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Introduction

O

FLAP (Fingerprints for Ligands And Proteins) is a piece of Molecular Interaction Fields (MIF) calculated by GRID [1], representing The information given by MIF is used by FLAP to identify key site points describing = | FLAP can be used as a docking tool, for Ligand Based Virtual
software developed at University of Perugia in a collaboration| | theinteractions between probes and small molecules or defined regions of energetically favorable interactions between a given probe and a Target. Site points | Screening (LBVS), Structure Based Virtual Screening (SBVS), to
between Pfizer and Molecular Discovery, able to describe small | protein structures, contain relevant information on which kind of critical correspond to pharmacophoric features in the small molecule, such as the presence | | investigate selectivity in proteins or receptors, to generate
molecules and protein structures in terms of 3- or 4-point| | interactions a ligand may have with a receptor, or, in the case of proteins, of a hydrophobic group, a HB donor and/or acceptor group. Site points so = pharmacophore hypothesis of active compounds and for a fast
pharmaeophere fingerprints using all the eapablhty of the which possible sites of interaction are present In a selected area of the calculated can be used within FLAP to build all the possible 3- or 4-p0illt generation of lattice independent molecular dCSCI‘iptOI‘S for 3D
program GRID. macromolecular structure. pharmacophores, storing this information in a fingerprint. QSAR & QSPR studies.

Pharmacophore Perception using Molecular Interaction Fields
Docking GLUE

The energy minima are exhaustively combined into quadruplets of
pharmacophoric points and a fingerprint of the binding site is stored.

PDB entry 1eap
Several conformers of the ligand are quickly produced.

GRID Fields Energy Minima Sites _ AN 7 The steric hindrance
. . . Each conformer is N of the whole ligand is
The protein cavity is GRID maps are encoded encoded into a set of L0  assessed when .
RPN A (KONT Files) mapped via several (MINI Files) into MINI binary files | and every atomis N . S, N e e ot Virtual
GRID runs using corresponding to site z?(i)rg:l l:c; e’cl(:le “nearest” ) e & corresponding ]
HEP crystallyzed within 1eap dlffererit PrObES, pOIﬂtS located into the All the quadruplets of = “® o R mrlenrl)r&iivvé f(e)?:evser SC reen 1 ng
N accordlng to the macromolecular J the ligand are sought 7 L Py {, prevail the

. . . g . . . . within the protein : _ N orientation is

X N possible interactions binding site showing N~ fingerprint: each . excluded; thus, only
: ! : : : . . presence identifies a reliable binding

Va present in the binding the best interaction possible ligand e i
site. energy (local minima). v orientation into the " / are retained.

binding site. // “‘\‘, | -
£ \ Protein

A “clusterization” process condenses the

whole set of orientations in a few but Si m i Ia ri ty

representative ones.

GLUE Virtual Screening Protein Similarity Matrix MetalloProteinases: FLAP identification of potential MMP13 inhibitors Conclusions

; indi i ; i ; i Virtual screening studies have been performed with FLAP in order to test both the : : , :

Altl the 'iel'a?le.b'tnd'n?. modes retalnled i'.1 th%prﬁvgf)uds_ step aJe _nowtihe_ Stjrt'.rt'r?. p:)r:nts f(?: tge < Receptor and thepLigand Based approach. FLAP can also be used for protein similarity comparison using 3D information . : : : : : The FLAP (Fingerprint for Ligands and Proteins) program

mezrr:r;ooic:uizlens:i\?: tlg:‘s?::;ggnilv?ol:z It?:r.lsIaa(t;ionlsnd:'ri‘\?err?(l)oyetlr?eog:?rlnszfeorr:vel filenld ?E:?:\r,ll I)i,ttI)e{ present in the binding site. The same work-flow described before has been applied MMPs are a famlly of zinc endopeptldases which degrade protelns and many components of the extracellular matrix. The represents a promising approach to gain information from the

: i RID : : In Ligand Based Virtual Screening, ligands are compared with each other using a similar method in a preliminary study for a dataset made of 23 different protein structures approximately 27 current known human MMPs can be grouped into subfamilies based on their substrate specificity [9]. MMPs up- Molecular Interaction Fields calculated by the GRID software within
movement is followed by an energy reassessment according to the G standard equation - : : : SellarETe s A e

applisdoverthewholslligandandactive sits. ROUTEL (S o CRIED TG T8 Gl B )9 i L kel et 1921 06 e LG8 1 I B o G SoTIma R SR ThEsEn s regulation has been related to different pathological disorders, involving metastasis, angiogenesis, cardiovascular diseases ateglon'of alprotsin structureiand from the atom classflcatlioniin

that are common between a ligand template and the other ligands under investigation. 9 P 9 ’ 9 2 giog ’ ’ L
o4 [ " : " : SR : : : f 7i bindi GRID probes for atoms in aligand molecule.
r \ [ T T TR : \ KinzEs @;quj as osteoarthritis, and rheumathoid arthritis. The development of potent and selective inhibitors with a wide variety of zinc binding
: : igand Based Virtual Screenin : T : : : T
Receptor Based Virtual Screening < : motifs has been documented [10,11]. Nevertheless only few classes of binding modes showing no interaction between the inhibitor . . . .

g . : : : , , Estrogen Receptor-alpha ERao has already been successfully used as and the catalvtic zinc have been so far investigated e e S s s

T e e e e e v | | W screening targt sn eprosois & usol case sy It rdr v gated

E E E E E binc’ling. compare performances of different Virtual Screening tools. fingerprints and between proteins pharmacophore fingerprints.

o - = - _ _ _ = = This approach can be exploited very straightforwardly in Structure

GRID LJ EL HB ENTROPY Starting from the coordinates of the protein complexed with deoxythymidine Starting from the coordinates of the ERo receptor complexed with 4-hydroxy- MMPs Virtual Screeni ng workflow Based Drua Desian and docking. Ligand Based Virtual Screenin
. . . . . . . li h . (PDB code: 1K|M)’ a 1000 Compound database Containing 10 known tamoxifen (PDB code: 3ERT), a 1000 COmpound database COntalnlng 10 g g g, Lig g
For the optimized orientations, the interaction energies between the |gan<_:I and t e protein are e o T h 990 ofhier comPOLnaS erc At I known ERa antagonists was generated. The other 990 were randomly and protein similarity.
calculated by using the GLUE equation, which provides an energy scoring function (E; ). from the MDDR database with the constraint that they had to span the same extracted from the MDDR database with the constraint that they had to span o Docking & _
_ Molecular Weight range shown by the 10 true active compounds. Virtual | | the same Molecular Weight range shown by the 10 true active compounds. Clustering Mining the 1D property 3D FLAP ADME 9 In Vitro . _ .

GLUE ESR+EES+ERHB+EDRY Screening performance was tested and compared using DOCK, GOLD and | | Comparison with Catalyst [6], ChemX [7] and Barnard [8] fingerprints is ZINC CS filterin Flexibility and shape of the ligand and/or of the active site of the

j GLIDE docking methods [17]. reported. filtering fi[tering fi[te”'ng I g screening protein are taken into consideration. Constraints can be set by the
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9 - w1 cmpas cmpas v, of the protein active site or within the ligand molecules. The

ES = electrostatic term

80 - o calculation of the pharmacophore fingerprints is fast and a

Ex.s = hydrogen bonding charge remforc@

70 - reasonably large number of molecules can be handled.

70 -
GLUE docking program was used to dock

At first, a search was done to filter out all the compounds in the ZINC

o | R 2 60 - Ideal To derive the PK profile of the compounds, Volsurf librar , .
Results i Random 4 - [15] database showing the following substructures: hydroxamate, models for bIood-bprain barrier (BBB)p S - (CACO2>; FLAP HITS compounds into the protein
100 protein/ligand complexes from the RCSB [2] were used to generate a separate set of coordinates for the whole protein and its f 50 _F"_AP 5 1 l Sl phosphonate, phosphinate gc?ups (classic £Inc binding groups). and solubility (SOLY) were used. Filtering was done according -?—i\gtg/ezmi[r)]B egggs"v)v(grg ost processed Finally, the possibility to apply Principal Component Analysis
ligand. 3D geometry conformation of the ligands were obtained from smiles notation using CORINA [3]. Cumulative percentages of E .. Glide E /4 s ' : . . : Chemical reactive and potential toxic groups were also removed. to the following PK settings [16]: . I PeSil . (PCA) and Partial Least Square (PLS) as tools for the statistical
complexes as a function of the RMSD from the X-ray pose are reported. A) Docking accuracy: RMSD of the best pose (nearest to the e (F:':epr:)'zf;pﬁ _ _ _ Lipinski’s “rule of five” was used as a rule of thumb to select chemicals B by implementing a consensus scoring _ _ _ _ _
experimental binding mode). B) Best pose ranking (RMSD cut-off — 2 A). C) Scoring accuracy: RMSD of the top pose (best scored 30 1 e 30 M :iEt'er:;%';g?‘t';’ig ﬁlﬁzi“t"eo:oe;l:‘ltir more likely to be considered as drug-like compounds. gigggx - '_0'8’2 Schgme on .the following five diverse analysis of pharmacophore fingerprints represent an interesting
solution). GLUE results (red) were compared to those obtained by using GLIDE (green), GOLD (blue) and DOCK (black) [4,5]. (called MINI) showing best interaction energy. ) .m"; R scoring functions (SF): FLAP[17], GLUE and novel approach in the 3D QSAR field.
2 - 20 - / SOLYmin = -5 5], Goldscore [18], Chemscore [18], X-
A) B) —— ) 10 | 10 | ' The FLAP protein clustering procedure has been applied to a diverse ?ﬁore [19]. Home | .y
z 3 | set of MMPs consisting of 18 crystal structures belonging to 7 € consensus scheme In Use ConsIste Finally, the MMP13 case study showed the potential of using a
g g g 0 e ———— 0 — —— ' —— different subfamilies [12,13]. GRID MIFs were calculated for the on sorting “docking poses”based on their — : : :
HE g = - . ] A . " - - o . ; p . : 10 1 14 following probes: DRY. a;Iiph.atic (C3), HBD (N1), HBA(O), HBD/A In Ligand Based Virtual Screening, ligands are compared to each other using a averaged ranking combination of Structure/Ligand Based Virtual Screening tools as
£ £ £ , . ) ) , , . . . . ;
5 ~ 5 o s 7 P B Dataset, % (OH) and negatively charged (O::). GRID maps were condensed into similar method to th_at used for comparing Ilglands ar'1d a pro.teln struciure. _FLAP implemented in the FLAP software, for mining commercially
: ° T fewer target-based points of energy minima throughout a weighted [17] computes the ligand pharmacophores fingerprint and is able to identify the available databases. As a result, we were able to identify novel
i % Factor Xa (Fxa) is challenging for multiple reasons. Its binding site is accessible Ligand Based Virtual Screening has been performed with FLAP on a Pfizer in energy-based and space-coverage function. common pharmacophores between a ligand template (in our case PB3, from the — P Sutt, o ov
0 N Yy 0 — to the solvent, several hydrophobic regions play a key role in the ligand binding ;oclij_?fe proiecrt]. Both actir:/e ligands agd_ﬁeceptor striictu;e.;wer? ava_ilablef.l_ ; ) : . s . F.LAF;_WaS then used to geheratce; and compare the protein binding co-crystal structure 1XUC) and the other ligands under investigation (chemicals Compound ID* % Inhibition** Compound ID* % Inhibition** HITs, as promising MMP-13 inhibitors. Further in vitro selectivity
Y — Y ankin ' e ' event’ and a salt bridges between region S1in the protein and the P1 group in .| eren p darmacopnores WeI'GI ul repreS.en INg airireren S.el’leS (0) |gan S - - - - sites IngerprlntS.The reSUItlng PCAscore pIOt|S shown beIOW, where cep hole ZINC datab L d-li d | tarit b studies Sti" have to be el'formed, but due to their dl'u -|ikeneSS,
sy A renking RS oy possible binders is thought to give high affinity. active against the same target. Virtual Screening has been carried out with the [ metries for all Proteins shape are also t: fiiiicieration the first principal component of the model separates the MMP13 within the w o o ase) 9anarigant somplemeniarty may be Calbiochem 444283 100 Lol “L P _ _ J
The Glue docking procedure was also used to study 12 interesting targets for which other docking software usually seem to fail, PDB entry 1nfu was used as target and the decoy data set consisted of 22 known seven pharmacophores, one atatime, torank a given library. The results from the :dfe;t“FrEZ;re d;‘r;'gfoi’*i‘sgca"‘:‘:‘r‘ ....... JRiere fingerprint (1xuc, 1xud, 1xur) from all the others, while the second principal generated using conformational sampllng. | blase.d by using both shape they may already be used in the next step of Hit-to-Lead.
such as fatty-acid binding proteins. For the whole set, the calculations started from random 3D ligand-coordinates: the best active compounds (12 in house + 10 public from RCSB PDB) and 1138 randomly seven runs have then been merged. The shape of the Target has been used as a ) : : component is devoted at explaining differences across the remaining complementary and feature complementarities with one or more template Sl = C4T 2049 38
pose (rmsd<2.0A) was among the first three solutions proposed by Glue, and for 6 out of 12 the best pose was the first one. selected compounds from MDDR. constraint. A similar procedure has been applied in Catalyst for a comparison. : : : : MMPs. Detailed studies of the MMP-13 crystal structures 1xuc, 1xud molecules. The standard work-flow used by FLAP to generate the "Template” CAT 2030 3 CAT 2046 1
See Enrichment plot below. and 7xur revealed a novel binding pocket (S1'*) formed by 11 pharmacophore model has shown below:
residues (244-255), which is unique to MMP13 [14]. We have Re fe rences
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