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The development of resistance in microbes against antibiotics and limited choice for the use of chemical preservatives in food lead the urgent need to search for an alternative to antibiotics. The enzymes are catalytic proteins that catalyze digestion of bacterial cell walls and protein requirements for the survival of the cell. To study methyltransferase as antibiotics against foodborne pathogen, the methyltransferase enzyme sequence was modeled and its interactions were analyzed against a membrane protein of the gram-positive and gram-negative bacteria through in silico protein–protein interactions. The methyltransferase interaction with cellular protein was found to be maximum, due to the maximum PatchDock Score (15808), which was followed by colicin (12864) and amoxicillin (4122). The modeled protein has found to be interact more significantly to inhibit the indicator bacteria than the tested antibiotics and antimicrobial colicin protein. Thus, model enzyme methyltransferase could be used as enzymobiotics. Moreover, peptide sequences similar to this enzyme sequence need to be designed and evaluated against the microbial pathogen.
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INTRODUCTION
In fact, chemotherapy has renovated the treatments not only against bacterial disease but also fungal diseases. However, many pathogens become protective against available antibiotics and pose a threat to the health of humans and animals. Various alternatives to antibiotics such as probiotics, nanobiotics, antimicrobial peptides or bacteriocin, CRISPR-Cas, quorum-sensing inhibitors, phage therapy, and immunotherapy exist (Kumar et al., 2021).
The enzymes are proteinaceous molecules and known as biocatalysts or endopeptidases. Recent research has reported that enzymes could be used as a special class of antimicrobial enzymobiotics, against microbial infections and to control the drug-resistant microbes.
Enzymes play a significant role in the expression of cellular proteins, cell wall polysaccharides, nucleic acids, and other cellular metabolites that are required for the survival of the cell. The use of enzymes as bacteriophage holins and their membrane-disrupting activity, anti-staphylococcal lytic enzymes, and membrane-targeted antibiotics have been recently highlighted by much research.
Enzymes like glucose oxidase, hydrogen peroxidase, and protease have inhibitory effects on microbial pathogens. The bacteriostatic and inhibitory effect on biofilm formation against many pathogenic bacteria like P. aeruginosa, S. aureus, and methicillin-resistant S. aureus, with a patented formulation of glucose oxidase, was recently explored by Cooper (2013). The glucose oxidase reported inhibiting Staphylococcus cells more potent than the P. aeruginosa cells (Cooper, 2013). Bacterial lipopolysaccharides (LPS) are involved in maintaining intestinal homeostasis and mediate potent pro-inflammatory toxins/mediators. Thus, apical brush borders rich in alkaline phosphatase are analyzed as a significant de-phosphorylation molecule for the neutralization of LPS in addition to un-methylated cytosine-guanosine dinucleotides and flagellin, resulting in reduced toxicity and inflammatory responses (Drago-Serrano et al., 2012).
A recent study was conducted to investigate the effect of dietary proteases on nutrient digestibility, growth performance, crude protein digestibility, enzyme (pepsin, pancreatic amylase, and trypsin) activities, plasma total proteins, intestinal villus heights, intestinal morphology, and the expression levels of specific genes. Significant increases in growth performance have been observed which were attributed to better intestinal development, enhanced protein digestibility, and improved nutrient transport efficiencies. The supplementation of proteases (200 and 300 mg/kg) within the diet increased the ratio of villus heights to crypt depth significantly, especially in the duodenum, jejunum, and ileum, and induced higher expression levels of the peptide transporter 1 (PepT1) within the duodenum region (Zuo et al., 2015).
The microorganisms are very sensitive to utilizing the nutrients from crops through microbial enzymatic actions. The main enzymes that help to initiate the deterioration are the first attacker on the cell wall, and they are popularly known as cell wall degrading enzymes. The cell wall degrading enzymes could be employed as antibiotics. Many proteinaceous molecules like bacteriocin produced from plants, animals, and microbes have been tested as potential therapeutic molecules. Initially, a homogeneous microbial population has grown and started the deterioration that is further exposed to the new environment to favor the growth of other pathogens. This resulted in the growth of heterogeneous microbial populations on the same habitats to initiate spoilage or pathogenesis by damaging the cellular components, thus helping tissue attack and microbial dissemination (Kikot et al., 2009). To inhibit the growth of these foodborne pathogens, chemical preservatives are not the preferred choice for food (Chukwuka et al., 2010).
Moreover, the microbial resistance against currently used antibiotics has raised serious human and animal health issues globally. This antimicrobial-resistant is well reported in many microbes including bacteria and fungi against last-line antibiotics, signifying a future loss of the therapeutic option to treat the infections. Many scientific strategies have also been tested to combat the drug-resistant microbes (Sartelli et al., 2017). The developed countries and developing countries have many challenges that can spread and stimulate the emergence of multidrug-resistant pathogen among microbial populations. The drug-resistant bacteria like Pseudomonas aeruginosa (P. aeruginosa), K. pneumonia, Streptococcus pneumoniae, and Staphylococcus aureus have been well reported and recognized as a global threat (Ventola, 2015). Managing these challenges need many scientific efforts that explore microbial resistance and the designing of effective controlling strategies such as active surveillance that stop the development and spread of drug-resistant microbes in the country. Moreover, improper use of antibiotics, infection inhibition, and control safeguards should also be improved to limit further spread. Therefore, it is highly important to explore the alternatives to antibiotics, such as the use of antimicrobial peptides, bacitracin, or lactic acid bacteria must be promoted for the primary control of microbes. Therefore, this in silico based study explores the use of the enzyme methyltransferase sequence as antibiotics against gram-negative and gram-positive bacteria.
MATERIALS AND METHODS
Preparation of Ligand Molecules
The structural information of amoxicillin (AMX) was retrieved from the DrugBank database (https://go.drugbank.com/drugs/DB01060) (Wishart et al., 2008) (Figure 1C). The 3D structure of 23S rRNA [uracil (1939)-C (5)]-methyltransferase RlmD (Pediococcus acidilactici) (Sequence ID: WP_004165491.1) sequence was obtained from the National Centre for Biotechnology Information (NCBI) and modeled using the SWISS MODEL server (Waterhouse et al., 2018) (Figure 1A). The colicin structure was downloaded from the Protein Data Bank (RCSB PDB - 1COL: refined structure of the pore-forming domain of colicin a at 2.4 angstroms resolution) (Figure 1B).
[image: Figure 1]FIGURE 1 | Selected molecules as ligand (A) methyltransferase (purple color), (B) colicin protein (light pink color), and (C) amoxicillin (green color).
Preparation of Receptor Molecules (SWISS-MODEL Workspace/GMQE)
We have accessed the PDB database for the receptor molecules but did not find them. Therefore, the 3D structures of membrane protein (Escherichia coli) (accession no.: APJ97041.1) (Figure 2A) and membrane protein (Staphylococcus aureus) (accession no.: KII21430.1) (Figure 2B) were modeled after retrieving their sequences in the FASTA format from the NCBI and provided as an input for the SWISS MODEL server on the basis of homology approaches (detailed information available in Supplementary Materials).
[image: Figure 2]FIGURE 2 | Selected biomolecules as receptor (A) E. coli membrane protein (light turquoise color) and (B) Staphylococcus aureus membrane protein (golden color).
Model Evaluation
All modeled 3D structures were evaluated using the MolProbity version 4.4 assessment tool integrated in the SWISS-MODEL server (Chen et al., 2010). All-atom structure validation for macromolecular crystallography was carried out.
Molecular Docking
The molecular interaction analysis were executed using the PatchDock online server (https://bioinfo3d.cs.tau.ac.il/PatchDock/) (Duhovny et al., 2002; Schneidman-Duhovny et al., 2005). PatchDock uses a geometry-based molecular docking algorithm as a scoring function. All figures were generated using Discovery Studio Visualizer 2020 (Ventola, 2015; Dassault Systèmes, 2020).
MDS Experimentation
The docking results E. coli_mem, E. coli_mem + COL complexes, and E. coli_mem + MT of complexes were further analyzed by MDS studies using advanced computational techniques. Thus, the MDS environment was created, and simulation study was conducted for 50 nanoseconds (ns) using the GROningen MAchine for Chemical Simulations (GROMACS) tool (2018 version) (Van Der Spoel et al., 2005) developed by the University of Groningen, Netherlands. The simulation in water for complexes E. coli_mem, E. coli_mem + MT, and E. coli_mem + COL was performed by using GROMACS standard protocol.
The simulation for selected complexes, initially, the pdb2gmx module, was utilized and required E. coli_mem, E. coli_mem + MT, and E. coli_mem + COL topology files to be generated, followed by OPLS-AA/L all-atom force field selection.
The solvation step was performed by creating a unit water willed cell cubic box. The energy was minimized by addition of Na+ and Cl- ions for stabilization of the system. Equilibrium setup for the (all complexes) system was essential and created, followed by two-step ensembles NVT and NPT (constant N, number of particles; V, volume; P, pressure; T, temperature) providing constancy and stabilization of the system through complete simulation (Gupta et al., 2020).
GORMACS have many packages, for E. coli_mem, E. coli_mem + MT, and E. coli_mem + COL complexes. MDS analysis, root mean square deviation (RMSD) was analyzed by gmx rms (Kufareva and Abagyan, 2012), root mean square fluctuation (RMSF) was analyzed by gmx rmsf for, gmx gyrate for the calculation of radius of gyration (Rg) (Kuzmanic and Zagrovic, 2010), and gmx. Finally, after a successful 50-ns simulation run, trajectory files and graphical plots were generated by using the xmgrace program (Turner, 2005).
RESULTS
To study the binding interaction of methyltransferase with the cellular protein of gram-positive and gram-negative bacterial pathogens, the ligand and receptor structure was created using SWISS-MODEL (Figures 1A–C, 2A–C). Similarly, the ligand 3D structure of membrane protein (Escherichia coli) and (accession no.: APJ97041.1) and membrane protein (Staphylococcus aureus) (accession no.: KII21430.1) was modeled after retrieving their sequences in the FASTA format from the NCBI and provided as an input for the SWISS-MODEL server on the basis of homology approaches. All modeled 3D structures were evaluated using the MolProbity version 4.4 assessment tool integrated into the SWISS-MODEL server. The model structure information is represented in Table 1, and the local quality of models is represented in Figures 3, 4.
TABLE 1 | Showing quality assessment results of modeled 3D structures.
[image: Table 1][image: Figure 3]FIGURE 3 | Plot showing local quality estimation of (A) methyltransferase, (B) E. coli membrane protein, and (C) Staphylococcus membrane protein.
[image: Figure 4]FIGURE 4 | Plot showing local quality estimation of (A) methyltransferase, (B) E. coli membrane protein, and (C) Staphylococcus membrane protein.
The quality comparison with a non-redundant set of PDB structures is also performed, which is shown in Figure 5. The stability of modeled ligand molecules and receptors was confirmed by the Ramachandran plot (Figure 6), which shows that the modeled 3D structure of membrane protein (Staphylococcus aureus) was the best-predicted structure that had 98.11% amino acid residues in the favored region with no C-Beta deviation (Table 1 and Figure 7A–C).
[image: Figure 5]FIGURE 5 | Plot showing local quality comparison with non-redundant set of PDB structure (A) methyltransferase, (B) E. coli membrane protein, and (C) Staphylococcus membrane protein.
[image: Figure 6]FIGURE 6 | Showing Ramachandran plot for modeled 3D structures of structures (A) methyltransferase, (B) E. coli membrane protein, and (C) Staphylococcus membrane protein.
[image: Figure 7]FIGURE 7 | Showing 3D visualization of E. coli membrane protein (shown in light turquoise color with solid ribbon pattern) interaction with (A) methyltransferase (purple color in ribbon pattern), (B) colicin protein (light pink color in ribbon pattern), and (C) amoxicillin (green color in stick pattern).
Furthermore, the molecular interaction analysis was executed using the PatchDock online server (https://bioinfo3d.cs.tau.ac.il/PatchDock/) (Duhovny et al., 2002; Schneidman-Duhovny et al., 2005; Ansari et al., 2020) (Tables 2 and 3).
TABLE 2 | E. coli membrane protein interaction with methyltransferase, colicin protein, and amoxicillin. In the hydrogen bond column, EC, E. coli membrane protein; MT, methyltransferase; COL, colicin protein; AMX, amoxicillin.
[image: Table 2]TABLE 3 | Staphylococcus membrane protein interaction with methyltransferase, colicin protein, and amoxicillin. In the hydrogen bond column, STP, Staphylococcus membrane protein; MT, methyltransferase; COL, colicin protein; AMX, amoxicillin.
[image: Table 3]E. coli membrane protein interaction with methyl transferase with colicin protein and amoxicillin were analyzed and 3D graphics generated using Discovery Studio Visualizer 2020 (Figure 8).
[image: Figure 8]FIGURE 8 | Showing 3D visualization of Staphylococcus aureus membrane protein (shown in golden color with solid ribbon pattern) interaction with (A) methyltransferase (purple color in ribbon pattern), (B) colicin protein (light pink color in ribbon pattern), and (C) amoxicillin (green color in stick pattern).
The methyltransferase interaction with cellular protein was found to be maximum, due to the maximum PatchDock Score (15808), which was followed by colicin (12864) and amoxicillin (4122) (Table 2; Figures 7A–C). Moreover, the interaction bond was stabilized through the hydrogen bond between methyltransferase, colicin, amoxicillin, and cellular protein; EC: LYS163:N—MT:GLY153:O, EC:ARG150:NH1—COL:ASP24:OD2, and AMX:O—EC:TYR207. Similarly, interaction study with methytransferase, colicin, and amoxicillin with cellular protein of bacterial pathogen S. aureus were found to the maximum with methyltransferase (PatchDock Score: 14024), followed by colicin (PatchDock Score 12790) and amoxicillin (Table 3; Figures 8A–C).
MDS Analysis
Furthermore, after the MDS total experimentation 50 ns run, the analysis was done on the basis of obtained data from RMSD, RMSF, and Rg plot analysis, revealing deviation, fluctuation, and stability of E. coli_mem, E. coli_mem + MT, and E. coli_mem + COL complexes during the whole simulation period. The RMSD values for selected simulated molecules ranged between 0.15 and 0.4 nm (Figure 7A). The observed RMSD values for E. coli _mem, E. coli_ mem + MT, and E. coli_mem + COL complexes were between 0.2 and 0.25 nm, 0.3–0.4 nm, and 0.2–0.25 nm, respectively. In comparison with E. coli_mem, the E. coli_mem + MT, and E. coli_mem + COL complexes showed stability after 20 ns until 50 ns (Figure 7A). The E. coli_mem + MT complex average RMSD value was higher than those of the E. coli_mem and E. coli_mem + COL complexes.
RMSF calculation per atom showed a value that ranged between 0.1 and 0.7 nm for protease, E. coli_mem, E. coli_mem + MT, and E coli_mem + COL complexes, and it was observed that for most of the residues, the RMSF value remains near 0.1 nm for all complexes (Figure 9A–C). Furthermore, few fluctuations were observed at the 2000- and 3000-atom regions. (Figure 9B).
[image: Figure 9]FIGURE 9 | Graphical representation (A) RMSD plot of E. coli_mem (black color), E. coli_mem + MT (red color), and E. coli_mem + COL (green color) and showing deviation and stability during 100-ns period. (B) RMSF plot with fluctuation per residues. (C) Radius of gyration (Rg) plot showing compactness of E. coli_mem, E. coli_mem + MT, and E. coli_mem + COL molecule during 50000ps simulation. Where nm, nanometer; ns, nanosecond; ps, picosecond.
Radius of gyration (Rg) analysis is very important for the assessment of the compactness and stability of the protein structure during the whole simulation period. The E. coli_mem Rg plot shows an average value of approximately 1.5 nm. E. coli_mem + MT and E. coli_mem + COL remain stable and show average values near 2.0 and 2.25 nm, respectively. No major fluctuation was observed in Rg plot analysis (Figure 9C).
DISCUSSION
Currently, a formulation of glucose oxidase with other active ingredients was patented. The formulation has been described to has the inhibitory potential against foodborne bacteria Staphylococcus cells and biofilm formation of P. aeruginosa, S. aureus, and methicillin-resistant S. aureus. Honey is rich in nutrient value, glucose oxidase which inhibits P. aeruginosa.
Moreover, breeding of novel honeybee species that have produced more glucose oxidases in order to increase the antibacterial efficacy of the product (Bucekova et al., 2014).
The enzymes like endopeptidases themselves are required for the normal growth of bacteria. Moreover, it also destroyed the bacterial cell well in presence of beta-lactam antibiotics like penicillin (Shin et al., 2016). The antimicrobial potential of many ribosomally synthesized proteins named bacteriocin has been reported to kill or inhibit the growth of gram-positive and gram-negative bacteria (Ahmad et al., 2014; Ahmad et al., 2019). In this study, the protein–protein interaction study was conducted between the methyltransferase and cellular membrane protein of gram-positive bacteria and gram-negative bacteria. The antibiotics amoxicillin and peptide antibiotic colicin, a well-known antimicrobial peptide were studied as a positive control. Colicin is the first potential antimicrobial peptide produced from E. coli bacteria that has a bactericidal effect by forming pores in the inner membrane of nonhost E. coli and damaging the DNA and RNA (Cascales et al., 2007; Jin et al., 2018). The enterococin A, the protein–protein interactions of methyltransferase with cell protein of E. coli was observed to be more significant than that of the colicin and amoxicillin as it has been observed to be the maximum PatchDock score (15808), which is followed by colicin (12864) and amoxicillin (4122). The interaction of cellular protein was also significant for colicin as compared to the amoxicillin (Figure 6).
The endogenous alkaline phosphatase (IAP) enzyme usually localizes to the apical brush border and participates in the de-phosphorylation of bacterial LPS in addition to the un-methylated cytosine-guanosine dinucleotides and flagellin, leading to reduced bacterial toxicity and inflammation responses (Vaishnava and Hooper, 2007).
In animals, the endogenous levels of IAP are reported to decrease at the weaning stage; hence pathogenic gram-negative bacteria (through an LPS-mediated mechanism) can upregulate inflammatory responses, leading to a symptomatic diarrhea. To address this issue, the use of exogenous IAP over-expression systems to modulate the animal’s overall IAP levels, promote gut health, and reduce the associated diarrhea has been suggested.
In a recent study, the effect of intestinal alkaline phosphatase (IAP) and sodium butyrate on LPS-induced intestinal inflammation was evaluated in pigs. The exogenous IAP was able to complement endogenous IAP levels and downregulate LPS-induced inflammatory responses via the RelA/p65 (NF-κB) route, demonstrating that such a treatment may indeed be beneficial in attenuating LPS-induced intestinal inflammation.
Colicin is a well-reported antimicrobial peptide that showed strong inhibition as compared to the repurposing antibiotics (Cascales et al., 2007; Jin et al., 2018). The study sequence of methyltransferase has shown a greater inhibitory potential. Recently, Ahmad et al. reported an antimicrobial peptide of 51 kDa from Lysinibacillus, with close sequence similarity to the methyltransferase (Ahmad et al., 2019). The interactions of methyltransferase, colicin, and amoxicillin were also studied with membrane protein of a gram-positive bacterial indicator, Staphylococcus aureus (Table 3 and Figure 7). The methyltransferase has also been observed to interact more significantly than colicin and amoxicillin. The interaction of colicin with S. aureus membrane protein was also observed to be significant, but it was less than methyltransferase. The antibiotic amoxicillin has also been observed significantly, but it was less than the interaction of methyltransferase. ent A-col E1, an antimicrobial peptide, was recently reported against S. aureus (Simons et al., 2020; Fathizadeh et al., 2020).
CONCLUSION
Enzymes play a significant role for the expression of cellular proteins, cell wall polysaccharides, nucleic acids, and other cellular metabolites that are required for the survival of the cell. The use of enzymes as bacteriophage holins and their membrane-disrupting activity, anti-staphylococcal lytic enzymes, and membrane-targeted enzybiotics has recently been highlighted by much research. This in silico based study also explores the use of methyltransferase against gram-negative and gram-positive bacteria. The active sequences of this enzyme need to be explored. In this regard, we recommended the designing of short peptides using the methyltransferase sequence and evaluation of antimicrobial potential of these peptides that could be beneficial to develop a peptide-based enzymobiotic against gram-positive and gram-negative bacteria and pathogenic bacteria.
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 Cascales, E., Buchanan, S. K., Duché, D., Kleanthous, C., Lloubès, R., Postle, K., et al. (2007). Colicin Biology. Microbiol. Mol. Biol. Rev. 71 (1), 158–229. doi:10.1128/MMBR.00036-06
 Chen, V. B., Arendall, W. B., Headd, J. J., Keedy, D. A., Immormino, R. M., Kapral, G. J., et al. (2010). MolProbity: All-Atom Structure Validation for Macromolecular Crystallography. Acta Cryst. D66, 12–21. doi:10.1107/S0907444909042073
 Chukwuka, , Okonko, I. O., and Adekunle, A. A. (2010). Microbial Ecology of Organisms Causing Pawpaw (Carica papaya L.). Fruit Decay In Oyo State, Nigeria. Amer.-Eur. J. Toxicol. Sci. 2, 43–50. 
 Cooper, R. A. (2013). Inhibition of Biofilms by Glucose Oxidase, Lactoperoxidase and Guaiacol: the Active Antibacterial Component in an Enzyme Alginogel. Int. Wound J. 10, 630–637. doi:10.1111/iwj.12083
 Dassault Systèmes (2020). BIOVIA Discovery Studio Visualizer. [version 2020]. San Diego: Dassault Systèmes. 
 Drago-Serrano, M. E., de la Garza-Amaya, M., Luna, J. S., and Campos-Rodríguez, R. (2012). Lactoferrin-lipopolysaccharide (LPS) Binding as Key to Antibacterial and Antiendotoxic Effects. Int. Immunopharmacol. 12, 1–9. doi:10.1016/j.intimp.2011.11.002
 Duhovny, D., Nussinov, R., and Wolfson, H. J. (2002). “Efficient Unbound Docking of Rigid Molecules,” in Proceedings of the 2'nd Workshop on Algorithms in Bioinformatics(WABI),  (Rome, Italy, September 17–21, 2002). Editors R. Guigó, and D. Gusfield ( Springer-Verlag), 185–200. doi:10.1007/3-540-45784-4_14
 Fathizadeh, H., Saffari, M., Esmaeili, D., Moniri, R., and Salimian, M. (2020). Evaluation of Antibacterial Activity of Enterocin A-Colicin E1 Fusion Peptide. Iran J. Basic Med. Sci. 23 (11), 1471–1479. doi:10.22038/ijbms.2020.47826.11004
 Gupta, S., Tiwari, N., Verma, J., Waseem, M., Subbarao, N., and Munde, M. (2020). Estimation of a Stronger Heparin Binding Locus in Fibronectin Domain III14using Thermodynamics and Molecular Dynamics. RSC Adv. 10 (34), 20288–20301. doi:10.1039/D0RA01773F
 Jin, X., Kightlinger, W., Kwon, Y.-C., and Hong, S. H. (2018). Rapid Production and Characterization of Antimicrobial Colicins Using Escherichia Coli-Based Cell-free Protein Synthesis. Synth. Biol. 3 (1), ysy004. doi:10.1093/synbio/ysy004
 Kikot, G. E., Hours, R. A., and Alconada, T. M. (2009). Contribution of Cell wall Degrading Enzymes to Pathogenesis of Fusarium Graminearum : a Review. J. Basic Microbiol. 49, 231–241. doi:10.1002/jobm.200800231
 Kufareva, I., and Abagyan, R. (2012). Methods of Protein Structure Comparison. Methods Mol. Biol. 857, 231–257. doi:10.1007/978-1-61779-588-6_10
 Kumar, M., Sarma, D. K., Shubham, S., Kumawat, M., Verma, V., Nina, P. B., et al. (2021). Futuristic Non-antibiotic Therapies to Combat Antibiotic Resistance: A Review. Front. Microbiol. 12, 609459. doi:10.3389/fmicb.2021.609459
 Kuzmanic, A., and Zagrovic, B. (2010). Determination of Ensemble-Average Pairwise Root Mean-Square Deviation from Experimental B-Factors. Biophys. J. 98 (5), 861–871. doi:10.1016/j.bpj.2009.11.011
 Sartelli, M., Chichom-Mefire, A., Labricciosa, F. M., Abu-Zidan, F. M., Adesunkanmi, A. K., Ansaloni, L., et al. (2017). Erratum to: The Management of Intra-abdominal Infections from a Global Perspective: 2017 WSES Guidelines for Management of Intra-abdominal Infections. World J. Emerg. Surg. 12, 36. doi:10.1186/s13017-017-0148-z
 Schneidman-Duhovny, D., Inbar, Y., Nussinov, R., and Wolfson, H. J. (2005). PatchDock and SymmDock: Servers for Rigid and Symmetric Docking. Nucleic Acids Res. 33, W363–W367. doi:10.1093/nar/gki481
 Shin, J. M., Gwak, J. W., Kamarajan, P., Fenno, J. C., Rickard, A. H., and Kapila, Y. L. (2016). Biomedical Applications of Nisin. J. Appl. Microbiol. 120, 1449–1465. doi:10.1111/jam.13033
 Simons, A., Alhanout, K., and Duval, R. E. (2020). Bacteriocins, Antimicrobial Peptides from Bacterial Origin: Overview of Their Biology and Their Impact against Multidrug-Resistant Bacteria. Microorganisms 8, 639. doi:10.3390/microorganisms8050639
 Turner, P. (2005). XMGRACE, Version 5.1. 19. Beaverton: Center for Coastal and LandMargin Research, Oregon Graduate Institute of Science and Technology. 
 Vaishnava, S., and Hooper, L. V. (2007). Alkaline Phosphatase: Keeping the Peace at the Gut Epithelial Surface. Cell Host Microbe 2, 365–367. doi:10.1016/j.chom.2007.11.004
 Van Der Spoel, D., Lindahl, E., Hess, B., Groenhof, G., Mark, A. E., and Berendsen, H. J. C. (2005). GROMACS: Fast, Flexible, and Free. J. Comput. Chem. 26 (16), 1701–1718. doi:10.1002/jcc.20291
 Ventola, C. L. (2015). The Antibiotic Resistance Crisis: Part 1: Causes and Threats. P T 40 (4), 277–283.
 Waterhouse, A., Bertoni, M., Bienert, S., Studer, G., Tauriello, G., Gumienny, R., et al. (2018). SWISS-MODEL: Homology Modelling of Protein Structures and Complexes. Nucleic Acids Res. 46, W296–W303. doi:10.1093/nar/gky427
 Wishart, D. S., Knox, C., Guo, A. C., Cheng, D., Shrivastava, S., Tzur, D., et al. (2008). DrugBank: a Knowledgebase for Drugs, Drug Actions and Drug Targets. Nucleic Acids Res. 36, D901–D906. doi:10.1093/nar/gkm958
 Zuo, J., Ling, B., Long, L., Li, T., Lahaye, L., Yang, C., et al. (2015). Effect of Dietary Supplementation with Protease on Growth Performance, Nutrient Digestibility, Intestinal Morphology, Digestive Enzymes and Gene Expression of Weaned Piglets. Anim. Nutr. 1, 276–282. doi:10.1016/j.aninu.2015.10.003
Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Ahmad, Ahmad, Abuzinadah, Al-Thawdi and Yunus. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fgene-12-800587-g005.gif
et eizsced stsconies ks

Racorsis 1eigsconier slzscon<l Kmosel

-SSR, EE,





OPS/images/fgene-12-800587-g006.gif





OPS/images/fgene-12-800587-g003.gif
B8
Locar Cuaty Estinate





OPS/images/fgene-12-800587-g004.gif





OPS/images/fgene-12-800587-g009.gif





OPS/images/fgene-12-800587-g007.gif





OPS/images/fgene-12-800587-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Methyltransferase as Antibiotics Against Foodborne Pathogens: An In Silico Approach for Exploring Enzyme as Enzymobiotics		Introduction

		Materials and Methods		Preparation of Ligand Molecules

		Preparation of Receptor Molecules (SWISS-MODEL Workspace/GMQE)

		Model Evaluation

		Molecular Docking

		MDS Experimentation





		Results		MDS Analysis





		Discussion

		Conclusion

		Data Availability Statement

		Author Contributions

		Funding

		Publisher’s Note

		Acknowledgments

		References









OPS/images/cover.jpg
* frontiers
in Genetics

Methyltransferase as Antibiotics
Against Foodborne Pathogens:
An In Silico Approach for
Exploring Enzyme as
Enzymobiotics





OPS/images/fgene-12-800587-t003.jpg
Serial number

Ligand molecule

Methylransferase

Colicin protein

Amoxicilin

PatchDock score

14024

12790
3544

Hydrogen bonds

STP:LYS36:NZ—MT:GLN286:0E1
STP:GLN42:NE2 —MT:SER154:0
STP:LYS45:NZ—MT:LYS151:0
STP:LYS46:NZ—MT:ARG152:0
MT:GLN135:NE2—STP:MET34:SD
MT:SER154:N—STP:GLN42:0E1
MT:ASN252:ND2—STP:LYS46:0
STP:HIS37:CE1—MT:GLN166:0E1
MT:HIS446:CE1 —STP:VAL36:0

COL:PRO132:CD—STP:ASP26:0D1

STP:ARG58:NH1 —AMX:O
AMX:0O—STP:LEU51:0
AMX:N—STP:PHES5

Hydrogen bonds length
(Angstrom)

3.12548
3.36677
3.28368
2.83486
3.7311
2.89249
2.9043
3.75744
2.56974

2.24668

1.67897
3.26094
3.93687





OPS/images/fgene-12-800587-g001.gif





OPS/images/fgene-12-800587-g002.gif





OPS/images/fgene-12-800587-t002.jpg
Serial number

Ligand molecule

Methyltransferase

Colicin protein

Amoxicillin

PatchDock score

15808

12864

4122

Hydrogen bonds.

EC:LYS163:N—MT:GLY153:0
EC:LYS240:NZ—MT:THR251:0G1
MT:SER111:0G—EC:GLU217:0E1
MT:ASN262:N—EC:ARG201:0
MT:ARG387:NH2 —EC:ASP206:0
MT:ARG387:NH2 —EC:THR210:0G1
EC:LYS163:CA—MT:ARG152:0
MT:ARG418:CD—EC:SER235:0
MT:HIS445:CE1 —EC:THR210:0G1

EC:ARG150:NH1 —COL:ASP24:0D2
EC:THR152:0G1 —COL:GLU17:0E2
EC:LYS246:NZ—COL.LYS6:0
EC:LYS246:NZ—COL:ASN47:0D1
COL:LYS6:NZ—EC:SER256:0
EC:ARG150:CD—COL:GLU17:0
COL:LYS97:CE—EC:HIS179:0
COL:GLY166:CA—EC:GLY274:0XT

AMX:0—EC:TYR207

Hydrogen bonds length
(Angstrom)

291143
3.15602
2.58874
2.39953
1.93498
216363
3.48398
2.69943
3.19989

2.88023
3.36734
29338
3.30611
3.01983
2.74897
222174
3.08932

3.93411





OPS/images/fgene-12-800587-t001.jpg
Model

ideal case
Methyltransferase

Membrane protein (Escherichia col)
Membrane protein (Staphylococcus
aureus)

MolProbity
score

As low as possible
1.04
177
050

Clash
score

0.70
456
0.00

Ramachandran
favored

>98%
95.56%
96.16%
98.11%

Ramachandran
outliers

<0.2%
1.11%
0.81%
0.00%

Rotamer
outliers

<1%
0.51%
1.83%
0.00%

C-Beta
deviations

0
1
2
0









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
’ frontiers
1N Genetics





