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Is this the end for structural biology? 

News coverage

https://www.nytimes.com/2020/11/30/technology/deepmind-ai-protein-folding.html



Is this the end for structural biology? 

News coverage

https://www.spektrum.de/news/alphafold-2-jeder-kann-jetzt-proteine-falten/1896928



The End Is Nigh …

❶ https://www.spiegel.de/wissenschaft/lernende-maschinen-google-greift-nach-dem-leben-selbst-a-47424e26-a39d-4d62-9a89-bc06cd4647c0

❷ https://www.theguardian.com/technology/2022/jan/09/are-we-witnessing-the-dawn-of-post-theory-science

❶

❷

https://www.spiegel.de/wissenschaft/lernende-maschinen-google-greift-nach-dem-leben-selbst-a-47424e26-a39d-4d62-9a89-bc06cd4647c0
https://www.theguardian.com/technology/2022/jan/09/are-we-witnessing-the-dawn-of-post-theory-science


What are proteins?



What are proteins? ❷ ❸ ❹

❶ https://drlogy.com/food-facts/ ❷ https://www.walmart.com/ ❸ https://www.club-mate.de

❶

https://drlogy.com/food-facts/
https://www.walmart.com/ip/Quest-Thin-Crust-Pizza-High-Protein-Flourless-Uncured-Pepperoni/631331370
https://www.club-mate.de/


What are proteins?

Proteins serve as both the toolkit and the building blocks of your body

❶

❶ Wikipedia / Kelvin Song / CC0



What are proteins?

❶ chatGTP / Dall-E ❷ Arousaland / Pixabay

❶
❷

Proteins are the tool set (and the building blocks) of your body…



How can we understand protein function?

Motor-domain

(ATPase?)

linker

Effector-domain

(Protease?)

Function: Mixing / Blending

Three “low-res” protein structures (~ 8Å):



Motor-domain

(ATPase?)

linker

Effector-domain

(Protease?)

How can we understand protein function?

Three “high-res” protein structures (~ 2Å):

2Å = 0.2 nm = 0.2 x 10-9 m (1/1’000’000’000) or 1Å roughly the distance of two atoms in a molecule



Structures equals functions…



❶ © Bestron Concept Company ❷ https://www.otto.de/ [automatically translated]

❶

❷

Structures equals functions…

Smoothies

https://www.otto.de/p/bestron-stabmixer-asm-250-z-250-w-puerierstab-mit-2-geschwindigkeitsstufen-C1734650054/
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Structures equals functions…

Smoothies

❶

❶ © Pro Scientific, USA (https://proscientific.com/)

❶

CBD oil

https://proscientific.com/tube-to-beaker-homogenizer-kits/deluxe-cbd-homogenizing-package/


Structures equals functions…

Milkshakes CBD oil Mortar

❶

❷

❶ © Collomix ❷ Google search results for Collomix Xo 1R [auto-translated]

https://www.collomix.com/


Structures equals functions…

Milkshakes CBD oil Mortar

If we know the structure, 

we can (often) infer the function!

Function

Structure



Proteins are long chains build from only 21 different building blocks (amino acids)

❶ Amino acids by Dan Cojocari / CC-BY SA

❶

How are proteins build?

https://commons.wikimedia.org/wiki/File:Molecular_structures_of_the_21_proteinogenic_amino_acids.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


❶ Amino acids by Dan Cojocari / CC-BY SA

❶

Let’s simplify , down to six…

Proteins are long chains build from only 21 different building blocks (amino acids)

How are proteins build?

https://commons.wikimedia.org/wiki/File:Molecular_structures_of_the_21_proteinogenic_amino_acids.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en


Different combinations give different structures.

Exemplary protein, e.g. a cleaving protein from the gut.

Other protein, e.g. electric conductor from the brain.

… they form complicated specific (!) “knots”



How do they “really” look?

“Cartoon”



Different representation for different questions…
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Different representation for different questions…



Different representation for different questions…



Obviously they are much bigger…

Abraham E, […] Gebauer JM, JBC 2021 https://doi.org/10.1016/j.jbc.2021.101169

https://doi.org/10.1016/j.jbc.2021.101169


Obviously they are much bigger…

Abraham E, […] Gebauer JM, JBC 2021 https://doi.org/10.1016/j.jbc.2021.101169

https://doi.org/10.1016/j.jbc.2021.101169


Amino acid “interactions” define the structure

Function

Structure

Structure

Sequence



Amino acid “interactions” define the structure

Function

StructureStructure

Sequence

sequence-structure-function



How useful is structural biology?



Basic research 

❶ Illustration by David S. Goodsell, RCSB Protein Data Bank. doi: 10.2210/rcsb_pdb/goodsell-gallery-033

❶



Understanding our basic physiology

❶ Abraham E, […] Gebauer JM, JBC 2021 https://doi.org/10.1016/j.jbc.2021.101169 ❷ Bella et al Biochem J Volume 473 Issue 8 2016 1001-1025 https://doi.org/10.1042/BJ20151169

❷

❶

https://doi.org/10.1016/j.jbc.2021.101169
https://doi.org/10.1042/BJ20151169


❶ Photographs by Gnangarra @ commons.wikimedia.org ❷ Ra Boe, Seilerei fuehrungsdorn 01, CC BY-SA 2.5 

❶

❷

Understanding our basic physiology



Understanding diseases (and how to treat them)

❶ Yao, H., et al. (2020) Molecular architecture of the SARS-CoV-2 virus. Cell 183, 730-738. ❷ Illustration by David S. Goodsell, RCSB Protein Data Bank; doi: 10.2210/rcsb_pdb/goodsell-gallery-026

❶

❷

❶



Understanding diseases (and how to treat them)

❶ by “The Animation Lab” @ UTAH Univesity https://animationlab.utah.edu / https://vimeo.com/491949689/db7f76616b

https://animationlab.utah.edu/
https://vimeo.com/491949689/db7f76616b


How do we determine these structures?

❶ Matthias Mörgelin, Colzyx Sweden

❶



How do we determine these structures?

❶ Matthias Mörgelin, Colzyx Sweden

❶



Experimental methods

Protein

crystallography

Bio-NMRCryo-EM



Experimental methods

Protein

crystallography



Target Purification Crystallisation X-Rays
Data

Protein crystallography

days weeks-monthweeks hours

weeks

Model



Target Purification Crystallisation X-Rays
Data

Protein crystallography

days weeks-monthweeks hours

weeks

Model

AlphaFold: hours



How does AlphaFold work?



Protein sequences changed over evolution



A typical „well-conserved“ protein



Important residue pairs should co-evolve



Important residue pairs should co-evolve



A 2D representation of a 3D world



A 2D representation of a 3D world



A 2D representation of a 3D world



A 2D representation of a 3D world



A real map



The data source

Approx.

215’000
experimentally

determined

structures



One entry …



The neuronal network 

❶ Jumper et al Nature (2021) https://www.nature.com/articles/s41586-021-03819-2

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


The neuronal network 

❶ Jumper et al Nature (2021) https://www.nature.com/articles/s41586-021-03819-2

Data gathering

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


Gathering the data…

BFD (Big Fantastic 

Database)

2‘500‘000‘000

UniClust 30

~ 16‘000‘000

UniRef90

180‘000‘000



Searching for templates



Searching for templates



The neuronal network 

❶ Jumper et al Nature (2021) https://www.nature.com/articles/s41586-021-03819-2

Data gathering Distance estimation Folding

https://www.nature.com/articles/s41586-021-03819-2
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Triangle equality
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The neuronal network 

❶ Jumper et al Nature (2021) https://www.nature.com/articles/s41586-021-03819-2

Data gathering Distance estimation Folding

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


Modelling the restrains as a „protein gas“



The neuronal network 

❶ Jumper et al Nature (2021) https://www.nature.com/articles/s41586-021-03819-2

Data gathering Distance estimation Folding

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


A simple case



A little more complicated



A little more complicated



A little more complicated



Let’s have a closer look



Let’s have a closer look



Hacking the network



All at your fingertip(s) …

https://github.com/sokrypton/ColabFold

https://github.com/sokrypton/ColabFold


How did it change Structural Biology?



Mostly it’s very good

❶ Gebauer and others (unpublished structure) 



Sometimes it’s wrong

❶ Gebauer and others (unpublished structure) 



Sometimes it’s very wrong…

❶ https://alphafold.ebi.ac.uk/entry/P02452



Helpful for Experimentalists

❶ CC-BY Martín Martínez Ripoll & Félix Hernández Cano / Spanish National Research Council (CSIC) /  Libre Texts Crystallography in a Nutshell



Helpful for Experimentalists

Use the prediction as initial solution 

and correct the errors



Integrative modelling building

❶ Fontana P et al.. Science (2022) https://doi.org/10.1126/science.abm9326

https://doi.org/10.1126/science.abm9326


❶ Agnieszka Obarska-Kosinska



What it cannot do

Can’t predict effects of single mutations (yet?)
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What it cannot do

Can’t predict effects of single mutations (yet?)

❶ CC-BY SA Scigenis @ wikicommons

Often not good enough for docking (yet)

https://commons.wikimedia.org/w/index.php?title=User:Scigenis&action=edit&redlink=1


What it cannot do

Can’t predict effects of single mutations (yet?)

Often not good enough for docking (yet)
You can never be sure (as it’s only a prediction!)



[…] We suggest considering AlphaFold predictions as 

exceptionally useful hypotheses. We further suggest that it is 

important to consider the confidence in prediction when 

interpreting AlphaFold predictions and to carry out experimental 

structure determination to verify structural details, particularly 

those that involve interactions not included in the prediction.

❶ Fontana P et al.. Science (2022) https://doi.org/10.1126/science.abm9326

https://doi.org/10.1126/science.abm9326


Exciting times ahead of us

Derek Lowe

❶ https://www.science.org/content/blog-post/more-protein-folding-progress---what-s-it-mean

Has Alphafold changed structural biology forever?
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Fun & Games

Corona Virus Animation ColabFold – Fold your own proteins

FoldIt – Play being a structural biologist

What’s about ColabFold?


