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Biomolecular Screening Facility

From assay development
to hits validation / 
expansion and hits to leads

Since 2006, a Swiss multidisciplinary platform for 
drug discovery screening projects

Gerardo Turcatti | http://bsf.epfl.ch/
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INTRODUCTION OF THE SCREENING PROCESS 
• in the framework of Chemical Biology and DD
• the rational behind – importance of assay, compound  

libraries
• the linked quantitative analysis (including statistical

validions, limitations…)
• the output follow-up
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Goals of the lecture
Discovery Preclinical Phase 1 Phase 2 Phase 3

Biology HTS Hits to 
Leads

Traditional Drug Discovery Process

Drug Discovery

Drug discovery is the process whereby compounds with activity against a specified target 
or function are identified, evaluated and optimized for clinical applications
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Time scale from discovery to drug approval
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Causes of attrition in drug discovery and 
development

Kiriiri, G.K., Njogu, P.M. & Mwangi, A.N. Exploring different approaches to improve the success of drug discovery 
and development projects: a review. Futur J Pharm Sci 6, 27 (2020). https://doi.org/10.1186/s43094-020-00047-9
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Some trends/strategies for accelerating 
the DD process

 Phenotypic screens by imaging
 Physiologically-relevant models
Drug repurposing
Drug combination
 Expansion of the chemical diversity to screen
Artificial intelligence
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Target identification 
and validation

Primary screening of 
compound collection

Initial SAR from 
selected compounds

Hits
Confirm hits
Examine structures
Prioritize hits

Hits to Leads
Potency studies
Compound analysis
Preliminary pharmacology
Preliminary animal efficacyIdentify potential 

LEADS

Med/Chem
Synthesis

Med/Chem
Synthesis

Mechanistic studies
Animal efficacy / ADMET 
QSAR /pharmacophore modeling

Potency and selectivity
Detailed toxicity studies
Administration route
Drug interactions

IND 
application Clinical Trials

Lead optimization

Strategy for preclinical drug discovery

HTS of Chemicals in phenotype-based assays
(Chemical Genetics)

 An alternative to classic genetic approaches

Chemical genetics uses chemicals that alter specifically protein function in place of
mutations (chemical interference)

Reverse chemical genetics: traditional approach for searching a candidate drug. The target
is known

Forward chemical genetics: Search of small molecules provoking specific phenotypes in the
cell. These molecules can then be used for determining their protein targets.

Chemical genetics 
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Discovery of biologically active molecules by screening

Secondary assays
Efficacy

Specificity in cells
Phenotype

Biologically active 
molecules)

Compounds 
Libraries

(chemical diversity /
commercially available)

In vitro assay
Known target protein

REVERSE

Chemical genetics 
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Target identification
assays

Biologically active 
molecules)

Phenotype assay
using cells or extracts

Compounds 
Libraries

(chemical diversity /
commercially available)

FORWARD
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FORWARD
(systematic approach in academia) Mayer et al. (1999) 
Science 286 971-4

Chemical: Monastrol
Phenotype caused: Inhibition of mitosis by collapsing the mitotic spindle
Target/mech identified: Eg5, a kinesin involved in maintaining the spindle structure.

Figure 2.for 4 hours with 0.4% DMSO 
(control) (A and B) or 68 µM monastrol
(C and D). No difference in distribution 
of microtubules and chromatin in 
interphase cells was observed (B and 
D). Monastrol treatment of mitotic cells
replaces the normal bipolar spindle (A) 
with a rosette-like microtubule array
surrounded by chromosomes (C). Scale
bars, 5 µm. 

Chemical genetics 

16 320 composés testés 
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Monastrol

13

REVERSE
Study of the Biology of MEK1

Chemical: PD184352
PD184352 was identified in high throughput
in vitro (target-based) kinase assay
Highly potent and selective MEK1 inhibitor
Role of MEK1 for cell cycle progression was shown in cells
Colon tumor size was reduced in mice treated with PD 184352

Chemical genetics 

NOTE:
The analogous (classical) reverse-genetic approach, 
Mek1-deficient mouse embryos died in early
embriogenesis. In such cases, reverse chemical-
genetic methods complement and extend (classical) 
reverse-genetic methods for studying specific gene
product functions in vivo
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Molecular Screening

Essential discipline in drug discovery

A pivotal role in Chemical Biology research

Molecular screening: tools, technologies and 
methodological approaches for the discovery of 
bioactive molecules and cellular mechanisms
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Discovery of bioactive molecules and 
cellular mechanisms

Question linked to a disease or biological investigation directed to

• A protein target  
• Cell signaling pathway
• A cell phenotypic change

Development of a representative assay

 Biochemical, cellular or both
 The assay must include a precise detection method
 The assay should be robust and reliable
 The assay should allow analyzing tenths-hundred thousands compounds,    
therefore scalable up: High Throughput Screening

- Need for automation and miniaturization 16



08.05.2025

5

Assay miniaturization

96

384

1536
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Primary screening: the pillars

Typical HT-Assays
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IN VITRO BIOCHEMICAL TARGET- BASED ASSAYS
•Purified target protein : Typically enzymatic assays (i.e. kinases, MIF)
•Enriched protein in cell extracts  (enzymatic assays; i.e. Telomerase) or membrane 
preparations (GPCRs; i.e. NK1) IN

VI
TR

O

CELLULAR BIOLOGICAL TARGET- BASED ASSAYS
Cell-based assays for primary and secondary target-based screens: 
Pathway investigation (i.e. Wnt, Notch); Membrane receptors (i.e. GPCR)
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CELLULAR PHENOTYPE- BASED ASSAYS
Target discovery / validation, pathway investigation (i.e. lipids trafficking)

19

Targets families

Nuclear receptors

GPCR

Ion
channels

Transporters

20
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Kinases / Phosphatases
Proteases

Epigenetic

Metabolic (AA, NO…)
Ubiquitination
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Targets families: enzymes

Micro-organisms
Bacteria
Fungis
Yeasts

Cell proliferation / migrationPathway regulation

Protein - protein /DNA interactions

Protein secretion
(cytokines…)

ELISA / RIA assays

22
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Primary cells like neurons,cardiomyocytes
- typically 2- 3 weeks of culture after isolation 
- limited amount of cells available

Whole organisms like worms, nematodes, zebrafish
- low number of organisms per well
- technical issue to «manipulate»
- low drug permeability

Complex assays, 
increasing the biological relevance

Complex assays, 
increasing the biological relevance
• Relevant cellular models
• 3D cell culture
• Spheroids
• Organoids

• Phenotypic readout
• Supervised / unsupervised

analysis
• Deep learning analysis

24
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Assay Development for Screening

• Large diversity of targets
• Different types of assays
• Huge kinds of readouts

… but single strategy

Which parameters are impacting the assay?
 How to control them for ensuring high assay

quality (quantitative analysis, reproducibility)?

25

Typical workflow

Define possible HTS compatible assay formats

Develop, optimize, and validate manually the screening assay

Assay automation (miniaturization) and validation (robotic z’)

Pilot screen

Establish confirmation process

Research assay

Primary screen

26

Assay design: research vs. screening
HTS compatibility

• Homogeneous assay preferred (mix and measure)
• Limited number of steps
• Incubation time and temperature (RT preferred)
• Reproducibility

• Resistance to interferences
• Sensitivity (saving reagent amount)
• Miniaturization
• Content versus throughput

28
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Compound collections

Plaques à 96

384

1536 puits
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quercetin

genistein

imatinib (Gleevec)

curcumin

staurosporin

doxorubicin paracetamol aspirine methylene blue

paclitaxel remdesivir

H-151 covalent inhibitor of STING 
CB-103 inhibitor of the NOTCH

transcriptional activation complex

HIT Discovered at the BSF HITS and HITS TO LEAD

Discovered at the BSF

About chemical libraries
- Size of a collection

Pharma: 1-2 Mio compounds
Academic: 20’000 to 200’000 compounds

BSF: about 100’000 compounds since 2015

-Concentration of molecules
2-10 mM in DMSO anhydrous
In general compounds are tested at 10 M in an assay
Assessment of DMSO tolerance in cellular assays

- Chemical diversity
30

Rule of five (RO5) is a rule to evaluate drug-likeness or determine if a chemical compound with a certain 
pharmacological or biological activity has properties that would make it a likely  orally active drug in 
humans. The rule was formulated by  C.A. Lipinski in 1997, based on the observation that most orally 
administered drugs are relatively small and moderately lipophilic molecules.

- Its molecular weight is less than 500.

- The compound's lipophilicity, expressed as a quantity known as logP (the logarithm of the 
partition coefficient between water and 1-octanol), is less than 5.

- The number of groups in the molecule that can donate hydrogen atoms to hydrogen 
bonds (usually the sum of hydroxyl and amine groups in a drug molecule) is less than 5.

- The number of groups that can accept hydrogen atoms to form hydrogen bonds 
(estimated by the sum of oxygen and nitrogen atoms) is less than 10.

The rules, apply only to absorption by passive diffusion of compounds through cell membranes; compounds that are
actively transported through cell membranes by transporter proteins are exceptions to the rule. Lipinski's rule states
that, in general, an orally active drug has no more than one violation of the criteria

The rule of five (Ro5)

31

Description of the triangular molecular shape-triangle as proposed
by Sauer and Schwarz.[1, 2] A) Example of the calculation of the Px-, Py-,
Pz-, P1- and P2-descriptors for a solid disc. B) (P1,P2)-space showing the
occupancy of the currently chemical space of commercially available compounds.
The sharp corners of the triangle represent the three different possibilities of 1D-
, 2D- and 3D-molecules. These points are located at (0,1), (0.5,0.5) and (1.0,1.0)
respectively.

In addition to the ‘rule of five’, shape has been used at the BSF as a criteria for 
selecting the first chemical diverse collection of 54’000 compounds

Adding another descriptor: Molecular shape

32
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Descriptors used for selecting the 
Chemical Diverse Collection (CDC) at BSF

33

Compounds structure similarity and 
activity towards a specific target

34

 Are always similar structures active against a 
given target?

 Are different structures able to interact with a 
given target? 

 What is considered a similar structure? 

Transduction of the epinephrine signal: 
the  adrenergic pathway

GPCRs constitute the largest family of proteins targeted by approved drugs: approximately 35% of approved drugs target GPCRs 35

Chemical structure-activity

36
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Chemical structure-activity
Chemical diversity: Different structures can interact with the same target: i.e. tubuline

37

Vinca

Colchicine

Taxol

Hela cells in Fluorobrite medium

RFP-H2B: Histones (nucleus)
GFP-Tubulin : -tubulin (microtubules)

Imaged every 15’

INCell 2200, obj. 20x/0.75 Time-lapse 

Model used

38

Analysis software used
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Normal Colchicine Taxol Vinca

Vesicules

Fragmented

Spicules

Supervised Machine Learning: CellCognition software phenotypes teaching:

Nests Neuronal

Swelled

Errors

Red only

Condensed Bud / Lysis

40
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“NORMAL” “COLCHICINE” “TAXOL”

Phenotype ”NORMAL” / ”COLCHICINE” /
”TAXOL” / “VINBLASTIN” / “ROUND-DEAD”

“VINBLASTIN”

Cl
as

s %

100

0

0         25         50
Time (h)

“ROUND/DEAD”
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NP-139

NP-Peltatin NP-019140

NP-Taxol

NP-Colchicine

NP-Vincristine NP-Vindesine

NP-Colcemid NP-Demecolcine NP-Centaureidin

NP-Vinblastine
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Taxol-like phenotype Vinca-like phenotype

Colchicine-like phenotype

Cellcognition phenotypes and corresponding 
chemical structures
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Discarded: QC 
not passed

Unexpected: 
A flavonoid interacting

with microtubules

X

43

Flavone motif in BSF 
collections?

254 compounds

Flavone motif in the NP’s set

144 compounds

Hits in my screening belonging
to the cluster of ‘microtubule 
perturbers’

1 compound Cluster of tubulin
modulators

Search by structure-annotation

44
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Is any flavone a hit in the 
cluster of tubulin perturbers
or modulators?

Advanced query:
 flavone present in the NP’s

collection
 Is there any hit from the 

screen of NPs ?
(by confluence (>0.5) and has 
a value OPD (related to 
refractive index change of 
cells) >2)
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Not everything is annotated even
if published:

Annotations to be performed with
BSF validated screening results

No annotation in MeSH !
Then: Literature search

The substituted flavone, 
centaureidin is a hit in the 
assay (tubulin perturbator)
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Instrumentation - Automation

• Compound Management & control
• Assay automation for screening

Automation of fluidic handling

Reading signal
• Multimode readers
• Imaging using automated microscopes

Main Principles of Compound Management

• Ensure compound stotage & 
accessibility

• Maintain compound integrity
• Enable efficient compound 

usage
• Flexibility to adapt to new 

demands
• Ability to maintain a dynamic

collection
• Avaialbility an integrity of 

inventory data
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Assay automation for High Throughput Screening

64’000
compounds
3 replicas
+ intraplate
controls
720 384-well 
plates

230’400 
data points

*High Throughput 
cellular screen

Automatisation of the whole
process, signal acquisition, data 

processing

Robotic
Automatisation

Fluidic handling 
workstation

49

Three integrated robotic systems for compound management tasks
and screening (classic pipetting and non-contact dispensing)
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• Liquid handlers (pipettors, dispensers)
• Plate: centrifuge, peeler, sealer
• Washer, shaker, bar-code labelers and readers
• Articulated arms, conveyers
• Peripherials:  automated incubators,  fridge

• Liquid handlers (pipettors, dispensers)
• Plate: centrifuge, peeler, sealer
• Washer, shaker, bar-code labelers and readers
• Articulated arms, conveyers
• Peripherials:  automated incubators,  fridge

Beckman workstation:
siRNA transfections, chemical screens and 
compound management

Caliper workstation:
Chemical screening and compound management 

Labcyte workstation:
Acoustic dispensing. Plating compounds,
cherry picking

Atomation Instrumentation

BSF LIMS for large data set management, 
analysis and visualization

Tracking through barcode

Image analysis
with CellProfiler

51

ASSAY VALIDATION

52
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Is the assay statistically significant, reliable, robust ?
Calculate Z’- factor (Zhang et al., (1999) J. Biomol. Screen 4: 67-73)

Do we have ‘tools’ for assay validation ? 
Positive controls, known inhibitors

Can it be automatized for screening large collections
of chemical compounds ?
Z’-factor automatic screen

IC50 for a well characterized inhibitor

Is the manually validated assay suitable 
for HTS

ASSAY VALIDATION: Are signal to background or signal to noise 
good criteria for an assay?

S/B Does not contain any information about data variation

S/N Indication about degree of confidence for assigning a value as real.
Not all the information needed for evaluating the quality of an assay

Mean Signal / Mean Background = 120
S/N = (Mean Signal – Mean Bkg)/SD Bkg = 406

Experimental conditions (I)
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S/B = Mean Signal /  Mean Background = 12
S/N = (Mean Signal – Mean Bkg) / SD Bkg = 241

Experimental conditions (II)
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Z’ – factor as an statistical tool for assay quality assessment

Mean Signal / Mean Background = 120 S/B = Mean Signal /  Mean Background = 12
S/N = (Mean Signal – Mean Bkg)/SD Bkg = 406 S/N = (Mean Signal – Mean Bkg) / SD Bkg = 241

Experimental conditions (I) Experimental conditions (II)
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• Z’ factor is an indicator of assay quality without the intervention of testing compounds 
• It is a statistical characteristic of any given assay NOT LIMITED TO HTS

Zhang et al., (1999) J. Biomol. Screen 4: 67-73

3SD+

Ave+

3SD-

Ave-

Signal Dynamic Range

= 1 -
(3 SD+ + 3 SD- )

Ave+- Ave-

Separation Band
Signal Dynamic Range

Z’ =
Ave+- Ave- - (3 SD+ + 3 SD- )

Ave+- Ave-

=

Z’ – factor
ASSAY VALIDATION

• Z’ factor is an indicator of assay quality without the intervention of testing compounds 
• It is a statistical characteristic of any given assay NOT LIMITED TO HTS

Zhang et al., (1999) J. Biomol. Screen 4: 67-73
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ASSAY VALIDATION



08.05.2025

15

Assay validation: statistical analysis

1 ≥ Z’ > - ∞
Z’ = 1 : perfect assay
1 > Z’ > 0.5 : good assay
0.5 > Z’ > 0 : poor assay
Z’ = 0 : yes / no assay
Z’ < 0 : screening not possibleCoefficient of variation 

CV (%) = 100*/

1 2 3 4 5 6 7 8 9 10 11 12
A

Negative control 
(n=48)

Positive control 
(n=48)

B
C
D
E
F
G
H

57

ASSAY VALIDATION: Z’ CALCULATION

Z’ = 
0.582

Z’ = 
0.582

IC50 = 76 nM

INHIBITION CURVE USING THE COMPOUND 
BIBR1532 (n=8; 2% final DMSO) 
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N
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EXAMPLE
Cell viability assay
Read-out: Alamar Blue
Cells: C. Glutamicum
Plate format: 384 well plates
Replicates: 2
Collection: NINDS, 1040
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REPLICATES
REPRODUCIBILITY 

60
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Z’ 0.79 0.82 0.77 0.77 0.87 0.90 0.85 0.85

Plate 1 2 3 4 5 6 7 8

Interplate assay quality 
(z’ per plate)

Plate 2

Cell viability assay
Read-out: Alamar Blue
Cells: C. Glutamicum
Plate format: 384 wel plates
Replicates: 2
Collection: NINDS, 1040

61

Example plate 2,  z’ = 0.823

62

Intraplate assay quality 
(cumulated z’ for all plates)

Cumulated z’ = 0.797

63

Image-based phenotypic screen using a collection of natural products
(purified extracts from plants and bacteria) Dose responses: Potency and Efficacy
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Medicinal chemistry / Hits to leads

• Confirmed hit (scaffolds, chemical series)
• Chemical tractability / complexity of synthesis
• Improve affinity / specificity / potency (SAR)
• Improve physico-chemical properties
• Lower toxicity
• IP: novelty / freedom to operate

65

Early ADME/TOX characterization
• Solubility (logS) /stability
• Lipophilicity (logP, logD7.4)
• Permeability (Papp) 

(PAMPA, Caco2 cells)

• P-gp efflux (cell excretion)

• Cytochromes P450 
(3A4/2D6/2C9/1A2/2C19)
(metabolic stability)

• Cytotoxicity
• Control cell line(s)
• HepG2 (hepatotox)

• Genotoxicity
• Micronucleus
• Ames tests

• Cardiotoxicity
- hERG channel (QT prolongation)

- cardiomyocyte beating

66

DMSO control Isoprenaline E-4031

100 nM treatment with 30 minutes incubation of drugs

β adrenorecoptor agonist hERG K+ channel blocker

28 BPM 56 BPM 20 BPM5 seconds

67

Bokyoung KIM
(Fabien Kuttler & Benjamin Rappaz)

Multi-parameter profiling for beating dynamics of hiPSC-
Cardiomyocytes by Digital Holographic Microscopy

1 second

10
 S

D-
O

PD

Ca 2+ DHM signal

DMSO control Isoprenaline E-4031
100 nM 100 nM
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