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How to get a high-resolution structure ? 

 Sample preparation 

Microscope imaging 

 Data processing 
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Background 

• -galactosidase : enzyme that catalyses the 
hydrolysis of lactose and many other -
galactosides into monosaccharides 

• 465 kDa (tetramer) 

• Solved by cryo-EM at 3.2 Å resolution 



How to estimate resolution ? 

• In X-ray crystallography ? 

• In NMR ? 

• In cryo-EM ? 



How to estimate resolution ? 

Half-maps… 



Local resolution 

Half-maps, local resolution… 

Fischer et al, 2015 



How to get a high-resolution structure ? 

 Sample preparation 

Microscope imaging 

 Data processing 



Microscope imaging 

• Titan Krios equipped with a K2 direct electron 
detector mounted on a Quantum energy filter 

• Data acquisition : 15s per image 

• CMOS detector with 36 frames / acquisition 

Relevance… ? 



Compromise 

• 15s : long exposure vs vibrations  

• BIM correction  

• Radiation damage vs contrast vs resolution 

 



Data processing 

• 834 micrographs recorded (-1 to -2.5 µm)  

• 509 micrographs selected 

• Correction of Beam-induced motion 

• CTF determination 

• Resolution cutoff 3 Å 
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Data processing 

• 24 750 selected out of 509 micrographs (EMAN2) 

• After 2D classification (EMAN2), 23 452 particles 
used in refinement (FREALIGN) 

• 11 726 particles for 3D reconstruction 

Conformational heterogeneity VS resolution 



Final structure 

• FSC cryo-EM and X-ray (resolution estimation) 



Final structure 

• FSC cryo-EM and X-ray (resolution estimation)  

• 2/57 structures contains model N-terminal residues 



 





Final structure 

• FSC cryo-EM and X-ray (resolution estimation) 

• 2/57 structures contains model N-terminal residues 

• Rmsd all Cα 0.66 Å vs individual Cα up to 4.6 Å 





Final structure 

• FSC cryo-EM and X-ray (resolution estimation) 

• 2/57 structures contains model N-terminal residues 

• Rmsd all Cα 0.66 Å vs individual Cα up to 4.6 Å 

• Crystal contacts 



Final structure 

• FSC cryo-EM and X-ray (resolution estimation) 

• 2/57 structures contains model N-terminal residues 

• Rmsd all Cα 0.66 Å vs individual Cα up to 4.6 Å 

• Crystal contacts 

• Side chains well resolved (even long side chains) 



 



Final structure 

• FSC cryo-EM and X-ray (resolution estimation) 

• 2/57 structures contains model N-terminal residues 

• Rmsd all Cα 0.66 Å vs individual Cα up to 4.6 Å 

• Crystal contacts 

• Side chains well resolved (even long side chains) 

• Negative side chains are weaker (other example) 



 



Final structure 

• FSC cryo-EM and X-ray (resolution estimation) 

• 2/57 structures contains model N-terminal residues 

• Rmsd all Cα 0.66 Å vs individual Cα up to 4.6 Å 

• Crystal contacts 

• Side chains well resolved (even long side chains) 

• Negative side chains are weaker (other example) 

• Radiation damage : test at 10, 20 or 30 e-/ Å2  



 



What did we learn from cryo-EM ? 

• Cryo-EM can be used as a powerful technique 
to get high resolution structures 

• Conformation in crystal vs solution 

• Local resolution (dynamics) 

• Drawbacks : radiation damage, dose vs 
contrast vs resolution 



Tricks 

• What tricks should we use to get to a higher 
resolution structure ? 
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How to get a high-resolution structure ? 

 Sample preparation 

Microscope imaging 

 Data processing 

Stabilization – Fab fragments or ligands 

Vs 

conformation heterogeneity 
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Data processing 

• Selection of images : 1487 recorded 
• Signal over 3 Å 
• 93 686 particles 
• Frames selection 
• Best : 12 e-/Å2  
• 3D classification !!! 
• 194 water molecules / monomer (same as X-ray) !! 
• Distortions : inaccuracies in determination of the CTF 

of each image, errors in orientation determination 
during refinement, distinct patterns of radiation 
damage, uniform B-factor correction to scale the map 



 



 



 

Distortions in density 



Cryo-EM : a good compromise 

 Sample preparation 

Microscope imaging 

 Data processing 

Chromatography, ligands, gif, CMOS, data processing… 



Questions 

 


