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Molecular interactions at the basis of disease

Need to identify the target & disrupt (or enable) interactions

https://www.nih.gov/news-events/nih-research-matters/most-covid-19-hospitalizations-due-four-conditions https://pdb101.rcsb.org/sci-art/goodsell-gallery/sars-cov-2-fusion
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Structure-based drug development

3https://doi.org/10.1134/S0006297924040138

Getting the 
structure may 
be a problem



Protein stabilization before AI

4https://doi.org/10.1073/pnas.0711253105



AI triumphs in structural biology

“for computational protein design”

“for protein structure prediction”
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2022 Dauparas . Baker - Robust deep learning–based protein sequence design using ProteinMPNN

ProteinMPNN: identification of “optimal” amino acids
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https://doi.org/10.1002/pro.4958

Original Engineered Andrey 
Nikolaev
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55-66% sequence identity

Protein stabilization after AI



Protein stabilization after AI

8https://doi.org/10.1021/jacs.3c10941



Protein stabilization after AI

9https://doi.org/10.1021/jacs.3c10941



Stabilization of a specific conformation

10Alice Ting lab, https://doi.org/10.1101/2025.05.03.652001

https://doi.org/
10.7554/eLife.54895



Solubilization of membrane proteins is a challenge

11Zhang & Cherezov, https://doi.org/10.1016/j.sbi.2019.06.002 Nury & Efremov, https://doi.org/10.1016/j.str.2025.04.002

Finding a membrane mimic is laborious

Conformations may be affected



Enhancing solubility of a membrane-associated protein

12https://doi.org/10.1002/pro.5216
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Active site mimics for challenging targets
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?



Goverde et al., Correia lab, https://doi.org/10.1038/s41586-024-07601-y

Computational design of soluble and functional 
membrane protein analogues
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https://doi.org/10.1101/2025.01.21.633066

Soluble analogs for ligand screening
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See also: https://doi.org/10.1002/pro.70184

https://doi.org/10.1101/2025.08.18.670068



Keeping intramembrane binding site during “solubilization”

16https://doi.org/10.1039/d5sc02453f

Andrey 
Nikolaev

42-45% seq. id., 2/3

10.1146/annurev-micro-031721-020452, 10.1016/j.tips.2011.09.003 



Wrapping membrane proteins for solubility

17doi.org/10.1101/2025.02.04.636539



Binder proteins: GPCR activators and inhibitors

18doi.org/10.1101/2025.03.23.644666



Simplified binder design with BindCraft

19https://doi.org/10.1038/s41586-025-09429-6



Peptide binder design with BindCraft

20https://doi.org/10.1101/2025.07.23.666285



AAV tropism design with BindCraft

21https://doi.org/10.1038/s41586-025-09429-6



Overall success rates

22https://doi.org/10.1016/j.str.2025.08.007

Gene synthesis cost as low as 1-3 k$ per screening round



Progress in protein engineering
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Before 2021

Complicated software

Complicated calculations

Thousands of trials

Low success rate

(0-0.1%)

In 2025

Easy-to-use* software

Minutes to days on 

gaming PC

3-10 trials

High success rate* 

(20-100%)

AI/ML 

advances



Summary

24

1. Protein design strongly advances drug discovery efforts 
and provides new avenues (stabilization, mimics, binders)

2. Rapid development of new methods leads to higher 
competition and search for new biological insights

3. Protein engineering gets simple: try it yourself!
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