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How does the Future of Structural Biology look like?

How can I be a part of it?



Structural Biology

➔Structural biology = study of the structure of 
macromolecules and how they fold

➔Primary purpose of structural biology is to 
better understand the proteins involved in 
biological processes and how they perform 
their functions



Structural Biology

X-ray crystallography
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Structural Biology

Biochem Soc Trans., 2018, 46(4):807-816



Milestones in Strutural Biology



1912 – Max von Laue, Walter Friedrich, Paul Knipping

➔ Discovery of X-ray diffraction = Birth of X-ray crystallography



1953 – Rosalind Franklin & Raymond Gosling

➔ discovery of the DNA double helix structure with the help of fiber X-ray diffraction

Opt Express, 2018, 26(23):30991-31017

Nature, 1953, 171(4356):740-1



1957 – John Kendrew



1971 – Protein Data Bank (PDB)

➔established in 1971 at Brookhaven National Laboratory

➔Member organisations: PDBe (Europe), PDBj (Japan), RCSB (US),

BMRB (NMR depositions), EMBD (EM depositions)

➔ PDB is overseen by Worldwide Protein Data Bank (wwPDB) 



PDB



1985 – First NMR protein structure



Synchrotrons revolutionized MX

➔ HT crystallography: High resolution structures
Automation of data collection and refinement
Suitable for ligand screening in drug discovery



2012 – 2014 Resolution Revolution in cryo-EM
Science, 2014, 343(6178):1443-4.



Resolution Revolution in cryo-EM

Nature, 2015, 525(7568):172-4 



PDB



AlphaFold2 from DeepMind – the next revolution

Nature, 2021, 597(7873):583-589 



CASP14

CASP = Critical Assessment of protein Structure Prediction



AlphaFold2 - https://alphafold.ebi.ac.uk/

AlphaFold produces a per-residue confidence metric called 
predicted local distance difference test (pLDDT) on a scale from 
0 to 100



RoseTTAFold – Baker lab

➔ Developed while waiting for the release of the AlphaFold2 prediction



Meta
➔617 million structure predictions in two weeks from uncharacterized bacteria, viruses 

and microorganisms 
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How can I be a part of it?



Interpretation of structure prediction becomes important

➔AlphaFold2 structure prediction will become the first step of any structural biology project

→ provides information on domain boundaries

→ provides model for Molecular Replacement

➔solid background in structural biology and protein biochemistry remains essential for 

AlphaFold2 structure interpretations 

➔combination with molecular dynamics calculations could reduce the need of experimental 

structural biology to understand protein structure-function relationships

➔Limitations:

→ AlphaFold2 provides a single prediction but many proteins have multiple conformations

→ AlphaFold2 not suitable for point mutation structural alterations



X-ray crystallography vs. Cryo-EM

➔ X-Ray crystallography still remains the number one technique for 3D structure determination

➔ crystallographic fragment screening for fragment-based drug discovery

→ possible due to automation (XChem @ I04-1), detector speed and structure refinement 

pipelines

Front Chem., 2020, 8:93



X-ray crystallography vs. Cryo-EM



The Power of Structural Biology – example Covid19

• Lynch et al.

• Volume 8 | Part 3 | May 2021 | Pages 335–341 | 10.11107/S2052252521003948



The Power of Structural Biology – example Covid19



Future directions in cryo-EM

Nature 578, 201 (2020)



Integrative / Hybrid Modeling

J Mol Biol., 2020, 432(9):2846-2860

➔ Combine data from multiple experiments to build a biomolecular complex model



Serial Femtosecond Crystallography (SFX)

➔“diffraction-before-destruction”:  femtosecond X-ray pulses from XFELs record diffraction 

image before sample is damaged

➔Tiny crystals (micrometer- to nanometer) are used for data collection

➔crystal structure determination at room temperature

➔time-resolved measurements and observation of structural changes upon ligand binding

Expert Opin Drug Discov., 2019, 14(9):933-945



Small-Angle X-ray Scattering (SAXS)

Rep. Prog. Phys. 66 (2003) 1735–1782

Methods Primers 1, 70 (2021)

➔ information on size, shape and conformational flexibility   

of biological macromolecules and complexes in solution



Integrative / Hybrid Modeling

Cell., 2019, 177(6):1384-1403



Integrative / Hybrid Modeling

Cell., 2019, 177(6):1384-1403



Integrative / Hybrid Modeling



Integrative / Hybrid Modeling



Questions?


