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Abstract 
 

Antibiotics are one of emerging pollutants generally emitted from livestock production and the food industry to the envi-

ronment. The presence of this pollutant could initiate the development of resistant bacteria that can be fatal to human 

health. The degradation of antibiotics using enzymes or microbe could be an alternative because the residue or interme-

diate product is less harmful than of the conventional method. This research aims to support a preliminary study of the 

degradation of antibiotics using enzyme through molecular docking via Molecular Operating Environment software and 

molecular dynamics (MD) study via CABSFLEX 2.0 and WebGro macromolecular simulations. The molecular docking 

of the laccase-chloramphenicol complex has low binding energies of approximately −8.1350 and −8.2290 kcal/mol for 

both rigid and flexible methods, respectively, indicating that the formation of the complex is advantegous. MD simulation 

further revealed a decrease in rigidity after the interaction with the ligand. Hydrogen bonding analysis indicated up to five 

hydrogen bonds in the complex, underscoring the robustness of the enzyme--ligand interaction. These results collectively 

contribute to our understanding of the efficacy of enzyme-mediated antibiotic degradation and emphasize the potential 

for this approach to mitigate environmental and health concerns associated with antibiotic pollution. 
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Introduction 
 

Natural or synthetic chemical are emerging pollutants 

that are not commonly monitored in the environment but 

have the potential to enter the environment, cause 

ecological damage and threaten human health. These 

pollutants include compounds of pharmaceuticals (drugs, 

antibiotics, and hormones), pesticides,  plastics, dyes, 

personal care products, and industrial additives[1–3]. 

Antibiotics are drugs that are usually used to fight 

bacterial infection. Antibiotics are also usually used in 

livestock production (e.g., aquatic, veterinary) and the 

food industry. Because of their wide application, 

antibiotics are increasingly released into the environment 

with water, soil, and sediment as major sinks [4–6]. Their 

presence in the environment became an emerging 

concern which promoted the development and spread of 

resistant bacteria that could infect people and could be 

fatal if some infections cause severe illness that leads to 

death. 

 

Based on a previous study, the concentration of 

antibiotics in the Jakarta canal ranged from 17 to 1,489 

ng/L [7]. Moreover, in Indonesia, antibiotic usage for 

animals including livestock, aquaculture, and others, has 

dramatically increased and is predicted to double in 2030 

[8, 9]. Approximately 30-90% of antibiotics used are 

discharged into the environment, such as soil, water, and 

sediments. Consequently, the contamination of the 

environment has drastically increased which raised 

concerns about the development of antibiotic-resistant 

pathogenic bacteria. Bacterial resistance renders the 

treatment process less effective [10]. For example, 

approximately 70% of Staphylococcus aureus isolates 

became resistant to erythromycin within only 6 months 

of their initial treatment. Another example is that 

approximately 81% Escherichia coli isolated in water 

samples from China have genes resistant to tetracycline 

antibiotics. This situation could be fatal if the pathogenic 

bacteria carried deadly diseases [11, 12]. One of the 

solutions to overcome this issue is the use of wastewater 

treatment plants (WWTP). However, this method is 

ineffective and leads to other problems, such as the 

accumulation of antibiotics, which becomes a breeding 

ground for antibiotic-resistant pathogenic bacteria [11, 

13, 14]. Degradation using microbes and enzymes can be 
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an alternative to replace WWTP because it can break 

down antibiotics more effectively and produce 

environmentally friendly residue or intermediate 

products. In addition, this method is more economical 

than other approaches [15, 16]. 

 

Trametes hirsuta D7 is a new isolated fungus and one of 

the native varieties in Indonesia that produces 

oxireductase, including the laccase enzyme [17, 18]. 

Laccase enzymes are multicopper oxidases that catalyze 

the oxidation of substituted phenols, aromatic thiols and 

anilines in the presence of molecular oxygen [19,20]. 

Laccase enzymes have the following advantages the res-

idue or intermediate product of its metabolite is less 

harmful [21], and it has a wide range of applications, for 

example, in pharmaceuticals, dyes degradation and bio-

fuel production [22–27]. Laccase enzymes not only be 

used in several fields but also have good economic via-

bility [28]. However, the potential for the degradation of 

microplastic and antibiotic is not fully known. In this 

study, we observe the potential of laccase enzyme for the 

degradation of antibiotics, such as chloramphenicol using 

molecular dynamics (MD) simulation which can provide 

insight into how antibiotics “move” in interacting with 

enzymes quickly and accurately. 

Materials and Methods 

Molecular docking simulations. Before conducting MD 

simulations structured data for both antibiotics and 

laccase enzyme was collected. Laccase enzymes 

structure were collected from rscb.org with PDB ID 

3FPX [29,30]. All structures and ligands within the 

laccase enzyme, were removed, leaving only the first 

sequence and Cu ion. Furthermore, the preparation was 

conducted using the Molecular Operating Environment 

(MOE) software. First, protonation was conducted using 

the LigX method with a strength setting of 100,000 and 

energy minimization by adjusting the gradient to 0.05 

kcal/mol.A2. The result was saved in .pdb format. 

Subsequently, the enzyme active site was determined by 

conducting a site finder analysis and selecting the 

appropriate site, as referenced, PHE463 [31]. 

 

The molecular docking process was conducted using 

rigid and flexible docking methods. The rigid docking 

method was implemented using the MMFF94x force 

field. The ligand molecule (i.e., chloramphenicol) was 

downloaded from PubChem (http://pubchem.ncbi.nlm.ni 

h.gov) and underwent two nearly identical stages, 

including washing, partial charge assignment, and energy 

minimization before conducting molecular docking. 

Then, the force field was changed to MMFF94X force 

field, and the structures were saved in .mdb format. 

Solvation for the protein and ligand structures was set to 

gas phase. Docking was performed with various retention 

ratios, namely 10:1, 30:1, and 100:1. The best 

conformations from the docking test were selected based 

on the lowest Gibbs free energy of binding (∆Gbinding) and 

simulations with root-mean-square-deviation (RMSD) 

values < 2 Å were further processed using the flexible 

docking method. 

 

In the subsequent stage, flexible docking was 

implemented using the AMBER10:EHT force field. 

Molecular docking was performed for 100 poses to 

obtain the Top 5 poses with the lowest Gibbs free energy 

of binding (∆Gbinding) and RMSD values < 2 Å. 

 

Interference test. The interference test was performed 

by simulating other emerging pollutants including, 

polyethylene terephthalate (PET), polystyrene, polyvinyl 

chloride, Nylon 66 and Nylon 6/66 which used the 

flexible molecular docking method. The structures of 

PET, polystyrene and polyvinyl chloride were obtained 

from Chemical Entities of Biological Interest 

(https://www.ebi.ac.uk/chebi/) whereas the structures of 

Nylon 66 and Nylon 6/66 were downloaded from 

PubChem. Furthermore, the docking results were 

compared with the previously obtained results. 

 

MD simulation using the CABSFLEX 2.0 web server. 

CABSFLEX 2.0 was applied for MD simulations of the 

laccase-chloramphenicol complex. CABSFLEX 2.0 is a 

web server for fast simulation of protein structure 

flexibility based on a coarse-grained protein modelling 

method. MD simulation was conducted using the 

CABSFLEX 2.0 web-server-based program. (http://bioc 

omp.chem.uw.edu.pl/CABSflex2). Laccase enzyme and 

laccase enzyme-ligand structure files in .pdb format were 

submitted to the CABSFLEX2 server using the SS2 

mode and the protein residue was set as semirigid. This 

MD simulation was applied at 1.4 K with 50 cycles where 

the trajectory frames are adjusted to 50 per cycle. 

 

MD simulation using the WebGro web server. MD 

simulation was also conducted using WebGro 

Macromolecular Simulation Server (https://simlab.uam 

s.edu/) to compare the results of the previously conducted 

MD simulation that used CABSFLEX 2.0. The force 

field applied for MD simulation was GROMOS96 43a1 

for laccase enzyme with SPS water model for the ligand 

in the triclinic system and sodium chloride. Then, the 

energy of the laccase enzyme-ligand complex was 

minimized using the steepest descent with 5,000 steps. 

Furthermore, the equilibration type NVT/NPT was 

applied at 300 K with a pressure of 1 bar. Subsequently, 

the MD simulation was conducted using leapfrog 

integration with a simulation time of 50 ns, only 1,000 

frames were captured during the simulations because of 

limitations [32–35]. 

 

http://biocomp.chem.uw.edu.pl/CABSflex2
http://biocomp.chem.uw.edu.pl/CABSflex2
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Results and Discussion 

Molecular docking with the MOE software. Flexible 

docking, which is conducted using an induced-fit model, 

ensures adaptability in predicting the binding pose of 

interaction such as protein-ligand complex. In contrast to 

rigid docking, this method considers the capability of 

ligands to induce modifications or changes in the 

orientation of side chains residues that located at the 

active binding site of the target [36, 37]. The ΔGbinding and 

RMSD values of the laccase-ligand complex were 

determined in this simulation. The results of molecular 

docking simulation are shown in Table 1. The binding 

energies of both rigid and flexible docking were 

determined to be −8.1350 and −8.2290 kcal/mol, 

respectively, which indicated that the formation of the 

complex was a favorable energy aspect. The RMSD 

value of both rigid and flexible docking were determined 

to be 0.9043 Å and 0.9316 Å, respectively. RMSD value 

is a parameter that indicates the stability and flexibility 

of protein/enzyme, as well as the distance between back-

bone and atoms of protein [38]. The low value of RMSD 

simply indicated that the formation the laccase-chloram-

phenicol complex was quite stable [39]. 

 

The binding site of the laccase enzyme exhibited a 

pronounced affinity for interacting with ligands 

containing phenolic and non-phenolic functional groups 

including hydroxide and amine. This interaction was 

facilitated by the presence of multicopper oxidases on the 

active site of the enzyme [5]. Specifically, the ligand 

occupied on the side chain of the Tyr491 amino acid 

through a polar bond and was anchored by the interaction 

of hydroxide with the Ala80 chain, further contributing 

to the stability of the laccase-enzyme-ligand complex. 

(Figure 1a). Although chloramphenicol does not contain 

the phenol, aromatic thiol and aniline functional groups, 

the laccase enzyme is included in a group of ligninolytic 

enzymes that have strong oxidizing properties; thus, it 

still can oxidize the hydroxy and halides functional group 

that are contained in chloramphenicol [40]. The proposed 

biodegradation mechanism of chloramphenicol by the 

laccase enzyme is shown in Figure 1b.  

 

Interference test. Indonesia is one of the countries with 

the second largest microplastic pollution after China, 

with 1.29 million tonnes per year of microplastic waste 

thrown into the ocean or waters [40,41] . Therefore, we 

conducted this test to predict the selectivity of the laccase 

enzyme in the degradation of chloramphenicol when 

exposed to additional pollutant particles such as 

commonly used microplastics. The interference compound 

exhibited a lower energy binding affinity than 

chloramphenicol, indicating a reduced likelihood of 

interaction with the enzyme, as shown in Table 2. By 

contrast, PET and Nylon 66 exhibited similar binding 

energies to chloramphenicol [5].  

 

MD using CABSFLEX 2.0. MD simulation is a method 

to simulate the protein-ligand complex system over a spe-

cific time frame, enabling the analysis of stabilisation of 

the protein-ligand complex and the definition of their 

conformation changes [41–44]. In this study, we conduct 

MD simulation using CABSFLEX 2.0 to observe the 

conformation change of the laccase-chloramphenicol 

complex. As illustrated in Figure 2, the root−mean square 

fluctuation (RMSF) values of both laccase enzyme and 

laccase-chloramphenicol complex were analyzed. The 

complex exhibited a more flexible conformation than raw 

laccase enzyme in the absence of chloramphenicol. Spe-

cifically, in certain residue area (around residue 315), the 

RMSF value increase drastically up to 8.41 Å after lac-

case is linked to the ligand indicating a notable transition 

from rigidity to increased flexibility in the residue area 

after the binding of the ligand. 

 
Table 1. Molecular Docking Results of Both Rigid and 

Flexible Docking 
 

Parameter Rigid docking Flexible docking 

ΔGbinding -8.135 kcal/mol -8.229 kcal/mol 

RMSD 0.904 Å 0.931 Å 

 

 
(a) 

 
(b) 

 

Figure 1. (a) Visualization of the Laccase-Chlorampheni-

col Interaction, (b) Proposed Biodegradation 

Mechanism of Chloramphenicol by the Laccase 

Enzyme [5] 
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Table 2. Docking Result of the Interference Compound 
 

Compound ΔGbinding (kcal/mol) RMSD 

Poly ethylene terephthalate (PET) (CHEBI : 53239) -8.0146 0.898 

Polystyrene (CHEBI : 53276) -5.7965 0.890 

Polyvinyl chloride (CHEBI : 53243) -4.5318 0.891 

Nylon 66 (CID 36070) -7.7281 1.343 

Nylon 6/66 (CID 168236) -5.1164 0.709 

Chloramphenicol -8.1350 0.904 

 

  
 

Figure 2. RMSF Values of the Laccase Enzyme and Lac-

case-Chloramphenicol Complex 

 

Figure 3. Rg Values of the Laccase Enzyme and Laccase-

Chloramphenicol Complex 
 

  
 

Figure 4. RMSD Value of the Laccase−Chloramphemicol 

Complex 

 

Figure 5. RMSF Values of the Laccase Enzyme and Lac-

case Chloramphenicol Complex 
 

 
 

Figure 6. Hydrogen Bonding Value of the Laccase−Chloramphenicol Complex 
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MD using WEBGRO. In this study, we also used 

WebGro to conduct MD simulation on the laccase−chlo-

ramphenicol complex to confirm the previous results. 

WebGro is a fully automated online tool for performing 

MD simulation of macromolecules (i.e., proteins) alone 

or in complex with ligands (i.e., small molecules). The 

results of this method are expressed as the radius of gy-

ration (Rg), RMSF, RMSD, and hydrogen bonding (Hb). 

 

The Rg value is a unit of measurement for variations in 

the compactness of an enzyme-substrate complex and re-

fers to the folding and unfolding of proteins. The folding 

of the enzyme indicates the stabilization of the Rg value, 

whereas variations in the Rg value indicate the unfolding 

of the enzymes [43]. The average Rg value of the laccase 

enzyme and laccase-chloramphenicol complex are 2.134 

± 0.014 and 2.180 ± 0.010 nm, respectively (Figure 3). 

The slightly higher value of the laccase−chloramphenicol 

complex infer that the enzyme−ligand complex is more 

flexible [42, 45]. 

 

Figure 4 shows that the RMSD value of the laccase-chlo-

ramphenicol complex was < 3.5 Å. However, at time 

frame approximately 80 ns, the RMSD value increased 

up to 4 Å. The high RMSD value indicates that the con-

formation of laccase-chloramphenicol complex is more 

flexible than that of the laccase enzyme [31]. 

 

RMSF analysis was used to estimate the movement of the 

location of an atom at a given temperature and pressure. 

The RMSF results showed the flexible regions of the pro-

tein and determined the net fluctuation of the protein dur-

ing the MD simulation. A lesser RMSF value indicated 

that the enzyme-substrate complex was more stable, 

whereas a higher value indicated more flexibility during 

the MD simulation. As shown in Figure 5, the RMSF 

value of the laccase-chloramphenicol complex is higher 

than that laccase enzyme. This finding also confirm the 

previous result that also increase after the protein links 

with the ligand [46]. 
 

Hydrogen bonding is the most type of intermolecular in-

teraction in biochemical systems, especially on proteins 

and enzyme. Therefore, This bond can provide as insight 

into the stability and dynamics of the protein structure 

with the ligand [47] which are essential for the specific-

ity, metabolism, and catalysis of the substrate. Figure 6 

shows that the laccase−chloramphenicol complex has a 

maximum of five hydrogen bonds. The higher the num-

ber of hydrogen bonds is, the stronger will be its interac-

tion of the enzyme−substrate complex [48, 49]. 

 

Both MD simulations show similar results for lac-

case−chloramphenicol complex stabilization. Both 

CABSFLEX 2.0 and WebGro show that the confor-

mation of the laccase enzyme becomes less rigid after 

bonding with the ligand. 

Conclusion 

The molecular study of the laccase−chloramphenicol in-

teraction was conducted using the molecular docking and 

MD simulation approach. The calculated binding ener-

gies of both both rigid and flexible docking were −8.1350 

and −8.2290 kcal/mol, respectively. Furthermore, the 

RMSD value of the molecular docking approach < 2 Å. 

The MD study of the laccase-chloramphenicol complex 

was conducted via CABSFLEX 2.0 and WebGro macro-

molecular simulations. Based on the RMSF value ob-

tained from both MD simulations, the complex was less 

rigid after interacting with the ligand than before inter-

acting with ligand. This finding was confirmed by the Rg 

and RMSD value which indicated that the conformation 

is more flexible after bonding with the ligand. The lac-

case−chloramphenicol complex has up to five hydrogen 

bonds which indicates the interaction is strong. 
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