
Protein Structures



Primary Structure

Image Credit: Khanacademy
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Secondary Structure

Image credit: OpenStax Biology.
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Tertiary and Quaternary Structures



SARS-COV2 Spike protein and ACE
RBD Receptor Binding Domain



Free Energy Minimization

• Certain interactions reduces the
“free energy”.

• It is believed that the natural
structure minimizes the free
energy.

* Fire energy function

☒ Enumerate all torsion

angels to minimize
.



Additional Information (e.g. Coevlolution)

Image credit: DOI:10.1038/s41598-019-55047-4

• Additional information can
be incorporated in the
“energy” function.

• It’s therefore just a scoring
function.
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Search Approach

• Monte Carlo
• Sampling of the confirmational landspace and minimize energy

• Threading
• Use existing protein structures as models



Raptor X Contact Map

• Use ResNet to predict the
contact map.
• Use some traditional approach

to predict structure assisted
by contact map.
• Wang S, Sun S, Li Z, Zhang R, 

Xu J (2017) Accurate De Novo 
Prediction of Protein Contact 
Map by Ultra-Deep Learning 
Model. PLoS Comput Biol 
13(1): e1005324. 
doi:10.1371/journal. 
pcbi.1005324
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Alpha Fold

• AlphaFold
• Takes Jinbo Xu’s approach + a gradient descent search strategy to minimize

the energy.
• AlphaFold2
• Predict the contact map (2D representation) with neural network.
• Followed by torsion angel and structure prediction with neural network.
• New network structures.



CASP: Critical Assessment of Protein Structure Prediction



Structure Prediction Software

• Rosetta: David Baker, University of Washington
• RaptorX: Jinbo Xu, Toyota Technological Institute at Chicago
• Alpha Fold: DeepMind
• Many others..



Use Alpha Fold online

https://colab.research.google.com/github/dee
pmind/alphafold/blob/main/notebooks/Alpha
Fold.ipynb



Use Alpha Fold Online



Protein Structure Resources

• Structure databases
• PDB (Protein Data Bank)

• https://www.rcsb.org/
• Alpha Fold Predicted

• https://alphafold.ebi.ac.uk/

• Structure visualization software
• Pymol
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