
 

 

  
Abstract—3-hydroxy-3-methylglutaryl coenzyme A reductase 

(HMGR) catalyzes the conversion of HMG-CoA to mevalonate using 
NADPH and the enzyme is involved in rate-controlling step of 
mevalonate. Inhibition of HMGR is considered as effective way to 
lower cholesterol levels so it is drug target to treat 
hypercholesterolemia, major risk factor of cardiovascular disease. To 
discover novel HMGR inhibitor, we performed structure-based 
pharmacophore modeling combined with molecular dynamics (MD) 
simulation. Four HMGR inhibitors were used for MD simulation and 
representative structure of each simulation were selected by clustering 
analysis. Four structure-based pharmacophore models were generated 
using the representative structure. The generated models were 
validated used in virtual screening to find novel scaffolds for inhibiting 
HMGR. The screened compounds were filtered by applying drug-like 
properties and used in molecular docking. Finally, four hit compounds 
were obtained and these complexes were refined using energy 
minimization. These compounds might be potential leads to design 
novel HMGR inhibitor. 
 

Keywords—Anti-hypercholesterolemia drug, HMGR inhibitor, 
Molecular dynamics simulation, Structure-based pharmacophore 
modeling. 

I. INTRODUCTION 
HE 3 hydroxy-3-methylglutary coenzyme A reductase 
(HMGR) catalyzes the conversion of HMG-CoA to 

mevalonate using two molecules of NADPH as cofactor and the 
enzyme is involved in rate-controlling step of mevalonate 
pathway which is related with biosynthesis of cholesterol and 
other isoprenoids [1]-[2]. Structure of HMGR was represented 
in Fig. 1. Structurally, human HMGR monomer consists of 
three domains: (1) The small, helical amino-terminal N-domain 
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(2) The large, central L-domian that contains the dimerization 
motif ENVIG (3) The small, S-domain which is inserted into 
the L-domain and contains a NAD(P) binding motif 
DAMGMN [1]. Inhibition of HMGR is considered as effective 
way to lower cholesterol levels so it is drug target to treat 
hypercholesterolemia, major risk factor of cardiovascular 
disease. So far, several statins are well known as HMGR 
inhibitors and some of these drugs are used in treating patients 
with cardiovascular disease. Statins have HMG-like moiety and 
bind to the active site of HMGR instead of substrate [3]. 
However, several reports reveal that statins cause diverse side 
effects such as eczema, sensory disturbances, depression, and 
muscle weakness [4]-[7]. Therefore, there is a need for 
developing HMGR inhibitor design to have potent activity and 
fewer side effects. In this study, to discover novel HMGR 
inhibitor, we performed structure-based pharmacophore 
modeling combined with molecular dynamics simulation 
approach. Four inhibitors including two statins, named as 
rosuvastatin and simvastatin, were used for molecular 
dynamics (MD) simulation study and the representative 
structure of each simulation were selected by clustering 
analysis. Four structure-based pharmacophore models were 
generated using the representative structure of structures of 
each complex. The generated pharmacophore models were 
validated using data set and used in virtual screening process to 
find novel scaffolds for inhibiting HMGR protein. The 
screened compounds were then filtered by applying drug-like 
properties and used in molecular docking calculation. As a 
result, four hit compounds were obtained and these complexes 
were refined using energy minimization. These compounds 
with chemical modifications might be virtual leads for HMGR 
inhibitor design. 
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