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ABSTRACT

Background: Piper betle L. leaf contains bioactive compounds with potential benefits for oral health. Although
its extracts and secondary metabolites have been extensively studied, peptides derived from Piper betle L. leaf
proteins remain underexplored as antibacterial and anti-inflammatory agents. Purpose: This study aimed to
identify and predict the antibacterial, anti-inflammatory, and toxicity profiles of theoretical peptides generated
from a betel leaf protein sequence using a computational approach. Methods: A 561-amino-acid sesquiterpene
synthase sequence attributed to Piper betle L. was retrieved from the UniProt database. In silico proteolysis was
performed using trypsin, pepsin, and chymotrypsin to generate theoretical peptide fragments of 8-20 amino acids.
These peptides represent putative digestion products derived computationally from the selected precursor protein
and were not experimentally identified or quantified in Piper betle leaf tissue. Their physicochemical properties
were assessed based on molecular weight, hydrophobicity, hydropathicity, hydrophilicity, charge, and isoelectric
point. Antibacterial, anti-inflammatory, and toxicity potentials were predicted using AntiBP3, AlPpred, and
ToxinPred3, respectively. Results: In silico proteolysis generated nine theoretical peptide sequences with
molecular weights ranging from 849.00-1,508.64 Da. GDSPSGVQC, SDPTHETK, and QNIVVAASIICR were
predicted to have antibacterial potential, while eight peptides showed anti-inflammatory potential. GDSPSGVQC
and DHGCTEEEACMA were predicted to be toxic. SDPTHETK and QNIVVAASIICR showed the most favorable
profiles, combining antibacterial and anti-inflammatory potential with predicted non-toxicity. Conclusion:
SDPTHETK and QNIVVAASIICR were prioritized as putative peptide candidates based on their predicted
antibacterial, anti-inflammatory, and non-toxic profiles. However, these findings are based exclusively on
computational analyses and do not demonstrate actual biological activity. Experimental validation is required to
confirm their endogenous occurrence, biological activity, safety, and mechanisms of action.

Keywords: Antibacterial; Anti-inflammatory; Betel leaf; Bioactive peptides; Computational; Piper betle L.
‘Correspondence: Iskandar, Public Health Study Program, Faculty of Medicine and Health Sciences, Universitas

Lambung Mangkurat, Banjarbaru, South Kalimantan — Indonesia, Email: iskandar.kesmas@ulm.ac.id, Phone
number: +6282217797711




Putera : A Computational Approach Peptides From Piper betle L. Leaves 138

INTRODUCTION

Piper betle L. leaf has been utilized by various communities as a traditional medicine for generations. Beyond its
medicinal uses, this plant holds significant social and cultural value, symbolizing respect for guests, reinforcing
family bonds, and serving as an essential element in traditional ceremonies and weddings.® Among the Dayak
people of West Kalimantan, a decoction of Piper betle L. is employed for medicinal purposes.? In Bojonegoro,
East Java, the leaves are specifically used to treat toothaches.®

Previous research has demonstrated that Piper betle L. leaves contain various bioactive compounds, such
as phenols, flavonoids, tannins, saponins, and essential oils, with eugenol and hydroxychavicol being particularly
prominent.*5 These constituents possess antioxidant and anti-inflammatory properties,® which may support oral
and dental health. Piper betle L. leaf extract has been reported to inhibit the growth of bacteria associated with
plague and dental caries, including Streptococcus mutans, as well as to reduce biofilm formation, gum
inflammation, and halitosis.”® Therefore, Piper betle L. leaves are considered promising active ingredients for
oral care products, such as mouthwashes, toothpastes, and periodontal gels.

Extensive research has demonstrated the significance of bioactive compounds in Piper betle L. leaves for
maintaining oral health. However, the potential of peptide sequences encrypted within Piper betle proteins
remains largely unexplored. In the present study, the peptides evaluated were not isolated or directly identified
from leaf tissue but were generated theoretically through in silico proteolysis of a selected Piper betle-derived
protein sequence. Such computationally generated peptides should therefore be regarded as putative bioactive
candidates rather than naturally occurring peptides whose presence in the plant has been experimentally
confirmed. Plant proteins can serve as precursors of bioactive peptides that may be released following proteolytic
cleavage. Several classes of plant-derived peptides, including defensins, thionins, snakins, cyclotides, lipid-
transfer proteins, and hevein-like peptides, have been reported to exhibit antimicrobial properties.®° Beyond their
antibacterial activity, certain peptides also exhibit anti-inflammatory effects. For instance, lunasin and the VPY
(Val-Pro-Tyr) tripeptide derived from soybeans have demonstrated such properties. Lunasin inhibits NF-xB
activation, resulting in decreased production of IL-6, IL-1p, nitric oxide, COX-2, iNOS, and prostaglandin E: in
lipopolysaccharide-induced macrophages.t* The VPY peptide has been shown to suppress the secretion of 1L-8
and TNF-a, as well as reduce the expression of IL-1p, IL-6, IFN-y, and IL-17 in a mouse colitis model.*?

To the best of our knowledge, the antibacterial and anti-inflammatory potential of putative peptide
sequences generated from Piper betle proteins has not been systematically investigated using an integrated
computational approach. Therefore, this study aimed to identify theoretical peptide fragments generated through
in silico proteolysis of a selected Piper betle protein sequence and to predict their antibacterial, anti-inflammatory,
and toxicity profiles. Computational screening provides a rapid and cost-effective strategy for prioritizing
candidate peptide sequences for subsequent experimental investigation. Nevertheless, all biological activities
reported in this study represent computational predictions and should not be interpreted as evidence that these
peptides naturally occur in Piper betle leaves or possess experimentally confirmed antibacterial or anti-
inflammatory activity.

MATERIALS AND METHODS
This computational exploratory study aimed to predict the antibacterial and anti-inflammatory potential of
theoretical peptides generated from a selected Piper betle L. protein sequence. The methodology included
selecting a precursor protein sequence from Piper betle L., simulating its enzymatic hydrolysis by proteases into
peptides, and subsequently assessing the resulting peptides for antibacterial and anti-inflammatory properties.
Choosing Protein Sources

The selection of protein sources is a critical step in computational exploratory research, as it directly
influences the validity of subsequent analyses. Protein selection criteria include organism suitability, sequence
completeness, biological function, and annotation status. The UniProt database (https://www.uniprot.org/) was
used to retrieve and evaluate candidate precursor protein sequences based on organism suitability, sequence
completeness, biological function, and annotation status. Through this database, the sesquiterpene synthase
protein (accession: AOA1X9HB811; entry name: AOA1X9H811 9MAGN) was identified. This protein comprises
561 amino acids and is involved in terpenoid biosynthesis.®



https://www.uniprot.org/

139 Dentino (Jur. Ked. Gigi), Vol XI. No 2. September 2026 : 137- 143

Sesquiterpene synthase is an enzyme that participates in the biosynthesis of sesquiterpenes. It is predicted
to catalyse the conversion of farnesyl diphosphate into a sesquiterpene hydrocarbon skeleton, which includes
precursors of volatile compounds. This enzymatic activity contributes to plants' characteristic aroma and supports
their defence mechanisms.

Sesquiterpene synthase was selected as the precursor protein because this enzyme is biologically relevant
to the terpenoid biosynthetic and defence-related processes of Piper betle. Previous experimental studies have
demonstrated sesquiterpene synthase expression and associated sesquiterpene production in Piper betle.* In the
database search, three candidate protein records meeting the predefined search criteria were retrieved. Among
these candidates, the 561-amino-acid sesquiterpene synthase sequence was selected because it was the longest
complete sequence, thereby providing a broader sequence space for exploratory in silico proteolysis. This
selection criterion was intended to maximize peptide discovery and does not imply that sesquiterpene synthase is
more abundant or intrinsically more likely than other P. betle proteins to release bioactive peptides.

Protein Hydrolysis Simulation

Protein hydrolysis was simulated using trypsin, pepsin, and chymotrypsin to predict cleavage patterns
within the sequence. Trypsin cleaves after lysine or arginine, pepsin primarily cleaves hydrophobic residues under
acidic conditions, and chymotrypsin targets aromatic residues. The resulting hydrolysed peptides were
systematically screened using computational methods to assess their potential antibacterial and anti-inflammatory
activities.

Protein  cleavage  simulations were conducted using a  web-based  application®®
(https://services.healthtech.dtu.dk/services/ AnOxPePred-1.0/). In these simulations, the protease enzymes trypsin,
pepsin, and chymotrypsin were employed to generate peptides consisting of 8 to 20 amino acids.

Prediction of Antibacterial Peptides

Antibacterial peptide predictions were conducted on protein hydrolysis fragments using parameters
including activity, net charge, hydrophobicity, sequence length, and propensity to form amphipathic structures.
The resulting peptides were evaluated for antibacterial potential using the web-based application AntiBP3
(https://webs.iiitd.edu.in/raghava/antibp3/).1® AntiBP3 is a sequence-based tool designed to predict, screen, and
design antibacterial peptides targeting Gram-positive, Gram-negative, and Gram-variable bacteria. The system
analyses amino acid composition, terminal-residue binary profiles, motifs, sequence similarity, and fastText
representations using machine learning algorithms. The optimal model classifies candidates based on terminal
residue patterns and their activity against specific bacterial groups.
Prediction of Anti-Inflammatory Peptide Activity

The peptides were computationally evaluated for anti-inflammatory potential. The AlPpred tool
(http://thegleelab.org/AlPpred/index.html)!” predicts anti-inflammatory activity based on the primary amino acid
sequence. This system utilizes a random forest algorithm trained on selected dipeptide composition features to
differentiate anti-inflammatory from non-anti-inflammatory peptides. The resulting output score represents the
probability of anti-inflammatory activity for each candidate peptide.

Peptide Toxicity Prediction and LD50 Assessment

Peptide toxicity predictions are generated wusing the web-based application ToxinPred3
(https://webs.iiitd.edu.in/raghava/toxinpred3/).181° ToxinPred3 identifies the potential toxic effects of peptide
candidates based on their amino acid sequences. The application integrates BLAST-based similarity searches,
toxic motif recognition via MERCI, and machine learning algorithms, including deep learning and protein
language models. It uses features such as amino acid frequencies and sequence patterns to classify candidate
peptides as toxic or non-toxic.

Predicted Acute Oral Toxicity

Predicted acute oral toxicity was additionally explored using ProTox 3.0.2° Two-dimensional chemical
structures of the peptide candidates were submitted to the server as SMILES strings. The predicted LD50 values
correspond to computational estimates of acute oral toxicity in rats and should not be interpreted as experimentally
determined lethal doses. Because ProTox 3.0 was primarily developed for chemical compounds, these outputs
were considered exploratory and were not used as primary evidence of peptide safety.
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RESULTS
The selected sesquiterpene synthase sequence retrieved from the UniProt database comprised 561 amino acid
residues, with its structure shown in Figure 1.

Figure 1. 3D Structure of Sesquiterpene Synthase
Table 1. Theoretical peptide sequences generated by in silico proteolysis

Peptides Mol Wt  Hydrophobicity = Hydropathicity = Hydrophilicity Charge Pl
SDTPIDPPQNVVAR 1508.64 -0.22 -0.72 0.29 -1.00 421
VTNAAIAAHKPPSK  1404.82 -0.11 -0.24 0.02 2.50 10.02

GDSPSGVQC 849.00 -0.12 -0.48 0.14 -1.00 3.80
SDPTHETK 914.04 -0.44 -2.24 1.00 -0.50 5.33
DHGCTEEEACMA 1295.33 -0.18 -0.65 0.57 -3.50 4.00
QAPEQVSNTIK 1214.50 -0.25 -0.95 0.25 0.00 6.35
QSIANDIEGM 1077.32 -0.08 -0.25 0.13 -2.00 3.67
EASTMTTDSSK 1157.35 -0.30 -1.06 0.63 -1.00 4.38
QNIVVAASIICR 1286.73 0.04 1.31 -0.56 1.00 8.60

In silico proteolysis of the selected sesquiterpene synthase sequence generated nine theoretical peptide
sequences. Table 1 lists these sequences. Table 1 presents the hydrolysis results, indicating that the nine
theoretical peptide sequences have molecular weights ranging from 849.00 to 1508.64 Da and exhibit diverse
physicochemical properties. Most peptides demonstrate negative hydrophobicity and hydropathicity, as well as
positive hydrophilicity, which increases their likelihood of interacting with aqueous environments.
Hydrophobicity reflects a peptide’s tendency to interact with nonpolar environments or lipid membranes.
Hydropathicity represents the balance between hydrophilic and hydrophobic properties; a positive value signifies
a predominance of hydrophobic character. Hydrophilicity denotes the ability to interact with water, with higher
values generally enhancing solubility. Charge refers to the net charge of the peptide under specific conditions,
where a positive charge facilitates electrostatic interactions with negatively charged bacterial membranes. The
isoelectric point (pl) is the pH at which the peptide’s net charge is zero; when the environmental pH is below the
pl, the peptide carries a positive charge. Antibacterial, anti-inflammatory, and toxicity prediction tests were
subsequently conducted based on the peptide data in Table 1.

Table 2 summarizes the results of these computational prediction tests. The prediction results indicated
that three of the nine peptides, specifically GDSPSGVQC, SDPTHETK, and QNIVVAASIICR, were predicted
to have antibacterial potential. Eight peptides were predicted to possess anti-inflammatory potential, whereas
EASTMTTDSSK was predicted to have neither antibacterial nor anti-inflammatory potential. GDSPSGVQC and
DHGCTEEEACMA were predicted to be toxic and were therefore not prioritized for further evaluation.
SDPTHETK and QNIVVAASIICR presented the most favorable computational profiles because both were
predicted to have antibacterial and anti-inflammatory potential and were classified as non-toxic by the prediction
model. The remaining peptides were primarily predicted to have anti-inflammatory potential.
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Table 2. Predicted antibacterial, anti-inflammatory, and toxicity profiles

Peptides Antibacterial Anti-inflammatory Toxicity LD50 (mg/kg)
(score) (score) (score)
SDTPIDPPQNVVAR No (0.45) Yes (0.72) No (0.43) 2000
VTNAAIAAHKPPSK No (0.48) Yes (0.65) No (0.45) 3000
GDSPSGVQC Yes (0.67) Yes (0.62) Yes (0.62) 1190
SDPTHETK Yes (0.65) Yes (0.63) No (0.40) 3000
DHGCTEEEACMA No (0.39) Yes (0.74) Yes (0.68) 3000
QAPEQVSNTIK No (0.48) Yes (0.68) No (0.39) 2000
QSIANDIEGM No (0.46) Yes (0.68) No (0.43) 2000
EASTMTTDSSK No (0.45) No (0.42) No (0.42) 1190
QNIVVAASIICR Yes (0.69) Yes (0.72) No (0.43) 1190
DISCUSSION

SDPTHETK and QNIVVAASIICR were prioritized for further discussion based on their combined computational
prediction profiles. Figure 2 presents their two-dimensional structures.

(a) (b)
Figure 2. Peptide structures of (a) SDPTHETK and (b) QNIVVAASIICR

Among the peptide sequences evaluated, SDPTHETK and QNIVVAASIICR were computationally
prioritized because they showed the most favorable combined prediction profiles for antibacterial activity, anti-
inflammatory activity, and toxicity. Dental caries is associated with biofilm formation by cariogenic bacteria,
primarily Streptococcus mutans, which produce extracellular polysaccharides and acids that cause enamel
demineralization. Meanwhile, periodontitis involves bacteria such as Porphyromonas gingivalis, Fusobacterium
nucleatum, and Aggregatibacter actinomycetemcomitans, accompanied by an excessive inflammatory response
that damages periodontal tissues and alveolar bone. Previous studies have shown that some antimicrobial and
immunomodulatory peptides can disrupt bacterial membranes, form pores, interfere with intracellular processes,
neutralize lipopolysaccharides, or modulate inflammatory signaling pathways such as TLR4, MAPK, and NF-«B,
which in turn reduce the production of mediators such as TNF-a, IL-1p, IL-6, iNOS, and COX-2.22 However,
these mechanisms were not directly investigated for SDPTHETK and QNIVVAASIICR in the present study and
should therefore be regarded only as literature-based mechanistic hypotheses.

The QNIVVAASIICR peptide has a positive charge (+1), a pl of 8.60, and positive hydrophobicity. These
physicochemical characteristics are compatible with features commonly reported for membrane-interacting
antimicrobial peptides. In particular, a positive charge and hydrophobic residues may theoretically facilitate
interaction with negatively charged bacterial surfaces and lipid membranes. However, membrane binding,
membrane permeabilization, and intracellular leakage were not experimentally evaluated in this study.®?2242% The
present computational workflow did not include molecular docking, molecular dynamics simulation, or target-



Putera : A Computational Approach Peptides From Piper betle L. Leaves 142

binding analysis; therefore, no specific intracellular bacterial protein can be proposed as a validated molecular
target of these peptides.?:?

In contrast to QNIVVAASIICR, SDPTHETK is more hydrophilic, less hydrophobic, and slightly
negatively charged. This physicochemical profile suggests that its predicted antibacterial activity may involve
mechanisms different from those typically associated with strongly cationic membrane-disrupting peptides.
However, the present study did not evaluate membrane interactions, cellular uptake, or specific molecular targets.
Therefore, the antibacterial mechanism of SDPTHETK remains hypothetical and requires experimental
validation.?®

The anti-inflammatory activities of SDPTHETK and QNIVVAASIICR were predicted using AlPpred
based on their primary amino acid sequences. This prediction indicates that the sequences share features associated
with previously characterized anti-inflammatory peptides, but it does not identify specific receptors, signaling
proteins, or molecular pathways. Mechanisms such as LPS neutralization or modulation of TLR4, MAPK, NF-
kB, and NLRP3 signaling have been reported for other immunomodulatory peptides and may provide possible
biological hypotheses for future investigation. However, none of these pathways were directly evaluated in the
present study. Confirmation would require experimental analysis of peptide—LPS interactions, receptor binding,
signaling-protein activation, and inflammatory mediator production in appropriate cellular or animal
models.??227 Immunomodulatory peptides suppress inflammation while preserving the body’s overall defence
response.?’

If their predicted antibacterial and anti-inflammatory activities are confirmed experimentally, SODPTHETK
and QNIVVAASIICR could be further investigated as potential candidates for incorporation into oral-care
formulations, including mouthwashes, periodontal gels, dental varnishes, restorative material coatings, or local
delivery systems. However, their application must consider factors such as stability in saliva, susceptibility to
protease degradation, fluctuations in oral cavity pH, biofilm penetration, impacts on the normal oral microbiota,
and cytotoxicity toward gingival epithelial cells and fibroblasts. Consequently, the potential benefits of these
peptides for oral and dental health remain theoretical and require validation through testing against oral bacteria,
multispecies biofilms, inflammatory mediators, and periodontal disease models.

Currently, the findings regarding both peptides are based solely on computational predictions and lack
experimentally validated biological efficacy. Furthermore, the present computational analyses did not identify or
validate specific molecular targets or signaling pathways; therefore, all proposed antibacterial and anti-
inflammatory mechanisms should be interpreted as hypothesis-generating rather than experimentally established
mechanisms. Therefore, the peptides SDPTHETK and QNIVVAASIICR require validation through peptide
synthesis, minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) testing,
membrane disruption assays, antibiofilm assays, and quantification of inflammatory mediators in
lipopolysaccharide (LPS)-induced cells. Further evaluation of cytotoxicity, haemolytic activity, proteolytic
stability, selectivity toward mammalian cells, and in vivo efficacy is necessary before these peptides can be
considered safe and effective therapeutic candidates.

In silico proteolysis of the selected sesquiterpene synthase sequence generated nine theoretical peptide
sequences with distinct physicochemical characteristics. Among these sequences, SDPTHETK and
QNIVVAASIICR were prioritized because they showed favorable combined predictions for antibacterial activity,
anti-inflammatory activity, and peptide toxicity. However, the present findings are exclusively computational and
do not confirm the endogenous occurrence of these peptides in Piper betle leaves or demonstrate their biological
activity, safety, or therapeutic efficacy. Therefore, experimental validation through peptide synthesis, antibacterial
and anti-inflammatory assays, cytotoxicity assessment, stability evaluation, and mechanistic studies is required
before their biological relevance or potential application in oral health can be established.
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