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Background Information

• The “protein folding problem” increases in complexity as the 
peptide chain grows.

• Current go-to methods include X-ray Crystallography, 
Fluorescence Spectroscopy, and Nuclear Magnetic Resonance 
Spectroscopy.

• CASP: Critical Assessment of Protein Structure, a biennial 
competition to test protein structure computation methods on 
newly decoded.



DeepMind and AlphaFold

• UK-based company purchased by Google.

• Developed AlphaGO which is famous for being the first AI to beat the world 
Go champion.

• Participated in CASP13 with the first Iteration of AlphaFold and met limited 
success.

• Participated in CASP14 with AlphaFold2 and outperformed all competing 
methods.

• 0.96 Å r.m.s.d. backbone accuracy vs. 2.8 Å r.m.s.d. second best performer.

• 1.5 Å r.m.s.d. all-atom accuracy vs. 3 Å r.m.s.d. second best performer.



AlphaFold2

• Neural Net that treats the protein structure as a Graph Inference 
problem in 3D.

• Consisting of two main stages:
• Trunk with “EvoFormer” blocks that have parallel channels:

• (Nres x Nseq) which represents the Multiple Sequence Alignment (MSA)

• (Nres x Nres) which represents the residues along the chain.

• Structure Model that performs rotations and translations on the 
resulting chain in order to output 3D shape.

• Up to 48 EvoFormer blocks.

• End-to-end prediction of protein structure
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AlphaFold in Action

RNA Polymerase of a crAss-like Phage T1091



RoseTTAFold

• Developed by research group at University of Washington after 
CASP14.

• Tried two approaches and decided on a 3-Track approach:
1. 1D sequence alignment.

2. 2D distance matrix.

3. 3D backbone coordinates.

• Constant back-and-forth communication between the 3 tracks.

• Simultaneously performs calculations on all 3 tracks instead of 
taking a hierarchical approach.
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Why it’s worth mentioning RoseTTAFold

• Due to hardware limitations, the networks takes small snippets 
of the whole chain at a time.

• Seems to produce better results than end-to-end

• Whole model trains more efficiently than the described training 
of AlphaFold2.

• Being able to deal with disconnected snippets has the side-
effect of allowing RoseTTAFold to deal with protein-protein 
complexes.



Side by side of the results



Takeaways

• Sometimes trying to work around a problem yields some 
pleasant little surprises.

• Finding inspiration in the work of others, communicating, 
collaborating, and competing.

• And most importantly: open source.



Thank you



Resources

• https://www.nature.com/articles/s41586-021-03819-2

• https://github.com/deepmind/alphafold

• https://www.science.org/doi/abs/10.1126/science.abj8754

• https://github.com/RosettaCommons/RoseTTAFold
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