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Vigo… nice memories:VigoVigo…… nice memories:nice memories:

20072007 20102010
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… just to summarize the aim of our 
short course:

…… just to summarize the aim of our just to summarize the aim of our 
short course:short course:

Progettazione
(design)

ProgettazioneProgettazione
(design)(design)

Informatica
(informatics)
InformaticaInformatica

((informaticsinformatics))

Farmaco
(drug)

FarmacoFarmaco
((drugdrug))

Why informatics can bridged drug-design?Why informatics can bridged drugWhy informatics can bridged drug--design?design?
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I would like to start with a very 
pragmatic consideration:

I would like to start with a very I would like to start with a very 
pragmatic consideration:pragmatic consideration:
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TIME is the worse enemy in drug discovery…

Bringing a new drug to market can take 8-14 years
and costs between $400 and $900 million 

2 4 6 8 10 12 14

YEARS

100.000 compounds
evaluated

Discovery and Preclinical testing:
Compounds are identified and evaluated in 
laboratory and animal studies for safety, 
biological activity and formulation.

Phase I: Phase I: Evaluates safety and 
dosage in 20 to 100 healthy 
human volunteers.

Phase II: Phase II: Assesses effectiveness 
and looks for side effects in 100 
to 500 patient volunteers.

Phase III: Phase III: Confirms effectiveness and 
monitors adverse reactions from 
long-term use in 1000 to 5000 patient 
volunteers.

5 compounds enter 
clinical trials

Review and approval by Food & Drug 
Administration.

1 compound 
approved

Aaahhh…. 

1 to xxx.000!!!!
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One of the possible strategy is the One of the possible strategy is the 
analysis of all failures:analysis of all failures:
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How we can reduce the How we can reduce the 
unfavorable ratio xxx.000 to 1?unfavorable ratio xxx.000 to 1?
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Priorities:Priorities:

Lead selection using virtual screening;
In vitro screening for drug toxicity;
Solubility and bioavailability;
Animal models: accelerating discovery;
Accelerating clinical studies.

The worthwhile “pharma” goal (dream): The worthwhile The worthwhile ““pharmapharma”” goal (dream): goal (dream): 

From Lead to Drug in Five YearsFrom Lead to Drug in Five Years

33stst International Drug Discovery and Development Summit International Drug Discovery and Development Summit –– December 2December 2--5, 5, 
2008, Honolulu, Hi, USA2008, Honolulu, Hi, USA
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Informatics as synonymous 
of speed?

Informatics as synonymous Informatics as synonymous 
of speed?of speed?
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Just an example…Just an exampleJust an example……

Informatics can help us to solve simple 
procedures in interactive way:

Informatics can help us to solve simple Informatics can help us to solve simple 
procedures in interactive way:procedures in interactive way:

or solve extremely complex procedures:or solve extremely complex procedures:or solve extremely complex procedures:

The calculation of a molecular weight is trivial, but the 
calculations of 4,5 millions of MW is not!

Such as the calculation of symmetries and energies of molecular 
orbitals of a chemical structure or ligand-receptor binding 
energy (∆Gbind, kcal x mol)!
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Some costs details:Some costs details:Some costs details:

Experiment Typical Cost per Compound (Experiment Typical Cost per Compound (€€))

Computer modeling 7
Biochemical assay 270
Cell culture assay 2.700
Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000
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From an informatics point of view, any From an informatics point of view, any compucompu
tool is a tool is a virtualization processvirtualization process: the creation of : the creation of 
a a virtualvirtual version of the real process. version of the real process. 

Informatics is the basic science of any Informatics is the basic science of any 
virtualization process:virtualization process:

ligand

receptor

complex

∆Gbind

(aq)

REAL WORLD
ligand

receptor

complex

∆Gbind

(aq)

VIRTUAL WORLD
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ligand

receptor

complex

∆Gbind

(aq)

REAL WORLD
ligand

receptor

complex

∆Gbind

(aq)

VIRTUAL WORLD

The The accuracyaccuracy of this virtualization of this virtualization 
process is crucial:process is crucial:
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But what we need to But what we need to virtualizevirtualize in in 
drug discovery process?drug discovery process?
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Marketing
Phase IV

Clinical
Trials

Lead 
to

Candidate

Hit 
to Lead

Screen 
to Hit

Target 
to 

Validated 
Target

Gene to 
Function

HTS / in vitro
Screening

Focused Synthesis/
in vitro Screening

Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

Flowcharts in Drug Discovery:Flowcharts in Drug Discovery:Flowcharts in Drug Discovery:
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A easy way to define a screening process:A easy way to define a screening process:A easy way to define a screening process:

BiologicalBiological SpaceSpace

C
h

e
m

ic
a

l
C

h
e

m
ic

a
l S

p
a

c
e

S
p

a
c

e

K1(A)

K2(A)

K3(A)

K4(A)

Kn(A)

ScreeningScreening

K1(A)      K1(B)     K1(C)     K1(D)     K1(N)

ProfilingProfiling

K1(A)      K1(B)     K1(C)    K1(D)      K1(N)

K2(A)      K2(B)     K2(C)    K2(D)      K2(N)

K3(A)      K3(B)     K3(C)    K3(D)      K3(N)

K4(A)      K4(B)     K4(C)    K4(D)     K4(N)

Kn(A)      Kn(B)     Kn(C)    Kn(D)     Kn(N)

ChemicalChemical ProteomicsProteomics

Comp.nComp.n

CompComp.4.4

CompComp.3.3

CompComp.2.2

CompComp.1.1

TargetNTargetNTargetDTargetDTargetCTargetCTargetBTargetBTargetATargetA
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What What hit ishit is……

HIT: HIT: a compound that acts on an assay system.

Low activity High activity

#
 o

f 
c

o
m

p
o

u
n

d
s

An arbitrary 
activity cutoff (high µM range)

In many real 
cases, the 

confirmation 
rate is often 

low

~100 to ~5000

Bleicher et al. (2003) Nat. Rev. Drug Discov., 2, 369
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•Initial HTS 
campaign

•Quality 
control

•Primary hit 
selection

•Hit validation

• >1,000,000 • 1,000,000 • 1,000 • 100

the the ““hithit--toto--leadlead paradigmparadigm””: clear : clear 
the the xxxxxx.000:1 ratio?.000:1 ratio?

Bleicher et al. (2003) Nat. Rev. Drug Discov., 2, 369
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Hit definitionHit definition ……

•• hitshits
– active in assay

– defined and 
confirmed structures

– drug-like potential

HTS hits from this database typically show 
micromolar activity with a median 
“pPotency” of 6. The median molecular mass 
and lipophilicity (logP) was 359 Da and 3.8, 
respectively.
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What about costs?WhatWhat aboutabout costscosts??

ExperimentExperiment TypicalTypical CostCost per per CompoundCompound ((€€))

Computer modeling 7
Biochemical assay 270
Cell culture assay 2.700
Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000

… do you understand how crucial could be 
the prediction of possible new hits?

…… do you understand how crucial could be do you understand how crucial could be 
the prediction of possible new hits?the prediction of possible new hits?
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Hit to leadHit to lead ……

•• leadsleads
– potency established

– selectivity/specificity

– Mechanism of action 
(MOA) established

– in vivo efficacy

– ADME/Tox

– pharmaceutically 
acceptable
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Well… now it’s trivialWellWell…… nownow itit’’s s trivialtrivial

ExperimentExperiment TypicalTypical CostCost per per CompoundCompound ((€€))

Computer modeling 7
Biochemical assay 270
Cell culture assay 2.700
Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000

… do you understand how magic could be 
the prediction of possible new leads?

…… do you understand how magic could be do you understand how magic could be 
the prediction of possible new leads?the prediction of possible new leads?
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••LigandLigand--based Drug Design (LBDD)based Drug Design (LBDD)

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

��

We surely need informatics but:We surely need informatics but:We surely need informatics but:
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xxx.000 to 1?xxx.000 to 1?

Is this ratio really acceptable Is this ratio really acceptable 
for a for a pharmapharma company?company?
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We surely need informatics but:We surely need informatics but:We surely need informatics but:
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Virtual
Screening (VS)

Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

Target
Structure Determination

Structure-based
Virtual Screening (SBVS)

HT Molecular Docking

Ligand-based
Virtual Screening (LBVS)

Similarity search
Pharmacophore matching
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Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

Virtual Lead
Optimization

Target
Structure Determination

Ligand-based Optimization

Pharmacophore
QSAR

Structure-based Optimization

Molecular Docking
Molecular Dynamics
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Before starting: lesson 0Before starting: lesson 0Before starting: lesson 0

Virtual
Screening (VS)

HTS / in vitro
Screening

Lead Lead 
toto

CandidateCandidate

Hit Hit 
to Leadto Lead

Screen Screen 
to Hitto Hit

REALREAL

VIRTUALVIRTUAL

•• hitshits

– active in assay

– defined and confirmed 
structures

– drug-like potential
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We do NEVER forget:We do NEVER forget:We do NEVER forget:

This is a
chemical

O

O

O

OH

This is one of its
possible chemical
representations
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… follow me in this logic comparison:…… follow me in this logic comparison:follow me in this logic comparison:

Chemical Structure (CS)ChemicalChemical StructureStructure (CS)(CS)

Chemical Compound (CC)ChemicalChemical CompoundCompound (CC(CC))

Real world

Chemical Properties (CP)ChemicalChemical PropertiesProperties (CP)(CP)

Numerical
representazions of CS

NumericalNumerical
representazionsrepresentazions of CSof CS

Virtual world

Molecular Descriptors (MD)Molecular Molecular DescriptorsDescriptors (MD)(MD)
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…again the salicylic acid?

C9H8O4
O

O

O

OH

With how many chemical 
representations we can deal?

With how many chemical With how many chemical 
representations we can deal?representations we can deal?
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The crucial informatics differences:The crucial informatics differences:The crucial informatics differences:

C9H8O4

… this is a simple string (sequence) of 
alphanumeric characters and it is very 
easy to manage… informatically!!!
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Just a simple example: are these two 
representations identical?

Just a simple example: are these two Just a simple example: are these two 
representations identical?representations identical?

C9H8O4

C9H8O4

Time of answer (sec):

O

O

O

OH

O
O

O
OH

Time of answer (sec):
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O

O

O

OH

Be careful to the chemical slang…Be careful to the chemical Be careful to the chemical slangslang……

O

O

O

OH

H

H

H

H

O

O

O

OH

H

H

H

H

H
H

H
O

O

O

O

H

H

H

H

H
H

H

H
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O

O

O

OH

Remember, all of these are not 
identical… informatically specking!

Remember, all of these are not Remember, all of these are not 
identicalidentical…… informaticallyinformatically specking!specking!

O

O

O

O O

O

CH3

O

OH

O

O

CH3

O

OH

H

H

H

H ……
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Here is the informatics anatomy of 
this representation:

Here is the informatics anatomy of Here is the informatics anatomy of 
this representation:this representation:

O

O

O

OH

y

x0
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ISIS

13 13
1.0986  -13.6500    0.0000 C
1.0974  -14.4773    0.0000 C 
1.8122  -14.8902    0.0000 C
2.5287  -14.4769    0.0000 C
2.5258  -13.6463    0.0000 C
1.8104  -13.2372    0.0000 C 
1.8080  -12.4122    0.0000 O
1.0923  -12.0018    0.0000 C
1.0898  -11.1768    0.0000 O
0.3790  -12.4165    0.0000 C
3.2387  -13.2311    0.0000 C
3.9547  -13.6409    0.0000 O
3.2356  -12.4061    0.0000 O

1  2  2
6  7  1 
3  4  2
7  8  1
8  9  2
4  5  1
8 10  1
2  3  1
5 11  1 
5  6  2
11 12  2
6  1  1 
11 13  1
M  END

O

O

O

O

tipo di atomo
Numero di atomi

Numero di legami

Coordinate:

x                 y                z

Il primo legame è tra
l’atomo 1 e l’atomo 2 ed è
di ordine 2 (doppio
legame).

6

5

4

3

2

1

78

9

10
11

12

13
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Now, this is perfect understandable!Now, this is perfect understandable!Now, this is perfect understandable!

y

x
0

z



M
M S Confidential and Property of ©2012 Molecular Modeling Section

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – Vigo – 2012

MOE2007           3D

21 21 
1.1522    0.5113   -0.0537 C
0.2183    1.2057   -0.8346 C
0.5665    2.3445   -1.5679 O
-1.0985    0.7524   -0.9667 C
-1.8050    1.2920   -1.5911 H
-1.5038   -0.3936   -0.2868 C
-2.5276   -0.7473   -0.3775 H
-0.5938   -1.0870    0.5099 C
-0.9101   -1.9816    1.0411 H
0.7269   -0.6400    0.6244 C
1.4145   -1.2086    1.2469 H
0.5056    3.5095   -0.8113 C
0.9559    4.6611   -1.6596 C
0.9409    5.5777   -1.0629 H
0.2773    4.7842   -2.5073 H 
1.9783    4.4900   -2.0055 H
0.1372    3.6103    0.3517 O 
2.5419    0.9700    0.0441 C
3.0443    1.9108   -0.5504 O
3.2755    0.2254    0.8972 O
4.1677    0.6310    0.8800 H

1 10  2 
1  2  1 
1 18  1
...
20 21  1  

M  END

tipo di atomo
Numero di atomi

Numero di legami

Coordinate:

x                 y                z

Il primo legame è tra
l’atomo 1 e l’atomo 10 ed è
di ordine 2 (doppio
legame).
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Object:Object: string (1D)string (1D)

xC9H8O4

Object:Object: 2D graph2D graphy

O

OH
O

O

Object:Object: 3D graph3D graph

z
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Are we fully satisfied?Are we fully satisfied?Are we fully satisfied?

O

O

O

OH
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What we are really missing…What we are really missingWhat we are really missing……
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… the illusion of time!…… the illusion of time!the illusion of time!
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Another important informatics 
difference!

Another important informatics Another important informatics 
difference!difference!

C9H8O4

O

O

O

OH

1.299 byte 2.051 byte6 byte

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

73.728 byte
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SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

C9H8O4
O

O

O

OH

Combining business with pleasure ?Combining business with pleasure ?Combining business with pleasure ?
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C                            metano

CC                         etano

CCC                      propano

CC(C)C                2-metil-propano

C1CCCCC1        cicloesano

HH

H

H

H

H

H

H

H

H
H

H

H
H

H
H

H

H

H

H

H

H
H

H

H

HH
H

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

Some SMILES rules:
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C=C                     etilene

C=CC                  propene

C/C=C/C trans (E)-2-butene

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

C#C                     etino (acetilene)

H

H

H

H

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

CH3

H

H

H

CH3

H

CH3

H

CH3

H

H

CH3

HH
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c1ccccc1            benzene

c1ccccc1C         toluene

c1ccc(N)cc1C   4-metil-anilina

c12c(cccc1)cccc2    naftalene

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

CH3

CH3

NH2
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CCO                       etanolo

CC=O                     etanale

CC(=O)C               acetone

CC(=O)O              acido acetico

OHH

H

H

OH

O

H

H

H

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

O

H

H

H

H

H
H

H

O

H

H

H
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C9H8O4
O

O

O

OH

SMILESSMILES (SSimplified MMolecular IInput LLine EEntry SSpecification)

reassuming:

Three faces of the same medal!!!Three faces of the same medal!!!

OC(OC(=O=O)c1ccccc1(OC()c1ccccc1(OC(=O=O)C))C)
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Searching in a database is now very 
easy!

Searching in a database is now very Searching in a database is now very 
easy!easy!

O

O

O

OH

☺

�

�

QueryQuery
OC(OC(=O=O)c1ccccc1(OC()c1ccccc1(OC(=O=O)C))C)
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MMsINC webMMsINC web--platform:platform:

�

�

�
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�

�
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