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Benchmarking FLAP  

Different benchmarking for comparing the performances of the FLAP software with 

respect to other virtual screening tools have already been performed, always reporting 

promising results.
1,2

 In particular, in 2007, FLAP VS performance was tested and 

compared with those of DOCK, GOLD, and Glide docking methods. Very 

satisfactory results were obtained using FLAP in only a fraction of the time required 

by the other methods (0.5 h for FLAP, against the 6 h for Glide and GOLD and 10 h 

for DOCK).
1
 The analyses were performed on three different targets, i.e. factor Xa, 

thymidine kinase, and estrogen receptor . Ligands were obtained from the MDL 

Drug Data Report. Then, in 2010, FLAP performance was assessed using a subset of 

the DUD dataset containing 13 different targets each with more than 15 different 

chemotype classes. Excellent chemotype enrichments were obtained by both ligand-

based and receptor-based approaches, of approximately 17-fold over random on 

average at a false positive rate of 1%.
2
 

None of the aforementioned studies included PNP as possible target. We thus decided 

to compare FLAP performance in SRC VS with respect to other two well-known 

virtual screening software tools, i.e. Autodock Vina and Glide. 

The results are reported in Table S1 and in Figure S1. For Glide only the AUC values 

given by the SP protocol, giving the best performances, were reported. Overall FLAP 

demonstrated to provide better results in all the different cases, both in terms of global 

AUC and of early enrichment. Moreover, the time necessary for running the VS on 

FLAP is about a few minutes for the considered database, while goes from hours to 

days for Glide and AutoDock Vina, respectively, according to the number of used 

CPUs.   

AutoDock Vina. AutoDock Vina version 1.1.2 was used.
3
 AutoDock Vina is a new 

generation docking software from the Molecular Graphics Laboratory at the Scripps 

Research Institute (La Jolla, CA). It achieves significant improvements in the average 

accuracy of the binding mode predictions, while being two orders of magnitude faster 

than AutoDock 4. 

Input files were prepared with AutoDock Tools. The size of the binding site was 

defined by a box having 15 Å side lengths for X, Y and Z dimensions. The centroid of 

the binding site was set on the cocrystallized DATMe-Immucillin H ligand in the 

3k8o structure and the exploration space was defined in a box having 10 Å side 

lengths. All the other structures were aligned to 3k8o. Since we were interested in the 

ranking, that is, the estimated free energy of binding, and not in the binding poses, 

one binding mode was generated. The energy range was set to 3 kcal/mol. Ligands 

were ranked according to the estimated free energy of binding in an increasing scale. 

The screening of the entire database was performed against all the X-ray structures 

and the ten medoids. 

Glide. All target receptor models were preliminary submitted to the Protein 

Preparation Wizard module as implemented in the Schrödinger 2014-1 suite.
4,5

 Such a 

procedure included optimised position hydrogen atoms and OPLS-2005 force field.
6,7

 

The resulting models were aligned using the CE algorithm.
8-11

 The docking binding 

site was defined, for each target model, by means of a 27,000 Å
3
 regular box centred 

onto the phosphate group located into the chain A active site. Glide
12-15

 energy 

contour grids were computed at standard accuracy level. All target models were 

finally considered for docking simulation with respect to the compounds dataset. The 



ligands conformation variability was taken into account by means of the Glide 

flexible algorithm. The High Throughput Virtual Screening (HTVS), the Standard 

Precision (SP) and the Extra Precision (XP) scoring functions were considered for the 

ligands targets affinity ranking. The screening of the entire database was performed 

against all the X-ray structures and the ten medoids. 

 

 

 

 

 

Table S1. Total AUC calculated for the SRC performed on the X-ray structures and 

on the medoids by FLAP, AutoDock Vina and Glide SP protocol. No value is 

reported for the SRC-3d1v. 

VS FLAP AUC AutoDock Vina AUC Glide SP AUC 

SRC-3k8o 0.85 0.69 0.75 

SRC-apo 0.89 0.67 0.79 

SRC-1v41 0.79 0.76 0.67 

SRC-1pwy 0.89 0.84 0.66 

SRC-3d1v 0.90 * 0.67 

SRC-med0 0.89 0.78 0.73 

SRC-med1 0.85 0.68 0.85 

SRC-med2 0.86 0.68 0.74 

SRC-med3 0.88 0.74 0.74 

SRC-med4 0.85 0.70 0.77 

SRC-med5 0.89 0.70 0.65 

SRC-med6 0.85 0.70 0.78 

SRC-med7 0.92 0.77 0.76 

SRC-med8 0.90 0.67 0.82 

SRC-med9 0.86 0.82 0.83 
*No value is reported because of the impossibility to prepare the input with AutoDock Tools. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S1. 
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Figure S1. Comparison of the ROC curves for the single-structure-VS performed on 

the PNP X-ray structures and on the medoids extracted from the MD trajectory by 

FLAP (black line), AutoDock Vina (dark grey line) and Glide (light grey line). 

 

 

 

 

 

med5 med6 

med7 med8 

med9 



Figure S2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. Backbone RMSD calculated for the PNP MD trajectory with respect to the 

first production frame, showing the structural stability along time. The value of the 

RMSD is around the crystal resolution.  

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3. Superimposed clusters centers for the PNP trajectory. The binding site is 

indicated by the red mesh contour. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S4. 

 

 

 

 

Figure S4. Comparison of the ROC curves for the LDA-SRC-3k8o (light grey line) 

and for the LDA-MRC-3k8o VS (dark grey line). 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S5. 
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Figure S5. Comparison of the ROC curves (left panels) and of the percentage of 

active molecules found in the first 500 ranked molecules (right panels) for the single-

structure-VS and for the MRC-VS performed on the reduced dataset.  

ROC curves (a) and active molecules % (a’) of the SRC-3k8o’ VS  (light grey line) 

and of the LDA-MRC-3k8o’ VS (dark grey line). ROC curves (b) and active 

molecules % (b’) of the SRC-apo’ VS (light grey line) and of the LDA-MRC-apo’ VS 

(dark grey line). ROC curves (c) and active molecules % (c’) of the SRC-1v41’ VS 

(light grey line) and of the LDA-MRC-1v41’ VS (dark grey line). ROC curves (d) 

and active molecules % (d’) of the SRC-1pwy’ VS (light grey line) and of the LDA-

MRC-1pwy’ VS (dark grey line). ROC curves (e) and active molecules % (e’) of the 

SRC-3d1v’ VS (light grey line) and of the LDA-MRC-3d1v’ VS (dark grey line). In 

the case of SRC-1v41’, molecules were ranked according to the H*N1 FLAP score. 
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