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AlphaFold2 will revolutionize protein bioinformatics
“Everything that relies on a protein sequence, we can now do with protein 

structure” Mohammed AlQuraishi, Columbia U.
By the end of this year, EMBL EBI will hold structural models of >100 million proteins

Martin Steinegger

2



AlphaFold2: science happening live online

Don't actually need a G-linker!

G-linker!

UNK-linker!

Protein-peptide interaction 3



Community finding creative uses
for AlphaFold2 in real time

Cross-species

dimer-swap

Preprints rolling in...

consistent 
w/ biochem 
data
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intertwined dimer



+ MMseqs2+AlphaFold2

ColabFold is a system to make protein structure 
prediction available to everyone
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Alphafold2 structure prediction is only as good
as the input multiple sequence alignment (MSA)
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What is a multiple sequence alignment (MSA)?
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Search against a database of sequences
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Generate a multiple sequence alignment of homologs proteins
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Coevolution

Detect co-evolving residues (columns) in the MSA 
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Coevolution

Structure

Co-evolving residues have a high chance to be in physical contact
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Alphafold2 structure prediction is only as good as the input MSA
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Speed of AlphaFold2 
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ColabFold uses MMseqs2 to speed up homology search
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UniRef100 &
Environmental

Multiple sequence 
alignment 
with MMseqs2
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Structure prediction 
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AlphaFold2
AlphaFold2 Colab
ColabFold

Speed of MMseqs2 20-30x faster
than Alphafold2’s homology search 



ColabFold produces structures at the quality of 
AlphaFold2 and is more precise than AlphaFold2 Colab
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Predicting homo-oligomers
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Modeling a protein given an MSA

Multiple Sequence 
Alignment

[1,2,3,4,5,6]Residue index

MSA image borrowed from Kathryn T. (Deepmind) 18



Modeling homo-oligomeric interactions by duplicating,
padding and concatenating the MSAs

[1,2,3,4,5,6] [1,2,3,4,5,6,207,208,209,210,211,212]

Multiple Sequence 
Alignment

Residue index
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Just duplicating often does not work.

Multiple Sequence 
Alignment
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Complexes - homo-6-mer
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Complexes - homo-8-mer?
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How about hetero-oligomers?
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1:1

paired msa (currently only works for prokaryotic operons)

Hetero-dimer (1:1) - CASP target H1065
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Unpaired MSA

Success
1/5

Paired MSA

Success
~3/5

Sometimes unpaired MSA works (example: CASP target H1065)
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Unpaired+Paired MSA

Success
5/5

Combining paired+unpaired helps (example: CASP target H1065)
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Coming soon to ColabFold! 
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ColabFoldDB contains many new metagenomic reference catalogues 
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BFD

>2 Billion Proteins (BFD) Jumper et al., Nature, 2021
>1 Billion Proteins (Mgnify) Mitchell et al., Nucleic Acids Research, 2019
6 Mio Eukaryotic Proteins (Metaeuk) Levy Karin et al, Microbiome, 2020
10 Mio Proteins from SAGs and MAGs (SMAG) Delmont et al. biorxiv, 2021
12 Mio Eukaryotic Proteins (TOPAZ) Alexander et al. biorxiv, 2021
11,8 Mio Viral Proteins (MGV) Nayfach et al. Nature Microbiology, 2021
7.5 Mio Phage Viral Proteins (GPD) Camarillo-Guerrero et al. Cell, 2021
36 Billion Proteins Metaclust2, unpublished 

SMAG

GPD
Metaclust2



ColabFold summary 
ColabFold enables structures and complex prediction

Fast structure and complex prediction

Runs in the browser through Google Colaboratory

Larger metagenomic database (ColabFoldDB) 

Enabling thousands of protein structures on a single GPU

ColabFold has predicted over 400,000 protein structures from 

researchers around the world

ColabFold - Making protein folding accessible to all, M. Mirdita et al., (2021), biorxiv

github.com/sokrypton/ColabFold

31



Martin
Steinegger

Sergey
Ovchinnikov

Martin
Steinegger

Sergey 
Ovchinnikov

Konstantin
Schütze

Milot
Mirdita

Lim
Heo

Yoshitaka 
Moriwaki

ColabFold

ColabFold logo by Doyoon Kim
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Based on slides from Sergey and Martin.
Also checkout our talk on ColabFold
Tutorial presented at the Boston Protein 
Design and Modeling Club. [video] [slides].

https://www.youtube.com/watch?v=Rfw7thgGTwI
https://docs.google.com/presentation/d/1mnffk23ev2QMDzGZ5w1skXEadTe54l8-Uei6ACce8eI


residue_index in AlphaFold2 is used
to create a relative positional encoding
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Residue index difference 
capped at 32

[1,2,3,4,5,6]



pink = monomer model white = homo-dimer 
model
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Modeling as complex can fix details in monomers
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when given 8 copies, 
predicted as a homo-8-mer 

instead homo-6-mer
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homooligomeric assembly with increased number of recycles
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Another example: need up to 12 recycles to get the correct fold
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