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EccoEcco  comecome  organizzeremoorganizzeremo  ilil  nostronostro  viaggioviaggio……  EccoEcco  comecome  organizzeremoorganizzeremo  ilil  nostronostro  viaggioviaggio……  

http://mms.dsfarm.unipd.it 
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II  nostrinostri  compagnicompagni  didi  viaggioviaggio::  

……  ilil  miomio  personalepersonale  suggerimentosuggerimento::  
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Menù (turistico) del nostro percorso di Menù (turistico) del nostro percorso di IA@DSFIA@DSF  

••Parte prima: Parte prima: chemioinformaticachemioinformatica  

RappresentazioniRappresentazioni    ee  descrittoridescrittori  molecolarimolecolari;;  relazionirelazioni  

quantitativequantitative  strutturastruttura--attivitàattività  (QSAR)(QSAR)::  modellimodelli  linearilineari,,  modellimodelli  

multivariatimultivariati,,  alberialberi  decisionalidecisionali  ee  approcciapprocci  classificativiclassificativi;;  

approcciapprocci  nonnon  linearilineari  ;;  introduzioneintroduzione  allealle  retireti  neuralineurali  ee  loroloro  

evoluzionievoluzioni  

••Parte Parte secondaseconda: : applicazioniapplicazioni  

……  

  
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F.K. Brown Chapter 35. Chemoinformatics: What is it and How does it Impact Drug Discovery. Annual Reports in Med. Chem., Ed. James A. 
Bristol, 1998, Vol. 33, pp. 375.  

““ChemoinformaticsChemoinformatics  isis  thethe  mixingmixing  ofof   thosethose  
informationinformation  resourcesresources  toto  transformtransform  datadata  intointo  
informationinformation  andand  informationinformation  intointo  knowledgeknowledge  
forfor  thethe  intendedintended  purposepurpose  ofof   makingmaking  betterbetter  
andand  fasterfaster  decisionsdecisions  inin  thethe  areaarea  ofof   drugdrug  leadlead  
identificationidentification  andand  optimizationoptimization..””  

A A 

B B 

““ChemoinformaticsChemoinformatics  isis  thethe  mixingmixing  ofof   thosethose  
informationinformation  resourcesresources  toto  transformtransform  datadata  intointo  
informationinformation  andand  informationinformation  intointo  knowledgeknowledge  
forfor  thethe  intendedintended  purposepurpose  ofof   makingmaking  betterbetter  
andand  fasterfaster  decisionsdecisions  inin  thethe  areaarea  ofof   drugdrug  leadlead  
identificationidentification  andand  optimizationoptimization..””  

Let's try to give a shared and shareable 
definition of  "chemoinformatics": 
Indeed, better... we use the one that 
Frank K. Brown gave in 1998: 
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BeforeBefore  startingstarting  ourour  adventureadventure  wewe  mustmust  

rememberremember  thatthat::  HoustonHouston  we’vewe’ve  stillstill  hadhad  
aa  problem!problem!  

BeforeBefore  startingstarting  ourour  adventureadventure  wewe  mustmust  

rememberremember  thatthat::  HoustonHouston  we’vewe’ve  stillstill  hadhad  
aa  problem!problem!  
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DrugDrug  discoverydiscovery  statisticsstatistics:: DrugDrug  discoverydiscovery  statisticsstatistics:: 
https://https://www.nature.com/articles/d41573www.nature.com/articles/d41573--025025--0000100001--55  



      S.MORO – IA@DSF  INTRODUCTION M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

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

Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! 

https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--025025--0000100001--55  
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AA  veryvery  generalgeneral  introductionintroduction:: 
(I don't want to be offensive to show you this slide) 

  

AA  veryvery  generalgeneral  introductionintroduction:: 
(I don't want to be offensive to show you this slide) 

  
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 



      S.MORO – IA@DSF  INTRODUCTION M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

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

Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! 

https://https://www.nature.com/articles/d41573www.nature.com/articles/d41573--025025--0000100001--55  
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we can stop for a second and reflect 

together? 

we can stop for a second and reflect 

together? 

https://www.cnet.com/tech/computing/intelhttps://www.cnet.com/tech/computing/intel--willwill--outpaceoutpace--mooresmoores--lawlaw--ceoceo--patpat--gelsingergelsinger--says/says/  
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What you already know very very well: the 

long history of  the birth of  a drug… 

Bringing a new drug to market can take 8-14 years 

and costs between $400 and $1000 million (even more!!!)  
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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  ““chemoinformaticschemoinformatics””  in 
pharma business? 
WhyWhy  wewe  needneed  ““chemoinformaticschemoinformatics””  in 
pharma business? 
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F.K. Brown Chapter 35. Chemoinformatics: What is it and How does it Impact Drug Discovery. Annual Reports in Med. Chem., Ed. James A. 
Bristol, 1998, Vol. 33, pp. 375.  

““ChemoinformaticsChemoinformatics  isis  thethe  mixingmixing  ofof   thosethose  
informationinformation  resourcesresources  toto  transformtransform  datadata  intointo  
informationinformation  andand  informationinformation  intointo  knowledgeknowledge  
forfor  thethe  intendedintended  purposepurpose  ofof   makingmaking  betterbetter  
andand  fasterfaster  decisionsdecisions  inin  thethe  areaarea  ofof   drugdrug  leadlead  
identificationidentification  andand  optimizationoptimization..””  

Indeed, better... we use the one that 
Frank K. Brown gave in 1998: 



      S.MORO – IA@DSF  INTRODUCTION M 
M S Confidential and Property of ©2012 Molecular Modeling Section  

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

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 

K. Steinbuch: INFORMATIK: Automatische Informationsverarbeitung. SEG-Nachrichten Heft 4/1957 
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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 (and egoistic) 
representation of  this definition that this: 
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TheThe  DIKW pyramid……  intriguing!intriguing!  TheThe  DIKW pyramid……  intriguing!intriguing!  

Rowley, Jennifer (2007). "The Wisdom Hierarchy: Representations of  the DIKW Hierarchy". Journal of  
Information and Communication Science. 33 (2): 163–180.  

https://scispace.com/papers/the-wisdom-hierarchy-representations-of-the-dikw-hierarchy-3ivs6n0ccz
https://scispace.com/papers/the-wisdom-hierarchy-representations-of-the-dikw-hierarchy-3ivs6n0ccz
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InformaticsInformatics  isis  thethe  basicbasic  sciencescience  ofof   anyany  
virtualizationvirtualization    processprocess::  

REAL  

WORLD 

VIRTUAL 

 WORLD 
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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 

DGbind 

(aq) 

REAL WORLD 
ligand 

receptor 

complex 

DGbind 

(aq) 

VIRTUAL WORLD 
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ligand 

receptor 

complex 

DGbind 

(aq) 

REAL WORLD 
ligand 

receptor 

complex 

DGbind 

(aq) 

VIRTUAL WORLD 

TheThe  accuracyaccuracy  ofof   thisthis  virtualizationvirtualization  
processprocess  isis  crucialcrucial::  
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ligand 

receptor 

complex 

DGbind 

(aq) 

REAL WORLD 
ligand 

receptor 

complex 

DGbind 

(aq) 

VIRTUAL WORLD 

MyMy  favoritefavorite  exampleexample::  

Q: determine the molecular weight 
of  benzene? 
A: 

C6H6 
Hydrogen  (H)  1.00794 atomic mass 
Carbon       (C)  12.0107 atomic mass 
 
Molecular weight calculation: 
12.0107*6 + 1.00794*6 
 
= 78.11184 g/mol 
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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? 

TimeTime  TimeTime  

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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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  1010  millionsmillions  ......  less!less!    

  

CalculateCalculate  thethe  molecularmolecular  weightweight  isis  trivialtrivial  thing,thing,  
calculatecalculate  1010  millionsmillions  ......  less!less!    

  

Anticipate,Anticipate,  thethe  humanhuman  hepatotoxicityhepatotoxicity  ((liverliver  toxicitytoxicity))  ofof   
aa  chemicalchemical  ((drugdrug  candidate)candidate)!! 
Anticipate,Anticipate,  thethe  humanhuman  hepatotoxicityhepatotoxicity  ((liverliver  toxicitytoxicity))  ofof   
aa  chemicalchemical  ((drugdrug  candidate)candidate)!! 
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Informatics as synonymous of  speed? Informatics as synonymous of  speed? 
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Image Credits: Nvidia 

Moore, Gordon E. (April 19, 1965). "Cramming more components onto integrated circuits" (PDF). 
intel.com. Electronics Magazine. Archived (PDF) from the original on March 27, 2019. Retrieved April 1, 
2020. 

https://en.wikipedia.org/wiki/Gordon_Moore
https://en.wikipedia.org/wiki/Gordon_Moore
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https://en.wikipedia.org/wiki/Electronics_Magazine
https://en.wikipedia.org/wiki/Electronics_Magazine
https://web.archive.org/web/20190327213847/https:/newsroom.intel.com/wp-content/uploads/sites/11/2018/05/moores-law-electronics.pdf
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This was my first PC... and as a 
monitor I used my TV !!! 
This was my first PC... and as a 
monitor I used my TV !!! 
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justjust  forfor  informaticsinformatics  addicted!addicted! justjust  forfor  informaticsinformatics  addicted!addicted! 

The technology giant's Sycamore 
quantum processor was able to 
perform a specific task in 200 
seconds that would take the 
world's best supercomputer 10,000 
years to complete. 

To be update: https://thequantuminsider.com/ 
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andand  rememberremember……  “Time“Time  isis  money!”money!”  andand  rememberremember……  “Time“Time  isis  money!”money!”  
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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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“INTRODUZIONE ALLA IA 

NELLE SCIENZE DEL FARMACO” 

Stefano Moro 

Dipartimento di Scienze del Farmaco 
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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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AndAnd  nownow  backback  toto  thethe  futurefuture……  AndAnd  nownow  backback  toto  thethe  futurefuture……  

(1950’s) 

(1980’s) 

(2010) 


