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Specifications table

Subject area Computational Chemistry
More specific subject area Three-Dimensional Quantitative Structure-Activity Relationship
(3D-QSAR) modeling

Type of data Tables, figures

How data was acquired Statistical modeling and online databases

Data format Raw and analyzed

Experimental factors The whole dataset consists of 120 FABP4 ligands and 3000 isosteric
derivatives of BMS309403

Experimental features The 3D-QSAR model has been developed using Forge as software. Che-

mical structure descriptors and pICso were used as variables. Spark was
used for the isosteric replacement

Data source location Department of Drug Sciences, University of Catania, Italy

Data accessibility Data is with this article

Related research article G. Floresta, A. Cilibrizzi, V. Abbate, A. Spampinato, C. Zagni, A. Resci-
fina, 3D-QSAR assisted identification of FABP4 inhibitors: An effective
scaffold hopping analysis/QSAR evaluation, Bioorganic Chemistry,
84 (2019) 276-284 [1].

Value of the data

® FABP4 recently demonstrated an interesting molecular target for the treatment of type 2 diabetes,
other metabolic diseases and some type of cancers.

® QSAR modeling data was generated to provide a method useful in finding or repurposing novel
FABP4 ligands.

e The model has also been used to predict the activity of 3000 isosteric derivatives of BMS309403.

® The data can be used by others to build their own model.

® The data can be used for the synthesis of some potent suggested compounds.

1. Data

FABP4 recently demonstrated an interesting molecular target for the treatment of type 2 diabetes,
other metabolic diseases and some type of cancers [2-10]. Recently, a variety of effective FABP4
inhibitors have been developed [11], but unfortunately, none of them is currently in the clinical
research phases (Table 1). CAMD (computer aided molecular design) shows a promising and effective
tool for the identification of FABP4 inhibitors [12-15]. In line with our recent interest in the devel-
opment of QSAR models and related applications [16-24], in order to identify novel hit compounds,
herein we report the dataset and the parameter used to build a 3D-QSAR model for FABP4. This
dataset is reported in Tables 2 and 3, were the molecules used in the training set (96) and in the test
set (24) are reported, respectively. Information for the building of the 3D-QSAR model is reported in
Figs. 1-9. Moreover, the 3D-QSAR model was also used to predict the biological activity of 3000 new
isosteric derivatives of BMS309403 derived from a scaffold-hopping analysis, the analyzed areas of
the selected compounds and the Spark's parameters used for the isosteric replacement are reported
in Figs. 8 and 9. The results of the isosteric replacement of different portion of BMS309403 are
reported in Tables S4-S9.
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Table 2
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SMILES, experimental and predicted plCsq values of the molecules in the training set.

pICso
No SMILES Exp. Pred.
1 FC(F)(F)[C@H]1CCc2c(C1)c(c(c(n2)C3CCCC3)C=4[N-]N=NN4)-c5ccne(c5)C 8.0 8.0
2 CC1(CCCC1)c2¢(c(c3¢(n2)CCCCC3)-c4cenc(c4)C)C=5[N-]N=NN5 8.0 8.0
3 Clc1c(F)ec2c(c(c(c(N(CC)CC)n2)C=3[N-]N=NN3)-c4cccccd)cl 7.9 7.9
4 Clc1c(F)ec2c(c(c(c(n2)C(CC)CC)C=3[N-]IN=NN3)-c4cccccd)cl 7.8 7.8
5 OCC1(CCCC1)c2c(c(c3c(n2)CCCCC3)-c4cenc(c4)C)C=5[N-]N=NN5 7.7 7.7
6 CCCCC[C@H]1CCc2c(C1)c(c(c(n2)C3(CCCC3)COC)C=4[N-]N=NN4)-c5ccccc5 7.7 7.7
7 FC(F)(F)c1ccc2c(c(c(c(N3CCCCC3)n2)C=4[N-]N=NN4)-c5cccec5)cl 7.5 7.5
8 Clc1cec2c(c(c(c(n2)C3CC3)C([0-])=0)-c4cccccd)cl 74 74
9 Clc1cec2ce(c(c(c(N(CC)C)n2)C=3[N-]N=NN3)-c4cccccd)cl 7.3 74
10 Clc1cc(Cl)ec(NC(=0)NC2(CCCC2)C([0-])=0)c1-c3cccec3 73 73
11 Clc1c(F)cc(c(NC(=0)NC2(CCCC2)C([0-])=0)c1)-c3cccec3 7.0 7.0
12 O=C(N)clccccc1Cn2c3c(cccc3c4CCCCCc42)C([0-])=0 7.0 7.0
13 n1c2c(CCCCC2)c(c(c1C3CCCCC3)C=4[N-]N=NN4)-c5ccncc5 7.0 6.9
14 Clc1cec(c(NC(=0)NC2(CCCC2)C([0-])=0)c1)-c3ccc(F)cc3 6.9 6.9
15 FC(F)(F)c1ccccc1Cn2c3c(cccc3c4CCCCc42)C([0-])=0 6.4 6.5
16 Fclcec(-c2c(c(n(n2)-c3ccece3-cdeccc(OCC([0-]) =0)c4)CC)-c5cceee5)ec 6.5 6.5
17 [0-]C(=0)c1ccecc2c3CCCCCe3n(c12)Cedcccccd 6.2 6.3
18 Fclcceec1Cn2c3c(ccecc3c4CCCCc42)C([0-])=0 6.4 6.3
19 Fclccee(Cn2c3c(ccecc3c4CCCCc42)C([0-])=0)cl 6.4 6.3
20 FC(F)(F)c1ccccc1Cn2c3c¢(cccc3c4CCCCCc42)C([0-])=0 6.2 6.3
21 [0-]C(=0)CCCn1c2ccecc2c3ccccc3 6.2 6.3
22 FC(F)(F)c1ccc(c(NC(=0)NC2(CCCC2)C([0-])=0)c1)-c3ccccc3 6.3 6.2
23 [0-]C(=0)c1cccc2e¢3CCCCe3n(c12)Ce4ceccc(0C)c4 6.3 6.2
24 Fclccee(Cn2c3c(ccce3c4CCCCCc42)C([0-])=0)cl 6.1 6.2
25 FC(F)(F)c1cc(O)nc(SCc2ccc(0C)cc2)nl 6.2 6.2
26 [0-]C(=0)c1cec2¢(n(c3CCCCc23)Ce4cccecd)cl 6.1 6.1
27 [0-]C(=0)c1ccec2c3CCCe3n(c12)Cedceccecd 6.1 6.1
28 [0-]C(=0)c1cccc2c3CCCCe3n(c12)Ccdccccc40C 6.2 6.1
29 [0-]C(=0)c1ccec2c3CCCCe3n(c12)Ccdceec(C)ccd 6.0 6.1
30 Fclcccec1Cn2c3¢(cccc3c4CCCCCc42)C([0-])=0 6.2 6.1
31 Fclcee(Cn2c3c(cccc3c4CCCCCc42)C([0-])=0)ccl 6.1 6.1
32 [0-]C(=0)CCCCn1c2cccec2c3ccecc3 6.1 6.1
33 FC(F)(F)c1ccec(Cn2c3c(cccc3c4CCCCCc42)C([0-])=0)cl 6.0 6.0
34 FC(F)(F)c1cc(0)nc(SCC(=0)N2CCCCC2)n1 6.0 6.0
35 0=S(=0)(n1ccc2ccc(cc21)C)c3ccsc3C([0-])=0 5.9 5.9
36 Brclccc2c(cen2S(=0)(=0)c3cesc3C([0-])=0)cl 5.9 59
37 FC(F)(F)c1ccec(Cn2c3c(cccc3c4CCCCc42)C([0-])=0)cl 5.8 5.7
38 FC(F)(F)c1ccc(Cn2c3c(cccc3c4CCCCc42)C([0-])=0)ccl 5.6 5.7
39 FC(F)(F)c1ccc(Cn2c3c(cccc3c4CCCCCc42)C([0-])=0)ccl 5.7 5.7
40 0=S(=0)(nlcc(c2cccec21)C)c3cesc3C([0-])=0 5.8 5.7
41 [0-]C(=0)c1cccc2c3CCCCe3n(c12)Cc4cec(0C)cc4 5.6 5.6
42 [0-]C(=0)[C@H](0Oc1ccec(-c2ccecc2-n3c(c(c(n3)-c4cccccd)-c5cccec5)CC)c1)C 5.6 5.6
43 0=S(=0)(n1ccc2ccec(0C)c21)c3cese3C([0-])=0 5.6 5.6
44 O/N=C/1CCCc2c1c3cccc(c3n2Cc4ccccc4)C([O-])=0 5.5 5.5
45 Clc1ccec(-n2¢(-c3cccee3)cc(n2)-c4ccccc40CCCC([0-])=0)cl 5.6 5.5
46 [0-]C(=0)[C@H](Oc1ccec(-c2ccccc2-n3c(c(c(n3)-c4cccec4d)-c5cccce5)CC)cl)CC 5.5 55
47 Fclcec2c(cen2S(=0)(=0)c3ccsc3C([0-])=0)c1 5.5 5.5
48 [0-]1C(=0)c1ccec2c(c(n(c12)Cc3cccec3)C)C 54 54
49 Clc1cec(-n2¢(-c3cccec3)cc(n2)-c4ccccc40CCCC([0-]) =0)ecl 54 54
50 Clc1cccec1-n2c(-c3cccee3)cc(n2)-c4ccccc40CCCC([0-])=0 5.4 5.4
51 [0-1C(=0)c1¢(C(C)C)cc(C(C)C)ec1C(C)C 5.4 5.4
52 0=S(=0)(n1c2ccccc2c3ccccc31)cdeccec4C([0-])=0 5.4 54
53 Fclccc2een(S(=0)(=0)c3ccsc3C([0-])=0)c2c1 5.4 54
54 FC(F)(F)c1cc(O)nc(NCc2ccc(0C)cc2)nl 54 54
55 [0-]C(=0)CCCOc1cccect-c2ec(n(n2)-c3cccec3)-c4eec(cc4)C 53 53
56 Brc1ccc(-n2c(-c3cccee3)cc(n2)-cdccccc40CCCC([0-])=0)ccl 53 53
57 Fclcee(-c2c(nn(c2CC)-c3cccec3-cdecec(OCC([0-])=0)c4)-c5cceee5)ec 53 53
58 [0-]C(=0)CCCCOc1ccccc1-c2cc(n(n2)-c3ccccc3)-c4eccccd 5.2 5.2
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Table 2 (continued )

pICso
No SMILES Exp. Pred.
59 0=S(=0)(n1ccc2cc(ccc21)C)c3cesc3C([0-])=0 5.2 52
60 0=S(=0)(n1ccc2ccc(0C)cc21)c3ccccc3C([0-])=0 52 52
61 Brc1ccc(-c2cc(nn2-c3ccccce3)-c4ccccc40CCCC([0-])=0)ccl 5.0 5.0
62 Fclcee(-n2¢(-c3cccee3)ec(n2)-c4ccccc40CCCC([0-])=0)ecl 5.0 5.0
63 [O-]C( =O)CCCOc1cccccl -c2cc(n(n2)-c3cec(C(C)C)cc3)-c4cccccd 5.0 5.0
64 [0 ]C€(=0)CCn1c2cccec2c3ccccc3 5.0 5.0
65 =S(=0)(nlccc2c(cccc21)C)c3cesc3C([0-])=0 5.1 5.0
66 =S(=0)(n1ccc2cc(0C)ccc21)c3cesc3C([0-])=0 5.1 5.0
67 =S(=0)(n1cc(c2ccecc21)C)c3ccccc3C([0-])=0 5.1 5.0
68 =S(=0)(n1ccc2c(ccec21)C)c3cccec3C([0-])=0 4.9 4.9
69 Brclcchc(canS( =0)(=0)c3ccccc3C([0-])=0)c1 49 49
70 [0-]C(=0)CCCOc1cccecl-c2cc(n(n2)-c3ccc(OC)cc3)-c4cccccd 49 4.8
71 [0-]C(=0)CCCOc1cccec1-c2cc(n(n2)C3CCCCCC3)-c4cccccd 4.8 4.8
72 Brclccc2¢(n(S(=0)(=0)c3c(C(C)C)cc(C(C)C)cc3C(C)C)en2)cl 4.8 4.8
73 Clc1ccc2e(nc(n2S(=0)(=0)c3c(C(C)C)cc(C(C)C)cc3C(C)C)C)cl 4.8 4.8
74 0=S(=0)(n1cncc1)c2c(C(C)C)cc(C(C)C)cc2C(C)C 4.7 4.8
75 Clc1ccccc1CNe2nc(0)ec(n2)C(F)(F)F 4.6 4.7
76 FC(F)(F)c1cc(0)nc(n1)CCc2ccc(0C)cc2 4.6 4.7
77 0=C1CCCc2c1c3cccc(c3n2Cc4cecccc4)C([0-])=0 4.6 4.6
78 [0-]C(=0)CCCOc1ccccc1-c2ec(n(n2)C3CCCCC3)-c4cccccd 4.6 4.6
79 0=S(=0)(n1ccc2cc(ccc21)C)c3ccccc3C([0-])=0 45 4.6
80 FC(F)(F)c1cc(O)nc(n1)N(Cc2ccecc2)C 4.6 4.6
81 Clc1cec(-c2cc(nn2-c3ccccc3)-c4ccccc40CCCCCCC([0-])=0)ccl 4.5 4.5
82 FC(F)(F)c1cc(0)nc(NCC(=0)N2CCCCC2)n1 4.4 44
83 Clc1ccec(CNe2nc(0)cc(n2)C(F)(F)F)c1 4.5 44
84 FC(F)(F)c1cc(O)nc(NCc2ccc(C)cc2)nl 4.5 4.4
85 Clc1cec(-c2cc(nn2-c3ccccc3)-c4ccccc40OCCCCC([0-])=0)ccl 4.1 4.2
86 Brc1ccc(-c2cc(nn2-c3ccccce3)-c4ccccc40CCCCC([0-])=0)ccl 41 41
87 0=S(=0)(n1ccc2c(0C)cccc21)c3ccccc3C([0-])=0 41 41
88 0=S(=0)(N)c1c(C(C)C)cc(C(C)C)cc1C(C)C 4.0 4.0
89 [0-]C(=0)Cn1c2ccccc2c3cccec3 4.0 4.0
920 FC(F)(F)c1cc(O)nc(n1)NCc2ccc(-c3cccec3)cc2 4.0 4.0
91 FC(F)(F)c1cc(O)nc(NCc2cenec2)nl 4.0 4.0
92 FC(F)(F)c1cc(O)nc(n1)CCc2ccecc2 4.0 4.0
93 FC(F)(F)c1cc(O)nc(NCCc2cccecc2)nl 4.0 3.9
94 [0-]C(=0)CCCCOc1cccec1-c2ec(n(n2)-c3ccccc3)-cdecc(ccd)C 3.6 3.6
95 Clc1cce(CNe2nc(O)ce(n2)C(F)(F)F)ccl 5.5 3.5
96 Clc1cce(-c2cc(nn2-c3cccec3)-c4ccccc40CC([0-])=0)ccl 2.0 2.0

2. Experimental design, materials and methods
2.1. Compounds alignments

With the aim to generate a plausible and consistent set of alignment molecules, before running the
regression analysis, we evaluated two different types of alignment (Fig. 1).

First, we evaluated a structure-based alignment, based on the docking of the different ligands on
the active site of the protein. All 120 structures, optimized at the PM3 level of theory [25-27], have
been converted into pdbqt format using Babel, [28] and subsequently docked in the active site of
FABP4. Molecular docking was performed using the three-dimensional crystal structures of substrate-
free fatty acid binding protein 4 in complex with BMS309403 (PDB ID: 2NNQ) obtained from the
Protein Data Bank (PDB, http://www.rcsb.org/pdb). AutoDock Vina (version 1.1.2) [29], was used for all
docking experiments. The default values of the docking parameters in AutoDock Vina were all
maintained, except for “exhaustiveness” that was set to 15. A grid box of 18A x 18A x 18 A was
used, encompassing the inhibitor binding cavity of FABP4 and centered on the ligand. The binding
modes were clustered through the root mean square deviation among the Cartesian coordinates of
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the ligand atoms. The docking results were ranked based on the binding free energy. After the cal-
culations with AutoDock Vina, all the generated structures were manually checked, in order to ensure
a correct positioning within the binding site. Then the generated structures were imported into Forge
[30] to build the Structure-based 3D-QSAR model. A classic ligand-based alignment is the second
type of alignment that was evaluated. This was carried out with the same software used for the

Table 3
SMILES, experimental, and predicted pICsq values of the molecules in the test set.

PIGso
No SMILES Exp. Pred.
1 FC(F)(F)c1ccc2c(c(c(c(N(CC)CC)n2)C=3[N-]N=NN3)-c4cccccd)cl 7.6 7.8
2 Clc1c(F)cc2c(c(c(c(N3CCCCC3)n2)C=4[N-]N=NN4)-c5cccec5)cl 7.9 73
3 Clc1ccc(c(NC(=0)NC2(CCCC2)C([0-])=0)c1)-c3cccec3 6.8 6.5
4 0=C(N)c1ccec(Cn2c3c(ccecc3c4CCCCCc42)C([0-])=0)cl 7.2 6.2
5 [0-]C(=0)c1cec2¢(c3CCCCe3n2Cc4cecccc4d)cl 4.6 6.1
6 Fclcec(Cn2c3c(cccc3c4CCCCc42)C([0-])=0)ccl 6.1 6.1
7 [0-]C(=0)c1ccecc2c3CCCCe3n(c12)Ccdcccecd 6.2 5.9
8 Fclceec(c1Cn2c3c(ccecc3c4CCCCc42)C([0-])=O0)C(F)(F)F 5.7 5.9
9 0=S(=0)(n1c2ccccc2c3ccccc3)cdecsc4C([0-])=0 6.0 5.9
10 [0-]C(=0)c1cccc2e¢3CCCCCe3n(CCC)c12 6.4 5.7
1 [0-]S(=0)(=0)c1c(C(C)C)cc(C(C)C)cc1C(C)C 5.1 5.7
12 0=S(=0)(n1ccc2ccc(0C)cc21)c3cesc3C([0-])=0 5.6 5.7
13 [0-]C(=0)c1cccc2¢3CCCCe3n(CCC)c12 6.1 5.6
14 Fclcccc2een(S(=0)(=0)c3cesc3C([0-])=0)c12 5.4 54
15 [0-]C(=0)CCCOc1cccec1-c2cc(n(n2)-c3ccccc3)-cdeccccd 5.5 53
16 Clc1ccc(-c2cc(nn2-c3cccce3)-c4ccccc40CCCC([0-])=0)ccl 5.2 5.2
17 Fclcecc2c1cen2S(=0)(=0)c3ccccc3C([0-])=0 5.0 52
18 Clc1cec(CN(c2nc(0)cc(n2)C(F)(F)F)C)ecl 54 51
19 FC(F)(F)c1cc(O)nc(Nc2cecec2)nd 4.0 4.8
20 Brclccc2c(n(S(=0)(=0)c3c(C(C)C)cc(C(C)C)cc3C(C)C)c(n2)C)cl 41 4.7
21 0=S(=0)(n1c(nc2ccccc21)C)c3c(C(C)C)ec(C(C)C)ec3C(C)C 4.0 4.6
22 [0-]C(=0)CCCOc1cccec1-c2cc(n(n2)C3CCCC3)-c4cccccd 48 4.5
23 0=S(=0)(n1ccc2c(0C)cccc21)c3cesc3C([0-])=0 49 43
24 FC(F)(F)c1cc(O)nc(n1)NCc2ccccc2 4.5 4.2
Preferred alignment protocols
Structure-based Ligand-based

Autodock Vina Docking Forge

¢ AutoDockVina 1.1.2 e Substructure alignment, protein present, no

. Retain 8 poses per ligand constraints

*  Manually select preferred poses e Use most accurate conformation hunt

e Tweak and refine inconsistent poses e  Tweak and refine inconsistent groups

e Use 8different references to align ligands

Fig. 1. Comparison of alignment methods.
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Fig. 3. A) Protein and inhibitors aligned. B) Aligned inhibitors imported to Forge for ligand-based alignment.

Confe ion Hunt Al Build Model

Calculation Method: |[Custom] - \ Save As... Delete
[ Delete existing conformations

Perform Conformation Hunt

Maximum number of conformations ISOO ﬁ]
No. of high-T dynamics runs for flexible rings IZO f%

cutoff for ¢ inimizati |0.100 kcal/mol/A E|
Filter duplicate conformers at RMS |0.50 A El
Energy window IZ,SO kcal/mol E]
Acyclic secondary amide handling [Use input amide g y 'l

Turn off Coulombic and attractive vdW forces
Use external tool for conformation generation

Fig. 4. Forge's parameters used for conformation hunt.
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building of the model. All the optimized structures, together with their respective ICsq values, were
imported into Forge (10.4.2, Cresset, Litlington, Cambridgeshire, UK, http://www.cresset-group.
com/forge) [30-34] for setting-up the field-based 3D-QSAR model. Eight different molecules were

Conformation Hunt Alignment Build Model

Calculation Method: | [Custom] - Save As... Delete
[[] Delete existing alignments
Perform Alignment
Invert achiral imported confs
Take shortcuts in alignments O
Maximum-common-substructure conformers and alignment
Matching rules Normal (element + hybridisation) X

Allow conformations to move

Perform Scoring

Score method for references ig| o]
Reference weights
Reference 1 2 3 5 7

4 6 8
weight [10 2] [10 5] [10 ] [10 5| [10 2 [10 1] [10 2| [10 2

Weight% 125%  12.5% 125% 125% 125% 125% 125% 12.5%

Fraction of score from shape similarity IO.SO

o [

Reference into db fieldpoints weight |0.50

Hardness of protein excluded volume |Soft %

Add/remove field constraints Mark field points

Fig. 5. Forge's parameters used for alignment.

Confc ion Hunt Ali Build Model
Calculation Method: ‘Field QSAR Normal ~ ‘ Save As... Delete
Activity: [Oicsoum - Activity Manager

Field QSAR model
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Fig. 6. Forge's parameters used to build the QSAR model.
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Model statistics:

Comps R*2 Q*2 Test R*2 RMSE RMSEpred Tau Tau-pred
0 -0.044 -0.023 -0.001 1.093 1.096 0.494 -0.910
1 0.620 0.508 0.641 0.666 0.767 0.587 0.492
2 0.781 0.541 0.625 0.501 0.740 0.675 0.514
3 0.897 0.585 0.718 0.347 0.711 0.787 0.573
4 0.948 0.618 0.745 0.244 0.681 0.855 0.568
5 0.968 0.636 0.743 0.192 0.663 0.895 0.598
3 0.983 0.651 0.772 0.142 0.651 0.920 0.594
7 0.988 0.671 0.746 0.118 0.631 0.929 0.621
8 0.993 0.673 0.757 0.088 0.629 0.9547 0.621
9 0.99%6 0.683 0.744 0.068 0.619 0.958 0.633
10 0.997 0.687 0.733 0.058 0.616 0.957 0.626
11+ 0.998 0.688 0.731 0.044 0.615 0.969 0.626
12 0.999 0.683 0.729 0.037 0.619 0.969 0.618
13 0.999 0.680 0.726 0.030 0.622 0.976 0.6l16
14 1.000 0.679 0.731 0.022 0.623 0.983 0.613
15 1.000 0.679 0.730 0.018 0.623 0.985 0.615
16 1.000 0.678 0.728 0.015 0.624 0.988 0.61¢6
17 1.000 0.678 0.728 0.011 0.625 0.988 0.615
18 1.000 0.677 0.730 0.008 0.625 0.991 0.615
19 1.000 0.678 0.728 0.006 0.625 0.993 0.616
20 1.000 0.677 0.728 0.005 0.625 0.995 0.616

Preferred number of components: 11

Fig. 7. Model statistics for FABP4 model.

chosen as a template for the calculations of field points and as a template for the alignment. These
eight molecules were selected since they are present in crystallized forms with FABP4 (PDB IDs:
2NNQ, 3FR2, 3FR4, 3FR5, 4NNS, 4NNT, 1”TOU and 1TOW, Table 1) [35-38]. The structures, small
protein, and inhibitors, were first downloaded from the Protein Data Bank (PDB); the amino acid
sequence was then superposed and aligned with YASARA (version 17.8.15) to get also the ligands in
the binding site aligned and superposed, thus the eight molecules were imported on Forge
(Figs. 2 and 3).

The XED (eXtended Electron Distribution) force field was used to generate the field point .The
compounds in the training set were aligned to the reference compound by maximum common
substructure using a customized set-up for the conformation hunt:

Max number of conformations: 500.

RMS cut-off for duplicate conformers: 0.5 A.

Gradient cut-off for conformer minimization: 0.1 kcal/mol.
Energy window: 2.5 kcal/mol.

The RMS cut-off for duplicate conformers parameter controls the similarity threshold below which
two conformers are assumed identical. Conformations that gave a minimized energy outside the
energy window were discarded.

All the alignments were manually checked to ensure the best possible model. All the field points of the
training set were used to derive a gauge invariant set of sampling points, which reduced the number of
descriptors that needed to be taken into account, with a distance of 1A between the sample points.
Sample values were calculated, ensuring that all areas around the molecule (and possibly contributing to
the activity) are properly described.
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Fig. 8. The studied position for the bioisosteric replacement of BMS309403 are highlighted in bold.
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Fig. 9. Spark's parameters used for bio-isosteric replacement.
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2.2. Statistical analysis

For the validation of the QSAR model, the leave-one-out method was used. 20 was the maximum
number of components to extract from the PLS regression. 50 was the number of Y scrambles to use
The threshold of the sample point minimum distance was set to 1 A. The Leave-one-out method was
used during the validation of the QSAR model. The regression method used in Forge was PLS
(SIMPLS algorithm) [39-43]. All the parameters for the QSAR model are resumed in Figs. 4-6.

The predictive ability of the generated QSAR model was confirmed by several statistical tests. The
cross-validation regression coefficient (q?) was calculated based on the PRESS (Prediction error sum
of squares) and SSY (Sum of squares of deviation of the experimental values from their mean):

G —1_PRESS _ S (Yexp—Ypred)
Ssy S'_, (Yexp—Ymean)?

Yexp =experimental activity of training set compound
Ypred=predicted activity of training set compound
Ymean=mean values of the activity of training set compound

The derived ligand-based approach results to be more reliable (r* = 0.92, > = 0.64) than the
structure-based alignment (r* = 0.90, g*> = 0.38). The ligand-based 3D-QSAR align model was further
validated with a set of external compounds (i.e. test set). Out of 120 molecules, we randomly choose
96 molecules (covering the whole range of activities of the compounds) as a training set to build the
model, while the remaining 24 compounds served as a test set to evaluate the model.

The statistical reliability of this model was also validated by the determination of the rtest, using
the following equation:

_ >°1- 4 (Ypredtest — Ytest)®

r’test=1 - 5
i1 (Ytest — Ymean)

Ypredtest=predicted activity of test set compound by QSAR equation
Ytest=experimental activity of test set compound
Ymean=mean values of the activity of training set compound

The 11-components model (Fig. 7) shows both good predictive and descriptive capability as it is
shown by the good 2 (0.99) and g2 (0.69) [44] values for the training and the cross-validated training
sets. The plot of experimental vs. predicted activity for the compounds, in both the training set and
the cross-validated training set (q®=0.69), shows a reasonable distribution of the values. The plot of
experimental vs. predicted activity for the compounds in the test set is still reasonably good with only
few outliers and a good cross-validated r? of 0.73.

2.3. Isosteric replacement

The isosteric replacement was performed using Spark as a software (10.4.0, Cresset, Litlington,
Cambridgeshire, UK, http://www.cresset-group.com/forge) [30-34]. As reported in Fig. 8, Different
portions of the BMS309403 were replaced. Then, the newly designed molecules were aligned with
the 3D-QSAR model and evaluated. The replacement was performed through the same 178,558
fragments for each part, which derive from ChEMBL and Zinc databases (Fig. 9) [45,46]. Five hundred
compounds were generated for each substitution producing 3000 hits (reported in Tables S4-S9).
There of the suggested molecules were synthesized and tested as reported in the related research
article [1].
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