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Techniques for getting structure

• NMR, X-ray crystallography, cryo-EM

≈180,000 deposited structures in total 

X-ray crystallography

NMR

EM



X-ray crystallography NMR

Cryo-EM
Resolution revolution in cryo-EM in 2015

Hanske et al. Curr.Opin. Str. Biol. 2018





Jacques Dubochet – sample preparation 

Joachim Frank – creating 3-D model from 2-D projections 

Richard Henderson – the first 3-D structure based on EM  

https://axial.acs.org/2017/10/04/nobel-prize-in-chemistry-

2017



GABA receptor (1.7 Å)                       Apoferritin (1.22 Å)             

N-acetylglukosamin               helices                        

Current state: Breaking limits in cryo-EM
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Cryo-electron microscopy

• Specifically single-particle analysis

hours days months

https://leaderna.com/

https://leaderna.com/


Choice of buffer for specimen: from Thermofluor to ProteoPlex

Bacterial tRNA synthetase SelA

E.coli pyruvate dehydrogenase

Chari A. et al. Nat.Methods 

2015



Sample preparation: grid making

• One sample – 3 µl of protein (≈ 1 mg/ml)

• Application of sample on EM grid followed by vitrification using liquid 
ethane

Brillault L. and Landsberg M.J. Protein Nanotechnology 2019



Many different types of EM grids
Grids with support

https://www.jenabioscience.com/about-us/news-blog/3342-cryo-em-grids-available



Glow discharge of EM grids: 
making them hydrophilic



Vitrification using plunge freezing: Vitrobot



Pavlovcak E. et al. J.Str.Biol. 2018

Major challenge: air-water 

interface



Grids are clipped and ready to go



https://blogs.urz.uni-halle.de/kastritislab/

Talos Arctica Cryo-TEM

Screening of grids & data collection

https://blogs.urz.uni-halle.de/kastritislab/


Ku70/80 (150 kDa) ribosome (3 MDa)

/www.vanderbilt.edu                            Fan X. et al. Nat Comm 2019

Streptavidin (52 kDa)



Data handling and processing: towards the structure

• Terabytes of data

• Computationally demanding

Sun and MacKinnon, Cell, 2017

Complex of pottassium channel KCNQ1 with calmodulin



Limitations / critical points 

 Sample preparation: water-air interface

 (choice of grids / detergents)

 Preferred orientation

 Relevance of 3-D classes

 Slow progress (low capacity of screening)

 Large datasets / computationally demanding
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From X-ray crystalography to cryo-EM

c

Ku70/8

0

DNA-PK, catalytic subunit

Chaplin A. et al. NSMB, 2020   Sibanda B. et al. Science 

2017

DNA-dependent protein kinase: catalytic subunit + Ku7080 
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From X-ray crystalography to cryo-EM
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From X-ray crystalography to cryo-EM

Chen S. et al. Nature 2021

Large multicomponent assemblies



From X-ray crystalography to cryo-EM
Cryo-EM can analyze biomolecules directly from biological 

samples
Translocation channel Sec61 bound to ribosome:

structural study of pull-downed complex directly from wheat-germ extract

Val67Gly and Thr185Ala 

mutations:

Kidney insufficiency

Gogala M. et al. Nature 2014
Bolar N. et al. AJHG 

2016



From X-ray crystalography to cryo-EM
Progress in structural biology of membrane proteins and associated drug discovery

ABC transporter ABCG2 – export or chemotherapeutics

Apo form: closed state

Imatimib-bound: inward face

Inhibitor-bound: locked in inward face

Orlando and Liao, Nat.Comm 

2020

Jackson S. et al. NSMB 2018



Cryo-EM based structures of ABCG2:
mechanism for export of chemotherapeutics



From X-ray crystalography to cryo-EM

https://proteopedia.org

/

Cryo-EM often provides snapshots of large complexes with lower 

resolution

Polyadenylation factor

Casanal A. et al. Cur. Opin. Str.Biol. 2019



Cryo-EM based maps boost integrative structural biology

 Supramolecular complexes with lower resolution (lower than 4 Å)

 Flexible parts with lower local resolution or blurred map

Need for validation using complementary technique



PDB ID 1JEQ

Ku70 Ku80

SAP domain

Ku70
DNA

Ku80PDB ID 1JEY

Cryo-EM can capture subpopulation of conformers missed in crystals



Ku70/80 apo form: density for SAP domain found at DNA 

aperture

DNA- bound state:

No extra density

Apo state:

Extra density at DNA aperture

Hnizda et al. FEBS J. 2021



Protein cross-linking followed by mass spectrometry:

Multiple positions of the SAP domain including DNA aperture



Molecular docking guided by cryo-EM and MS-based crosslinking:

flexible movements of the SAP domain depending on DNA



Case story of integrative structural biology 
for large complex

Native MS and pull-down for mapping interactions



Entire complex at 12 Å

CryoEM structure of polymerase module at 3.5 Å

Pull down from yeasts

Overexpression in insect cells



Cryo-EM defined the structured core of polymerase module



Mass spectrometry-analysed crosslinking supported and 
extended the model for polymerase module



First module solved, others will come ?



Cryo-EM – take home message

• relatively low consumption of sample (few µl of protein)

• first-choice technique for multicomponent systems

• Slow progress (at least at the beginning)

• Demanding for computational resources

https://em-learning.com/
https://www.ccpem.ac.uk/

https://em-learning.com/
https://www.ccpem.ac.uk/


Future perspective: deep learning

https://www.nature.com/articles/d41586-020-03348-

4

AlphaFold2 – prediction software by DeepMind 

(Google)

Information released in November 2020


