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h"ps://www.dailycal.org/2020/04/28/virtual-learning-
standards-must-be-maintained/

Should we shift to remote 
except for on-site practicals?



Journal club schedule
1. Freezing, 1/26 

Dabbu Jaijyan, Agata Jacewicz
2. Voltage, 2/2 

Emmanuel Afriyie, Wang Zheng
3. Revolution, 2/9 

Bright Shi, Emmanuel Afriyie
4. Noise, 2/23 

Iden Sapse, Dabbu Jaijyan
5. Validation, 3/2 

Agata Jacewicz, Wang Zheng  
6. New papers 3/7 and/or 3/9  
Kiyano Madoo, Wang Zheng, Iden Sapse, others?

h"ps://icelab.se/4754-2/



K3 specs

https://www.gatan.com/K3



What are SEMC’s standard data collection 
parameters
• Titan Krios
• Gatan GIF – BioQuantum
• Gatan K3 camera
• E- flux: ~30 eps (15eps, 20eps also used)  [for ref. K2 8 eps @200ms]
• Exp Lme: 2-2.5 sec
• Frame rate: 40-50ms
• A/pix: 1.3Å/px    ~1.1Å/px.     | 0.83Å  | 0.65Å.  | 0.5/0.4Å
• Total dose: 50-65 e/Å2





Gatan K3

• Super res

• 149% Nyquist



How thin do I need my sample?



What are grids?



Grids: Stats

PELCO® Grid Size

Square Mesh Pitch µm Hole µm Bar µm % Trans-mission
50 508 425 83 70
75 339 284 55 70
100 254 204 50 65
150 169 125 44 60
200 127 90 37 50
300 85 54 31 40
400 64 38 26 35
500 51 28 23 30

Rough grid parameters

Rim Width: 350-400µm.

Thickness: PELCO® Grids are approximately 25µm 
thick.

Diameter: 3.0 to 3.05mm

Finish: Copper, Nickel and Gold grids have a ma"e finish 
on one side and a shiny finish on the other side.

Pitch: Is 1"/mesh or 25.4mm/mesh 

Example 200 mesh pitch = 25.4/200 = 127µm





Support films

Cho, Hye-Jin & Hyun, Jae-
Kyung & Kim, Jin-Gyu & 
Jeong, Hyeong & Park, Hyo 
& You, Dong-Ju & Jung, 
Hyun. (2013). 
Measurement of ice 
thickness on vitreous ice 
embedded cryo-EM grids: 
investigation of optimizing 
condition for visualizing 
macromolecules. Journal of 
Analytical Science and 
Technology. 4. 
10.1186/2093-3371-4-7. 



Plunge freezing



Practical questions on Vitrobot / Leica



cryoEM merit badges



cryoEM merit badges

https://cryoem101.org/selftest/?test=19



What issues arise?

Noble AJ, et al. 
Routine single 
particle CryoEM 
sample and grid 
characterization 
by tomography. 
Elife. 2018;7.

110 nm
ice

85 nm

180 nm
ice

45 nm
ice

15 nm

50 nm
ice

110 nm
ice

45 nm 135 nm
ice

115 nm
ice

35 nm

125 nm
ice

60 nm

Hemagglutinin

Hemagglutinin

Aldolase

Aldolase

GDH

T20S Proteasome

Apoferritin

DNAB HelicesAlex Noble



What issues arise?

Noble AJ, et al. 
Routine single 
particle CryoEM 
sample and grid 
characterization 
by tomography. 
Elife. 2018;7.

110 nm
ice

85 nm

180 nm
ice

45 nm
ice

15 nm

50 nm
ice

110 nm
ice

45 nm 135 nm
ice

115 nm
ice

35 nm

125 nm
ice

60 nm

Hemagglutinin

Hemagglutinin

Aldolase

Aldolase

GDH

T20S Proteasome

Apoferritin

DNAB HelicesAlex Noble



What does a holey carbon grid look like?

• Protochips.com Quantifoil.com



• Bob Glaeser shows an SEM of a #cryoEM grid
https://twitter.com/annotated_sci/status/1158810644600119297?s=20

https://twitter.com/hashtag/cryoEM?src=hashtag_click


• Schmidli, Claudio & Rima, Luca & Arnold, Stefan & Stohler, Thomas & 
Syntychaki, Anastasia & Bieri, Andrej & Albiez, Stefan & Goldie, 
Kenneth & Chami, Mohamed & Stahlberg, Henning & Braun, Thomas. 
(2018). Miniaturized Sample Preparation for Transmission Electron 
Microscopy. Journal of Visualized Experiments. 2018. 10.3791/57310. 

• Razinkov, I., Venkata P. Dandey, Hui Wei, Z. Zhang, D. 
Melnekoff, W. Rice, Christoph Wigge, C. S. Po"er and B. 
Carragher. “A new method for vitrifying samples for 
cryoEM.” Journal of structural biology 195 2 (2016): 190-
198 .





Reagents for improving vitrification of Cryo-
EM grids used in single particle analysis.

• Amphipol A8-35
• A short amphipathic polymer that is 

specifically designed for membrane 
protein stabilizaLon. The surfactant 
possesses a very high affinity for the 
transmembrane surfaces and allows 
to solubilize membrane proteins in a 
detergent-free aqueous soluLon

Molecular Formula: 
(C6.2H10.3O1.35N0.65Na0.35)35

Molecular Weight: 
approx. 8 kDa

CAS#: 1423685-21-5



Reagents for improving vitrifica;on of Cryo-
EM grids used in single par;cle analysis.

• [1] Noble et al. (2018) Routine Single 
Particle CryoEM Sample and Grid 
Characterization by Tomography. DOI: 
10.7554/eLife.34257.
[2] Thonghin et al. (2018) Cryo-electron 
microscopy of membrane 
proteins. Methods 147:176.
[3] Drulyte et al. (2018) Approaches to 
altering particle distributions in cryo-
electron microscopy sample 
preparation. Acta Cryst. D 74:560.
[4] Glaeser et al. (2017) Opinion: hazards 
faced by macromolecules when 
confined to thin aqueous films. Biophys
Rep 3:1.
[5] Gatsogiannis et al. (2016). 
Membrane insertion of a Tc toxin in 
near-atomic detail. Nat. Struct. Mol. 
Biol. 23:884.
[6] Efremov et al. (2015) Architecture 
and conformational switch mechanism 
of the ryanodine 
receptor. Nature 517:39.

https://www.mitegen.com/product/cryo-em-vitrification-starter-kit/

https://www.mitegen.com/product/cryo-em-vitrification-starter-kit/


?
Small protein 

• VPP
• Thinner ice 

Protein denatura4on/Dissocia4on of protein complex 
• Continuous carbon film 
• Graphene oxide 
• Cross-linking (GraFix) 

Preferred orienta4on 
• Tilt stage 
• Cross-linking 
• Detergent 
• Glow-discharging conditions 
• Support film (Graphene oxide) 
• Image analysis (3D classification) 

Flexibility 
• Focused classification (subtraction) 
• Multibody refinement 

Filamentous protein 
• Segmented analysis 

Low concentra4on 
• Multiple blots 
• Affinity grids



Gold grids

• Holey gold foil on gold mesh grid

• Advantages: 
• Prevents differential thermal contraction when freezing
• Reduces beam-induced specimen movement
• Combined with direct detector technology allows for near 

atomic resolution

• Disadvantages:
• Difficult to find focus due to lack of amorphous substrate

Russo & Passmore, 2015



Gold grids

Russo & Passmore, 2015



Gold grids: how much better?

• A. 80S ribosome movement 
during irradiaLon supported 
by amorphous carbon and 
gold using same imaging 
condiLons. 
• ApoferriLn density maps 

using same imaging 
condiLons and idenLcal 
processing for B. carbon and 
C. gold substrates. B. is at 25 
Å and C. 8 Å resoluLon. 

Russo & Passmore, 2015



Additional support film Topics
• Graphene Oxide
• Thin Continuous carbon
• Affinity grids

• Grid treatments
• Glow discharging
• Poly-lysine
• PEG
• ECM proteins
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HOMEMADE 
GOLD GRIDS



How to make your 
own Gold grids
1. Buy gold grids with holey 

carbon on them 
2. Evaporate gold on the 

grids 
3. Remove carbon 



How to make your 
own Gold grids

Edwards Auto306



Why not just buy gold grids?



Support films and Grids

• http://www.boruhealthmachine.org/what-is-meant-by-the-resolving-power-of-a-microscope.html


