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ABSTRACT 
 

TGF-β type I protein is an interesting and significant molecule in the cancer progression. The altered ratios of the TGF-

β type I receptor leads to oncogenic functions from its tumor suppressor activity. The present study was car- ried 

out to develop the suitable inhibitors for the treatment of cancer by targeting TGF-β type I receptor. Hence, 1H-

benzoimidazole ((R)-1-(1H-benzo[d]imidazol-1-yl)-3-(cyclohexyl   methoxy)   propan-2-ol)   molecule was   screened by 

3D QSAR study using “PHASE” module of Schrodinger to inhibit TGF-β type I protein and the molecular dynam- ics 

simulations of the complexes of TGF-β type I was also carried out. This study identified the binding modes of the 

inhibitors and the lead compound which showed an interaction with His283 of TGF- β type I and the results was 

similar to that of docking study. The result is crucial for inhibiting TGF-β type I receptor. The compound which was 

identified is a good initiation for further in vitro studies to develop drug molecule to treat cancer. 
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INTRODUCTION 

Transforming Growth Factor (TGF) is  playing pivotal 

role in cancer progression and the members of mam- 

malian TGF-β are namely, TGF-β1, TGF-β2 and TGF-β3 

(Kingsley, 1994). The TGF-β is the member of a large 

family of cytokines which plays a significant role in cel- 

lular differentiation, proliferation, and state of activa- 

tion of various cell types including immune cells. In 

addition to these, TGF-β also induces the formation of 

a heteromeric transmembrane serine/threonine kinase 

receptor complex to activate their biological process. 

The intracellular signaling of the receptors occurs 

through the activation of Smad proteins and specific 

Smads gets phosphorylated with the association of 

other Smad proteins (Dennler, 2002). The antiprolifera- 

tive effects of the TGF-β gets inhibited due to the inac- 

tivation or the impairment in the expressions associat- 

ed signaling pathway of TGF-β type I and II will lead to 

the co-operation for the formation of cancer cells (De, 

2000). Considering all these facts, targeting the TGF-β 

type I receptor as the drug target will create a protec- 

tion in the TGF-β signaling pathway to treat cancer. 

The derivates of benzimidazole, a class of nitrogen con- 

taining heterocyclic compounds associated with an 

extensive range of therapeutic activity such as, antihis- 
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tamine (Wang, 2012), anticancer (Sharma, 2013), anti- 

bacterial (Jardosh, 2013), antifungal (Kucukbaya, 2003), 

anti-inflammatory as well as antioxidant (Kus, 2008), 

antianalgesic   (Arora, 2014), antiulcer (Jain, 2007) and 

so on. The broad antitumor properties associated with 

benzimidazole showed continuing interest in the 

treatment of cancer (Patel, 2011). 

 

 

Figure 1: The structure of (R)-1-(1H-benzo[d]imidazol- 1-

yl)-3-(cyclohexyl methoxy) propan-2-ol used for the 

molecular dynamics simulation. 
 

Hence, the present study explored the opportunity to 

target TGF-β type I with benzo[d]imidazole based anti - 

cancer compounds. Through in silico approach the drug 

design led to the development of novel 1H- 

benzoimidazole derivatives. The molecular dynamic 

simulation study of the docked complex of the ligand 

and the protein were carried out using “Desmond” 

module of Schrodinger to identify the protein ligand 

interactions. From the results of the above study, the 

ligand molecule been considered for further experi- 

mental analysis. 
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MATERIALS AND METHODS 

Molecular docking 

The crystal structure of TGF-β type I receptor (PDB: ID: 

1VJY) with a resolution factor of 2 Å was retrieved from 

Protein data bank (www.rcsb.org)  (Gellibert,  2004). 

The biological units as well as assigned bond orders, 

zero-order bonds to metals, disulfide bonds were cre- 

ated and the missing hydrogens were added to retrieve 

protein using the “Protein preparation wizard” module 

of Schrodinger suite Ver. 2015.4 (Sastry, 2013). Then 

the protein was minimized by using the OPLS-2005 

force field by setting the pH range at 7.0. The minimi- 

zation was kept under control until the root mean 

square deviation (RMSD) average of the non-hydrogen 

atoms gets closer to 0.30 Å. The grid generation was 

made using the “Glide receptor grid generation” mod- 

ule to represent the shape and properties of the recep- 

tor at the active site in accurate scoring for the ligand 

poses. 

Ligand preparation 

The 2D structure of ((R)-1-(1H-benzo[d]imidazol-1-yl)- 

3-(cyclohexyl methoxy) propan-2-ol) was drawn using 

the ChemDraw tool (Nancy, 2006) and saved in .mol 

format (Figure. 1). The ligand was prepared using the 

LigPrep Ver.3.6 module of Schrodinger  suite 2015.4. 

The ligand was minimized using the parameter OPLS- 

2005 force field and further allowed to generate its 

maximum conformers (Schrödinger Lig Prep, 2015). 

Ligand docking 

Grid-based Ligand Docking with Energetics (GLIDE) Ver. 

6.9 (Small -Molecule, 2015) module of Schrodinger 

software was used for docking studies using the force 

field OPLS-2005. Glide program used a grid based 

technique for the ligand docking and it searches for the 

favorable interactions between small molecule or lig- 

ands and the receptor protein. The protein was kept 

fixed and the ligand was keeping flexible during the 

docking. The prepared ligand docked  into the active 

site of the TGF-β type I protein using the ‘extra preci- 

sion’ (XP) Glide algorithm (Balachandran, 2016). 

Molecular dynamic simulation 

Desmond Ver.4.4 (Schrödinger Desmond, 2015) mod- 

ule was  utilized  to study the thermodynamic stability 

of the protein-ligand arrangement. The water model 

TIP3P (Jorgensen, 1998) was used to simulate the wa- 

ter molecules using the force field OPLS2005. The 

boundary regions were set using the orthorhombic 

periodic boundary conditions, which specify the shape 

and size of the repeating unit buffered at 10 Å distanc- 

es. In order to neutralize the system electrically, an 

appropriate sodium ions were added to balance the 

system charge and placed randomly in the solvated 

system. After the protein and ligand complex in the 

solvated system was completed it was further mini- 

mized using the protocol of  Desmond module using 

force field OPLS 2005. Molecular dynamic simulations 

were carried out with the periodic boundary conditions 

in the NPT (Rodrigo, 2015) by keeping the temperature 

and pressure at 300 K and one atmospheric pressure 

using Nose–Hoover temperature coupling with iso- 

tropic scaling (Puneet, 2014). The long ranges of elec- 

trostatic interactions were analyzed using “Particle 

Mesh Ewald” method (Essmann, 1995; Athavan, 2015). 

RESULTS AND DISCUSSION 

Molecular docking 

The binding affinity of the compound to TGF-β type I 

was analyzed using the molecular study. The 4 con- 

formers of 1H-benzoimidazole generated by the Lig- 

Prep were docked into the active site of the protein 

(PDB: ID: 1VJY) (Figure. 2) and the Glide XP docking 

score for the protein with the ligand “1H- 

benzoimidazole” indicates that the ligands exhibited a 

high binding affinity with specific residues  of TGF-β 

type I protein (Table 1). The Glide score of the 4 con- 

formers  in  the ascending order are:- 10.37, -10.26, - 

6.59 and -6.25 kcal/mol. The compound with low Glide 

score i.e -10.37 was considered as a best conformer. 

The Glide energy values  are: 38.51, 35.31, 36.44 and 

36.95 kcal/mol respectively. The evdw and ecoul were 

also calculated to find out the Vander Waals force as 

well as electrostatic interactions and their correspond- 

ing values are: 32.83, 28.91, 31.68 and 32.71 and 5.6, 

6.4, 4.7 and 4.2 respectively. 

The ligand and the protein demonstrated the hydrogen 

bond interaction with the amino acid residues His283 

and Ser280 respectively. The interaction also showed 

hydrophobic interaction with the amino acid residues 

Tyr282, Leu340, Leu260, Ala230, Tyr249, Leu278, 

Phe262, Val279, val231, Ala350, val219 and Ile211 re- 

spectively. The 2D and 3D ligand interaction with the 

protein TGF-β type I diagram is shown in Figure. 3. 

Molecular dynamic simulations 

The docked complex of ligand 1H-benzo[d]imidazole 

and the protein “TGF-β type I” were imported using 

Desmond module. The orthorhombic box with TIP3P as 

a water solvent model was chosen and simulated using 

the OPLS force field. The simulations were kept under 

balanced condition for 5 nano seconds using the Des- 

mond module. The solvent water model with the pre- 

pared complex of ligand-protein is shown in Figure. 4 

and the quality analysis of the molecular dynamic 

simulations is given in Table 2. 

The root mean square deviation (RMSD) plot in Figure. 

5 represents that how stable the ligand is interacted 

with the protein and its binding pocket. In addition to 

these, it also indicates that the 1H-benzo[d]imidazole 

derivative compounds and the TGF-β type I complex 

reached its stable form at 2 nano seconds (ns) and con- 

tinues its stability up to 4 ns. Further chances of the 

complex  may reach its  stability after 5ns. Moreover, 

the interactions of the residues of molecular dynamic 
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Figure 2: The four conformers of the ligand 1H-benzoimidazole derivative generated using the "LigPrep” 

module of Schrodinger. 
 

Figure 3: The 3D and 2D interaction poses from the molecular docking of 1H-benzoimidazole derivative 

with the target protein “TGF-β type I”. 
 

Table 1: The molecular docking results of 4 conformers of 1H-benzoimidazole derivatives with the protein 

“TGF-β type I”. Where, evdw denotes “Vander Waals force of interaction energies”; ecoul represents 

“Coulomb interaction energies”. 

1H-benzoimidazole derivative Glide score Glide evdw Glide ecoul Glide energy (kcal/mol) 

Conformer 1 10. 37 32.83 5.6 38.51 

Conformer 2 10. 26 28.91 6.4 35.31 

Conformer 3 6. 59 31.68 4.7 36.44 

Conformer 4 6. 25 32.71 4.2 36.95 
 

 
Figure 4: Prepared solvent system with the ligand-protein complex for the molecular dynamic simulations. 
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Figure 5: The root mean square deviation plot of 1H-benzoimidazole and TGF-β type I protein complex. 
 

Figure 6: The histogram of fraction of interactions (A) and the 2D interaction diagram predicted using Des- 

mond module for their molecular dynamic simulations (B). 
 

Table 2: The quality analysis set up for the molecular dynamic simulations after equilibrium. 

 
 
 
 
 
 
 
 
 

simulations were similar to that of the docking results. 

The nitrogen atom of 1H-benzo[d]imidazole ring inter- 

acted with the amino acid His283 through hydrogen 

bond to an extend of 82%. It indicates that the ligand 

showed a lead interaction with His283 by hydrogen 

bonding, which is necessary for the inhibitory activity 

of ligand against TGF-β Type I protein (Gellibert et al, 

2004; Fang et al, 2013). The 2D interaction poses and 

the histogram chart of ligand interaction with the pro- 

tein “TGF-β type I” is shown in Figure. 6. The 2D inter- 

action of the simulation studies showed the hydropho- 

bic interaction with the amino acid residues such as, 

Tyr249, Leu340 and Tyr282. 

CONCLUSION 

The molecule 1H-benzoimidazole derivative ((R)-1-(1H- 

benzo[d]imidazol-1-yl)-3-(cyclohexyl methoxy) pro- 

pan-2-ol) were obtained from the screening protocol 

based on the 3D-QSAR study by targeting cancer mark- 

er protein TGF-β type I. The molecule was further stud- 

ied for the comparative analysis using molecular dock- 

ing and dynamics simulations with the protein “TGF-β 

type I” (PDB ID: 1VJY). The likely interactions of the 

amino acid residues with the ligand were predicted, 

analyzed and compared. The study reports that the 

significant hydrogen bond interaction achieved to an 

S.No Properties Statistical parameters 

1 Simulation period 4. 99 

2 Degrees of freedom 71813. 000 

3 Number of atoms 34662. 000 

4 Average total energy (kcal/mol) 96711. 284 

5 Average potential energy (kcal/mol) 18494. 239 

6 Pressure (bar) 0. 005 

7 Volume (Å3) 47299. 32 

8 Temperature (K) 298. 61 
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extent of 82% with residue His283 and the same result 

was observed mutually in molecular docking as well as 

molecular   dynamics   simulations studies. The outcome 

of the study is encouraging to carry forward. 
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