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HereHere isis ourour workingworking platformplatform……HereHere isis ourour workingworking platformplatform……
http://mms.dsfarm.unipd.it
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WhyWhy wewe areare herehere todaytoday…… toto findfind thethe
intimateintimate connectionconnection betweenbetween thesethese
threethree conceptsconcepts ::

WhyWhy wewe areare herehere todaytoday…… toto findfind thethe
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DrugDrugDrugDrugDesignDesignDesignDesign
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InformaticsInformaticsInformaticsInformatics



Houston,Houston, we'vewe've hadhad aa problemproblem here!here!Houston,Houston, we'vewe've hadhad aa problemproblem here!here!
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We define first in class a drug which
introduces a new mechanism of action
for treating a medical condition.

New Molecular Entity (NME) - Biologic Licenses Approvals (BLA)



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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Drug discovery is a extremely Drug discovery is a extremely 
competitive activity!competitive activity!

WhyWhy wewe needneed “drug”“drug” designdesign??WhyWhy wewe needneed “drug”“drug” designdesign??
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a.a.~~ 16001600 companiescompanies;;
b.b. ~~ 60006000 R&DR&D projectsprojects..



but time is the worse enemy in drug discovery…
Aaahhh…. 

1 a xxx.000!!!!
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Bringing a new drug to market can take 8-14 years
and costs between $400 and $900 million… or even more!! 



SomeSome detailsdetails aboutabout costscosts::SomeSome detailsdetails aboutabout costscosts::
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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
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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?



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

WhyWhy wewe needneed “drug”“drug” designdesign??WhyWhy wewe needneed “drug”“drug” designdesign??
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Is this ratio really acceptable Is this ratio really acceptable 
for a pharma company?for a pharma company?



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

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

International Drug Discovery and Development Summit International Drug Discovery and Development Summit –– December 2December 2--5, 2011, 5, 2011, 
Honolulu, Hi, USAHonolulu, Hi, USA
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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.



…… couplecouple ofof bitsbits ofof::…… couplecouple ofof bitsbits ofof::

DrugDrugDrugDrugDesignDesignDesignDesign
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InformaticsInformaticsInformaticsInformatics



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).
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Information Processing).

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

Karl Steinbuch



…… exciting!exciting!…… exciting!exciting!
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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?

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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TimeTimeTimeTime



Informatics as synonymous of  Informatics as synonymous of  
speed?speed?

Informatics as synonymous of  Informatics as synonymous of  
speed?speed?
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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::

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

calculatecalculate 44..55 millionmillion ...... less!less!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!



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

DrugDrugDrugDrugDesignDesignDesignDesign
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InformaticsInformaticsInformaticsInformatics



Design:

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

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



…… therethere isis nono doubtdoubt thatthat chemistschemists (including(including
medicinalmedicinal chemists)chemists) areare ofof greatgreat drawersdrawers ::
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by Aurora Cirillo (2015)



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

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

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy S. MORO – SGSS – 2018

…… butbut whatwhat chemicalchemical drawingsdrawings areare fromfrom anan
informaticsinformatics pointpoint ofof view?view?



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

DrugDrugDrugDrugDesignDesignDesignDesign
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InformaticsInformaticsInformaticsInformatics



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

[from gr. ϕάρμακον] Any substance,
organic or inorganic, synthetic or natural,
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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

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.



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



LastLast butbut notnot least,least, wewe nevernever forgetforget thethe threethree
milestonemilestone aspectsaspects ofof beingbeing aa drugdrug::
LastLast butbut notnot least,least, wewe nevernever forgetforget thethe threethree
milestonemilestone aspectsaspects ofof beingbeing aa drugdrug::

1. Pharmacodynamics;

2. Phamacokinetics;
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3. Formulation.



ChooseChoose thethe bestbest solutionsolution::ChooseChoose thethe bestbest solutionsolution::
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ChooseChoose thethe bestbest solutionsolution::ChooseChoose thethe bestbest solutionsolution::
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Infantile Hemangioma

Propranolol

Beta adrenergic receptors



ChooseChoose thethe bestbest solutionsolution::ChooseChoose thethe bestbest solutionsolution::

Drug
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Candidate



StretchingStretching time!time!StretchingStretching time!time!
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