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Introduction

AlphaFold: protein folding software by Google DeepMind

One of the most frequent software requests ever (EasyBuild)

Table of contents:

- What are proteins?

- Why is protein folding important?

- What is AlphaFold?

- Using AlphaFold…
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From DNA to protein



DNA

phenotypical traits 
(e.g. eye color)

muscle contraction

immune responses

food digestion
…

human genome

DNA

From DNA to protein
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Many regulatory factors
→ not only dependent on a linear sequence

MPFWCMTRAS…

Linear protein sequence is folded 
into a non-linear 3-D structure

Protein structures interact 
with other molecules

Cell specificity

Post-translational 
modifications …
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Protein structure prediction



Available sequences and structures
After filtering for redundancy

(50% similarity)

UniRef50 Protein Data Bank (PDB)
24 million unique sequences ~50 000 unique structures

= 50 000 proteins 9 / 33



Main protein structure resource

~50 000 unique structures

Image source: https://www.prweb.com/releases/2017/04/prweb14219956.htm

Main experimental technique: X-ray crystallography

- Costly

- Labour-intensive

- Slow
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Why 3-D structure prediction?

Examples:

- In silico drug candidate screening

- De novo protein design guidance

Source: https://www.jbc.org/article/S0021-9258(21)00336-7/fulltext

Low effort, time efficient
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Structure prediction: homology models

Query protein sequence: ELAIGILTVSYIPSAEKIRAPELTI

Sequence alignment: 
ELA-IGILTVSYIPSAEKIRAP--ELTI
ELAGI-ILGVSYIPSAEKI-ARACELTI structure in PDB?

Example from https://unil.ch/pmf/en/home/menuinst/technologies/homology-modeling.html

Finetuning using statistical potentials and 
physics-based energy calculations

Basic principle:      3-D structure more conserved than sequence
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Critical Assessment of Structure Prediction (CASP14, 2020)

Source: https://news.machinelearning.sg/posts/alphafold2_10_things_you_want_to_know_about_biologys_imagenet_moment/
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AlphaFold



DeepMind: a timeline
2020201920182017201620152014

Acquired by Google for $500M

Founded in 2010

AlphaZero beats AlphaGo (100-0) 
and self-teaches chess/shogi

AlphaFold (1.0) wins CASP13

Agent57 
surpasses human 
level performance 
on all Atari2600 
suite games

AlphaGo beats Lee Sedol (4-1)

AlphaFold (2.0) 
wins CASP14
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Critical Assessment of Structure Prediction (CASP14, 2020)

Median of 92.4 across all targets, 87.0 in free-modelling 
accuracy
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Reception of Alphafold 2
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Reception of Alphafold 2
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Multiple Sequence Alignment

Source: https://www.blopig.com/blog/2021/07/alphafold-2-is-here-whats-behind-the-structure-prediction-miracle/

AlphaFold input = query protein sequence

First step: calculate multiple sequence alignment
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AlphaFold stages

Amber
relaxation

Multiple sequence alignment (CPU)
Structural templates search

Run inputs through 5 trained 
AlphaFold models (GPU)
→ 5 structures predicted
→ sorted on confidence

Relax all 5 structures 
(Amber)
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AlphaFold training

Any neural network is trained using a loss function

Main: Frame Aligned Point Error

+ auxiliary losses:
→ FAPE + torsion loss at intermediate structures
→ distogram prediction loss
→ Masked MSA prediction loss
→ Structural violation loss
→ …
→ Predict local distance difference test (pLDDT)
→ Predicted Alignment Error (PAE)
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AlphaFold availability

Colabfold
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AlphaFold: a timeline
Jan Feb Mar Apr May Jun Nov DecDec

AlphaFold (2.0) 
wins CASP14

2020 2021

AlphaFold Protein 
Structure Database 
(with EMBL-EBI) 
released

AlphaFold
multimer paper

AlphaFold
multimer 
code+models

ColabFold on 
Google Colab

RoseTTAFold paper 
(bioRxiv, later Science)

ColabFold
paper

RoseTTAFold
code+models

Official AlphaFold
Google Colab

AlphaFold
publication (Nature)
+ code+models

OpenFold: Full 
AlphaFold training 
in PyTorch (AQ)

AlphaFold
available on HPC 

(UGent, GPU)

Jul

AlphaFold-
Multimer 

available on HPC 
(UGent, GPU)

Aug Sep Oct
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AlphaFold on the HPC



AlphaFold resource usage

1. Sequence database search

→ RAM-intensive

→ High disk reading speed desirable

→Datasets ~2.2 TB storage

2. Deep learning prediction models

→GPU memory-intensive
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AlphaFold on HPC
4. profit!
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Example comparison of time required

Installation MSA Predict (5x) Relax (1x/5x) Total time elapsed

Colab: Official AlphaFold (v2.1) 9 min 38 min 48 min (relax 1x) 1 hr 35 min

HPC: Official AlphaFold (v2.0) - 15 min 7 min <1 min (5x) 23 min

HPC: adapted script (ColabFold
modified version)

- 14 min 4 min <1 min (1x) 19 min

Target: SARS-CoV-2 spike RBD

(198 residues)
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What’s next?



Protein complex prediction

1. Single chain 
with pseudolinker

2. Separate chains 
programmatically

3. AlphaFold-Multimer
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OpenFold
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Single sequence prediction

bioRxiv, August 2021

bioRxiv, January 2022
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Molecular Dynamics

Source: https://2019.igem.org/Team:UANL/Simulations
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Thank you for your attention.

Q&A

jasper.zuallaert@ugent.be


