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ABSTRACT 

Background: This research implies that the exploitation of Bacillus 

cereus could conceivably lay the groundwork for the formation of a 

pioneering antibacterial pharmaceutical agent. Aim: This study to 

indicate that Bacillus cereus could potentially explored for the 

development of antibacterial drug. Methods: The antibacterial activity 

of Bacillus cereus crude extract was demonstrated through molecular 

docking study and disc diffusion method. Result: Bacillus 

cereus crude extract, when compared to streptomycin, shows the most 

potent antibacterial activity against E. coli and Salmonella typhi at high 

concentrations. Compounds identified by pharmacokinetics properties 

their predicted biological targets are absorption, distribution, 

metabolism, excretion and toxicity (ADMET) parameters related to the 

screened compounds are included isobutyl acetate, methoxy acetic 

acid, 3-tetradecyl ester, and silicic acid diethyl bis (trimethylsilyl) ester 

and their interaction assessed by molecular docking of Pathogenic bacteria proteins like E. 

coli (PDB ID: 2YKT) and Salmonella Typhi (PDB ID: 5JW7) are used to evaluate their 

binding affinity. 

 

KEYWORDS: Antibacterial activity, ADMET, Bacillus cereus, E. coli, GC-MS, Molecular 

docking. 

 

INTRODUCTION  

The marine environment possesses a rich source of biodiversity, approximately half of the 

total diversity (Costello, M. J., & Chaudhary, C. 2017). Marine microbes have recently 
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received increased attention because of being a valuable source of biologically active 

compounds of pharmaceutical significance (Romano et al., 2017). Products from marine 

organisms have shown anti-microbial, anticancer, anti-diabetic, and other pharmacological 

activities (Sharma et al., 2019). A number of novel anti-microbial bioactive compounds have 

been isolated from marine bacteria, fungi, algae, sponges, etc (Wang, et al., 2014). The 

marine bacteria supply novel leads against pathogenic microbes that are developing 

resistance to the existing pharmaceuticals (Awais et al., 2007; Hassan et al., 2014). 

 

Microorganisms are more responsive for large-scale production of bioactive compounds in 

shorter period than plant or animal sources as because of their large-scale production 

(Bhumika, et al., 2013). Until, marine microorganisms could be considered as a relatively 

unrecognized source for the discovery of bioactive compounds and could provide novel 

bioactive compounds in terms of structure and bioactivity (Ribeiro, et al 2014; Eagle, 1976). 

Among marine microbes, Bacillus species produce versatile secondary metabolites including 

lipopeptides, polypeptides, macro lactones, fatty acids, polyketides, and isocoumarins. 

(Mondol et al., 2013) are the most important of natural product. It having structural 

variability of compounds has attracted the curiosity of biological activities (Estibaliz 

Sansinenea & Aurelio Ortiz 2011). It inspired the pharmaceutical industry to search for lead 

structures in microbial extracts. Screening of microbial extracts reveals the large structural 

diversity of bioactive compounds possessing varied biological activities including antibiotic, 

immunosuppressive, antioxidant, antiviral and enzyme inhibition properties (Abdelghani et 

al., 2021). Bacillus cereus, a spore-forming Gram-positive bacterium frequently occurs in 

soil and marine sediments and its spores can survive thermal processing conditions (Bray et 

al., 2018). Different traits among the species in the Bacillus cereus group could be interpreted 

as a sign of pathogenicity. Although B. cereus is regarded as a pathogen, isolates with 

antibiotic activity are said to be overrepresented in the species. (David et al., 2015; Khalifa et 

al., 2019). Reports have confirmed the flexibility of Bacillus species to supply antimicrobial 

compounds with potential biotechnological and pharmaceutical applications (Kumar et al., 

2014).  

 

In recent years, the use of natural antibacterial agents has been proposed as another source for 

the deactivation of vegetative cells and bacterial spores. Due to the safety concerns of 

synthetic antimicrobials agents compared to natural source of the selection of generally 

recognized as safe (GRAS) (Cetin-Karaca & Newman 2018). 
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The exploration for novel antimicrobial compounds from natural sources is crucial to 

overcome drug resistance phenomena and harmful side effects associated with some verified 

artificial drugs (Jeong, 2008). Several natural products of marine microbial source possess 

antimicrobial activity in in vitro and in silico models against various mechanisms of action 

(Suzumura et al., 2003). 

 

In present study the antimicrobial activity of bioactive crude extracts from marine bacterium 

Bacillus cereus was assessed the in vitro antimicrobial evaluation and Minimal inhibitory 

concentration of resistant against four pathogenic bacterium such as Escherichia coli, 

Salmonella typhi, Enterobacter cloacae and Enterococcus faecalis and their in silico study 

are selected pathogenic bacterial growth proteins E. coli (PDB ID: 2YKT), S. typhi ((PDB 

ID: 5JW7), E. cloacae ((PDB ID: 4HFK) and E. faecalis ((PDB ID: 6ORI) are validated by 

molecular docking against the Isobutyl Acetate, Methoxy acetic acid, 3-tetradecyl ester and 

Silicic acid diethyl bis(trimethylsilyl) ester along with the prediction of activity are 

investigated in this study. Moreover, to confirm the stability and oral bioavailability of the 

drug, was prediction by ADMET pharmacokinetic and drug-likeness properties is described.  

 

MATERIALS AND METHOD 

Sample collection 

Marine bacterium Bacillus cereus PSMS6 strain (Accession No. OQ946984) was obtained 

from the Department of Bioinformatics, Bharathidasan University, Trichy, Tamil Nadu 

(India). The bacterium was inoculated by quadrant streaking on nutrient agar plate and 

incubated at 37ºC for 24 h for growth and multiplication. The pure culture was maintained in 

nutrient agar slants in a refrigerator till use.  

 

Mass cultivation of B. cereus 

B. cereus was grown in 100 mL Erlenmeyer flask containing 50 mL Luria broth (LB) and 

incubated at 37˚C for 24 h. This seed culture was transferred to 1000 mL flask containing LB 

medium for mass culture and incubated at 37˚C for 5 days on a rotary shaker (120 rpm). 

 

Crude extract preparation 

The crude extract was prepared as per the method of (Vijayaram Seerangaraj et al., 2017). 

The bacterial culture after incubation was centrifuged at 8,000 rpm for 20 min so as to 

harvest cell pellet. The supernatant was then filtered through a 0.22 µm membrane filter to 

remove bacterial cells. The cell-free supernatant was then mixed with equal volume of ethyl 
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acetate (1:1 v/v) and kept in a shaker at 120 rpm for 24 h. The ethyl acetate phase was 

separated by using solvent extraction funnel, concentrated under rotary vacuum evaporator 

and dried by using 77 ˚C for magnetic stirring. The crude extract was then stored in -20˚C.  

 

In vitro antibacterial assay 

The antimicrobial activity of B. cereus crude extract was evaluated by agar disk diffusion 

assay (Vijayaram Seerangaraj et al., 2017). The inhibitory effect of crude extract was 

assessed against four pathogens viz., Escherichia coli, Salmonella typhi, Enterobacter 

cloacae and Enterococcus faecalis are obtained from rhizosphere biology laboratory, 

Department of microbiology, Bharathidasan University, Trichy, Tamil Nadu, India. The 

overnight cultures of test bacterial pathogens were prepared and aseptically spread over 

Muller Hinton Agar (MHA) plates using sterile cotton swabs. Thereafter 6 mm diameter 

sterile disk were made over MHA plates using sterile forceps. The disk was impregnated with 

various concentration like (25, 50, 75 and 100 µL) of bacterial crude extract and streptomycin 

was used as a positive control disk. The plates were incubated at 37˚C for 24 h. The zone of 

inhibition formed around each disk was measured in millimetre (mm). The assay was carried 

out in triplicate. Data represented as mean and Standard deviation. 

 

Determination of mminimal inhibitory concentration (MIC) 

The MIC was assessed in 96 well polystyrene plates. The 100 µL crude extract of Bacillus 

cereus of different concentrations was prepared for test bacterial concentration as 10mg/ml. 

The wells were loaded with different concentration (10, 25, 50, 75, 100 and 125 µL of 

Bacillus cereus crude extract). In the same way, different concentrations of streptomycin (10, 

25, 50, 75, 100 and 125 µL) were prepared and used as positive controls. Thereafter 100 µL 

of Muller Hinton broth was added into each well, crude extract, positive control and blank 

samples were coated individually in 96 well plates. Then 10 µL each of test bacterial cultures 

were added to the respective wells and incubated at 37˚C. The bacterial growth was observed 

after 24 h and growth measured in a spectrophotometer (Bio rad, imart-IN505509) at 570 nm. 

The experiment was performed in CRD and each treatment replicated three times. The 

percentage of inhibition concentration was calculated as under  

Percentage of inhibition (%) = (Control OD – Test OD) / Control OD x 100. 

 

In silico studies 

Target selection and preparation: The crystallography structure of the proteins of E. coli 

ESPF (PDB ID: 2YKT), Salmonella typhi protein SopA (PDB ID: 5JW7), Enterobacter 



www.wjpr.net      │     Vol 13, Issue 7, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

 

 

Shalini et al.                                                                        World Journal of Pharmaceutical Research 

 

599 

cloacae protein (PDB ID: 4HFK) and Enterococcus faecalis (PDB ID: 6ORI) were retrieved 

from Protein data bank (PDB) https://www.rcsb.org/. All protein structures were generated in 

PDBQT formats and unnecessary chains removed.  

 

Ligand selection and preparation: All the selected Bacillus cereus chemical compounds 

were quantitatively analyzed by previous literature. (Vijayaram Seerangaraj et al., 2017) The 

2D structure of the selected compounds was downloaded from PubChem. 

https://pubchem.ncbi.nlm.nih.gov/. 

 

ADMET and molecular docking analysis  

An attempt to predict pharmacokinetic properties such as absorption, distribution, 

metabolism, excretion and toxicity (ADMET) of the compounds, predicted by BOILED EGG 

model was used to predict whether the molecules could be absorbed by the oral 

bioavailability. Drug absorption depends on various factors such as human intestinal 

absorption (HIA), solubility, Blood brain barrier (BBB), skin permeability, carcinogenicity 

oral toxicity and substrate or inhibitor of P-glycoprotein. (Daina, A., & Zoete, V. 2016). 

Pharmacokinetics properties of ADMET were analysed by SwissADME 

(http://www.swissadme.ch/) and the toxicity by AdmidSAR v.0.2 

(http://lmmd.ecust.edu.cn/admetsar2). The performance of molecular docking was evaluated 

by using (Auto dock Vina 4.0) (Manivel et al., 2016) with pre-identified compounds for B. 

cereus and bacterial proteins (Vijayaram Seerangaraj et al., 2017; Manikandaprabhu et al., 

2015). The macromolecule protein grid box of each protein was prepared on the basis of grid 

maps with different energies. The default algorithm program in Auto dock Vina 4.0 was used 

to find out the best-docked conformations between the prepared compounds and targeted 

receptors. After completion of docking, the binding affinities were calculated. For 

visualization of the structures of docked complexes, BIOVIA Discovery Studio Visualizer 

2021 Client was employed to analyse both the docked poses and the 2D structure of amino 

acids that interacted with their respective proteins.  

 

RESULTS AND DISCUSSION  

Millions of people worldwide lose their lives each year due to microbial infections. Presently, 

the greatest obstacle to public health is the increasing resistance development of pathogens to 

antibiotic medications.  

 

 

https://www.rcsb.org/
https://pubchem.ncbi.nlm.nih.gov/
http://www.swissadme.ch/
http://lmmd.ecust.edu.cn/admetsar2
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Antibacterial activity 

The primary objective of this study was to discover substances that have antibacterial 

properties against harmful bacteria. These substances are derived from marine bacteria found 

in the sediment soil of the ocean. They have the potential to produce secondary metabolites in 

their natural environment. The raw extract obtained from Bacillus cereus exhibited 

antibacterial activity against various pathogenic bacteria, including E. coli, salmonella typhi, 

Enterobacter cloacae, and Enterococcus faecalis strains. The antibacterial activity was 

revealed that the effect was noted at concentration depended. such as 1 mL sample containing 

10 mg crude extract which was dissolved by using dimethyl sulfoxide (DMSO) solution. The 

B. cereus crude extract strongly inhibited pathogenic resistance of 16 mm diameter in 

Escherichia coli and 14 mm diameter in Salmonella typhi. The moderate activity was 

recorded in 13 mm diameter in Enterobacter cloacae and 12 mm diameter in Enterococcus 

faecalis. Respectively compared to streptomycin antibiotic disc. Salmonella typhi did not 

showed resistance of streptomycin. (Table.1 & Fig.1 and 2). Notably, it showed maximum 

resistance with a diameter of 16mm against E. coli when compared to streptomycin antibiotic 

discs. This difference in antibacterial effectiveness can be attributed to other strains described 

by strain
 
(S. N. Kumar, et al., 2014)

 
which mentioned that cell-free culture filtrate from 

Bacillus cereus associated with an entomopathogenic nematode displayed strong 

antimicrobial activity according to strain (Farr, et al., 2014). Furthermore, B. cereus and B. 

pumilis were identified as having potent antibacterial properties. It has been reported that B. 

cereus is capable of producing enterotoxins along with compounds that possess both anti-

fungal and antibacterial effects according to sources like source respectively (Nishanth, et al., 

2022; Sharma, et al., 2012).  
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Fig. 1: Antibacterial activities of B. cereus crude extract 10 mg / ml concentration (A. 25 

µL, B. 50 µL, C. 75 µL, D. 100 µL and E. streptomycin disk), 1. Escherichia coli, 2. 

Salmonella typhi, 3. Enterobacter cloacae and 4. Enterococcus faecalis. 

 

Table 1: Antibacterial activity of B. cereus crude extract (10 mg / ml concentration) 

against various pathogenic bacteria and standard streptomycin. 

S. No. Bacterial strains 

Streptomycin 

(control) 

B. cereus crude extract (10 mg mL
-1

 

concentration) 

10mcg 25 µL 50 µL 75 µL 100 µL 

Zone of inhibition in millimetre (mm) 

1.  Escherichia coli 18.6 ± 0.5 9.2 ± 0.2 11.2 ± 0.2 13.3 ± 0.2 16.2 ± 0.2 

2.  Salmonella typhi 0 0 7.2 ± 0.2 10.2 ± 0.2 14.2 ± 0.2 

3.  Enterobacter cloacae 16.6 ± 0.5 0 7.2 ± 0.2 10.2 ± 0.2 13.2 ± 0.2 

4.  Enterococcus faecalis 14.3 ± 0.5 0 8.2 ± 0.2 10.1 ± 0.1 12.3 ± 0.2 

Note. Mean of triplicate value [mean and SD. (n = 3)] 0 indicates no zone of inhibition.  
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Fig. 2: Antibacterial activity of B. cereus crude extract against various pathogenic 

bacteria.  

 

Minimal inhibitory concentration 

MIC of B. cereus crude extract 10 mg mL
-1

 used against four pathogenic bacteria such as 

Escherichia coli, Salmonella typhi, Enterobacter cloacae and Enterococcus faecalis. In 

different concentration like (10, 25, 50, 75, 100 and 125 µL) revealed that in E. coli it 

minimum of 10µl of extract containing 49% inhibition effect and 100 µl of crude extract 

containing 91% of inhibition effect. Results are showed in (Table 2).  

 

Table 2: MIC value of B. Cereus crude extract with various pathogenic bacteria. 

S. No. 
Bacterial 

pathogen 

Bacterial growth inhibition (%) 

Control 10 µL 25 µL 50 µL 75 µL 100 µL 

1.  E. coli 1.1 ± 0 49 ± 0.5 85 ± 0.2 88 ± 0.2 89 ± 0.2 91 ± 0.5 

2.  Salmonella typhi 0.8 ± 0 31 ± 0.6 76 ± 0.2 85 ± 0.5 87 ± 0.5 90 ± 0.4 

3.  
Enterobacter 

cloacae 
0.9 ± 0 35 ± 0.5 74 ± 0.6 87 ± 0.7 88 ± 0.4 90 ± 0.5 

4.  
Enterococcus 

faecalis 
1.1 0 55 ± 0.5 81 ± 0.5 88 ± 0.3 88 ± 0.5 90 ± 0.4 

Note: Mean of triplicate value [mean and SD. (n = 3)] Control - Without crude extract. 

 

ADMET pharmacokinetic analysis  

A potential drug applicant, it must have some properties that are common for almost all of the 

approved drugs. Therefore, the drug-like properties are determined based on the ADMET 

parameters. It’s a main checkpoint by the drug’s outing from its point of entry to the site of 

action. Most importantly the compound should also have the capability of showing higher 
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biological activity and lower toxicity too. So, it is important to predict the drug-like quality of 

compounds along to recognize its potentiality as a drug applicant. The marine bacteria 

Bacillus cereus identified compounds were selected based on totally 11 compounds were 

(Table 3) those compound structures are retrieved to PubChem. Then the selected compounds 

are physicochemical properties showed the better results as compared to the marketed drugs. 

The physicochemical and ADMET parameters of all the selected molecules (Figure 3 & 4) 

are depict in (Table 4). The drug molecules involve ensuring that they effectively bind to 

target receptors. However, it is important to note that oral administration does not guarantee 

immediate activity. Drug molecules must undergo various pharmacokinetic processes in 

order to reach their intended targets. These processes include absorption, distribution, 

metabolism, and excretion. It is worth considering that drug molecules with a molecular 

weight exceeding 1000 g/mol tend to have reduced membrane permeability, particularly 

when designing oral medications. The ADME (absorption, distribution, metabolism, 

excretion) process along with toxicity evaluation are critical factors in drug discovery and 

development. (Tibbitts, et al., 2016; Matsson, et al., 2017). They help provide assurance 

about the effectiveness and safety of evaluated compounds. 

 

In silico molecular docking 

Molecular docking plays a crucial role in the initial stages of drug development and 

formulation by predicting how ligands bind to target proteins. (Sureshkumar, et al., 2012) this 

enables researchers to determine the affinity of ligands for receptor complexes. The targeted 

pathogenic bacterial proteins 3D structures of are Escherichia coli protein ESPF (PDB ID: 

2YKT), Salmonella typhi protein SopA (PDB ID: 5JW7), Enterobacter cloacae (PDB ID: 

4HFK) and Enterococcus faecalis protein ESP (PDB ID: 6ORI) docking performance was 

done (Figure 5 to 10) (Table 5). The analysis of the docking results revealed that the ligand 

had a low binding free energy (BFE) value, indicating its ability to compete for binding with 

the target receptor and form a stable complex (Sahu, et al., 2012). The affinity between a 

ligand and its target protein determines its effectiveness at the cellular level. Based on this 

study, Methoxy acetic acid, 3-tetradecyl ester demonstrated promising potential as an 

antibacterial agent against E. coli with a BFE value of -8.6 kcal/mol and interacted molecules 

are carbon hydrogen interaction of GLU189 (3.60Aº) Alkyl interaction of LYS108 (4.80Aº), 

PHE196 (4.77Aº), ARG192 (4.08Aº), ARG193 (3.60Aº) and Pi-alkyl interaction of CYS195 

(4.35Aº) However, it is important to note that Methoxy acetic acid, 3-tetradecyl ester has not 

yet been explored for therapeutic applications in B. cereus until now. 
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This analysis aimed at determining whether Bacillus cereus are capable of producing 

secondary metabolites that possess significant antibacterial effects. 

 

Table 3: GC-MS based identified compounds analysis. 

S. No 
Compound 

Name 

PubChem 

ID 

Chemical 

formula 

Molecular 

weight 

H. 

Donor 

H. 

acceptor 

XLog P 

value 

1.  
2-Butanone, 4-

hydroxy-3-methyl- 
18829 C5H10O2 102.13 1 2 -0.2 

2.  Isobutyl Acetate 8038 C6H12O2 116.16 0 2 1.8 

3.  
Methoxy acetic acid, 

3-tetradecyl ester 
545726 C17H34O3 286.4 0 3 6.5 

4.  
Phenol, 2,4-Bis(1,1-

Dimethylethyl) 
93344 C22H30O 310.5 1 1 7.2 

5.  Hentriacontane 12410 C31H64 436.8 0 0 16.4 

6.  
Nonadecane, 9-

Methyl 
86566 C20H42 282.5 0 0 10.8 

7.  Nonacosane 12409 C29H60 408.8 0 0 15.3 

8.  
Sulfurous Acid,Butyl 

Dodecyl Ester 
6420769 C16H34O3S 306.5 0 4 7 

9.  
Fumaric Acid, 3-

Hexyl Tridecyl 
444972 C4H4O4 116.07 2 4 -0.3 

10.  
Phthalic Acid, 

Isobutyl Octadecyl 
6423451 C30H50O4 474.7 0 4 11.6 

11.  
Silicic acid diethyl 

bis(trimethylsilyl)ester 
77092 C10H28O4Si3 296.58 0 4 0 

 

 

Fig. 3: The boiled egg plot of the selected target molecules. 

 

https://pubchem.ncbi.nlm.nih.gov/#query=C22H30O
https://pubchem.ncbi.nlm.nih.gov/#query=C31H64
https://pubchem.ncbi.nlm.nih.gov/#query=C20H42
https://pubchem.ncbi.nlm.nih.gov/#query=C30H50O4
https://pubchem.ncbi.nlm.nih.gov/#query=C10H28O4Si3
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Fig. 4: The 2D structures of Egg blot based selected target B.Cereus compounds. A. 

Isobutyl Acetate, B. Methoxy acetic acid, 3-tetradecyl ester and C. Silicic acid diethyl 

bis(trimethylsilyl) ester. 

 

Table 4: The selected three compound pharmacokinetics properties. 

S. No. Classifications 

Probability 

Isobutyl 

Acetate 

Methoxy 

acetic acid,  

3-tetradecyl 

ester 

Silicic acid 

diethyl bis 

(trimethylsilyl) 

ester 

1.  Human Intestinal Absorption 0.9962 0.9852 0.7873 

2.  Caco-2 0.5708 0.8361 0.7201 

3.  Blood Brain Barrier 0.9750 0.8250 0.7500 

4.  Human oral bioavailability 0.5143 0.6857 0.8714 

5.  Subcellular localization 0.7279 0.6354 0.6300 

6.  OATP2B1 inhibitors 0.8502 0.8494 0.8552 

7.  OATP1B1 inhibitors 0.9608 0.9348 0.9692 

8.  OATP1B3 inhibitors 0.9362 0.9347 0.9475 

9.  MATE1 inhibitors 0.9400 0.9400 0.9800 

10.  OCT2 inhibitors 0.9000 0.8500 0.8750 

11.  BSEP inhibitors 0.8963 0.6103 0.9450 

12.  P-glycoprotein inhibitors 0.9689 0.8028 0.9715 

13.  P-glycoprotein substrate 0.9792 0.9218 0.9840 

14.  CYP3A4 substrate 0.6995 0.5700 0.6825 

15.  CYP2C9 substrate 0.6168 0.5862 0.8000 

16.  CYP2D6 substrate 0.8859 0.8667 0.7844 

17.  CYP3A4 inhibition 0.9857 0.9719 0.9856 

18.  CYP2C9 inhibition 0.9431 0.9428 0.8576 

19.  CYP2C19 inhibition 0.9508 0.9365 0.8261 
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20.  CYP2D6 inhibition 0.9547 0.9367 0.9341 

21.  CYP1A2 inhibition 0.8137 0.8247 0.8922 

22.  CYP inhibitory promiscuity 0.9360 0.9473 0.9311 

23.  UGT catalysed 0.0000 0.0000 0.0000 

24.  Carcinogenicity (binary) 0.5557 0.6823 0.5600 

25.  Carcinogenicity (trinary) 0.5872 0.6496 0.5821 

26.  Eye corrosion 0.9913 0.8775 0.8150 

27.  Eye irritation 0.9901 0.9818 1.0000 

28.  Ames mutagenesis 0.8300 1.0000 0.8300 

29.  Human Gene inhibition 0.7815 0.4795 0.7559 

30.  Micronuclear 1.0000 0.9800 0.6300 

31.  Hepatotoxicity 0.5401 0.5250 0.5862 

32.  skin sensitisation 0.6988 0.8181 0.8997 

33.  Respiratory toxicity 0.9667 0.9889 0.7778 

34.  Reproductive toxicity 0.8667 0.6111 0.7444 

35.  Mitochondrial toxicity 0.9750 1.0000 0.9625 

36.  Nephrotoxicity 0.6487 0.7918 0.7614 

37.  Acute Oral Toxicity (c) 0.6227 0.5543 0.6474 

38.  Estrogen receptor binding 0.9387 0.9356 0.8208 

39.  Androgen receptor binding 0.8743 0.7724 0.8538 

40.  Thyroid receptor binding 0.9393 0.6311 0.7443 

41.  
Glucocorticoid receptor 

binding 
0.9633 0.8953 0.7461 

42.  Aromatase binding 0.8575 0.8531 0.7761 

43.  PPAR gamma 0.9475 0.7111 0.7631 

44.  Water solubility (logS) -1.272 -2.285 -1.077 

45.  Plasma protein binding 0.537 0.607 0.319 

46.  
Acute Oral Toxicity 

log(1/(mol/kg)) 
0.923 1.532 2.459 

 

Table 5: Molecular docking of selected compounds. 

S. No Compound Name 

(Kcal/mol) 

E. coli 

(2YKT) 

S. typhi 

(5JW7) 

E. cloacae 

(4HFK) 

E. faecalis 

(6ORI) 

1.  Isobutyl Acetate -8.2 -7.1 -4.1 -4.3 

2.  
Methoxy acetic acid, 3-

tetradecyl ester 
-8.6 -7.5 -3.8 -3.4 

3.  
Silicic acid diethyl 

bis(trimethylsilyl) ester 
-6.2 -6.4 -6.3 -3.1 

Note. E. coli protein 2YKT shown best binding value (-8.6 kcal/mol) of Methoxy acetic acid, 

3-tetradecyl ester. 

 

The Escherichia coli ESPF protein crystal structure of (PDB ID: 2YKT) with Isobutyl 

Acetate the binding affinity was -8.2 kcal/mol and interacted molecules are alkyl interaction 

of TYR15 (5.13Aº), LYS108 (4.07Aº) and pi-alky interactions of Pi-Alkyl, LEU111 

(4.99Aº). The 3D and 2D intractions are shown Fig. 5. 

https://www.rcsb.org/search?request=%7B%22query%22%3A%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22terminal%22%2C%22service%22%3A%22text%22%2C%22parameters%22%3A%7B%22attribute%22%3A%22rcsb_entity_source_organism.taxonomy_lineage.name%22%2C%22operator%22%3A%22contains_phrase%22%2C%22value%22%3A%22Escherichia%20coli%22%7D%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%5D%2C%22logical_operator%22%3A%22and%22%2C%22label%22%3A%22text%22%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%2C%22return_type%22%3A%22entry%22%2C%22request_options%22%3A%7B%7D%7D
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Fig. 5: The 3D & 2D intraction between the 2YKT amino acid with Isobutyl Acetate. 

 

The Salmonella typhi protein SopA (PDB ID: 5JW7) interaction between Isobutyl Acetate the 

binding affinity was -7.1 kcal/mol and interacted molecules are Alkyl interaction of ALA186 

(4.18Aº), conventional interaction of LEU190 (2.30Aº) and ARG194 (2.94Aº). The 3D and 

2D intractions are shown Fig. 6. 

 

 

Fig. 6: Structures of 3D & 2D intraction between 5JW7 amino acid with Isobutyl 

Acetate. 

 

The Escherichia coli protein ESPF crystal structure (PDB ID: 2YKT) interaction with 

Methoxy acetic acid, 3-tetradecyl ester the binding affinity was -8.6 kcal/mol and interacted 

molecules are carbon hydrogen interaction of GLU189(3.60Aº) Alkyl interaction of 

LYS108(4.80Aº), PHE196(4.77Aº), ARG192(4.08Aº), ARG193(3.60Aº) and Pi-alkyl 

interaction of CYS195(4.35Aº). The 3D and 2D interactions are shown Fig. 7. 

https://www.rcsb.org/search?request=%7B%22query%22%3A%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22terminal%22%2C%22service%22%3A%22text%22%2C%22parameters%22%3A%7B%22attribute%22%3A%22rcsb_entity_source_organism.taxonomy_lineage.name%22%2C%22operator%22%3A%22contains_phrase%22%2C%22value%22%3A%22Escherichia%20coli%22%7D%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%5D%2C%22logical_operator%22%3A%22and%22%2C%22label%22%3A%22text%22%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%2C%22return_type%22%3A%22entry%22%2C%22request_options%22%3A%7B%7D%7D
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Fig. 7: The structure of 3D and 2D intraction between the 2YKT amino acid with 

Methoxy acetic acid, 3-tetradecyl ester. 

 

The Salmonella typhi protein SopA (PDB ID: 5JW7) interaction with Methoxy acetic acid, 3-

tetradecyl ester the binding affinity was -7.5 kcal/mol and interacted molecules are 

conventional hydrogen bond of SER198(2.75Aº), ASP196(3.25Aº) alkyl interaction of 

PRO167(4.60Aº), TRP173(5.30Aº) Pi-alkyl interaction of LYS176(5.26Aº), PHE197 

(5.01Aº) and carbon hydrogen interaction of ALA193(3.48A º). The 3D and 2D interaction 

are shown Fig. 8. 

 

 

Fig. 8: The structure of 3D and 2D intraction between the 5JW7 amino acid with 

Methoxy acetic acid, 3-tetradecyl ester. 

 

The Escherichia coli protein ESPF (PDB ID: 2YKT) interaction between Silicic acid diethyl 

bis(trimethylsilyl) ester the binding affinity was -6.2 kcal/mol and interacted molecules are 

pi-pi interactions of TYR115(4.30Aº) alkyl interaction of ARG114(4.17Aº), 

ARG192(4.40Aº) and pi-alkyl interactions of LYS108(3.60Aº), ARG193(4.29Aº) and 

PHE196(4.79Aº). The 3D and 2D interactions are shown Fig. 9. 

https://www.rcsb.org/search?request=%7B%22query%22%3A%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22group%22%2C%22nodes%22%3A%5B%7B%22type%22%3A%22terminal%22%2C%22service%22%3A%22text%22%2C%22parameters%22%3A%7B%22attribute%22%3A%22rcsb_entity_source_organism.taxonomy_lineage.name%22%2C%22operator%22%3A%22contains_phrase%22%2C%22value%22%3A%22Escherichia%20coli%22%7D%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%5D%2C%22logical_operator%22%3A%22and%22%2C%22label%22%3A%22text%22%7D%5D%2C%22logical_operator%22%3A%22and%22%7D%2C%22return_type%22%3A%22entry%22%2C%22request_options%22%3A%7B%7D%7D
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Fig. 9: The structure of 3D and 2D intraction between 2YKT amino acid with Silicic 

acid diethyl bis(trimethylsilyl) ester. 

 

The Salmonella typhi protein SopA (PDB ID: 5JW7) interaction between Silicic acid diethyl 

bis(trimethylsilyl) ester the binding affinity was -6.4 kcal/mol and interacted molecules are 

Alkyl interactions of PRO167(5.05Aº), LYS 176(4.32Aº) and pi-alkyl interactions of 

PHE197(3.68Aº) and ALA180(4.46Aº). The 3D and 2D interactions are shown Fig. 10 

 

 

Fig. 10: The structure of 3D and 2D intraction between 5JW7 amino acid with Silicic 

acid diethyl bis(trimethylsilyl) ester. 

 

CONCLUSION  

The results of this study reveal that Marine bacterium Bacillus cereus has the ability to 

produce a bioactive compound known as Methoxy acetic acid 3-tetradecyl ester. This 

compound has shown promising potential as an antibacterial agent against E. coli, which is 

responsible for various extraintestinal illnesses such as urinary tract infections, traveller’s 

diarrhoea, and abdominal infections. The efficacy of Methoxy acetic acid 3-tetradecyl ester 

was confirmed through molecular docking analysis, which demonstrated a strong binding 

affinity (-8.6 kcal/mol) with the E. coli protein (PDB ID: 2YKT). These findings suggest that 
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further in vivo studies should be conducted to explore the potential benefits of this novel lead 

compound in treating bacterial infections caused by E. coli. 

 

ACKNOWLEDGEMENT  

The authors express their gratitude to the Tamil Nadu State Council for Higher Education 

(TANSCHE) under grant BDU-HECP-0068 for their generous financial assistance. 

 

Conflict of Interest Statement 

The authors declare that they have no conflicts of interest. 

 

REFERENCES 

1. Abdelghani, Z., Hourani, N., Zaidan, Z., Dbaibo, G., Mrad, M., & Hage-Sleiman, R. 

Therapeutic applications and biological activities of bacterial bioactive extracts. Archives 

of Microbiology, 2021; 203(8): 4755-4776. 

2. Awais M, Ali shah A, Abdul H and Hasan F. Isolation, identification and optimization of 

Bacillus sp. Pak J Bot., 2007; 39: 1303-1312. 

3. Bĕhal V Mode of action of microbial bioactive metabolites. Folia Microbiol, 2006; 51: 

359–369. 

4. Bhumika, V., Srinivas, T. N. R., Ravinder, K., and Anil Kumar, P., Int. J. Systemat. 

Evolut. Microbiol., 2013; 63(6): 2088–2094. 

5. Bisaria, K., Sinha, S., Srivastava, A., & Singh, R. Marine pharmacognosy: an overview of 

marine-derived pharmaceuticals. Marine Niche: Applications in Pharmaceutical Sciences: 

Translational Research, 2020; 361-381. 

6. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A (2018) Global cancer 

statistics. GLOBOCAN, 2018; 68(6): 394–424. 

7. Cetin-Karaca, H., & Newman, M. C. Antimicrobial efficacy of phytochemicals against 

Bacillus cereus in reconstituted infant rice cereal. Food microbiology, 2018; 69: 189-195. 

8. Christiansson, A., Bertilsson, J., Svensson, B., Bacillus cereus spores in raw milk: factors 

affecting the contamination of milk during the grazing period. J. Dairy Sci., 1999; 82: 

305–314. 

9. Costello, M. J., & Chaudhary, C. Marine biodiversity, biogeography, deep-sea gradients, 

and conservation. Current Biology, 2017; 27(11): R511-R527. 

10. Daina, A., & Zoete, V. A boiled‐egg to predict gastrointestinal absorption and brain 

penetration of small molecules. ChemMedChem, 2016; 11(11): 1117-1121. 



www.wjpr.net      │     Vol 13, Issue 7, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

 

 

Shalini et al.                                                                        World Journal of Pharmaceutical Research 

 

611 

11. David B, Wolfender JL, Dias DA. The pharmaceutical industry and natural products: 

historical status and new trends. Phytochem Rev., 2015; 14(2): 299–315. 

12. Demain AL. pharmacologically active secondary metabolites of microorganisms. Appl 

Microbiol Biotechnol, 1999; 52: 455–463.  

13. Manivel, G., Senthilraja, P., Manikandaprabhu, S., Durga, G., Prakash, M., & Sakthivel, 

G. (2016). 6-Oxa-3-thiaoctanoic acid has potential inhibitors against thyroid cancer-in-

silico analysis. International Journal of Pharmaceutical Sciences and Research, 7(12), 

4963. 

14. Eagle, H., Tissue Culture Association Manual, 1976; 3: 517–520.  

15. Farr, S. A., Ripley, J. L., Sultana, R., Zhang, Z., Niehoff, M. L., Platt, T. L., & 

Butterfield, D. A. Antisense oligonucleotide against GSK-3β in brain of SAMP8 mice 

improves learning and memory and decreases oxidative stress: Involvement of 

transcription factor Nrf2 and implications for Alzheimer disease. Free Radical Biology 

and Medicine, 2014; 67: 387-395. 

16. Hassan A, Ali B and Sajid I. Antimicrobial screening and metabolic fingerprinting of soil 

Bacilli against urinary tract infections (UTIs) causing E. coli. Sci Int (Lahore)., 2014; 26: 

1569-1576. 

17. Jeong, S.Y., Park, S.Y., Kim, Y.H., Kim, M., and Lee, S.J., J. Appl. Microbiol., 2008; 

104(3): 796–807. 

18. K.-I. Suzumura, T. Yokoi, M. Funatsu, K. Nagai, K. Tanaka, H. Zhang, K. Suzuki, YM-

266183 and YM-266184, novel thiopeptide antibiotics produced by Bacillus cereus 

isolated from a marine sponge, J. Antibiot, 2003; 56(2): 129–134. https://doi: 

10.7164/antibiotics.56.129. 

19. Khalifa SAM, Elias N, Farag MA, Chen L, Saeed A, Hegazy MEF, Moustafa MS, Abd 

el-Wahed A, al-Mousawi SM, Musharraf SG, Chang FR, Iwasaki A, Suenaga K, Alajlani 

M, Göransson U, el-Seedi HR Marine natural products: a source of novel anticancer 

drugs. Mar Drugs, 2019; 17(9): 491. 

20. Kumar, S. N., Nambisan, B., Sundaresan, A., Mohandas, C., & Anto, R. J. Isolation and 

identification of antimicrobial secondary metabolites from Bacillus cereus associated 

with a rhabditid entomopathogenic nematode. Annals of microbiology, 2014; 64(1):   

209-218. 

21. Manikandaprabhu, S., Senthilraja, P., Manju, J., & Prakash, M. molecular identification 

and docking analysis of marine bacteria (Bacillus flexus). World journal of 

pharmaceutical research, 2015; 4(9): 994-1010. 



www.wjpr.net      │     Vol 13, Issue 7, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

 

 

Shalini et al.                                                                        World Journal of Pharmaceutical Research 

 

612 

22. Matsson, P., & Kihlberg, J. How big is too big for cell permeability. Journal of Medicinal 

Chemistry, 2017; 60(5): 1662-1664. 

23. Mondol, M. A. M., Shin, H. J., & Islam, M. T. Diversity of secondary metabolites from 

marine Bacillus species: chemistry and biological activity. Marine drugs, 2013; 11(8): 

2846-2872. 

24. Nishanth, M. A. D., Bhoomika, S., Gourkhede, D., Dadimi, B., Vergis, J., Malik, S. V. S., 

... & Rawool, D. B. Antibacterial efficacy of in‐house designed cell‐penetrating peptide 

against multi‐drug resistant strains of Salmonella Enteritidis and Salmonella 

Typhimurium. Environmental Microbiology, 2022; 24(6): 2747-2758. 

25. Omura S. Trends in the search for bioactive microbial metabolites. J Industrial Microbiol, 

1992; 10: 135–156.  

26. Ribeiro, C.N.M., Peres, L.C., and Pina Neto, J.M., Braz. J. Med. Biol. Res., 2004; 37(5): 

635–642. 

27. Romano, G., Costantini, M., Sansone, C., Lauritano, C., Ruocco, N., & Ianora, A. Marine 

microorganisms as a promising and sustainable source of bioactive molecules. Marine 

Environmental Research, 2017; 128: 58-69. 

28. S. N. Kumar et. Al. Ann Microbiol (2014) 64:209–218 DOI 10.1007/s13213-013-0653-6 

29. Sahu, S. K., Kathiresan, K., Singh, R., & Senthilraja, P. Molecular docking analyses of 

Avicennia marinaderived phytochemicals against white spot syndrome virus (WSSV) 

envelope protein-VP28. Bioinformation, 2012; 8(18): 897. 

30. Sansinenea, E., & Ortiz, A. Secondary metabolites of soil Bacillus spp. Biotechnology 

letters, 2011; 33: 1523-1538. 

31. Sharma, O. P., Pan, A., Hoti, S. L., Jadhav, A., Kannan, M., & Mathur, P. P. Modeling, 

docking, simulation, and inhibitory activity of the benzimidazole analogue against β-

tubulin protein from Brugia malayi for treating lymphatic filariasis. Medicinal Chemistry 

Research, 2012; 21: 2415-2427. 

32. Singh LS, Baruah I, Bora TC. Actinomycetes of Loktak habitat: isolation and screening 

for antimicrobial activities. Biotechnology, 2006; 5(2): 217–221. 

33. Sureshkumar, P., Senthilraja, P., & Kalavathy, S. In-silicodocking analysis of 

Calotropisgigantea (L). R Br derived compound against anti-cervical cancer 

activity. World Res. J. Comput. Aided Drug Des, 2012; 1(1): 9-12. 

34. Thompson, N.E., Ketterhagen, M.J., Bergdoll, M.S., and Schantz, E.J., Infection Immun., 

1984; 43(3): 887–894. 



www.wjpr.net      │     Vol 13, Issue 7, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

 

 

Shalini et al.                                                                        World Journal of Pharmaceutical Research 

 

613 

35. Tibbitts, J., Canter, D., Graff, R., Smith, A., & Khawli, L. A. (2016, February). Key 

factors influencing ADME properties of therapeutic proteins: A need for ADME 

characterization in drug discovery and development. In MAbs, Taylor & Francis, 

2016; 8(2): 229-245. 

36. Vijayaram Seerangaraj, KannanSuruli, U. Vijayakumar, B. Meganathan, Vasantharaj 

Seerangaraj, S. Selvam, V. Rajendran, J. Selvaraj, Isolation and characterization of 

bioactive compounds from Bacillus cereus and Bacillus subtilis from Oreochromis 

mossambicus and Labeo rohita, Int. J. Pharmaceut. Sci. Rev. Res., 2017; 43: 71–77. 

37. Wang Y, Yin J, Chen GQ. Polyhydroxyalkanoates, challenges and opportunities. Current 

Opin Biotechnolgy, 2014; 30: 59–65. 

 

 


