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Classic functional 
screening tools 





Santos et al., 2017



Receptors 

Enzymes 



Perreault et al., 2013 NPP

Cell signaling or Biology as cartoons  



Alon 2007

https://www.weizmann.ac.il/mcb/
alon/download/network-motif-
software

Not obligated equal: 
-Dynamic ON/OFF rate
-Kinetic 
-Weight 

Not limited to one intermediary 
Not single input limited 



Klauer et al., 2024 JBC

Cell signaling location 



Drug action location



Pathway preference 

Differential pathway dynamic 



Cell biology as an interaction computational 
network

Stockton and Devi, Neuropsychopharmacology

Deterministic but 

1- complicated
2-stochatic chaotic aspects

Tool limitations

1- We cannot measure all at once, all 
the time, everywhere. 
2- Experimental system disruption 
(not quantum physic level but 
important)

Input vs output correlation may be more 
feasible than integrated deterministic 
predictions   



Target-based screening vs cell-based assays

Ursu et al., 2017



Range of phenotypic “drug discovery”

Vincent et al Nature Reviews Drug Discovery 2022



Proportion of clinical drugs discovered by 
phenotypic screening (1999 – 2008) 

Swinney Clin Pharm Ther 2011



Challenges in choice of phenotypic assay: 
predictive validity

Moffat et al. Nat Rev Drug Discovery 2017



Choices of phenotypic assays

Feng et al., NRDD



Some phenotypic screening are specific to the 
goal of the drug screening campaign

Effect of a drug on brain 
development, using zebrafish 
embryo model

Low-throughput wound healing 
assays



One type of screening: Cell painting 
microscopy: organelle/cell structure dyes

Images: Wikipedia

5 individual dyes that stain 
cell structures found in most 
cells

Eg: nuclei (blue)
Mitochondria (red)

Plus overlay (panel 6)



High Content Microscopy



Target deconvolution

• FDA – MoA not required for drug approval, but “nice to have”
• With knowledge of the protein target we can:
• Optimize selectivity

• Improve binding affinity to our chosen target relative to other off-targets
• Reduce toxicity

• Avoid binding to proteins with known roles in toxicity



Moffat et al. Nat Rev Drug Discovery 2017

Improve our success for drug development by including 
mechanistic information (how does the drug “work”)



Genetic screens to uncover mechanistic 
information about pathways involved
• In the context of an intact cell, inactivate or activate a single gene 

Observe the phenotype that results from this intervention

• Can be conducted for all genes, one at a time, especially using 
inactivation. 



Interventions: 
Genome-wide study of single-gene perturbations
• Create a cell population where at the start, each cell has a single gene 

inactivated. DNA tag on each cell.
• Allow these cells to compete over time à what is the resultant phenotype?
• Back-correlate the phenotypic changes to the gene involved



Disruptors of Gene expression

shRNA CRISPR



Combining phenotypic screening and 
genome-wide CRISPR screening

Compare embeddings to uncover similarities and attribute mechanisms to drugs

Perturb cells with small 
molecules

Perturb cells with gene 
editing

e.g. RxRx3, in colab #2 DR woith small molecule and CRISPR Screen  



Quintana et al., unpublished

CRISPR + Drug 



Monitoring specific cell responses in real time
Part 1 recombinant protein sensors 

Patriarchi et al., 2018 Science

We can use light to detect 
dynamic variations of: 

Calcium Levels 
Specific receptor activation 
Second messenger levels 



Monitoring specific cell responses in real time 
Part 2 Small aptamer sensors

FIGURE1 |Smallmoleculeaptasensortypes. Depictedisanexample
forasensorforthethreemostwidelyusedtypesforsmallmoleculetargets.F, 
fluorophore.Q,quencher.AuNPs,goldnanoparticles.R,redox probe. (A) The 
aptamerislabeledwithafluorophoreandanappropriatequencher.Upon
bindingtothetarget,theconformationalchangeoftheaptamerbrings
fluorophoreandquencherintoclosecontact,therebyquenchingthe fluorescence. (B) 
Theaptamerisunspecificallyabsorbedontothesurface
ofAuNPsandthuspreventstheiraggregation.Uponbindingto thetarget, 
theAuNPsaggregate.Thisleadstoavisiblecolorchangefrom redtoblue. (C) 
Theaptamerisimmobilizedontoanelectrodeandlabeledwith aredox
probe.Theconformationalchangeupontargetbindingbrings theprobeclose
enoughtotheelectrodetoallowelectrontransferandthus, an electrochemicalreadout.



Monitoring specific cell responses in real time 
Part 3:  Can generate complex signals



Types of artefacts

Plate and sample

Uneven seeding / cell clumping.
Sample preparation artefacts (e.g. 
dust, lint, precipitates, bubbles, 
debris ....

Fixation/staining artifacts

Edge effects altered cell number
or phenotype in outer wells.

Cellular stress from handling (e.g.  
delays in media changes, 
temperature shock).

Optical and imaging
Autofluorescence
Bleed-through / spectral 
cross-talk
Photobleaching and 
phototoxicity
Focus errors
Shading / vignetting and 
illumination non-uniformity
Camera noise and hot pixels

Compound related
Intrinsically fluorescent 
compounds
Quenchers or absorbers
Cytotoxic compounds
Aggregates/precipitates of 
compound.

Segmentation and analysis
Over- or under-segmentation 
(e.g. merged nuclei in dense 
culture).
Halo and ring artifacts around
nuclei or cells.
Plate/batch effects.
Outlier wells from dispensing
errors.



More complex in vitro cell systems 



Novus Biological 

Replicates human genomic landscape

Expensive and time consuming  



Sivitilli et al., 2020 

Multicellular Organoids 

Multi-cell type 3D systems 

Even more time consuming 
Developmental issues 
Incomplete or inaccurate representation of real organs





What separates the drug from the poison?

• Major mechanisms of toxicity…
• Off-target
• On-target exacerbation
• Acute toxicity
• Chronic effect 
• Dose 



Drugs with multiple drug targets

Kabir and Muth, Pharmacol Res 2022



Antipsychotics as an example



Antipsychotics 
as an example



Tardive dyskinesia

TD occasionally occurs after long-term 
treatment with typical APS.

Symptoms persist even after APS is 
discontinued.

Patients have involuntary twitches of 
facial muscles predominantly, but 
also hands and legs.

Thought to reflect dopamine receptor 
hypersensitivity – is also seen with 
L-dopa treatment in PD

In both of these situations (PD and 
SZ), there are fluctuating states of 
high and low dopamine tone 
depending on drug PK.



Hyperprolactinemia – endocrine effects of APS

Dopamine neurons in the hypothalamus 
project to the pituitary and release 
dopamine onto mammotroph cells. 
This normally reduces the secretion of 
prolactin.

When D2 receptors are blocked, there is 
more prolactin that is secreted.

Prolactin secretion leads to production of 
milk & suppression of GnRH. This 
causes disruption of menstrual cycle in 
females and ED and infertility in 
males.




