
xx.000 to 1?xx.000 to 1?

Is this ratio really acceptable Is this ratio really acceptable 
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Is this ratio really acceptable Is this ratio really acceptable 

for a for a pharmapharma company?company?



Hit2Lead
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HitHit22LeadLead…… aa pragmaticpragmatic viewview::

PM = 118.14; logP = 1.56

PM = 222.25; logP = 2.79
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Front. Chem., 18 February 2020 | https://doi.org/10.3389/fchem.2020.00093

PM = 413.83; logP = 3.88

PM = 489.93; logP = 5.54



whenwhen potencypotency isis aa goodgood potency?potency?
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David C. Rees, Miles Congreve,, Christopher W. Murray & Robin Carr Nature Reviews Drug Discovery 3, 660-672, 2004



MarketingClinical
Lead 

to
Hit Screen 

Target 
to Gene to 

Lead Lead 

toto
Hit Hit Screen Screen 

FlowchartsFlowcharts inin DrugDrug DiscoveryDiscovery::FlowchartsFlowcharts inin DrugDrug DiscoveryDiscovery::
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Phase IVTrials
to

Candidate
to Leadto HitValidated 

Target

Gene to 
Function

toto
CandidateCandidate

to Leadto Leadto Hitto Hit



MarketingClinical
Lead 

to
Hit Screen 

Target 
to Gene to 

HTS / in vitro
Screening

Focused Synthesis/
in vitro Screening

Lead Lead 

toto
Hit Hit Screen Screen 

FlowchartsFlowcharts inin DrugDrug DiscoveryDiscovery::FlowchartsFlowcharts inin DrugDrug DiscoveryDiscovery::

real world
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Phase IVTrials
to

Candidate
to Leadto HitValidated 

Target

Gene to 
Function

toto
CandidateCandidate

to Leadto Leadto Hitto Hit

virtual world



MarketingClinical
Lead 

to
Hit Screen 

Target 
to Gene to 

HTS / in vitro
Screening

Focused Synthesis/
in vitro Screening

Lead Lead 

toto
Hit Hit Screen Screen 

FlowchartsFlowcharts inin DrugDrug DiscoveryDiscovery::FlowchartsFlowcharts inin DrugDrug DiscoveryDiscovery::

real world
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Phase IVTrials
to

Candidate
to Leadto HitValidated 

Target

Gene to 
Function

Virtual
Screening (VS)

toto
CandidateCandidate

to Leadto Leadto Hitto Hit

Virtual Lead
Optimization

virtual world



Virtual
Screening (VS)

Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

Target

M
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Target
Structure Determination

Structure-based
Virtual Screening (SBVS)

HT Molecular Docking

Ligand-based
Virtual Screening (LBVS)

Similarity search
Pharmacophore matching



Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

Virtual Lead
Optimization

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy

Target
Structure Determination

Ligand-based Optimization

Pharmacophore
QSAR

Structure-based Optimization

Molecular Docking
Molecular Dynamics



Menu (touristic) of  our PSF course:Menu (touristic) of  our PSF course:Menu (touristic) of  our PSF course:Menu (touristic) of  our PSF course:

••LigandLigand--based “Drug” Design (LBDD)based “Drug” Design (LBDD)

••StructureStructure--based “Drug” Design (SBDD) based “Drug” Design (SBDD) 
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••StructureStructure--based “Drug” Design (SBDD) based “Drug” Design (SBDD) 



Hit2Lead

...... ItIt isis timetime toto startstart
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Hit2Lead



HTS / in vitro
Screening

Lead Lead 
toto

Hit Hit Screen Screen 

WeWe dodo thisthis firstfirst fundamentalfundamental

considerationconsideration togethertogether::

WeWe dodo thisthis firstfirst fundamentalfundamental

considerationconsideration togethertogether::

REALREAL

•• hitshits

– active in assay

– defined and confirmed 

structures

– drug-like potential

M
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Virtual
Screening (VS)

toto
CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit VIRTUALVIRTUAL



TheThe firstfirst realreal helphelp thatthat informaticsinformatics

givesgives toto chemistrychemistry andand inin

particularparticular medicinalmedicinal chemistrychemistry isis

toto ''virtualizevirtualize'' molecularmolecular structuresstructures..

TheThe firstfirst realreal helphelp thatthat informaticsinformatics

givesgives toto chemistrychemistry andand inin

particularparticular medicinalmedicinal chemistrychemistry isis

toto ''virtualizevirtualize'' molecularmolecular structuresstructures..
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butbut……



WeWe dodo NEVERNEVER forgetforget::WeWe dodo NEVERNEVER forgetforget::

O

O

O

OH
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O

This is one of  its

possible chemical

representations

This is a

chemical



…… followfollow meme inin thisthis logiclogic comparisoncomparison::…… followfollow meme inin thisthis logiclogic comparisoncomparison::

Chemical Compound (CCChemical Compound (CC))Chemical Compound (CCChemical Compound (CC))

Real worldReal world

Numerical Numerical Numerical Numerical 

Virtual worldVirtual world
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Chemical Structure (CS)Chemical Structure (CS)Chemical Structure (CS)Chemical Structure (CS)

Chemical Properties (CP)Chemical Properties (CP)Chemical Properties (CP)Chemical Properties (CP)

Numerical Numerical 

representations of  CSrepresentations of  CS

Numerical Numerical 

representations of  CSrepresentations of  CS

Molecular Descriptors (MD)Molecular Descriptors (MD)Molecular Descriptors (MD)Molecular Descriptors (MD)



C9H8O4
O

O

OH

WithWith howhow manymany chemicalchemical

representationsrepresentations wewe cancan deal?deal?

WithWith howhow manymany chemicalchemical

representationsrepresentations wewe cancan deal?deal?
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…again the salicylic acid?

C9H8O4
O



TheThe crucialcrucial informaticsinformatics differencesdifferences::TheThe crucialcrucial informaticsinformatics differencesdifferences::

C9H8O4

salicylic acid
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C9H8O4

… these are simple strings
(sequences) of alphanumeric

characters and they are very easy to

manage… informatically speaking!!!



JustJust aa simplesimple exampleexample:: areare thesethese twotwo

representationsrepresentations identical?identical?

JustJust aa simplesimple exampleexample:: areare thesethese twotwo

representationsrepresentations identical?identical?

C9H8O4

C9H8O4

O

O

O

OH

O

M
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C9H8O4

Time of  answer (sec): Time of  answer (sec):

O

O

OH



O

O

OH

BeBe carefulcareful toto thethe chemicalchemical slangslang……BeBe carefulcareful toto thethe chemicalchemical slangslang……

O

O

OH

H

O

O

OH

H

H
H

H
O

O

O

H

H
H

H

H
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OO

H

H

H

H
O

H

H

H

H
H

O

H

H

H

H
H



O

O

O

OH

Remember,Remember, allall ofof thesethese areare notnot

identicalidentical…… informaticallyinformatically specking!specking!

Remember,Remember, allall ofof thesethese areare notnot

identicalidentical…… informaticallyinformatically specking!specking!

O

O

O

O O

O

CH
3

O

OH

M
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O

O

CH
3

O

OH

H

H

H

H ……



WhatWhat isis thethe informaticsinformatics anatomyanatomy ofof thisthis

representationrepresentation::

WhatWhat isis thethe informaticsinformatics anatomyanatomy ofof thisthis

representationrepresentation::

O

O

OH

PIXEL

Image

M
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O

A PIXEL is generally thought of as the smallest single component of a digital image. Pixels per inch (ppi)

and pixels per centimetre (ppcm or pixels/cm) are measurements of the pixel density of an electronic

image device.

Image
(gif, jpg…)



oror……oror……

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy

… draw is geometry…

… geometry is numbers in space!!!



geometrygeometry isis numbersnumbers inin thethe spacespace::geometrygeometry isis numbersnumbers inin thethe spacespace::

O

O

OH

y
# Atom Type x y

1             C               x1 y1

1

2

3 2             C               x2 y2

3             O               x3 y3

4            …               …          …          

Cartesian coordinate table:

M
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O

x
0

Chemical connection table:

#1 #2 Type of bond

1             2              1 (single)

2             3              2 (double)

…           …                      …



…… andand anyany objectobject inin aa CartesianCartesian planeplane cancan bebe

easilyeasily translate,translate, rotate,rotate, ...:...:

…… andand anyany objectobject inin aa CartesianCartesian planeplane cancan bebe

easilyeasily translate,translate, rotate,rotate, ...:...:
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justjust forfor

informaticsinformatics

addicted!addicted!

justjust forfor

informaticsinformatics

addicted!addicted!

Transformations:
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Now,Now, thisthis isis perfectperfect understandable!understandable!Now,Now, thisthis isis perfectperfect understandable!understandable!

y

1

# Atom 
Type

x y z

Cartesian coordinate table:

1         C           x1 y1             z1

2

2         C           x2 y2             z2

3
3         O           x3 y3             z3

M
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x

0

z

2

Chemical connection table:

#1 #2 Type of bond

1             2              1 (single)

2             3              2 (double)

…           …                      …



TheThe crucialcrucial questionquestion:: whowho givesgives usus

thethe “good”“good” coordinates?coordinates?

TheThe crucialcrucial questionquestion:: whowho givesgives usus

thethe “good”“good” coordinates?coordinates?

y

M
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x

0

z



MyMy heroesheroes……MyMy heroesheroes……

3D3D
y

X-Ray

Crystallography

NMR

Spectroscopy

Comparative/Homology

Modeling

M
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y

z

x

Cryo-

Electron Microscopy

(Cryo-EM)



CryoCryo--EMEM:: thethe futurefuture ofof structuralstructural

biochemistrybiochemistry isis todaytoday!!

CryoCryo--EMEM:: thethe futurefuture ofof structuralstructural

biochemistrybiochemistry isis todaytoday!!
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credits: https://www.youtube.com/watch?v=BJKkC0W-6Qk



HereHere isis ourour workingworking platformplatform……HereHere isis ourour workingworking platformplatform……
http://mms.dsfarm.unipd.it
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http://bibliotecachimica.cab.unipd.it/documenti-download/chemdraw-prime



List of Commonly Used Abbreviations

of coordinates archives (files):

List of Commonly Used Abbreviations

of coordinates archives (files):

xxx.xxx.mol mol :: MDL (Molecular Design Limited, Inc)  Molfile

xxx.xxx.mol2 mol2 : : SYBYL SYBYL MolfileMolfile

xxx.xxx.sdfsdf : : structure-data file

xxx.xxx.pdbpdb ::

M
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xxx.xxx.pdbpdb :: proteinprotein--datadata bankbank filefile

xxx.xxx.chmchm : : ChemDraw file 

…



OpenBabel: a precious tool to convert

one format to another… and much more!!

OpenBabel: a precious tool to convert

one format to another… and much more!!

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy

http://openbabel.org/wiki/Main_Page



OpenBabel: a precious tool to convert

one format to another… and much more!!

OpenBabel: a precious tool to convert

one format to another… and much more!!
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http://openbabel.org/wiki/Main_Page



xC9H8O4

Object:Object: 3D graph3D graph

z
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Object:Object: string (1D)string (1D)

xC9H8O4

Object:Object: 2D graph2D graphy

O

OH
O

O



AreAre wewe fullyfully satisfied?satisfied?AreAre wewe fullyfully satisfied?satisfied?

O

O

OH

M
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O



WhatWhat wewe areare reallyreally missingmissing……WhatWhat wewe areare reallyreally missingmissing……
z
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x

y



…… thethe illusionillusion ofof time!time!…… thethe illusionillusion ofof time!time!
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CanCan youyou understandunderstand whatwhat isis this?this?CanCan youyou understandunderstand whatwhat isis this?this?
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…… butbut thisthis illusionillusion isis incrediblyincredibly

exciting!!!exciting!!!

…… butbut thisthis illusionillusion isis incrediblyincredibly

exciting!!!exciting!!!

V. Salmaso M. Sturlese
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…… butbut thisthis illusionillusion isis incrediblyincredibly

exciting!!!exciting!!!

…… butbut thisthis illusionillusion isis incrediblyincredibly

exciting!!!exciting!!!
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G. Deganutti A. Cuzzolin



AnotherAnother importantimportant informaticsinformatics

difference!difference!

AnotherAnother importantimportant informaticsinformatics

difference!difference!

C9H8O4

O

O

O

OH

M
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1.299 byte 2.051 byte6 byte

1 byte = 8 bit (1 bit = 0 o 1, true o false)  

73.728 byte



DoDo youyou remember?remember?DoDo youyou remember?remember?

C9H8O4

C9H8O4

O

O

O

OH

O

M
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C9H8O4

Time of  answer (sec): Time of  answer (sec):

O

O

OH



ThinkThink aboutabout……ThinkThink aboutabout……

C9H8O4

O

O

O

OH

Stefano Moro

M
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C9H8O4

MROSFN65B05X407Y

Stefano Moro

????



String_of_characters

O

O

O

OH

CombiningCombining businessbusiness withwith pleasurepleasure ??CombiningCombining businessbusiness withwith pleasurepleasure ??
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… possibly, using only a keyboard?… possibly, using only a keyboard?



String_of_characters

O

O

O

OH

CombiningCombining businessbusiness withwith pleasurepleasure ??CombiningCombining businessbusiness withwith pleasurepleasure ??
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SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)



Using simple rules it is possible to represent

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

The original SMILES specification was initiated by David
Weininger at the USEPA Mid-Continent Ecology Division

Laboratory in Duluth in the 1980s.
Anderson E, Veith GD, Weininger D (1987). SMILES: A line notation and computerized interpreter for
chemical structures. Duluth, MN: U.S. EPA, Environmental Research Laboratory-Duluth. Report No.
EPA/600/M-87/021.

Weininger D "SMILES, a chemical language and information system. 1. Introduction to methodology
and encoding rules". Journal of Chemical Information and Modeling. 28 (1): 31–6.
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Using simple rules it is possible to represent

the “connections” between “molecular

fragments” (as in the structural formula) in a

simple “string” of “alphanumeric

characters” (as in the bruta formula).

Here is some examples:



C                            methane

CC                         ethane

HH

H

H

H

H

H

H

H

H

H
H

H

H

Some SMILES rules:

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

M
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CCC                      propane

CC(C)C                2-methil-propane

C1CCCCC1        cycloesane

H

H
H

H

H

H

H

H

H

H
H

H

H

HH

H



11

C1CCCCC1        cycloesane

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy

11

11



C=C                     ethene (ethylene)

C=CC                  propene

H

H

H

H

CH
3

H

H

H

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

M
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C/C=C/C            trans (E)-2-butane

C/C=C\C            cis (Z)-2-butane

C#C                     ethyne (acetylene)

H

CH
3

H

CH
3

H

CH
3

H

H

CH
3

HH



c1ccccc1            benzene

Cc1ccccc1         toluene

CH
3

CH
3

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

M
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Cc1ccc(N)cc1   4-methil-aniline

Nc1ccc(C)cc1

c12c(cccc1)cccc2    naphthalene

NH
2



Examples for naphtalene: 

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)
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CO

CC=O

OHH

H

H

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

O
H

O

H
H

methanol

ethanal

M
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CC(=O)C

CC(=O)O OH

O

H

H

H

O

H

H

H

H

H

H

H

acetone

acetic acid



In SMILES, tetrahedral centers may be indicated by a

simplified chrial specification (@ or @@) written as an

atomic property following the atomic symbol of the chiral

atom.

Looking at the chiral center from the direction of the "from" atom (as per

atom order in SMILES), @ means "the other three atoms are listed anti-
clockwise; @@ means clockwise.

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

M
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clockwise; @@ means clockwise.

C[C@@H](N)C(=O)ONH
2

COOH

NH
2

COOH C[C@H](N)C(=O)O



SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

Some medchem examples:

Melatonin (C13H16N2O2) CC(=O)NCCc1c[nH]c2ccc(OC)cc12

Nicotine (C10H14N2) CN1CCC[C@H]1c2cccnc2 
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Glucose (glucopyranose) (C6H12O6) 

OC[C@@H](O1)[C@@H](O)[C@H](O)[C@@H](O)[C@@H](O)1 

Thiamine (C12H17N4OS+) (vitamin B1) OCCc1c(C)[n+](cs1)Cc2cnc(C)nc2N 



SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

Some examples:

Cephalostatin-1, a steroidic trisdecacyclic pyrazine with the empirical formula C54H74N2O10

M
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Starting with the left-most methyl group in the figure: 

C[C@H]1[C@H]2CC=C3[C@]2(CO[C@]14[C@@H](CC(O4)(C)C)O)C(=O)C[C@H]5[C@H]3CC[C@@H]6[C@@]5(CC7=NC8

=C(C[C@]9([C@H](C8)CC[C@@H]1[C@@H]9C[C@H]([C@]2(C1=C[C@H]1[C@@]2([C@@H]([C@@]2(O1)[C@@H](C[C@

@](O2)(C)CO)O)C)O)C)O)C)N=C7C6)C



SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

Generation of SMILES:

Break cycles, then write as branches off a main

backbone. (Ciprofloxacin)
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SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)
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••One chemical one SMILES string;One chemical one SMILES string;

••Same SMILES string coming from different programs;Same SMILES string coming from different programs;

••Improving search Improving search provessprovess in chemical databases.in chemical databases.

Canonical SMILES is a unique way of writing a SMILES for a molecule,

where some rules about numbering defines the ordering of the atoms.

This ensures that there is only one unique SMILES corresponding to one

unique molecule. It is often useful to have this 1:1 correspondence:



SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

CANONALISING SMILES: please check at the end

M
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CANONALISING SMILES: please check at the end

for this file… and enjoy the Morgan’s algorithm!



SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

A powerful “searching” strategy:

O(O=)Cc1ccccc1OC(=O)C
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O(O=)Cc1ccccc1OC(=O)C



O

O

O

OH

reassuming:

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy

Two faces of  the same medal!!!Two faces of  the same medal!!!

O(O=)Cc1ccccc1OC(=O)C



DoDo youyou needneed aa SMILES’sSMILES’s translator?translator?DoDo youyou needneed aa SMILES’sSMILES’s translator?translator?

http://mms.dsfarm.unipd.it/MMsINC/search/

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy



ChemicalChemical archivesarchives……
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TheThe secondsecond majormajor aidaid thatthat

informaticsinformatics givesgives toto thethe medicinalmedicinal

chemistrychemistry isis thethe 'intelligent'intelligent storagestorage''

ofof molecularmolecular structuresstructures..

TheThe secondsecond majormajor aidaid thatthat

informaticsinformatics givesgives toto thethe medicinalmedicinal

chemistrychemistry isis thethe 'intelligent'intelligent storagestorage''

ofof molecularmolecular structuresstructures..
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archiviationarchiviation…… thethe firstfirst crucialcrucial

virtualizationvirtualization processprocess..
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Why: to ensure the uniqueness of representation in
the virtual world of an object in the real world!



andand itit isis clear,clear, too!too!

PM 108.14
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p-Phenylenediamine
CAS 106-50-3



Let'sLet's startstart buildingbuilding ourour molecularmolecular

database?database?

Let'sLet's startstart buildingbuilding ourour molecularmolecular

database?database?
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O

O

O

OH



QueryQuery

SearchingSearching inin aa databasedatabase isis nownow veryvery

easy!easy!

SearchingSearching inin aa databasedatabase isis nownow veryvery

easy!easy!

O(O=)Cc1ccccc1OC(=O)C
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AA bitbit ofof…… sequencesequence alignmentalignment..AA bitbit ofof…… sequencesequence alignmentalignment..

Sequence A: C3H6O
Sequence B: C3H6O

11.. IdentityIdentity searchsearch::
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aa.. IfIf thethe numbernumber ofof characterscharacters thethe same?same?

GoGo on!on!notnot

identicalidentical

NONO YESYES



AA bitbit ofof…… sequencesequence alignmentalignment..AA bitbit ofof…… sequencesequence alignmentalignment..

bb.. IfIf thethe numbernumber ofof characterscharacters isis thethe samesame::

C 3 H6 O
C

The main diagonal represents in

the correspondence matrix the

place where we find the highest
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C
3
H
6
O

place where we find the highest

'similarity' between the two

sequences.

C3H6O
|||||
C3H6O

Identity or

100% similarityCORRISPONDENCECORRISPONDENCE

MATRIXMATRIX



CanCan wewe startstart thinkingthinking aboutabout thethe relationrelation

betweenbetween IDENTITYIDENTITY andand SIMILARITYSIMILARITY……

eveneven ifif thisthis isis aa veryvery badbad example!example!

CanCan wewe startstart thinkingthinking aboutabout thethe relationrelation

betweenbetween IDENTITYIDENTITY andand SIMILARITYSIMILARITY……

eveneven ifif thisthis isis aa veryvery badbad example!example!

IDENTITYIDENTITY isis equalequal toto 100100%% ofof SIMILARITYSIMILARITY

C 3 H6 O
C

C 3 H5 O
C

C 2 H5 O
C
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C
3
H
6
O

C
3
H
6
O

C 2 H5 O
C
3
H
6
O

100100%% 8080%% 6060%%



CanCan youyou alsoalso findfind anotheranother importantimportant

applicationapplication ofof thisthis “string“string similaritysimilarity

approach?approach?

CanCan youyou alsoalso findfind anotheranother importantimportant

applicationapplication ofof thisthis “string“string similaritysimilarity

approach?approach?
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…… importantimportant molecularmolecular Haystack!Haystack!…… importantimportant molecularmolecular Haystack!Haystack!

Date 21/11/2022 10:37:40 EST

Chemical Abstract Service
(www.cas.org)
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Date 21/11/2022 10:37:40 EST
Count 183,000,000 available organic and inorganic 

chemicals 

71 million commercially available
substances
136 million reactions



httphttp:://pubchem//pubchem..ncbincbi..nlmnlm..nihnih..gov/gov/

httphttp:://www//www..emoleculesemolecules..com/com/

…… otherother importantimportant molecularmolecular Haystacks!Haystacks!…… otherother importantimportant molecularmolecular Haystacks!Haystacks!
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httphttp:://www//www..emoleculesemolecules..com/com/

httphttp:://www//www..chemspiderchemspider..com/com/

httphttp:://mms//mms..dsfarmdsfarm..unipdunipd..it/MMsINCit/MMsINC..htmlhtml



Farmaco

Interazione Terapeutica

Patologia

Target Primario

Target Secondario

Interazione Collaterale Target Collaterale

HowHow largelarge isis ourour chemicalchemical spacespace??HowHow largelarge isis ourour chemicalchemical spacespace??
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Spazio fisio-patologicoSpazio chimico Spazio biologico



The number of  chemical compounds consisting of  

C, H, N, O, P, S, F, Cl, Br, I and with PM <500

is estimated in the order of:

1040 - 10120
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AA veryvery commoncommon situationsituation:: wewe havehave onlyonly oneone

compoundcompound thatthat wewe knowknow toto bebe ''activeactive'' againstagainst

ourour therapeutictherapeutic targettarget::
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Could you suggest a strategy to find a novel Could you suggest a strategy to find a novel 

possible candidate?possible candidate?



SimilaritySimilarity:: structurestructure versusversus propertiesproperties……
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NH
2

NH
2

Structure

SimilaritySimilarity:: structurestructure versusversus propertiesproperties……
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PM = 108,14

nC = 6

pKa = 6.2

logP = -0.3

MP = 142

Volume = 93,9

…     

PropertiesPSA = 52



DoDo togethertogether thisthis simplesimple exerciseexercise:: cancan

youyou describedescribe whatwhat youyou areare lookinglooking ??
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SimilaritySimilarity lawlaw:: similarsimilar itemsitems tendtend toto bebe
groupedgrouped togethertogether..



and,and, sometimes,sometimes, thisthis isis truetrue alsoalso inin medicinalmedicinal

chemistrychemistry::

N
H

O

N

COOH

COOH N
H

O

N
N
H

O

N

O OO

N
+

C

CH
2
O NH

N
H

O

N

Lidocaine

Lidofenin                           Bupivacaine                       Ropivacaine

+ +

N
H

O

N

Pyrrocaine                        Butanilicaine                     Quatacaine   
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N
H

O

N
N
H

O

N
H

N
H

O

NH
2

Aptocaine                           Tocainide                          Prilocaine

N
H

O

N

COOMe

N
H

O

N

Mepivacaine                    Articaine                           Clodacaine

Tolycaine                         Trimecaine                        Etidocaine

N
H

O

N
N
H

O

N

Tolycaine                         Trimecaine                        Etidocaine



N
H

O

N

COOH

COOH N
H

O

N
N
H

O

N

N
+

C

CH
2
O NH

N
H

O

N

Lidocaine

Lidofenin                           Bupivacaine                       Ropivacaine

+ +

N
H

O

N

Pyrrocaine                        Butanilicaine                     Quatacaine   

IfIf wewe wantwant toto virtualizevirtualize chemicalchemical similaritysimilarity searching,searching,

wewe havehave toto describedescribe exactlyexactly whatwhat similaritysimilarity is!is!

AreAre youyou ableable toto scalescale chemicalchemical similaritysimilarity ofof thesethese

analogsanalogs respectrespect lidocaine?lidocaine?
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N
H

O

N
N
H

O

N
H

N
H

O

NH
2

Lidofenin                           Bupivacaine                       Ropivacaine

Aptocaine                           Tocainide                          Prilocaine

N
H

O

N

COOMe

N
H

O

N

Pyrrocaine                        Butanilicaine                     Quatacaine   

Mepivacaine                    Articaine                           Clodacaine

Tolycaine                         Trimecaine                        Etidocaine

N
H

O

N
N
H

O

N

Tolycaine                         Trimecaine                        Etidocaine



TellTell meme whatwhat youyou areare thinkingthinking::

N
H

O

N

Lidocaine
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ExactlyExactly ““molecularmolecular fragmentationfragmentation””

couldcould bebe aa possiblepossible solution!solution!

ExactlyExactly ““molecularmolecular fragmentationfragmentation””

couldcould bebe aa possiblepossible solution!solution!

O

O

OHO

O

OHO

O

OH
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O

O

OHO

O

OHO

O

OH



WeWe needneed somesome rulesrules::WeWe needneed somesome rulesrules::

S

S

CF
3

N

N

OH
RingsRings

11::

S

22::
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CF
3

N

N

OH

CF
3

N

N

OH
LinkersLinkers

S

CF
3

N

N

OH

33::

SideSide chainschains
G.W. Bemis, M. A. Murcko, J. Med. Chem. 1996, 39, 2887 –2893.



TheThe sequencesequence ofof fragmentsfragments isis likelike aa

molecularmolecular barbar codecode……

O
O

O

OH

M
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HowHow wewe cancan buildbuild itit upup……HowHow wewe cancan buildbuild itit upup……



AnyAny standard?standard?AnyAny standard?standard?

MACCSMACCS (Molecular(Molecular ACCessACCess System)System) aa

collectioncollection ofof 166166 functionalfunctional groupsgroups

representingrepresenting thethe mostmost accessibleaccessible
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representingrepresenting thethe mostmost accessibleaccessible

medchemmedchem chemicalchemical spacespace..

MACCS keys (1979), MDL Information Systems Inc. (originally named Molecular Design Limited, Inc.),

San Leandro, CA.

There is no publication describing the MACCS 166 public keys. All of the citations for it either say a

variation of "MDL did it"



A useful concept: A useful concept: structural keysstructural keysA useful concept: A useful concept: structural keysstructural keys

1 1 0 0 1 0 0 0

1. Define all possible chemical fragments (structural keys):

2. Assigne un bit for the each corrispondence in our molecule:

OH

O

Ar
OH

O

OR

NH
2 O S

O

O

OH

OH

O

Ar
OH

O

OR

NH
2 O S ……
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1 1 0 0 1 0 0 0O

3. Reiterate this procedure for each molecule of  the database :

1 1 0 0 1 0 0 0

1 1 0 1 0 0 0 0

O

O

O

OH

OH

O

OH

OH

O

Ar
OH

O

OR

NH
2 O S



whatwhat aboutabout thisthis parallelism?!parallelism?!whatwhat aboutabout thisthis parallelism?!parallelism?!

0000000100000001000000100010000000000010000010000100001000001000

O

O

O

OH
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…… so,so, nownow itit isis veryvery easyeasy toto transformtransform mymy

molecularmolecular databasedatabase inin aa collectioncollection ofof

““structuralstructural keyskeys”!”!

…… so,so, nownow itit isis veryvery easyeasy toto transformtransform mymy

molecularmolecular databasedatabase inin aa collectioncollection ofof

““structuralstructural keyskeys”!”!

0000000100001101000000101010000000000110000010000100001000001000
0100010110010010010110011010011100111101000000110000000110001000
0100010100011101010000110000101000010011000010100000000100100000
0001101110011101111110100000100010000110110110000000100110100000
0100010100110100010000000010000000010010000000100100001000101000
0100011100011101000100001011101100110110010010001101001100001000
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…… well,well, butbut whywhy thisthis transformationtransformation couldcould

helphelp usus inin measuringmeasuring chemicalchemical similarity?similarity?

…… well,well, butbut whywhy thisthis transformationtransformation couldcould

helphelp usus inin measuringmeasuring chemicalchemical similarity?similarity?

0000000100001101000000101010000000000110000010000100001000001000
0100010110010010010110011010011100111101000000110000000110001000
0100010100011101010000110000101000010011000010100000000100100000
0001101110011101111110100000100010000110110110000000100110100000
0100010100110100010000000010000000010010000000100100001000101000
0100011100011101000100001011101100110110010010001101001100001000
0101110100110101010111111000010000011111100010000100001000101000
0100010100111101010000100010000000010010000010100100001000101000

O

O

OH

OH OH

M
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0100010100111101010000100010000000010010000010100100001000101000
0001000100010100010100100000000000001010000010000100000100000000
0100010100010011000000000000000000010100000010000000000000000000
0100010100010100000000000000101000010010000000000100000000000000
0101010101111100111110100000000000011010100011100100001100101000
0100010100011000010000011000000000010001000000110000000001100000
0000000100000000010000100000000000001010100000000100000100100000
0100010100010100000000100000000000010000000000000100001000011000
0001000100001100010010100000010100101011100010000100001000101000
0100011100010100010000100001001110010010000010001100000000101000
0101010100010100010100100000000000010010000010010100100100010000

O
OH

O

OH



Let's go back to elementary school for a

moment…

Let's go back to elementary school for a

moment…
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DoDo youyou rememberremember thethe EuleroEulero--VennVenn diagrams?diagrams?DoDo youyou rememberremember thethe EuleroEulero--VennVenn diagrams?diagrams?

AA BB

AA BB


∩∩


∩∩

AA∩∩BB

AA∩∩BB
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…… andand thethe intersectionintersection setset AA∩∩B?B?…… andand thethe intersectionintersection setset AA∩∩B?B?

AA BB

AA
BB




∩∩

AA∩∩BB

AA∩∩BBAA∩∩BB



Now,Now, II cancan introduceintroduce youyou thethe JaccardJaccard index!index!Now,Now, II cancan introduceintroduce youyou thethe JaccardJaccard index!index!

BABA

BA

solosolo
∩++

∩=Index Jaccard

AA
BB

AA∩∩BB
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==
44

11 ++ 11 ++ 44
== 00..6666

Originally coined coefficient de communauté by Paul Jaccard, 

JaccardJaccard,, PP.. ((19011901)) BulletinBulletin deldel lala SociétéSociété VaudoisedesVaudoisedes SciencesSciences NaturellesNaturelles 3737,, 241241--272272 ..

AA
BB

AA∪∪BB



Now,Now, II cancan introduceintroduce youyou thethe JaccardJaccard index!index!Now,Now, II cancan introduceintroduce youyou thethe JaccardJaccard index!index!

BABA

BA

solosolo
∩++

∩=Index Jaccard

AA BB

JIJI

= 1= 1

M
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Originally coined coefficient de communauté by Paul Jaccard, 

JaccardJaccard,, PP.. ((19011901)) BulletinBulletin deldel lala SociétéSociété VaudoisedesVaudoisedes SciencesSciences NaturellesNaturelles 3737,, 241241--272272 ..

AA BB


JIJI

= 0= 0



1 1 0 0 1 0 0 0

1 1 0 1 0 0 0 0

O

O

O

OH

OH

O

OH

AA

BB

FragmentsFragments onlyonly inin AA == 11

FromFrom JacardJacard…… toto TanimotoTanimoto index!index!FromFrom JacardJacard…… toto TanimotoTanimoto index!index!

OH

O

Ar
OH

O

OR

NH
2 O S
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FragmentsFragments onlyonly inin AA == 11

FragmentsFragments onlyonly inin BB == 11

FFrraaggmmeennttss inin AA∩∩BB == 22

TanimotoTanimoto similaritysimilarity indexindex ==
22

11 ++ 11 ++ 22
== 00..55

TanimotoTanimoto, , T.T.T.T. (1957) IBM (1957) IBM InternalInternal Report 17th Report 17th NovNov

In that paper, a "similarity ratio" is given over bitmaps, where each bit of a fixed-size array represents the presence or

absence of a characteristic in the plant being modelled.



SimilaritySimilarity…… isis aa symmetricalsymmetrical property?property?SimilaritySimilarity…… isis aa symmetricalsymmetrical property?property?

Usually we think that if A is similar to B, then

B is similar to A. An example:

SimSim [[ ,, ]] == SimSim [[ ,, ]]
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BABA

BA

solosolo
∩++

∩=
βα

IndexTversky 

but it not always the case in particular when the

two ensembles are very different populated. In

this case:

where α and β are user-defined parameters.



Asymmetric (Tversky) SimilarityAsymmetric (Tversky) Similarity

BABA

BA

solosolo
∩++

∩=
βα

IndexTversky 

• if α = β = 1, equation reduces to Tanimoto coefficient;

• if α ≠ β, T becomes asymmetric

– where α = 1 and β = 0, T = A∩B / A

i.e. the fraction of A which it is has in common with B

• when T = 1.0, it indicates that A is a substructure of
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• when T = 1.0, it indicates that A is a substructure of

B (at the level of fingerprint matching)

• when T→1.0 it indicates that A is almost a

substructure of B

TT ==11 TT →→11



…… asas forfor anyany tool,tool, therethere areare limitations!limitations!…… asas forfor anyany tool,tool, therethere areare limitations!limitations!

O

O

O

OH
O

O

O

OH

O

O

O OH
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O O OH

1 1 0 0 1 0 0 0

1 1 0 0 1 0 0 0

1 1 0 0 1 0 0 0

OH

O

Ar
OH

O

OR

NH
2 O S



…… andand ifif wewe havehave moremore thanthan 11 ofof thethe samesame

substituent?substituent?

…… andand ifif wewe havehave moremore thanthan 11 ofof thethe samesame

substituent?substituent?

O

O

O

OH

O

OH

O OH

O

O

O

OH

O

OH

O

O

O

OH
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O OH

1 1 0 0 1 0 0 0

1 2 0 0 1 0 0 0

1 3 0 0 1 0 0 0

OH

O

Ar
OH

O

OR

NH
2 O S



BeforeBefore askingasking thethe chemicalchemical meaningmeaning ofof

TanimotoTanimoto similaritysimilarity index,index, let'slet's seesee aa

cleverclever useuse::

0000000100001101000000101010000000000110000010000100001000001000
0100010110010010010110011010011100111101000000110000000110001000
0100010100011101010000110000101000010011000010100000000100100000
0001101110011101111110100000100010000110110110000000100110100000
0100010100110100010000000010000000010010000000100100001000101000
0100011100011101000100001011101100110110010010001101001100001000
0101110100110101010111111000010000011111100010000100001000101000
0100010100111101010000100010000000010010000010100100001000101000

O

O

O

OH

TanimotoTanimoto
0.45

0.63

0.75

0.64

0.86

0.34

0.77

0.98

TanimotoTanimoto

0.98

0.96

0.89

0.86

0.86

0.77

0.75

0.67
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0100010100111101010000100010000000010010000010100100001000101000
0001000100010100010100100000000000001010000010000100000100000000
0100010100010011000000000000000000010100000010000000000000000000
0100010100010100000000000000101000010010000000000100000000000000
0101010101111100111110100000000000011010100011100100001100101000
0100010100011000010000011000000000010001000000110000000001100000
0000000100000000010000100000000000001010100000000100000100100000
0100010100010100000000100000000000010000000000000100001000011000
0001000100001100010010100000010100101011100010000100001000101000
0100011100010100010000100001001110010010000010001100000000101000
0101010100010100010100100000000000010010000010010100100100010000

0.98

0.96

0.23

0.54

0.56

0.33

0.86

0.65

0.89

0.67

0.56

0.67

0.65

0.64

0.63

0.56

0.56

0.54

0.45

0.34

0.33

0.23

search all compounds that have a Tanimoto 

similarity   index > 0.85!



AA bitbit ofof…… sortingsorting algorithmalgorithm..AA bitbit ofof…… sortingsorting algorithmalgorithm..

AA sortingsorting algorithmalgorithm isis anan algorithmalgorithm thatthat putsputs

elementselements ofof aa listlist inin aa certaincertain orderorder..

…… andand exampleexample::…… andand exampleexample::

M
M S S.MORO – PSF: LBDD_1

Confidential and Property of ©2005 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy



HereHere isis thethe firstfirst importantimportant informaticsinformatics

applicationapplication inin medicinalmedicinal chemistrychemistry::

SearchSearch allall chemicalchemical

representationrepresentation closeclose toto

thethe targettarget oneone withwith aa

TanimotoTanimoto similaritysimilarity indexindex

M
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TanimotoTanimoto similaritysimilarity indexindex

>> 00..8585 basedbased onon

structuralstructural keyskeys::



…… butbut wewe cancan alsoalso runrun aa subsub--structurestructure
search!search!

…… butbut wewe cancan alsoalso runrun aa subsub--structurestructure
search!search!

00000000000010000000000000000000000000000000000000000000000000000

0000000100001101000000101010000000000110000010000100001000001000
0100010110010010010110011010011100111101000000110000000110001000
0100010100011101010000110000101000010011000010100000000100100000

OH

O

Ar
OH

O
NH

2 O S

QueryQuery
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DatabaseDatabase
O

CH
3 O

O
O



…… butbut wewe cancan alsoalso runrun aa subsub--structurestructure
search!search!

…… butbut wewe cancan alsoalso runrun aa subsub--structurestructure
search!search!

00000000000010000000000000000000000000000000000000000000000000000

0000000100001101000000101010000000000110000010000100001000001000
0100010110010010010110011010011100111101000000110000000110001000
0100010100011101010000110000101000010011000010100000000100100000
0001101110011101111110100000100010000110110110000000100110100000
0100010100110100010000000010000000010010000000100100001000101000
0100011100011101000100001011101100110110010010001101001100001000

OH

O

Ar
OH

O
NH

2 O S

QueryQuery
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DatabaseDatabase
AND… OR… NOT…



R Cl

O

R Cl
S

OO
R-NO

2
R1

N
N

R2

Restriction rulesRestriction rulesDatabase In

…… oror wewe cancan easilyeasily REMOVEREMOVE compoundcompound withwith

undesirableundesirable fragmentsfragments (chemical(chemical oror

biologicalbiological reactivity,reactivity, toxicitytoxicity etcetc..)!)!

…… oror wewe cancan easilyeasily REMOVEREMOVE compoundcompound withwith

undesirableundesirable fragmentsfragments (chemical(chemical oror

biologicalbiological reactivity,reactivity, toxicitytoxicity etcetc..)!)!
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R1

R2

P
X

Database Out



AA veryvery nicenice example!example!AA veryvery nicenice example!example!
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Baell J. and Walters M.A. Nature 513, 481-483 (2014)

Pan-Assay Interference compouNdS
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Pan-assay interference compounds (PAINS) encompass

some 400 structural classes, but more than half of PAINS in

a typical library fall into just 16 easily recognizable

categories..
Baell J. and Walters M.A. Nature 513, 481-483 (2014)



Pharmacophore definition:Pharmacophore definition:Pharmacophore definition:Pharmacophore definition:

A ''pharmacophore'' is a three-dimensional

substructure of a molecule that carries (''phoros'')

the essential features responsible for a drug's

(''pharmacon'') biological activity. Alternatively

M
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(''pharmacon'') biological activity. Alternatively

described as an ensemble of interactive functional

groups with a defined geometry. Basically, one tries

to talk the protein language by finding the

"structural and chemical complementaries"

(pharmacophore hypothesis) to target receptors.



From structure to interaction:From structure to interaction:From structure to interaction:From structure to interaction:
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… a quick refresh: what is … a quick refresh: what is 

the goal of  every SAR study?the goal of  every SAR study?

… a quick refresh: what is … a quick refresh: what is 

the goal of  every SAR study?the goal of  every SAR study?
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The generation of  The generation of  

pharmacophoricpharmacophoric hypothesis hypothesis 

(models)!!!!(models)!!!!

The generation of  The generation of  

pharmacophoricpharmacophoric hypothesis hypothesis 

(models)!!!!(models)!!!!



z

the shadow of  the reality:the shadow of  the reality:the shadow of  the reality:the shadow of  the reality:
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x

y N

N

NH
3H

+
C

A

D



x

z

FuntionalFuntional groups can be replaces by groups can be replaces by 

Interactive FeaturesInteractive Features
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x

y N

N

NH
3H

+
C

A

D



O

O

NH
2

O

R-NH3
+ R-OH

(kcal/mol)

R
-CH2-

H H

Do you remember…Do you remember…Do you remember…Do you remember…
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charge-charge interaction (ionic bond): -∆G0 ≅ 5 ÷ 10

charge-dipole interaction: -∆G0 ≅ 1 ÷ 7
charge-π interaction: -∆G0 ≅ 8 ÷ 10
hydrogen bond: -∆G0 ≅ 1 ÷ 7

(kcal/mol)

charge transfer interaction: -∆G0 ≅ 1 ÷ 6
π-π interaction: -∆G0 ≅ 1 ÷ 2
dipole-dipole interaction (van der Waals): -∆G0 ≅ 0.5 ÷ 1



PharmacophorePharmacophore definition: definition: 
From structural key to From structural key to pharmacophoricpharmacophoric keykey
PharmacophorePharmacophore definition: definition: 
From structural key to From structural key to pharmacophoricpharmacophoric keykey

Ar Ac H D A AD A A

1 1 0 0 1 0 0 0

OH

O

Ar
OH

O
NH

2 O S

O

O

O

OH
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O

Ar = aromatic

Ac = acid

H = hydrophobic

D = H-bonding donor

A = H-bonding acceptor

C = cation

An = anion

…



FromFrom structuralstructural keykey toto pharmacophoricpharmacophoric keykey::

expandingexpanding thethe searchingsearching potentialitypotentiality
FromFrom structuralstructural keykey toto pharmacophoricpharmacophoric keykey::

expandingexpanding thethe searchingsearching potentialitypotentiality

Ar Ac H D A AD A A

1 1 0 0 1 0 0 0

1 1 0 0 0 0 1 0

OH

O

Ar
OH

O
NH

2 O S

O

O

O

OH
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1 1 0 0 0 0 0 1

O

O

O

OH

Ar Ac A



FromFrom structuralstructural keykey toto pharmacophoricpharmacophoric keykey::

expandingexpanding thethe searchingsearching potentialitypotentiality
FromFrom structuralstructural keykey toto pharmacophoricpharmacophoric keykey::

expandingexpanding thethe searchingsearching potentialitypotentiality

Ar Ac A
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HereHere isis thethe secondsecond importantimportant informaticsinformatics

applicationapplication inin medicinalmedicinal chemistrychemistry::

SearchSearch allall chemicalchemical

representationrepresentation closeclose toto

thethe targettarget oneone withwith aa

TanimotoTanimoto similaritysimilarity indexindex
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TanimotoTanimoto similaritysimilarity indexindex

>> 00..8585 basedbased onon

pharmacophorepharmacophore keyskeys::



x

z

CanCan youyou immediatelyimmediately underlineunderline itsits majormajor limit?limit?CanCan youyou immediatelyimmediately underlineunderline itsits majormajor limit?limit?
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x

y N

N

NH
3H

+
C

A

D



SimilaritySimilarity:: structurestructure versusversus propertiesproperties……
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NH
2

NH
2

Structure

SimilaritySimilarity:: structurestructure versusversus propertiesproperties……
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PM = 108,14

nC = 6

pKa = 6.2

logP = -0.3

MP = 142

Volume = 93,9

…     

PropertiesPSA = 52



BackBack toto thethe horriblehorrible ratioratio xxxx..000000::11
Discover a new drug is equal to find a…Discover a new drug is equal to find a…
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AnalyzeAnalyze thethe nearestnearest chemicalchemical space?space?
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SimilarSimilar chemicalchemical propertiesproperties similarsimilar chemicalchemical

structuresstructures andand similarsimilar chemicalchemical properties?properties?



AnalyzeAnalyze thethe nearestnearest chemicalchemical space?space?
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SimilarSimilar chemicalchemical propertiesproperties similarsimilar chemicalchemical

structuresstructures andand similarsimilar chemicalchemical properties?properties?



AnalyzeAnalyze thethe nearestnearest chemicalchemical space?space?

|x1 – x2| + |y1 – y2|
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DoDo youyou rememberremember howhow toto calculatecalculate thethe

distancedistance betweenbetween twotwo pointspoints A(xA(x11,, yy11)) andand BB

(x(x22,, yy 22)?)? Facile!!!!Facile!!!!
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HereHere isis thethe thirdthird importantimportant informaticsinformatics

applicationapplication inin medicinalmedicinal chemistrychemistry::

SearchSearch allall chemicalchemical

representationrepresentation closeclose toto thethe
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representationrepresentation closeclose toto thethe

targettarget oneone withwith aa TanimotoTanimoto

similaritysimilarity indexindex >> 00..8585

basedbased onon structuralstructural oror

pharmacophorepharmacophore keys,keys, andand

withwith aa PMPM == 360360 ±± 100100 andand

aa logPlogP == 33..88 ±± 11



……andand don’tdon’t forgetforget::
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1- similarity = diversity



AnAn alsoalso thethe RANDOMRANDOM SCREENINGSCREENING isis lessless

RANDOM,RANDOM, now!now!
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RandomRandom ScreeningScreening



“Progettazione e Sviluppo

di un Farmaco”
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