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runningrunning project!project!
AA previewpreview ofof ourour PSFPSF 20182018//20192019
runningrunning project!project!

PDB code: 5LJT

Targeting protein kinase CK1δ with Riluzole: could it be one of the
possible missing bricks to interpret its effect in the treatment of ALS from
a molecular point of view?"

ChemMedChem. (2018) in press

Riluzole
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OurOur primaryprimary missionmission willwill bebe::OurOur primaryprimary missionmission willwill bebe::

OH
O

HN Design!Design!
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TheThe mostmost insidiousinsidious questionquestion thatthat
youyou cancan makemake meme ::
TheThe mostmost insidiousinsidious questionquestion thatthat
youyou cancan makemake meme ::

Is a drug designable? Is a drug designable? 
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AnsweringAnswering toto thisthis questionquestion needsneeds toto findfind
thethe intimateintimate connectionconnection betweenbetween thesethese
threethree conceptsconcepts ::

AnsweringAnswering toto thisthis questionquestion needsneeds toto findfind
thethe intimateintimate connectionconnection betweenbetween thesethese
threethree conceptsconcepts ::

DrugDrugDrugDrug

InformaticsInformaticsInformaticsInformatics

DesignDesignDesignDesign
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…… aa bitbit ofof::…… aa bitbit ofof::

DrugDrugDrugDrug

InformaticsInformaticsInformaticsInformatics

DesignDesignDesignDesign
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Design:

…… bebe patientpatient::…… bebe patientpatient::

set up a project of a work by making
drawings and calculations necessary for
its realization.

set up a project of a work by making
drawings and calculations necessary for
its realization.
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…… therethere isis nono doubtdoubt thatthat chemistschemists (including(including
medicinalmedicinal chemists)chemists) areare ofof greatgreat drawersdrawers ::

by Aurora Cirillo (2015)



S.MORO – PSF 2018/2019M
M S Confidential and Property of ©2013 Molecular Modeling Section (MMS)

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

…… therethere isis nono doubtdoubt thatthat chemistschemists (including(including
medicinalmedicinal chemists)chemists) areare ofof greatgreat drawersdrawers ::

…… butbut whatwhat chemicalchemical drawingsdrawings areare fromfrom anan
informaticsinformatics pointpoint ofof view?view?
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…… please,please, downloaddownload ChemDrawChemDraw!!!!!!
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…… couplecouple ofof bitsbits ofof::…… couplecouple ofof bitsbits ofof::

DrugDrugDrugDrug

InformaticsInformaticsInformaticsInformatics

DesignDesignDesignDesign
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againagain anan egoisticegoistic definitiondefinition ofof informaticsinformatics::againagain anan egoisticegoistic definitiondefinition ofof informaticsinformatics::

In 1957 the German computer scientist Karl
Steinbuch coined the word Informatik by publishing a
paper called “Informatik: Automatische
Informationsverarbeitung” (Informatics: Automatic
Information Processing).

It is not sufficient to invent something. 
You need to recognize, that you have 
invented something.

Karl Steinbuch
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againagain anan egoisticegoistic definitiondefinition ofof informaticsinformatics::againagain anan egoisticegoistic definitiondefinition ofof informaticsinformatics::

Informatics:
Informatics is, in its most general sense, the
science of information.

I didn’t fond a better representation of this
definition that this:
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…… exciting!exciting!…… exciting!exciting!
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Q: a chemical representation like this, can be
considered as a data or as an information?

A: … visit
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FromFrom anan informaticsinformatics pointpoint ofof view,view, anyany compucompu
tooltool isis aa virtualizationvirtualization processprocess:: thethe creationcreation ofof
aa virtualvirtual versionversion ofof thethe realreal processprocess..

InformaticsInformatics isis thethe basicbasic sciencescience ofof anyany
virtualizationvirtualization processprocess::

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

TheThe accuracyaccuracy ofof thisthis virtualizationvirtualization
processprocess isis crucialcrucial::
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thethe informaticsinformatics futurefuture isis thethe
““virtualizationvirtualization”” ofof complexcomplex systemssystems……
thethe informaticsinformatics futurefuture isis thethe
““virtualizationvirtualization”” ofof complexcomplex systemssystems……
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Now,Now, inin whatwhat informaticsinformatics hashas
influencedinfluenced moremore inin ourour daily life?
Now,Now, inin whatwhat informaticsinformatics hashas
influencedinfluenced moremore inin ourour daily life?

TimeTimeTimeTime

Well,Well, wewe probablyprobably summarizesummarize thethe
answeranswer inin onlyonly oneone wordword::
Well,Well, wewe probablyprobably summarizesummarize thethe
answeranswer inin onlyonly oneone wordword::
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Informatics as synonymous of  speed?Informatics as synonymous of  speed?Informatics as synonymous of  speed?Informatics as synonymous of  speed?
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A transistor is a semiconductor device
used to amplify and switch (on/off)
electronic signals and electrical power.

Processor Transistor count Date of introduction Manufacturer Process Area

Intel 4004 2,300 1971 Intel 10 µm 12 mm²

Xbox One 
Main SoC 5,000,000,000 2013 Microsoft

/AMD 28 nm 363 mm²

justjust forfor informaticsinformatics addicted!addicted!justjust forfor informaticsinformatics addicted!addicted!
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couplecouple ofof concreteconcrete exampleexample....couplecouple ofof concreteconcrete exampleexample....

InformaticsInformatics helpshelps usus toto solvesolve simplesimple problemsproblems aa
numbernumber ofof timestimes::
InformaticsInformatics helpshelps usus toto solvesolve simplesimple problemsproblems aa
numbernumber ofof timestimes::

oror solvesolve veryvery complexcomplex problemsproblems::oror solvesolve veryvery complexcomplex problemsproblems::

CalculateCalculate thethe molecularmolecular weightweight isis trivialtrivial thing,thing,
calculatecalculate 44..55 millionmillion ...... less!less!
CalculateCalculate thethe molecularmolecular weightweight isis trivialtrivial thing,thing,
calculatecalculate 44..55 millionmillion ...... less!less!

Calculate,Calculate, forfor example,example, thethe bindingbinding energyenergy ((GGbindbind,,
kcalkcal xx mol)mol) betweenbetween aa ligandligand andand itsits receptor!receptor!
Calculate,Calculate, forfor example,example, thethe bindingbinding energyenergy ((GGbindbind,,
kcalkcal xx mol)mol) betweenbetween aa ligandligand andand itsits receptor!receptor!



S.MORO – PSF 2018/2019M
M S Confidential and Property of ©2013 Molecular Modeling Section (MMS)

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

AndAnd nownow backback toto thethe futurefuture……AndAnd nownow backback toto thethe futurefuture……

(1950’s)

(1980’s)

(2010)
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andand rememberremember…… “Time“Time isis money!”money!”andand rememberremember…… “Time“Time isis money!”money!”
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but 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 

Aaahhh…. 
1 a xx.000!!!!
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A A blockbusterblockbuster is a drug with more than is a drug with more than 
$1 billion per year in sales.$1 billion per year in sales.

… how many new age drugs do you find in this list?… how many new age drugs do you find in this list?

Top 10 Drugs by Monthly Prescription

Rank Drug (Brand Name) Drug (Active Principle) Total Prescriptions
June 2014 - June 2015

1 Synthroid Levothyroxine sodium 21,561,481
2 Crestor Rosuvastatin calcium 21,478,776
3 Ventolin HFA Salbutamol sulfate 18,203,939
4 Nexium Esomeprazole magnesium 15,298,228
5 Advair Diskus Fluticasone propionate 13,776,325
6 Lantus Solostar Insulin glargine 10,939,840
7 Vyvanse Lisdexamfetamine 10,413,999
8 Lyrica Pregabalin 10,022,365
9 Spiriva Handihaler Tiotropium bromine 9,635,935
10 Januvia sitagliptin 9,148,946
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A A blockbusterblockbuster is a drug with more than is a drug with more than 
$1 billion per year in sales.$1 billion per year in sales.

Top 10 Drugs by Sales

Rank Drug (Brand Name) Drug (Active Principle) Sales Through June 2014
1 (14) Abilify Aripiprazolo $7,240,043,661
2 (63) Humira Adalimumab $6,310,742,887

3 Nexium Esomeprazole 
magnesium $6,303,738,580

4 (2) Crestor Rosuvastatin calcium $5,672,991,435
5 (72) Enbrel Etanercept $5,097,263,350
6 (5) Advair Diskus Fluticasone propionate $5,064,138,456
7 (>100) Sovaldi Sofosbuvir (EpaC) $4,469,558,675
8 (>100) Remicade Infliximab $4,342,356,359
9 (7) Lantus Solostar Insulin glargine $3,829,943,226
10 (>100) Neulasta Pegfilgrastim $3,688,450,342

… and here?… and here?
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SomeSome detailsdetails aboutabout costscosts::SomeSome detailsdetails aboutabout costscosts::

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

You understand why it is so attractive to the pharmaceutical industry?
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…… aa bitbit ofof::…… aa bitbit ofof::

DrugDrugDrugDrug

InformaticsInformaticsInformaticsInformatics

DesignDesignDesignDesign
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II knowknow veryvery wellwell thatthat youyou knownknown whatwhat
drugdrug isis…… butbut reconsiderreconsider itsits definitiondefinition inin
thisthis wayway::

II knowknow veryvery wellwell thatthat youyou knownknown whatwhat
drugdrug isis…… butbut reconsiderreconsider itsits definitiondefinition inin
thisthis wayway::

Drug:
[from gr. ϕάρμακον] Any substance,
organic or inorganic, synthetic or natural,
capable of producing in a living organism
functional modifications, helpful or
harmful, by chemical action, physical
chemistry or physics.

Dizionario Treccani

[from gr. ϕάρμακον] Any substance,
organic or inorganic, synthetic or natural,
capable of producing in a living organism
functional modifications, helpful or
harmful, by chemical action, physical
chemistry or physics.
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…… andand aa ''livingliving organismorganism'' isis difficultdifficult toto
accommodateaccommodate inin aa designdesign processprocess (drawing(drawing
andand calculations),calculations), thoughthough ......

…… andand aa ''livingliving organismorganism'' isis difficultdifficult toto
accommodateaccommodate inin aa designdesign processprocess (drawing(drawing
andand calculations),calculations), thoughthough ......
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…… II suspectsuspect thatthat youyou couldcould havehave aa sensationsensation
likelike thisthis::
…… II suspectsuspect thatthat youyou couldcould havehave aa sensationsensation
likelike thisthis::

We will return later on this concept…
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“Drug”“Drug”“Drug”“Drug”

InformaticsInformaticsInformaticsInformatics

DesignDesignDesignDesign

WhyWhy wewe needneed “drug”“drug” designdesign??WhyWhy wewe needneed “drug”“drug” designdesign??
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Drug discovery is a extremely Drug discovery is a extremely 
competitive activity!competitive activity!

a.a.~~ 16001600 companiescompanies;;
b.b. ~~ 60006000 R&DR&D projectsprojects..

WhyWhy wewe needneed “drug”“drug” designdesign??WhyWhy wewe needneed “drug”“drug” designdesign??
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DrugDrug discoverydiscovery statisticsstatistics::DrugDrug discoverydiscovery statisticsstatistics::

http://www.nature.com/nrd/journal/v16/n2/fig_tab/nrd.2017.14_F1.htmlhttp://www.nature.com/nrd/journal/v16/n2/fig_tab/nrd.2017.14_F1.html
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FirstFirst inin classclass::FirstFirst inin classclass::

A Novel Drug or a New Molecular Entity (NME) is an active compound,
complex, molecule that previously has not been approved by the
FDA/EMA.

This is distinct from a First in class drug which introduces a new
mechanism of action for treating a medical condition.
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Vintage drugsVintage drugs New age (biotech) drugsNew age (biotech) drugs
ASPIRINE
1. small molecule
2. 180 Da
3. 21 atoms
4. usually not immunogenic
5. usually chemically stable

MONOCLONAL ANTIBODY (mAb)
1. macromolecule
2. 150˙000 Da
3. 20˙000 atoms
4. usually immunogenic
5. usually chemically instable

NMENME versusversus BLABLA inin oneone slideslide……NMENME versusversus BLABLA inin oneone slideslide……
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WhyWhy hashas thethe pharmaceuticalpharmaceutical industryindustry apparentlyapparently notnot benefitedbenefited fromfrom thethe
scisci/tech/tech revolutionsrevolutions ofof thethe lastlast fewfew years?years?
WhyWhy hashas thethe pharmaceuticalpharmaceutical industryindustry apparentlyapparently notnot benefitedbenefited fromfrom thethe
scisci/tech/tech revolutionsrevolutions ofof thethe lastlast fewfew years?years?
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xx.000 to 1?xx.000 to 1?
Is this ratio really acceptable Is this ratio really acceptable 

for a for a pharmapharma company?company?

WhyWhy wewe needneed “drug”“drug” designdesign??WhyWhy wewe needneed “drug”“drug” designdesign??
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ButBut unfortunatelyunfortunately “drug”“drug” isis notnot
designable,designable, yet!yet!
ButBut unfortunatelyunfortunately “drug”“drug” isis notnot
designable,designable, yet!yet!

CouldCould wewe suggestsuggest aa possiblepossible substitutesubstitute
ofof “drug”“drug” thatthat isis moremore easilyeasily
designabledesignable?

CouldCould wewe suggestsuggest aa possiblepossible substitutesubstitute
ofof “drug”“drug” thatthat isis moremore easilyeasily
designabledesignable?

To do this we have to necessarily replace 
the concept of  living organism !       

To do this we have to necessarily replace 
the concept of  living organism !       
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AnAn egoisticegoistic solutionsolution::AnAn egoisticegoistic solutionsolution::

drugdrug

candidatecandidate
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2 4 6 8 10 12 14

YEARS

xxx.000 compounds
evaluated

DiscoveryDiscovery andand PreclinicalPreclinical testingtesting::
CompoundsCompounds areare identifiedidentified andand evaluatedevaluated inin
laboratorylaboratory andand animalanimal studiesstudies forfor safety,safety,
biologicalbiological activityactivity formulationformulation..

The “right” road to drug discovery?The “right” road to drug discovery?The “right” road to drug discovery?The “right” road to drug discovery?

Drug Discovery Pathway Y2K

Target 
Identification and 

validation

Target 
Identification and 

validation

High Throughput
Screening or 

Focalized 
Screening

High Throughput
Screening or 

Focalized 
Screening

Promising hits
Identified

(Activity = 50100 
M)

Promising hits
Identified

(Activity = 50100 
M)

Lead compounds
optimized

(Activity = 1÷ 10 
nM)

Lead compounds
optimized

(Activity = 1÷ 10 
nM)

Development
Preclinical trials

Development
Preclinical trials

Clinical trials 
FDA approval

New DrugNew Drug

Hit Lead
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DoDo youyou remember?remember?DoDo youyou remember?remember?

Biological SpaceBiological Space
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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)

Chemical ProteomicsChemical Proteomics

TargetATargetA TargetBTargetB TargetCTargetC TargetDTargetD TargetNTargetN

Comp.1Comp.1

Comp.2Comp.2

Comp.3Comp.3

Comp.4Comp.4

Comp.nComp.n
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HitHit toto leadlead ……

•• 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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whenwhen potencypotency isis aa goodgood potency?potency?



S.MORO – PSF 2018/2019M
M S Confidential and Property of ©2013 Molecular Modeling Section (MMS)

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

•Initial HTS 
campaign

•Quality 
control

•Primary hit 
selection

•Hit validation

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

thethe ““hithit--toto--leadlead paradigm”paradigm”:: clearclear
thethe xxxxxx..000000::11 ratio?ratio?

Bleicher et al. (2003) Nat. Rev. Drug Discov., 2, 369
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DoDo youyou rememberremember costs?costs?DoDo youyou rememberremember costs?costs?

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

…… iiff wewe couldcould suggestsuggest thatthat chemicalchemical compoundscompounds
couldcould bebe moremore hitshits thanthan otherother !!!!!!
…… iiff wewe couldcould suggestsuggest thatthat chemicalchemical compoundscompounds
couldcould bebe moremore hitshits thanthan otherother !!!!!!
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HitHit toto leadlead ……

•• leadsleads
– potency established
– selectivity/specificity
– Mechanism of  action 

(MOA) established
– in vivo efficacy
– ADME/Tox
– pharmaceutically 

acceptable
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whenwhen potencypotency isis aa goodgood potency?potency?

David C. Rees, Miles Congreve,, Christopher W. Murray & Robin Carr Nature Reviews Drug Discovery 3, 660-672, 2004
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II don'tdon't havehave toto addadd anythinganything !!!!!!II don'tdon't havehave toto addadd anythinganything !!!!!!

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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“Progettazione e Sviluppo
di un Farmaco”

Stefano Moro

Chimica e Tecnologia 
Farmaceutiche
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Spazio fisio-patologicoSpazio chimico Spazio biologico

Farmaco
Interazione Terapeutica

Patologia

Target Primario
Target Secondario

Interazione Collaterale Target Collaterale

PossiamoPossiamo schematizzareschematizzare questaquesta definizionedefinizione
inin modomodo piùpiù farmaceutico?farmaceutico?
PossiamoPossiamo schematizzareschematizzare questaquesta definizionedefinizione
inin modomodo piùpiù farmaceutico?farmaceutico?
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Spazio fisio-patologicoSpazio chimico Spazio biologico

Farmaco
Interazione Terapeutica

PatologiaTarget Primario

PerPer moltomolto tempotempo abbiamoabbiamo schematizzandoschematizzando
troppotroppo descrivendodescrivendo ilil tuttotutto attraversoattraverso unauna
stechiometriastechiometria 11 :: 11 ::11

PerPer moltomolto tempotempo abbiamoabbiamo schematizzandoschematizzando
troppotroppo descrivendodescrivendo ilil tuttotutto attraversoattraverso unauna
stechiometriastechiometria 11 :: 11 ::11
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Spazio fisio-patologicoSpazio chimico Spazio biologico

Farmaco
Interazione Terapeutica

PatologiaRete di Targets

MaMa lele cosecose stannostanno rapidamenterapidamente cambiandocambiando ee
oggioggi sisi parlaparla sempresempre didi piùpiù didi farmacifarmaci multimulti--
targetstargets dovedove ilil tuttotutto passapassa attraversoattraverso unauna
stechiometriastechiometria 11 :: NN ::11

MaMa lele cosecose stannostanno rapidamenterapidamente cambiandocambiando ee
oggioggi sisi parlaparla sempresempre didi piùpiù didi farmacifarmaci multimulti--
targetstargets dovedove ilil tuttotutto passapassa attraversoattraverso unauna
stechiometriastechiometria 11 :: NN ::11

cominciacomincia l’eral’era delladella polipoli--farmacologiafarmacologiacominciacomincia l’eral’era delladella polipoli--farmacologiafarmacologia



M
M S Confidential and Property of ©2013 Molecular Modeling Section (MMS)

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy S.MORO – PSF 2018/2019

Spazio fisio-patologicoSpazio chimico Spazio biologico

Farmaco
Interazione Terapeutica

PatologiaTarget Primario

ee quindiquindi tendiamotendiamo aa previlegiareprevilegiare gligli spazispazi
dovedove cici troviamotroviamo didi piùpiù aa nostronostro agioagio…… moltomolto
umano!!!umano!!!

ee quindiquindi tendiamotendiamo aa previlegiareprevilegiare gligli spazispazi
dovedove cici troviamotroviamo didi piùpiù aa nostronostro agioagio…… moltomolto
umano!!!umano!!!

Spazio fisio-patologico

Patologia
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Chemical Space Biological Space

N

N

O

C l

CH3

C H3

H

O2N

N

N

O

C l

CH3

C H3

C l

C l

N

N

OCH3

H

C l

Br

O2N

N

N

O

C l

H

C H3

H

O2N

N

N

O

H

CH 3

C H3

C l

C l

N

N

OCH3

H

H

Br

O2 N

…

SCREENINGSCREENING

SicuramenteSicuramente questaquesta èè lala nostranostra interfacciainterfaccia
preferitapreferita……
SicuramenteSicuramente questaquesta èè lala nostranostra interfacciainterfaccia
preferitapreferita……

AffinitàAffinità  KKdd; EC; EC5050 ……
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Chemical Space Biological Space
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SicuramenteSicuramente questaquesta èè lala nostranostra interfacciainterfaccia
preferitapreferita……
SicuramenteSicuramente questaquesta èè lala nostranostra interfacciainterfaccia
preferitapreferita……

PROFILINGPROFILING
SelettivitàSelettività  KKdd(A)/K(A)/Kdd(B); EC(B); EC5050(A)/EC(A)/EC5050(B) …(B) …
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Chemical Space Biological Space
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mama quiqui potrebbepotrebbe alloraallora aprirsiaprirsi unun nuovonuovo
scenarioscenario……
mama quiqui potrebbepotrebbe alloraallora aprirsiaprirsi unun nuovonuovo
scenarioscenario……

CHEMICAL GENOMICS/PROTEOMICSCHEMICAL GENOMICS/PROTEOMICS


