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Abstract 

GntR is the protein present in the B.Subtilis (a gram-positive, rod-shaped bacteria), Here is              

the study and docking of DNA with GntR and Analysis of the interactions of protein GntR                

docked with Gluconate. 

So, for the GntR sequence, here we find a model template and align that to the sequence to                  

make a model which is further used for the study of interactions. 
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1.Introduction 

1.1 Theory 

1.1.1 Transcriptional regulation 

Regulation is, we all know, controlling something. Transcription is a process where RNA is              

made from DNA template with the help of none other than an RNA polymerase. So, with                

this, transcriptional regulators come out to be understood as the controlling factors which             

regulate the rate of gene transcription either by promoting or hindering RNA polymerase             

binding to DNA template. The regulators involved in a huge range of mechanisms in order to                

increase or decrease the production of RNA or ultimately of proteins. There are different              

types of factors that help in the transcriptional regulation. There are promoters, sigma factors,              

co-activators and  co-repressors. 

· Promoter is that region of DNA template which initiates the process of transcription              

of particular gene. 

· Sigma factors are bacterial co-factors that join with the RNA polymerase to encode              

sequence specificity. 

· Co-activators and Co-repressors are nothing but proteins working with other           

transcription factors to increase and decrease the rate of transcription respectively. 

If we look at the prokaryotes transcription is taken care of by 3 main elements viz.                

Promoters, Operators(recognise repressors to inhibit the process of transcription) and          
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Positive control elements. In prokaryotes the entire process depends on the work of             

promoters and presence of activators and repressors. Repressors would take on the            

promoter’s location and inhibit further RNA polymerase binding with the template. 

Transcriptional regulation in eukaryotes is much more complex than that in prokaryotes due             

to large number of proteins involved and presence of introns in the former. Basically, in               

eukaryotes, we find three types of polymerases as RNA Pol 1, Pol 2 and Pol 3, each having                  

specific targets and activities and individual mechanisms. Moreover the DNA is highly            

coiled around histones and thus assistance is required from other factors in the nucleus for               

making the gene accessible to polymerase. Just like we have sigma factors in bacteria, there               

are General Transcription factors (GTFs) which help in stabilizing binding interactions and            

opening of DNA helix to help RNA polymerase access the DNA template. 

After the binding of polymerase of DNA template , some other proteins help in elongating               

the nascent RNA strand. This process is called as promoter escape. Here the process can be                

accelerated or retarted by the regulatory elements.  

 

1.1.2 D-Guconate 

D-gluconate is a gluconate which is having D-configuration of it. ​Dextrorotation and            

levorotation are used ​to distinguish chiral organic compounds structure​. Gluconate have a            

role as a human metabolite.It is a conjugate base of Gluconic acid which is an organic                

compound with​ molecular formula C​6​H​11​O​7​ (1).  

In aqueous solution of neutral pH it forms the gluconate ion. The sal​t​s of gluconic acid are                 

known as "gluconates.''  
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https://en.wikipedia.org/wiki/Salt_(chemistry)


Fig. 1.1 Gluconate ion 

 

 

1.1.3 GntR 

GntR(Gluconate operon repressor) is a protein which is present in the B. subtilis is a                

gram-positive bacteria which is also present in the mammalian gut. ​Many ​bacterial            

transcription regulation ​proteins bind ​DNA through a ​helix-turn-helix (HTH) motif, which           

can be classified into subfamilies on the basis of ​sequence similarities. The HTH GntR              

family has many members distributed among diverse ​bacterial groups that regulate various            

biological processes. It was named GntR after the ​Bacillus subtilis ​repressor of gluconate             

operon​(10). Gluconate operon of Bacillus subtilis includes the gntR, gntK, gntP, and gntZ             

genes, respectively encoding the transcriptional repressor of the operon, gluconate kinase, the            

gluconate pe​rmease, and an unidentified open reading frame. So here we are doing the              

modelling and docking analysis of GntR  docked with D-Gluconate(6). 
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1.2 Software used 

             Here is the software list, which are used. 

1) PyMol 

2) Autodock vina(12) 

3) Modeller 

4) VMD(8) 

5) LigPlot 

 

 

 

1.3 PDB file 

The PDB stands for Protein data bank which is provided by (​www.rcsb.org​)(2). PDB file              

gives us information about 3D structures (atomic coordinates) of protein and nucleic acids. ​It              

provides a standard representation for macromolecular structure data derived from X-ray           

diffraction and NMR studies.  

Protein Data Bank was developed in the 1970s and today Protein Data Bank has a lot of                 

proteins data in a PDB file format which can be freely accessible to anyone for their                

simulation purposes. 
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http://www.rcsb.org/pdb/static.do?p=file_formats/pdb/index.html


 

Fig. 1.2 PDB File  

 

 

 

1.4 Modeller 

Modeller is a computer program which used for homology modelling of unknown sequences             

to make models with template proteins. It works on the method of protein NMR, termed               

satisfaction of spatial restraints. 

To make a model we have to find a template for our sequence through BLAST and then do                  

alignment of sequences( position by position equivalence to the template)(3) 
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fig.1.3 Modeller’s function 

In Modeller, we do alignment of the sequence with a template then extract spatial restraints 

and then satisfy spatial restraints. 

 
 

1.5 Docking 

When two molecular structure a receptor and a ligand binds together to give the stable               

complex in which they have a good binding affinity. The receptor (Protein) is host molecule               

commonly bigger in size in which the ligand which is smaller in size get docked in such                 

orientation that they have strong bonding(5). 

Molecular docking has become an increasingly important tool for drug discovery due to its              

ability to find the good conformation and great binding affinity of the small-molecule ligand              

to the receptor(protein). (4) 

There are software in which we can do docking by computational methods like we have used                

Autodock Vina plugin in PyMol. 

 

 

 Currently available docking tools ​(3) 

 

Docking 

tool 

License 

terms 

URL Reference 
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Autodock Freeware http://autodock.scripps.edu/ Forli ​et al​. 

(2016) 

PatchDoc

k 

Freeware https://bioinfo3d.cs.tau.ac.il/PatchDock/ Schneidman-

Duhovny ​et 

al​. (2005) 

GEMDOC

K 

Freeware http://gemdock.life.nctu.edu.tw/dock/ Yang and 

Chen (2004) 

Autodock 

Vina 

Open-sour

ce 

http://vina.scripps.edu/manual.html Trott and 

Olson (2010) 

rDOCK Open-sour

ce 

http://rdock.sourceforge.net/ Ruiz-Carmon

a ​et al. 

(2014) 

PLANTS Free for 

academic 

use 

http://www.uni-tuebingen.de/ Korb ​et al. 

(2009) 

DOCK Free for 

academic 

use 

http://dock.compbio.ucsf.edu/ Allen ​et al. 

(2015) 

FRED Free for 

academic 

https://www.eyesopen.com/oedocking McGann 

(2011) 

HADDOC

K 

Free for 

academic 

http://www.bonvinlab.org/software/haddock2

.2/ 

Dominguez 

et al.​ (2003) 

    ICM Commercia

l 

https://www.molsoft.com/docking.html Neves ​et al. 

(2012) 

GLIDE Commercia

l 

https://www.schrodinger.com/glide Repasky ​et 

al.​ (2007) 

GOLD Commercia

l 

https://www.ccdc.cam.ac.uk/solutions/csd-di

scovery/components/gold/ 

Verdonk ​et 

al.​ (2003) 
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FlexX Commercia

l 

https://www.biosolveit.de/FlexX/ Kramer ​et al. 

(1999) 

                                             Table 1.1 Docking tools  
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2.Methodology 

2.1 Modelling of protein using Modeller 

After Doing PSI-BLAST search we got 1hw2 as the template for our sequence, we chose it 

because it has a high DOPE score. 

 

GNTR 

>sp|P10585|GNTR_BACSU Gluconate operon transcriptional repressor OS=Bacillus subtilis 

(strain 168) GN=gntR PE=4 SV=2 (GntR Bacillus subtilis) 

 

 

MLDSKDLLYPAKWLSKASTGVRVAYELRMRIVSGLIESGTILSENTIAAEFSVSRSPV

REALKILASEKIIRLERMGAVVIGLTEKKIAEIYDVRLLLETFVFERLVKIDIEPLVKDL

SKILEMMKVSIKYEDADEFSFQDVLFHETIIRAIDHSYIQMIWNNLKPVMESFILLSMR

VRLKEKYEDFTRILDNHELYIQAIKTKDRALMIQSLHQNFDDVQDKVEDLWLSQQM

LAKGAEYNND 

from modeller import * 

from modeller.automodel import * 

#from modeller import soap_protein_od 

 

env = environ() 

a = automodel(env, alnfile='GNTR.ihw2.ali', 

              knowns='GNTR', sequence='GNTR', 

              assess_methods=(assess.DOPE, 

                              #soap_protein_od.Scorer(), 

                              assess.GA341)) 

a.starting_model = 1 
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a.ending_model =100  

a.make() 

 

Figure 2.1  Modelled GntR 

 

2.2 Docking of GntR with DNA and D-Gluconate 

                     Autodock vina plugin in the PyMol software used to visualize the model of a 

protein, which is open-source software. its programing language is python. If the protein is 

capable of making dimer then PyMol adds crystallographic symmetry to that protein and 

make dimer by using align command of PyMol(9). 

After that by Autodock Vina plugin DNA was docked in the protein. It gives different 

structures but we chose one with lowest dope value. To check, our structure RMSF and 

RMSD was done. 

 

 

21 
 



GNTR Docked with Gluconate 

With the help of PyMol and Autodock Vina plugin Gluconate docked to GNTR. 

 

Fig. 2.2  Protein data 

 

Fig 2.3 GNTR docked with Gluconate and DNA 
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Mode  Affinity (kcal/mol) RMSD l.b. RMSD u.b. 

1 -3.9 0.000 0.000 

2 -2.9 1.066 4.994 

3 -2.7 1.436 4.791 

4 -2.2 1.422 1.985 

5 -1.8 1.325 4.703 

6 -1.7 1.427 4.817 

7 -1.6 1.669 3.178 

8 -1.5 2.478 4.417 

9 -1.4 1.079 4.988 

 

Table 2.1 Conformations of docked ligand in proteins 

We used first conformation of the docked ligand because it is showing more negative affinity 

which gibbs free energy with zero RMSD values which better conformation. 
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3 Analysis and Result 

3.1 Ligand-protein interaction 

A ligand which is a small molecule as compared to protein binds itself to the protein with                 

hydrogen bonding ​ionic ​bonds, Van der Waals interactions, etc...Protein are dynamic            

molecules whose functions almost invariably depend on interactions with other molecules,           

and these interactions are affected in physiologically important ways by sometimes subtle,            

sometimes striking changes in protein conformation.A ligand binds at a site on the protein              

called the binding site, which is complementary to the ligand in size, shape, charge, and               

hydrophobic or hydrophilic character.  

We have used LigPlot(11) for finding Protein-Ligand interactions for GntR and DgoR. 

3.1.1GntR 

 

Fig. 3.1 Interactions of ligand in GntR 
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Following residues of protein are interacting with ligand D-Gluconate along with their bond             

length which is shown in figure with its nature of interaction. 

Asp186, Ser175, Arg95, Asp141, His194, His145, Asn216 
 

3.1.2 DgoR 

 

Fig. 3.2 Interactions of ligand in DgoR 
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Following residues of protein are interacting with ligand D-Galactonate along with their bond             

length which is shown in figure with its nature of interaction. 

Arg10, Asn102, Ser220, Glu193, Asn186 

As from both DgoR and GntR we can see that there is a change in interacting residues of the                   
protein DgoR and GntR with their respective ligands D-Galactonate and D-Gluconate, both            
of the protein are modelled using 1hw2 as template. 

 

3.2 DNA-Protein interactions: 

As we have DNA bound to our protein, So there will be interactions, which can regulate the                 

biological function of the DNA, usually expression of genes. Among the proteins that bind to               

DNA are transcription factors that activate or repress gene expression by binding to DNA              

motifs and histones that form part of the structure of DNA and bind to it less specifically(7). 

So here are DNA-Protein interactions before and after the ligand docked to the protein. 

3.2.1 GntR 

Before docking of D-Gluconate 

 

Fig. 3.3 Interactions before docking of ligand part-1 
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Fig. 3.4 Interactions before docking of ligand part-2 

The following residues of DNA and Protein are interacting with each other before docking of 

D-Gluconate with detailed information about bond length etc. can be seen in the above 

figure. 

DG8-LYS63, ARG55 
DG7-GLU74, ARG59 
DG16-ARG75 
DT8-THR19 
DT17-ARG75 
DG6-GLU44 
DG6-ARG59 
DG7-ARG59 
DG7-LYS63 
 

 

After docking of D-Gluconate 

27 
 



 

Fig. 3.5 Interactions after docking of ligand part-1 

 

Fig. 3.6 Interactions after docking of ligand part-2 

The following residues of DNA and Protein are interacting with each other after docking of 

D-Gluconate with detailed information about bond length etc. can be seen in the above 

figure. 

 

DG7-LYS63, ARG55, ARG59 
DG6-ARG59, GLU44 
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DG17-ARG75 
DG16-ARG75 
DG7-GLU74, ARG59 
DG8- ARG55, LYS63 
 

3.2.2 DgoR 

Before docking of D-Galactonate 

 

Fig. 3.7 Interactions before docking of ligand part-1 

 

Fig. 3.8 Interactions before docking of ligand part-2 
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The following residues of DNA and Protein are interacting with each other before docking of 

D-Galactonate with detailed information about bond length etc. can be seen in the above 

figure. 

DG16-TYR62 
DG6-ALA65 
DG7-ARG45,THR1 
DT8-TRH1 
DC9-SER40,LYS4 
DG10-ASN42 
DG8-ARG45 
DT9-TRH1 
DC11-ASN42 
DC10-LYS4,SER40 
DC17-TYR62,ARG61 
DA16-TYR62 
 

After docking of D-Galactonate 

 

Fig. 3.9 Interactions after docking of ligand part-1 
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Fig. 3.10 Interactions after docking of ligand part-2 

The following residues of DNA and Protein are interacting with each other after docking of 

D-Galactonate with detailed information about bond length etc. can be seen in the above 

figure. 

DG7-ARG45,THR1 
DA16-TYR62 
DG17-TYR62,ARG61 
DT8-THR1,LYS4 
DC9-SER40,LYS4 
DG10-ASN42 
DG16-TYR62 
DC11-ASN42 
DC10-SER40 
DG8-ARG45 
DT9-THR1 

As here comparing GntR and DgoR interacting residues before and after docking, we can see               

that both protein’s residues are different which are bound with DNA. 
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