
O
nl

in
e 

co
py

Role of Aloe-emodin in inhibition of FtsA of 
Staphylococcus aureus using in-silico studies
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Abstract

Aim: The study aimed to evaluate the antibacterial potential of Aloe vera phytochemicals against bovine bacterial endometritis caused by  
Staphylococcus aureus using in-silico approaches.

Methodology: The essential bacterial protein FtsA of Staphylococcus aureus was selected as target for molecular docking with major antibacterial 
phytocompounds of Aloe vera. Standard antibiotics, including Gentamicin and Enrofloxacin, were also docked for comparison. The best protein–ligand 
complex was further validated through molecular dynamics simulation and thermodynamic analysis.

-1 -1Results: Among all compounds, Aloe emodin showed the highest binding affinity with FtsA (−8.5 kcal mol ), followed by Lupeol (−8.2 kcal mol ),  
-1 -1 -1Sitosterol-β (−7.9 kcal mol ), Campesterol (−7.7 kcal mol ) and Anthracene (−7.6 kcal mol ). In comparison, Gentamicin and Enrofloxacin exhibited 

lower binding energies.

Interpretation: The findings indicate that Aloe emodin possesses strong inhibitory potential against FtsA and may serve as a promising plant-derived  
therapeutic candidate for bovine bacterial endometritis.
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efforts are being made to explore herbal alternatives, as they are 
cost-effective and lack harmful residual effects. Phytotherapy 
offers advantages such as enhanced disease resistance and 
improved natural healing (Kumar et al., 2018). The use of herbal 
medicine has gained renewed attention due to concerns about the 
cost, side effects, and symptomatic nature of many conventional 
therapeutic approaches (Kumar and Rai, 2011). Additionally, a 
number of experimental researches have been carried out to 
uncover useful drugs to treat a variety of medical conditions.

Conducting experiments with various drugs, whether 
allopathic or herbal, presents challenges such as high cost, time 
constraints, the need for skilled personnel, laboratory setup, and 
procurement of experimental animals. As an alternative, 
bioinformatics approaches, particularly molecular docking, are 
employed by researchers to predict the efficiency of drugs. 
Bioinformatics is a multidisciplinary field that combines biology, 
computer science, and information technology to analyze 
biological data. It has become an essential tool in biomedical 
research, supporting advancements in genomics, protein 
engineering, drug discovery, veterinary sciences, and related 
fields through the use of computational tools and online resources 
(Arya et al., 2024). In-silico technology, especially molecular 
docking, has been found to reduce overall drug development cost 
by 50% (White, 2007) and further validation of docking results 
were carried out by molecular dynamics studies. Arya et al. (2023) 
conducted an in-silico study comparing the antibacterial activity of 
Tulsi and Garlic against S. aureus and E. coli using molecular 
docking. Tyagi et al. (2018) demonstrated the activity of 
MMV019838 on Mtb using MDS (Molecular Dynamic Simulation) 
and Sharma et al. (2023) exhibited potential of MMV675968 as 
inhibitor of ec-DHFR (Escherichia coli dihydrofolate reductase). 
In a recent in-silico investigation, Mamatha et al. (2025) screened 
phytochemicals against the ClfA protein of Staphylococcus aureus 
using virtual screening, molecular docking, ADMET analysis, and 
molecular dynamics simulations. Based on their computational 
assessment, Oridonin and Salvianolic Acid A were identified as 
potential drug candidates for further preclinical evaluation in the 
treatment of bovine mastitis caused by S. aureus.

In the present study, molecular docking results were 
validated using the MDS to find an efficient herbal medication for 
treating bacterial endometritis. Molecular dynamics simulations 
have emerged as a robust computational approach for the 
discovery and optimization of novel antimicrobial agents and 
therapeutic strategies aimed at combating bacterial infections 
(Sharma et al., 2024). The ultimate objective was to explore the 
therapeutic potential of Aloe vera-derived natural compounds as 
alternative antimicrobial agents for the management of bovine 
endometritis. The novelty of this study lies in the identification of 
Aloe-emodin as a potential inhibitor of the Staphylococcus aureus 
cell division protein FtsA through an integrated molecular docking 
and molecular dynamics simulation approach. To the best of our 
knowledge, this is the first study to explore the interaction of Aloe 
vera phytochemicals with FtsA in the context of bovine 
endometritis. The findings reveal a strong and stable binding of 
Aloe-emodin to FtsA, suggesting its potential as a natural 

Introduction

The primary aim of dairy industry is to achieve one calf per 
year (Dillon et al., 2006) and improve pregnancy rates 
(Borakhatariya et al., 2018), however, challenges like poor heat 
detection, lack of skilled personnel for artificial insemination, and 
reproductive diseases such as endometritis and repeat breeding 
affect fertility. These issues lead to economic losses, including 
reduced milk production and income from calf sales, and higher 
maintenance costs for non-pregnant cows (Bisla et al., 2018). 
Reproductive diseases, including endometritis (Sharma, 2017), 
metritis, and retained fetal membranes, significantly impact dairy 
animals' fertility (Deori and Arundhati, 2015). Endometritis, in 
particular, is a leading cause of infertility, with incidence rates 
ranging from 5% to 32% in cows and 6% to 30% in buffaloes (Gupta 
and Deopurkar, 2005). Also, dairy cattle reported with endometritis 
associated with poorer reproductive performance, including a 
lower chance of conception following the first insemination, an 
increased risk of pregnancy loss and a reduced overall pregnancy 
rate during lactation (Bogado Pascottini et al., 2017).

Staphylococcus aureus is commonly found in humans 
and is a part of our natural microbial population (Weber, 2005). 
Though typically harmless, it can cause various skin and soft 
tissue infections as an opportunistic pathogen (Stryjewski and 
Chambers, 2008; Tong et al., 2015). Resistance to penicillin 
emerged in the 1940s (Rammelkamp and Maxon, 1942), followed 
by resistance to methicillin in the 1960s (Jevons, 1961) and 
vancomycin resistance in the 1990s (Hiramatsu et al., 1997). The 
present study focused on the S. aureus FtsA protein as a potential 
drug target. FtsA is crucial for bacterial cell division, as it anchors 
the FtsZ protein to the cytoplasmic membrane (Fujita et al., 2014). 
Besides S. aureus, FtsA protein has been identified in other 
Gram-positive organisms (Mura et al., 2017) and Gram- negative 
pathogens (Paradis-Bleau et al., 2005). Consequently, molecules 
that inhibit FtsA protein could prove beneficial in combating a wide 
array of pathogens. During bacterial cell division, a multi-protein 
complex known as divisome, comprising over 20 proteins, forms 
at the midcell (Aarsman et al., 2005). FtsZ, one of these proteins, 
organizes into the Z-ring structure, facilitating physical separation 
of daughter cells (Lutkenhaus and Addinall, 1997). 

Polymerized FtsZ is linked to the cytoplasmic membrane 
by FtsA via its C- terminal membrane-targeting sequence (MTS) 
(Pichoff and Lutkenhaus, 2005). Optical microscopy studies have 
shown that the fusion of yellow fluorescent protein (YFP) with 
MTS- bound FtsZ (FtsZ-YFP-MTS) creates an indentation in a 
liposome membrane but does not induce liposome division 
(Osawa et al., 2008). Conversely, when FtsZ-YFP is combined 
with FtsA (an FtsA gain-of-function mutant), it prompts the 
formation of a continuous septum in a GTP/ATP- dependent 
manner (Osawa and Erickson, 2013). This suggests that FtsA 
plays a role in tethering FtsZ to the membrane and essential for 
subsequent cell division. Traditional antibiotic therapy for various 
infections, including bovine endometritis, face challenges due to 
residual effects and concerns about antibiotic resistance (Shukla 
and Sharma, 2005; Singh et al., 2008). To address these issues, 
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targeted protein was FtsA (3WQU), of S. aureus. The 3-D 
structures, along with their respective IDs, were retrieved from the 
PubChem database. Aloe vera phytochemicals involved in the 
study were Aloe-emodin (9792), Anthracene (8111), Campesterol 
(151215), Lupeol (50645939) and Sitosterol-β (192962). The 3-D 
structure of Aloe emodin and FtsA is shown in Fig. 1.

Interaction study with autodock tool: Autodock vina was 
employed for molecular docking subsequent to the preparation of 
both protein and ligand. The selected phytochemicals were 
docked with specific bacterial target protein, with each docking 
procedure generating nine poses in Autodock. Blind docking was 
performed to assess and compare binding affinity and interactions. 
Following docking, the resulting structures were analysed using 
LIGPLOT (Sidhu et al., 2020). The 2-D representation of the 3-D 
docked structure of protein and ligand was utilized to estimate the 
quantity of hydrogen bonds, the distance between these bonds, 
and the involved amino acid residues.

Preparation of system: The protein structure of FtsA (3WQU - a 
complex) was obtained from the RCSB Protein Data Bank. Since 
there was no available apo structure, the bound ligands were 
removed from the co-crystal structure, and treated as the apo 

antibacterial lead compound for the development of alternative 
therapeutic strategies against bovine uterine infections. The 
findings offer valuable insights into the development of plant-based 
therapeutic candidates and contribute to the search for sustainable 
alternatives to conventional antibiotics in veterinary medicine, 
particularly in the context of increasing antimicrobial resistance.

Materials and Methods

Selection of bacteria and target proteins: S. aureus was 
selected for the current investigation due to its prevalence and 
pathogenicity in causing endometritis in the dairy herd of 
Instructional Dairy Farm, Govind Ballabh Pant University of 

Agriculture and Technology, Pant Nagar and Bakht et al. (2024) 
reported that Staphylococcus aureus was detected in 17.96% of 
bovine endometritis cases. Among the S. aureus isolates, 
methicillin-resistant S. aureus (MRSA) accounted for 50.72% and 
37.68% based on phenotypic and genotypic assessment, 
respectively. Similarly, bovine-resistant S. aureus (BRSA) was 
identified in 36.23% of isolates using phenotypic methods and 
18.84% using genotypic methods. The crystal structures of the 
target protein identified by their PDB (Protein Data Bank) ID, were 
obtained from the Protein Data Bank (PDB) at www.rcsb.org. The 
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Fig. 1: 3-D structure of protein (FtsA) and ligand (Aloe-emodin).

FtsA Aloe Emodin

Fig. 2: (a) Docked 3D structure of FtsA with Aloe-emodin (space filling model). (b) Interaction of protein-ligand docked complex predicted by LIGPLOT+: 
2D representation of 3D structure showing H-bonds and interacting amino acids.

(a) (b)
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form. Both the apo structure and the docked complex with our 
lead molecule were prepared using the Protein Preparation 
Wizard in Maestro (Schrödinger Release 2020-1: Maestro, 
Schrödinger, LLC, New York, NY, 2020). The preparation utilized 
the OPLS3 force field model (Jorgensen et al., 1996; Jorgensen, 
2002). Ligands were prepared using LigPrep, version 4.2 
(Schrödinger, LLC, New York, NY, 2020-1).

Atomistic molecular dynamic simulations: All-atom molecular 
dynamics (MD) simulations for each system were conducted 
using the AMBER22 software suite (Case et al., 2023). AMBER 
has been widely utilized to analyze protein- ligand interactions. 
Both the apo-structure and the complex (apo-acomplex + ligand) 
were subjected to a 200 ns simulation. Details of the simulation 
are provided in Table 2. All systems were solvated in an 
orthorhombic box filled with TIP3P water, with a 12 Å padding in all 
directions. The AMBERff14SB force field (Maier et al., 2015) was 
applied to the proteins, hydrogen atoms were added, and counter 
ions were included to neutralize the system. The systems 
underwent minimization in three stages to relax and remove bad 
contacts. In the first stage, 2000 steps of minimization were 
performed, including 1000 steps of steepest descent followed by 
1000 steps of conjugate gradient. The first two stages involved 

-1position restraints of 10 and 2 Kcal mol  Å-2 on the entire protein to 
relax the solvent molecules. The third stage of minimization was 
carried out without restraints. The SHAKE algorithm was used to 
constrain bonds involving hydrogen atoms. The systems were then 
heated for 20 ps from 0K to 300K and equilibrated for 500 ps at 300K 
and 1 atm pressure. Simulations were conducted in the NPT 
ensemble with a 2.0 fs timestep. The coordinates were saved every 
20 ps, referred to as "frames" in this study. For post-MD analysis, the 
CPPTRAJ module was used to calculate the RMSD (root mean 
square deviation) of backbone atoms, RMSF (root mean square 
fluctuation) of Cα atoms, and the radius of gyration (Rgyr).

Free energy analysis through MM-GBSA/PBSA 
(Molecular Mechanics-Generalized Born Surface Area/ 
Poisson–Boltzmann Surface Area) methods.

The average binding energy for the equilibrated MD 
trajectories of the COM system was calculated using MM-
GBSA/PBSA methods in Amber22 (Case et al., 2023). To perform 
this calculation, 500 frames were extracted at equal intervals from 
the stable trajectory. The binding free energy (ΔGbind) for each 
system was determined as follows: 

ΔGbind = Gcom−(Grec+Glig)                                 (1)

Where, Gcom, Grec, and Glig are the absolute free 
energies of the complex, receptor, and ligand, respectively, 
averaged over the equilibrium trajectory. The free energy (G) for 
each species is calculated using the MM-GBSA and MM-PBSA 
methods as follows:

G= Egas + Gsol -TS     (2)
Egas =Eint + Eele + Evdw                                          (3)
Gpolar, PB(GB)= Eele + Gsol-polar,PB(GB)  (4)

Gnon-polar,PB(GB)= Evdw + Gsol-np,PB(GB) (5)
Gsol=GPB(GB) +Gsol-np                  (6)
Gsol-np=үSAS                                                          (7)

Where, T is the temperature and S is the total solute 
entropy. Egas represents the gas-phase energy, which is the sum 
of the internal energy (Eint), van der Waals energy (Evdw), and 
electrostatic energy (Eele). These values are computed using 
parameters from the Amberff14SB force field (Maier et al., 2015). 
Gsol is the solvation free energy, which is divided into polar and 
non-polar contributions. The polar solvation contribution (Gsol-
polar, PB(GB)) is calculated by solving the Poisson-Boltzmann 
(PB) and Generalized-Boltzmann (GB) equations (Genheden 
and Ryde, 2015). The total polar interaction (Gpolar, PB(GB)) is 
the sum of Eele and Gsol-polar, PB (GB). The non-polar solvation 
contribution (Gsol-np) was estimated using the constant γ = 
0.0072 kcal/mol/Å² and the solvent-accessible surface area 
(SAS), determined using a water probe radius of 1.4 Å (Sitkoff et 
al., 1994). The dielectric constants for the solute and solvent were 
set to 1 and 80, respectively. The total non-polar interaction 
contribution (Gnon-polar, PB (GB)) was calculated as the sum of 
Evdw and Gsol-np, PB (GB). The binding free energy contribution 
of each residue in the protein-ligand complex was computed 
using the GB model with the same number of frames. All the 
images were created using the VMD (Humphrey et al., 1996) and 
graphs were prepared using the XMGRACE (Turner, 2005). 

Results and Discussion

For docking analysis AutoDock Vina, a software tool 
recognized for providing faster processing and more reliable 
docking predictions than AutoDock4 was used in this study. 
(Pandya et al., 2014). The docking results for Aloe emodin, one of 
the phytoconstituent of Aloe vera against FtsA of S. aureus is 
presented in Table 1. The binding energy of FtsA against Aloe 

-1 -1emodin was -8.5 Kcal mol  followed by Lupeol (-8.2 Kcal mol ), 
-1 -1Sitosterol- β (-7.9 Kcal mol ), Campesterol (-7.7 Kcal mol ) and 
-1Anthracene (-7.6 Kcal mol ). Among all the phytochemicals of 

Aloe vera under study, Aloe emodin showed the maximum 
binding energy with FtsA. The observed inhibitory interaction of 
Aloe-emodin (AE) with the FtsA protein of Staphylococcus aureus 
is consistent with the diverse pharmacological activities 
previously reported for this anthraquinone derivative. AE, 
chemically identified as 1,8-dihydroxy-3-(hydroxymethyl) 
anthraquinone, is a naturally occurring bioactive compound 
isolated from medicinal plants such as Rheum palmatum and 
Aloe vera. Previous studies have demonstrated that AE exhibits 
potent antibacterial, antioxidant, anti-inflammatory, and antitumor 
activities, highlighting its therapeutic potential (Luo et al., 2024).

In the present study, the favorable binding affinity and 
stable protein–ligand interactions observed during molecular 
docking and molecular dynamics analyses suggest that AE may 
interfere with the functional activity of FtsA, an essential protein 
involved in bacterial cell division. This observation supports 
previous reports describing the antimicrobial efficacy of AE 
against a variety of pathogenic microorganisms (Luo et al., 2024). 
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hydrophobicity in Serratia marcescens (Bano, 2025). These 
observations suggest that emodin can attenuate bacterial 
pathogenicity by interfering with quorum sensing-regulated 
virulence pathways, thereby reducing biofilm formation and 
virulence expression. Atun et al. (2025) also confirmed the 
antibacterial efficacy of Aloe vera against Staphylococcus aureus 
through in-vitro assays (nano-emulsion can enhance its 
antibacterial activity), while in-silico docking analyses revealed 
favorable binding of its phytoconstituents to the PBP-3 receptor. 
These findings support the antimicrobial potential of Aloe vera 
and corroborate with the present results. On LIGPLOT analysis, it 
was observed that the ligand was bonded with protein by two 
hydrogen bonds, one at His225 and the other at Asn328. Amino 
acids participating in this interaction included Leu329, Lys254, 
Ser326, Glu209, Ser14, Gly208, Gly325 and Glu358, as 
illustrated in Fig. 2 and detailed in Table1. For the comparative 
study, FtsA was also docked with standard antibiotics used 
against bovine endometritis i.e., gentamicin and enrofloxacin, 

-1and the observed binding energy was-7.9 Kcal mol  and -6.7 Kcal 
-1mol , respectively, which was less than Aloe-emodin. For further 

validation of docked complex (FtsA + Aloe emodin), molecular 
dynamic simulation studies were carried out.

Molecular dynamics simulations were performed to 
evaluate the activity of predicted hits. Post-MD analysis, including 
RMSD and RMSF, was conducted to understand the behavior of 
the lead molecules. The RMSD analysis of the apo vs. COM 
systems showed that all systems reached global equilibrium after 
20 ns (Fig. 3A). Compared to the apo system, the COM system 
demonstrated greater stability, with the COM system being 
notably more stable overall (Fig. 3A). The dynamic stability of hit 
was also assessed, revealing that the ligand-acomplex remained 
exceptionally stable at around 2 Å (Fig. 3B), indicating that the 
acomplex is tightly bound in the binding pocket. The RMSF 
analysis further showed that the ligand reduced the protein's 
flexibility in certain regions of the COM system (Fig. 4A). The 
binding of acomplex restricted the protein's internal dynamics, 
confirming its strong binding within the pocket. Additionally, the 
radius of gyration (Rgyr) indicated that the COM system was 
more compact than the apo system (Fig. 4B). MMPBSA analysis 
was performed to support the MD simulation results, with binding 

Aloe emodin shows significant efficacy against Staphylococcus 
aureus and multidrug-resistant S. aureus (MRSA), as well as 
several Gram-negative bacteria including Escherichia coli, Proteus 
mirabilis and Klebsiella species (Zhao et al., 2025). This further 
supports the antimicrobial potential of anthraquinone derivatives 
and strengthens the rationale for exploring structurally related 
compounds such as Aloe-emodin as potential antibacterial 
agents targeting essential bacterial proteins like FtsA.

Furthermore, the natural abundance, cost-effectiveness, 
and favorable safety profile of Aloe-emodin make it an attractive 
candidate for antimicrobial drug development. Recent advances 
in nanotechnology-based delivery systems have further 
demonstrated that nano-formulated Aloe-emodin can improve 
bioavailability, biocompatibility and therapeutic efficacy, thereby 
enhancing its potential as a promising antibacterial agent 
targeting key proteins involved in bacterial proliferation (Luo et al., 
2024). Additionally, a study by Jasso et al. (2005) supported the 
antibacterial and analgesic properties of Aloe emodin. Moreover, 
the use of emodin from Aloe vera against bacteria was reported to 
lead to the disruption of bacterial cell walls and a decrease in 
fluidity (Liu et al., 2015). When docked with Aloe-emodin, FtsA 

-1demonstrates a binding energy of -8.5 Kcal mol , establishing it 
as the most favourable interaction compared to other 
phytochemicals present in Aloe vera. Targeting FtsA offers a dual 
advantage, addressing antibiotic resistance concerns and 
facilitating the development of medications with minimal or low 
side effects. Given its presence in both Gram-positive and Gram-
negative organisms and its crucial role as a cell division protein, 
FtsA presents a promising avenue for treating a broad spectrum 
of bacterial infections (Raghunathan et al., 2018). James et al. 
(2015) suggested that FtsA is indispensable for S. aureus but not 
essential for higher organisms. Targeting such proteins offers 
advantages in addressing antibiotic resistance issues and 
minimizing potential side effects.

Aloe-emodin has been reported to substantially inhibit the 
production of key virulence determinants, including violacein in 
Chromobacterium violaceum, pyocyanin, pyoverdin, elastase, 
exoprotease, alginate, and rhamnolipids in Pseudomonas 
aeruginosa, as well as prodigiosin, exoprotease, and surface 
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Table 1: 2-D representation of FtsA-Aloe-emodin complex

Protein Ligand Binding energy No. of hydrogen  Amino acid involved Amino acid 
-1  (Kcal mol ) bond in H-Bond residues

FtsA Aloe- emodin -8.5 2 His225, Asn328 Leu329, Lys254, Ser326, 
     Glu209, Ser14, Gly208, 
     Gly325, Glu358 

Table 2: Comprehensive table of systems considered for the study with simulations details

ID Systems Time (ns) Total no. of atoms Water molecules Ions

+1 Apo-acomplex  200 62078 18784 37 Na
+2 Apo-acomplex+ ligand= COM  200 62094 18782 37 Na
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free energy calculated for each trajectory using 500 frames 
extracted from the converged simulation. The results revealed 
that the COM system exhibited a significantly high binding affinity 

-1of -34.44 kcal mol  (Table 3). The thermodynamic analysis 
provided quantitative values indicating that the ligand 
demonstrates strong binding energy, suggesting its potential for 
further experimental validation. Alqahtani et al. (2026) performed 
MD simulations and confirmed the stable protein–ligand 
interactions and identified that tschimganin from Aloe vera as a 
promising bioactive compound with strong binding affinity, 
supporting the pharmaceutical potential of Aloe vera 
constituents. Another study also performed molecular docking 
and molecular dynamics simulations, and showed that Aloe vera 
constituents such as quercetin and aloe-emodin can stably 
interact with CASP3 and MMP-9, indicating strong binding at the 

active sites. In addition, experimental assays together with RT-
qPCR analysis revealed that aloe-emodin exhibits antibacterial 
activity against Gram-positive bacteria and can downregulate 
MMP-9 gene expression (Tang et al., 2025).

Roney et al. (2024) reported that Aloe emodin showed 
favorable pharmacokinetic properties, complying with Lipinski’s 
rule of five. Molecular dynamics simulations revealed stable but 
conformationally dynamic interactions within the aloe 
emodin–TGF-β1 complex over time, supported by MM-PBSA/ 
GBSA binding free energy analysis (similar to those applied in the 
present study). Overall, aloe emodin, a bioactive compound of 
Aloe vera, has been identified as a potential therapeutic 
candidate with relevant biological activity. Overall, molecular 
dynamics analysis confirmed the stability of the docked 
complexes under physiological conditions, offering deeper 
understanding of their interaction patterns. This supports the 
robustness of the in-silico predictions presented in this study. 

The present study is relevant to the ongoing scenario of 
research towards finding the novel plant-based antibacterial 
agents, due to increasing antimicrobial resistance in veterinary 
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Fig. 3: The analysis of MD simulation studies. (A) Root-mean square 
deviation (RMSD) of protein apo and COM over the time of 200 ns Black 
and Red color represents apo and COM system respectively; (B) The 
ligand RMSD of acomplex (COM). The blue line represents the average 
of ligand RMSD obtained through the course of simulation.

Fig. 4: (A) The root mean square fluctuation (RMSF) Cɑ atomic 
fluctuation of apo and COM and (B) Radius of Gyration (Rgyr) of apo-vs.-
COM. Black and red color represent apo and COM system respectively.
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field. By evaluating the antibacterial property of Aloe vera 
phytochemicals against FtsA, an essential cell-division-
associated protein of Staphylococcus aureus, the study provides 
computational insights into their potential molecular interactions 
with an important bacterial target. Among the screened 
compounds, aloe-emodin showed favorable binding affinity and 
was further investigated through molecular dynamics simulation, 
which supported the stability of aloe-emodin–FtsA interaction 
under simulated conditions. These findings suggest that aloe-
emodin may serve as a promising phytochemical for further 
investigation against S. aureus and demonstrate the utility of 
computational approaches for priorit izing bioactive 
phytochemicals before experimental validation. This may save 
laboratory cost, labor cost and other in-vitro experimental 
expenses. However, the predicted interactions require 
confirmation through in-vitro antibacterial assays, biochemical 
studies, and subsequent pharmacological investigations to 
establish the actual antibacterial efficacy and therapeutic 
potential of aloe-emodin to advance effective drug discovery for 
bovine bacterial endometritis.

Acknowledgment

The authors sincerely acknowledge the technical support 
received from Translational Health Science and Technology 
Institute (THSTI), NCR Biotech Science.

Authors’ contribution: D. Arya: Manuscript preparation and 
Molecular docking; M. Srivastava: MD simulation analysis; R. 
Tyagi: Molecular docking methodology; S. Sharma: Supervision 
on MD simulation analysis; S. Asthana: MD simulation 
interpretation; P. Chaudhary: Manuscript edition; M. Sharma: 
Complete study design and supervision.

Funding: Author is not supported by any funding source.

Research content: The research content of manuscript is 
original and has not been published elsewhere.

Ethical approval: No ethical approval is required for the study as 
the study is completely computational. Consent was obtained 
from all the authors.

Conflict of interest: The authors declare that there is no conflict 
of interest.

Data availability: Data and material is enclosed with manuscript.

Consent to publish: All authors agree to publish the paper in 
Journal of Environmental Biology.

References

Aarsman, M.E., A. Piette, C. Fraipont, T.M. Vinkenvleugel, M. Nguyen-
Disteche and T. den Blaauwen: Maturation of the Escherichia coli 
divisome occurs in two steps. Mol. Microbiol., 55, 1631-1645 
(2005).

Alqahtani, O.S., U.M. Muddapur, T. Kawad, A. Shenvi, B.S. Al Kazman, 
M.A. Alshamrani, I.A. Shaikh, I. Aljaezi, A. Aljadaan, A.A. Khan, 
and B.A. Mannasaheb: Integrated phytochemical exploration 
studies and computational biology approaches of Aloe vera (L.) 
Burm. f., flowers coupled with human ACE. J. Pharmaceut. Innov., 
21, 119 (2026).

Arya, D., P. Gautam, R. Goswami, J. Palod, V.S. Singh and M. Sharma:  
Bioinformatics: an emerging tool to address animal health. Int. J. 
Adv. Biochem. Res., 8, 260-264 (2024).

Arya, D., R. Tyagi, S. Sharma and M. Sharma: Comparative study of 
antibacterial activity of tulsi, garlic and commercially used 
antibiotics against bovine bacterial endometritis using molecular 
docking analysis. Indian J. Anim. Reprod., 44, 69-74 (2023).

Atun, S., N. Aznam, R. Arianingrum, Y. Priastomo, R. Cholil, T.A. Ulloh 
and A. Sangal: Nanoemulsion formulation gel and ethanol extract 
of Aloe vera, antibacterial activity test, and prediction of interaction 
mechanism against PBP-3 receptor. J. Med. Chem. Sci., 8, 106-
118 (2025).

Bakht, P., M. Ijaz, M. Z. Iqbal, H. B. Aslam and A. Rehman: On-farm 
epidemiology and phylogenetic evaluation of methicillin and beta-
lactam-resistant Staphylococcus aureus isolated from dairy cattle 
and buffaloes with endometritis. Iran J. Vet. Res., 25, 98-106 
(2024). 

Bano F.: Emodin as a broad-spectrum inhibitor of QS-regulated 
pathogenicity and biofilms: A non-antibiotic strategy against 
microbial virulence. Micro, 5, 56 (2025).

Bisla, A., V. Yadav, R. Dutt, G. Singh and S.C. Gahalot: Fertility 
augmentation approaches in dairy animals-A review. Int. J. Curr. 
Microbiol. Appl. Sci., 7, 2995-3007 (2018).

Bogado Pascottini, O., M. Hostens, P. Sys, P. Vercauteren and G. 
Opsomer: Cytological endometritis at artificial insemination in 
dairy cows: Prevalence and effect on pregnancy outcome. J. Dairy 
Sci., 100, 588-597 (2017). 

Borakhatariya, D., V.K. Karangiya and N.K. Ribadiya: Reproductive herd 
management in dairy cattle: A review. Int. J. Curr. Microbiol. Appl. 
Sci., 7, 1332-1338 (2018).

Case, D.A., H.M. Aktulga, K. Belfon, I.Y. Ben-Shalom, J.T. Berryman, 
S.R. Brozell and P.A. Kollman: Amber 2023, University of 
California, San Francisco (2023).

Deori, S. and P. Arundhati: Bovine postpartum metritis and its 
therapeutics: A review. Indian J. Sci. Technol., 8, 45-58 (2015).

Dillon, P., D.P. Berry, F. Buckley and B. Horan: Consequences of generic 
selection for increased milk production in European seasonal 
pasture-based system of milk production. Livest. Sci., 99, 141-158 
(2006).

Fujita, J., Y. Maeda, C. Nagao, Y. Tsuchiya, Y. Miyazaki, M. Hirose, E. 
Mizohata, Y. Matsumoto, T. Inoue, K. Mizuguchi and H. 
Matsumura: Crystal structure of FtsA from Staphylococcus 
aureus. FEBS Lett., 588, 1879-1885 (2014).

Genheden, S. and U. Ryde: The MM/PBSA and MM/GBSA methods to 
estimate ligand- binding affinities. Expert. Opin. Drug Discov., 10, 
449-461 (2015).

Gupta, A.G. and R.L. Deopurkar: Microbial study of gynaecological 
infection in cattle. Ind. J. Anim. Reprod., 14, 118-119 (2005).

Hiramatsu, K., H. Hanaki, T. Ino, K. Yabuta, T. Oguri and F.C. Tenover: 
Methicillin­ resistant Staphylococcus aureus clinical strain with 
reduced vancomycin susceptibility. J. Antimicrob. Chemother., 40, 
135­136 (1997).

Humphrey, W., A. Dalke and K. Schulten: VMD: Visual molecular 
dynamics. J. Mol. Graph Model., 14, 33-38 (1996).

James, O.C., U.U. Francis, O.T. Alowonle, U.S. Chukwudi, B.M. 
Mustapha and O.C. Jude: In­silico identification of putative drug 
targets in methicillin-resistant Staphylococcus aureus: A 

1205 Journal of Environmental Biology, November 2026



O
nl

in
e 

co
py

D. Arya et al.: FtsA inhibition by Aloe-emodin

subtractive genomics approach. Int. J. Comput. Bioinform. Silico 
Model, 6, 949-963 (2015).

Jasso de Rodríguez, D., D. Hernández-Castillo, R. Rodríguez-García 
and J.L. Angulo- Sanchez: Antifungal activity in-vitro of Aloe vera 
pulp and liquid fraction against plant pathogenic fungi. Ind. Crops 
Prod., 21, 81-87 (2005).

Jevons, M.P: “Celbenin” ­resistant staphylococci. Br. Med. J., 1, 124-125 
(1961).

Jorgensen, W.L., D.S. Maxwell and J. Tirado-Rives: Development and 
testing of the OPLS all-atom force field on conformational 
energetics and properties of organic liquids. J. Am. Chem. Soc., 
118, 11225-11236 (1996).

Jorgensen, W.L., D.S. Maxwell and J. Tirado-Rives: OPLS Force Fields.  
In: Encyclopedia of Computational Chemistry (Eds P. von Ragué 
Schleyer, N.L. Allinger, T. Clark, J. Gasteiger, P.A. Kollman, H.F. 
Schaefer and P.R. Schreiner) (2002).  https://doi.org/10.1002/ 
0470845015.coa002s

Kumar, A., R. Katiyar, S.F. Ahmad, B. Balamurugan, D. Deepak and J.K. 
Prasad: Current treatment aspects of bovine reproductive 
disorders. Theriogenology, 8, 101-109 (2018).

Kumar, K. and A.K. Rai: A review on conventional and ayurvedic 
medicine: Need of time for their synergistic effects. Int. J. Pharm. 
Life Sci., 1, 13 (2011).

Liu, M., W. Peng, R. Qin, Y. Cen, X. Zheng, X. Pan, W. Jiang, B. Li, X. Li and 
H. Zhou: The direct anti-MRSA effect of emodin via damaging cell 
membrane. Appl. Microbiol. Biotechnol., 99, 7699-7709 (2015).

Luo, H., X. Ji, M. Zhang, Y. Ren, R. Tan, H. Jiang and X. Wu: Aloe-emodin: 
progress in pharmacological activity, safety, and pharmaceutical 
formulation applications. Mini-Rev. Med. Chem., 24, 1784-1798 
(2024).

Lutkenhaus, J. and S.G. Addinall: Bacterial cell division and the Z ring. 
Ann. Rev. Biochem., 66, 93-116 (1997).

Maier, J.A., C. Martinez, K. Kasavajhala, L. Wickstrom, K.E. Hauser and 
C. Simmerling: ff14SB: Improving the accuracy of protein side 
chain and backbone parameters from ff99SB. J. Chem. Theory 
Comput., 11, 3696-3713 (2015). 

Mamatha, Y.S., S. Murmu, D.C. Mishra, M.K. Singh, S. Kumar, A. 
Sharma, S. Srivastava, K. K. Chaturvedi, M. Singh, U.B. Angadi 
and G.K. Jha: Identification of natural compounds as inhibitors of 
Clumping Factor A in Staphylococcus aureus to combat bovine 
mastitis: An in-silico approach. Biocatal. Agric. Biotechnol., 65, 
103556 (2025).

Mura, A., D. Fadda, A.J. Perez, M.L. Danforth, D. Musu, A.I. Rico, M. 
Krupka, D. Denapaite, H.C.T. Tsui, M.E. Winkler and P. Branny: 
Roles of the essential protein FtsA in cell growth and division in 
Streptococcus pneumoniae. J. Bacteriol., 199, 10-1128 (2017).

Osawa, M. and H.P. Erickson: Liposome division by a simple bacterial 
division machinery. Proc. Natl. Acad. Sci., 110, 11000-11004 
(2013).

Osawa, M., D.E. Anderson and H.P. Erickson: Reconstitution of 
contractile FtsZ rings in liposomes. Science, 320, 792-794 (2008).

Pandya, P., L. K. Agarwal, N. Gupta and S. Pal: Molecular recognition 
pattern of cytotoxic alkaloid vinblastine with multiple targets. J. 
Mol. Graph. Model., 54, 1–9 (2014).

Paradis­Bleau, C., F. Sanschagrin and R.C. Levesque: Peptide 
inhibitors of the essential cell division protein FtsA. Protein Eng. 
Des. Sel., 18, 85­91 (2005).

Pichoff, S. and J. Lutkenhaus: Tethering the Z ring to the membrane 
through a conserved membrane targeting sequence in FtsA. Mol. 
Microbiol., 55, 1722-1734 (2005).

Raghunathan, A., K. Malathi, S. Ramaiah and A. Anbarasu: FtsA as a 

cidal target for Staphylococcus aureus: Molecular docking and 
dynamics studies. J. Cell. Biochem., 120, 7751-7758 (2018).

Rammelkamp, C.H. and T. Maxon: Resistance of Staphylococcus 
aureus to the action of penicillin. Proc. Soc. Exp. Biol. Med., 51, 
386­389 (1942).

Roney, M. A.R. Issahaku, U. Govinden, A.M. Gazali, M.F.F.M. Aluwi and 
N.B. Zamri: Diabetic wound healing of Aloe vera major 
phytoconstituents through TGF-β1 suppression via in-silico 
docking, molecular dynamic simulation and pharmacokinetic 
studies. J. Biomol. Struc. Dyn., 42, 13939-13952 (2024).

Sharma, M.: Comparative evaluation of treatment regimens for 
management of post-partum endometritis in crossbred cattle. 
Intas Polivet, 18, 29-30 (2017).

Sharma, P., R. Vaiwala, A.K. Gopinath, R. Chockalingam and K.G. 
Ayappa: Structure of the bacterial cell envelope and interactions 
with antimicrobials: insights from molecular dynamics simulations. 
Langmuir, 40, 7791-7811 (2024).

Sharma, S., R. Tyagi, M. Srivastava, K. Rani, D. Kumar, S. Asthana and 
V.S. Raj: Identification and validation of potent inhibitor of 
Escherichia coli DHFR from MMV pathogen box. J. Biomol. Struct. 
Dyn., 41, 5117-5126 (2023).

Shukla, S.P. and R.D. Sharma: Bacteriological studies on the uterine 
biopsy and conception rate following treatment in repeat breeding 
crossbred cows. Indian J. Anim. Reprod., 26, 17-19 (2005).

Sidhu, K.S., S.K. Bhangu, R.K. Pathak, I.S. Yadav and P. Chhuneja: 
Identification of natural lead compounds for leaf rust of wheat: a 
molecular docking and simulation study. J. Proteins Proteomics, 
11, 283-295 (2020).

Singh, J., D. Dadarwal, M. Honparkhe and A. Kumar: Incidences of 
various etiological factors responsible for repeat breeding 
syndrome in cattle and buffaloes. Int. J. Vet. Sci. Med., 6, 1-6 
(2008).

Sitkoff, D., K.A. Sharp and B. Honig: Accurate calculation of hydration 
free energies using macroscopic solvent models. J. Phys. Chem., 
98, 1978-1988 (1994).

Stryjewski, M.E. and H.F. Chambers: Skin and soft­tissue infections 
caused by community­ acquired methicillin­resistant 
Staphylococcus aureus. Clin. Infect. Dis., 46, 368­377 (2008).

Tang, Q. J. Chu, P. Peng, Y. Zou, Y. Wu and Y. Wang: Probing the 
antibacterial mechanism of Aloe vera based on network 
pharmacology and computational analysis. J. Mol. Graph. Mod., 
138, 109034 (2025).

Tong, S.Y.C., J.S. Davis, E. Eichenberger, T.L. Holland and V.G. Fowler: 
Staphylococcus aureus infections: epidemiology, pathophysiology, 
clinical manifestations, and management. Clin. Microbiol. Rev., 28, 
603­661 (2015).

Turner, P.J.: XMGRACE, Version 5.1.19. Beaverton, OR: Center for 
coastal and land- margin research, Oregon Graduate Institute of 
Science and Technology (2005).

Tyagi, R., D. Kumar and V.S. Raj: “In-silico identification of potential 
inhibitors against Mycobacterial proteasome,” 2018 International 
conference on bioinformatics and systems biology (BSB), 
Allahabad, India, pp. 193-197 (2018).

Weber, J.T.: Community­associated methici l l in­resistant 
Staphylococcus aureus. Clin. Infect. Dis., 41, 269­272 (2005).

White, S.: Pharma 2020: the vision-which path will you take? 
Pharmaceutical practitioner. S. Afr. Pharm. J., 74, 40-41 (2007).

Zhao, M., F. Chen, W. Yang, T. Yan and T. Chen: Antibiofilm efficacy of 
emodin alone or combined with ampicillin against methicillin-
resistant Staphylococcus aureus. Sci. Rep., 15, 21904 (2025).

1206 Journal of Environmental Biology, November 2026


	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20

