhesion, which is a critical initial step in
biofilm formation and caries progression. Previous
studies have shown that antimicrobial peptides
targeting adhesin proteins can reduce bacterial
colonization and virulence without promoting
resistance,’?? making them promising alternatives to
conventional antibiotics.?’ The interaction of AG12
with key amino acid residues within the binding site
further supports its specificity and stability.?!
Physicochemical characterization of AG12 showed a
molecular weight of 1331.6 g/mol, an isoelectric point

of 10.9, and a net positive charge at physiological pH.
These properties enhance electrostatic interaction
between the peptide and negatively charged bacterial
surfaces.”? Hydropathy and helical wheel analysis
demonstrated the presence of amphipathic structural
features, with distinct hydrophilic and hydrophobic
regions. Such amphipathic configuration is essential
for peptide functionality, as it promotes strong binding
interactions and improves biological activity.
Although predicted solubility was moderate, the
structural stability and charge distribution support its
therapeutic potential 3

The bioactivity prediction using PeptideRanker
yielded a score of 0.79, confirming the high functional
potential of AG12. ToxinPred analysis classified the
peptide as non-toxic, highlighting its safety for
biological applications.”* Zebrafish larvae toxicity
assays provided further in vivo validation, where
AG12-treated groups at concentrations of 25 ug/mL
and 50 pg/mL showed survival rates exceeding 90%,
significantly higher than the amoxicillin-treated
group, which showed approximately 50-60%
survival. »No  structural deformities, cardiac
abnormalities, or developmental defects were
observed in AGI2-treated larvae. These findings
indicate excellent biocompatibility and low toxicity,
which are essential characteristics for clinical
translation. Zebrafish models are widely accepted for
toxicity screening due to their physiological similarity
to humans and reliability in predicting drug safety.?°
Overall, the results suggest that AG12 possesses
strong binding affinity, favorable structural properties,
high bioactivity, and excellent safety profile. These
characteristics support its potential application in
targeted oral therapeutic formulations such as
antimicrobial coatings, mouthwashes, or preventive
dental materials. However, further in vitro
antimicrobial assays, pharmacokinetic studies, and
clinical trials are necessary to confirm its long-term
safety, stability, and effectiveness in preventing dental
caries.?>?’

FUTURE SCOPE

It might be investigated to further improve AG12 or
create analogs with improved binding affinity and
specificity. To maximize the antimicrobial
efficaciousness of the peptide while preserving low
toxicity, this may entail altering its sequence or
structure  carrying out thorough mechanistic
investigations to clarify AG12's precise mode of action
and how it affects the virulence factors and biofilm
development of S. mutans. Comprehending these
mechanisms can facilitate the creation of more focused
and efficacious treatments. Approaches based on
nanotechnology or encapsulation could efficiently
optimize its delivery to target areas. are on lengthy
investigations to evaluate AG12's long-term safety and
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effectiveness, taking into account its impact on the oral
microbiota and the possibility for S. mutans or other
oral bacteria to develop resistance. examining the
effectiveness of AG12 or related peptides against oral
pathogens that cause oral disorders other than dental
caries, like infections of the oral mucosa or periodontal
illnesses.

CONCLUSION

The AGI12 novel peptide demonstrated a strong and
specific binding affinity toward the antigen I/II
adhesin protein of Streptococcus mutans, a key
virulence factor involved in the initial stages of dental
plaque formation. Antigen I/II plays a crucial role in
mediating bacterial adhesion to the acquired pellicle
on the tooth surface, facilitating colonization and
subsequent biofilm development. By exhibiting a high
binding capacity to this protein, AG12 has the
potential to competitively inhibit bacterial attachment,
thereby disrupting the early events of cariogenic
biofilm establishment.

Overall, the findings suggest that AG12 could serve as
anovel anti-adhesive and anticariogenic agent. Further
in vitro and in vivo investigations are warranted to
evaluate its stability, biocompatibility, and clinical
efficacy, which may ultimately contribute to the
development of innovative peptide-based
interventions for the prevention of dental caries.
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