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1 Introduction.

It is known that the preparation of a compound collection has a critical impact on the output of a drug discovery or a chemical biology project 


(Gedeck, et al., 2010; Gleeson, et al., 2011; Hajduk, et al., 2011; Huggins, et al., 2011; Kola, et al., 2004; Oprea, 2002; Smith, 2011) ADDIN EN.CITE . To this end, the FAF-Drugs2 server is a web application which can be used prior to further computations and that filters out unwanted molecules according to a series of pre-defined or user-defined rules 


(Baell, et al., 2010; Lipinski, et al., 1997; McGovern, et al., 2002; Rishton, 1997; Seidler, et al., 2003; van de Waterbeemd, 2009; Workman, et al., 2010) ADDIN EN.CITE . Several computational tasks are performed in the following order: (i) preparation of the input file, (ii) a removal of empty structures, salts, counterions, inorganics, mixtures, duplicates, (iii) a standardization procedure (see below), (iv) a rule-based protonation protocol, (v) a user-defined filtering process which employs simple physicochemical rules, detection of non-druglike or otherwise undesirable functional groups (see online user-guide) and PAINS recognition. In order to assist the use of the FAF-Drugs2 server, a full documentation package is available at http://bioserv.rpbs.univ-paris-diderot.fr/FAF-Drugs/. We note that functional groups may be associated with greatly differing levels of undesirability depending on the intended use of that compound, where it is in the drug discovery cycle, and what other information (such as high potency and good solubility, which would be viewed favourably) may accompany that compound.
2 Standardization procedure.

Fourches et al. recently commented about the importance of applying a standardization procedure prior to property computations (Fourches, et al., 2010). As such, and before the filtering process with FAF-Drugs2, we have implemented a ring aromatization protocol and the normalization of 8 key chemical functions (amine, nitro, carboxylic acid, phosphonamide, amide, sulfonamide, phosphonate and sulfonate). This step is performed with the ChemAxon Standardizer Academic package (www.chemaxon.com (ChemAxon, 2010)) and in-house SMARTS depicting patterns. The reasoning here is that the same chemical function (e.g., nitro) can be written differently in the same input file, leading to possible errors in the computation of some molecular properties. Thus, in order to take into the different possible representations of these 8 common chemical functions, we make use of the SMARTS notation and mine the input compound collection to search for these chemical groups and normalize them accordingly. 

3 Protonation states in FAF-Drugs2 server.

As mentioned in the manuscript, before computing descriptor values, a rule-based protonation protocol is performed via the Pybel AddHydrogens() method (O'Boyle, et al., 2008). This was deemed appropriate in order to reproduce values computed in the original papers describing the methods (e.g., TPSA, rule of five). However, the resulting SDF files are distributed without hydrogen atoms because most 3D structure generators have their own protonation rules or because the users may want to apply some special rules on titratable groups at physiological pH. Yet, if needed, it is possible to directly link the filtered output SDF files to a standard protonation protocol on the Mobyle Portal service http://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal.py?form=OpenBabel. In addition, users can add hydrogen atoms with their own rules using the standalone OpenBabel package version 2.0.2 (-p option and the appropriate pH model file) to protonate compounds at physiological pH. Other recent versions of OpenBabel can be used but in our hands and after numerous tests, the version 2.0.2 seems better.
4 SUBSTRUCTURE SEARCHING.

In addition to the “Frequent Hitters” (Roche, et al., 2002) and the “Promiscuous Inhibitors” (McGovern, et al., 2002), here are detailed the various substructures 


(Baell, et al., 2010; Rishton, 1997; Rishton, 2003) ADDIN EN.CITE  which are detected by the FAF-Drugs2 web-server:

 “Warhead” moieties:

	1_2_dicarbonyl_oxalyl; acyclic_acid_halide; acyclic_thioester; aldehyde; alkyl_halide_noF; alphahalo_ketone_carbonyl; anhydride; aziridine; beta_heterosubstitued_carbonyl; epoxide; halopyrimidine; heteroatom_heteroatom_N_N; heteroatom_heteroatom_N_S; heteroatom_heteroatom_O_N; heteroatom_heteroatom_O_O; heteroatom_heteroatom_S_O; heteroatom_heteroatom_S_S; imine; michael_acceptor; michael_acceptor_cyclic; michael_acceptor_methyl_2_nonynoate; perhaloketone; phosphonate_ester; sulfonic_sulfonate_ester; sulfonyl_halide.




Other problematic moieties:

(please, to know the number of occurrences allowed, see online userguide)
	1_2_dimethoxy; 1_3_cyclohexadiene; 1_4_cyclohexadiene; 1_4_dimethoxy; 4_vinyl_pyridine; HOBT_esters; N_P_S_halides; N_S_beta_halothyl; acrylamide; acyclic_NCN; acyclic_NS; acyclic_acetal; acyclic_acyl_cyanides; acyclic_acylhydrazide; acyclic_alkyne; acyclic_alphahalo_amine; acyclic_ketene; acyclic_n_oxide; acyclic_peroxide; alkyl_halide_F; alkyl_phosphate_acyclic_phosphoric_ester_phosphate; alpha_chlorothiooalkane; aminal_ether; aminothiazole; anthracene; anthraquinone; arenesulfonyl; aryl_halide_I; aryl_halide_X; azide; azo1; azo2; azoalkanal; benzoquinone; benzyl_ether_ester; benzyloxycarbonyl_CBZ; beta_azo_carbonyl; beta_carbonyl_quart_nitro; beta_halo_carbonyl; beta_keto_acid_malonic; beta_lactam; beta_propiolactone; butyl_ether; carbamate; carbamic_acid; carbazide; carbodiimide_azocyanamide; carbonate; carboxylic_acid_halid; chloramidine; cyanidine_derivatives; cyanohydrin; cyclic_n_oxide; cyclic_peroxide; cycloheximide; cyclophosphamide; cyclopropyl; cytochalasin; disulfide; dithioacetal; enamine; fluorenylmethoxycarbonyl_FMOC; halo_alkene; halo_amine; hemiaminal; hydrazine; hydrazone; hydroxamic_acid; hydroxylamine; imidoyl_halide; iodoso; iodoxy; isocyanate; isonitrile; isothiocyanate; lawessons_reagent; maleimide; methylenedioxy; monensin_derivatives; mustard_nitrogen; mustard_sulfur; nitroso; oxime; oxonium; oxyamine; phenanthrene; phenol; phosphanes_phosphines; phosphite; phosphonamide_phosphoramide; phosphonates_phosphonic_acid_phosphonic_ester; phosphonylnitrile_cyanophosphate; phosphoranes; phosphoryl; phtalimides; saponin_derivatives; squalestatin_derivatives; sulfide; sulfinimine; sulfinythio; sulfonamide; sulfone; sulfonic_acid; sulfonimine; sulfonyl_cyanide_nitrile; sulfoxide; terminal_vinyl; tert_butyl_ether; tert_butyldiphenylsilyl; thioamide; thiocarbamate; thiol; thiourea; triazine; triflate; trifluoro; unflanked_pyridyl; urea


“Flagged” moieties: 

	acyclic_halide; alkene; aniline; cyclic_ketone; enol_ether; hemiacetal_hemiketal; methyl_ketone; nitrile; nitro; polyenes; thiophene



5 BANK-FORMATTER SERVICE.

The Bank-Formatter module is a service dedicated to test and format the input files such that they are well handled by the FAF-Drugs2 service. For instance, the utility checks if the input file contains molecule identifiers. Also, since FAF-Drugs2 accepts only SD files, users can run the Bank-Formatter module to convert SMILES input files.

6 SOLUBILITY ESTIMATION Model.

The aqueous solubility estimation proposed in the FAF-Drugs2 service is based on the published ESOL model (Estimated SOLubility) (Delaney, 2004). The derived solubility equation for medicinal sized moecules is :

LogSw = (0.16) – (0.63 x XLOGP3) – (0.0062 x MW) + (0.066 x RB)

· (0.74 x AP)

where XLOGP3 is the logP value obtained with the XLOGP3 program enhanced with experimental logP values extracted from the PHYSPROP database. MW is the Molecular Weight, RB is the number of Rotatable Bounds, and AP is the Aromatic Proportion (the proportion of heavy atoms in the molecule that are in an aromatic ring). MW, RB and AP are internally calculated by the OpenBabel package. In order to evaluate the accuracy of the derived equation implemented in FAF-Drugs2, we analyzed the results obtained for 1112 molecules extracted from the training data set available in the Supporting Information of the ESOL publication. The correlation coefficient R2 was equal to 0.81 when comparing FAF-Drugs2 values with the experimental values and was equal to 0.97 when comparing FAF-Drugs2 values with the ESOL predicted values.

7 pre-defined filters.

The FAF-Drugs2 web-server allows user to use various pre-defined filters:

· in-house drug-like and lead-like filters, according to several publications ( 


(Ajay, et al., 1998; Gleeson, 2008; Oprea, 2000; Pearce, et al., 2006; Verheij, 2006) ADDIN EN.CITE )

· Probe-like filter (Workman, et al., 2010).

· REOS filter 


(Charifson, et al., 2002; Walters, et al., 2003) ADDIN EN.CITE 
· Lipinski-like filter, fitting the Lipinski's Rule-of-five (Lipinski, et al., 1997).

· Rule of three filter (Congreve, et al., 2003).

· ZINC filter (Irwin, et al., 2005).

· CNS filter (Jeffrey, et al., 2010).

· Inhaled - Respiratory filter (Ritchie, et al., 2009).

· Oral filter (Ritchie, et al., 2010)


8 Accuracy of PAINS detection.
FAF-Drugs2 applies the three filters originally developed by Baell et al. (Baell, et al., 2010). According to that publication, these filters detect problematic compound classes in the WEHI 93K HTS library that contain 150 or more analogues (filter A), from 15 to 149 analogues (filter B), and from 1 to 14 analogues (filter C). More details can be found at http://collaborativedrug.com/blog/blog/2010/03/08/guest-blog-dr-jonathan-baell/. In order to evaluate the accuracy of our implemented PAINS SMARTS filters (initially generated by Dr R. Guha http://blog.rguha.net/?p=850. (Guha, 2010)) and optimized by our group) previously published in Sybyl Line Notation (SLN) we compared the PAINS detection by FAF-Drugs2 and the SLN PAINS filters, on a control set of 10,000 structures (available at http://bioserv.rpbs.univ-paris-diderot.fr/FAF-Drugs/infos/) from the WEHI 93K HTS library for PAINS recognition. In Table 1, it can be seen that the vast majority of PAINS are accurately detected by the SMARTS PAINS implementation in FAF2. In fact, there are only 26 substructures with minor differences (shown in bold).

Table 1.  Full comparison of results obtained using original SLN PAINS filters - with substructure filter names as used in the primary publication (Baell, et al., 2010) - and the SMARTS PAINS filters implemented in FAF-Drugs2 web-server.
	
	Number of detections

	PAINS
	SMARTS 
	SLN

	ene_six_het_A
	51
	52

	hzone_phenol_A
	54
	56

	anil_di_alk_A
	55
	55

	indol_3yl_alk
	46
	46

	quinone_A
	38
	39

	azo_A
	31
	31

	imine_one_A
	38
	38

	mannich_A
	27
	27

	anil_di_alk_B
	20
	20

	anil_di_alk_C
	27
	27

	ene_rhod_A
	21
	21

	hzone_phenol_B
	33
	33

	ene_five_het_A
	17
	17

	anil_di_alk_D
	18
	18

	imine_one_isatin
	20
	20

	anil_di_alk_E
	17
	17

	thiaz_ene_A
	19
	19

	pyrrole_A
	14
	14

	catechol_A
	12
	12

	ene_five_het_B
	10
	11

	imine_one_fives
	8
	8

	ene_five_het_C
	11
	11

	hzone_pipzn
	7
	7

	keto_keto_beta_A
	6
	6

	hzone_pyrrol
	3
	3

	ene_one_ene_A
	9
	9

	cyano_ene_amine_A
	4
	4

	ene_five_one_A
	7
	7

	cyano_pyridone_A
	7
	7

	anil_alk_ene
	8
	8

	amino_acridine_A
	5
	5

	ene_five_het_D
	6
	6

	thiophene_amino_Aa
	5
	5

	ene_five_het_E
	5
	5

	sulfonamide_A
	8
	8

	thio_ketone
	3
	4

	sulfonamide_B
	8
	8

	anil_no_alk
	3
	3

	thiophene_amino_Ab
	5
	5

	het_pyridiniums_A
	5
	4

	anthranil_one_A
	2
	2

	cyano_imine_A
	7
	7

	diazox_sulfon_A
	4
	3

	hzone_anil_di_alk
	3
	2

	rhod_sat_A
	1
	1

	hzone_enamin
	4
	5

	pyrrole_B
	5
	5

	thiophene_hydroxy
	2
	2

	cyano_pyridone_B
	3
	3

	imine_one_sixes
	6
	6

	dyes5A
	3
	2

	aphtha_amino_A
	3
	3

	aphtha_amino_B
	2
	2

	ene_one_ester
	4
	4

	thio_dibenzo
	0
	1

	cyano_cyano_A
	2
	2

	hzone_acyl_naphthol
	1
	1

	het_65_A
	4
	4

	imidazole_A
	4
	4

	ene_cyano_A
	1
	1

	anthranil_acid_A
	4
	4

	dyes3A
	0
	2

	dhp_bis_amino_CN
	3
	3

	het_6_tetrazine
	0
	0

	ene_one_hal
	2
	3

	cyano_imine_B
	2
	2

	thiaz_ene_B
	0
	2

	ene_rhod_B
	1
	1

	thio_carbonate_A
	0
	1

	anil_di_alk_furan_A
	0
	0

	ene_five_het_F
	1
	1

	anil_di_alk_F
	1
	1

	hzone_anil
	2
	2

	het_5_pyrazole_OH
	0
	0

	het_thio_666_A
	0
	0

	styrene_A
	1
	1

	ene_rhod_C
	1
	1

	dhp_amino_CN_A
	1
	1

	cyano_imine_C
	0
	0

	thio_urea_A
	1
	1

	thiophene_amino_B
	4
	5

	keto_keto_beta_B
	3
	3

	keto_phenone_A
	1
	1

	cyano_pyridone_C
	1
	1

	thiaz_ene_C
	0
	1

	hzone_thiophene_A
	1
	1

	ene_quin_methide
	3
	3

	het_thio_676_A
	1
	1

	ene_five_het_G
	0
	0

	acyl_het_A
	0
	1

	anil_di_alk_G
	0
	0

	dhp_keto_A
	1
	1

	thio_urea_B
	1
	1

	anil_alk_bim
	2
	2

	imine_imine_A
	1
	1

	thio_urea_C
	2
	2

	imine_one_fives_B
	2
	2

	dhp_amino_CN_B
	0
	0

	anil_OC_no_alk_A
	1
	1

	het_thio_66_one
	1
	1

	styrene_B
	0
	0

	het_thio_5_A
	0
	0

	anil_di_alk_ene_A
	1
	1

	ene_rhod_D
	2
	2

	ene_rhod_E
	0
	0

	anil_OH_alk_A
	2
	2

	pyrrole_C
	0
	0

	thio_urea_D
	1
	1

	thiaz_ene_D
	1
	1

	ene_rhod_F
	1
	1

	thiaz_ene_E
	1
	1

	het_65_B
	2
	2

	keto_keto_beta_C
	1
	1

	het_66_A
	2
	2

	thio_urea_E
	3
	3

	thiophene_amino_C
	0
	0

	hzone_phenone
	0
	0

	ene_rhod_G
	0
	0

	ene_cyano_B
	0
	0

	dhp_amino_CN_C
	1
	1

	het_5_A
	1
	1

	ene_five_het_H
	0
	0

	thio_amide_A
	0
	0

	ene_cyano_C
	0
	0

	hzone_furan_A
	0
	0

	anil_di_alk_H
	1
	1

	het_65_C
	2
	2

	thio_urea_F
	1
	1

	ene_five_het_I
	2
	2

	keto_keto_gamma
	0
	0

	quinone_B
	0
	0

	het_6_pyridone_OH
	0
	0

	hzone_naphth_A
	1
	1

	thio_ester_A
	0
	0

	ene_misc_A
	1
	1

	cyano_pyridone_D
	0
	0

	het_65_Db
	0
	0

	het_666_A
	1
	1

	diazox_sulfon_B
	0
	0

	anil_NH_alk_A
	0
	0

	sulfonamide_C
	0
	0

	het_thio_N_55
	0
	0

	keto_keto_beta_D
	0
	0

	ene_rhod_H
	0
	0

	imine_ene_A
	0
	0

	het_thio_656a
	1
	1

	pyrrole_D
	1
	1

	pyrrole_E
	0
	0

	thio_urea_G
	0
	0

	anisol_A
	1
	1

	pyrrole_F
	0
	0

	dhp_amino_CN_D
	1
	1

	thiazole_amine_A
	0
	0

	het_6_imidate_A
	0
	0

	anil_OC_no_alk_B
	0
	0

	styrene_C
	0
	0

	azulene
	0
	0

	furan_acid_A
	0
	0

	cyano_pyridone_E
	0
	0

	anil_alk_thio
	0
	1

	anil_di_alk_I
	0
	0

	het_thio_6_furan
	0
	0

	anil_di_alk_ene_B
	0
	0

	imine_one_B
	0
	0

	anil_OC_alk_A
	0
	0

	ene_five_het_J
	0
	0

	pyrrole_G
	2
	2

	ene_five_het_K
	0
	0

	cyano_ene_amine_B
	0
	0

	thio_ester_B
	0
	0

	ene_five_het_L
	1
	1

	hzone_thiophene_B
	0
	0

	dhp_amino_CN_E
	0
	0

	het_5_B
	0
	0

	imine_imine_B
	0
	0

	thiazole_amine_B
	1
	1

	imine_ene_one_A
	0
	0

	diazox_A
	0
	0

	ene_one_A
	0
	0

	anil_OC_no_alk_C
	1
	1

	thiazol_SC_A
	0
	0

	het_666_B
	0
	0

	furan_A
	0
	0

	colchicine_A
	0
	0

	thiophene_C
	0
	0

	anil_OC_alk_B
	0
	0

	het_thio_66_A
	0
	0

	rhod_sat_B
	1
	1

	ene_rhod_I
	0
	0

	keto_thiophene
	0
	0

	imine_imine_C
	0
	0

	het_65_pyridone_A
	0
	0

	thiazole_amine_C
	0
	0

	het_thio_pyr_A
	0
	0

	melamine_A
	0
	0

	anil_NH_alk_B
	0
	0

	rhod_sat_C
	2
	2

	thiophene_amino_D
	0
	0

	anil_OC_alk_C
	0
	0

	het_thio_65_A
	0
	0

	het_thio_656b
	0
	0

	thiazole_amine_D
	0
	0

	thio_urea_H
	0
	0

	cyano_pyridone_F
	0
	0

	rhod_sat_D
	1
	1

	ene_rhod_J
	0
	1

	imine_phenol_A
	1
	1

	thio_carbonate_B
	0
	0

	het_thio_N_5A
	0
	1

	het_thio_N_65A
	0
	0

	anil_di_alk_J
	1
	1

	pyrrole_H
	1
	1

	ene_cyano_D
	0
	0

	cyano_cyano_B
	0
	0

	ene_five_het_M
	0
	0

	cyano_ene_amine_C
	1
	1

	thio_urea_I
	0
	0

	dhp_amino_CN_F
	0
	0

	anthranil_acid_B
	0
	0

	diazox_B
	0
	0

	thio_aldehyd_A
	1
	1

	thio_amide_B
	0
	0

	imidazole_B
	0
	1

	thiazole_amine_E
	0
	0

	thiazole_amine_F
	1
	1

	thio_ester_C
	0
	0

	ene_one_B
	0
	0

	quinone_C
	0
	0

	keto_naphthol_A
	0
	0

	thio_amide_C
	0
	0

	phthalimide_misc
	0
	0

	sulfonamide_D
	0
	0

	anil_NH_alk_C
	0
	0

	het_65_E
	0
	0

	hzide_naphth
	0
	0

	anisol_B
	1
	0

	thio_carbam_ene
	1
	1

	thio_amide_D
	0
	0

	het_65_Da
	0
	0

	thiophene_D
	0
	0

	het_thio_6_ene
	1
	1

	cyano_keto_A
	0
	0

	anthranil_acid_C
	1
	1

	aphtha_amino_C
	0
	1

	aphtha_amino_D
	0
	0

	thiazole_amine_G
	0
	0

	het_66_B
	0
	0

	coumarin_A
	0
	0

	anthranil_acid_D
	1
	0

	het_66_C
	0
	0

	thiophene_amino_E
	0
	0

	het_6666_A
	1
	1

	sulfonamide_E
	0
	0

	anil_di_alk_K
	0
	0

	het_5_C
	0
	0

	ene_six_het_B
	0
	0

	steroid_A
	1
	1

	het_565_A
	0
	0

	thio_imine_ium
	1
	1

	anthranil_acid_E
	0
	0

	hzone_furan_B
	0
	0

	thiophene_E
	0
	0

	ene_misc_B
	0
	0

	het_thio_5_B
	0
	0

	thiophene_amino_F
	0
	0

	anil_OC_alk_D
	0
	0

	tert_butyl_A
	0
	0

	thio_urea_J
	0
	0

	het_thio_65_B
	1
	1

	coumarin_B
	0
	0

	thio_urea_K
	0
	0

	thiophene_amino_G
	0
	0

	anil_NH_alk_D
	0
	0

	het_thio_5_C
	0
	1

	thio_keto_het
	0
	0

	het_thio_N_5B
	0
	0

	quinone_D
	0
	0

	anil_di_alk_furan_B
	0
	0

	ene_six_het_C
	0
	0

	het_55_A
	0
	0

	het_thio_65_C
	1
	1

	hydroquin_A
	0
	0

	anthranil_acid_F
	0
	0

	pyrrole_I
	0
	0

	thiophene_amino_H
	0
	0

	imine_one_fives_C
	0
	0

	keto_phenone_zone_A
	0
	0

	dyes7A
	0
	0

	het_pyridiniums_B
	0
	1

	het_5_D
	1
	1

	thiazole_amine_H
	0
	0

	thiazole_amine_I
	0
	0

	het_thio_N_5C
	0
	0

	sulfonamide_F
	0
	0

	thiazole_amine_J
	0
	0

	het_65_F
	0
	0

	keto_keto_beta_E
	0
	0

	ene_five_one_B
	0
	0

	keto_keto_beta_zone
	1
	1

	thio_urea_L
	1
	1

	het_thio_urea_ene
	0
	0

	cyano_amino_het_A
	0
	0

	tetrazole_hzide
	0
	0

	imine_naphthol_A
	0
	0

	misc_anisole_A
	0
	0

	het_thio_665
	0
	0

	anil_di_alk_L
	0
	0

	colchicine_B
	0
	0

	misc_aminoacid_A
	0
	0

	imidazole_amino_A
	0
	0

	phenol_sulfite_A
	0
	0

	het_66_D
	0
	0

	misc_anisole_B
	0
	0

	tetrazole_A
	1
	1

	het_65_G
	0
	0

	misc_trityl_A
	1
	1

	misc_pyridine_OC
	1
	1

	het_6_hydropyridone
	0
	0

	misc_stilbene
	0
	0

	misc_imidazole
	0
	0

	anil_NH_no_alk_A
	0
	0

	het_6_imidate_B
	0
	0

	anil_alk_B
	0
	0

	styrene_anil_A
	0
	0

	misc_aminal_acid
	0
	0

	anil_no_alk_D
	0
	0

	anil_alk_C
	0
	0

	misc_anisole_C
	0
	0

	het_465_misc
	0
	0

	anthranil_acid_G
	0
	0

	anil_di_alk_M
	0
	0

	anthranil_acid_H
	0
	0

	thio_urea_M
	1
	1

	thiazole_amine_K
	0
	0

	het_thio_5_imine_A
	0
	0

	thio_amide_E
	0
	0

	het_thio_676_B
	0
	0

	sulfonamide_G
	0
	0

	thio_thiomorph_Z
	0
	0

	aphtha_ene_one_A
	1
	1

	aphtha_ene_one_B
	0
	0

	amino_acridine_A
	0
	0

	keto_phenone_B
	0
	0

	hzone_acid_A
	0
	0

	sulfonamide_H
	0
	0

	het_565_indole
	1
	1

	pyrrole_J
	0
	0

	pyrazole_amino_B
	0
	0

	pyrrole_K
	0
	0

	anthranil_acid_I
	0
	0

	thio_amide_F
	0
	0

	ene_one_C
	0
	0

	het_65_H
	0
	0

	cyano_imine_D
	0
	0

	cyano_misc_A
	0
	0

	ene_misc_C
	1
	1

	het_66_E
	0
	0

	keto_keto_beta_F
	0
	0

	misc_naphthimidazole
	0
	0

	aphtha_ene_one_C
	0
	0

	keto_phenone_C
	0
	0

	coumarin_C
	0
	0

	thio_est_cyano_A
	0
	0

	het_65_imidazole
	0
	0

	anthranil_acid_J
	0
	0

	colchicine_het
	0
	0

	ene_misc_D
	0
	0

	indole_3yl_alk_B
	0
	0

	anil_OH_no_alk_A
	0
	0

	thiazole_amine_L
	0
	0

	pyrazole_amino_A
	0
	0

	het_thio_N_5D
	0
	0

	anil_alk_indane
	0
	0

	anil_di_alk_N
	0
	0

	het_666_C
	0
	0

	ene_one_D
	0
	0

	anil_di_alk_indol
	0
	0

	anil_no_alk_indol_A
	0
	0

	dhp_amino_CN_G
	0
	0

	anil_di_alk_dhp
	0
	0

	anthranil_amide_A
	0
	0

	hzone_anthran_Z
	0
	0

	ene_one_amide_A
	0
	0

	het_76_A
	0
	0

	thio_urea_N
	0
	0

	anil_di_alk_coum
	0
	0

	ene_one_amide_B
	0
	0

	het_thio_656c
	0
	0

	het_5_ene
	0
	0

	thio_imide_A
	0
	0

	dhp_amidine_A
	0
	0

	thio_urea_O
	0
	0

	anil_di_alk_O
	0
	0

	thio_urea_P
	0
	0

	het_pyraz_misc
	0
	0

	diazox_C
	0
	0

	diazox_D
	0
	0

	misc_cyclopropane
	0
	0

	imine_ene_one_B
	1
	1

	coumarin_D
	0
	0

	misc_furan_A
	0
	0

	rhod_sat_E
	0
	0

	rhod_sat_imine_A
	0
	0

	rhod_sat_F
	0
	0

	het_thio_5_imine_B
	0
	0

	het_thio_5_imine_C
	1
	1

	ene_five_het_N
	0
	0

	thio_carbam_A
	0
	0

	misc_anilide_A
	0
	0

	misc_anilide_B
	0
	0

	mannich_B
	0
	0

	mannich_catechol_A
	0
	0

	anil_alk_D
	0
	0

	het_65_I
	0
	0

	misc_urea_A
	0
	0

	imidazole_C
	1
	1

	styrene_imidazole_A
	0
	0

	thiazole_amine_M
	0
	0

	misc_pyrrole_thiaz
	0
	0

	pyrrole_L
	0
	0

	het_thio_65_D
	0
	0

	ene_misc_E
	0
	0

	thio_cyano_A
	0
	0

	cyano_amino_het_B
	1
	1

	cyano_pyridone_G
	0
	0

	het_65_J
	0
	0

	ene_one_yne_A
	0
	0

	anil_OH_no_alk_B
	0
	0

	hzone_acyl_misc_A
	0
	0

	thiophene_F
	0
	0

	anil_OC_alk_E
	0
	0

	anil_OC_alk_F
	0
	0

	het_65_K
	1
	1

	het_65_L
	0
	0

	coumarin_E
	0
	0

	coumarin_F
	0
	0

	coumarin_G
	0
	0

	coumarin_H
	0
	0

	het_thio_67_A
	0
	0

	sulfonamide_I
	0
	0

	het_65_mannich
	0
	0

	anil_alk_A
	0
	0

	het_5_inium
	0
	0

	anil_di_alk_P
	0
	0

	thio_urea_Q
	0
	0

	thio_pyridine_A
	0
	0

	melamine_B
	0
	0

	misc_phthal_thio_N
	0
	0

	hzone_acyl_misc_B
	0
	0

	tert_butyl_B
	0
	0

	diazox_E
	0
	0

	anil_NH_no_alk_B
	0
	0

	anil_no_alk_A
	0
	0

	anil_no_alk_B
	0
	0

	thio_ene_amine_A
	0
	0

	het_55_B
	0
	0

	cyanamide_A
	0
	0

	ene_one_one_A
	0
	0

	ene_six_het_D
	0
	0

	ene_cyano_E
	0
	0

	ene_cyano_F
	0
	0

	hzone_furan_C
	0
	0

	anil_no_alk_C
	0
	0

	hzone_acid_D
	0
	0

	hzone_furan_E
	0
	0

	het_6_pyridone_NH2
	0
	0

	imine_one_fives_D
	0
	0

	pyrrole_M
	0
	0

	pyrrole_N
	0
	0

	pyrrole_O
	0
	0

	ene_cyano_G
	0
	0

	sulfonamide_J
	0
	0

	misc_pyrrole_benz
	0
	0

	thio_urea_R
	0
	0

	ene_one_one_B
	0
	0

	dhp_amino_CN_H
	0
	0

	het_66_anisole
	0
	0

	thiazole_amine_N
	0
	0

	het_pyridiniums_C
	0
	0

	het_5_E
	0
	0


9 Freely available compound libraries and PAINS detection.
Table 2 gives an example of a descriptive analysis that can be performed with FAF-Drugs2. Herein the proportion of PAINS detected in various freely available compounds libraries is enumerated. We note that the percentage is relatively low in all cases but as the compound collections are generally large, this still involves a significant number of molecules.

Table 2.  Results of PAINS detection in four public compound libraries. Percentage of problematic compounds are detailed for Filters (see Table 1) A, B, and C, according to Baell et al (Baell, et al., 2010).

	Database (no of compds)
	Filter A
(%)
	Filter B
(%)
	Filter C
(%)
	Total
(%)

	ZINC Purchasable (20.7 106)
	3.54
	1.1
	0.35
	4.9

	ChEMBL  (757,845)
	3.02
	0.58
	0.24
	3.84

	BindingDB (345,271)
	1.24
	0.62
	0.16
	2.02

	DrugBank Small (6,426)
	1.5
	0.95
	0.35
	2.8


10 FAF-Drugs2 web-server performance.

In order to estimate the time required by the web-server to process a collection, we performed several tests. Table 3 reports the time needed to process different sizes of randomly chosen compound libraries. 

Table 3. Average time in minutes obtained for various sizes of databases.
              (e.g. 5K means 5000 compounds)

	Selected Filter
	5K
	10K
	15K
	25K
	30K
	40K
	50K

	ZINC only
	10
	24
	81
	96
	111
	147
	184

	ZINC 

+substructures

+ PAINS
	13
	32
	90
	117
	156
	196
	152
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