
Exploring the Size and Resolution Limits of 
Conventional Single-Particle cryo-EM at 200 keV
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EM Map Resolution Distribution Across the EMDB



The Impact of ~0.5 Å Gain in Resolution – Why We Chase Higher-Resolution
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Structures in the EMDB Resolved to Better than 5 Å Resolution
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>98% of EMDB entries better 
than 5 Å resolution have been 
imaged at 300 keV

300 keV
200 keV



•  3 Constant power condenser lenses

•  Very stable optics

•  Customization

•  First microscope with autoloader



•  NO

•  3 Constant power condenser lenses

•  Very stable optics

•  Customization

•  First microscope with autoloader



•  YES!

•  NO

•  3 Constant power condenser lenses

•  Very stable optics

•  Customization

•  First microscope with autoloader



TSRI’s 200 keV Workhorse – Base Model FEI/ThermoFisher Talos Arctica

No phase plate 
No energy filter 

K2 camera 



TSRI’s 200 keV Workhorse – Base Model FEI/ThermoFisher Talos Arctica



TSRI’s 200 keV Workhorse – Base Model FEI/ThermoFisher Talos Arctica

•  Manually frozen
•  Leginon
•  Appion
•  MotionCorr2
•  CTFFIND4/gCTF
•  RELION 1.4/2.0/2.1



TSRI’s 200 keV Workhorse – Base Model FEI/ThermoFisher Talos Arctica



T. Acidophilum 20S Proteasome Core at ~3.1 Å Resolution



T. Acidophilum 20S Proteasome Core at ~3.1 Å Resolution



Comparison of 20S EM Density – Arctica vs. Krios

Arctica
~3.1 Å

Krios (EMDB-6287)
~2.8 Å

Arctica/Krios
Overlay

Campbell et al. eLife 2015



Ideal Structural Target <200 kDa? – Rabbit Muscle Aldolase



20S vs. Aldolase – Comparison of Particle Size and Particle Density
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20S vs. Aldolase – Comparison of Particle Size and Particle Density
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~150 kDa Rabbit Muscle Aldolase at ~2.6 Å Resolution



Ideal Structural Target <100 kDa? – Horse Liver Alcohol Dehydrogenase

ADH	
ADH	



~81 kDa Equine Alcohol Dehydrogenase at ~2.9 Å Resolution
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~81 kDa Equine Alcohol Dehydrogenase at ~2.9 Å Resolution
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Alcohol	dehydrogenase?	

~81 kDa Equine Alcohol Dehydrogenase at ~2.9 Å Resolution



~81 kDa Equine Alcohol Dehydrogenase at ~2.9 Å Resolution



3.2 Å Resolution Human Hemoglobin Structure Using Volta Phase Plate

Khoshouei et al. Nature Comm 2017
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3.2 Å Resolution Human Hemoglobin Structure Using Volta Phase Plate

175,374 particles = 3.2 Å 34,181 particles = ~4.5 Å



What do we think was important? 

Parallel	Illumina:on	 Camera	SeJngs	

Specimen	Stability	

Ice	Thickness/Par:cle	Density	

Alex Noble Paul Mooney

High-Throughput	Data		
Collec:on	and	Processing	



What could we do better? What are the Anticipated Limitations?

What could we do better? 
•  How far can we image away from parallel illumination? 
•  Per-frame, per-particle CTF correction? 

•  Minimize aberrant effects of Z-translation 
•  Alternate processing/refinement schemes? 

•  Why didn’t classification help the 20S data sets? 
•  Lower defocus range? 

•  >-1.5µm defocus did not contribute highest resolution information 

What are the anticipated limitations? 
•  Particle heterogeneity 
•  Not all particles tolerate thin ice and high density 
•  Thin ice 
•  Slightly inflexible when choosing exposure rate 
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