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Pharmacophore modeling method

$

a more detailed screening process

PHARMIT

- Online interactive environment »
- Pharmacophore modeling and virtual screening

DISCOVERY STUDIO

-  Platform for simulating small molecules and »
macromolecules systems
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PNt

interactive exploration of chemical space . o
r .

creaie

submit your own chemical libraries

search

virtual screening in your browser

enter pharmit search log in to manage libraries

email:

start from PDB:

password:

binding site waters: ignore .

log in
register new account
log in as guest

examples

2 - §
25 BIOVIA | Discovery Studio

Version 4.5

Salutions for Computational Chemistry and Biology

Discovery Studio v4.5.0:15071

Processings ML Data

= pAssAULT
L7 SUSTEMES

B2015 Dassault Systémes, all rights reserved
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multi-step protocol
1) Search in PDBdb a model structure for targe

RCSB PDB  Deposit v Search~ Visualize =

i ney o EMDataBank 1 StructuralBiology ontiah
i PDB-101 ‘K’BDB R .| | | SRR Knowledgebase Dot vl enk:

Structure Summary 3D View Annotations Seguence Sequence Similarity Structure Similarity Experiment Literature

Identification a model crystal structure 3096 o

of p rOtei ns eq uence of ta rget i n P D B db | Crystal Structure of Human AKT1 with an Allosteric Inhibitor

DOI: 10.2210/pdb3096/pdb

Choosing the best model of target

Analyze + Download ~ Leam ~ More

Study of disease at molecular level
- Genes and proteins involved

Classification: TRANSFERASE
Deposited: 2010-08-03 Released: 2010-10-13
Deposition author(s). Voegtli. W.C., Wu. W.-l.. Lord-Ondash, H.A., Dizon, FP. Vigers, G.PA. Brandhuber. B.J.

Organism: Homo sapiens
Expression System: TRICHOPLUSIA NI

Structural Biclogy Knowledgebase: 3096 (3 models »20 annotations) m.lxg

3 Experimental Data Snapshot wwPDB Validation Full Report
L / Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
4 Resolution: 2.7 A Riree W (.308
R-Value Free: 0.308 Clashsoore I |
R-Value Work: 0.245 Ramachandran outliers IS ] W 5
Sidechain outliers [ P 7.7
Q) View in 3D: NGL or JSmol or PV (in Browser) RSRAZ oulliers —
Standalone Viewers ;‘:::mm:m,. ss 0=

Comparing several structures o
Literature

Ligand Explorer Kiosk Viewer

Protein Symmetry: Asymmetric (View in 3D}

Protein Stoichiometry: Monomer Crystal structure of human AKT1 with an allosteric inhibitor reveals a new mode of kinase
inhibition.
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Pharmacophore model

Pharmacophore standard features:
- HydrogenBond_Acceptor (orange)
- Hydrophobic group (green) »
- Aromatic Ring (magenta)

Pharmacophore models have been
created through PHARMIT
and Discovery Studio

Investigate all bioactive
compounds of ZINCdb

4

Virtual computational screening
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Not Authenticated — sign in

Active cart: Temporary Cart (0 items)

D)

( About Search Subsets Help

Social G+ 0 (de. Search Bar...

y (2)| Vendors (2) ions (7)| ions (2)| Notes (2) | Targets (6) | Clustered (3) | Reactome (23)| Rings (0) | Analogs (1)
ZINC28129161 )
In ZINC since ‘ Heavy atoms ‘ Benign functionality : E(Dj‘)
February 24th, 2009 42 No O !

Popular Name: Akti-1/2
Find On: PubMed — Wikipedia — Google
CAS Number:  612847-09-3
Other Names:
S

1,3-Dihydro-1-1-[[4-(6-phenyl-tH-imidazo[4,5-a
Z-ullphenylimethyl]4-piperidinyl]-2H-benzimi

@D 1 coe(cc )eac(ne3cedc{cean2)nc nH 4 cscee(ees) CINH+J6CCC(CCB)n7c8ccce8[nH]cT:
load: MOL2 SDF SMILES Flexibase

Vendors

0

Chembo Pharma KB-74550 BindinsTI org 95058

Toronto Research Chemicals  A450300 ChEMBL12 CHEMBL238844
ChEMBLi2 10uM CHEMBI258844
ChEMBLig CHEMBL258844
Collaborative Drug Discovery 1280822
Protein Databank Q0
PubChem 16218054, 4447617

76172,
10106499, 68904672
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The parameters app"ed for realizing Virtual computational screening parameters
virtual screening ZINC natural purchasable database

\ 4

Choosing only the good compounds

Bioactive compounds
' RMSD range values

MW range values

RBnds (rotational angle) not exceeding 15

Liga nd-ta rget molecular interactions FPhysical-chemical features for interaction between protein-ligand
through AutoDock (Blind docking)

-lowest binding energy
-estimated inhibition constant »

¥

Choosing only the best candidates

Analysis by means of Discovery Studio:
- min/max features for pharmacophores
- Selectivity score
- Good predicted activity
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3) Molecular validation

Underline of aminoacids pocket
involved in molecular interactions

$

To find only good lead compounds »

*

Molecular focused docking
protein-ligand

|4 |

Physical-chemical properties PharmacoKinetics and
PharmacoDynamics models

\ 4

characterize the new lead compounds

S.Dotolo and A.Facchiano October25-26th , 2016 Rome —




4) Physical-chemical properties and
pharmacokinetics/pharmacodynamics models

physical-chemical properties
of the best candidates

\ 4

To trace their origin and their
features

$

ALogP

Solubility

pKa

Chemical stability
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Chemicalize
FooDB/HMDB
PubChem Compound
SciFinder

PharmacoKinetics and
PharmacoDynamics mod
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Biosynthetic pathways to predict plausible
enzyme-catalyzed reaction

PathPred: Pathway Prediction server

PathSearch PathComp PathPred KEGG2

About PathPred

PathPred is a web-based server t 3usible enzyme-catalyzed reaction pathways from a query
compound using the information of rns: and chemical structure alignments of substrate-product

Select onl ood Iead com ou nds pairs. This server provides plausible reactions and transformed compounds, and displays all predicted
reaction pathways in tree-shaped graph.

- PathPred help

Reference pathway:

@ ¥enobiotics Biodegradation (Bacteria)
(0 Biosynthesis of Secondary Metabalites (Plants)

Next

Pathway Prediction server Ver. 1.13

Feedback KEGG GenomeNet Kyoto University Bioinformatics Center

Pharmacokinetics and Pharmacodynamics
models

zinc_28129161 TOPKAT_Aerobic_Biodegradability

Structural Similar Compounds

[ Wi FF Bt 2 o Ao, -
metnyteihyiidenelbis_(2,6 |amino-2-4-
B gl AN
bis- | hyroyr
[] e -
{Iir
e

CHN,0
4 [Malecular Weight: 552 64829
[ALogP: 3.905 Pradicled Endpoint o
= [Rotatable Bonds: 5 Ditonce [ ez EE
. . efe Incceptors: 4 Roforonca Enirormental Toology | Envicrmenal Toxkaiagy | Enviormenta Toxcoagy
% lbonors: 3 & Chomery 18(). 1765 | & Cromry 18(0) 1763 | & Chemity 18(0), 1763
£ ADVET_AlogPs8 788, 1651 7S, 66K 78, 68
|
= BB
B, Madel Pr Model Applicability
é ey Unknown features are fingerprint features in the query molecule, but not found or appearing too infrequently|

Probabilly: 0143 in he taining sat
[Enrichment: 0.328

[Bayesian Scors: -€.358

Mahalanobis Distance. 14.576
hiahaianobis Distance p-value: 1.18e-010

1 of within

Feature Contribution

ADMET/Toxicity

e pesar'¥ - Top features for positive
o sl | o BiSmiles Feature Structure _Beore Pegradabls in
. ° e roiming set
o b i | [SCFP1Z L R - HE 0 oul o 234
un simuiation &
L ok Byt ™ T,o? t
&
iz e

-50 -2 0 s 50 7 100 125 150
ADMET_PSA_2D
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Search of model structure and

Accession  Maxscore Total score Querycover E Value Ident

1922 1922 92% 0.0
4EJN 922 922 92% 0.0 99%
30CB 1699 1699 70% 0.0 99%
4GV1 698 698 70% 00 | 99%
3CQU 698 698 70% 0.0 99%
IMRV 613 613 70% 0.0 86%
Some structure of AKT 1 in PDBdb
HB_A = oA :

Aromatic Ring
| ..

-533 13.34

110

-1.93 520 050

16.00 1.00

3096 as reference crystal structure

322 294 100

Pharmacophore model
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Virtual screening of all compounds
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COMPOUNDS BINDING ENERGY Kcal/mol Ki
ZINC 4259855 -11.00 737,43 nM
ZINC 1237912 -10.00
ZINC 1447881 -9.36
ZINC 02154548 -9.16
ZINC 2429155 -10.00
ZINC 02666313 -8.91
ZINC 03851635 -9.00
ZINC 13691379 -9.30
ZINC 14611917 -8.73
ZINC 22161363 -10.11
ZINC 54307082 -8.72
Direct molecular
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Physical-chemical properties and
pharmacokinetics-pharmacodynamics model

tudy of physical-chemical AQ
Properties of selected compounds
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Pharmacokinetics and
Pharmacodynamics models » TOXICITY level Select onl

,., & for th

ADMET properties

ADMET_PSA_2D vs ADMET_AlogP98 ZINC3869685 (quer 1G/1F] ZINC1237912 [ 1G /1F) ZINC1447881(16 /1F) ZINC2161363 (1G/ 1F)
" AEROBIC BIODEG RADABILITY %_ NON DEGRADABLE
AMES MUTAGENICITY NON MUTAGEN NON MUTAGEN NON MUTAGEN
DTP NON TOXIC NON TOXIC NON TOXIC NON TOXIC
e _ FDA MOUSE FEMALE NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
s /- -1 : NTP MOUSE FEMALE NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
FDA MOUSE MALE NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
NTP MOUSE MALE
) _ OCULAR IRRITANCY NON IRRITANT NON IRRITANT NON IRRITANT NON IRRITANT
. /}Q _ RAT FEMALE FDA NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
) % RAT FEMALE NTP NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
= \ RAT MALE FDA NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
2 \ . o RAT MALE NTP NON CARCINOGEN NON CARCINOGEN
< B copion 95 SKIN IRRITANCY MILD MILD
g 2 \ \, | i SKIN SENSITIZER
\ bBE-5% WRC NON CARCINOGEN NON CARCINOGEN NON CARCINOGEN NON CARCIN OGEN
|| ) CARCIN POTENCY TDSOMOUSE 44,985 mg/ke 28 685 mg/ke 35,307 mg/kg 47,568 mg/ke
/ CARCIN POTENCY TDSORAT 48,799 mg/ke 0,726mg/ke 5,265 me/ ke 0,575 me/ke
: F CHRONIC LOAEL 0,007 g/kg 0,012g/kg 0,010g/ke 0014g/kg
AR DAPHNIA EC50 5,772/l 0,187g/l 0,162¢g/1 0219/l
/" FATHEAD MINNOW LD50 0,07/l 0,0g/l 0,000g/1 0og/l
RAT INHALATIO LC50 806,217 mg/m3/h 3933, 276 mg/m3/h 3581,196mg/m3/h 4152,921mg/m3/h
- RAT MTDF 1,59 g/ke 0,047g/ke 0,045g/ke 0,046 2/kg
b : RAT MTDG 0,0g/kg 0,001g/kg 0.0g/ke 0,003 g/kg
RAT DRAL LDS0 1,191 g/ke 1,841 g/kg 1,943g/ke 1710g/ke

-50 -25 o 25 50 75 100 125 150
ADMET_FSA_2ZD

S.Dotolo and A.Facchiano October25-26th , 2016 Rome —



SNETTAB. Introduction

EMBTEL! M::::ﬁ: Institute of Food Science,
C’_@i{ﬁk\}_ conclusions National Research Council-Avelli

Conclusions and Future Works

This procedure is robust and efficient for obtaining “lead compounds”:
- Selective for the allosteric site
- Complete for the number of performed analyses

Good strategy for the validation of SOPs in bioinformatics in case of drug discovery

The next planned steps

- Detailed analysis of metabolic pathways

- Molecular dynamics simulations for behavior
- The experimental analysis “in vitro/in vivo”
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