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Abstract  
Specific bacteria and fungi are linked to the oxidative breakdown of hydrocarbons and their derivatives in soil and 
water contaminated by crude oil spills in these habitats. The binding affinity of hydrocarbons and their derivatives in 
a crude oil sample to the cysteine dioxygenase of Bacillus subtilis was examined by computational approaches. The 
study attempted to validate the assertion of the effective utilization of this organism in crude oil cleanup and to 
ascertain the selectivity of the chemicals in the crude by this bacterial enzyme. The constituents of the analysed crude 
oil sample were determined using gas chromatography-mass spectrometry. The crude oil sample was found to contain 
47.48% monomers and 52.52% derivatives, with hydrocarbons comprising 29.44% straight-chain, 13.79% branch-
chain, and 4.25% cyclic molecules. Notably, the hydrocarbons included 22.83% ketones, 1.72% alcohol, and 27.97% 
carboxylic acids. Binding interactions with the protein target were characterized, revealing that all drugs bound outside 
the active sites, primarily through hydrogen, alkyl, van der Waals, pi-alkyl, and pi-sigma interactions. The binding free 
energy values indicated that decane, dodecane, and eicosane exhibited the highest binding free energy (-2.9 kcal/mol), 
suggesting weak affinity for the protein and impractical oxidation by the enzyme. Docking scores for various 
hydrocarbons were assessed, with significant interactions noted at specific protein sites, particularly with residues 
LYS27, ALA32, ALA33, and MET85. The study highlights that certain hydrocarbons, particularly cyclic and 
branched structures, are more susceptible to oxidation by Bacillus Paralicheniformis, indicating potential for effective 
bioremediation in crude oil-contaminated environments. 
Key words: Molecular docking, Bacillus paralicheniformis, Alcohol dehydrogenase, Babel GUI, PyMOL. 
 
INTRODUCTION  
Oil Spills refer to unregulated discharges of any substance, notably crude oil, chemicals, or garbage, into 
the environment. It is typically attributable to equipment malfunction, operational errors, human 
mistakes, or deliberate harm to infrastructure [1]. The degree of harm is contingent upon the nature, 
location, volume of the spill, and the duration of its presence in the affected ecosystem [2]. An oil spill 
refers to the discharge of liquid petroleum hydrocarbons into the environment, particularly affecting 
marine ecosystems [3]. Upon the release of oil, less volatile and denser fractions remain, whereas lighter 
fractions evaporate. Oil spills typically lead to the mortality of aquatic and terrestrial fauna, while also 
depriving the indigenous human population of their food sources and livelihoods [4] [5]. 
The remediation of oil spill sites is arduous and can require months or even years to complete. Various 
oil cleanup techniques, including hot water and high-pressure washing, dispersants, sorbents, skimmers, 
oil booms, and bioremediation, are presently employed [6]. Bioremediation, which employs native or 
introduced oil-degrading microbes or other living forms to decompose various constituents of spilled 
petroleum in marine environments, has emerged as a promising invention due to its little effort and 
environmentally beneficial characteristics [7,8]. This technology enables the safe, cost-effective, and more 
efficient cleanup of oil spills compared to alternative physical or chemical techniques. Bioremediation 
primarily operates by biodegradation, which entails the total mineralization of organic pollutants into 
carbon dioxide, water, inorganic substances, and cellular proteins [9]. Multiple studies have revealed a 
vast array of hydrocarbon-degrading microbes in oil-rich environments, such as oil spill sites and oil 
reservoirs, with their prevalence influenced by the specific types of petroleum hydrocarbons and 
surrounding environmental circumstances [10-15]. Among these organisms are Pseudomonas fluorescens, 
P. aeruginosa, Bacillus subtilis, Bacillus sp., Alcaligenes sp., Acinetobacter lwoffi, Flavobacterium sp., 
Micrococcus roseus, and Corynebacterium sp [16]. The genus Bacillus has been reported to be an 
outstanding hydrocarbon degrader, and their ability to form spores when nutrients are limited makes 
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them self-sustainable bioremediation organisms [17]. It has been demonstrated that the processes that 
lead to degradation of a variety of petroleum hydrocarbons involve oxidizing responses; however, these 
pathways exhibit substantial variations due to the distinct oxygenase present in different bacterial species. 
For example, certain microbes are capable of metabolizing particular alkanes, while others, such as Proteus 
vulgaris and Proteus cibarius, degrade aromatic or resin fractions of hydrocarbons [18]. Specific disciplines 
are studied through the use of computer hardware, software, and networking tools in computer-aided 
learning. The utilization of computer algorithms in the biodeterioration of crude oil-polluted habitats 
would provide direct insight into the organisms that are most appropriate for the remediation of a specific 
crude oil pollution site, as microbial enzymes selectively degrade crude oil polymers. The time and cost 
associated with direct trials of these microbes on polluted sites could be reduced by utilizing in silico 
methods to initially identify the appropriate microorganisms for the degradation of crude oil of a specific 
hydrocarbon composition. This paper conducted a computer-guided degradation susceptibility 
investigation of crude oil substances on the enzyme of the Bacillus Paralicheniformis protein target. The 
findings would confirm the reports regarding the efficacy of this entity in facilitating the breakdown of 
crude oil and could pinpoint the hydrocarbons that are most susceptible to deterioration by its enzyme.  
 
MATERIALS AND METHOD 
Collection of crude oil and bilge water from the bilge tank of a ship 
Collection of 500ml of crude oil and one litter of bilge water from a private passenger ship at Chennai 
Sea Port, India. The sample collection was conducted using amber glass vials with Teflon-lined lids. In 
order to prevent evaporative modifications and microbial breakdown in the crude oil during transport to 
the laboratory, the collected samples were sealed and labelled before being stored in a dark, insulated 
refrigerator. The samples were subjected to gas chromatography evaluation on the same day as their 
collection. 
Examination of Crude Oil Sample 
The compounds found in the crude oil sample were identified using Gas Chromatography-Mass 
Spectrometry (GCMS-QP2010 PLUS, Shimadzu, Japan). A standard internal solution was made from 
aliquots of the original compounds and diluted with dichloromethane to a final concentration of 0.5 
mg/mL. The reference solution contained n-C3 to n-C44. Fig. S1 illustrates the chromatogram of the 
standard calibration solutions. The calibration curve, limit of detection (LOD), and limit of 
quantification (LOQ) were all determined for testing the instrument. Five levels of calibration solutions, 
ranging from 0.02 mg/mL to 1 mg/mL, are generated and utilized to generate a calibration curve by 
diluting certified solutions containing n-C3 to n-C44. A quadruplicate blank analysis was conducted to 
ascertain the LOD and LOQ. The LOD indicates when the signal exceeds threefold the smallest quantity 
of the biomarker. The gradient of the curve used for calibration is denoted by S, and the standard deviate 
of the blank test is denoted as σ. The limit of detection (LOD) and limit of quantification (LOQ) were 
1.42 and 4.73 mg/mL, respectively. The crude oil traces were analysed subsequent to calibration. The 
sample syringe has been washed on four occasions with the pre-solvent, four times with the post-solvent, 
and three more times with the sample. The GC was operated under the following conditions: a carrier 
gas of helium (1.4 mL/min) and a temperature of 300 °C for the injector and detector. The temperature 
program consisted of a 0-minute period at 90 °C, followed by a 6 °C/min ramp to 270 °C, and a 30-
minute hold at this temperature. 1 μL of a 2% volume solution in tetrachloromethane was injected [19]. 
Identification and Preparation of Ligands  
The 3D structure-data files (SDF) of the chemicals in the crude oil sample were located and retrieved from 
the PubChem repository. They reduced the size using the PyRx simulator tool. Their minimization was 
conducted in the PyRx simulation tool utilizing the Universal Force Field over 200 stages. The 
compounds were subsequently transformed to AutoDock ligands (pdbqt) and utilized for the docking 
analysis. 
Receptor Preparation 
The amino acid sequence of Bacillus Paralichiniformis, a candidate Protein selection: RCSB PDB 
(https://www.rcsb.org). Compound database of alcohol dehydrogenase, lipase and esterase: PubChem 
(https://pubchem.ncbi.nlm.nih.gov). Lipinski and ADME studies : SWISSADME 
(http://www.swissadme.ch/), Lipinski rule of five (http://www.scfbio-
iitd.res.in/software/drugdesign/lipinski.jsp).) with a resolution of 2.30 Å, was found from the literature 
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[20] and utilized as a target in this investigation. Chain A of the protein was utilized for the docking study 
to enhance ligand-binding precision [21]. The obstructive crystallographic water ions and co-crystallized 
ligand were eliminated, followed by energy minimization of the protein utilizing UCSF Chimera 1.14 
[22, 23]. The protein was reduced using 300 steepest descent steps at a distance of 0.02 Å. There were 10 
conjugate gradient steps at 0.02 Å and 10 update periods. Gasteiger charges were included utilizing Dock 
Prep to achieve optimal structural conformation. The active sites on the reduced protein (Fig. 1) were 
found using Biovia Discovery Studio 4.5, created and provided by Dassault Systèmes BIOVIA [24]. 
Docking Investigations 
The docking of numerous ligands from crude oil molecules onto the protein target was conducted using 
Autodock Vina in PyRx program version 0.8 [25,26]. Blind docking of the compounds at the protein 
cavities was conducted to provide the ligands free rein to engage with regions of minimal energy. The 
central grid box was configured with the following dimensions: center x: -40.037, center y: -18.620, center 
z: 142.089, and sizes: size x: 50.411, size y: 44.123, size z: 42.859. The binding free energy (ΔG) data for 
each chemical were obtained. 
Docking Analysis of protein ligand interaction   
The bonds of hydrogen and other hydrophobic interactions within the protein-ligand structure of the 
molecules were observed using BabelGUI (software). Followed by AUTODOCK (software), by using 
DISCOVERY STUDIO VISUALIZER (software), Protein-Ligand Interaction Profiler (http://plip-
tool.biotec.tu-dresden.de),PyMOL, PDBsum website (http://www.ebi.ac.uk/thornton-
srv/software/PDBsum1/) analysis is done. 
 
RESULTS AND DISCUSSION 
The chemical components eluted during the gas filtration analysis of the crude oil sample are depicted in 
Fig. 1. The detected chemicals and their percentage composition in the crude oil sample are presented in 
Table 1. The sample consisted of 47.48% monomers and 52.52% derivatives of it. The hydrocarbons 
consisted of 29.44% straight-chain, 13.79% branch-chain, and 4.25% cyclic molecules. 
Fig 1: Gas chromatogram of crude oil sample 
Table 1: Hydrocarbon and hydrocarbon derivatives of crude oil sample 

Peak
# 

R.Tim
e 

I.Tim
e 

F.Tim
e 

Area Area
% 

Height Height
% 

A/
H 

Name 

1 4.703 4.633 4.783 2096617 2.96 762761 2.24 2.75 Cyclopentanol, 
1-methyl- 

2 7.399 7.350 7.492 3151581 4.45 1210451 3.56 2.60 Oxirane, 
(propoxymethyl
)- 

3 7.784 7.733 7.875 396072
3 

5.60 185964
0 

5.47 2.13 3-Hydroxy-3-
methylvaleric 
acid 

4 8.694 8.658 8.775 5169381 7.31 250500
9 

7.37 2.06 2-Pentanone, 3-
methylene- 

5 9.156 9.117 9.208 146284
4 

2.07 736675 2.17 1.99 Mesitylene 

http://plip-tool.biotec.tu-dresden.de/
http://plip-tool.biotec.tu-dresden.de/
http://www.ebi.ac.uk/thornton-srv/software/PDBsum1/
http://www.ebi.ac.uk/thornton-srv/software/PDBsum1/
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6 9.692 9.658 9.733 383933 0.54 194766 0.57 1.97 Mesitylene 
7 11.095 11.050 11.158 572698 0.81 279637 0.82 2.05 Undecane 
8 12.731 12.68

3 
12.792 672672 0.95 352788 1.04 1.91 Dodecane 

9 14.219 14.175 14.283 878454 1.24 434572 1.28 2.02 Pentadecane 
10 15.603 15.55

0 
15.650 982112 1.39 464773 1.37 2.11 Tetradecane 

11 16.898 16.850 16.950 138447
5 

1.96 683450 2.01 2.03 Pentadecane 

12 18.118 18.092 18.167 188605
2 

2.67 105637
3 

3.11 1.79 Nonadecane 

13 18.655 18.600 18.700 1050247 1.48 409886 1.21 2.56   Pentadecane, 
2,6,10-trimethyl- 

14 19.275 19.23
3 

19.358 495020
5 

7.00 1721275 5.06 2.88 Nonadecane 

15 20.370 20.32
5 

20.400 4715987 6.67 242988
3 

7.15 1.94 Nonadecane, 9-
methyl- 

16 21.414 21.375 21.475 622850
2 

8.80 323919
3 

9.53 1.92 Octadecane 

17 22.411 22.375 22.483 830812
8 

11.74 4210150 12.39 1.97 Heneicosane 

18 23.363 23.32
5 

23.408 830979
0 

11.75 4207111 12.38 1.98 Eicosane 

19 24.348 24.29
2 

24.400 7674735 10.85 3714535 10.93 2.07 Docosane 

20 25.321 25.27
5 

25.358 690695
8 

9.76 3511118 10.33 1.97 Heneicosane 

 
The hydrocarbon compounds contained 22.83% ketones, 1.72% alcohol, and 27.97% carboxylic acids. 
Figure 3 illustrates the binding locations of the hydrocarbon compounds on the protein target. The 
binding of all drugs transpired outside the protein's active areas. Most chemicals reacted at specified 
locations on the protein target. The binding free energy values of the substances associated with the 
protein are presented in Table 2. Table 3 and Table 4. displays the protein-ligand interactions of the 
docked hydrocarbon molecules. The predominant contact mechanisms between the chemicals and the 
protein were hydrogen, alkyl, van der Waals, pi-alkyl, and pi-sigma correlations. The majority of oxygen-
containing hydrocarbons, along with the control, connected with the proteins through bonding via 
hydrogen. Alkyl interactions were observed involving the protein and linear hydrocarbons, the majority 
of which exhibited elevated binding free energies, whereas pi-alkyl interactions predominated among 
compounds with reduced free energies and the protein. 
Table 2: Protein ligand interaction of crude oil compound and B. paralicheniformis 

Target gene Compound Vanderwaal’s 
interaction 

Binding 
energy 
(KCal/mol) 

 
 
 
 
 
 
 
 

Mesitylene 

 

ALA 93, ILE 94, ILE 143, 
LEU 123, ASP 153, GLN 
124, GLY 142, ASP 115, 
LYS 113, ASN 114, LEU 
141  

-4.67 
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ALCOHOL 
DEHYDRO
GENASE  

Undecane 

 

LYS 113, GLN 124, LEU 
123, LEU 92, ILE 143, 
GLY 142, ASP 115, THR 
122, GLN 120, ASP 153, 
GLY 126, LEU 141, ASN 
114, ALA 93 

-4.28  

Dodecane 

 

GLY 293, VAL 268, ALA 
93, MET 57, ILE 269, 
GLY 47, CYS 46, LEU 
319, THR 178, THR 48, 
VAL 294, VAL 292 

-3.00 

Pentadecane, 2,6,10-trimethyl- 

 

PRO 249, LYS 248, LYS 
247, GLN 251, GLN 
244, ASP 273, THR 274 

-2.68 

3-Hydroxy-3-methylvaleric acid 

 

GLU 74, ALA 3 -2.95  

Table.2 Continue 
Target 
gene 

Compound Vanderwaal’s 
interaction 

Binding 
energy 
(KCal/mol) 

 
 
 
 
 
 
 
 

Mesitylene 

 

GLU 254, THR 113, 
SER 113, GLY 77 

-4.67 
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LIPASE 

Undecane 

  

PHE 259, GLY 255, ASP 
80, ILE 79, SER 111, 
ARG 112 
 

-4.28  

Dodecane 

 

GLY 14, GLU 13, CYS 
39, GLN 29, SER 35, 
LEU 36, ASP 31, HIS 30 
 

-3.00 

Pentadecane, 2,6,10-trimethyl- 

 

THR 68, VAL 90, LEU 
67, GLY 66, GLU 64, 
ARG 65, PRO 62, PHE 
52, ALA 51, SER 50 
 

-2.68 

3-Hydroxy-3-methylvaleric acid 

  

THR 68, LEU 67, CYS 
69, GLU 64, PHE 52, 
PRO 62 

-2.95  

 
Target gene Compound Vanderwaal’s 

interaction 
Binding 
energy 
(KCal/mol) 

 
 
 
 
 
 
 
 

Mesitylene 

 

ASN 89, GLY 87, CYS 
88, GLY 102, SER 84, 
TYR 191, GLY 104 

-4.52 
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ESTERASE 

Undecane 

 
  

MET 143, PRO 140, 
ASN 162, LEU 207, LYS 
167, PRO 163, SER 210, 
GLY 164, LEU 160, PRO 
164, TYR 211 
 

-3.24 
 

Dodecane 

  

ASN 162, LEU 207, ALA 
201, LEU 160, PRO 163, 
TYR 211, MET 143, 
PRO 212, SER 210, PRO 
140, GLN 141 
 

-3.34  

Pentadecane, 2,6,10-trimethyl- 

  

ASN 162, ALA 201, LYS 
161, PRO 163, LEU 160, 
TYR 211, SER 210, LYS 
200, GLN 141, LYS 206 

-3.51 

3-Hydroxy-3-methylvaleric acid 

 
  

LYS 185 -3.42 

 
The amount of binding free energy is the total of all interactions between a ligand and its target. The 
docking score is the evaluative measure that forecasts the binding affinity between the ligand and target 
post-docking. The binding free energy of the co-crystallized ligand cysteine (–3.6 kcal/mol) served as a 
reference norm when assessing the susceptibility of the hydrocarbons to oxidation by the protein [27, 28]. 
The binding free energy of decane, dodecane, and eicosane was identical (–2.9 kcal/mol) and the highest 
among all the chemicals examined. The elevated binding free energy values for these chemicals indicate 
that their affinity for the protein is comparatively weak. Consequently, their oxidation by the protein 
enzyme would be impractical. 
The chemicals docked at analogous sites on the protein of Alcohol dehydrogenase of mesitylene, 
undecane, dodecane, pentadecane, 2,6,10 trimethyl and 3-Hydroxy -3-met-hylravaleric acid is found to be 
-4.67, -4.28, -3.00, -2.68 and -2.95 (KCal/mol). The chemicals docked at analogous sites on the protein 
lipase of mesitylene, undecane, dodecane, pentadecane is found to be -4.19, -3.18, - 2.95, -2.89 and -2.29 
(KCal/mol). The chemicals docked at analogous sites on the protein esterase of mesitylene, undecane, 
dodecane, pentadecane is found to be -4.52, -3.24, -3.34, - 3.51, -3.42 (KCal/mol). 
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The chemicals docked at analogous sites on the protein, interacting with LYS27, ALA32, ALA33, and 
MET85.Tetradecane and nonadecane-2-methyl had identical binding free energy values of –3.1 kcal/mol, 
being the subsequent highest set recorded. Their dock score indicated that the protein enzyme would 
inadequately oxidize them. Their interaction transpired at a comparable position, and both substances 
engaged with LYS34. The binding free energy readings for 2-pentanone 3-methyl- and 1,9-tetradecadiene 
were identical (–3.3 kcal/mol), while their binding locations on the protein differed. The binding 
affinities of octane, 2,4,6-trimethyltridecane, hexadecane, n-hexadecanoic acid, octadecane, (Z)-9-
octadecenoic acid, and n-octadecanoic acid (–3.4 kcal/mol) were identical, although their interactions 
with the protein took place at distinct places. The protein's oxidation of these chemicals would likewise 
be comparatively ineffective, as evidenced by their binding affinities. 
The binding free energy values of 2-heptanone 4-methyl-, 4-heptanol 4-methyl-, tetracosane, and 2-
pentanone 4-hydroxy-4-methyl- were around –3.5 kcal/mol, –3.6 kcal/mol, –3.6 kcal/mol, and –3.7 
kcal/mol, respectively. The median docking scores suggest a high likelihood of oxidation by the protein.  
The binding of 4-heptanol 3-methyl- and 2-pentanone 4-hydroxy-4-methyl- transpired at the identical 
location, interacting with ALA32, ALA33, and MET85. The interaction of 2-heptanone-4-methyl- and 
tetracosane transpired at distinct locations on the peptide. These chemicals comprised 12.52% of the 
examined crude oil.  
The interaction free energies of naphthalene decahydrod-2,6-dimethyl-, methylene cyclododecanone, 
decane 2,3,5,8-tetramethyl-, 1H-indene octahydro 2,2,4,4,7,7-hexamethyl-trans-, pentadecane 2,6,10-
trimethyl-, and pentadecane 2,6,10,14-tetramethyl- were –4.8 kcal/mol, –4.8 kcal/mol, –3.8 kcal/mol, –
5.1 kcal/mol, –3.8 kcal/mol, and –4.0 kcal/mol, accordingly, indicating relatively favourable interactions. 
The binding of naphthalene decahydro 2,6-dimethyl- and 1H-indene octahydro-2,2,4,4,7,7-hexamethyl-
trans occurred at the identical location, interacting with TYR4. Methylene cyclododecanone, decane 
2,3,5,8-tetramethyl-, and pentadecane 2,6,10-trimethyl- exhibited binding at the identical location and 
interacted with TYR109. The binding of pentadecane 2,6,10,14-tetramethyl- transpired in a pocket 
distinct from all other molecules in this categorization, interacting with the residues TYR46 and ALA47. 
These chemicals comprised 15.39% of the examined crude oil and are either cyclic or extensively 
branched. 
These data indicated that molecules of this structural type are more prone to oxidation by Bacillus 
Paralicheniformis and would be effectively remediated in environments contaminated by crude oil.  
 
CONCLUSION  
The selectivity of hydrocarbons in crude oil by the enzyme from Bacillus paralicheniformis was 
investigated in silico. The crude oil sample utilized in the investigation comprised 47.48% hydrocarbons 
and 52.52% hydrocarbon derivatives. The binding free energy values of the substances on the protein 
target suggest that the majority of alkanes are resistant to oxidation by the bacterial enzyme, as evidenced 
by their elevated binding energy of –2.9 kcal/mol. In contrast, poly-branched and cyclic hydrocarbons, 
exhibiting binding energies between –3.8 kcal/mol and –5.1 kcal/mol, are likely to undergo oxidation 
more swiftly. 
These data suggest that B. paralicheniformis cannot independently achieve full oxidation of all 
hydrocarbons and chemical derivatives in settings contaminated by crude oil. 
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