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ABSTRACT 

Objective: This study aimed to identify potent inhibitors of Staphylococcus aureus D-alanine: D-alanine ligase (SADDL), a key enzyme in bacterial 
cell wall synthesis, by designing and evaluating a series of hydrazine carbothioamide derivatives. These scaffolds were selected due to their 
previously reported antimicrobial activity and potential for structural optimization. 

Methods: Nine novel hydrazine carbothioamide derivatives were rationally designed and computationally assessed using an integrated in silico 
workflow. Molecular docking was performed against the SADDL active site (PDB ID: 2I80) using the Glide module to estimate binding affinity 
through Glide score, Extra-precision Hydrogen-bonding (XP H-bonding), van der Waals, Coulombic energy, and E-model scores. Binding free 
energies (ΔG_bind) were calculated using Molecular Mechanics-General Born Surface Area (MM-GBSA) to refine the ranking. To validate stability, a 
100 ns Molecular Dynamics (MD) simulation using Desmond was conducted for the top-ranked compound, with Root mean Square Deviation 
(RMSD), Root mean Square Fluctuation (RMSF), and protein–ligand interaction analysis. 

Results: Compound 1 demonstrated the best binding affinity with a Glide score of-11.11 kcal/mol and ΔG_bind of-96.06 kcal/mol, outperforming 
the co-crystallized ligand (-9.88 kcal/mol and- 59.98 kcal/mol). It exhibited strong van der Waals (-27.87kcal/mol) and Coulombic (-
207.11kcal/mol) energies, as well as significant XP H-bonding (-3.25kcal/mol). Compound 6 and 8 also showed favorable interactions. MD 
simulations confirmed the stable binding of Compound 1 up to 60 ns, with consistent RMSD and low RMSF. Key residues involved included Ser150, 
Ser151, Glu187, and Lys215. Coordination with Mg²⁺ via Glu270, Asp257, and Ser150 further enhanced binding stability. 

Conclusion: Compound 1 emerged as a promising SADDL inhibitor with strong and stable binding, suggesting its potential as a lead antibacterial 
agent. Further in vitro and in vivo studies are warranted. 
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INTRODUCTION 

The continuous rise in bacterial resistance to currently available 
antibiotics is a serious global health threat, leading to increased 
rates of illness and death worldwide [1, 2]. This growing concern 
highlights the urgent requirement for the development of new 
antibacterial agents that function through novel mechanisms. 
Among such promising molecular targets is D-alanine: D-alanine 
Ligase (DDL), an enzyme that plays a critical role in the early stages 
of bacterial cell wall formation [3, 4]. Specifically, DDL catalyzes an 
ATP-dependent reaction to produce the D-alanine-D-alanine 
dipeptide, an essential component of the Uridine diphosphate–N–
acetylmuramic–Pentapeptide (UDP-MurNAc-pentapeptide), which 
serves as a building block for bacterial peptidoglycan layers [5, 6]. 
Disrupting the activity of this enzyme can interfere with bacterial 
cell wall biosynthesis, ultimately halting bacterial growth. This 
makes DDL a well-validated and attractive target for antibacterial 
drug development [7]. There are two major isoforms of DDL, namely 
D-alanine--D-alanine Ligase A (DDLA) and D-alanine--D-alanine 
Ligase B (DDLB), which have been isolated and thoroughly studied 
in bacteria such as Escherichia coli and Salmonella typhimurium. 
These isoforms contribute to essential steps in peptidoglycan 
biosynthesis and represent viable targets for selective inhibition. In 
Staphylococcus aureus and other Gram-positive bacteria, resistance 
to glycopeptide antibiotics such as vancomycin often arises through 
the acquisition of alternate cell wall biosynthesis pathways. These 
resistance mechanisms are primarily mediated by enzymes that 
substitute the terminal D-Ala-D-Ala dipeptide with modified 
versions such as D-Ala-D-Lac or D-Ala-D-Ser, which reduce antibiotic 
binding affinity. In Vancomycin-Resistant Enterococci (VRE), for 
example, biosynthetic pathways involving the production of D-Ala-
D-Lac (encoded by VanA, VanB, VanD) or D-Ala-D-Ser (VanC, VanE, 

VanG, VanL) are facilitated by specialized ligases [8, 9]. Although 
Staphylococcus aureus typically acquires resistance through the 
VanA operon, often via horizontal gene transfer, the enzymatic 
mechanisms underlying these substitutions highlight the critical role 
of D-Ala-D-Ala Ligases (DDL) and their homologs. Targeting DDL and 
its isoforms-or even the alternative ligases involved in resistance-
therefore presents a promising strategy for the development of 
broad-spectrum antibacterial agents capable of combating resistant 
strains [10, 11]. Structural biology has significantly advanced our 
understanding of DDL, with X-ray crystallography providing detailed 
insights into the structure of DDLB, both in its native form and in 
complex with inhibitors. These studies have been fundamental in 
supporting structure-based drug design approaches [12–17]. In 
Staphylococcus aureus, the DDL enzyme (SADDL) functions as a 
dimer, with each monomer consisting of a combination of parallel 
and antiparallel β-sheets surrounded by α-helices. Structurally, the 
enzyme is organized into three main regions: N-terminal, central, 
and C-terminal domains. The ATP-binding site is located at the 
interface between the N-and C-terminal domains, and plays a critical 
role in the ligation process [18, 19]. Kinetic studies have shown the 
presence of two distinct D-alanine binding sites, with the N-terminal 
region having a stronger affinity for the first D-alanine and the C-
terminal region engaging the second with less affinity [20]. One well-
known inhibitor of DDL is D-cycloserine, a broad-spectrum 
antibiotic that functions by competitively blocking the enzyme's 
active site. It has been used clinically in the treatment of tuberculosis 
[21,]. However, its practical application is limited due to its 
neurotoxic side effects [22]. To overcome these drawbacks, 
alternative chemical classes such as phosphonates, and 
phosphamides have been developed, offering potential as transition-
state analogs that mimic the natural enzyme substrates [23–26]. 
Both experimental and computational methods have been employed 
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to discover novel DDL inhibitors, with computational tools offering 
efficient strategies to screen large compound libraries and predict 
molecular interactions [27]. 

MATERIALS AND METHODS 

Materials 

The Schrödinger Suite was employed to carry out various 
computational studies, including molecular docking, MM-GBSA 
binding energy calculations, and molecular dynamics simulations. 
For docking experiments, the crystal structure of SADDL, with PDB 
ID: 2I80, was retrieved from the Protein Data Bank. Ligand 
molecules were either designed or sourced, specifically focusing on 
novel hydrazine carbothioamide-linked derivatives as potential 
inhibitors. 

Molecular docking 

To explore the binding interactions between the designed 
compounds and the SADDL protein (PDB ID: 2I80), molecular 
docking studies were carried out using the Schrödinger Suite (2021-
4) [28]. Ligand structures were prepared using LigPrep, which 
generated energy-minimized 3D conformations and predicted 
relevant ionization states and tautomeric forms. The SADDL protein 
structure (PDB ID: 2I80) was pre-processed using the Protein 
Preparation Wizard. During this process, accurate protonation states 
were assigned, non-essential heteroatoms were removed, and 
crystallographic water molecules were deleted, except for those in 
proximity to the active site and coordinating the Mg²⁺ ion. These key 
water molecules were retained due to their potential structural and 
functional significance in ligand binding and metal ion stabilization, 
ensuring the integrity of the docking environment [29]. Glide was 
used to perform the docking simulations. Initially, ligands were 
docked using Standard Precision (SP) mode, followed by Extra 
Precision (XP) mode to refine binding poses and improve accuracy 
[30, 31]. The docking grid was generated to encompass the active 
site of the SADDL protein, centered on the co-crystallized ligand to 
ensure accurate targeting. The grid box dimensions were set to 12 Å 
(X-axis), 13 Å (Y-axis), and 24 Å (Z-axis), effectively covering the 
ligand-binding pocket and surrounding residues critical for 
molecular interactions. Docking scores were computed to estimate 
the binding affinity of each ligand toward the active site of SADDL 
[32, 33]. 

MM-GBSA calculations 

MM-GBSA calculations were performed using the Prime module of the 
Schrödinger Suite to estimate the binding free energies of the ligand–
protein complexes. This approach integrates molecular mechanics 
with Generalized Born (GB) solvation models and Solvent-Accessible 
Surface Area (SASA) calculations to provide a comprehensive 
prediction of binding affinity. Prior to energy calculations, the 
complexes were energy-minimized and equilibrated to ensure 
accuracy. By accounting for solvation effects, electrostatic interactions, 
and van der Waals forces, the MM-GBSA method delivered a more 
refined and realistic evaluation of the ligand binding energies [34, 35]. 

Molecular dynamics simulations 

To assess the stability and dynamic behavior of the ligand–SADDL 
complexes, MD simulations were conducted using the Desmond 
module within the Schrödinger Suite. Each system was solvated with 
Transferable Intermolecular Potential with 3 Points (TIP3P) water 
molecules in an orthorhombic simulation box, and counterions were 
added to neutralize the overall charge. Following energy 
minimization, the systems were equilibrated under Number of 
Particles (NPT) conditions (constant number of particles, pressure, 
and temperature). A 100-nanosecond production run was 
performed to monitor the complexes over time. The resulting MD 
trajectories were analyzed to evaluate binding stability, track 
conformational fluctuations, and identify key protein–ligand 
interactions throughout the simulation period [36]. 

RESULTS 

Molecular docking results and analysis 

Docking studies were conducted using the catalytic domain of the 
Staphylococcus aureus D-alanine: D-alanine Ligase (SADDL) protein 
crystal structure (PDB ID: 2I80), employing the Schrödinger Suite 
2021-4. Ligands with RMSD values within 1.78 Å were considered 
well-aligned with the co-crystallized ligand during virtual screening. 
Lipinski’s Rule of Five was applied to eliminate compounds with 
unfavorable functional groups that could hinder binding 
interactions. Key Glide XP docking parameters, such as Glide score, 
e-model, van der Waals energy (E_vdw), Coulomb energy (E_coul), 
and total docking energy (E_energy)-were assessed to evaluate the 
docking results thoroughly. 

 

Table 1: The XP-docking scores for the catalytic domain of (SADDL) protein crystal structure (PDB ID: 2I80) 

Comp Glide score kcal/mol Glide vedw Glide ecou Glide energy Glide emodel Xp H bond 
1 -11.11 -27.87 -207.11 -62.01 -82.76 -3.25 
2 -10.38 -8.55 -184.07 -37.48 -34.80 -2.78 
3 -10.22 -29.92 -172.03 -51.72 -53.42 -0.75 
4 -10.15 -36.37 -137.58 -33.09 -47.24 -0.76 
5 -10.08 -14.74 -185.03 -33.02 -38.57 -2.82 
6 -10.20 -45.35 -218.46 -51.23 -55.12 -4.18 
7 -10.11 -13.54 -165.99 -31.99 -23.28 -1.11 
8 -9.67 -44.67 -136.87 -40.15 -49.96 -3.17 
9 -9.03 -6.03 -190.73 -32.87 -36.93 -3.15 
Co-crystal  -9.88 -37.36 -176.19 -44.56 -62.92 -0.7 

aGlide Score, bGlide E-model, cGlide Van der Waals Energy, dGlide Coulomb Energy, eGlide Energy. 

 

Compound 1 exhibited the most favorable binding affinity, with the 
lowest Glide score of-11.11 kcal/mol, significantly outperforming 
the co-crystal ligand (-9.88 kcal/mol). This strong interaction was 
further supported by its highly negative van der Waals (-27.87 
kcal/mol) and Coulombic energy (-207.11 kcal/mol) values, 
indicating robust hydrophobic and electrostatic interactions. 
Additionally, its XP H-bond score (-3.25 kcal/mol) suggests effective 
hydrogen bonding with key active site residues. Compound 6 also 
demonstrated a promising interaction profile, showing the highest 
van der Waals contribution (-45.35 kcal/mol) and the most negative 
Coulombic energy (-218.46 kcal/mol), reflecting its deep 
accommodation into the binding pocket. Its XP H-bond value (-4.18 
kcal/mol) was the strongest among all compounds, suggesting 

significant hydrogen bonding interactions. Though its Glide score (-
10.20 kcal/mol) was slightly higher than Compound 1, the overall 
docking energy and e-model values support its potential as a strong 
binder. Compounds 2 through 5 also showed better Glide scores 
than the co-crystal, indicating improved binding affinity. Specifically, 
Compound 2 had a Glide score of-10.38 kcal/mol and demonstrated 
a balanced interaction profile with favorable Coulombic energy (-
184.07 kcal/mol) and docking energy (-37.48 kcal/mol). Compound 
3, despite having a less favorable XP H-bond score (-0.75 kcal/mol), 
showed considerable van der Waals interactions (-29.92 kcal/mol), 
suggesting its binding was largely driven by hydrophobic contacts. 
Compound 4 showed the most negative van der Waals energy (-
36.37 kcal/mol) among Compounds 2–5, contributing to a strong 
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Glide score of-10.15 kcal/mol. Compound 5 displayed a balanced 
interaction pattern with both hydrophobic and electrostatic 
contributions, reflected in its Coulombic energy (-185.03 kcal/mol) 
and XP H-bond score (-2.82 kcal/mol). Compounds 7 to 9, while 
exhibiting lower Glide scores compared to other designed ligands, 
still performed comparably or better than the co-crystal. Notably, 
Compound 8 displayed strong van der Waals interactions (-44.67 
kcal/mol) and a Glide score of-9.67 kcal/mol, indicating potential as 
a lead molecule. In conclusion, most of the designed compounds 
displayed better docking scores and interaction energies than the 
co-crystallized ligand, indicating their strong binding affinity toward 

the SADDL active site. Compounds 1 and 6, in particular, emerged as 
the most promising candidates for further in vitro and in vivo 
validation as potential inhibitors of SADDL. 

Binding free energy contributions using MM-GBSA 

The binding free energy (ΔG_bind) values for each novel compound 
within SADDLprotein crystal structure (PDB ID: 2I80) are summarized 
in table 2. These values were calculated using the MM-GBSA method. 
The energy components contributing to ΔG_bind include Coulombic 
energy (ΔG_Coul), hydrophobic energy (ΔG_Lip), hydrogen bonding 
energy (ΔG_HB), and van der Waals energy (ΔG_VdW). 

 

 

 

Fig. 1: Compounds (1-9) and co-crystal 2D Interaction Diagrams in the catalytic domain of (SADDL) protein crystal structure (PDB ID: 
2I80) 
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Table 2: Binding free energy (MM-GBSA) contribution (kcal/mol) for the catalytic domain of (SADDL) protein crystal structure (PDB ID: 2I80) 

Comp  Glide Bind Glide Coul GlideCov Glide Hb Glide Lipo Glide Solv Glide Vdw Glide energy 
1 -96.06 -31.21 13.90 -0.01 -2.02 15.59 -15.45 14.59 
2 -41.57 -40.43 13.97 -1.38 -0.62 4.55 -36.21 10.86 
3 -76.66 -38.45 5.71 -0.71 -0.71 1.52 -18.84 6.16 
4 -43.22 -6.89 12.77 -0.37 -3.32 7.48 -30.05 0.85 
5 -49.81 -12.23 7.23 -0.87 -1.50 1.08 -40.22 3.72 
6 -45.96 -41.29 5.22 -1.71 -0.48 6.94 -19.11 13.33 
7 -40.46 -33.21 15.90 -2.01 -1.02 18.59 -17.45 16.59 
8 -81.95 -42.43 15.97 -3.38 -1.52 6.55 -38.21 12.86 
9 -41.95 -40.45 7.71 -2.71 -1.61 3.52 -20.84 8.16 
co-crystal -59.98 -13.29 2.36 -0.30 -16.20 18.22 -18.05 3.25 

aFree Energy of Binding, bCoulomb Energy, cHydrogen Bonding Energy, dHydrophobic Energy (non-polar contribution estimated by solvent 
accessible surface area), eVan der Waals Energy. 

 

Among all compounds, Compound 1 demonstrated the most 
favorable binding energy (ΔG_bind =-96.06 kcal/mol), which is 
significantly lower than the co-crystal ligand (-59.98 kcal/mol). This 
strong binding can be attributed to its optimal van der Waals 
interactions (-15.45 kcal/mol), Coulombic contribution (-31.21 
kcal/mol), and minimal solvation penalty (+15.59 kcal/mol), 
reflecting stable interactions within the active site. Compound 8 also 
exhibited a highly favorable ΔG_bind of-81.95 kcal/mol, supported 
by strong electrostatic energy (-42.43 kcal/mol) and van der Waals 
energy (-38.21 kcal/mol), surpassing the co-crystal. Its substantial 
hydrogen bonding energy (-3.38 kcal/mol) further confirms strong 
polar interactions within the binding pocket. Compound 3 showed a 
ΔG_bind of-76.66 kcal/mol, with moderate electrostatic and van der 
Waals contributions, suggesting stable binding despite limited 
hydrogen bond formation. Similarly, Compound 5 (-49.81 kcal/mol) 
and Compound 6 (-45.96 kcal/mol) displayed favorable profiles, 
though slightly less than the reference ligand. Interestingly, 
Compound 2 showed a comparatively lower ΔG_bind (-41.57 
kcal/mol), despite high electrostatic interaction (-40.43 kcal/mol), 
likely due to the unfavorable solvation energy (+4.55 kcal/mol). 
Compound 4 and Compound 7 also showed less negative ΔG_bind 
values (-43.22 and-40.46 kcal/mol, respectively), indicating 
moderate affinity. Compound 9, with a ΔG_bind of-41.95 kcal/mol, 
had balanced Coulombic and van der Waals interactions, but a 
higher solvation penalty and moderate hydrogen bonding 
contributed to its lower overall affinity. In comparison, the co-
crystallized ligand showed a ΔG_bind of-59.98 kcal/mol, with strong 
lipophilic contributions (-16.20 kcal/mol) and moderate van der 

Waals energy (-18.05 kcal/mol). However, most of the designed 
compounds—particularly Compounds 1, 8, and 3—demonstrated 
superior binding free energies, reinforcing their potential as 
stronger inhibitors. 

Fig. 1 illustrates the 2D interaction diagrams of nine novel 
compounds, detailing their binding within the catalytic domain of 
the Staphylococcus aureus D-alanine: D-alanine ligase (SADDL) 
protein (PDB ID: 2I80). The diagrams highlight key molecular 
interactions, including hydrogen bonds formed between functional 
groups-such as amines (NH), carbonyl (C=O), thiocarbonyl group 
(C=S), and oxygen atoms-and active site residues like TYR210, 
SER151, LYS215, GLU187, SER150, and GLU15. Additionally, π–π 
stacking interactions are observed between the aromatic rings of the 
compounds and aromatic residues TRP182 and PHE209. π–cation 
interactions are also evident between the ligand's aromatic rings 
and positively charged residues LYS144 and ARG255. These 
diagrams provide a clear visualization of how specific functional 
groups contribute to the stabilization and effective binding of the 
compounds to the SADDL active site. 

MD simulation study 

The docking pose of the ligand N-(3,4-dichlorophenyl)-2-(2-
hydroxybenzoyl) hydrazine-1-carboxamide (Compound 1/2I80) 
was analyzed through 100 ns MD simulations. Along with a 2D 
interaction diagram, the study provided detailed insights into 
several parameters, including protein–ligand interaction fractions, 
timing of binding contacts, RMSD, and RMSF. 

 

 

Fig. 2: RMSD for compound 1/2I80 protein-ligand complex 

 

The RMSD analysis of the Cα atoms for the ligand's docking pose 
ranged from 1.20 to 2.0 Å during the initial 0–40 ns, indicating 
moderate stability.  

Between 40 and 100 ns of the simulation, the ligand remained stably 
bound within the active site, with RMSD values ranging from 1.30 to 
2.80 Å, indicating maintained structural stability of the protein–

ligand complex. Overall, the ligand's Cα atoms remained stable for 
approximately 60 ns throughout the 100 ns simulation. 

Similarly, the ligand's fit to the protein showed stability for about 60 
ns, with moderate consistency in the first 40 ns (RMSD: 1.30 to 2.7 
Å) and continued stability during 40–100 ns, within a range of 1.50 
to 2.8 Å. These results are visually represented in fig. 2. 



A. Thomas & MD. A. Azam 
Int J App Pharm, Vol 17, Issue 4, 2025, 401-407 

405 

 

Fig. 3: RMSF for compound 1/2I80 protein-ligand complex 

 

The RMSF analysis, as shown in fig. 3, revealed minimal 
fluctuations throughout the simulation. The Cα atoms exhibited 
initial variations ranging from 0.5 to 2.0 Å but remained largely 
stable over time. Minor fluctuations were observed in specific time 
intervals, particularly between 149–153 ns, 180–220 ns, and 250–

270 ns. During these periods, the RMSF values for the amino acid 
residues ranged from 0.5 to 1.0 Å, 0.5 to 1.8 Å, and 0.5 to 1.5 Å, 
respectively. These results indicate that the ligand–protein 
complex maintained structural stability with only slight local 
flexibility in certain regions. 

 

 

Fig. 4: Protein-ligand contacts for compound 1/2I80 protein-ligand complex 

 

 

Fig. 5: 2D diagram for compound 1/2I80protein-ligand complex 
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Fig. 4 illustrates the range of interactions between the ligand and 
amino acid residues, including ionic bonds, hydrophobic contacts, and 
water bridge interactions. While some interactions such as ionic, 
hydrophobic, and water bridges were observed, their individual 
stability percentages were relatively low: hydrophobic interactions 
with Ile142, Lys144, and Met154 showed a stability of 0.0% out of 
0.40%; water bridges with Glu180, Tyr210, Met254, and Leu269 
maintained 0.0% out of 0.50%; and ionic bonds with Glu270, Asp257, 
Asp211, and Glu15 were maintained at 0.0% out of 1.0%. However, 
the ligand demonstrated strong and consistent binding with key 
residues Ser150, Ser151, Glu187, and Lys215, maintaining a full 
interaction stability of 1.75%. These results emphasize the importance 
of these specific residues in stabilizing the ligand–receptor complex. 

Fig. 5 displays the 2D interaction diagram of the protein–ligand contacts 
for compound 1. Metal coordination plays a significant role, with 
residues Glu270, Asp257, and Ser150 forming stable interactions 
between the ligand’s oxygen group and the magnesium ion, maintaining 
100% interaction stability. Ser151 consistently forms a hydrogen bond 
with the ligand’s carbonyl group, exhibiting 61% stability. Similarly, 
Asp211 interacts with the sulfonyl group via a hydrogen bond, showing 
22% stability. Additionally, Glu187 forms a hydrogen bond with the 
ligand’s amide group, with a stability of 35%. These findings suggest that 
compound 1 shows strong and specific binding interactions with the 
SADDL active site, highlighting its potential as a promising lead for the 
development of new anti-SADDL agents. 

DISCUSSION 

The present study focused on identifying novel inhibitors targeting 
Staphylococcus aureus D-alanine: D-alanine ligase (SADDL), a key 
enzyme in bacterial cell wall biosynthesis. Among the designed 
molecules, Compound 1 demonstrated superior binding affinity, with a 
Glide score of-11.11 kcal/mol, notably outperforming the co-crystallized 
reference ligand (-9.88 kcal/mol). However, it is important to emphasize 
that Glide scores represent computational predictions and do not reflect 
experimentally validated potency. Without in vitro data such as 
Minimum Inhibitory Concentration (MIC) or IC₅₀ values, these results 
should be interpreted with caution. 

These findings are in line with earlier reports emphasizing the 
importance of targeting SADDL to develop potent antibacterial agents 
[43]. Previous studies have reported Glide scores ranging from-8.0 to-
9.5 for known DDL inhibitors, whereas Compound 1 in the current 
study showed significantly better binding characteristics. The strong 
van der Waals and Coulombic interactions, along with stable hydrogen 
bonding with active site residues (Ser151, Glu187, Asp211), are 
consistent with the binding profiles reported for efficient SADDL 
inhibitors [44]. The observed stable binding in MD simulations over 
100 ns, with minimal RMSD and RMSF deviations, further supports the 
robustness of Compound 1 as a lead candidate. Furthermore, 
Compound 6 exhibited the highest van der Waals and Coulombic 
contributions, correlating well with similar structural analogs 
documented for their high lipophilic binding energy in prior studies. 
Compound 8 also showed favorable electrostatic and hydrophobic 
interactions, making it a potential secondary lead. These findings 
resonate with earlier computational studies where similar 
hydrophobic and electrostatic profiles were linked to enhanced ligand 
binding and antibacterial efficacy. Importantly, the involvement of 
metal coordination with Mg²⁺ ions observed in the MD simulations of 
Compound 1 underscores the relevance of metal–ligand interactions in 
DDL inhibition, a feature highlighted in other studies focusing on the 
enzymatic catalytic mechanism [45]. The overall performance of 
Compounds 1, 6, and 8 positions them as promising candidates for 
further in vitro and in vivo validation. These computational findings 
contribute to the growing body of research aimed at targeting 
bacterial D-alanine: D-alanine ligases and offer promising leads that 
surpass some previously reported candidates in binding efficiency and 
stability. Continued efforts in synthesis and biological evaluation are 
necessary to confirm the therapeutic potential of these molecules as 
novel antibacterial agents. 

CONCLUSION  

Molecular docking and MD simulations revealed that several 
designed compounds exhibited stronger binding to Staphylococcus 

aureus D-alanine: D-alanine ligase (SADDL) than the co-crystallized 
ligand. Compound 1 showed the best results with a Glide score of-
11.11 kcal/mol and binding free energy ΔG_bind-96.06 kcal/mol, 
which is significantly better than the reference ligand (-59.98 
kcal/mol). It formed strong van der Waals, Coulombic, and hydrogen 
bond interactions with active site residues like Ser150, Ser151, 
Glu187, and Lys215. Compound 6 had the highest van der Waals and 
Coulombic contributions and the best XP H-bond score, while 
Compound 8 (Glide score:-9.67, ΔG_bind:-81.95 kcal/mol) showed 
promising electrostatic and hydrophobic interactions. MD 
simulation of Compound 1 confirmed stable binding over 100 ns, 
with consistent RMSD/RMSF and stable interactions, including 
magnesium coordination and key hydrogen bonds. Overall, 
Compound 1 is the most promising SADDL inhibitor, with 
Compounds 6 and 8 also showing potential for further in vitro and in 
vivo studies. 
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