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AA  previewpreview  ofof   ourour  PSFPSF  20232023//20242024  

runningrunning  project!project!  
  

AA  previewpreview  ofof   ourour  PSFPSF  20232023//20242024  

runningrunning  project!project!  
  

ABBV-CLS-484 

PDB code: 7UAD 

The PTPN2/PTPN1 inhibitor ABBV-CLS-484 unleashes potent anti-

tumour immunity. 
Baumgartner CK, et al .The PTPN2/PTPN1 inhibitor ABBV-CLS-484 unleashes potent anti-tumour immunity. Nature. 2023 

Oct;622(7984):850-862. doi: 10.1038/s41586-023-06575-7. Epub 2023 Oct 4.  
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OurOur  primaryprimary  missionmission  willwill  bebe::  OurOur  primaryprimary  missionmission  willwill  bebe::  

OH

O

H
N 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?   



      S.MORO – PSF: DDY2K M 
M S 

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

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

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 ::  

DrugDrug  DrugDrug  

InformaticsInformatics  InformaticsInformatics  

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

DrugDrug  DrugDrug  

InformaticsInformatics  InformaticsInformatics  

DesignDesign  DesignDesign  
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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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Design: 

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

we will have to think carefully about the 

relationship between drawing and reality 
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……  andand  now,now,  it’sit’s  youryour  turn!turn!  ……  andand  now,now,  it’sit’s  youryour  turn!turn!  

Again, is a drug designable? Again, is a drug designable?   



      S.MORO – PSF: DDY2K M 
M S 

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

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

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

DrugDrug  DrugDrug  

InformaticsInformatics  InformaticsInformatics  

DesignDesign  DesignDesign  
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II  knowknow  veryvery  wellwell  thatthat  youyou  knownknown  whatwhat  

drugdrug  isis……  butbut  reconsiderreconsider  itsits  definitiondefinition  inin  

termsterms  ofof   hishis  designability::  

II  knowknow  veryvery  wellwell  thatthat  youyou  knownknown  whatwhat  

drugdrug  isis……  butbut  reconsiderreconsider  itsits  definitiondefinition  inin  

termsterms  ofof   hishis  designability::  

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  ......  

The average adult male has around 36 trillion cells in their body, while 

average adult females have 28 trillion, researchers have found. 

Unexpectedly, the mass of  small cells in our bodies, such as blood cells, 

is roughly the same as that of  large ones such as muscle cells – a finding 

that has puzzled researchers (by Ian Hatton at the Max Planck Institute 
for Mathematics in the Sciences in Leipzig, Germany) 

How many million protein molecules are there in a single cell? 42! (by 

Douglas Adams. University of  Toronto in Canada) 

According to an estimate made by engineers at Washington University, 

there are around 1014 atoms in a typical human cell. Another way of  

looking at it is that this is 100,000,000,000,000 or 100 trillion atoms. 

Interestingly, the number of  cells in the human body is estimated to be 

about the same as the number of  atoms in a human cell.  
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……  thethe  complexitycomplexity  isis  notnot  muchmuch  differentdifferent  toto  

dealdeal  withwith  thisthis  problemproblem.. 
……  thethe  complexitycomplexity  isis  notnot  muchmuch  differentdifferent  toto  

dealdeal  withwith  thisthis  problemproblem.. 

How many planets are there really in the universe?  
 

Erik Zackrisson, an astrophysicist at Uppsala University in Sweden, 

crunched the numbers on a computer model that simulated the evolution 

of  the universe since the Big Bang.  

 

He found that — given our current understanding of  the universe and the 

laws of  physics — there should be 7 times 1020 planets in the universe. 

That’s 7 followed by 20 zeroes or 70 quintillion. 
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Infantile Hemangioma    

Propranolol  

  andand  II  don’tdon’t    havehave  aa  betterbetter  exampleexample  toto  

describedescribe    aa  drugdrug::  

  andand  II  don’tdon’t    havehave  aa  betterbetter  exampleexample  toto  

describedescribe    aa  drugdrug::  
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oror  thisthis::  oror  thisthis::  

FDG-PET scan images of  a patient with metastatic melanoma before (left) and after (right) treatment 

with BRAF inhibitor. Therapy consisted of  15 days treatment with 960mg of  the BRAFV600E inhibitor, 

Vemurafenib , PLX4032, given orally twice daily as a single agent. (with permission from the Molecular 
Imaging Department of  the Peter MacCallum Cancer Centre, Melbourne).  
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trytry  toto  respondrespond  withwith  intellectualintellectual  

honestyhonesty::  

trytry  toto  respondrespond  withwith  intellectualintellectual  

honestyhonesty::  

Is this designable? Is this designable?   
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ChooseChoose  thethe  bestbest  solutionsolution::      ChooseChoose  thethe  bestbest  solutionsolution::      
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ChooseChoose  thethe  bestbest  solutionsolution::      ChooseChoose  thethe  bestbest  solutionsolution::      

Propranolol  

Beta adrenergic receptors    Infantile Hemangioma    

10n events      1 event 



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

Dept. Pharmaceutical and Pharmacological Sciences – University of Padova - Italy 
      S.MORO – PSF: DDY2K 

Spazio fisio-patologico Spazio chimico Spazio biologico 

Farmaco 

Interazione Terapeutica 

Patologia 

Target Primario 

Target Secondario 

Interazione Collaterale Target Collaterale 

DoDo  youyou  rememberremember??  DoDo  youyou  rememberremember??  
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ChooseChoose  thethe  bestbest  solutionsolution::  thethe  

redutionisticredutionistic  approachapproach      

ChooseChoose  thethe  bestbest  solutionsolution::  thethe  

redutionisticredutionistic  approachapproach      

Drug  

Candidate  
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Again,Again,  trytry  toto  respondrespond  withwith  thethe  

samesame  intellectualintellectual  honestyhonesty::  

Again,Again,  trytry  toto  respondrespond  withwith  thethe  

samesame  intellectualintellectual  honestyhonesty::  

Is a drug candidate designable? Is a drug candidate designable?   

We will return later on this concept… 
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……  couplecouple  ofof   bitsbits  ofof::  ……  couplecouple  ofof   bitsbits  ofof::  

DrugDrug  DrugDrug  

InformaticsInformatics  InformaticsInformatics  

DesignDesign  DesignDesign  
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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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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!    

  

Calculate,Calculate,  forfor  example,example,  thethe  bindingbinding  energyenergy  ((DDGGbindbind,,  

kcalkcal  xx  mol)mol)  betweenbetween  aa  ligandligand  andand  itsits  receptorreceptor  isis  notnot  

trialtrial  atat  all!all! 

Calculate,Calculate,  forfor  example,example,  thethe  bindingbinding  energyenergy  ((DDGGbindbind,,  

kcalkcal  xx  mol)mol)  betweenbetween  aa  ligandligand  andand  itsits  receptorreceptor  isis  notnot  

trialtrial  atat  all!all! 
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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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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. 
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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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“Drug”“Drug”  “Drug”“Drug”  

InformaticsInformatics  InformaticsInformatics  

DesignDesign  DesignDesign  

WhyWhy  wewe  needneed  “drug”“drug”  designdesign??  WhyWhy  wewe  needneed  “drug”“drug”  designdesign??  
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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 $1000 million (even more!!!)  

Aaahhh….  
1 a xx.000!!!! 
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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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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:: 
creditscredits: : https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--023023--0000100001--33  
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Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! Houston,Houston,  we'vewe've  hadhad  aa  problemproblem  here!here! 

creditscredits: : https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--023023--0000100001--33  
  

Novel FDA approvals since 1993. Annual numbers of  new molecular entities 

(NMEs) and biologics license applications (BLAs) approved by the FDA’s CDER. 

See Table 1 for new approvals in 2022. Products approved by CBER, including 

vaccines and gene therapies, are not included in this drug count (Table 2). Source: 

FDA. 
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DrugDrug  discoverydiscovery  statisticsstatistics:: DrugDrug  discoverydiscovery  statisticsstatistics:: 
creditscredits: : https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--023023--0000100001--33  
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AA  veryvery  generalgeneral  introductionintroduction::  AA  veryvery  generalgeneral  introductionintroduction::  

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 
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DrugDrug  discoverydiscovery  statisticsstatistics:: DrugDrug  discoverydiscovery  statisticsstatistics:: 
creditscredits: : https://www.nature.com/articles/d41573https://www.nature.com/articles/d41573--023023--0000100001--33  
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Why has the pharmaceutical industry apparently not benefited from the 

sci/tech revolutions of  the last few years? 

Why has the pharmaceutical industry apparently not benefited from the 

sci/tech revolutions of  the last few 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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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 = 50100 

mM) 

 

Promising hits 
Identified 

(Activity = 50100 

mM) 

 

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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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?  
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•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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ScreeningScreening  automatizationautomatization  @DSF@DSF    
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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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BackBack  toto  thethe  insidiousinsidious  questionquestion  thatthat  

youyou  cancan  makemake  meme  ::  

BackBack  toto  thethe  insidiousinsidious  questionquestion  thatthat  

youyou  cancan  makemake  meme  ::  

Is a hit designable? Is a hit designable?   
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Hit2Lead 
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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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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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Hit2Lead 
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HitHit22LeadLead……  aa  pragmaticpragmatic  viewview::  

Front. Chem., 18 February 2020 | https://doi.org/10.3389/fchem.2020.00093 

PM = 118.14; logP = 1.56 

PM = 222.25; logP = 2.79 

PM = 413.83; logP = 3.88 

PM = 489.93; logP = 5.54 

https://doi.org/10.3389/fchem.2020.00093
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AndAnd  backback  againagain  toto  thethe  insidiousinsidious  

questionquestion  thatthat  youyou  cancan  makemake  meme  ::  

AndAnd  backback  againagain  toto  thethe  insidiousinsidious  

questionquestion  thatthat  youyou  cancan  makemake  meme  ::  

Is Is a lead a lead designable? designable?   
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RememberRemember  thisthis  graphgraph……  

David C. Rees, Miles Congreve,, Christopher W. Murray & Robin Carr Nature Reviews Drug Discovery 3, 660-672, 2004 
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