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Among the various efforts taken to develop renin inhibitors 
with good bioavailability, only aliskiren arose from the former 
peptidomimetic structures as a successful candidate. Aliskiren 
is the only renin inhibitor launched in the market as 
anti-hypertensive agent [14]. 

In this study, three receptor-based pharmacophore models 
were developed to consider the conformational diversity of the 
active site depending on bound. The MD simulations in general 
consider the conformational dynamics of protein by generating 
an ensemble of protein conformations. Developing a 
pharmacophore model taking into account the conformational 
changes in the active site is rational and will increase the 
reliability of the models [16]. These pharmacophore models 
were used in database screening to identify new and potential 
hits for future drug design. Molecular docking study has 
reduced the probability of picking false positives as potential 
hits. This methodology will be useful in identifying new renin 
inhibitors with similar binding orientation as existing 
compounds. 

II. METHODS 
A. Preparation of Systems 
Among dozens of x-ray crystal structures of human 

renin-inhibitor complexes available in the protein data bank 
(PDB), three complex structures (PDB ID: 3G6Z [15], 3GW5 
[17], and 2V0Z [8]) were selected based on the IC50 value (< 
1.0 nM) and chemical scaffolds of bound inhibitors. These 
selected crystal structures have contained missing region at 
Glu167-Gln170, Leu1-Leu3, and Asn168, respectively. The 
complete structures that were repaired the missing region were 
prepared through the Build Homology Models protocol within 
Discovery Studio (DS) 2.5. 

B. Molecular Dynamics Simulation 
The MD simulations of three renin-inhibitor complex 

structures were performed with GROMOS96 force field using 
GROMACS 4.0.7 package [18]. Initially, all the ionizable 
residues in the protein were protonated at pH7. The topologies 
and charges for each inhibitor were calculated using the 
PRODRG web-server [19]. Each complex was solvated with 
the SPC water molecules. Eight Na+ counter-ions were addedto 
ensure the overall charge neutrality of the system. Energy 
minimization was performed with steepest descent algorithm. 
Then the protein was restrained and the solvent molecules with 
counter-ions were allowed to move during a 100 ps 
position-restrained MD run. The well equilibrated structure 
was then used for 5 ns production runs. The electrostatic 
contributions were calculated using the particle-mesh Ewald 
(PME) algorithm [20] with a direct interaction cut-off of 0.9 nm 
and grid spacing of 0.12 nm. The van der Waals (VDW) forces 
were treated by using a cut-off of 1.4 nm. All simulations were 
executed under periodic boundary conditions with the NPT 
ensemble using the V-rescale thermostat and 
Parrinello-Rahmanbarostat for keeping the temperature (300 K) 
and the pressure (1 bar) constant. Bonds between heavy atoms 
and corresponding hydrogen atoms were constrained to their 
equilibrium bond lengths using the LINCS algorithm [21] and 

the geometry of water molecules was constrained using the 
SETTLE algorithm [22]. The time step for the simulation was 2 
fs and the coordinates were stored every 1 ps. 

C.  Cluster Analysis 
Selection of a representative structure which could represent 

the conformational flexibility of the protein throughout the 
simulation time is crucial. Therefore, three representative 
structures were selected from each simulation trajectory of 
5000 frames saved during the simulation time. The g_cluster 
implemented in GROMACS was used for cluster analysis of 
the trajectories from 2001 ps to 5000 ps. From the RMSD 
comparisons of each snapshot with all the others, clusters were 
generated with the cut-off values of 0.143 nm (3G6Z), 0.128 
nm (3GW5), and 0.120 nm (2V0Z) using gromos method. 

D.  Receptor-Based Pharmacophore Model Generaion 
The three representative structures obtained from the most 

populated clusters were used to generate receptor-based 
pharmacophore models screening the complementary 
pharmacophoric features in the active site of protein. The 
Interaction Generation protocol in DS was used to extract all 
the available hydrophilic and hydrophobic interaction points 
that can be complemented by the bound inhibitor. The 
representative features including hydrogen bond acceptor 
(HBA), hydrogen bond donor (HBD), and hydrophobic (HYP) 
features were selected based on the active site residues. The 
final pharmacophore model consists of the essential 
pharmacophoric features, which are supposed to be present in 
the inhibitor.  

E. Database Screening and Drug-Like Filtration 
The three receptor-based pharmacophore models were used 

as 3D structural queries in database screening in order to find 
potential hit compounds suitable for further progress. The 
screening calculation was carried out using the Ligand 
Pharmacophore Mapping protocol with the Best/Flexible 
search option in DS. Two chemical databases containing 
diverse chemical compounds were used in database screening. 
The fit value for filtering hit compounds was set based on the fit 
values of already known renin inhibitors. Hit compounds with 
higher fit value than any of the fit value of known most active 
compounds were selected and checked for their drug-like 
properties using Lipinski’s rule of five and ADMET filters 
using DS. Final hit compounds that passed all of these 
screening tests were selected and used in molecular docking 
study. 

F. Molecular Docking and Interaction Energy 
Molecular docking studies for final hit compounds were 

performed using GOLD 4.1 program [23]. The active sites of 
three representative structures were defined with a radius of 10 
Å around the bound inhibitor. All hit compounds from database 
screening along with the bound inhibitors in three crystal 
structures were docked into the active site. The Maximum save 
conformations was set to 10 and the Early Termination was set 
as 5 to skip the calculation if the RMSD between any of the 5 
docked conformations is less than 1.5 Å. Energy minimization 
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