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Presentation structure:

• molecular docking
• inverse docking
• drug repurposing
• inverse docking for drug repurposing
• inverse docking fingerprints
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What is molecular docking?

DOCKING + SCORING

Large molecule
“target”

LIGAND

Large-molecule (protein)
-ligand complex

Can this be turned around ?



Inverse molecular docking

One ligand against many 
Binding “targets” ?

molecular 
docking

LIGAND 
(selamectin)



Typical experimental preparation.

Ligand (or 
also ligand 
library)

Library of “targets”

ranked hits

Inverse molecular docking
Docking a small-molecule drug/ligand in the potential binding cavities of a set of macromolecular targets.



Inverse docking applications

binding 
partners?

• MOA studies
• Target fishing
• Selectivity studies
• Off-target studies
• Target or Binding partner engineering
• Drug repurposing

Ligand (selamectin)

GABAA



Drug Repurposing
Due to high attrition rates, costs and invested time in new drug discovery and development, repurposing of known drugs to 
treat novel diseases is an attractive alternative. 
Namely, it involves the use of de-risked compounds, resulting in lower overall development costs and shorter development 
timelines. 



Drug Repurposing

Pushpakom, S., Iorio, F., Eyers, P. A., Escott, K. J., Hopper, S., Wells, A., ... & 
Pirmohamed, M. (2019). Drug repurposing: progress, challenges and 
recommendations. Nature reviews Drug discovery, 18(1), 41-58.



Inverse docking applications in drug repurposing

Discovery of Novel Potential Human Targets of a Known Molecule

Kores, K., Lesnik, S., Bren, U., Janezic, D., & Konc, J. (2019). Discovery of novel potential 
human targets of resveratrol by inverse molecular docking. Journal of Chemical Information and 
Modeling, 59(5), 2467-2478.
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Kores, K., Lesnik, S., Bren, U., Janezic, D., & Konc, J. (2019). Discovery of novel potential 
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Inverse docking applications in drug repurposing

Study of drug side effects

Kores, K., Konc, J., & Bren, U. (2021). Mechanistic insights into side effects of troglitazone and 
rosiglitazone using a novel inverse molecular docking protocol. Pharmaceutics, 13(3), 315.

Troglitazone 
(withdrawn)

Rosiglitazone 
(Avandia)

Glitazones are a class of heterocyclic compounds consisting of a 
five-membered thiazolidinedione ring used in the treatment of 
diabetes mellitus type 2.

withdrawn due to increased incidence of drug-induced 
hepatitis



Inverse docking applications in drug repurposing

Identified targets for troglitazone

Kores, K., Konc, J., & Bren, U. (2021). Mechanistic insights into side effects of troglitazone and 
rosiglitazone using a novel inverse molecular docking protocol. Pharmaceutics, 13(3), 315.



Inverse docking applications in drug repurposing

Identified targets for rosiglitazone

Kores, K., Konc, J., & Bren, U. (2021). Mechanistic insights into side effects of troglitazone and 
rosiglitazone using a novel inverse molecular docking protocol. Pharmaceutics, 13(3), 315.



Inverse docking applications in drug repurposing

Off-target MOA

Kores, K., Konc, J., & Bren, U. (2021). Mechanistic insights into side effects of troglitazone and 
rosiglitazone using a novel inverse molecular docking protocol. Pharmaceutics, 13(3), 315.

Our results successfully explained the side effects of troglitazone and rosiglitazone, and we also predicted additional ones,
that could occur after the long-term application of these two drugs. With further development of computational methods
and in conjunction with experimental research, these results can be further analyzed to better explain the side effects of
both drugs and to help mitigate or even eliminate them.

PPAR-gammaCYP-2C8



Inverse docking applications in drug repurposing
Novel approach of inverse fingerprinting for large scale analysis

Jukič, M., Kores, K., Janežič, D., & Bren, U. (2021). Repurposing 
of drugs for SARS-CoV-2 using inverse docking 
fingerprints. Frontiers in Chemistry, 1059.



Inverse docking applications in drug repurposing
Many ligands against proteome approaches

Jukič, M., Kores, K., Janežič, D., & Bren, U. (2021). Repurposing of drugs for SARS-CoV-2 using 
inverse docking fingerprints. Frontiers in Chemistry, 1059.

Using inverse fingerprinting we can circumvent typical inverse docking 
problems and use the proteome data to our advantage



Many ligands against proteome approaches
Inverse docking applications in drug repurposing

Jukič, M., Kores, K., Janežič, D., & Bren, U. (2021). Repurposing of drugs for SARS-CoV-2 using 
inverse docking fingerprints. Frontiers in Chemistry, 1059.



Inverse docking applications in drug repurposing
Repurposing for SARS-CoV-2 3CLpro

Jukič, M., Kores, K., Janežič, D., & Bren, U. (2021). Repurposing of drugs for SARS-CoV-2 using 
inverse docking fingerprints. Frontiers in Chemistry, 1059.



Our computational resources:



Thank You for Your attention!
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