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Abstract: Cutaneous leishmaniasis caused by L. major is the most important clinical form 

of leishmaniasis. The available therapeutic arsenal for its treatment is limited and has low 

efficacy and safety profile [1]. Aiming at circumvent this dilemma Leishmania major 

farnesyl pyrophosphate synthase (LmFPPS) (E.C. 2.5.1.10) has been targeted because it 

catalyzes the rate-limiting step of isoprenoid biosynthetic pathway [2]. The aim of the 

study was to identify potential LmFPPS inhibitors by pharmacophore and docking-based 

virtual screening at natural products catalogs from ZINC15 database 

(http://zinc15.docking.org/). A set of 76 inhibitors was retrieved from literature [3,4] and 

split into training (n = 8; Ki < 1 µM) and test (n = 68; 0.011 < Ki < 7.30 µM) sets for 

evaluation. Hence, 8 inhibitors were employed to build 10 pharmacophore models, using 

GALAHAD default parameters. 6 models with low steric strain (< 100 kcal/mol) were 

probed their ability to recover 68 actives among 6,300 decoys, built within DUD-E server, 

as available in UNITY-3D module. Among pharmacophore models, one of them was 

selected due to higher AUC (0.88) and BEDROC (0.99) values. This pharmacophore 

model has two charged centers and six hydrogen bond donors (HBD) (Fig. 1). These 

features are found in all bisphosphonates inhibitors, thus are essential for biological 

properties. This model was used as template to filtering approximately 85,000 compounds 

from natural products database and after submitted for docking routine on DOCK 6.8 

software (PDB: 4JZX). The redocking was carried out to guarantee that default 

parameters were enough to find acceptable poses (RMSD<2Å) from the crystallographic 

ligand. Once the top scoring pose has a RMSD=0.17Å, only the best ranking pose of 

selected molecules was considered further. After, these parameters were probed for their 

ability to recover actives among decoys (similar to pharmacophore model protocol). This 

analysis showed adequate enrichment rate (AUC=0.99 and BEDROC=0.87) for default 

docking parameters. 148 compounds previously filtered by pharmacophore model (2.88 

≤ QFIT ≥ 52.91) were then docked into the FPPS active site. Finally, 2-top ranked in both 

methods was evaluated by intermolecular interaction profile (Fig. 2). HBond interactions 

occur between ZINC000001529189 and Arg50, Lys263 and Lys206. Interactions 

between the phosphate group of the molecule and ions Ca2+ are present.  The complex of 

the molecule ZINC000039031116 with the LmFPPS shows HBond interactions with 

Asp97, Arg106, Lys206 and Lys263. There is one interaction between Ca2+ and the 
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oxygen of the molecule and the aliphatic chain and heterocyclic ring of the molecule 

forms hydrophobic interactions with Phe93, Thr163 and Gln166. The interactions with 

the divalent ions (Ca2+) occur through the interaction of these with aspartic acid residues 

from the sequence motif DDXXD (D98, D102 and D250) and seem to be crucial for LmFPPS 

inhibition [5]. This approach selected two compounds as potential LmFPPS inhibitors 

from the natural products ZINC database, that can be evaluated by enzymatic assays. 
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Fig.1 Superposimg of top-ranked 

(ZINC000001529189) on 

pharmacophore model 3 (blue 

spheres: charged centers and 

magenta: hydrogen bonding 

donor sites). The molecule is in 

stick model and colored per atom 

(carbon: yellow, nitrogen: blue, 

oxygen: red, phosphorus: orange). 

 

 

 
(A)                                            (B) 

 
Fig.2 Interaction maps between the 2-top ranked molecules: ZINC000001529189 

(A) and ZINC000039031116 (B) and LmFPPS. (Hbonds: black dotted lines, 

hydrophobic interactions: green lines and electrostatic interactions: green dotted 

lines).  

 


