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FDA Approved Drugs by Modalities

https://doi.org/10.1038/d41573-023-00001-3

https://doi.org/10.1038/d41573-023-00001-3


Ligand Receptor Theory

https://www.netclipart.com/isee/xJbiJx_generalized-diagram-of-receptor-ligand-binding-intracellular-response/

https://www.netclipart.com/isee/xJbiJx_generalized-diagram-of-receptor-ligand-binding-intracellular-response/


• Ligands bind to receptors 
reversibly through non-covalent 
interactions.

• An equilibrium is established 
between the free ligand and 
ligand-receptor complex.

• Activity of the receptor is fully 
restored on removing ligands 
through dialysis.

• Occupancy based.

• PD tightly correlates with PK.
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Small Molecule Induced Folding of IDPs 



Fasudil Binding to α-Synuclein



Rationally Optimized Ligands of α-Synuclein



• Ligands form covalent bonds with 
receptors through reacting with 
amino acid side chains, such as 
cysteine, lysine, tyrosine, and 
serine.

• Activity of the receptor is not 
restored on removing ligands 
through dialysis.

• Occupancy based.

• PD decouples from PK and is 
dependent on the resynthesis rate 
of the target protein.

Irreversible/Covalent Inhibitors

ligand-receptor complex

+
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PKPD



Irreversible Inhibitors

Ibrutinib

Omeprazole



Small Molecule Induced Protein Degradation

Mayor-Ruiz and Winter, 2019 Ning Zheng, https://www.youtube.com/watch?v=f0YYXe18nuA

POI E3PROTAC POI E3

POI E3Molecular Glue E3

Monovalent Degrader POI E3 POI

https://www.youtube.com/watch?v=f0YYXe18nuA


Phenotypic Assay Development

Library screen

Target deconvolution

Medicinal Chemistry Optimization

Phenotypic Screens



Target Based Drug Discovery

Validated 
Target

Docking

Screening

HTS (TAMU-HSC CPRIT Core or 
NCI)

DNA Encoded Library (BCM, 
Hitgen, Wuxi Apptech)

Chemistry 
Optimization

w/ structure

w/o structure

Fragment Based Screens



Drug Discovery Workflow

5-10 Compounds

Biochemical Assays

Cellular Assays

Metabolic Stabilities

B/P and PK in mice

Plasma/Tissue Binding

Computation Modeling

Compound Design

SAR Analysis
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• Species difference

• Difficult to accurately measure high tissue binding compounds

• Re-evaluating assays and improve assay workflow

Some Lessons Learned



Modified Drug Discovery Workflow

5-10 Compounds

Biochemical Assays

Inhibition and Binding in 
Brain Lysates

B/P and PK in mice

Computation Modeling

Compound Design

SAR Analysis
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