
Department Chemie
Butenandtstr. 5-13, Haus B
81377 München
akhmelin@cup.lmu.de

Protein Design &
Structural Prediction

Alena Khmelinskaia

mailto:akhmelin@uni-bonn.de


Overview

● The basics os protein structure 17.10
● Physics based approaches to structural prediction 24 - 07.10
● Neural-networks for structural prediction 14 - 28.11
● (py)Rosetta protein modelling and design 28.11&05.12
● Protein design in the age of AI 12&19.12
● Protein design mini-project 09 - 30.01
● Project presentation 06.02



But first a recap !



Protein structural prediction (with AI)



Structure

Function

Sequence

The structural
prediction problem

The protein design 
problem



Supervised machine learning



Gao, Mahajan, Sulam & Gray Patterns 2020
https://doi.org/10.1016/j.patter.2020.100142

Common data representations for proteins in machine learning

https://doi.org/10.1016/j.patter.2020.100142


AlphaFold model architecture consists of an MSA module (Evoformer) 
and a Structure module



Protein language models 
for structural prediction

9https://www.science.org/doi/10.1126/science.ade2574



Protein language

https://doi.org/10.1038/s42256-022-00499-z



ESMfold - a faster alternative to AF2

DOI: 10.1126/science.ade2574

https://doi.org/10.1126/science.ade2574


ESMatlas

https://esmatlas.com/

https://esmatlas.com/
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How are protein language models trained?



Unsupervised

Minimize difference between



Masked language modeling (or self-supervised)

Mask

Mask



Minimize difference between

Mask

Mask

"Masked language modeling" is an approximation of 
"Pseudolikelihood"



Single-head model

Minimize difference between





Minimize difference between

Multi-head model



Minimize difference between

Multi-layer/Multi-head model



















The field continuously changes…

36
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AF3 - making a deterministic problem not so…

https://www.nature.com/articles/s41586-024-07487-w
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AF3 - making a deterministic problem not so…

https://www.nature.com/articles/s41586-024-07487-w



39https://www.nature.com/articles/s41586-024-07487-w

AF3 - making a deterministic problem not so…
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ESM3 - combining language models
with structural and functional information

https://www.biorxiv.org/content/10.1101/2024.07.01.600583v1
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ESM3 - combining language models
with structural and functional information

https://www.biorxiv.org/content/10.1101/2024.07.01.600583v1


