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The plots below sumarize the comparison of docking and shape matching enrichments for CXCR4 and CCR5 receptors. (a) Enrichment curves obtained using several docking and shape matching protocols. (b)  Enrichment 
factor for actives found within the top-ranking 1%, 5% and 10% compounds of the screened databases. The scaffold diversity plots (c, d,  e) sumarize the retrieval rates for 4 families of CXCR4 and 13 families of CCR5 ligands.
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Conclusions

Ligand Based Shape Matching: Spherical Harmonic Shape-Based Consensus Approach (PARAFIT 8.01)

The Diversity Analysis graphs show that, at 10% screened database, all of the CXCR4 scaffolds are found, whereas for CCR5 only AUTODOCK and FRED consensus find them all. Shape matching methods find first 
compounds with a scaffold similar to the query. The Enrichment Comparison results for CCR5 show that AUTODOCK, ROCS Combo Score, PARAFIT, FRED Chemgauss3, Consensus and Shapegauss all give comparable but 
somewhat modest enrichments. The corresponding results for CXCR4 show that Consensus Scoring, Chemgauss3 and FRED consensus are the best of the docking methods but are nonetheless worse than the ligand based 
screening and that the similarity based functions give much better enrichments for CXCR4 than for CCR5. For shape-only comparisons, PARAFIT shape Tanimoto gives generally better results than ROCS and often gives 
comparable results to the ROCS Combo Score in both cases. We are applying these  tools for the identification of anti-HIV compounds whose activity is currently being tested [14] [15].

Overall, our results show that CXCR4 model obtains good enrichments. However, CCR5 enrichments are not as good as those for CXCR4. The CCR5 seems to have a larger binding pocket than CXCR4 and, for this reason, 
it is difficult for docking algorithms to locate feasible binding modes of the known actives. We are working to investigate a distributed binding site hypothesis by extending the SH-base shape-matching algorithm, to be able to 
identify clusters of structural scaffolds from a large set of known actives. A first approach is shown here (PARAFIT Shape Consensus Tanimoto), which uses a “consensus shape”, extracted from the average of the individual 
shapes for the most active ligands in the database belonging to different families, as the query for shape matching superpositions. In this way, the consensus query shape constructed from sterically similar known binders should 
give better virtual screening enrichments than only using a simple shape as the query, as the results for CCR5 shown here. The results obtained seem to corroborate the hypothesis that known CCR5 binders can form two or 
more groups, that is to say, they have two or more binding modes, and thus, a consensus shape representative of different binding modes can improve virtual screening results. 

G protein-coupled receptors (GPCRs) are one of the most exploited groups of drug targets. We compare the application of structure-based and ligand-based virtual screening  tools to find potential HIV entry inhibitors for the 
CXCR4 and CCR5 receptors using structure-based docking tools (AUTODOCK 3.0, GOLD 3.0.1, FRED 2.2.1 and HEX 4.8) and ligand-based shape matching software (PARASHIFT 06, ROCS 2.2 and HEX 4.8).
The comparison between these methods was based on virtual screening of a library containing 4696 presumed inactive drug-like compounds from the MAYBRIDGE [1] library, 248 CXCR4 actives (5 scaffolds) and 354 CCR5 
actives (13 scaffolds) compiled from the literature [2] as reference sets. All ligands were initially protonated at physiological pH, assigned Gasteiger partial charges and  energy minimized using the MMFF94 force field. The 
ligands were then located approximately into their respective receptor binding pockets with the FlexAlign module of MOE06 [3] using the docked TAK779 and AMD3100 as superposition templates for CCR5 and CXCR4, 
respectively. For each receptor we determined the enrichment factors and the diversity in the retrieved molecular scaffolds in the virtual hit lists. Overall, we find that ligand based shape matching searches give better results 
than structure-based docking tools especially for CXCR4 [4]. A new spherical harmonic shape-based virtual screening approach has been developed to improve CCR5 results.

Introduction
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The CCR5 and CXCR4 receptors were homology modelled with MODELLER (backbone + loops) [9] using 
bovine rhodopsin as the template. The CXCR4 loops were refined with CONGEN [10]. Docking was performed 
using AUTODOCK [11], GOLD [12], FRED [13] and HEX [8]. In GOLD, constraints were specified in order to 
obtain binding modes which involved key residues previously identified by site-directed mutagenesis. The 
Docked Energy scoring function (AUTODOCK), the GoldScore and ChemScore scoring functions (GOLD), 
the Chemscore, Oechemscore, Shapegauss, Chemgauss3, Screenscore, Plp, a consensus of these scoring 
functions (FRED), and the Docked energy scoring function (HEX) were used to rank the ligand databases. A 
consensus rank-by-rank score was also calculated using Autodock Docked Energy, Goldscore and 
ChemScore scoring functions.

Structure Based Docking Virtual Screening 
(AUTODOCK 3.0, GOLD 3.0.1, FRED2.2, HEX 4.8)
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Ligand Based Shape Matching Virtual Screening 
(PARASHIFT 06, ROCS 2.2, HEX 4.8)

PARAFIT [5] superposes and compares molecules using spherical harmonic (SH) expansions of the molecular 
surface and local surface properties calculated by PARASURF [6]. ROCS superposes molecules by a solid-
body optimization process that maximizes their Gaussian volume overlaps [7]. We used the PARAFIT and 
ROCS Shape Tanimoto scores (shape fit) and the ROCS Combo score (shape fit + chemistry) to screen the 
databases. Similarly, HEX [8] 3D shape Tanimoto scores were calculated by maximizing the 3D density 
overlap between pairs of colocated molecules using default HEX search parameters. The ligand based virtual 
screening was performed by superposing every one of the database compounds onto a given query molecule
(TAK779 and AMD3100 for CCR5 and CXCR4, respectively). Some example superpositions are shown 
below. In these figures the database compound is in blue/red and the query molecule is colour according to 
atom type (blue:nitrogen, green:carbon, red:oxygen). These examples are shown as spherical harmonic 
surface overlays drawn using HEX.

A new spherical harmonic shape-based virtual screening approach to classify and model diverse groups of  molecules has been developed in PARAFIT 8.01. It uses a fast superposition technique based on spherical harmonic 
decompositions of surface shapes in order to perform rapid and exhaustive comparison and clustering of multiple combinations of ligands in multiple trial superpositions. It allows the construction of a consensus 3D shape query 
from a set of known binders by calculating the average of their individual expansion coefficient vectors. Two examples of shape consensus superpositions are shown below. 
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