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ABSTRACT 
Biofilm is an essential requirement of microbes 

for its propagation and it helps in self-defense against 

antibiotics and adverse environmental factors. But a boon 

for bacteria has unfavorable economic and health 

implications on humans. The sheer scale of biofilm 

formation makes it very difficult for a prepared industrial 

inhibitor to be economically feasible. This is where Phyto-

chemicals can be used as a potential inhibitor because of its 

low cost of production and easy availability to be used on 

such a large scale. In this study, we aim to find a potential 

Phyto-chemical ligand for a Cellulose synthesizing protein 

BcsF for Salmonella typhimurium (strain LT2 / SGSC1412) 

which is one of the leading species of microbe that 

responsible for a biofilm-forming matrix. By screening 

antibacterial Phyto-chemical against our protein, we found 

that Procyanidin (Pubchem id 124017) had the least 

binding energy, which can be taken as a probable anti-

biofilm agent for experimental validation. 

 

Keywords- phyto-chemical, simulation, homology 

modeling, virtual screening, docking. 

 

 

I. INTRODUCTION 
 

Biofilms are non-motile microbe communities 

that are stabilized by an extracellular matrix of cross 

linking proteins, nucleic acids and polysaccharides. 

Because of  their capacity to reduced susceptibility to 

antimicrobial treatments and  their ability to adhere to 

surfaces, matrix forming bacteria are responsible for a 

high number of nosocomial infections [1-2]. Therefore a 

deeper explanation of how biofilm formation occurs and 

how various bacteria bio synthesize and secrete 

extracellular polysaccharides are urgently required and 

capable low-cost molecules to hinder it[3]. 

Microorganism that attach to a non-motile surface and 

grow as a biofilm are safeguarded from eradication by 

antibiotics. In biofilms, slow growth, nutrient deficit, 

poor antibiotic penetration, prolonged stress, and 

formation of persister cells are thought to create a multi-

layered defense. In the food processing industries, the 

presence of these Biofilms forming microorganism can 

cause severe consequences down the line to individuals 

health due to the risk of increasing food borne 

complication and outbreak[4-6]. 

It also increase the  loss to the business by 

decreasing  the self life of the food products, increasing 

the merchandise decay, interfering with the warmth 

transfer processes, elevating the corrosion rate at the  

surfaces, and additionally, as a result of product could 

also be thought of adulterated and subject to recall[7-11].  

Presently, several researchers were conducted that was 

able to identify improved strategies for Biofilms 

formation minimization[11-18]. Thus, considering 

Phytochemicals and the fact that these compounds are 

considered to be an essential part of both animal and 

human diets thus it becomes essential to study their 

activity against bacterial biofilms. As previously 

demonstrated by some researchers, Phytochemicals can 

act as a natural anti biolim strategy with a significant 

impact on bacterial extracellular matrix  formation and 

development[19]. The work aims to find the efficiency 

of Phytochemicals as a Biofilm inhibitor for this In silico 

study, the protein bcsF of Salmonella Typhimurium 

(strain LT2 / SGSC1412 / ATCC 700720) was taken 

which takes part in the cellulose synthesis pathway. 

Cellulose is a linear Polysaccharide polymer, that has a 

structural and functional role in bacterial biofilms 

formation by providing a scaffold that safeguards and 

help in the growth of the biofilm[20-22].  

 

II. MATERIALS AND METHOD 
 

1. Sequence Retrivation and Blast Serch 

The primary peptide sequence of our protein 

was obtained from the UniPort Database 

(www.uniprot.org) (UniPort ID Q7CPI8) of Salmonella 

typhimurium (strain LT2 / SGSC1412). The Crystal 

structure of that protein was not found in any established 

protein data bank, so blast search[23] was performed 

against possible homologous sequences with an expected 

threshold of 100 for homology modeling.  

2. Homology Modelling  

Homology modeling is a pretty good way of in 

Silico structure prediction in the absence of experimental 

X-ray or NMR structure. Hence the protein structure was 

build using MODELLER9.22 [24] software. Around 100 

sequences were generated from which the predicted 

model with the lowest DOPE (Discrete Optimized 

Protein Energy) score was taken towards structure 

validation and Ramachandran plot analysis. But as 



  

 197 This work is under Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

ISSN: 2349-8889  

Volume-8, Issue-3 (May 2021) 

 

https://doi.org/10.31033/ijrasb.8.3.24 

 

International Journal for Research in 

Applied Sciences and Biotechnology 

www.ijrasb.com 

BLAST search against Protein Data Bank structures 

gave a result of only three proteins that also with 

sequence similarity of less 50% other ways of protein 

modeling ways were explored. The same sequence 

structure was predicted by using various online serves, 

such as the I-TASSER server[25] (structure with the 

minimum c value was taken), Raptor X[26], Pyre 2[27], 

and galaxy web basted tool GalaxyTBM[28]. 

3. Structure validation  

The quality of the best model obtained by 

Ramachandran plot analysis which wasi measured by 

Ram Page using SAVES meta server comprising of 

PROCHECK [29], VERIFY3D, ERRAT and PROVE 

server. Image production and structure visualization 

were carried out by using PyMol (The PyMOL 

Molecular Graphics System version 1.5.0.4, 

Schrödinger, LLC). 

4. Molecular Dynamics (MD) simulation 

The predicted and validated protein model was 

added with required number of of Na+ and Cl- ions to 

neutralize the charge on the system. Then 9673 water 

molecules were added in a cubic box to replicate the 

native state that a protein is going to exist. Energy 

Minimization was carried out by steepest Descent 

Method for 10000 steps. Isothermal and Isochoric 

simulation was undergone for about 100ps respectively 

till temperature and pressure stabilized at 300K and o bar 

respectively. Finally a 10000ps molecular dynamics 

simulation was carried out. The graphs of RMSD and 

Radius of Gyration was obtained and was visualized 

using qt grace software package.    

5. Virtual Screening, Docking, Complex refinement  

Phytochemicals were downloaded from 

PubChem, and around 20 compounds with antibacterial 

properties were selected. PyRx software was selected for 

virtual screening. The target protein was designated as a 

macromolecule and other 20 phytochemicals as the 

ligands. Because of the absence of any literature on the 

possible binding sites of this protein, blind docking was 

done. The entire protein was taken inside the grid box. 

Energy Minimization was performed on the ligands and 

then proceeded with screening. The top hit compound 

with the least binding energy was then taken for further 

studies in AutoDock. The best binding conformation of 

the three ligand molecules was then put through galaxy 

web protein complex refinement tool. 

 

III. RESULT AND DISCUSSION 
 

The primary sequence of the protein was 

obtained from the UniPort Database (Boeckmann et al. 

2003) Primary accession number: Q7CPI8. Secondary 

accession number(s): Q7AY57 of Salmonella 

typhimurium (strain LT2 /). The protein is of 63 amino 

acids in length, and the molecular weight is 7252 Dalton. 

Blast search result shows E.coli (strain CFT073 / ATCC 

700928 / UPEC) bCSF protein to have a E-value: 1.1e-

35, Score: 286, Identify.: 81.0%, Positives: 87.3% and 

amino acid length of also 63 and plays a role in cellulose 

biosynthesize, which also is essential is biofilm 

formation. The homology model created using Modeller 

provided us with a structure with 56 amino acid 91.8% 

of the residue in the favored region, five amino acid 

8.2% in the favored region, and zero amino acid in the 

disallowed region when checked through Ramachandran 

plot. Raptor X provided structure had few unmodelled 

base pairs which could not be proceeded with 

simulation. I Tasser structure had over more than 10% of 

the residues in the disallowed region. The best structure 

was obtained from the Galaxy Web server with 100% of 

the residue in the favored region; hence, with structure 

was validated again with saves meta server with over 

eight evaluation, the structure showed zero errors two 

warnings and eight passes in different parameters. To 

validate the stability of our predicted protein and to 

verify if the protein could be synthesized under normal 

temperature and pressure Molecular Dynamics (MD) 

simulation study of the energetically stabilized structure 

was carried out using GROMACS v18.1 software. By 

doing Molecular Dynamics Simulation, one can identify 

the various Newtonian forces acting on the residues and 

the potential energy between the atoms. The dynamic 

behavior of our validated protein structure was analyzed 

in a solvated system with different Gromacs in-build all-

atom force fields for 10000ps. The RMSD and Radius of 

Gyration were obtained and viewed by qt Grace 

software. The RMSD (root mean square had a peak 

around 2300ps after that from 2500ps onwards. It 

showed a steady decline), indicating the protein stability 

is increasing. The Radius of Gyration of a molecule is a 

measure of its stability when present in its natural 

conditions. If a macromolecule is stably folded, it will 

likely maintain a relatively constant value of Rg. If a 

protein opens up, its Rg will change over time. The 

protein seems to remain folded around 6000ps. Still, 

after that, the gyration seems to fluctuate, but with a 

simultaneous decrease in the RMSD value indicating the 

protein may be having a stable conformational change, 

Phytochemicals with antibacterial activity were selected 

and downloaded from PubChem server. All the 

phytochemicals were loaded as ligands in the Pyrx 

workspace. Protein was contained in a grid box with 

coordinates X:40.58 Amstrong Y:57.85 z:39.4. Energy 

minimization was done on all the ligands to avoid any 

steric hindrance, and virtual screening was done with the 

highest hit molecule was Procyanidin (PubC hem ID 

124017). Then the ligand and protein docking was 

verified and analyzed using AutoDock tool, the grid box 

was generated with as spacing of 0.442 Amstrong 

X:269.22 Y:169.87 Z:87.919, About ten pose was 

generated from which the least energy binding state was 

selected and was visualized by PyMol software to find 

out the residue binding and the distance between the 

ligands.
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Fig. 1: Ramachandrana Plot of the protein that is to be taken for Molecular Dynamics Simulation
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Fig. 2: Quality maps obtained from Saves meta server

 

 

Fig. 3: Molecular dynamic  simulation analysis. Root Mean Square Deviation of protein bCSf(black line )and radius 

of gyration of the protein in different axis(color lines). 
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Fig. 4: Interaction of bcsf protein docked with Procyanidin shows stable binding and cnformation. 

 

 

Table 1 

RESIDUE NAME RESIDUE NUMBER INTER ATOMIC DISTANCE IN AMSTRONG 

Tyrosine 45 1.8 

Arginine 54 2.8 

Threonine 51 2.1 

Arginine 44 2.0 
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