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Background
Protein

• Macromolecular organic material makes up the body of living things in biochemistry

connections of many amino acids long-linked by chemical

have their own functions decided by their structure

affects all processes in living organism

drug discovery

antibody in immune system

catalyst of chemical reactions

signal transaction

intercellular molecular transfer

…
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Protein and amino acid

• Amino acids are classified according to side chain (R)

a large part of the chain is called a backbone (N and two C per amino acid)

• Protein folding is determined by an interaction network between amino acids

• Final structure of the protein chain is determined by the amino acid sequence
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Protein structure

Background
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Protein structure prediction

• Protein structure is usually obtained through x-ray determination 

equipment is expensive & protein is difficult to crystallize

requires thousands of dollars and it's hard to get the right results

• Compared to the protein sequence, the protein structure is less identified

• Protein structure prediction is being studied to compensate for these differences.
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Machine learning based Protein structure prediction
Computational methods

• De novo modeling methods (Molecular dynamics)

track the micro-movement of each molecule 

using force between atoms in the physical system

• Template-based methods (homology modeling)

compares the fragments with protein structure library

borrows the structure of the similar fragment

• Template-free methods (machine learning based methods)

build models and accurately predict protein structures 

solely based on amino acid sequences
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Machine learning based Protein structure prediction
Computational methods

• De novo modeling methods (Molecular dynamics)

only applicable to very small proteins

it takes weeks to calculate a protein

no guarantee of getting the right structure

• Template-based methods (homology modeling)

poor accuracy with mutation

time consuming

• Template-free methods (machine learning based methods)
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Machine learning based Protein structure prediction
Database
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• Organize and annotate the protein structures

• Often includes three-dimensional coordinates as well as experimental information

unit cell dimensions 

angles for determined structures. 



Machine learning based Protein structure prediction
Protein Structure Annotations (PSA)
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• Intermediate prediction steps for protein structure prediction which are simpler than the full, 

detailed 3D structure

• Where abstractions are inferred, yet structurally informative

1D PSA: secondary structure (𝛼, 𝛽), angle between amino acids (𝜑,𝜓)

2D PSA: contact map



1D Protein Structure Annotation
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Deep learning based 1D Protein Structure Annotation 

secondary structure (𝛼, 𝛽) angle between amino acids (𝜑,𝜓)
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Deep learning based 1D Protein Structure Annotation 

secondary structure (𝛼, 𝛽) angle between amino acids (𝜑,𝜓)

1D Protein Structure Annotation



NetSurfP-2.0
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• NetSurfP-2.0

sequence-based and uses an architecture composed of convolutional and 

long short-term memory neural networks trained on solved protein structures

precision of 85% on secondary structure 3-class predictions

predicting more than 1000 proteins in less than 2 hours

Deep learning based 1D Protein Structure Annotation 
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Deep learning based 1D Protein Structure Annotation 
NetSurfP-2.0
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Deep learning based 1D Protein Structure Annotation 
NetSurfP-2.0

https://services.healthtech.dtu.dk/service.php?NetSurfP-2.0

https://services.healthtech.dtu.dk/service.php?NetSurfP-2.0


RNN based protein structure prediction
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Deep learning based 1D Protein Structure Annotation 



2D Protein Structure Annotation
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Deep learning based 2D Protein Structure Annotation 

• Contact maps have been adopted to reconstruct the full 3D protein structure 

• Typically lead to more accurate 3D structures than binary maps 

• Tend to be more robust when random noise is introduced in the map



Critical Assessment of Techniques for Protein Structure Prediction (CASP)

• biennial blind protein structure prediction assessment

• run by the structure prediction community to benchmark progress in accuracy
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Deep learning based 2D Protein Structure Annotation 
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Deep learning based 2D Protein Structure Annotation 
AlphaFold

• Make accurate predictions of the distances between pairs of amino acid

• Achieves high accuracy, even for sequences with fewer homologous sequences



AlphaFold
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Deep learning based 2D Protein Structure Annotation 

• AlphaFold relies on deep neural networks

the distances between pairs of amino acids 

the angles between amino acids

• Distances

search the protein landscape to find structures 

that matched our predictions

repeatedly replaced pieces of a protein 

structure with new protein fragments

• Angles 

applied to entire protein chains

optimised scores through gradient descent



AlphaFold
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Deep learning based 2D Protein Structure Annotation 



THANK YOU


