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ABSTRACT

Objective: Periodontitis is a chronic inflammatory disease affecting teeth' supporting tissues. It is caused by
specific bacterial species, including Porphyromonas gingivalis (Pg), Tannerella forsythia (Tf), and Treponema
denticola, known as the "red complex" group. These bacteria manipulate the immune response and promote tissue
destruction, making them key players in periodontal pathogenesis. The present study aims to identify the potential
molecular targets of Emodin against the red complex pathogens.

Method: The interaction between the phytocompound Emodin and red complex pathogens was identified using the
STITCH tool. The proteins identified were then classified into functional categories using the VICMPred. The virulent
proteins identified were then subjected to Bepired prediction, which provided information about the epitopes in the
virulent proteins. Finally, the subcellular location of the proteins was demonstrated with the pSORTb tool.

Results: Carbamoyl-phosphate synthase is a large subunit identified as a virulence protein in Pg and Tf. DNA
topoisomerase IV subunit A was found to be the common virulence protein for Pg and Td. The DNA gyrase subunit
A and ATPase/histidine kinase/DNA gyrase B/HSP90 domain-containing protein were found to be identified in
Td and Tf. It was the only protein predicted to be in the cytoplasmic membrane, while others were found in the
cytoplasm. The four virulent proteins targeted by Emodin were found to harbor multiple epitopes.

Conclusion: Emodin was found to interact with all three pathogens of the red complex group. However, further
experimental validation is warranted to prove the antimicrobial effect of Emodin against periodontal pathogens.
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1. INTRODUCTION

Periodontitis is a disease caused by a specific microbial
composition found on the surface of teeth and tooth roots.
Still, bacteria's exact contribution to the disease's
progression is not yet fully understood. Commensal
bacteria are believed to be protective in preventing disease
development. However, some bacterial species, including
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Porphyromonas gingivalis, Tannerella forsythia, and
Treponema denticola, found in plaque, use various
mechanisms to interfere with host defense mechanisms,
leading to disease progression [1]. Porphyromonas
gingivalis (Pg), a Gram-negative oral anaerobe, is a pivotal
player in periodontitis pathogenesis among over 500 oral
bacterial species. While a natural member of the oral
microbiome, its specialized virulence factors enable
destructive proliferation in periodontal lesions, marking it
as a pathobiont. Certain spiral-shaped bacteria species,
particularly Treponema denticola (Td), are considered
significant players in the development and progression of
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periodontal disease [3]. Tannerella forsythia (Tf) is a
Gram-negative oral pathogen that targets multiple proteins
associated with virulence via its O-glycosylation system
[4]. The emerging phenotype of multi-drug resistance
exhibited by these pathogens underscores the need for
alternative therapy, emphasizing herbal medicines.
Identifying potential targets of a phyto compound against
oral pathogens will provide insights into the compound's
mode of action and aid in predicting the application of the
compound either individually or in combination with other
therapeutic modalities.

Emodin is a natural anthraquinone derivative found in
various plants, fungi, and lichens. It has a rich history in
traditional Chinese medicine and has been found to exhibit a
range of biological activities. These include antibacterial,
anti-inflammatory, and anticancer properties. It was found to
show promising effects in reversing chemotherapy resistance
and has antimalarial and antiallergic effects [5]. A recent
study examined the photodynamic effects of aloe-emodin
(AE) on Candida albicans, a common fungus that can be
resistant to some medications. The researchers used
antimicrobial photodynamic therapy (PDT) to test the
effectiveness of AE, a natural compound found in Aloe vera
and Rheum palmatum. The results showed that AE had no
negative effects in the absence of light but effectively
eliminated C. albicans cells in vitro when exposed to light.
Confocal microscopy also revealed that fungal cells took up
AE more easily when exposed to light. Finally, transmission
and scanning electron microscopy showed that AE-mediated
aPDT caused damage to the cell structures of C. albicans,
suggesting that AE could potentially be used as a
photosensitizer to combat drug-resistant strains of the fungus
[6]. Although, several plant compounds have been assessed
using in vitro approaches to deduce their biological activities
[7], it has been a time-consuming and expensive process
demanding labor and expertise in the field. Alternatively,
computational methods have been considered to be a boon to
researchers, wherein the initial screening of multiple
bioactive compounds can be done within less time duration
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and an inexpensive manner [8]. In line with this, the
phytocompound emodin was assessed for its interaction with
a red complex pathogen to develop therapeutic strategies
employing Emodin empoying computational tools to
elucidate their activities against periodontal pathogens.

2. MATERIALS AND METHOD

Strains and phytocompound used in the study

The phytocompound Emodin was tested against red
complex pathogens, namely Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia. The
STITCH tool [9] revealed the interaction between the
compound and the pathogen's protein repertoire.

Analyzing protein Interaction Network

STITCH (Search tool for interactions of chemicals) is
an exhaustive pipeline that can be used to predict the
interaction between chemicals and proteins. The
interaction is of two types: (a) direct or physical (b)
indirect or functional association, which arises from data
accumulated in the primary databases. The repertoire of
proteins against red complex pathogens, namely
Porphyromonas gingivalis, Treponema denticola, and
Tannerella forsythia interacting with Emodin, were used
for predicting virulence [9]. The FASTA format sequences
were retrieved from the National Centre of Biotechnology
information domain and used for predicting the functional
class of proteins and their virulence properties
(https://www.ncbi.nlm.nih.gov/protein/?term=).

Prediction of functional class of interacting protein

VICMpred server classifies the protein identified into four
major classes: virulence factor, information and storage
processing, cellular process, and metabolism. Anchorage-
dependent protein effluent pumps, transporters, toxins, and
hemolytic molecules are identified based on the support
vector machine (SVM) algorithm, which classifies proteins
based on their amino acid composition pattern [10].
Prediction of B cell Epitope in the virulence proteins

BepiPred is a software tool that predicts linear B-cell
epitopes in protein sequences. It uses machine learning
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algorithms that have been trained on known epitope data
to identify protein regions that are probably recognized by
antibodies. Researchers can apply BepiPred to facilitate
the identification of possible antigenic sites on proteins,
which is useful for vaccine development, immunotherapy,
and understanding immune responses. This tool helps
analyze antigen-antibody interactions and design
experiments related to antibody production and detection.
Epitopes are antigen-determining sites on the virulent
proteins capable of eliciting an immune response in the
host. Identifying those B cell epitopes on virulence protein
adds merit to the compound. Bepred on the virulent
proteins. The peptide molecules that score above a
threshold >0.5 are predicted to be part of the epitope and
are colored yellow in the graph [11, 12].

Prediction of subcellular localization of protein

pSORTD is a computational tool that predicts bacterial
proteins' subcellular localization (SCL). Its main goal is to
determine where proteins are located within bacterial cells,
which helps researchers understand protein function and
cellular processes better. pSORTb uses various protein
features such as amino acid composition, sequence motifs,
and similarity to known proteins to make accurate
predictions. Using this tool, researchers can identify
potential drug targets or vaccine candidates by studying
bacterial proteomes. Cell surface proteins are readily

targeted, while the cytoplasmic or nuclear protein needs a
proper drug delivery system to target the protein of
interest. Hence, pPSORTb was used for the identification of
sub-cellular locations of virulence protein (PSORTdb 4.0
(http://db.psort.org/)) [13].

3. RESULTS
Emodin was found to interact with the red complex
pathogens  Porphyromonas gingivalis, Treponema

denticola, and Tannerella forsythia. Metabolism-related
proteins were found to predominate in Pg, Tf, and Td. The
DNA topoisomerase IV subunit A and carbamoyl-
phosphate synthase large subunit were found to be the
virulence factors in the Pg group (Table 1a, Figure 1a),
DNA topoisomerase 1V subunit B and DNA gyrase
subunit A were found to be the confer virulence in Td
(Table 1b, Figure 1b), ATPase/histidine
kinase/DNA gyrase B/HSP90 domain-containing protein
and Carbamoyl-phosphate synthase large subunit were
found to be the virulent proteins in Tf (Table 1c, Figure
1c). All the virulent proteins except for ATPase/histidine
kinase/DNA gyrase B/HSP90 domain-containing protein
were found to be localized in the cytoplasm. The
prediction of epitopes in the virulent proteins
demonstrated that these proteins were composed of
multiple epitopes (Figure 2).

while

Table 1a: The list of proteins of Porphyromonas gingivalis interacting with emodin

Organism Identifier Protein VICMPred
Porphyromonas | PGN_0472 | DNA topoisomerase 1V subunit A Virulence factors
gingivalis PGN_1594 | DNA topoisomerase IV subunit B Cellular Process

PGN_2019 | Bifunctional UDP-3-O-[3-hydroxymyristoyl] N-acetylglucosamine | Metabolism molecule

deacetylase/(3R)-hydroxymyristoyl-ACP dehydratase

PGN_1449 | Inosine 5-monophosphate dehydrogenase Metabolism molecule
PGN_1443 | Carbamoyl-phosphate synthase large subunit Virulence factors
gyrA DNA gyrase A subunit Metabolism molecule
gyrB DNA gyrase B subunit Metabolism molecule
pyrB Aspartate carbamoyltransferase Metabolism molecule
carA Carbamoyl phosphate synthase small subunit Cellular Process

hisS Histidyl-tRNA synthetase Information and

Storage
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Figure 1a: The protein interaction network of Porphyromonas gingivalis with emodin

Table 1b: The list of proteins of Treponema denticola interacting with emodin

Organism Identifier Protein VICMPred
Treponema denticola TDE_2245 | DNA topoisomerase 1V subunit B Virulence Factors
TDE_0492 Sensor histidine kinase/response regulator | Metabolism Molecule
TDE_2693 Ankyrin repeat-containing protein Metabolism Molecule
TDE_0502 | Ankyrin repeat-containing protein Metabolism Molecule
TDE_0823 (3R)-hydroxymyristoyl-ACP dehydratase | Cellular Process
TDE_2450 Ankyrin repeat-containing protein Metabolism Molecule
gyrA DNA gyrase subunit A Virulence Factors
pyrBl Bifunctional aspartate Cellular Process
carbamoyltransferase catalytic
subunit/aspartate carbamoyltransferase
regulatory subunit
guaB Inosine 5-monophosphate dehydrogenase | Cellular Process
hisS Histidyl-tRNA synthetase Metabolism Molecule
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Figure 1b: The protein interaction network of Treponema denticola with emodin

Table 1c: The list of proteins of Tannerella forsythia interacting with emodin

Organism Identifier Protein VICMPred
Tannerella BFO_1082 Putative DNA gyrase, B subunit Metabolism molecule
forsythia BFO_2044 Putative inosine-5’-monophosphate Metabolism molecule

dehydrogenase
BFO 2981 Kinase domain-containing protein Metabolism molecule
BFO_2007 ATPase/histidine kinase/DNA gyrase B/HSP90 | Virulence factors
domain-containing protein
gyrA DNA gyrase subunit A Cellular Process
gyrB DNA gyrase subunit B Metabolism molecule
hisS Histidine--tRNA ligase Metabolism molecule
fabz Beta-hydroxyacyl-(acyl-carrier-protein) Cellular Process
dehydratase FabZ
pyrB Aspartate carbamoyltransferase Metabolism molecule
carB Carbamoyl-phosphate synthase large subunit Virulence factors
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Figure 1c: The protein interaction network of Tannerella forsythia with emodin
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Table 2: Subcellular localization of virulent proteins identified using VICMPred

- . . Subcellular
Identifier Virulent Protein localization Score
PGN_0472 | DNA topoisomerase IV subunit A Cytoplasmic 9.97
PGN_1443 | Carbamoyl-phosphate synthase large subunit Cytoplasmic 9.94
TDE_2245 | DNA topoisomerase 1V subunit B Cytoplasmic 9.97
gyrA DNA gyrase subunit A Cytoplasmic 9.97
BFO_2007 | ATPase/histidine kinase/DNA gyrase B/HSP90 domain- | Cytoplasmic 7.88
containing protein membrane
carB Carbamoyl-phosphate synthase large subunit Cytoplasmic 9.97
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Figure 2: Epitopes in the virulent proteins of red complex pathogen a) Porphoromonas gingivalis b) Treponema
denticola c) Tannerella forsythia targeted by Emodin
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4. DISCUSSION

Emodin was found to target the virulent proteins of the red
complex pathogens, which is evident from the STITCH and
VICMPred predictions.  Furthermore, the subcellular
localization demonstrated that most proteins were found in
the cytoplasm. The presence of multiple epitopes in the
virulent protein can facilitate further analysis of Emodin and
the proteins using molecular docking studies. A study
investigated the relationship between the count of red-
complex bacteria in saliva, specifically Porphyromonas
gingivalis, and the periodontal status in a Japanese
population. The study utilized real-time polymerase chain
reaction analysis and clinical assessments to determine that P.
gingivalis levels strongly correlated with periodontal
parameters such as probing pocket depth, bleeding on
probing, and bone crest level. The detection of P. gingivalis
and Treponema denticola and/or Tannerella forsythia in the
saliva indicated a more severe periodontal condition,
highlighting the importance of P. gingivalis in the progression
of periodontitis [14]. A study presents novel aloe emodin-
hybridized sulfonamide aminophosphates as potential
antibacterial agents to combat drug-resistant bacterial
infections. Among them, ethyl aminophosphate-hybridized
sulfadiazine aloe emodin 7a (EASA-7a) exhibited potent
antibacterial activity against drug-resistant E. faecalis, low
hemolytic  activity, and  biofilm-disruptive  ability.
Mechanistic studies suggest its efficacy through membrane
permeation, depolarization, ROS accumulation, and DNA
intercalation. EASA-7a shows promise for further
development in addressing life-threatening bacterial
infections [15]. A study explored the possibility of using
emodin, found in Polygonum cuspidatum, as a treatment for
Glésser's disease, which affects swine and is caused by
Haemophilus parasuis. The study found that emodin had
strong inhibitory effects against H. parasuis, with minimal
inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) values of 32 and 64 pg/mlL,
respectively. Based on antibacterial kinetics, the activity of
emodin was found to be concentration-dependent. Membrane
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integrity assays revealed that emodin can disrupt cell
membranes and alter membrane protein conformation.
Transmission electron microscopy showed significant
cellular damage in H. parasuis treated with emodin,
indicating its potential as a therapy for Glasser's disease [16].

A research study has identified a new class of
haloemodins derived from traditional Chinese medicine that
have promising potential as antibacterial agents against drug-
resistant infections. These haloemodins have been found to
inhibit bacterial topoisomerases while leaving human
topoisomerases unaffected. They have shown remarkable
efficacy against Gram-positive bacteria, including strains
resistant to common antibiotics, such as vancomycin-resistant
Enterococcus faecium and methicillin-resistant
Staphylococcus aureus. Furthermore, the antibacterial
spectrum of haloemodins against Gram-negatives was
expanded using polymyxin B nonapeptide. In vivo studies
have confirmed that haloemodins have therapeutic efficacy in
treating S. aureus-induced Keratitis in rabbits, indicating their
potential use as a promising antibacterial agent against drug-
resistant pathogens [17]. Li and team investigated the efficacy
of antimicrobial photodynamic therapy (aPDT) that uses
aloe-emodin  (AE) against multidrug-resistant (MDR)
Acinetobacter baumannii clinical isolates. The study revealed
that AE did not have any dark toxicity and could effectively
inactivate MDR A. baumannii in a concentration and light-
dose-dependent manner. The study also found that AE could
damage bacterial components, including genomic DNA,
membrane integrity, and cellular structure. These results
indicate that AE could be a potential photosensitizer for
treating superficial infections caused by MDR A. baumannii
[18]. These reports clearly agreed with the observations made
in the present study.

A study presented information regarding the design,
synthesis, and evaluation of twenty aloe-emodin derivatives,
focusing on their biological activities. Certain derivatives,
particularly those with thiosemicarbazide moieties, displayed
potent tyrosinase inhibition. Structure-activity relationships
were discussed, and the inhibition mechanisms of selected
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compounds were investigated. Additionally, some
derivatives' antibacterial and anti-inflammatory activities
were screened, revealing promising candidates for further
exploration in drug development [19]. In addition to
exhibiting anti-bacterial activity, Emodin was found to
exhibit antiviral properties, which have been elucidated by
researchers worldwide. In this context, a study explored
modifying emodin's structure to enhance its activity against
HCoV-NL63. Halogenation improved antiviral potency, with
the iodinated analog E_3I exhibiting activity comparable to
remdesivir, albeit with some observed toxicity to Vero cells
[20]. Aloe-emoadin is a potential inducer of interferon (IFN)
with low levels of toxicity. It activates the IFN-stimulated
response element (ISRE) and the gamma-activated sequence
(GAS)-driven cis-reporting systems, which upregulates IFN-
stimulated genes. Aloe-emodin also significantly enhances
nitric oxide production and has demonstrated antiviral
activity against Japanese encephalitis virus (JEV) and
enterovirus 71 (EV71) in a dose- and time-dependent manner.
This suggests that it has potential through IFN signaling
responses [21]. A recent study by Luo and the team
demonstrated Aloe-emodin’s (Ae) antiviral activity against
the African swine fever virus (ASFV). Studies have shown
that Ae can inhibit the replication of ASFV (African Swine
Fever Virus) by reducing the activation of the NF-«xB
signaling pathway, which ASFV induces. Ae (emodin) also
induced apoptosis (cell death) in infected cells by modulating
the expression of apoptotic proteins. These findings offer
potential therapeutic strategies for preventing and treating
ASF, highlighting how Ae can help combat viral infections
[22].

Numerous in silico and in vitro studies have been
conducted with crude extracts or bioactive compounds
extracted from plants. These studies reiterate using
phytocompounds as potential antimicrobial leads against
different classes of microorganisms [23, 24]. Molecular
docking [25] and network pharmacology [26] have aided
in demonstrating the mechanism of action of plant
compounds and their mode of action against pathogens.
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Thus, the study design using computational approaches
has reduced the cost and time required for analyzing
bioactive compounds and paved the way for identifying
novel drug targets or therapeutic leads.

Limitations: Computational methods have been utilized
in the field of drug discovery and development for a long
time. These in silico approaches have several advantages,
such as cost-effectiveness, reduced investigation time, and
real-time application of preliminary results. However, this
approach has some limitations, including the need to validate
data in a biological system to confirm findings. Additionally,
interactions observed may be purely physical or have
functional consequences that require further exploration.
Furthermore, certain proteins found in bacteria may share
close homology with host proteins, and in vivo experiments
should be conducted to rule out any adverse side effects
anticipated during the therapeutic usage of the drug.

5. CONCLUSION

In summary, this virtual investigation potentially
reveals valuable insights into the molecular targets of
Emodin in red complex pathogens. These findings are
important for developing targeted treatments for dental
caries by shedding light on the complex molecular
interactions between Emodin and these microorganisms
that cause periodontitis. However, further research and
refinement are needed to fully utilize Emodin as a
therapeutic agent against these red complex pathogens.
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