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The Making Of An Innovative Medicine – class schedule
Thursday‘s @ 4-6 PM except 04.12/11.12.25 @2-6 PM

Historical perspective: the modern pharmacy
Advent of modern medicines - placebo controlled drug development

Scope of the course _ general organization _ case study   
Embracing a career at the heart of biomedical research !?

Session 1: 

Session 2: 

11.09.25

18.09.25 

02-09.10.25 

16.10.25 

25.09.25 

30.10.25 

Introduction to translational research: crossing the bridge
A chasm has opened wide between biomedical research and patients in need

Session 3: 

Sessions 4-5: Therapeutic target identification I & II
“me too” vs a wealth of innovative targets _ small MW cpds vs biologicals
Early front loading of biomarker identification for cohort stratification

Structure based drug design _medicinal chemistry_low/high throughtput 
screening assays_ multiple parallel optimization_ML-powered screens
Setting up screening assays, the robotics, the million cpds librairies

Session 6: 

Session 7: Therapeutic modalities peptides and biologicals: today’s - 
tomorrow’s pharmacy NBEs
Challengies (cost of goods - healthcare payers) and opportunities
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Session 6 – Drug design : 90% of today’s medicines are issued
from medicinal chemistry

• High throughput cpd screens HTS : 
from hit to lead

• Medicinal Chemistry : in silico screen, 
structure activity                    
relationship (SAR – QSAR model)                                   
and drug design by MDO
• Protein:protein interactions



Medicinal chemistry : long and successful story from 20th century on



Adressing a novel therapeutic target : 
small MW chemical cpds versus large biological moieties : what‘s best ?

TWO OPTIONS

On average you are likely to take 15,000 SMC pills during the course of your life time ! 



PRECLINICAL

DRUG 
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SAFETY

TARGET 
IDENTIFICATION

CCSCL

which cpd, 
therapeutic 

modalities can 
help eg. to treat 

chronic pain? 
Diabetes? a rare 

disesase?

is my cpd safe 
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The Making Of An Innovative Medicine: From Idea to Medicine

Do we have 
compelling 

genetic evidence 
underlying the 

symptoms/diseas
e phenotype?

Is the 
therapeutic 

target 
«druggable» ?

medicinal chemistry (med
chem) involvement

HTS involvement



Moellering RE et al. 2002 Nature 462:182-188

Disease biology_Medicinal Chemistry_Molecular Biology_Drug discovery

• SMALL MW MOIETIES TYPICALLY POSSESS <100 
ATOMS  (MW <500Da) WHICH ENDOW A SMALL 
OVERALL SURFACE AREA AVAILABLE FOR 
INTERACTION AND PHARMACOLOGICAL 
INTERVENTION

• A DRUGGABLE TARGET IS BEST KNOWN BY THE 
PRESENCE ON ITS SOLVENT ACCESSIBLE SURFACE OF 
AN HYDROPHOBIC “POCKET”

• (INVAGINATION LINED UP WITH HYDROPHOBIC 
AMINO ACID SIDE CHAINS)



The screening cascade 1:10 000 makes it !
m

edicinal chem
istry

HTS



Medicinal chemistry step by step

Bai XC. 2015

How to reduce pre-screening costs ?  $$$



The biggest risk is NOT to get a medicine !
productivity declines – why ?



Medicinal chemistry : optimization of the target – a major challenge

Drug discovery remains a very risky business : as a matter of fact the 
biggest risk in drug discovery is NOT to get a medicine



HTS and MedChem : from milions cpd tested to a single medicine



Each druggable therapeutic target class its drug type : SMCs, 
macrocycle, «glue» moiety, bIologics and more



High throughput screening SMCs : from hits to lead cpds

HIGH THROUGHPUT SCREEN (HTS) – HIGH CONTENT SCREENS (HCS) :
 ARE YOU LOOKING FOR AN AGONIST/ANTAGONIST OR ALLOSTEROIC MODULATOR OF YOUR 

THERAPEUTIC TARGET ?

Do we have the right lead cpd  ?



The Making Of An Innovative Medicine: a look at the real world
eg.  «big pharma» Roche Inc. campus Basel Switzerland – 04:39 on -

https://www.youtube.com/watch?v=attNofZ7AnY



Robotics and medicinal chemistry : corner stone of HTS

A million compounds selected on a specific 
therapeutic target in a few weeks time !

Clinical candidate selected ! Patent pending !

High throughput screen (HTS) :

 agonist/antagonist to the therapeutic target

Automated CPD repository

Every day thousands of novel cpds are 
synthesized and registered in cpd repositories

Do we have the right lead though ?



Roche Basel automatic cpd repository: millions of SMW awaiting HTS 



AUTOMATED CPD REPOSITORY : CAN HOLD UP TO SEVERAL MILLIONS OF 
PURIFIED MOLECULES IN THE RANGE OF FEW HUNDREDS kDa  

CPD REPOSITORY : MOST VALUABLE ASSET OF A DRUG DISCOVERY FACILITY

CPD LOGISTIC : ALIQUOTS STORAGE IN 100% DMSO UNDER 
ARGON VAPOURS 

Every day MedChem synthesises thousands of novel cpds registered in cpd repositories



Hit confirmation at single dose, followed by DRC and potency

Often hit confirmation and potency assay need larger scale MedChem synthesis



High throughput screening assays formats for all season :
miniaturization (2-10 µl – 1536 wells) means cost effective HTS

High throughput screen (HTS) :

 agonist/antagonist to the therapeutic target
Every day thousands of novel cpds are 

synthesized and registered in cpd repositories
Below layout of a 384 plate with controls !

Nous ne pouvons pas afficher l’image.



Finding the perfect match: most novel medicine design starts with an 
HTS (eg TECAN «Freedom EVO platform») see video on robotics



Automatic liquid handling device : data validation, robustness 

High throughput screen (HTS) :

 signal to background ratio (Z’value)
Data management, analysis

Do we have the right lead though ?



Finding the perfect match: layout of an automatic HTS  platform : 
assessing whether the response in a particular assay is large enough

(3(SD of high  control) + 3(SD of low control)

robustness

Z’=1- _______________________
(mean of high control-mean of low control)

Maximum value Z’ is 1
Good robustness Z’ > 0.5
Unsatisfactory assay Z’ < 0.5

liquid handling 
devices

bulk reagent
dispensers plate sealer

temperature controlled
storage

incubators

detection devices

plate conveyor



“Needle screens” of selected bioactive molecules: 
fast track to the clinical candidate



From HTS hits to lead cpd and clinical candidate identified

m
edicinal 

chem
istry

On average you are likely to take 15,000 SMC pills during the course of your life time !
Overall large proportion of current medicines derived from medChem ! 

Why SMW medicines/cpds ? advantages, cost of 
goods etc ! from ancient herbal medicine to 
modern medicines, eg. HAART etc !

Reduce number of synthesis steps ; 
large scale synthesis



Ceftriaxone (green) PK profile (vs other cephalosporins)

Today’s world most prescribed cephalosporin:
 unique PK “once a day” ceftriaxone or how to get the job done !

R2 benzylalcohol
R1 thio-methyltetrazol

R2 mercaptopyridine
R1 methylester

R2 methylthiophen
R1 aminoester

R2 aminoester
R1 methoxyimine furane

R2 aminotriazol N-
methoxyimine

R1 thiotriazindionea remarkable example of mastering t ½ half life of an iv/im cpd



Medicinal chemistry driven drug design :
which one is the good one ?

Bai XC. 2015



MedChem : impact on clinical practice : HAART

1981 Discovery of HIV, shortly after monotherapy of AIDS patients on AZT

1982-1990  Monotherapies proved ineffective, due to HIV’s ability to develop
resistance to single drug treatments. death toll still massive

1995 Development of HIV drug cocktails was introduced and is known today
as HAART for HIGHLY ACTIVE ANTI RETROVIRAL THERAPY 

AIDS patients experience a long life expectancy in seropositivity THANKS TO ESSENTIALLY 
only 3 PILLS A DAY ( yesterday patients swallowed « the entire pharmacy » 



MedChem : impact on clinical practice : HAART
Breaking News : Lenacapavir® – end of HIV pandemia ?

Breaking news 
2025

LENACAPAVIR® : a 
multi step inhibitor, 
capsid replication
inhibitor

PreP : sub cut slow 
release 8-12 weeks
issue : cost for high HIV 
incidence countries
$ 28’000.- year supply/Gilead

dd

dd

dd



Why SMW cpd ?  Practical dosage form, with a glass of water and more ! 

P. Leeson. 2012. Nature 481:455-456

• MedChem has still a bright future even with the advent of many other therapeutic 
modalities (MAB, RNA, DNA etc.

• Drug candidates are developed from the optimization of “lead” molecules (SAR) – 
selectivity versus off target (safety)– pharmacokinetics/pharmacodynamics – large 
production – cost of goods - manufacture 

• Like all rules in biomedical research, Lipinski rules can be misleading (some cpd may 
pass through and dwell toxic in clinical trials, some excellent potential medicines may 
fail because of one criteria was not satisfied (eg high cLogP) 

Medicinal chemistry : what properties a drug need to have ?



«Pfizer’s» rules or «Lipinski rule of five»

In 1997, Christopher A. Lipinski and his colleagues published their guidelines for how to make drugs that are more easily
absorbed by the body, and for several years their "rule of 5" has been and still is the guiding principle in drug research

and new medicines design



Medicinal chemistry : Ro5 drug like compounds

Used to be a “last resort” antibacterial
Oxazolidinone -Linezolid

(peptidyl transferase center (PTC) blocker)



«Lipinski rule of five» violators, yet most commonly prescribed medicine !

BCL2 inhibitor



medicinal chemistry

Physico chemical criteria such as 
those defined by the “rule of 

five” are used to predict 
whether a cpd is drug like or not 

«Pfizer’s» rules or «rule of five»



«Pfizer’s» rules or «Lipinski rule of five»
a medicinal chemistry «gold standart» for SMCs



Medicinal chemistry : what properties a drug need to have ?

The biggest risk in drug discovery is NOT to get a medicine
DO WHAT THE PATIENT NEEDS NEXT



MDO : parallel Multiple Drug Optimization - ADME



MDO : Multiparameter Drug Optimization

MDO simplified (drug likeliness or Pfizer’s rules)

• Solubility
• Lipophilicity (clogP) octanol water partition <5)
• Number of H donors (<5)
• Number of H acceptors (<10)
• Molecular weight (generally <500 Da
• Permeability (PAMPA assay)
• CYP450s screen (eg. adverse drug metabolites
• Metabolic stability (PK, PD, ADME)
• Cardiac ion channels (hERG, “torsade de pointes”
• CEREP screens, kinase panels, GPCR panels



Rule of five and
the advent of QSAR (quantitative structure-activity relationship)

Cherkasov et al. 2014. J. Med. Chem. 57, 4977−5010 



Med chem cost of goods : SMCs (eg paracetamol) vs macrocycle
an important criteria in the life cycle of a medicine

kilolab process !



Large cohort studies on LDL vs HDL correlation :
CVD are the first cause of mortality in westernized countries

Compelling epidemiological and genetical evidence : LDL-C is a strong risk 
factor while HDL-C reduces the risk of coronary heart disease CHD 



The Framingham Heart Study over several generations of CHD patients



Atheroma as drug target - compelling epidemiological and genetic evidence in human – 
HDL’s as target for CVD - number one killer in developed countries



Stroke and cardiac heart failure in the WHO radar scope :
myocardial infarction is today still no 1 cause of death globally

at histopathological level



46

Adapted from Stary et al. Circulation. 1995;92:1355–1374.

ACS/MI  Stroke/TIA  CV death
Stable angina

Foam 
Cells

Fatty 
Streak

Intermediate 
Lesion

Atheroma Fibrous 
Plaque

Complicated 
Lesion/Rupture

From first decade From third decade From fourth decade

Atherosclerosis
Thrombosis

Atherosclerosis – unstable plaque - a life threatening disease of the arteries



Stroke and acute heart failure : the unstable atheroma plaque

at histopathological
level

at molecular mechanism



IVUS/angiograhy diagnostic : coronary occlusion : at high heart failure risk !



CAD - standart-of-care: high level of residual risks:
will HDL therapeutics revolutionize this ?

study with a low HDL population, many of which had the metabolic syndrome 20 or 40 mg of lovastatin was compared with placebo.
 Over a 5-year period there was a 37% decrease in the risk of the first event. All of these participants had to have an LDL over 
130 mg/dL and an HDL less than 50 mg/dL

more than 20% statin 
resistance !
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Compelling epidemiological and genetical evidence : high LDL-C is a strong CVD risk 
factor while low HDL-C increases the risk of coronary heart disease CHD 



Cholesterol synthesis : several versions of HMGoA reductase inhibitors :
statins the ever most prescribed medicine as of today !



CVD standart of care : a glamorous perspective ?
HMGCoA reductase inhibitors are the ever most prescribed medicines 

a therapeutic target 
is defined based on 

the

therapeutic target : 
atherosclerosis ACS 

patient



a therapeutic target 
is defined based on 

the

Target identification : clinical symptoms and compelling genetic evidence:
LDL level and LDL R

therapeutic target : 
atherosclerosis ACS 

patient

Autosomal dominant !

Corneal arcus

Extensor tendon 
xanthoma

Xanthelasma



Familial hypercholesterolemia leads to revolution in CVD diseases

a therapeutic target 
is defined based on 

the

therapeutic target : 
atherosclerosis ACS 

patient



ABCA1 transporter mutations : Tangier Island USA
(ATP binding cassette transporter A1) 

Tangier Island 
Chesapeak bay Virginia USA

M.Teddy Laird (“tangier” patient)

Washington DC

Tangier island



ABCA1 transporter mutations : Tangier Island USA 

The CYP11B2 story

Tangier Island Maryland  USA



ABCA1 transporter mutations : a RARE disease (hundreds patients ww)

The CYP11B2 story

Tangier Island Maryland  USA

Mr Teddy Laird, origin from Tangier Island 
is in his 50’s now. His health is 
deteriorating from “Tangier” disease; his 
dad PASSED AWAY from tangier disease; 
his sister PASSED AWAY from CVD disease. 
Each of the family member had fatalities 
due to the tangier disease (hypercholesterolaemia)

Teddy's sister and investigation revealing an extremely high number of foam 
cells in not only the tonsils but a wide range of tissues including the bone 
marrow and spleen, a second trip to the island was made and the discovery 
was made of very low HDL cholesterol in both the sister and parents of 
Teddy, evidence for a genetic basis of the disease.

https://en.wikipedia.org/wiki/Foam_cell
https://en.wikipedia.org/wiki/Foam_cell


Lipid - protein composition of HDL, LDL and VLDV

ApoA1 …

ApoB …



THE „BAD“ AND THE „GOOD“

High density lipoprotein
HDL

Low density lipoprotein
LDL

20–22 nm

Promote Atherosclerosis

9–15 nm

Inhibit Atherosclerosis

Hydrophobic Core
 of Triglyceride and 
Cholesteryl Esters

Surface Monolayer of 
Phospholipids and Free 
Cholesterol

CETP



TODAY 2025

hdl
>50 000 results

Asking Google …



Section 8 : pharmacogenomics_GWAS studiesComposition of different ApoA1 containing HDL lipoprotein
particles



Reverse cholesterol transport : from the periphery back to the liver
CETP inhibitor clinical candidate 

x

LDL



Reverse cholesterol transport : from the periphery back to the liver
CETP inhibitor clinical candidate 



63 THE FUTURE IS THE PAST , ONLY BETTER  !
HDL and cholesterol homeostasis: still a new concept 

From Glomset hypothesis to HDL driven 
reverse cholesterol transport (RCT)

Glomset JA. J. Lipid Res (1968) 9:155-167



Reverse cholesterol transport : from the periphery back to the liver
The future is the past only better : HDL breakthrough in cardiology ?

x



Reverse cholesterol transport : from the periphery back to the liver

x

dalcetrapib



CETP deficiency increases HDL’s levels and lowers LDL-C levels with
potential decrease of coronary heart diseases CHD : genetic evidence



CETP deficiency increases HDL’s levels and lowers LDL-C levels with
potential decrease of coronary heart diseases CHD 

hdl
>50 000 results

ABCA-1



Rabbits like humans have high level of activity of CETP -highly susceptible to 
atherosclerosis - inhibiting CETP in rabbits and hamsters consistently anti athero

hdl
>50 000 results



hdl
>50 000 results

Asking Google …



Atheroma as drug target - compelling genetic evidence in human
HDL’s for CHD –  CETP inhibitors

dalcetrapib



Atheroma as drug target - compelling genetic evidence in human
HDL’s for CHD –  CETP inhibitors



An example of assay read out and 
medicinal chemistry MDO

SAR 

Clerc RG. and Niesor EJ. American Heart Association Washington DC. USA 

dalcetrapib

THQ backbone is not 
a prerequisite for 
induction of 
aldosterone /blood
pressure



Adrenal Cortex and RAAS pathway

The adrenal cortex is responsible for production of 3 major classes of steroid hormones: 
glucocorticoids, which regulate carbohydrate metabolism; mineralocorticoids, which regulate the 
body levels of sodium and potassium; and androgens, whose actions are similar to that of steroids 
produced by the male gonads 

MINERALOCORTICOID ESTRADIOL/TESTOSTERONEGLUCOCORTICOID

CYP11B2



CETP deficiency increases HDL’s levels and lowers LDL-C levels with
potential decrease of coronary heart diseases CHD



CETP deficiency increases HDL’s levels and lowers LDL-C levels with
potential decrease of coronary heart diseases CHD



SAR : eg. from poppy seeds to modern analgesics

μ-opioid receptor (μOR) agonists are the most effective medicines in treatment of severe pain



SAR : eg. from poppy seeds to modern analgesics

μ-opioid receptor (μOR) agonists are the most effective medicines in treatment of severe pain

MedChem
challenge



Medicinal chemistry : antibacterials

a combo winner :sulfammethoxasol/trimetoprim : 
nice charged groups, loves water : broad spectrum
gram negative urinary tract infection



Medicinal chemistry : the cephalosporin example



Ceftriaxone (Rocephin®) : a cephalosporin third generation
Rp meningitis, endocarditis, nephritis etc

The scafold



Ceftriaxone (green) PK profile 
(vs other cephalosporins)

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc

World most prescribed injectable cephalosporin Rocephin® 
becomes Ceftriaxon, a generic blockbuster



Ceftriaxone (green) PK profile (vs other cephalosporins)

Today’s world most prescribed cephalosporin:
 unique PK “once a day” ceftriaxone or how to get the job done !

R2 benzylalcohol
R1 thio-methyltetrazol

R2 mercaptopyridine
R1 methylester

R2 methylthiophen
R1 aminoester

R2 aminoester
R1 methoxyimine furane

R2 aminotriazol N-
methoxyimine

R1 thiotriazindionea remarkable example of mastering t ½ half life of an iv/im cpd



World most prescribed injectable cephalosporin : rise and fall of
Rocephin® sales development & R+D spending
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return on investment

World most prescribed
injectable cephalosporin :

Rocephin® sales development  
R+D spending

ceftriaxone

R+D spending return on investment



Covalent medicines have proved successful :
safety concerns have limited their popularity

Singh et al 2011 Nature Drug Disc 10:307-317



Medicinal chemistry : covalent binding medicines time line



MedChem: covalent binding medicines pros and cons



Why protein : protein interactions as drug target ? …

stapled peptides ?
macrocycles ?
macrolides ?
cyclic peptides ?



PPIs : a major Med Chem challenge



Cyclic peptide therapeutics and macrocycles for undruggable targets



… they are found throughout cellular signaling cascades !



Drugging the undruggable : cyclic peptide therapeutics

Zorzi A and Heinis C. 2017 Current Opinion in Chemical Biology 38: 24-29



Cyclic peptide therapeutics from natural products and synthetic

Nocosomal
pneumonia

Antifungal

Acromegaly
GHi

Cushing
GHi

Lymphoma
HDACi

Bowel syndrom
chronic constipation
GMP cyclase agonist Anemia

EPOr agonist

Nocosomal
pneumonia

Organ rejection
Calcineurin i

Antibacterial MRSA

Organ rejection
Calcineurin i



Macrocycles therapeutics from synthetic med chem



Protein : protein interactions : 
Macrocycle, phage or RNA display etc



Best macrocycle small size
pharma in Basel CH



Protein : protein interactions : 
stapled peptides, bicyclic peptides etc

Verdine G. et al. (2012) Method in Enzymology Vol 503 

stapled peptide blocks the NOTCH-CSL-MAML 
ternary complex aberrent expression and activation of Notch is linked to a 
variety of different pathologies (cancer, CVD etc

Diderich P and Heinis C. 2014. Tetrahedron 70:7733-39

Bicyclic peptide blocks Her2 Tyr k receptor from oligomerization
in aberrent expression and activation (15% breast cancer)



Protein:protein interaction blockade: an enourmous challenge
towards promoting apoptosis in cancer targets

Bcl2 that fail to complex with Bax ( Bcl2-Bax complex is anti-apototic) can no longer inhibit apoptosis

B-cell lymphoma Bcl-2 and Bcl-XL inhibit apoptosis by binding a 16-residue α-helical portion of pro-apoptotic molecule BAK 
and BAX (Bcl-2-antagonist/killer) or a 26-residue α-helical portion of another pro-apoptotic molecule, BAD (Bcl-2 
antagonist of cell death) 



Drugging the undruggable : blocking Bcl-Xl ANTI apoptotic
mitochondrial protein as antitumor agent

Bcl-Xl one of the first successful example
of SMWs cpd inhibiting protein:protein

interactions !

Bcl-Xl at 1.7 A atomic
resolution

Mimicking Bcl-l : BH3 domain
protein:protein interaction



Medicinal chemistry : cryo EM allows prediction of enzyme function
and medicinal chemistry driven drug design

Bai XC. 2015 Nature 535:212-217



Medicinal chemistry : cryo EM allows prediction of enzyme function
and medicinal chemistry driven drug design

535:212-217



The thalidomide story REVISITED  TODAY   
comes back with MOA and strict safety requirements  (pregancy test !)

multiple myeloma in B cell malignancies
IMiDs-Immunomodulatory drug 

NK cells stimulation, cytokine IL6 production 
How thalidomide works against cancer

Thalidomide (iMiDs) : a drug repurposing paradigm

Fischer ES and Thomä N.(2014) Nature 512:49-53 Stewart KA et al (2014) Science 343:256-258 

The surprising ability of thalidomide and 
its analogs to treat various hematologic
malignancies is through the loss of two
transcription factors.

MOLECULAR GLUE DEGRADER CONCEPT
(only when the cpd links the substrate and 
ubiquitn ligase the mutated/cancer 
activated protein is destroyed !)



Chronological view of the history of thalidomide analogues as iMiDs 
(immunomodulatory imide drug eg lenalidomide as blood cancer therapeutics

Fischer ES and Thomä N.(2014) Nature 512:49-53 

Patient compliance :
Revlimid is sold by BMS 
formerly Celgen.
The US list price of 
Revlimid  is $ 18’723 per 
cycle when given as 25mg 
once a day on days 1-21 of 
a 28 day cycle of multiple 
myeloma (plasmocyte 
cancer, often >50 y old 
patients, production of 
non sense kappa and 
lambda light IgG chains in 
the bone marrow. 
Early symptoms : fatique 
due to low Hb reduced 
count of erythrocytes
Diagnostic only thru bone 
marrow puncture !



iMiDs analogues are coined “molecular superglue degraders” 

Mode of action (MOA) of 
thalidomide elucidated !

Crystal structure of thalidomide 
(yellow) bound to CRBN and 

DDB1.

Protein degradation complex 
(proteasome) which uses 

molecular tag ubiquitin to mark 
proteins for degradation (E3 

ubiquitin ligases)

iMiDs prevent the CRBN cereblon 
receptor from engaging an 

endogenous substrate and are 
repurposed for “undruggable 

therapeutic targets” such as Zinc 
fingers and potentially any other 

therapeutic target 

Fischer ES and Thomä N.(2014) Nature 512:49-53 

CRBN

DDB1



PROTACs (proteolysis targeting chimeras) vs “molecular glue” degraders



Druggable proteome discovery : target identification, specificity profiling 
Repurposing – screening known drug on proteome

a therapeutic target 
is defined based on 

the

the underlying 
molecular 

mechanisms of a 
disease

Proteome-wide covalent ligand discovery in native biological systems.Backus KM, Correia BE, Lum KM, Forli S, Horning BD, González-Páez GE, Chatterjee S, Lanning
BR, Teijaro JR, Olson AJ, Wolan DW, Cravatt BF.Nature. 2016 Jun 23;534(7608):570-4. doi: 10.1038/nature18002. Epub 2016 Jun 15.

Key challenge in drug discovery is to 
understand the mode of action of eg. small
molecule candidates

Understanding the targets of small molecules
is essential in drug discovery

Chemoproteomics allows for a broad
characterization of the targets of small
molecules, target deconvolution

https://pubmed.ncbi.nlm.nih.gov/27309814/
https://pubmed.ncbi.nlm.nih.gov/27309814/
https://pubmed.ncbi.nlm.nih.gov/27309814/
https://pubmed.ncbi.nlm.nih.gov/27309814/


Chemoproteomics : the needle in the haystack

a therapeutic target 
is defined based on 

the

the underlying 
molecular 

mechanisms of a 
disease



Molecular therapeutic target validation in preclinical drug discovery

• Increase confidence in a particular drug target, ligand-target interaction
• Ki, Kd, on target efficacy, potential off target, lack of specificity
• 50 % clinical trial phase II-III have been shown to fail because of insufficient 

efficacy

Aptamers in contrary to SMW cpds function by binding to a 
specific site of an endogenous protein and blocking its
activity.
They prove to be efficient inhibitors of a wide variety of 
druggable protein classes



Secondary assays to validate on/off therapeutic target

From hit to lead cpd : on- resp. off-target validation (undesired pharmacological adverse effects !)

eg. the dual role of TGFb
from tumour supressor to 
cancer metastasis



The Making Of An Innovative Medicine: iPSC in translational research

http://www.authorstream.com/Presentation/lonewalkerdevi
l-1539797-induced-pluripotent-stem-cells/



Any robust biological readout may serve as HTS :
PHENOCOPY SCREENS, eg Danio rerio, D. mel, C. elegans, S. cerevisiae etc

Phenocopy screens primarily generates ”orphan” drugs 
Genome wide screens identify the therapeutic target (eg Warfarin deorphanized as VitK epoxyde reductase)



Phenocopy vs target based cpd screens

From hit to lead cpd : once a primary HTS screen has been performed,  eg 
FRET secondary assays



Benchtop low throughput screening LTS assays:
confirmation of first HTS hits (secondary assays)

Secondary lowthroughput screen : TECAN instruments leading 

Table top precision liquid handling robotics once 
a primary “first hit” cpd has been selected



Machine learning/AI approaches to drug discovery and start up
entreprises in the quest for effective therapeutics - from Venture 
capital and non profit organization dependent POC to pharma
clinical development

SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc

Paradigm shift in drug discovery – AI-guided MedChem



A deep learning approach to antibiotic discovery : a paradigm shift

SHAPING THE FUTURE OF MEDICINE) Roger G. ClercStokes JM et al. 2020. Cell 180, 688–702



Machine learning in antibiotic in multiple chemical librairy screen

SHAPING THE FUTURE OF MEDICINE) Roger G. Clerc



SHAPING THE FUTURE OF MEDICINE  Roger G. Clerc

Neural network models to predict structural classes of
antibacterial cephalosporins

Wong et al… J. Collins.  Nature published online December 20. 2023 



Session 6


