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Abstract:

Dental caries is a common and chronic condition caused by bacterial activity that erodes the
tooth structure. Streptococcus mutans is the main causative bacteria, which adheres to tooth
surfaces and breaks down carbohydrates to produce acids. These acids demineralize tooth
enamel, leading to caries. In the current research, the focus was on eugenol and steviol
glycosides, which have medicinal properties. Eugenol is a natural compound with analgesic,
antibacterial, antiviral, and antioxidant properties, making it a promising option in caries
prevention. Steviol glycosides are substances extracted from the stevia plant, and have a wide
range of health benefits, including their ability to prevent caries, but their mechanism of action
is still under investigation. The aim of the study was to evaluate the efficacy of steviol
glycosides compared to eugenol in their interaction with GbpC protein in Streptococcus mutans,
and to provide evidence for the potential use of steviol glycosides as a natural option for the
prevention of dental caries. In this research used an in-silico approach to investigate complexes
of 5UQZ (Glucan Binding Protein C) in chain A with eugenol as a control and Steviol
glycosides. A virtual screening experiment was performed using PyRx software to improve the
accuracy of the association between the compounds and the target protein. The results showed

that eugenol achieved a binding degree of -5.9 kcal/mol, while steviol glycosides recorded a
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higher binding degree of -9.8 kcal/mol. These results indicate that steviol glycosides have a

higher efficacy in interacting with the target protein than eugenol. This research highlights the
promising potential of steviol glycosides as a natural option for combating dental caries, and
lays the foundation for future studies aimed at developing effective and sustainable oral health
products.

Keywords: Bioinformatics Tool, Steviol Glycosides, Streptococcus Mutans, Eugenol,
docking accuracy, PyRx
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1. Introduction:

Dental caries are a major dental and public health hazard worldwide, particularly among low-
income people. Frequent consumption of dietary carbohydrates, particularly sweets, raises the
risk of dental caries by generating acidity and upsetting the symbiotic diverse and complex
microbial population of the mouth [1, 2]. Excessive acid production alters the nature of the
bacterial biofilm, demineralizes tooth structure, and produces cavities.Acidic and acid-tolerant
bacteria that bind to cavities include Streptococcus mutans, Lactobacillus, Actinomyces,
Bifidobacterium, and Scardovia. The microbiota composition varies based on the tooth site,
severity of carious lesions, and the rate of disease progression [1].

Streptococcus mutans, a pathogenic bacteria, is regarded as the primary factor agent of
dental caries; it is assumed to be the most cariogenic bacteria. When it comes in contact with
sweet or sucrose-containing products, it multiplies and secretes acids and other substances that

damage the enamel of teeth [3, 4]

Streptococcus mutans, a gram-positive, facultative anaerobic coccus (round bacterium)
commonly found in the human oral cavity, is a primary cause of tooth decay [5]. S. mutans'
natural habitat is the human oral cavity, specifically dental plaque, a multispecies biofilm that
forms on the hard surfaces of teeth [6].

Streptococcus mutans has been identified as the major bacterium causing dental caries in
people. The bacteria create numerous glucan-binding proteins (GBPs), one of which is Glucan
Binding Protein C (GbpC). When stressed, GbpC, a member of the streptococcal protein
family PAc, is expressed. [7].

Streptococcus mutans are large cariogenic organisms—the result of their ability to
manufacture huge volumes of glucans and acid, exceeding the salivary buffering capacities,
which gives the bacteria an advantage to outcompete noncariogenic commensal species at low

pH circumstances [8].

Eugenol is an allyl-substituted guaiacol from the allylbenzene family. It is a colorless to
pale yellow, aromatic oily liquid made from essential oils, most notably clove, nutmeg,
cinnamon, basil, and bay leaf. It is found in levels of 82-88% in clove leaf oil and 80-90% in

clove bud oil [9].

Eugenol, also known as 4-allyl-2-methoxyphenol, is an aromatic chemical. It is an organic
chemical compound belonging to the phenols category. Its chemical formula is CioH1202. It
consists of a benzene ring linked to a methoxyl group (-OCH3s) and also to a hydroxyl group (-

OH). According to numerous studies, this molecule has analgesic, antiviral, antioxidant,
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antibacterial, and anti-inflammatory characteristics; it is also used in dentistry to treat pulpitis

and toothaches [9]. Some research suggests that eugenol has an antimicrobial effect on S.
mutans. Eugenol may be a useful therapeutic agent for dental caries since it has a better effect

than the chemical Eugenol [10, 11, 12].

Stevia rebaudiana (Asteraceae) is a natural plant native to South America. Steviol glycosides
are the chemical components that give the leaves their sweet taste [ 13]. Steviol glycosides show
superior sweetening efficiency to sucrose and are calorie-free, non-cariogenic and do not cause
side effects [14]. Steviol is the main compound in stevioside, and it contains a structure
consisting of 20 carbon atoms (C20H3003), with a hydroxyl group (-OH) and a ring consisting
of carbon. Stevia rebaudiana bertoni has numerous health benefits, including
antihyperglycemic, antihypertensive, antioxidant, renal protection, antitumor, antidiarrheal,
diuretic, antiviral, immunomodulatory, and dental caries prevention [ 15]. Stevioside also helps
reduce the risk of tooth decay, with some research showing it has anti-caries properties.
However, more research is needed to discover how it works and the ideal concentration [16,
17, 18].

2. Material and methods:

Protein preparation and Ligands

Streptococcus mutans' Glucan Binding Protein C (GbpC), a primary target for Eugenol and
Steviol glycosides, was acquired from the human PDB database using the PDB ID 5UQZ (URL.:
https://www.rcsb.org). Furthermore, the target proteins for the docking experiment are chosen
based on their X-ray diffraction profiles. Proteins should be in PDB format. All heteroatoms,
including ions and water, were removed from Streptococcus mutans' X-ray crystallographic
structure in preparation for molecular docking. Use the Chimera tool and Discovery Studio

2021 Client. Certain protein-binding sites in the chain are selected, while others are avoided.

Preparation of Ligands

Open Babel software was used to obtain SDF format for three-dimensional chemical
structures, which  were then translated to PDB format by  Pubchem
(https://pubchem.ncbi.nlm.nih.gov). Throughout the docking study, steviol glycosides were
utilized as the reference molecule, with Eugenol serving as a control to assess correlation

strength. Both of these compounds were obtained via Pubchem.

The process of docking molecules
The structural interactions between the (target protein) SUQZ and the (ligand molecules)

Steviol glycosides and Eugenol (ligand molecules (control)) have been investigated using an in
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silico approach for analyzing ligand and receptor docking to display the conformation of this

protein target selectivity. Used PyRx, a virtual screening tool, to increase docking accuracy by
applying an algorithm as a scoring mechanism and integrating Vina and Auto Dock. [7]. the
target protein included 583 amino acid atoms. X-ray crystallography was used to precisely
establish the chemical makeup of the macromolecule at 1.14 A. The work continues with the
UCSF Chimera software, which removes the bonds and accompanying water molecules to
prepare the target. In addition, we eliminate all chains except Chain A, which solely shows a
ligand-binding site chain. Then we added it to the PyRx tool by marking it as a macromolecule
in the PyRx workflow. Using auto dock techniques, the protein and ligand molecules were
transformed to their suitable readable file format (pdbqt). All investigations of docking were
carried out as blind docking in a grid box, which included all possible ligand-receptor
complexes, and its dimensions were to Eugenol, as control and Steviol glycosides [(X=100.54,
Y =57.5798, and Z = 71.5732) and (X=92.5157, Y = 54.1111, and Z =67.8058)] respectively.
All ligand bindings were allowed to freely rotate, and all other software parameters remained
fixed while the receptor was considered as rigid. . The final visualization of the docked structure
was done using Discovery Studio Visualizer 3.0. Prior to assessing the efficiency of the

compounds from Urtica dioica against SUQZ [7].
3. Results:

Molecular docking studies were carried out between The Glucan Binding Protein C (GbpC)
of Streptococcus mutans (receptor) and (Eugenol and steviol glycosides), as seen in table (1).
As the negative value of affinity binding increases, so does the precision of the receptor-ligand
connection. The RMSD (Root Mean Square Deviation) number, which is used to confirm
docking tests, represents the average difference between two proteins' corresponding atoms.
[19].Each atom in one conformation is matched with itself in the opposite conformation by the
RMSD upper bound, which ignores any symmetry. The RMSD lower bound is used to compare
each atom in one conformation to the closest atom of the same element type in the other

conformation [19].

Table 1. Diagnosis of ligands using Glucan Binding Protein C (GbpC) of Streptococcus mutans
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Eugenol:4-Allyl-2-methoxyphenol as a Control Ligand

Eugenol (4-Allyl-2-methoxyphenol) was the standard molecule used in the docking analysis,

and it was retrieved from PubChem using Pubchem CID-3314. Eugenol serves as a control in

this investigation. Figure 1 shows the interaction state of the experimental control ligand. Table

(2) depicts the interaction of the ligand with chain A of Streptococcus mutans' Glucan Binding

Protein C (GbpC), which contains eleven amino acids, as well as the five different types of

interactions formed between the ligand and receptor. Van der Waals, Carbon hydrogen bond,

Alkyle, Pi-Alkyle, and Pi-Sigma score binding energy (-5.9) increased the affinity between the

two chemicals as the binding strength was good. Usually, docking experiments are verified

using the RMSD value.

Eugenol's docked ligand and the experimental ligand shared an acceptable RMSD of 0.0

angstrom. Table (2) depicts the interaction of amino acids and the type of bonds between ligands

for Eugenol and chain A of Streptococcus mutans' Glucan Binding Protein C (GbpC). Use the

PyRx tool to do virtual screening by docking in a target protein's active region. The study's

findings also revealed that Eugenol had a good interaction with the A chain of Glucan Binding

Protein C receptors, as illustrated in Figure (1).

Table 2. Streptococcus mutans and Eugenol's glucan binding protein C (GbpC) with amino acid position inside

chain A
Amino acids | Location inside the chain Bonds Type
THR 454
LEU 345 Van der -waals
GLY 414
ASN 455
SER 344 Carbon hydrogen bond
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SER 346
PRO 416 Alkyle
ALA 457
VAL 410 Pi- Alkyle
TRP 451
ALA 453 Pi-Sigma
GLY
A414
LE A‘:Q4L5A7
A4l
ASN
AM5S
A ‘\:{//\O,H Asag
TRP Au: THR
A451 A453 SER Aa54
A3d6
LEU
A 345

Interactions

D wvan der Waals D Alkeyl

D Conventional Hydrogen Bond I:J Pi-Alkyl

- Pi-Sigma

(2) (b)

FIGURE 1. (a) Interactions between Glucan Binding Protein C (GbpC) of Streptococcus mutans and
Eugenol at the active site (A) 3D representation
(b) 2D representation. Van der Waals, Carbon hydrogen bond, Alkyle, Pi- Alkyle and Pi-Sigma are shown
in the figure
Steviol Glycosides

The ligand interacts with chain A of Streptococcus mutans. Table (3) shows Glucan Binding

Protein C (GbpC), which has twenty-two amino acids. There are four types of unfavorable
acceptor-acceptor interactions: conventional hydrogen bonds, carbon hydrogen bonds, and Van
der Waals between ligand and receptor. The binding energy (-9.8) improved the affinity
between the two compounds since the binding strength was excellent. Typically, docking
experiments are validated using RMSD values.

Steviol Glycosides docked with experimental ligands had RMSD differences of 0.0
angstrom, which was acceptable. The steviol glycosides and chain A of Streptococcus mutans’
Glucan Binding Protein C (GbpC) were represented by amino acid interactions and the type of
bonds between ligands, as shown in Table 3. The docking approach was employed with the
PyRx program to perform a virtual screening of Steviol Glycosides in a target protein's active

regions. The results of this investigation demonstrated that the bind had an excellent interaction
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with the A chain of the receptor Streptococcus mutans GbpC (Glucan Binding Protein C) with

Steviol Glycosides, as shown in Figure (2).

Table 3. Streptococcus mutans Glucan Binding Protein C (GbpC) and Steviol Glycosides have amino acid
locations within chain A.

Amino acids | Location inside the chain Bonds Type
ASP 408 Unfavorable Acceptor-Acceptor
GLY 401
GLY 408 Conventional hydrogen bond
GLN 391
ALA 458
TRP 451 Carbon hydrogen bond
GLY 414
VAL 410
PHE 304
IEL 219
APG 417
ALA 404
PHE 452
LEU 345
SER 346 Van der- waals
LEU 348
THR 454
HIS 350
TRP 407
ILE 450
THR 449
TRP 351
LEU 220
ALA 409
ASP 402
GLY 406
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FIGURE 2. (a) Interactions between Glucan Binding Protein C (GbpC) of Streptococcus mutans and Steviol
Glycosides at the active site (A) 3D representation

(b) 2D representation. Unfavorable Acceptor-Acceptor, Conventional hydrogen bonds, carbon-hydrogen bonds
and Van der waals are shown in the figure

4. Discussion

Eugenol (4-allyl-2-methoxyphenol) is the main component of the essential oil of this plant,
and it is a natural compound with broad biological activity, as it has proven to be effective as
an antibacterial and antifungal, including its effect on microbial biofilms. In addition, eugenol
1s non-toxic and safe for human use, making it a promising option in medical applications.
Numerous studies have shown its ability to combat dental caries and this is consistent with the
results obtained, as the binding strength was good -5.9 kcal/mol [20, 21,22], as this activity is
linked to its strong interaction with caries-causing bacteria, which enhances its feasibility as a

natural treatment.

On the other hand, the stevia plant stands out as a rich source of natural compounds with
multiple health benefits, as studies indicate that it has anti-cancer and anti-inflammatory
properties, in addition to its role in modifying the immune response and its diuretic effect. It is
noteworthy that stevia also has a distinct role in oral and dental health, as its non-carbohydrate
compounds prevent the growth of Streptococcus mutans, the bacteria associated with dental
caries and cavity formation. Furthermore, research has shown that the use of Stevia rebaudiana

Bertoni leaf extracts as an herbal mouthwash shows clear efficacy in preventing caries [23].
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The alcoholic extract of stevia also shows strong antibacterial activity caries and this is agree

with the results obtained, as the binding strength was excellent -9.8 kcal/mol

Based on the available scientific results, steviol glycosides, the active ingredient in stevia,
appear as a promising option with antimicrobial properties that are superior in some aspects to
eugenol. Studies have shown a strong affinity of steviol glycosides for the target bacteria, which
opens up prospects for their use as a potential alternative to eugenol in the future. However, in-
depth research is still needed to understand the exact mechanism of action of these glycosides,
as well as to evaluate their efficacy in clinical settings, with a focus on the effect of crude

extracts to maximize the benefit [24, 25].

5. Conclusions

According to the study's findings, the degree of binding for eugenol was -5.9 kcal/mol,
whereas the degree of binding for Steviol Glycosides was -9.8 kcal/mol. Some research have
discovered that stevioside has anti-mutagenic qualities and may help reduce the incidence of
tooth decay; this confirms the results obtained, as steviol glycosides have a higher binding
strength than eugenol. However, additional research is needed to determine the mechanism of
action and appropriate concentration of this substance, and raw Steviol Glycosides extract is

preferred.

6. References

[1] Sim6n-Soro A, Mira A. Solving the etiology of dental caries. Trends in microbiology. 2015
Feb 1;23(2):76-82. . https://doi.org/10.1016/].tim.2014.10.010

[2] Spatafora G, Li Y, He X, Cowan A, Tanner AC. The evolving microbiome of dental caries.
Microorganisms. 2024 Jan 7;12(1):121. https://doi.org/10.3390/microorganisms12010121
[3] Kouidhi B, Al Qurashi YM, Chaieb K. Drug resistance of bacterial dental biofilm and the

potential use of natural compounds as alternative for prevention and treatment. Microbial

pathogenesis. 2015 Mar 1;80:39-49. https://doi.org/10.1016/j.micpath.2015.02.007

[4] Flayyih AS, Hassani HH, Wali MH. Identification of Streptococcus mutans from human dental
plague and dental caries using 16srrna gene. Iraqi Journal of Science. 2016:552-7.

[5] Ryan, K. J., Ray, C. G., & Sherris, J. C. (2004). Sherris medical microbiology: an

introduction to infectious diseases.

L
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
L

10



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
https://doi.org/10.1016/j.tim.2014.10.010
https://doi.org/10.3390/microorganisms12010121
https://doi.org/10.1016/j.micpath.2015.02.007

Baydaa Hamad Obaid Selah*. / Al-Kitab Journal for Pure Sciences (2026); 10(2):01-12.
—

[6] Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires A, Abranches J, Brady LJ.

The biology of Streptococcus mutans. Microbiology spectrum. 2019 Feb 27;7(1):10-128. .
https://doi.org/10.1128/microbiolspec.gpp3-0051-2018.

[7] Mieher JL, Larson MR, Schormann N, Purushotham S, Wu R, Rajashankar KR, Wu H,
Deivanayagam C. Glucan binding protein C of Streptococcus mutans mediates both sucrose-

independent and sucrose-dependent adherence. Infection and Immunity. 2018 Jul;86(7):10-128
. https://doi.org/10.1128/iai.00146-18

[8] Metwalli KH, Khan SA, Krom BP, Jabra-Rizk MA. Streptococcus mutans, Candida
albicans, and the human mouth: a sticky situation. PLoS pathogens. 2013 Oct
17;9(10):e1003616. https://doi.org/10.1371/journal.ppat.1003616.

[9] Heinrich M, Barnes J, Prieto-Garcia J, Gibbons S, Williamson EM. Fundamentals of

Pharmacognosy and Phytotherapy: Fundamentals of Pharmacognosy and Phytotherapy E-
Book. Elsevier Health Sciences; 2017 Nov 24.

[10] Xu JS, Li YA, Cao XU, Cui YU. The effect of eugenol on the cariogenic properties of
Streptococcus mutans and dental caries development in rats. Experimental and Therapeutic

Medicine. 2013 Jun 1;5(6):1667-70. . https://doi.org/10.3892/etm.2013.1066.

[11] Firyanto R, Azizah N. Effectiveness of Eugenol as An Antibacterial Toward
Staphylococcus epidermidis. InJournal of Physics: Conference Series 2019 Sep 1 (Vol. 1295,
No. 1, p. 012034). IOP Publishing. DOI 10.1088/1742-6596/1295/1/012034.

[12] Fatene N, Mounaji K, Soukri A. Effect of Eugenol on Streptococcus mutans Adhesion on
NiTi Orthodontic Wires: In Vitro and In Vivo Conditions. European Journal of General
Dentistry. 2021 Sep; 10(03):151-7. DOI: 10.1055/s-0041-1736372

[13] Brandle JE, Telmer PG. Steviol glycoside biosynthesis. Phytochemistry. 2007 Jul 1;

68(14):1855-63. https://doi.org/10.1016/j.phytochem.2007.02.010.

[14] Orellana-Paucar AM. Steviol glycosides from Stevia rebaudiana: an updated overview of their
sweetening activity, pharmacological properties, and safety aspects. Molecules. 2023 Jan 27;
28(3):1258. https://doi.org/10.3390/molecules28031258

[15] Escobar E, Piedrahita M, Gregory RL. Growth and viability of Streptococcus mutans in sucrose
with different concentrations of Stevia rebaudiana Bertoni. Clinical oral investigations. 2020 Sep;
24:3237-42. https://doi.org/10.1007/s00784-020-03197-5

[16] Abbas Momtazi-Borojeni A, Esmaeili SA, Abdollahi E, Sahebkar A. A review on the pharmacology

and toxicology of steviol glycosides extracted from Stevia rebaudiana. Current Pharmaceutical Design.
2017 Mar 1;23(11):1616-22.

[17] Frentzen M, Besrukow P, Ackermann A, Pierog S, Schiermeyer B, Winter J, Wolwer-Rieck U,
Kraus D. Steviol Glycosides in Dentistry. https://doi.org/10.1039/9781788010559-00162

L
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

EE,———
11



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
https://doi.org/10.1128/microbiolspec.gpp3-0051-2018
https://doi.org/10.1128/iai.00146-18
https://doi.org/10.1371/journal.ppat.1003616
https://doi.org/10.1016/j.phytochem.2007.02.010
https://doi.org/10.1007/s00784-020-03197-5
https://doi.org/10.1039/9781788010559-00162

Baydaa Hamad Obaid Selah*. / Al-Kitab Journal for Pure Sciences (2026); 10(2):01-12.
—

[18] Guo M, Yang K, Zhou Z, Chen Y, Zhou Z, Chen P, Huang R, Wang X. Inhibitory effects

of Stevioside on Streptococcus mutans and Candida albicans dual-species biofilm. Frontiers in
Microbiology. 2023 Apr 5;14:1128668. https://doi.org/10.3389/fmicb.2023.1128668
[19] Bell EW, Zhang Y. DockRMSD: an open-source tool for atom mapping and RMSD

calculation of symmetric molecules through graph isomorphism. Journal of cheminformatics.
2019 Dec;11:1-9.https://doi.org/10.1186/s13321-019-0362-7
[20] Adil M, Singh K, Verma PK, Khan AU. Eugenol-induced suppression of biofilm-forming

genes in Streptococcus mutans: An approach to inhibit biofilms. Journal of global antimicrobial
resistance. 2014 Dec 1;2(4):286-92.https://doi.org/10.1016/1.jgar.2014.05.006
[21] Rodriguez OE, Sanchez RM, Verde MJ, Nuiez MA, Castro R, Montes AC. Obtaining of

the essential oil of Syzygium aromaticum, identification of eugenol and its effect on
Streptococcus mutans. Journal of oral research. 2014;3(4):218-24.

https://doi.org/10.3390/molecules28031258

[22] Jafri H, Khan MS, Ahmad I. In vitro efficacy of eugenol in inhibiting single and mixed-
biofilms of drug-resistant strains of Candida albicans and Streptococcus mutans.

Phytomedicine. 2019 Feb 15;54:206-13. https://doi.org/10.1016/].phymed.2018.10.005

[23] Sharangi AB, Bhutia PH. Stevia: Medicinal Miracles and therapeutic magic. International
Journal of Crop Science and Technology. 2016;2(2).

[24] Ajagannanavar SL, Shamarao S, Battur H, Tikare S, Al-Kheraif AA, Al Sayed MS. Effect
of aqueous and alcoholic Stevia (Stevia rebaudiana) extracts against Streptococcus mutans and
Lactobacillus acidophilus in comparison to chlorhexidine: An: in vitro: study. Journal of
International Society of Preventive and Community Dentistry. 2014 Dec 1;4(Suppl 2):S116-
21.DOI: 10.4103/2231-0762.146215

[25] Deviyanti S, Herawati M, Ferhad A. ANTIMICROBIAL POTENCY of Stevia rebaudiana
Bertoni as HERBAL MOUTHWASHES AGAINST CARIOGENIC BACTERIAL
Streptococcus  mutans. InI[CCD 2019 Nov 27 (Vol. 2, No. 1, pp. 317-
321).https://doi.org/10.33068/iccd.Vol2.1ss1.207

L
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
L

12



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq
https://doi.org/10.3389/fmicb.2023.1128668
https://doi.org/10.1016/j.jgar.2014.05.006
https://doi.org/10.3390/molecules28031258
https://doi.org/10.1016/j.phymed.2018.10.005
https://doi.org/10.33068/iccd.Vol2.Iss1.207
https://doi.org/10.33068/iccd.Vol2.Iss1.207
https://doi.org/10.33068/iccd.Vol2.Iss1.207
https://doi.org/10.33068/iccd.Vol2.Iss1.207

