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In-Silico drug design tools are extensively used 
to improve the drug discovery program by 
reducing the cost associated with initial 
screening, exploring  larger chemical space, and 
eliminating the non drug-like molecules at  very 
initial stages of discovery.1-3 With advancement 
in the computational field and development of 
various computational chemistry software 
suites, in-silico approach emerges with greater 
predictive ability in identifying the initial lead 
candidate.4-5 Molecular docking and virtual 
screening are more commonly used these days 
to identify and design  novel inhibitors with a 
rational design approach.  Availability of crystal 
structures of various proteins via open sources 
has made structure-based drug design approach 
increasingly common. In-silico approach has 
been successfully applied to the discovery of 
inhibitors for enzymes such as proteases and 
kinases targeting numerous diseases. Here, we 
specifically discuss two cases of virtual 
screening approach to discover direct and 
allosteric inhibitors of thrombin.6-9 Thrombin is 
a key enzyme involved in regulation of the 
coagulation cascade. Quick search on the NCBI 
database reveals more than 900 structures of 
wild or mutant-type thrombin. A thorough 
understanding of Thrombin structure will 
facilitate designing an inhibitor targeting the 
active site and exosites of thrombin.10-16 Several 
successful attempts have been made to design 
such inhibitors using ligand or structure-based 
drug design approach using various in-silico 
tools. Not only the active site of thrombin, but 
also the allosteric sites were potential targets 
for an efficient inhibitor design. However, 
rationally designing allosteric inhibitors is still 
difficult due to the lack of understanding of 

allosteric connections and shallow nature of its 
exosites.8-9  

Recent work by Sidhu et al13 shows that 
allosteric inhibitors of thrombin were 
discovered using ligand-based virtual screening 
approach. In their study, pharmacophore model 
was generated from a library of allosteric 
inhibitors of thrombin targeting the exosite II of 
thrombin. The important features required for 
mediating allosteric inhibition of thrombin were 
identified. The generated pharmacophore was 
used to perform virtual screening on Zinc 
Database containing a collection of 
approximately one million compounds. The hit 
molecules identified from virtual screening 
were modified to resemble the actual 
structures. Two-step docking filter was applied 
using GOLD docking software to select the hits 
that fit best in binding site. In the first filter, 
docking studies were performed to identify hit 
molecules that bind in a defined binding region 
with high binding score. In the second-step, 
molecules selected from the first filter were 
docked in triplicate. The binding modes 
generated from all three independent runs 
were compared. The molecules with similar 
binding pose in three independent runs were 
selected based on R2 value. The ten molecules 
that were chosen from the library showed good 
binding score and consistent binding poses. 
Three molecules were purchased and sulfated 
using microwave-based sulfation protocol. All 
three molecules showed good thrombin 
inhibition potency and were found to be 
allosteric in nature. Also, the plasma clotting 
studies showed good anti-coagulation activity. 
The present work is a novel in-silico approach to 
identify allosteric inhibitors of thrombin.  
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In another study by Loganathan et al,17 direct 
inhibitors of thrombin targeting the active site 
were discovered. To generate a hypothesis 
model, 40 structurally diverse inhibitors of 
thrombin were selected from the literature. 
These were divided into training and test sets to 
generate a pharmacophore model and to 
validate it, respectively. The best 
pharmacophore model contains two aromatic 
rings, two hydrogen bond donors and one 
hydrogen bond acceptor, which were 
considered as an essential feature for designing 
inhibitors of thrombin. The generated model 
was validated using Fisher’s Randomization 
method. Virtual screening was performed using 
the best predictive model on the vast NCI and 
Maybridge databases to identify potential lead 
candidates, which will be synthesized and 
tested further. A total of 48,227 hits were 
obtained during initial screening. Secondary 
filters such as Lipinski’s Rule and ADME were 
performed to eliminate non-drug like molecules 
leading to a total of 591 molecules that were 
selected to proceed for molecular docking 
studies. Molecular docking studies were 
performed using LigandFit docking program to 
identify the binding mode of molecules in the 
active site of thrombin and to predict the 
binding affinity.  Various scoring functions, 
molecular interactions and binding modes were 
obtained and compared with that of 
Melagatran. Based on these parameters, four 
molecules were selected which are shown to 
perform better than the control group. 
However, some substitutions on these 
molecules were unfavorable for interaction 
with binding sites. Further optimization was 
done by changing the substitutions and a library 
of 40 molecules was generated. Out of the 40 
substitutions, 18 molecules showed good score 
value as compared to control group. These 
molecules were found to have more polar and 
hydrophobic interaction with residues in the 
active site of thrombin. The novelty of these 
molecules was confirmed using Scifinder 
Scholar and Pubchem structure search tools.  

 

Conclusion 

In these studies, pharmacophore model for 
identifying the inhibitors of thrombin targeting 
the active site and exosites of thrombin was 
generated and validated using various in-silico 
drug discovery tools. The best model was used 
to identify the potential lead molecules by 
virtually screening of large databases of 
chemical structures. These potential molecules 
were further filtered using Lipinski’s Rule, 
ADME and molecular docking to select the drug-
like molecules and those that bind to the active 
site similar to known inhibitors of thrombin.  
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